
 

 
 
 

 
Proceedings 

 
 
 

2012 IEEE Control and System Graduate 

Research Colloquium 

(ICSGRC 2012) 

 

 

 

16 – 17 July 2012 

Faculty of Electrical Engineering 

UNIVERSITI TEKNOLOGI MARA 

Shah Alam, Malaysia 

 

 

 
 

 

Organizer 

IEEE Control System Society Chapter Malaysia 

 
 

Secretariat at: 
Centre for System Engineering Studies 

Faculty of Electrical Engineering 

Universiti Teknologi MARA 
 
 

Secretariat 
Mohd Nasir Taib 

Rozita Jailani 

Mohd Hezri Fazalul Rahiman 

Ramli Adnan 

Nooritawati Md Tahir 

Abd Manan Samad 

Megat Syahirul Amin Megat Ali 

Ahmad Ihsan Mohd Yassin 

Hamidah Mohd Nasir 

 

 

 

Contact Information: 
ICSGRC 2012 Secretariat 

Faculty of Electrical Engineering 

Universiti Teknologi MARA 

40450 Shah Alam 

Malaysia 

 
Email: rozita@ieee.org 

            ramli324@salam.uitm.edu.my 

 

Tel: 603-55435012 

Fax: 603-55435077 

mailto:rozita@ieee.org
mailto:ramli324@salam.uitm.edu.my


 

 

 

 

 

 

 
IEEE Catalog Number:  CFP1205K-CDR 

ISBN:  978-1-4673-2034-4 

 

Copyright and Reprint Permission: Abstracting is permitted with credit to the source. Libraries are 

permitted to photocopy beyond the limit of U.S. copyright law for private use of patrons those articles 

in this volume that carry a code at the bottom of the first page, provided the per-copy fee indicated in 

the code is paid through Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923. For 

other copying, reprint or republication permission, write to IEEE Copyrights Manager, IEEE 

Operations Center, 445 Hoes Lane, Piscataway, NJ 08854. 

All rights reserved. Copyright ©2012 by IEEE. 
 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE ii



 

ORGANIZING COMMITTEE 
 
Patron 

Dean, Faculty of EE, UiTM 

 

General Chair 

Prof. Dr. Mohd Nasir Taib 

 

Secretary 

Dr. Rozita Jailani 

 

Finance / Sponsorship Chair 

Dr. Mohd Hezri Fazalul Rahiman 

 

Technical Program Chair 

Assoc. Prof. Dr. Nooritawati Md. Tahir 

 

Technical Program Co-Chair  
Assoc. Prof. Sr Dr. Abd Manan Samad 

 

Local Arrangement Chair 

Megat Syahirul Amin Megat Ali 

 

Publication Chair 

Assoc. Prof. Dr. Ramli Adnan 

 

Publicity Chair 

Ahmad Ihsan Mohd Yassin 

 

Admin Representive 

Hamidah Mohd Nasir 

 

 

 

 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE iii



 

Reviewers 
 

 

 
The Organizing and Technical Committees of 2012 IEEE Control and System Graduate Research 

Colloquium (ICSGRC 2012) would like to express gratitude to all reviewers for the volunteering 

support and contribution in the reviewing process. 

 

 

Abd Manan Samad 

Ali Akbar Shaik 

Alishir Moradikordalivand 

Faisal Rahiman Pazheri 

Fazlina Ahmat Ruslan 

Gursharanjeet Singh Kalra 

Hirosato Seki 

Ihsan Yassin 

Megat Syahirul Amin Megat Ali 

Michael Jackson Patrick 

Mirza Mansoor Baig 

Mohammad Farid Saaid 

Mohd Azman Abdullah 

Mohd Helmy Abd Wahab 

Mohd Hezri Fazalul Rahiman 

Mohd Nasir Taib 

Murtaza Rizvi 

Nitish Gupta 

Nooritawati Md Tahir 

Nordiana Mukahar 

Nurlaila Ismail 

Prabhjot Kaur 

Rajeeb Dey 

Ramli Adnan 

Rozita Jailani 

Sabiha Hanim Saleh 

Saiful Aman Hj Sulaiman 

Shahril Irwan Sulaiman 

Siti Salmah Yasiran 

Subhash Chander Dubey 

Usman Ahmad 

Zairi Ismael Rizman 
 

 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE iv

http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=39
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=17
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=19
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=20
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=24
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=8
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=7
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=41
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=22
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=18
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=5
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=23
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=14
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=15
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=40
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=11
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=4
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=38
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=16
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=32
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=6
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=21
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=25
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=26
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=36
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=33
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=29
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=2
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=12
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=3
http://www.asprg.net/icsgrc2012_oc/chair/show_reviewer.php?rid=10


Table of Contents 

 

 

  

 

Page 

Copyright 

 

ii 

Organizing Committee 

 

iii 

Technical Reviewers 

 

iv 

Table of Contents v 

 

 

 

Paper Title & Authors  

ID9 

Research for Security Strategy of Cloud Service Based On System Survivability 

Huanan Liu and Shiqing Wang 

 

 

1 

ID10 

The Analysis and Design of Trusted Computing Applied into Cloud 

Huanan Liu and Shiqing Wang 

 

 

5 

ID14 

Stability Study of PD and PI Controllers in Multiple Difference Disturbances 

M. A. Nur Huda, H. A. Kasdirin and A. G. Mohd Ruddin 

 

 

10 

ID18 

Feed-Forward Control of Non-Minimum Phase XY Table System Using Trajectory 

Fuzzy-RLS Hybrid ZPETC 

Ramli Adnan, Michael Jackson Patrick and Norlela Ishak 

 

 

15 

ID19 

Real-Time Control of Non-Minimum Phase XY Table System using Trajectory-

Adaptive ZPETC 

Ramli Adnan, Michael Jackson Patrick and Norlela Ishak 

 

 

21 

ID30 

Flood Water Level Modelling and Prediction Using Artificial Neural Network : Case 

Study of Sungai Batu Pahat in Johor 

Ramli Adnan , Fazlina Ahmat Ruslan , Abd Manan Samad and Zainazlan Md Zain 

  

 

27 

ID31 

Implementation of ODFC for Angular Position Control of Cart-Pendulum Dynamic 

Model 

Rajeeb Dey, Abhijit Rajkumar and Aditi Bandyopadhyay 

 

 

31 

ID34 

Heading Direction Anticipation Using Visual Feedback System 

Zairulazha Zainal, Rizauddin Ramli and Mohd Marzuki Mustafa 

 

 

 

 

37 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE v



ID37 

Customized Instruction Set Simulation for Soft-Core RISC Processor 

Ahmad Jamal Salim, Sani Irwan Md Salim, Nur Raihana Samsudin and Yewguan Soo 

 

 

43 

ID38 

GMT Feature Extraction for Representation of BIM Sign Language 

Noor Saliza Mohd Salleh and Suzaimah Ramli 

 

 

48 

ID40 

New Hybrid Model Reference Adaptive Supervisory Fuzzy Logic Controller for Shell-

and-Tube Heat Exchanger Temperature System 

M. A. Ahmad, A. A. Ishak and N. K. Ismail 

 

 

54 

ID45 

Designing Cavity-Enclosed Microstrip Antenna for Gain Enhancement 

N. H. Khairul Anuar, M. T. Ali, S. H. Anuar, S. Subahri and N. Ya’acob 

 

 

60 

ID47 

Computer Security Self-Efficacy Effect: An Extention of Technology-to-Performance 

Chain Model 

Mahmoud Al-Shawabkeh, Madihah Mohd Saudi and Najwa Hayaati Mohd Alwi 

 

 

64 

ID48 

Design and Analysis of a Log Periodic Antenna by Using Proximity Fed Network 

S. H. Anuar, M. T. Ali, N. H. Khairul Anuar, A. L. Yusof and M. N. Md Tan 

 

 

70 

ID49 

Analyzing Large Dynamic Set-point Change Tracking of MRAC by Exploiting Fuzzy 

Logic Based Automatic Gain Tuning 

R. Karthikeyan, Rahul Kumar Yadav, Shikha Tripathi and Hemanth Kumar G. 

 

 

76 

ID51 

A Rainfall Prediction Model Using Artificial Neural Network 

Kumar Abhishek, Abhay Kumar, Rajeev Ranjan and Sarthak Kumar 

 

 

82 

ID52 

Sizing Ratio of Inverter and PV Array for a-Si FS GCPV System in Malaysia’s 

Perspectives 

M. Z. Hussin, A. M. Omar, Z. M. Zain and S. Shaari 

 

 

88 

ID55 

Femtocell Interference Mitigation 

Al-Hareth Zyoud, Mohamed Hadi Habaebi, Jalel Chebil and Md. Rafiqul Islam 

 

 

94 

ID56 

Statistical Analysis on Human Body Radiation Points 

Mohamad Hushnie Haron, Mohd Nasir Taib, Megat Syahirul Amin Megat Ali, Megawati 

Mohd Yunus and Siti Zura A. Jalil 

 

 

100 

ID58 

BER Performance of LBC Coded OFDM in Different Channels 

Vandana B. Malode and Bhagwat P. Patil 

 

 

 

 

106 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE vi



ID59 

Position Tracking of Automatic Rack and Pinion Steering Linkage System Through 

Hardware in the Loop Testing 

Mohd Zakaria Mohammad Nasir, Abdurahman Dwijotomo, Mohd Zubir Amir, Mohd Azman 

Abdullah, Muhammad Zahir Hassan and Khisbullah Hudha 

 

 

111 

ID60 

Implementation Model Predictive Control (MPC) Algorithm-3 for Inverted Pendulum 

Cahyantari Ekaputri and Arief Syaichu-Rohman 

 

 

116 

ID61 

Challenges in High Accuracy of Malware Detection 

Muhammad Najmi Ahmad Zabidi, Mohd Aizaini Maarof and Anazida Zainal 

 

 

123 

ID62 

Data Mining Development  in “Actual Mobile guide for Tourist” Application 

Rifki Wijaya, Ary Setijadi Prihatmanto, Mochamad Vicky Ghani Aziz 

 

 

127 

ID63 

FPGA Implementation of High Speed Pipelined JPEG 2000 Encoder 

Vijay Kumar Sehrawat, Amit Gupta and Mamta Khosla 

 

 

131 

ID64 

Modified Nevanlinna – Pick Interpolation Theory for Control System Design 

Aruna B. and Devanathan R. 

 

 

136 

ID66 

Implementation of Interval Type-2 Fuzzy Systems with Analog Modules 

Mamta Khosla, R. K. Sarin and Moin Uddin 

 

 

142 

ID68 

Development of MATLAB GUI for Multivariable Frequency Sampling Filters Model 

Muhammad Hilmi R. A. Aziz, Lee Kim Huat and Rosmiwati Mohd-Mokhtar 

 

 

148 

ID75 

Multiobjective Quantum-Inspired Evolutionary Programming for Optimal Load 

Shedding 

Zuhaila Mat Yasin, Titik Khawa Abdul Rahman and  Zuhaina Zakaria 

 

 

154 

ID78 

Power Consumption Saving During Charging Period for Thermal Energy Storage 

System 

A. H. Kassim and Z. M. Zain 

 

 

160 

ID79 

Extended Kalman Filter (EKF) Prediction of Flood Water Level 

Ramli Adnan, Fazlina Ahmat Ruslan, Abd Manan Samad, Zainazlan Md Zain 

 

 

165 

ID80 

Air-Conditioning Energy Consumption of an Education Building and it’s Building 

Energy Index: A Case Study in Engineering Complex, UiTM Shah Alam, Selangor 

M. B. A. Aziz, Z. M. Zain, S. R. M. S. Baki and R. A. Hadi 

 

 

 

 

169 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE vii



ID81 

Rectangular Spiral Microstrip Antenna for WLAN Application 

Aiza Mahyuni Mozi, Dayang Suhaida Awang Damit and Zafirah Faiza 

 

 

175 

ID82 

Index on Fabric Wrinkle Using Image Processing Technique 

Anis Diyana Rosli, Hadzli Hashim, Noor Ezan Abdullah, Nadiah Ismail and Zuraidah Halil 

 

 

180 

ID83 

A Development and Challenges of Grid-Connected Photovoltaic System in Malaysia 

M. Z. Hussin, N. Hasliza, A. Yaacob, Z. M. Zain, A. M. Omar  and S. Shaari 

 

 

185 

ID84 

Hybrid Approach using Correlation and Morphological Approaches for GFDD of Plain 

Weave Fabric 

V. Jayashree and S. Subbaramn 

 

 

191 

ID87 

Web-based Student Attendance System Using RFID Technology 

Murizah Kassim, Hasbullah Mazlan, Norliza Zaini and Muhammad Khidhir Salleh 

 

 

197 

ID88 

An FPGA Implementation of Shift Converter Block Technique on FIFO for RS232 to 

Universal Serial Bus Converter 

Nurul Fatihah Jusoh, Muhammad Adib Haron and Fuziah Sulaiman 

 

 

203 

ID89 

Integration of Low Altitude Aerial & Terrestrial Photogrammetry Data in 3D Heritage 

Building Modeling 

Khairil Afendy Hashim, Anuar Ahmad, Abd. Manan Samad, Khairul NizamTahar and Wani 

Sofia Udin 

 

 

209 

ID90 

Web-Based Adaptive Audio-Therapy Recommender System 

Muhammad Khidhir Salleh and Norliza Mohamad Zaini 

 

 

215 

ID91 

Research in Characterization of Cyclic Load Parameters using Fiber Bragg Gratings 

System 

Mohamad Adli Adam, Wahyu Kuntjoro1 and Mohd Kamil Abdul Rahman 

 

 

221 

ID92 

Terrain Slope Analyses Between Terrestrial Laser Scanner and Airborne Laser 

Scanning 

Wan Aziz W. A., Syahmi M. Z., Anuar A. and Khairul Nizam T. 

 

 

226 

ID93 

Development of Geographical Based Library Information System (GeoLIS)  

Muhammad Jamaluddin Bazlan and Abdul Rauf Abdul Rasam 

 

 

232 

ID95 

Height Discrepancies Based on Various Vertical Datum 

Saiful Aman Hj Sulaiman, Kamaluddin Hj Talib, Mat Akhir Md Wazir, Othman Mohd Yusof 

and Shafiq Azwan Zalil 

 

 

237 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE viii



 

 

ID96 

Contribution of GIS and Remote Sensing Technologies for Managing Foodborne 

Diseases in Malaysia  

Abdul Rauf Abdul Rasam and Abdul Malek Mohd Noor 

 

 

242 

ID100 

Reforming Health Care Facility Using Geographical Information System  

Mohamad Taufik Lokhman, Abdul Rauf Abdul Rasam and Abd Malek Mohd Noor 

 

 

246 

ID102 

Monitoring Cellular Activities Using Celltrack with GPS Enable 

Mohd Saufi Hj Nasro Ali, Azita Laily Yusof, Melati Ismail and Norsuzila Ya’acob 

 

 

250 

ID103 

Investigation of Common Compounds in High Grade and Low Grade Aquilaria 

Malaccensis Using Correlation Analysis 

Nurlaila Ismail, Mohd Hezri Fazalul Rahiman, Rozita Jailani, Mohd Nasir Taib, Nor Azah 

Mohd Ali and Saiful Nizam Tajuddin 

 

 

256 

ID104 

Implementation of Real –Time Steam Temperature Control for High Efficient 

Induction- Based Extraction Essential Oil Using Hybrid Fuzzy-PD Plus PID Controller 

Zuraida Muhammad, Zakiah Mohd Yusoff, Mohd Noor Nasriq Nordin, Mohd Hezri Fazalul 

Rahiman and Mohd Nasir Taib 

 

 

261 

ID105 

Real Time PID Control for Hydro-diffusion Steam Distillation Essential Oil Extraction 

System Using Gradient Descent Tuning Method 

Zakiah Mohd Yusoff, Zuraida Muhammad, Mohd Noor Nasriq Nordin, Mohd Hezri Fazalul 

Rahiman and Mohd Nasir Taib 

 

 

267 

ID106 

Gait Recognition Based on Lower Limb 

Nurul Illiani Yaacob, Nooritawati Md Tahir and Ramli Abdullah 

 

 

273 

ID107 

Human Shape Recognition Using Radon Transform and Regularized Principal 

Component 

A. R. Mahmud and Nooritawati Md Tahir 

 

 

277 

ID108 

Video Stabilization Based on Point Feature Matching Technique 

Labeeb Mohsin Abdullah, Nooritawati Md Tahir and Mustaffa Samad 

 

 

282 

ID110 

An Analytical Process of 2D Sonar Sensor Low Altitude Field Mapping for UAV 

Application 

Mohamad Farid Misnan, Nor Hashim Mohd Arshad, Ruhizan Liza Ahmad Shauri, 

Noorfadzli Abd Razak, Norashikin Mohd Thamrin and Siti Fatimah Mahmud 

 

 

287 

ID111 

Analysis of Trusted Identity Based Encryption (IBE-Trust) Protocol for Wireless 

Sensor Networks 

Yusnani Mohd Yussoff , Habibah Hashim and Mohd Dani Baba 

 

 

292 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE ix



 

 

ID113 

Brainwave Sub-Band Power Ratio Characteristics in Intelligence Assessment 

A. H. Jahidin, M. N. Taib, N. Md Tahir, M. S. A. Megat Ali, S. Lias, N. Fuad, and W. R. W. 

Omar 

 

 

297 

ID114 

Analysis of Thresholding Techniques for Asymmetrical Annular Flow Image 

Muhamad Suhaidi Umar and Idris Ismail 

 

 

301 

ID115 

Investigation on Elman Neural Network for Detection of Cardiomyopathy 

M. H. Ahmad Shukri, M. S. A. Megat Ali, M. Z. H. Noor, A. H. Jahidin, M. F. Saaid, and M. 

Zolkapli 

 

 

307 

ID116 

Mitigate the GPS Ionospheric Scintillation During Solar Flare 

Norsuzila Ya’acob, Azwati Azmin, Azita Laily Yusof, Mohd Tarmizi Ali, Azlina Idris and 

Darmawaty Mohd Ali 

 

 

312 

ID117 

Design and Development of ‘Smart Basket’ System for Resource Optimization 

M. Z. H. Noor, M. H. A. Razak, M. F. Saaid, M. S. A. Megat Ali and M. Zolkapli 

 

 

317 

ID118 

The Design and Development of Automatic Fish Feeder System Using PIC 

Microcontroller 

M. Z. H. Noor, A. K. Hussian, M. F. Saaid, M. S. A. M. Ali and M. Zolkapli 

 

 

322 

ID119 

The Development of Self-service Restaurant Ordering System (SROS) 

M. Z. H. Noor, A. A. A. Rahman, M. F. Saaid, M. S. A. M. Ali and M. Zolkapli 

 

 

327 

ID120 

Analysis of EEG Signal from Right and Left Hand Writing Movements 

C.W.N.F. Che Wan Fadzal, W. Mansor and L. Y. Khuan 

 

 

333 

ID121 

Adaptive Feedforward Zero Phase Error Tracking Control for Minimum Phase and 

Non-minimum Phase Systems – XY Table Real-Time Application 

Ramli Adnan, Hashimah Ismail, Norlela Ishak, Mazidah Tajjudin and Mohd Hezri Fazalul 

Rahiman 

 

 

338 

ID122 

A Study on TNB Transmission Line Route Sustainability and Suitability Using GIS-

AHP 

Faizah Husain, Nur Aishah Sulaiman, Khairil Afendy Hashim and Abd. Manan Samad 

 

 

343 

ID123 

The Comparison of Human Body Electromagnetic Radiation between Down Syndrome 

and Non Down Syndrome Person for Brain, Chakra and Energy Field Stability Score 

Analysis 

Mastura Rosdi , Ros Shilawani Sheikh Abd Kadir , Zunairah Hj Murat and Nadiah 

Kamaruzaman 

 

 

 

349 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE x



 

 

ID124 

Trajectory ZPETC Design Using Comparing Coefficients Method: The Studies on the 

Effects of Zero Locations to Tracking Performance 

Ramli Adnan, Norlela Ishak, Mazidah Tajjudin, Hashimah Ismail, Muhammad Nursalam 

Mashuti and Yahaya Md Sam 

 

 

355 

ID125 

A Statistical Approach for Orchid Disease Identification using RGB Color 

Nurul Hidayah Tuhid, Noor Ezan Abdullah, N. M. Khairi, M. F. Saaid, Shahrizam M. S. B. 

and Hadzli Hashim 

 

 

361 

ID126 

A Study on Flood Risk Assessment for Bandar Segamat Sustainability Using Remote 

Sensing and GIS Approach 

Nur Aishah Sulaiman, Faizah Husain, Khairil Afendy Hashim and Abd. Manan Samad 

 

 

365 

 

ID41 

GUI System for Enhancing Blood Vessels Segmentation in Digital Fundus Images 

Ahmad Zikri Rozlan, Nor Syazwani Mohd Ali and Hadzli Hashim. 

 

 

371 

ID72 

Transient Response Characteristics and Deflection Analysis of Microactuator 

Sarah Addyani Shamsuddin, Nurul Akmal Zakaria and Nina Korlina Madzhi 

 

 

376 

ID85 

Multi-Criteria Selection For Power Plant Using GIS 

Rosniza Idris and Zulkiflee Abd Latif 

 

 

382 

ID101 

Processing Capability Improvement through Parameter Optimization of a Sludge 

Drying Plant 

M. Z. Mohamed,  M. F. M. Ghazali, S. M. Idrus and N. A. Wahab 

 

 

388 

ID127 

A Study on THD Reduction by Active Power Filter Applied Using Closed-loop Current 

Controlled AC-AC SPMC Topology 

Mazratul Firdaus Mohd Zin, Noraliza Hamzah and Mohammad Nawawi Seroji 

 

 

392 

 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE xi



Research for Security Strategy of Cloud Service 
Based On System Survivability 

 

Huanan Liu 
Information Engineering Institute 

Zhengzhou University 
Zhengzhou China 

cindyliu118@126.com 

Shiqing Wang 
Information Engineering Institute 

Zhengzhou University 
Zhengzhou China 

iesqwang@zzu.edu.cn
 
 

Abstract—Along with the ragingly increasing concern about 
cloud computing due to its appalling potential merits, not only do 
we envision its blossom prospect, but we also realize that the 
importance and the major traits of system survivability in cloud 
computing. Therefore, this paper firstly discusses the basic 
concept and main characteristics of cloud computing. And in 
sequence it summarizes the definition and strategies of system 
survivability in traditional secure engineering. What is more 
important is that, basing on the analysis system survivability in 
such nascent progressing trend, this paper proposes certain 
security strategies and model of cloud service in order to 
maintain and propel system survivability in cloud computing. 
(Abstract) 

Keywords-component; cloud computing; system survivability  

I.  INTRODUCTION 
Cloud computing, with cloud service as its core, is no doubt 

the inevitable trend of the development of computer technology 
and environment. And as expected, it is soaringly developing. 

No wonder more and more concerns gains the cloud 
computing, the fact is that, it owns huge potentials for 
application. It obtains tremendous amount of advantages: high 
speed, elastic, convenience, low power-consuming, etc. 
However, each coin has two sides, the vulnerabilities of 
security, privacy and confidentiality of cloud computing also 
should be taken an eye on. Naturally, the secure cloud service 
becomes popular. 

With the thriving of economy and society, government and 
business all enforce their requirements about security. They do 
not just require the ability of resisting attacks. But system 
survivability should also be strengthened, which means when 
some system is compromised, it can still supply critical 
services and make immediate recovery. 

Under such background, this paper proposes new security 
strategies and model for cloud service, basing on maintaining 
and improving system survivability. 

II. SECURITY ISSUE IN CLOUD COMPUTING 

A. Cloud Computing and Cloud Service 
In today’s fast-growing field of computing and information, 

the concept of service [1] plays a vital role. Service covers a lot 
of content: kinds of basic data, such as picture, video, graphic; 
hardware abilities, such as CPU (computing power), hard disk 
(storage capacity); software; platform, on which the users can 
be freely compile or run their own applications; and 
infrastructure, which will provide the users servers and 
databases. Overall, everything can be service that may be 
shared, passed, sold, or purchased. 

Cloud computing means systems (or say cloud points) may 
provide services, as well as purchase services through networks. 

In cloud, no matter when, no matter what type of service, as 
long as the user request, these services will be easily combined 
to complete the work. When in need, these services are 
grouped together, like water vapor floating together, gathering 
into clouds; when work is done, each service leaves, the same 
as the cloud dissipates. For Each point can both provide service 
and purchase service, “role” in such circumstances is no longer 
important. 

B. New Traits of Cloud Computing: 
• Flexibility: Flexibility [2] is the cloud can be quickly 

gathered into the desired size and shape. 

• Self-supply capability: Users can easily obtain the 
required combination of services. When the work is 
finished, the service can be automatically discharged or 
released. 

• Standard interface: The standard application 
programming interface can make free interactions 
between applications. And naturally, the user is easy to 
gather and use cloud services. 

• Service’s measure and charge: Measure and charge the 
service by use, i.e. pay by use. 

• Virtualization: All the content such as a variety of 
infrastructures, platforms, applications providing by 
points that comprising the cloud, can be virtualized as 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 1



local providing; i.e. it is comfortable and convenient 
for system to use colorful services. 

C. Security Issue in New Trends: 
Under such new environment with new technology, new 

features of system security and integrity occur. 

Firstly, in Cloud Computing, the point can act both as 
consumer and vendor; in addition, each kind of function of one 
point depends on various services provided by other points. 
That means along with higher dependence among points, their 
security is more strongly constrained by each other. If one gets 
compromised, all the relative ones may get compromised, too. 
(see Figure 1) 

 
Figure 1. one compromised point may infect others 

Secondly, due to cloud traits, each user can be a part of the 
cloud, and then there will be a raising risk that more points are 
likely to be attacked. System’s security has to be taken full 
consideration and analysis. 

Again and doubtless, under the driven by new demands and 
nascent traits, system survivability [3] in cloud computing must 
be given much attention and devoted research. 

III. SYSTEM SURVIVABILITY 

A. Definition of System Survivability 
System survivability is the ability of the system to continue 

to work and provide critical services when it is in or has been 
affected by natural or man-made disruption. The "system" here 
includes not only the commonly understood concept of system, 
subsystem, it also means equipment, process, procedure, and so 
on. To ensure the continued provision of key services is the 
core objective of survivability. 

B. Analysis Strategies for System Survivability 
Ellison [4] and his colleagues designed a method for 

analyzing system survivability, known as: Survivable System 
Analysis. This method can assess system vulnerabilities and 
design system architecture and features in order to improve 
system survivability. Their proposed three complementary 
strategies for system survivability: 

• Attack resistance: Enhanced relative abilities of the 
system to avoid attacks. For example, the system can 
authenticate users by digital certificates to prevent 
unauthorized users from accessing. 

• Attack identification: Create for system the ability to 
detect attacks, system errors or damages. For example, 

verify the checksum to determine whether an error 
occurs and even to locate and correct the mistakes. 

• System recovery: When the system has been 
compromised, it is necessary to ensure that the system 
can continue to provide critical services, and in 
addition it should recover all the system functions. For 
example, error-patience mechanism, i.e. the same kinds 
of services with different implementations, so that 
when a service has been attacked, others with different 
implementations can immediately be used to achieve a 
"substitute "work. 

C. Steps for Analyzing System Survivability 
According to such analysis, they also propose four steps: 

• Understand the system: analyze existing or looking-
forward-to-building systems; understand the system 
goals (or known as the mission objectives), system 
requirements and system architecture. 

• Identify the key services: basing on the understanding 
of the system target, identify the specific critical 
services. 

• Simulate attack: Basing on a comprehensive 
understanding of the system goals, needs and 
architecture, imagine the possible damages and attack-
liable services. 

• Analyze survivability: since having found the critical 
and compromising services, then analyze and design 
targeted prevention strategies. 

IV. SECURITY STRATEGIES FOR CLOUD SERVICE 

A. Definition of System Survivability in Cloud Computing 
This paper defines system survivability in cloud computing 

as: when the system is or has been attacked, firstly, it can 
continue to supply vital services; secondly, cut off any 
connection with such compromised region, notifying the 
relative providers and consumers; thirdly, redirect to new 
request for substitute services. All these steps pursue the ability 
that recovering the whole system [5] as quickly as possible. 

B. Analysis for Cloud Security 
Nascent environment, nascent considerations. We may 

address the emergent problems by taking the advantages of 
new features of the fresh environment. In other words, we 
could use the appropriate countermeasures [6] for different 
problems. 

First, owing to the massive and complex points, vast 
malicious attackers [7] may damage the system and data by 
pretending to provide services. The available strategy is: since 
in the cloud, the notation of role is vague, i.e. one point is 
either a consumer or a vendor; then we can establish “credit 
rating” tag for each point (see Figure 2). All clients can 
evaluate the service providers. Once a certain point fail to 
supply quality services, even provide malicious services, the 
consumer can pull the provider into the blacklist, and rating the 
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provider for its credit, which means the provider is “tainted”. 
Such “tainted” points will be rejected in the future interactions 
by other points. Thus, in order to survive in the cloud, each 
point should review and care about their services and behaviors. 
According to that, there can automatically reduce and eliminate 
malicious attacks to some extent. 

 
Figure 2. credit rating tag 

Secondly, although points are more prone to be 
compromised due to close relations that one compromised 
point may quickly contaminate others, such close relations not 
only can help detect and locate tainted dots, but it can also 
establish notify mechanism, resulting in quick broadcasting of 
“bad news” (see Figure 3). When other points get the bad news, 
they will address certain measures against the assault and 
damage. In a word, it can fully take advantage of such close 
relations among points. 

 
Figure 3. notify the bad news 

Finally, agents or proxy can be set up for all the points. 
Then the scenarios will look like: when one point request for 
certain service, it can turn to the agents for purchasing such 
service. There will also be an index list about all the available 
agents. For each agent, it may present the index of all the 
vendors corresponding to thus service. Following that, once 
one vendor fails, the agent may redirect to new vendor point 
for substitution. Similarly, once one agent fails, the consumer 
could choose another proxy (see Figure 4). As illustrated, the 
system guarantees its survivability. 

 
Figure 4. the proxy 

C. Strategies for System Survivability in Cloud Computing 
To sum up, there are some strategies for maintaining and 

improving system survivability: 

• Resist attack: Avoid attacks by enhancing relative 
abilities of system, such as authenticating legal users 
by digital certificates and also preventing unauthorized 
users [8] from accessing. 

• Identify attack: Establish attack-detect [9] mechanism, 
detecting assaults, system errors, damages. For 
example, verifying the checksum can determine 
whether and where error exists, and maybe even rectify 
the error. 

• Notify attack: Establish notify mechanism, when some 
service in some point has been compromised, such bad 
news will immediately notify relative points. 

• Evaluate service: Each point, strictly speaking, each 
service consumer has the privilege to evaluate the 
services it consumes. Such point grades the “credit 
rating” for services. If the service is malicious, the 
point can pull the service into its blacklist, and starts 
the notify mechanism. Of course, at the very beginning, 
the consumer checks the “credit rating” of the service. 
Low grade means bad quality, which warns the 
consumer to request for substitute service. 

• Recover system: Once bad news expands, on one hand, 
the compromised point should recover [10] itself; on 
the other hand, the point who was supported by such 
tainted point must also recover its own. 

D. System Work Model in Cloud Computing 
• Self-monitoring: Each point shoulders the 

responsibility to monitor and test the living conditions 
and security threats of the services it provides. 

• Service judge and evaluation: When beginning to 
consume, consumers judge the services by their “credit 
rating”. If there are the low grades, redirect for new 
providers. After using, the consumer needs to evaluate 
services and grade them in their “credit rating” 
respectively. 
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• Notify attack: Whilst testing compromised services, 
firstly insulate such services, and secondly notify other 
points on time. 

• Recovery: Each point use first-level proxy directory for 
selecting appropriate proxy or later redirecting for 
substitute proxy. And it uses second-level proxy 
directory for selecting services or later redirecting for 
substitute services.( see Figure 5) 

 
Figure 5. system work model 

V. CONCLUSION 
With cloud computing gathering increasingly more 

attention and owing to its own excellent prospects in 
development, this paper firstly analyze the nascent features of 

cloud computing by illustrating its basic concepts, traits and 
categories. And in sequent, the paper discusses the importance 
and new definition of system survivability through concerning 
the traditional security engineering. Finally, it proposes the 
strategies and model for maintaining and improving system 
survivability in cloud computing. 

 

REFERENCES 
[1] www.cloudcomputing.sys-con.com/node/1087426 
[2] www.dummies.com/how-to/content/cloud-computing-characteristic.html 
[3] www.wikipedia.org/wiki/survivability 
[4] chapter 30.4,  ‘system survivability’,  <Software Engineering> 8th 

version, Ian Sommerville ISBN: 7-111-19770-4 
[5] Irving Vitra Paputungan, Islamic University of Indonesia ;Azween 

Abdullah, Universiti Teknologi Petronas. Modelling a Survivable 
System through Critical Service Recovery Process. Second UKSIM 
European Symposium on Computer Modeling and Simulation.2008 
IEEE. 

[6] Partha Pal, Michael Atighetchi, Joseph Loyall,Andrew 
GronoskyInformation and Knowledge Technologies Unit Raytheon 
BBN Technologies Cambridge, USA. Advanced Protected 
Services.2010 13th IEEE International Symposium on Object/ 
Component/ Service-Oriented Real-Time Distributed Computing 
Workshops 

[7] Shuai Zhang, Shufen ZhangHebei, Xuebin Chen, Xiuzhen Huo 
Polytechnic University Cloud Computing Research and Development 
Trend 2010 Second International Conference on Future Networks 

[8] Matthew G. Richards Adam M. Ross,Daniel E. Hastings Donna H. 
Rhodes,Massachusetts Institute of Technology,Cambridge, MA. 
DESIGN PRINCIPLES FOR SURVIVABLE SYSTEM 
ARCHITECTURE. 2007 1st Annual IEEE Systems Conference,Waikiki 
Beach, Honolulu, Hawaii, USA April 9-12, 2007 

[9] Huiqiang Wang, Guosheng Zhao, and Jian Wang.School of Computer 
Science and Technology, Harbin Engineering University,  Harbin, 
China. Survivable Network System: An Immune Approach. 2008 
International Conference on Internet Computing in Science and 
Engineering 

[10] Irving Vitra Paputungan, and Azween Abdullah. Specifying a Recovery 
Model for Survivable System. The 5th Student Conference on Research 
and Development –SCOReD 2007,11-12 December 2007, Malaysia 

 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 4



The Analysis and Design of Trusted Computing 
Applied Into Cloud 

 

Huanan Liu 
Information Engineering Department of Zhengzhou 

University 
Zhengzhou City,Henan Province,China 

cindyliu118@126.com 

Shiqing Wang 
Information Engineering Department of Zhengzhou 

University 
Zhengzhou City,Henan Province,China 

iesqwang@zzu.edu.cn 
 

Abstract—Although making changes in hardware is not the only 
means to enhance security, it still holds the undefeatable 
advantages for security comparing with software. Trusted 
computing is such a kind of security technology that relies on the 
basis of making changes in hardware. Moreover, thus technology 
is already developed relevant standard specifications and it owns 
advantages of stronger security and more efficiency in 
information communications. In the cloud computing era, whose 
environment requires high security for information and services, 
trusted computing is proposed by this paper with objective 
analysis, original improvement and novel evolvement by adding 
two new modules: Service Authentication List Management 
(SAL), and Configuration Dynamic Update Module, (CUM). We 
also present and illustrate an abstract model for Trusted 
Computing Applied into the Cloud. 

Keywords- trusted computing; cloud computing; system 
survivability; Service Authentication List Management (SAL), and 
Configuration Dynamic Update Module, (CUM) 

I.  INTRODUCTION  
More than a decade, although the concept of trusted 

computing just looms, thus technology is always getting 
progresses. It is such a technology, by adding specific 
computer hardware and software, to ensure the authenticity of 
the user, thus improving the safety of the interaction. Trusted 
Computing is suffering from doubt and criticism. These 
questions focus on three main areas: user’s autonomy being 
limited, user’s privacy being no longer protected and the 
hardware’s limitations on its own. However, “whatever is, is 
right”. Trusted computing, in interaction security, has many 
advantages: authentication is more secure, more efficient, and 
it has established standards which have laid a solid foundation 
for the future evolution of any development. More importantly, 
in the era of cloud, the security requirements of cloud services, 
make it useful. This paper will analyze the feasibility of 
"trusted computing applied into cloud" design the model for it. 
Section II describes the concept, advantages, and disadvantages 
of trusted computing; Section III focuses on the characteristics 
of the era of cloud computing and cloud security; Section IV 
illustrates how to avoid weaknesses, how to highlight strengths 
and proposes some appropriate expansions and evolutions of 
trusted computing for a particular environment, thus making it 
as an important technical means in the protection of cloud 

security; section V designs the model for the concept of trusted 
computing applied into cloud; section VI concludes the paper. 

II. CONTENT RELATED TO TRUSTED COMPUTING 

A. Concept and Features of Trusted Computing  
In such an intensive information interaction era, one of the 

biggest problems confronted by computer technology is data 
security. And thus problem is getting increasingly serious. 
Many researchers believe that the development of trusted 
computing, the technology basing on hardware, becomes a 
necessity, for no need to add software layers to mitigate 
problems over and over again. In 1999, Hewlett-Packard, IBM, 
Compaq, Intel and Microsoft set up the Trusted Computing 
Platform Alliance, short as TCPA [1], focuses on the 
credibility of computing platform during e-commerce 
transactions. In 2003, the Trusted Computing Group, TCG was 
established and it adopted the Trusted Computing 
Specifications proposed by TCPA. The most prominent trait of 
TCG is the Trusted Base embedded into the computing 
platform. 

Trusted computing aims at providing customers with a 
trusted domain, which is guaranteed by special hardware and 
operating systems provided by various providers of software 
and hardware, basing on the trusted platform technology. 
Trusted platform ensures a range of security-related properties 
[2] by transmitting trusted information chain. Information 
transmission is a process, viewing a certain system module as a 
trusted base, used to prove other modules are trusted, thus and 
thus establishing the trusted chain. In other words, it starts from 
a trusted root, and gradually expands the trusted border, and 
ultimately ensures the integrity of the entire computing 
platform. 

Trusted Computing Platform, TCP [3], works through a set 
of hardware and software. TCP provides two basic services: 
authentic start-up and encryption which closely cooperate with 
each other. Authentic start-up means monitoring the process 
and making auditing records after the machine started. All 
these jobs done by the special hardware adding into the 
machine, can be called TPM, Trusted Platform Module, which 
computes values of components and then stores them into 
platform configuration register, PCR, through a credible 
channel. In TCP, TPM is used to report the configuration 
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parameters securely and trusted platform software stack, TSS, 
provides interfaces between TPM and other system modules 
[4].  

In trusted computing, the machine seals data and 
applications with its own configurations. Hence, only the 
authentic subject could decrypt and acquire the corresponding 
information. Thus significant characteristic is viewed as a vital 
basis for developing technology specifications by TCG. 
“Trust” [5] refers to that, components, operations, or processes, 
whatever the environment is, maybe resisting any attacks, can 
perform as expected. 

B. Advantages and Application of Trusted Computing 
The most prominent feature [6] of trusted computing——

“hardwareness”, creating irreplaceable advantages of trusted 
computing. 

• More efficient 

Since the instructions are fixed into hardware, without any 
compiling or interpretation as done by other software 
applications, measuring and encrypting kinds of information 
not only faster, but it also ease the pressure of CPU. 

• More Secure 

After the configuration of some machine has been 
measured and stored securely, its identity has been strongly 
formed and confirmed. That is to say, the machine will fail to 
deceit with such a unique identity, like fingerprints or DNA of 
human. 

• TCG has issued specifications for trusted computing 

The deliberate specifications contribute to be as a solid 
foundation for development, expansion and evolution of trusted 
computing in future. 

According to the illustration of system architecture of 
trusted computing from Microsoft, the expected hardware-
changes, also may be called basic functions of trusted 
computing, are classified as four facets: 

• Memory Curtaining 

There is an isolated storage; even the OS has no access to 
such a domain. Accordingly, malicious attackers even mal-
control the OS and even easily get unauthorized access to the 
memory, still cannot infect thus storage. Therefore, memory 
curtaining effectively protect sensitive and vital information 
from leaking. Of course, such hard-change can be simulated by 
software, but that stands for considerable coding work, 
changing from OS to various device-drivers and applications. 

• Secure I/O 

Secure input and output supplies safe channels for data, 
avoiding keyboard-tapping or screen-theft. 

• Sealed Storage 

It refers to seal data and applications with machine’s 
configuration, aiming at raising the security and prevent data 
and applications from leakage. For example, at first, make add-
operation between sensitive information and configuration; 

then, sign and encrypt the add-result. So that, in order to gain 
the real content, the recipient (no matter normal or 
compromised and no matter authentic or counterfeit) not only 
needs the private key to decrypt the information, but also has to 
match the configuration. As we know before, the configuration 
parameters fail to deceive, then, even if interaction information 
were intercepted, the vital and correct content still cannot be 
leaked.  

• Remote Attestation 

The TCP is capable to report errors, has occurred in its 
machine, to TCG or other related subjects. It owns popular 
application, such as digital rights management. 

There are four major areas for the application of trusted 
computing [7]: 

• Risk Management 

Risk management mainly consists of intrusion detection 
and addresses. One of the work is vulnerability assessment, 
assess whether the current information assets have been 
destructed. In order to minimize risk, information manager 
naturally tries to protect the assets through kinds of methods 
described as the following: first, check the integrity by 
computing the encrypted hash value; second, prevent 
unauthorized party from acquiring information by encrypting 
with public and private keys; third, authenticate the 
transmission by digital signature. As presented before, memory 
curtaining is an isolated subsystem based on hardware. It can 
scrupulously take responsibility to various sorts of keys and 
hash values of platform configuration, which are still named as 
“meta information”. Through such a firm wall, information 
assets are protected fabulously. 

• Asset Management 

Asset manager intends to prevent the theft and unauthorized 
using of computing resources. Asset tracking can achieve this 
goal. Under the control of the owner, TPM is used to create and 
protect system identity, avoiding being physically unloaded or 
replaced. Asset database may obtain more information assets 
by its identity. For such a unique and non-deceivable identity, 
even if the assets had been stolen, the thief still fails to access it. 

• E-commerce 

TCG is good at providing e-commerce environment, in 
which buyers and sellers could build relationships and 
exchange information. Still counting on the authentic report 
from TPM, not only the transactions are guaranteed proceeding 
securely, but also merchants will recognize old customers and 
recall their preferences. 

• Security Monitoring and Emergency Response 

IT managers have spent a lot of effort to exploit a variety of 
methods in response to attacks and threats. Security monitoring 
and emergency response are the main means and goals. 
Emergency response requires quick isolating the compromised 
system. Through trusted computing, TPM storing the non-
deceivable configuration and making its report, then it 
determine whether the system is infected or the system 
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confront the normal upgrade by scanning the relevant 
machine’s configuration and settings. 

C. Shortcomings and Doubts of Trusted Computing 
Despite amounts of advantages and prospects of trusted 

computing, however, in recent years, it suffers doubts and 
criticisms, mainly due to three areas [8]: 

• Restricted User Autonomy 

Mainly due to the abuse of remote attest, it would limit the 
autonomy of users to select their preferred software or to 
interact with other systems. For example, when a user visit a 
web site, which requires users to show some software proof, if 
the user refuses to hand out the proof, the site will deny its 
requests; if the user presents the proof of other software non-
preferred by the site, the site still ignores the requests. Only is 
showed the proof satisfying the site’s taste, user can gain the 
access. Clearly, to certain extent, users lose its autonomy.  

The refusal to non-favor software is irrelevant with any 
security concern. In fact, the reason may be completely out of 
“dictatorship”, or may be used for advertising, or may be to 
lessen competition. 

• Non-Protected Privacy 

Each coin has two sides. Since TCP can succeed in prevent 
identity from counterfeiting, resulting in the identity get 
equivalent to fingerprint or DNA, the one with trusted 
computing technology will be no longer as private as before. 
For example, the trace of the one who owns TCP cannot make 
any disguise. 

• Hardware Limitation 

First of all, there is inevitable drawback of hardware, 
comparing with software – neither feasible nor dynamic. For 
example, the normal upgrade is easily likely to be judged as 
“being compromised”; or, if user has changed its platform 
temporarily or permanently, its identity fails to be recognized. 
Secondly, hardware closely relies on its producers, then how to 
guarantee the merchants produce as strictly as the regulations 
ask becomes a worry. For example, once the merchants carved 
a “backdoor” [9] in the chip or add some unknown properties, 
the risks of insecurity or even “being blackmailed” will 
definitely raise. 

III. RELATED WITH CLOUD 
Cloud computing is a kind of model [10] for computing. It 

allows users access and obtain services non-locally through 
internet. The computing tasks required by users are deployed 
dynamically by the cloud into resource pool consists of 
considerable computers, which enables users gain computing 
ability, storage space and information at an easy way. For 
instance, one user may assign its intensive computing tasks to 
the cloud, for on one hand, it has no need to concern about 
some bottleneck of computing ability by its own, on the other 
hand, the user could put much more energy and wisdom into 
pursuing procedures for innovation and expansion. Another 
instance is that, users are becoming lighter for storing their data 
and applications into the cloud with the result of sparing 

numbers of space in local databases. Moreover they can access 
their remote-stored data whenever they wanted. In addition, 
users are spared to develop or establish their own applications 
from the zero ground; instead, they absolutely can “purchase” 
any component whatever they need, in order to mitigating the 
difficult of developing. All in all, cloud will bring infinite 
convenience. 

However, before people publish their information and 
services into the cloud, or acquire data and applications from 
the cloud, the security of the cloud is an inevitable concern and 
worry. There are many critical technology researches about the 
security of cloud computing, corresponding to every facet of 
worries, such as identity authentication, access control, cipher-
text retrieval and process, proof of data possession, 
virtualization security, etc. This paper will mainly discuss 
about the use of trusted computing against identity 
authentication and access control. 

Identity authentication and access control are tied tightly. 
Identity authentication aims at recognize the legal identity of 
any participant. For users, the service provider needs to provide 
its qualified identity. And for service providers, due to prevent 
malicious users from attacking, users have to prove their 
authentic identities. 

Access control refers to that, only do the authorized and 
specific rights-gained users operations on certain objects at 
some scopes, completely eradicating unauthorized users’ 
illegal accessing and obtaining. 

For addressing such two subjects mentioned above, 
nowadays, the most concerned method is based on encryption. 
However, pure encryption has flaws: on one hand, encryption 
costs a lot; on the other hand, the essence of encryption still 
contains the old problem: store the cipher-text and key together. 
Under that situation, once the system has been broken into, the 
key being stolen, then the cipher-text naturally was decrypted 
and leaked. It likes that a safe and the key for it are stored in 
one room, once the room being burst into, safe will be no 
longer safe (see figure 1).  

   The era of cloud is coming at full speed. While the 
convenience brought by the cloud rises fabulous eagerness of 
people, the security of cloud surely acts as the bottleneck 
hindering its development. 

IV. ANALYSIS OF FEASIBILITY OF TRUSTED COMPUTING 
APPLIED INTO CLOUD 

A.  Take Full Advantages of Trusted Computing 
In the process of identity authentication and access control, 

the method of pure encryption may, at a high possibility, leak 
important information by putting cipher-text and key into the 
same room, as explained before.  

Such a defect can be made up with by trusted computing. 
Because, first, TCP will calculate configuration at each unique 
instant, (see figure 2); second, the configuration is stored at the 
isolated domain, it cannot cheat or be stolen. Therefore, by 
trusted computing, the identity is guaranteed authentic. Then, 
the following operations will be under control. For example, 
client A who is authorized by only reading resource 1, when it 
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is recognized, cannot execute write-operation on resource 1, 
nor accessing resource 2.  

What is more important is that, even if vicious one acquires 
the cipher-text, due to lacking matches with the origin platform, 
it still fails to access the vital information. 

 

Figure 1.  Cyphertext and key share the same room 

B.  Solutions By Turning Around Disadvantages Into 
Advantages 
•  Attestation Plus Owner Override 

As depicted in section II, for resolving the problem, 
restricted user’s autonomy, we can add owner override to the 
platform. That means, the computer would let remote parties 
know if the software on its own has been changed without its 
knowledge. In addition, owners even have the autonomy to 
decide whether to unload the TPM chip and to decide whether 
to proceed trusted authentication under specific environment. 

For example, the regular update operation is known by 
owners, so it will not be misjudged as illegal changes. And 
remote parties will also update its configuration information for 
smooth interaction in future. 

•  Add Software-Token 

Facing the users’ shouting to protect their privacy, trusted 
computing can also make changes to meet that demand: to 
design a trusted software token, which is bound with a module 
for verifying security. Its goal is to execute various operations 
upon outsourced sensitive information without any leakage. 

•  Reinforce Supervision 

Establish appropriate laws and regulations, standardize 
supervision approach, and appoint an independent trusted third 
party, to reinforce the supervision of trust hardware 
manufacturers and also to prevent software dictatorship or anti-
competitive restrictions. We need to know that some software 
providers simply by software-approach can arouse 
incompatibility in the owner’s machine. Therefore, for 
addressing such troublesome problems, both can be caused by 
hardware and software, the appropriate laws and regulations 
are emergently required. 

C. Expansion and Evolution 
In addition to make changes for facing challenges suffered 

by trusted computing, it needs to continue evolving under the 
cloud environment. 

As we know, virtualization is one of important features of 
cloud computing. Several virtual machines are running on each 
physical machine among cluster servers. Each cloud service 
may be accomplished by a combination of virtual machines 

from various physical machines. Then the service needs not 
only one authentic platform report. 

Another obvious feature of cloud computing is dynamic 
scalability: for the server, due to hardware or other reasons, a 
large number of machines, both virtual and physical, may be 
replaced, re-combined, or revoked. At one time, if machine A, 
serves service 1, has to be replaced by machine B, machine B’s 
configuration should be recognized and authenticated; for the 
large client, maybe lots of machines have to be identified; for 
the small client, due to movement or hardware problems, there 
is still recognization issue for new machines. (see figure 2) 
Accordingly, trusted platform replacement technology is 
needed, for dynamically compute and authenticate platforms. 

 
Figure 2.   Dynamic replacement of machines (virtual and physical) in cloud 

Basing on the characteristics of the cloud and the security 
requirements of cloud services, we propose two modules to 
complement trusted computing: Service Authentication List, 
SAL , each service owns a list of information of authenticated 
machines; and Configuration Update Module, CUM, for 
dynamically replace the authenticated machines. 

V. THE MODEL FOR TRUSTED COMPUTING APPLIED INTO 
CLOUD 

According to the elaboration in section IV about expansion 
and evolution of trusted computing, the model of trusted 
computing applied into cloud is designed as follows (see figure 
3). 
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Figure 3.  The abstract model for trusted computing applied into cloud 

 
(1) From the trusted base of a physical machine, it 

computes all the configurations of its virtual machines, 
authenticating the identities of all those virtual machines. 

(2) For a certain service, it may need multiple virtual 
machines, then the relative machines register their identities 
into Service Authentication List, SAL. In future, when the 
service has to be authenticated, the SAL plays an important 
role. 

(3) For various reasons, a virtual machine can no longer 
support one service, it needs to submit application to 
Configuration Update Module, CUM. 

(4) After CUM has received the application, it select a new 
virtual machine replace the old one. 

(5) CUM submits the amend information to SAL;. 

(6) SAL updates the identity information. 

VI. CONCLUSIONS 
This paper describes the pros and cons of trusted computing 

and depicts the improvements for addressing the challenges 
and doubts faced by trusted computing. After those, the 
characteristics of cloud computing and security requirements of 
cloud services are exhibited. Then, according to the analysis for 
trusted computing applied into cloud, we propose two modules 
for implementing trusted computing: Service Authentication 
List, SAL and Configuration Update Module, CUM. Finally, 
we give the model for trusted computing applied into cloud. 
More details upon the application of such model are worth 
future research. 
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Abstract—This paper discusses the stability study of PD and PI 
controllers in multiple difference disturbances. The multiple 
difference disturbances in this paper are added to the inverted 
pendulum model that based on robotic leg application such as 
pendubot. By applying the pendubot model via 
MATLAB/Simulink block diagram, the performances between 
the model and disturbances are compared for stability in the 
simulation results. The simulation results showed that the PD 
controller could reduce and eliminate disturbances more 
effective than PI controller in the pendubot model. Overall, the 
simulation results are based on stability analysis for the degree 
of stability, steady state performance and transient response.     

Keywords-inverted pendulum; pendubot; PD controller; PI  

                  controller; disturbance 

I.  INTRODUCTION  
Technology development growth fast onward through 

over the world including Malaysia. Each part of engineering 
tools is used to build and design the technology such as 
robot, all types vehicle, building and others. These 
technology especially robot application, need a control 
system approach to organize, monitor and stabilize any 
movement. Within this control system approach, the robot 
would operate smoothly. In case, the stability in control 
system is studied for the robotic leg application.  

The robotic leg application gives advantage in the 
pendubot at which also called the arm-driven that do tasks 
like manipulating, moving, and painting. The tasks are 
usually found in industrial automation, architecture and 
artistic. For the industrial automation as an example, the 
high quality products are a primary goal to achieve. To 
achieve the goal, the arm-driven robots are developed more 
than a workers to maintain the products quality. This quality 
based on the stability [1] in control system that is being 
explained by James Clerk Maxwell, Edward John Routh, 
William Kingdon Clifford, Adam Prize, and Alexandr 
Michailovich Lyapunov in the latter half of the 19th century. 
The stability of the robotic leg application in this paper is 
the main problem for the study purposes with the PD type 
controller in the multiple difference disturbances. 

The PD type controller refers to the familiarity terms 
of the Proportional (P), Integral (I) and Derivative (D) in the 
PID controller that are well-known as a conventional 
controller since the last few years ago. These terms are quite 
importance in define the gains P, I and D in the root-locus 
techniques. The root-locus techniques are based on the 
development of  the advanced control systems from the 
state-space model. The state-space model refers to the 
inverted pendulum as apply in a robotic leg application such 
as the pendubot.  

In a robotic leg application, the PID controller is not 
depending by self. Looking through from the previous 
research, the adapting idea of the PID controller [2], the 
researcher is preferred to use the PD than the PID controller 
as the PD controller is based on human naturally acts. 
Considerably from other authors paper: the study of the 
development of PI controller for disc speed [3], shows that 
PI controller is also a quite useful for eliminating and 
reducing disturbance.  

Sometimes, the researcher looking for a wide view of 
research study, as posted in the article of observer control 
improves motion [4] by Kristin, found that the observer 
control enable to eliminate ringing and overshoot, and also 
solve the problem of the PID loops disable to do. By the 
way, this paper is focusing on the PD and the PI controllers 
for comparison stability in the multiple difference 
disturbances. Based on a few review of the introduction, the 
minority contents of the paper included the model, the 
controller design in general view, simulation results, 
conclusion, acknowledgement and references as following. 

II. MODEL 
The pendubot of the plant model in this paper is 

referring to the one of the underactuated model with the 
only 2encoders. Both encoders measure the speed and 
position for the DC servomotor and pendulum each.  The 
plant model for   a single diagram is showed as 
following:  
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Based on the plant model in Fig. 1, the input of the plant 

model is connected from the output sums of the controller 
and the disturbance, and the output of the plant model is 
connected from the output of pendulum. This connection is 
showed in Fig. 2 as following:  

 

 
By the way, the block diagram in Fig. 2 is related to the 

proposed physical model in Fig. 3 from which is figured as 
the subsystem in the simulation results. This proposed 
physical model in Fig. 3 produces the algebra equation of 
inverted pendulum proposed model by applying the net 
torque of the DC motor Tm, the torque of disc Td and the 
torque of the pendulum Tp at which is expanded into the 
three separate algebra equations as following: 

The torque of the DC motor Tm is derived as: 
 

udKBJT dmmmmmm ++−++= 1][1 θθθθ  
 
 
 
 

The torque of the disc Td is derived as: 

d

d
cdmddd FudKJT

θ
θθθθ +−−−−= 1][1  

 
The torque of pendulum Tp is derived as: 
 

2|)(][ 02 dFKJT spdppp +±−+= =θθθθ  
These derivations are compiled in the state-space 

equation as following: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Generally, the internal and external disturbances (d1 or 

d2) are placed at the plant input or output, or both points. 
These disturbances [5, 6] effected to the results output (y) at 
which considered the closed and the open loop in the control 
system.  

In control system, the disturbances consist like the 
rejection power sources such as sine, pulse generator and 
step, environmental source such as wind, machinery source 
such as vibration, and others. Sometimes, the disturbances 
that come from the rejection power, environmental and 
machinery sources are all affected to the one system only.  

This paper is focusing to the timer and step disturbances 
only at which used the PD or the PI controller for the 
reduction and elimination. By using the timer disturbance, 
the time period of the system affects with disturbances are 
identified from the response of the output result. Based on 
the response of the output result for the timer disturbance, 
this paper shows that the disturbance is happened for a 
certain period. Other than the timer disturbance, the step 
disturbance in this paper presents the final value of the 
response till infinity, except there is another disturbance 
coming through the system.      

Overall, the sources of disturbances place in the 
proposed model, with the cascaded [7] loop in control 
system, give high performance to the results output. The 
performance of the results output is based on controller (u) 
design as following section:   

 

 

 
Figure 1. Plant model 

 

Figure 2. Block diagram for the proposed model of the control 
                 system 

Figure 3. Inverted pendulum proposed physical plant on  
                  rotating disc 
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III. CONTROLLER DESIGN 
 
This paper proposes the PI and the PD controllers to 

eliminate or reduce the multiple disturbances. Both 
controllers are designed by applying the controller transfer 
function to get the gain values as following:  
 
For the PD type controller,  
 

sKKu dp +=1  
 
 
and for the PI type controller, 
 

s
K

Ku i
p +=2  

 
By the way, these controller transfer function is 

compared the similarity with the compensator of the SISO 
tool from root locus in MATLAB application. Even though 
the root locus method quite accurate compared to Ziegler-
Nichols Tuning Rule and other methods, but this root locus 
method is from the figure viewing. This figure viewing 
gives an advantage to the plant model with multiple 
disturbances. The plant model is figured as the subsystem 
for the simulation results as following:  

IV. SIMULATION RESULTS 
 

Via the model and the controller design, the rejection 
power sources or disturbances are added in Fig.4, Fig.5, 
Fig.6, Fig.7, Fig.8, Fig.9, Fig.10, Fig.11, and Fig.12 to 
compare the simulation results output. These disturbances 
are placed at the plant input or output, or both. For the 
elimination or reduction of disturbances, either the PD or PI 
controller is placed before the plant in the open loop or 
closed loop model as following. 

 
By referring to the open loop model with the PD 

controller in Fig. 4, the disturbance (tnd_1) is placed at the 
plant input.  The plant input is determined the disturbance 
for the torque of DC motor. Based on control theory, the 
open loop system does not correct the errors of the model. 
The errors of the model that are not measured might affect 
the results output even though the disturbances are 
eliminated by the PD controller.  

 
 

 
The results output in Fig.5 shows that there is no 

disturbance at all, that gives between 4 to 6 seconds. By the 
way, there is the highest overshoot of the torque. In control 
system, the overshoot is not available to use for this model. 
This is because the highest or maximum torque [8] only 
available for a wide speed range.  

 

In Fig.6 the output response shows a quite difference 
from Fig.5. The PI controller reduced the maximum 
overshoot value less than the PD controller for the open 
loop model with a longer time period after a second to 4 
seconds. This response continually shows a gain after 9 to 
10 second for at least 90 percent overshoot.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

The single disturbance (tNd_2) of the closed loop model 
in Fig.7 referred to the timer disturbance. The PD controller 
for the closed loop model is tuned with a few gains P and D. 
From the gains tuning, the output response is produced in 
Fig.8. 

 
 

Figure 4. The open loop model with PD controller 

0 1 2 3 4 5 6 7 8 9 10
0

1000

2000

3000

4000

5000

6000

7000

8000

9000

Time (seconds)

T
or

qu
es

Elliminate disturbance for open loop model with PD controller

Figure 5. Output disturbance for open loop model with PD controller 
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Figure 6. Output disturbance for open loop model with PI controller 

 

 
 
Figure 7. Single disturbance for the closed loop model     

                  with PD controller 
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Based on the single disturbance of the closed loop model 
in Fig.7, Fig.8 shows that the disturbance presented in 
between 4 and 6 seconds with the torque range for a zero 
and one point two. Within the closed loop or also well 
known as feedback model, the error is corrected. From this 
output result, the response achieved the steady state of 
stability more than 6 seconds with more than one Newton 
meter, torque. 
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Figure 9. Output of the single disturbance for the closed loop  

                       model with PI controller 
 
For comparison output results, the PD controller is 

replaced by the PI controller in Fig.9. By using the PI 
controller, the response shows that the increases in the rise 
time from which is compared to the PD controller based on 
the tuning of the gains P and I from a high to a low value. 
From the output result with the PI controller also, the 
response achieved the steady state earlier than the output 
result with the PD controller. The output result of a single 
disturbance with the PI controller only takes a less time 
from which is compared to the PD controller with the one 
Newton meter of the torque to stop the simulation.  

 

 
Figure 10. Multiple disturbance of timer and step with PD  

                     controller 

The improvement from the open loop model to the 
closed loop model with a single disturbance shows that the 
PD and the PI controllers affected to the output results. Both 
models are compared also with multiple disturbances of 
timer and step as shown in Fig.10.  

 

 
By using the PD controller to the closed loop model for 

the multiple disturbances, the output result in Fig.11 shows 
the response with the disturbances of timer and step. The 
disturbance of timer began in between 4 and 6 seconds but 
the disturbance of step began after a second. The multiple 
disturbances with the PD controller are increased the torque 
of the response after 6 seconds to achieve the steady state. 
This steady state shows that a slow response of the time 
from which is compared to the two previous models. 

 

 
By the way, the output result for the multiple 

disturbances with the PI controller in Fig.12 gives a quite 
similar response of the output result for the single 
disturbance in Fig.9. For the output result for the multiple 
disturbances with the PI controller in Fig.12, the response of 
the two disturbances is figured clearly. The response in 
Fig.12 with the PI controller is also compared with the 
response in Fig.11 with the PD controller. In Fig.11, the 
disturbances are not clearly figured for the response but in 
Fig.12 the disturbances are clearly figured. These output 
results for the response in Fig.11 and Fig.12 are caused by 
the low and the high rise time. Each output results are 
summarized in Table 1 as following: 

 
 

 
Figure 8. Output of the single disturbance for the closed loop 
                  model with PD controller 
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Figure 11. Output for multiple disturbance with PD controller 
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Figure 12. Output for multiple disturbance with PI controller 
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     TABLE 1. Comparison stability for PD and PI controller 
 

Stability Analysis 
Controllers 

Proportional and 
Derivative (PD) 

Proportional and 
Integral (PI) 

degree of system 
stability Improves the system 

stability 

As this PI controller 
increases the 
compensated by 1,  the 
system show less 
stable 

steady state 
performance 

To satisfy the steady state, 
the value of Kp must be 
suited.  
The constant of the steady 
state error based on the 
time, Td=0 and derivative 
portion provides no input.    

Improves the steady 
state as its infinite gain 
at zero frequency 

transient response 

Improves the transient 
response with the 
reduction of the rise time. 
From the transient 
response, the maximum 
overshoot is reduced 
better than PI controller. 

The suitable values of 
Kp and Ti are selected 
to improve the 
transient response. 
From the transient 
response, the rise time 
is increasing and the 
maximum overshoot is 
reduced but shows 
clearer signal. 

 

V. CONCLUSIONS 
The multiple disturbances for the proposed model show  

that a better response of the simulation results output with 
the cascaded loop. These responses reduce disturbance with 
the gains tuning of the PD or PI controller for the inverted 
pendulum proposed model, but low performance for the 
open loop model from which is compared to the closed loop 
model. By the way, this simulation results output is not 
denied at all as the single disturbance gives less problems to 
the response from which is compared to the multiple 
disturbances for the stability study. Therefore, the 
experimental results are followed up for further study.  
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APPENDIXES 
 
Parameters are defined as following: 
 
 Jm  = DC motor moment inertia 
Jd   = disc moment inertia  
Jp  = pendulum moment inertia 
Bm = viscous friction 
 Fc = Coulomb friction 
Fs  =  static friction 
K1  =  torque constant / back e.m.f 
K2  = spring constant 
d1 = disturbance 1 
d2 = disturbance 2 
u   = PD or PI controller 
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Abstract— A tracking control for non-minimum phase (NMP) XY 
Table could not use directly the inverse closed-loop transfer 
function as the feed-forward controller. This is due to unstable 
zeros of the closed-loop transfer function will become unstable 
poles at the feed-forward controller. Thus, ZPETC was 
introduced to encounter this unstable zeros problem. The ZPETC 
that was introduced by Tomizuka has unity gain for low 
frequencies, but not at high frequencies. Hence, this paper 
proposed a scheme called Trajectory Fuzzy-RLS Hybrid ZPETC 
without factorization of zeros polynomial where the optimum 
controller parameters are obtained offline using recursive least 
square (RLS) method and further retune online through fuzzy 
inference system (FIS). The tracking performance was compared 
with the design using Trajectory-Adaptive ZPETC. The 
simulation and real-time controls of the NMP XY Table show that 
the tracking performances for circular movement are 
significantly improved. 

Keywords— Feed-forward Control; Non-minimum Phase 
System; Motion Control; ZPETC; Adaptive Control, Fuzzy 
Robust Control.  

I. INTRODUCTION 

XY Table has been widely used and of important part of 
many Computer Numeric Controlled (CNC) processing 
facilities, e.g. the work feeder of CNC lathe, CNC milling and 
drill press, the worktable of laser processing, welding, 
dispenser, bonding, packing, drilling, laser cutting and painting 
[1]. In general, XY Table is composed of X-axis and Y-axis 
motion mechanism where each motion axis is driven by 
individual actuator such as DC servo-motor through high-
precision ball-screw. 

A two-degree of freedom (2DOF) controller is shown in 
Figure 1 and the perfect tracking control (PTC) can be 
achieved by introducing a feed-forward controller that acts as 
an inverse of system closed-loop transfer function, cancelling 
all poles and zeros of the closed-loop system. 

  

 
Figure 1.  Two-degrees-of-freedom Controller 

The PTC is desired and important element for XY Table 
control system and has been widely studied in [1-10]. PTC can 
provide the overall transfer function of unity between the 
desired output   and the actual output  . This will be true 
when the plant is minimum phase. A tracking control for non-
minimum phase could not use directly the inverse of closed-
loop transfer function as a feed-forward controller. This is due 
to unstable zeros of the closed-loop transfer function will 
become unstable poles at the feed-forward controller. Thus, 
ZPETC was introduced to encounter this unstable zeros 
problem. The ZPETC that was introduced by Tomizuka [2,3] 
has unity gain for low frequencies, but not at high frequencies 
[4]. In resolving for broader frequency tracking control system, 
there has been many research works in this area [5].  

In [5,6] when one of zeros located outside unity circle, low-
order ZPETC cannot be used to provide unity gain for the 
overall transfer function between the desired output and the 
actual output. In resolving these problems, there has been some 
research works in this area. Trajectory-Adaptive ZPETC was 
suggested in [7,8]. Thus, satisfactory performance can still be 
achieved with relatively low-order ZPETC. By reducing the 
NMP zeros problems, e.g. gain and phase error, the Adaptive 
ZPETC shows interesting tracking performance. 
Unfortunately, due to the feed-forward nature of ZPETC such 
that the overall performance of the controlled system will be 
affected if there is plant-model mismatch [7,8,9,10].  

Fortunately, to improve the tracking performance by 
minimizing the plant-model mismatch, a scheme called as 
Trajectory Fuzzy-RLS Hybrid ZPETC is proposed. To do so, a 
FIS is designed and added to the Adaptive ZPETC structure. 
The tracking performances for both controllers are then been 
compared. Simulation and real-time studies are done on XY 
Table to verify the effectiveness of the proposed scheme. The 

Feed-forward 
Controller 

Feedback 
Controller 

 Plant 
 

+ - 
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simulation and real-time studies were do
environment. 

This paper was organized in the followin
II describes plant model; Section III de
trajectory; Section IV describes Trajec
ZPETC; Section V is on results and discu
Section VI is the conclusions.   

II. PLANT MODEL 

The XY Table used in this paper is show
NMP plant model was derived from open
test. The open-loop transfer function 
approximated using MATLAB system identi
the form of ARX331 with input-output
at  80 . The X-axis plant model is given 
Y-axis plant model is given by Eq. (3).   

 

Figure 2.  XY Table system 

A. X-Axis Plant Model: 0.03698 0.1217 01 0.6479 0.5451
 
From Eq. (1), the zeros polynomial obtained a
 1  3.2910 1.4002    
 1  3.2910 1.4002             
 
When Eq. (2) is factorized, the locations o0.5021 and  2.7889. This means 
model is a non-minimum phase (NMP) mo
situated outside and far away from the unit ci

B. Y-Axis Plant Model: 0.03978 0.10541 0.7495 0.4557
 
From Eq. (3), the zeros polynomial obtained a
 

one in MATLAB 

ng manner: Section 
escribes reference 
ctory Fuzzy-RLS 

ussion; and finally, 

wn in Figure 2. The 
n-loop input-output 

of the plant is 
ification toolbox in 
t signals sampled 
by Eq. (1) and for 
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1 2.6496
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When Eq. (4) is factorized,  0.3902 and  2.259
model is also a non-minimum
situated outside and far away fr

III. REFERENC

A circular movement of  
Figure 3. It also shows the re
individual axis used for plant 
Both individual axis reference 
signal with maximum ampl
amplitude of 30   and f
second. All simulation studies a
based on this reference trajector

Figure 3.  Circular movement and 

IV. TRAJECTORY FUZ

Nowadays, fuzzy systems a
logic statements (like if-then) i
in order to design controller 
systems due to plant-model m
variations [11]. However, fuz
disadvantages, for example, fuz
consuming trial and error met
techniques. To do so, a fuz
designed and added to the pr
hybrid system. The ideal hybrid
parameter variations and lead t
[11].  

The structure of the propose
ZPETC using the combination o

0.8816                                      4  816                                                       
the locations of zero are at 94. This means that the obtained 

m phase model with one zero 
rom the unit circle. 

CE TRAJECTORY 30  in radius is shown in 
ference trajectory of respective 
worktable to move in circular. 
trajectories are sinusoidal wave 
litude of  30 , minimum 
frequency of 0.4 radians per 
and real-time experiment will be 
ry.  
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(RLS) adaptive parameter estimation met
Figure 4 for real-time experiment and Figur
studies. Note that the memory block

Figure 4. Traj

Figure5.  Trajectory Fuzzy-RLS Hybrid ZPETC structur

There are two inputs to the FIS, the erro
respective membership functions (MF) of ea
in Figure 6. For each input and output, five M
respective MF of each input and output are sh

Figure 6. The membership functions o
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TABLE II.   Optimal set of   for Y

  
0 
1 
2 
3 
4 
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   0.5356  
   -0.2606  

   -0.02622 
   0.03185  

   -0.008374
   0.000865 

These old values of optimum set of  
FIS through respective MF that providi
the   ,  , and the outputs. New  are c
(5). 

 
Through MF modifications, Eq. (5) is use t
optimum set of  through FIS, hence, 
Note that each optimum set of  has its ow
part is important so that feasible rules based 
efficiency were obtained [11]. The relation
input and output of the FIS shown in Figu
Table III. There were five linguistic variable
so 25 Mamdani rules were applied in the FIS
and defuzzification methods used are resp
and centroid method. The whole systems wer
MATLAB environment. 

TABLE III.   Fuzzy inference system          NB NS ZE P

NB S S MS M
NS S MS MS M
ZE MS MS M M
PS MS M MB M
PB M MB MB 

V. RESULTS AND DISCUSSIO

The simulation studies and real-time co
were done in MATLAB environment. The 
for Trajectory-Adaptive ZPETC and Traje
Hybrid ZPETC using 5th order controller to
motion are shown in Figure 8 and Figure 9. 
that the resulting circular movement for bo
reference circular movement could hard
differences. This is explained by the 
movement in Figure 8 and Figure 9. 
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The simulation results using both contro
Table IV. We can observe that using the H
tracking error is much smaller. The propos
shows better RMSE about 80.03% improvem
75.56% improvement for Y-axis.  

TABLE IV.   Simulation Results (Tracking P
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that the proposed Hybrid ZPETC is better 
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plant-model mismatch. 
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and real-time digital tracking 
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ory Fuzzy-RLS Hybrid ZPETC 
eros polynomials have been 
es, both controllers show good 
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ular movement was achieved. 
s, there were large differences 
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between both results. These are due to the nature of ZPETC 
which is sensitive to plant-model mismatch causes by 
parameter variations. Fortunately, improvement in tracking 
performance by minimizing the plant-model mismatch was 
achieved using the proposed Hybrid ZPETC. Thus, it is 
confirmed that the proposed hybrid controller is better than 
Adaptive ZPETC in terms of tracking performance and also 
robustness to plant-model mismatch.  
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Abstract— In XY Table system, perfect tracking control (PTC) 
with zero tracking error is desired. This can be achieved by 
introducing a feed-forward controller that acts as an inverse of the 
system closed-loop transfer function and cancelling all poles and 
zeros of the closed-loop system. Adding feed-forward controller in 
axis controller can prompt the response of the single axis. 
Consequently, minimize the tracking error of each individual axis. 
This result an overall transfer functions of unity between the 
desired output and the actual output. In non-minimum phase 
(NMP) system where one of the zeros located outside the unit 
circle, unfortunately, this feed-forward controller could not be 
implemented as this would result an unstable tracking control. 
Thus, this paper proposes a Trajectory-Adaptive ZPETC without 
factorization of zeros polynomial scheme in which the optimum set 
of  are automatically tuned online to reduce this NMP zeros 
problem. Simulation and experimental results of the real-time 
control of XY Table show that the tracking performance for 
lemniscates movement is significantly improved.  

Keywords— Feed-forward Control, Non-minimum Phase 
System, ZPETC, Adaptive Control.  

I. INTRODUCTION 

XY Table has been widely used and of important part of 
many Computer Numeric Controlled (CNC) processing 
facilities, e.g. the work feeder of CNC lathe, CNC milling and 
drill press, the worktable of laser processing, welding, 
dispenser, bonding, packing, drilling, laser cutting and painting 
[1]. In general, XY Table is composed of X-axis and Y-axis 
motion mechanism where each motion axis is driven by 
individual actuator such as DC servo-motor through high-
precision ball-screw. 

A two-degree of freedom (2DOF) controller is shown in 
Figure 1 and the perfect tracking control (PTC) can be achieved 
by introducing a feed-forward controller that acts as an inverse 
of system closed-loop transfer function, cancelling all poles and 
zeros of the closed-loop system.  

 
Figure 1.  Two-degrees-of-freedom Controller 

The PTC is desired and important element for XY Table 
control system and has been widely studied in [1-13]. PTC can 
provide the overall transfer function of unity between the 
desired output   and the actual output  . This will be true 
when the plant is minimum phase. But when the plant is non-
minimum phase (NMP), the unstable zeros of the plant will 
become unstable poles to the feed-forward controller transfer 
function and thus, creating internal instability [8]. 

In NMP system where one of the zeros located outside the 
unit circle, the PTC could not be implemented as this would 
result an unstable tracking control. The phase and gain errors 
that caused by the NMP or unstable zero are problematic, 
however, it can be resolved. The zero phase error tracking 
controller (ZPETC), developed by Tomizuka [9,10] has 
attracted attention many researchers as an effective and simple 
remedy to the problem due to NMP zero. By eliminating phase 
error caused by NMP zeros, ZPETC displays good tracking 
performance. Unfortunately, ZPETC cancels only the phase 
error, as the gain error which cannot be eliminated by ZPETC 
becomes larger for fast tracking control. This gain error causes 
undesirable effects to the tracking performance. In resolving 
these problems, there has been many research works in this 
area [3,4,5,6,7,8,11,12,13]. 

This paper proposes a Trajectory-Adaptive ZPETC without 
factorization of zeros polynomial scheme in which the 
optimum set of   are automatically tuned online to reduce 
this NMP zeros problem. Simulation and real-time studies are 
done on XY Table to verify the effectiveness of the proposed 
scheme. The simulation and real-time studies were done in 
MATLAB environment. 

This paper was organized in the following manner: Section 
II describes plant model; Section III describes reference 
trajectory; Section IV describes Trajectory-Adaptive ZPETC 
without factorization of zeros polynomial; Section V describes 
feedback control; Section VI is on results and discussion; and 
finally, Section VII is the conclusions.   

II. PLANT MODEL 

The XY Table used in this paper is shown in Figure 2. The 
NMP plant model was derived from open-loop input-output 
test. The open-loop transfer function of the plant is 
approximated using MATLAB system identification toolbox in 
the form of ARX331 with input-output signals sampled 

Feed-forward 
Controller 
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Controller 

 Plant 
 

+ - 
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at  80 . The X-axis plant model is given 
Y-axis plant model is given by Eq. (3).   
 

 
Figure 2.  XY Table system 

A. X-Axis Plant Model: 0.03698 0.1217 01 0.6479 0.5451
 
From Eq. (1), the zeros polynomial obtained a
 1  3.2910 1.4002   
 1  3.2910 1.4002            
 
When Eq. (2) is factorized, the locations o0.5021 and  2.7889. This means 
model is a non-minimum phase (NMP) mo
situated outside and far away from the unit ci

B. Y-Axis Plant Model: 0.03978 0.10541 0.7495 0.4557
 
From Eq. (3), the zeros polynomial obtained a
 1 2.6496 0.8816      
 1 2.6496 0.8816               
 
When Eq. (4) is factorized, the locations o0.3902 and  2.2594. This means 
model is also a non-minimum phase mod
situated outside and far away from the unit ci

III. REFERENCE TRAJECTOR

A lemniscates movement of 30  in 
Figure 3. It also shows the reference trajec
individual axis used for plant workta
lemniscates. For X-axis, the reference trajec
wave signal with maximum amplitude of  

by Eq. (1) and for 
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For Y-axis, the reference traject
with maximum amplitude  330  and frequency of 0
simulation studies and real-tim
this reference trajectory.  

Figure 3.  Lemniscates movement an

IV. TRAJECTORY-

Referring to Figure 1, let th
(without feed-forward control) b

 
where  represents a  -step d
 

 1
 

 
The structure of the Traject
factorization of zeros polynom
Figure 5. The controller design 
of an appropriate gain compens
the overall gain is unity with
reference trajectory. In order t
introduces any phase error, the
gain compensation filter  ,
used here. 

uency of 0.2 radians per second.  
tory is a sinusoidal wave signal 0 , minimum amplitude of 
0.4 radians per second. All 

me experiment will be based on 

 
 

 
d its individual axis trajectory signals 

-ADAPTIVE ZPETC 
he closed-loop transfer function 
be given as:                                 5  

delay and                                                   0 

tory-Adaptive ZPETC without 
mial is shown in Figure 4 and 

mainly focuses on the selection 
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hin the frequency spectrum of 
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Figure 4.  Trajectory-Adaptive ZPETC structure for real-time control 

 
The symmetrical gain compensation filter is represented by 

the following equation: 

,                          6  

 
  Filter order 

 
Due to the effect of poles cancellation to the ZPETC structure 
of Figure 4, the control structure for simulation purposes can 
be simplified as given in Figure 5. Thus, the implementation of 
tracking control by simulation does not require the whole plant 
model transfer function. What was needed here was only the 
gain compensation filter and zeros polynomial equations of the 
plant model.  

 
Figure 5.  Trajectory-Adaptive ZPETC structure for simulation control  

The cost function to represents the error between the desired 
and actual frequency response of Figure 4 and Figure 5 is 
given by: 

 1                7  

 

1     8  

 
It is very unlikely that Eq. (7) will vanish for a finite  , 
implying the term inside .  cannot be made zero at all 
frequencies [6]. To give emphasis to certain frequency band of 
interest, a frequency weighting function  can be 
incorporated in Eq. (8). Since the excitation signal,   is 
artificially generated, this freedom can be exploited by 
choosing   to have a frequency spectrum similar or close to 
the frequency spectrum of the reference trajectory. Effectively, 
this is similar to using a frequency weighting function to give 
emphasis to the frequency spectrum of interest. The best way 
to capture the dominant frequency component of the trajectory 
signal is to use the trajectory signal itself as the excitation 
signal.  

In order to ensure that the excitation signal will always 
persistently excited, a low-level noise signal which has its 
frequency spectrum close to the frequency spectrum of the 
reference trajectory can be superimposed on the reference 
trajectory. The addition of noise to the reference trajectory will 
not add disturbance to the system as the “noisy” reference 
trajectory will not pass through the system [6]. The design 
objective of the controller is to determine the optimal set of  
such that the cost function given by Eq. (8) is minimized. Here, 
the optimal set of  are solved using a parameter estimation 
algorithm, Recursive Least Square (RLS) method. The 
optimum set of   was estimated by running the estimation 
algorithm online using the scheme shown in Figure 6. 
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Figure 6. Computing optimal set of   using RLS p
method 

V. FEEDBACK CONTROL 
The feedback control in Figure 4 was de

placement method. This method enables 
closed-loop system to be placed at des
providing good and stable output perform
loop transfer function of the feedback system
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The feedback control parameters were ob
the Diophantine equation of Eq. (10) to 
and  . The literature on this material 
[14].  

In this paper, 0.2 were used s
required fast response. Using developed MA
following parameters were computed: 

A. X-Axis Plant Model: 1 0.2            
 3.8012 
 1 0.0203 0.493
 11.5633 9.6061 1.
B. Y-Axis Plant Model: 1 0.2            
 1.4863 
 1 0.2289 0.081
 0.8060 1.1579 0.4
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VI. RESULTS A
The simulation and real-

MATLAB environment. The s
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TABLE I: Simulation results of individual axis trac

 NMP XY-tab

X-axis 
RMSE (mm) 

5th order Trajectory-
Adaptive ZPETC 

1.1970 10  

10th order Trajectory- 
Adaptive ZPETC 

5.7051 10  

The real-time experiment results using 5
Trajectory-Adaptive ZPETC to move in lem
in Figure 9 and Figure 10 respectively. We c
resulted lemniscates movement for 10th order
than 5th order controller. This is explain
lemniscates movement of Figure 9 for 5th

Adaptive ZPETC. Fortunately, the 10th 
Adaptive ZPETC produces better lemnisca
shown in Figure 10.   

Figure 9.  Real-time experiment result of lemniscate
Trajectory-Adaptive ZPETC  

Figure 10.  Real-time experiment result of lemniscates
Trajectory-Adaptive ZPETC 

Experimental results of individua
performance are given in Table II. We ca

cking performance 

ble system 

Y-axis 
RMSE (mm) 7.2191 10  

2.3043 10  

5th and 10th orders 
mniscates are shown 
can observe that the 
r controller is better 
ned by the rough 
h order Trajectory-

order Trajectory-
ates movement as 

 
s movement for 5th 

 
s movement for 10th 

al axis tracking 
an observe that by 

increasing the controller orde
tracking error is getting small
Adaptive ZPETC show 13.51%  improvement for X-a
for Y-axis.  

TABLE II: Experimental results of i

 

RM

5th order Trajectory-
Adaptive ZPETC 

10th order Trajectory- 
Adaptive ZPETC 
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Abstract— Flood water level prediction has long been the earliest 
forecasting problems that have attracted the interest of many 
researchers. Accurate prediction of flood water level is extremely 
importance as an early warning system to the public to inform 
them about the possible incoming flood disaster. Using the 
collected data at the upstream and downstream station of a river, 
this paper proposes a modelling of flood water level at 
downstream station using back propagation neural network 
(BPN). In order to improve the prediction values, an extended 
Kalman filter was introduced at the output of the BPN. The 
introduction of extended Kalman filter at the output of BPN 
shows significant improvement to the prediction and tracking 
performance of the actual flood water level. 

 Keywords — Back Propagation Neural Network, Flood Water 
Level Forecasting, Mean Squared Error, Correlation Coefficient, 
Error Goal 

I.   INTRODUCTION 
Flood water level prediction has long been the earliest 

forecasting problems that have attracted the interest of many 
researchers [1]. Accurate prediction of flood water level is 
extremely important as an early warning system to the public 
to inform them about the possible incoming flood disaster. 
Flood water levels at downstream areas are strongly affected 
by upstream conditions [2]. The artificial neural network 
(ANN) is capable of articulate the underlying relationship 
between downstream and upstream conditions because of its 
ability to represent a complex nonlinear system without any 
priori knowledge of the physical systems itself [3]. 

McCulloch and Pitts [4] introduced ANN as a 
representative of the synaptic processes in brain. ANN 
became popular in the early 1980s with the advent of 
microprocessors and by late 1990s ANN starts to be used in 
hydrological modelling.  Recently, ANN has been widely 
applied in various areas to overcome the problem of nonlinear 
relationship in geographical system.  For example, ANN is 
able to predict all India summer monsoon rainfall with 
varieties of model inputs [5]. Tsung-Lin Lee [6] successfully 
forecast the storm surge and surge deviation in coastal areas 
using back propagation neural network approach. Lee [7] 

applied back propagation neural network with typhoon 
characteristics and tide level as the input factors to develop a 
typhoon surge forecasting model. Lin and Wu [8] proposed 
rainfall prediction using hybrid ANN model where multilayer 
networks are employed to map the relationship between input 
and output. 

This paper proposes a modelling of flood water level at 
downstream station using back propagation neural network 
(BPN). In order to improve the prediction values, an extended 
Kalman filter was introduced at the output of the BPN. 

This paper was organized in the following manner: Section 
II describes the methodology; Section III is on results and 
discussion; and finally, Section IV is on conclusions. 

II.  METHODOLOGY 

A. Study Area and Data  
The case study was done to a Sungai Batu Pahat that 

located at Batu Pahat, Johor. A major contribution of water 
level at Sungai Batu Pahat basin comes from four upstream 
rivers as depicted in Figure 1. The upstream river level 
measuring station names are Station 1929401(Sg Simpang 
Kiri at Sri Medan), Station 2130422 (Sg Bekok Bt 77 Jln 
Yong Peng), Station 1831480 (Sg Sembrong at Parit Karjo) 
and Station 2030402 (Sg Bekok at Yong Peng). The water 
level measuring station for Sungai Batu Pahat is Station 
1829478 (Sg Batu Pahat at Batu Pahat). The water level data 
is in meters, starting from May 2, 2012 until May 8, 2012. 
This real-time data is available online from website 
www.water.gov.my. The water level data is measured using 
Supervisory Control and Data Acquisition System (SCADA) 
by Department of Irrigation and Drainage Malaysia. 
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Figure 1. The location of Sungai Batu Pahat basin and its upstream river 

(http://telemetryjohor.com/Pages/StationStatus.aspx) 

B. Artificial  Neural Network 
ANN is a mathematical system that emulates the ability of 

connecting simple neurons and represents it in a biological 
neural network. In general, ANN contains input layers, hidden 
layers and output layers. This is illustrated in Figure 2. Input 
layers receive input signals and then passed to each hidden 
layer. Hidden layer then represent relationship between input 
and output layer and finally output layer releases the output 
signals. 

 
Figure 2.   Structure of artificial neural network 

The back propagation neural network (BPN) is the most 
popular supervised model of artificial neural networks which 
is developed by Rumelhart et al. [9]. BPN repeatedly adjust 
the parameters (weights and biases) to minimize the error 
between target output and estimated output according to 
“generalized delta rule”. The parameter modification stops 
when the performance error goal is met [10].  

The crucial factor that leads to the success of ANN model 
is the selection of appropriate inputs. Too many inputs that are 
redundant will contribute to the problem of local minima [11]. 
By understanding the physical system to be model, the good 
choice of input can be guided. For example, upstream river 

levels are expected to be a good downstream river levels 
predictor in the same river system [12]. Singh et al. [13] 
reported that the data sets range from 0.1-0.9 or 0.2-0.8 can 
improve generalization of ANN architecture. 

Figure 3 illustrates the basic structure of BPN water level 
prediction model of this study. The input variable of this 
model is water level at the upstream river whereas the output 
variable is the peak water level at the downstream river, 
Sungai Batu Pahat. The number of neuron in hidden layer is 
only representative and not the actual number in the model.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.   BPN model for flood water level modelling 

C.  Extended Kalman Filter (EKF) 
The EKF algorithm has two main stages: prediction step; 

and update (filtering) step. In prediction steps, previous state 
estimate of the system is being used and in the update step, the 
predicted state is corrected by using feedback correction step.  
The feedback correction step contains the weight of the 
measured and estimated output signals. In EKF, by calculating 
the stochastic properties of the noise, the initial values of the 
matrices can be arranged correctly. Furthermore, a critical part 
of EKF is to apply correct initial values for various covariance 
matrices. Covariance matrices have an important effects on 
converge time and filter stability. The summary of EKF 
algorithm is given in Figure 4.  

 

 

 

 

 

Station 
1929401 

Station 
1831480 

 Station 
2030402 

Station 
2130422 

Station 
1829478 

Input 
Layer   Hidden  

Layer 
Output 
Layer 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 28



 

 

 

 

 

 

Figure 4.   Extended Kalman Filter (EKF) Loop 

Figure 4 summarizes the overall operation of EKF 
algorithm.  The prediction stage starts by projecting the state 
and error covariance ahead using the present value of Jacobian 
matrix and prior value of error covariance. Then, based on the 
projected error covariance value, the Kalman gain is 
calculated and measurement kx̂  is estimated. Finally, the 
error covariance value is updated. The loop will continue until 
the desired error covariance value is achieved.  

III.     RESULTS AND DISCUSSION 
The water levels at the upstream and downstream rivers 

station at Sungai Batu Pahat is applied in the BPN model. 
Station 1929401, 2130422, 1821480 and 2030402 acts as a 
feeder to the BPN model because it is located at upstream 
location whereas Station 1829478 is the output of the model 
because it is the target station. The nodes of both input and 
output layers are set as 1.The number of nodes for hidden 
layer were set to be 15, in following the law of Kolmogorov 
[14]. Kolmogorov’s law state that the number of nodes in the 
hidden layer is at least 2n+1, where n is the number of nodes 
in the input layer. Thus, the topology structure of BPN flood 
modelling and forecasting in this study is (1,15,1). 

 In order to accelerate the convergence, it is necessary to 
normalize the original data, but need to remember to 
denormalize it back to obtain the desired data.  After the 
normalization process, the training parameters used were 
learning rate η at 0.55 and momentum constant α is fixed at 1. 
Learning rate and momentum constant is used to accelerate 
convergence of ANN training process and the value of η and α 
is selected in the range of 0 and 1. 

 

According to 10, 0000 cycles of training, the error goal is 
set at 1.00e-05.  The training algorithm used is traincgp, 
conjugate gradient with Polak Ribiere updates. The 
verification results are given in Figure 5. The BPN 
verification result shows that the model cannot be considered 
good because there is slight difference in the simulated and 
actual water level results. Furthermore, overshoot occurs at 
the end of the graph. This is maybe because that the training is 
stop after the minimum step size is reached. However the 
value of mean squared error (MSE) is 8.89e-05 which is still 
close to the error goal that is 1.00e-05, so the result is still 
acceptable.   
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Figure 5.   The verification results of the flood water level  

 In order to improve the prediction results, an Extended 
Kalman Filter (EKF) is introduced at the output of BPN. EKF 
is the most commonly used nonlinear Bayesian estimator 
which is able to filter and track the nonlinear output based on 
assumptions that are: perturbations from the mean trajectory 
are small; and the conditional density function of the state is 
Gaussian [15]. Figure 6 shows the results after the EKF being 
applied. From the graph, it is clearly shown that the results are 
improved as the overshoot is reduced and the pattern of the 
simulated and actual water level between 0— 6 hours is nearly 
the same as compared to Figure 5. 

 
  
 

Time Update (“Predict”) 
(1) Project the state ahead 
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Measurement Update (“Correct”) 
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Figure 6.   The verification results of the flood water level with EKF      

IV.      CONCLUSIONS 
 Accurate prediction of flood water level is important as 

an early warning system to the public to inform them about 
the possible incoming flood disaster. This paper proposed 
ANN model to predict the flood water level. A supervised 
neural network with the back propagation model is adopted in 
this study. The performances of BPN model have been 
evaluated but yet the result is not that satisfactory. Hence, 
Extended Kalman Filter is proposed to improve the results. In 
conclusion, Extended Kalman Filter is able to provide better 
result compared with actual result without application of 
Extended Kalman Filter. The water level is only the parameter 
in this Back Propagation Neural Network model. So, for 
future works, more parameters can be added in the model such 
as rainfall and water flow so that more accurate and realistic 
prediction results can be achieved. 

ACKNOWLEDGEMENT 
The authors would like to acknowledge the financial 

assistance of Research Management Institute (RMI), 
University Technology MARA under Excellence Fund No. 
600-RMI/ST/DANA 5/3/Dst(33/2011).  

REFERENCES 
[1] Amir F. Atita et al, “A comparison between neural network forecasting 

techniques – case study: river flow forecasting,” IEEE Transactions on 
Neural Networks, vol. 10, no.2, pp.402-409, 1999. 

[2] Chang-Shian Chen et al, “Development and application of a decision 
group Back-Propagation Neural Network for flood forecasting,” 
ELSEVIER Journal of Hydrology, vol. 385, pp. 173-182, 2010. 

[3] Paul Leahy, Ger Kiely & Gearoid Corcoran, “Structural optimisation 
and input selection of an artificial neural network for river level 
prediction,” ELSEVIER Journal of Hydrology, vol. 355, pp. 192-201, 
2008. 

[4] McCulloch, W., Ps, W.H., “A logical calculus of the ideas immanent in 
nervous activity,” Bull. Math. Biophys. 5, pp. 115-133, 1943. 

[5] Venkatesan et al, “Prediction of all India summer monsoon rainfall 
using error back propagation neural networks,” Meteorology and 
Atmospheric Physics, vol. 62(3-4), pp.225-240, 1997. 

[6] Tsung-Lin Lee, “Predictions of tyhphoon storm surge in Taiwan using 
artificial neural networks,” ELSEVIER Advances in Engineering 
Software, vol. 40, pp.1200-1206, 2009. 

[7] Lee, T.L, “Neural network prediction of a storm surge,” Ocean 
Engineering, vol.33, pp.483-494, 2006. 

[8] Lin, G.F., Wu. M.C., “A hybrid neural network model for typhoon 
rainfall forecasting ,” Journal of Hydrology, vol. 375(3-4), pp.450-458, 
2009. 

[9] Rumelhart et al., “Learning representations by back propagating errors,” 
Nature, 323:533-6, 1986. 

[10] Hsiao, T.R., Lin, C.W., Chiang,H.K., “Partial least-squares algorithm 
for weights initialization of back propagation network,” 
Neurocomputing, vol. 50, pp. 237-247, 2003. 

[11] Govindaraju, R., “Artificial neural networks in hydrology : preliminary 
concepts,” Journal of Hydrology, vol. 5(2), pp. 115-123, 2000. 

[12] Govindaraju, R., “Artificial neural networks in hydrology : hydrologic 
applications,” Journal of Hydrology, vol. 5(2), pp. 124-137, 2000. 

[13] Singh et al, “Appropriate data normalization range for daily river flow 
forecasting using an artificial neural networks,” Hydroinformatics in 
Hydrology, Hydrogeology and Water Resources. International  
Association of Hydrological Sciences Publication, Uk, pp. 51-57, 2009. 

[14] Wabgaonkar,H., Stubberud,A., “The Kolmogorov superposition 
theorem and functional approximation in neural networks,” 24th 
Asilomar Conference on Signals, Systems and Computers, vol. 2, 1990. 

[15] Jangho Yoon, Yunjun Xu & Prakash Vedula, “A direct quadrature based 
nonlinear filtering with Extended Kalman Filter update for orbit 
determination,” 2010 American Control Conference Marriot Waterfront, 
Baltimore, MD, USA, June 30-July 02, 2010. 
 

  
 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 30



 

 Implementation of ODFC for angular position 
control of cart-pendulum dynamic model 

 
Rajeeb Dey, Abhijit Rajkumar, Aditi Bandyopadhyay  

Dept. of Electronics & Communication Engineering, Sikkim Manipal University, Sikkim, India 
E-mail: rajeeb_de@ieee.org, Tele: +91-9475078606. 

 
Absract— This paper investigates the implementation of 
output delayed feedback control (ODFC) technique for 
controlling the pendulum sway angle of a cart-pendulum 
control system. Linearized mathematical model of the cart 
control in state space form is considered for the investigation. 
The designed ODFC has undergone complete stability analysis 
with two different approaches for a given controller gain. 
 
Keywords—Output delayed feedback control (ODFC), Cart-
Pendulum dynamics, Stability of time-delay system, Time-delay 
control (TDC). 

I.  INTRODUCTION 
A cart control problem for a cart-pendulum mechanism 

consists of crane carrying the cart with a movable pendulum 
hinged at the cart. Such mechanism is a motivation for 
several modern industrial environments where transportation 
of heavy payloads from one position to another as fast and as 
possible and accurately without collision with other 
equipments is a requirement as per factory safety norms. 
Thus solutions of vibration control of mechanical systems 
and structures have been attempted in the past as evident 
from the literature [1, 2, 3, 6, 8, 12, 14]. In cart-pendulum 
dynamical system under consideration [17], the basic motion 
involves crane traversing, and oscillation of the pendulum 
hinged with it. In case, the crane is traversing at a high 
velocity, a large sway of the pendulum will take place. The 
objective of this investigation is to design a controller for 
controlling sway angle of the pendulum with two different 
approaches and their comparison.  

The controller is designed using output delay feedback 
mechanism. The inclusion of time-delay in the feedback 
makes the system dynamics infinite dimensional, thus direct 
computation of the characteristic roots and consequently 
deciding about stability is a difficult task.  

A detailed review of the research on time-delay 
stability and stabilization issues using both frequency 
domain technique and time domain methods can be found in 
[7, 9, 11,16]. The former technique provides exact stability 
analysis for time-invariant delay and hence TDC has been 
used in many control applications [3, 10, 13] to suppress 
vibration or oscillations of the system. The later technique 
can treat the natures of delay, time-variant and time-
invariant case [11, 14, 15, 16] and references therein. A 
numerically tractable algorithm exists to solve the problem, 
but provides conservative analysis compared to the former 
technique. In this paper, to control this lightly damped 
system, a signal is generated from the position sensor which  
 

is then combined with the delayed signal from the same 
sensor and fed back to the system, thus calling it output 
delayed feedback controller (ODFC). This design involves 
prior knowledge of the controller gain for which the time-
delay is treated as design parameter. 

II. DYNAMIC MODEL OF CART CONTROL SYSTEM 
The two-dimensional cart-pendulum dynamical system 

with its pendulum considered in this work is shown in Fig.1 
and Fig.2. ( )F t  represents the force causing translational 
motion of the cart. The nomenclatures along with the values 
of the physical parameter are given in Table 3 and can be 
found in [17]. 

          

 

 
 

 
Following simplification apply in this model, (i) Model 

does not include hoisting drive for pendulum, thus 
pendulum length is fixed (ii) cart is assumed to be point 
mass (iii) pendulum assumed to move in X-Y plane and (iv) 
force on cart due to pendulum swing is neglected.  
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Fig. 2 Free Body Diagram of Pendulum 
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Fig. 1: Free Body Diagram of cart 
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The non-linear dynamic model of the cart control [17] 
using formulation with above simplifications yields 

xFmlmlxbxmM =−+++ θθθθ sincos)( 2          (1) 

0sincos)( 2 =−+++ θθθθ mglxmldmlI          (2)  
There are two equilibrium points in this system, i.e., 
0θ =  and θ π=  for cart control and inverted pendulum 

respectively. Assuming small sway angle θ  about the 
equilibrium point  00 =θ , we can write 

0ε θ θ= − and  εθ =                            (3)   
Using Taylor’s series expansion, first order approximation 
of any function of θ  can be written as: 

++=
00

||)()( θθ θ
εθθ

d
dfff higher order derivatives. (4) 

As, all higherorder derivatives are neglected, so 02 ≈ε . 
Considering πθ =0 , 

         1cos −≈θ and θθ −≈sin         (5) 
Thus, an approximate linear dynamic model for (1) and (2) 
considering πθ =0 can be represented as 
 

( ) xM m x bx ml Fθ+ + − =                       (6) 
0)( 2 =+−++ θθθ mglxmldmlI        (7) 

 Above equations can be written in state space form as  

 ( ) ( ) ( )
( ) ( )

X t AX t Bu t
y t C x t

= +
=                                            (8) 

where 4 1( )X t ×∈ℜ  is the state vector, ( )u t ∈ℜ is the control 
input, ( )y t ∈ℜ is the output of the system, further the 

considered states are ( ) [ ]TX t x xθ θ=  and ( ) ( )y t tθ= , the 
constant system as well as input matrices are given by A  
and B  respectively as, 
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Where, 2 2 2den= ((I+ml )(M+m)- m l )  
In order to use delayed feedback control method, we 

chose to feedback the sway angle θ  of the pndulum as, 
[ ]0 1 0 0C = . 

III. DESIGN OF OUTPUT DELAYED FEEDBACK CONTROLLER 

A. Approach I: [4, 5, 13] 
In this section, we explain the controller design 

following the technique in [1,4,5,13]. The control law 
adopted for this controller is shown in Fig. 3 and 
mathematically given by 
 

( ) [ ( ) ( )]u t K y t y t τ= − −                                        (9) 
Using (9) the closed loop system dynamics of (8) can 

be written as  
 

0 1( ) ( ) ( )X t A X t A X t τ= + −                                (10) 
where, 0A A BKC= +  and  1A BKC= − . 

The characteristic equation of (10) is a transcedental 
equation and one can write it as  
 

0 1 0ssI A A e τ−− − =                                           (11) 
Infinite number of characteristic roots exists for (11) 

due to presence of the delay term in (10). To carry out the 
stability analysis of such time-delay system several 
appraoches have evolved in past. Frequency domain 
techniques gives exact stability analysis and involves 
finding roots of (11) whereas time-doamin technique do not 
involve actually computing roots of (11) and hence provides 
conservative stability results. We adopt the exact stability 
analysis technique for the design of ODFC.  

The implementation of the technique for cart-pendulum 
control system under delayed output feedback is described 
briefly below: 

The characteristic equation in (11) is written in the 
genereic form as 

0

( , ) ( )
n

l s
l

l

s p s e ττ −

=

Δ =∑       (12) 

Finding the complete root crossing structure for (12) 

using the Rekasius substitution for 1
1

s Tse
Ts

τ− −=
+

,where T is 

the psuedo delay parameter term to convert it into resulting 
polynomial without transcedentality, which takes the form 

2

0

0
n

l
l

l

b s
=

=∑                     (13) 

where, ( , , ), , ,1 ,l l ij ij ij ijb b T a b a b i j n= ≤ ≤  being the 

elements of A  and B matrices. 
Next, we apply Rouths-Hurwitz criterion on (13), we 

determine set of T  values i.e, { }cT ,by equating the element 

of 1s row of Routh’s array to zero, and for each clT value 
when the auxilliary equation (which is formed by the row 
preceeding 1s in the Routh’s array) is solved it gives either a 
pair of imaginary roots ( )cliω∓ or real and equal roots with 
opposite sign. Those clT  values that give real roots are 
overlooked as we are interested only in the imaginary 
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crossing frequencies. The computed values of clT  and it’s 

corresponding clω  are placed in Table 1. For each clT (or 

corresponding clω ) there are infinitely many time delays 

{ }lτ , which one can obtain using  

                12 [tan ( ) ], 0,1, 2....T k kτ ω π
ω

−= =∓                  (14) 

For the system in (8)  one can get finite number of purely 
imaginary roots { }, 1, 2,3.........cl l mω =  but infinitely many 
time delays i.e, { }lkτ with 0,1, 2......k = ∞ .The computed 
delay values are placed in Table 1 for 3K = .  

To find the stable delay intervals one need to identify the 
tendency of the roots at the calculated frequency and critical 
delay values, this is accomplished by computing the root 
tendency as described in [4], which is briefly outlined here 
pointwise, 

(i) The characteristic roots of system in (8)  crosses the 
imaginary axis at { }clω values for infinitely many time-
delays { },lkτ  that is computed as described above. The 
stability regions or switches are found by computing the 
root tendencies (RT) (or root crossing directions) at the 
point of corresponding delays lkτ by the following 
equation from 
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∑

∑
             (15) 

(ii) The values of RT will be +1 or -1. NU increases by 2 if it 
comes out to be +1, if it is -1 it decreases by 2. The 
computation of NU can be done using (20) in [4]. 

(iii) Now for finding the delay range (or stability switches) 
for the considered system, we rearrange the computed 

lkτ  values in an ascending order and check for NU by 
looking at the RT’s corresponding to delay values. The 
complete information about the stability switches for 

3K =  are placed in Table 2. 

Table 1: COMPUTED VALUES OF cω  AND cT  FOR 3K =  

1cω =2.2865, 1cT =9.315 2cω =2.608, 2cT =0.0242 

0kτ  0.0483 0kτ  1.332 

1kτ  2.4575 1kτ  4.08 

2kτ  4.8667 2kτ  6.828 

: : : : 

kτ ∞  1τ ∞  kτ ∞  2τ ∞  

 
 

B. Approach II:  [3] 
In this approach, using the technique used in [2,3], the 

critical values of the time delay τ that result in characteristic 
roots of crossing the imaginary axes are obtained. This 
approach suggests that (8) can be written in the form 

 
-( , )  ( ) ( ) sts t P s Q s eΔ = +                 (16) 

 
( )P s  and ( )Q s  are polynomials in s with real coefficients 

and deg  ( ( )    deg( ( )) P s n Q s= >  where n is the order of 
the system. In order to find the critical time delay τ that 
leads to marginal stability, the characteristic equation is 
evaluated at s jω= . Separating the polynomials ( )P s  and 

( )Q s  into real and imaginary parts and 
replacing - cos( ) - sin( )j te t j tω ω ω= , (11) can be written as 

( , ) ( ( ) ( ) ( ( ) ( )) )R I R Ij P jP Q jQ Zω τ ω ω ω ωΔ = + + + ×      (17) 
where, 

)sin()cos( ωτωτ jZ −=  
 
The characteristic equation ( , ) 0s tΔ =  has roots on the 
imaginary axis for some values of 0τ ≥  if (17) has positive 
real roots. A solution of ),( τωjΔ  = 0 exists if the magnitude 

( , )jω τΔ  = 0. Taking the square of the magnitude of 
),( τωjΔ and setting it to zero lead to the following equation 

0)( 2222 =+−+ IRIR QQPP                    (18) 
By setting the real and imaginary parts of (18) to zero, the 
equation is rearranged as below 
 

⎥
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     (19) 

 
where β ωτ= . 
 
Solving for sinβ and cos β gives 

 

Cart control systemK 

Delayed by τ 
- 

+

+
-

Fig. 3: Block Diagram of ODFC system 

Reference input=π 

θ
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)(
)()sin( 22

IR

RIIR

QQ
QPQP

+
+−=β         (20)      

        

2 2

( )cos( )
( )

R R I I

R I

P Q P Q
Q Q

β − −=
+                     (21) 

In order to determine the critical values of time delay, if a 
positive root of (18) exists, the corresponding time delay τ 
can be found by  
 

      
ω

π
ω
βτ k

k
2+=       (22) 

 
where, [0 2 ]β π∈ . At these time delays, the root loci of the 
closed-loop system are crossing the imaginary axis of the 
plane. This crossing can be from stable to unstable or from 
unstable to stable and can be determined from the root 
tendency which is given by: 
 

                                  )('sgn ωFS =       (23) 
where 

)''''(2)(' IIRRIIRR QQQQPPPPF −−+=ω               (24) 
 

For the given system,  
 

        )107.2129.0(
)2638.0808.6(0572.0)(

6

23

k
sksssP

−×−+
−++=     (25) 

 )107.22638.0()( 6 kkssQ −×+=  (26) 

Substituting, s jω= , 
6 22.7 10 0.0572 0.1296RP k ω−= − × − +       (27) 

 
36.808 0.2638IP kω ω ω= − −      (28) 

 kQR
6107.2 −×=                     (29) 

 0.2638IQ kω=                     (30) 
 

Where  RP  and  RQ  are the real counterparts and IP  and 

IQ  are the imaginary counterparts of P and Q respectively. 
The critical time delays for 3K =  obtained from the 
positive real roots are computed from (18) and listed in 
Table 2. In order to investigate the performance of the 
closed-loop system under the control action in (9), and in 
order to find the critical values of the time delay τ , the 
roots of (11) are obtained for different values of the control 
gain K . From the expressions of the polynomials 
 , ,R I IQ Q P  and IP ,  (18) will result in three roots of which 
only the real ones are of interest. The critical values of τ are 
calculated and tabulated in Table 2 for K=3. Each of the 
time delays in Table 2 can either add a pair of characteristic 
roots with positive real parts or it can remove them 
depending on whether the root loci cross the imaginary axis 
from left to right or from right to left, which in turn, can be 
determined mathematically by using (23).By ordering the 
values of the time delays in an ascending manner, the 

critical time delay after which the system remains unstable 
can be determined. It is seen that the critical time delays 
obtained by approach I are the same as those obtained by 
approach II. 

IV. SIMULATION RESULTS FOR APPROACH I 
The closed loop simulation for the system in (11) is carried 
using MATLAB for several values of time-delays and for a 
given gain. For 3K = , the system is unstable at 
0.0483 1.332τ< < , it is marginally stable at 1.332 and 
stable in the range 1.332 2.4575τ< < . The simulation result 
at 1 (0.048,1.332)τ = ∈ , 1.332τ =  and 2 (1.33,2.4575)τ = ∈  
are given in Fig. 5, 6 and 7 respectively. It is seen that the 
simulation results complies with the computed critical time-
delay values obtained using the analysis.  

Remark 1: There is no crossing frequency corresponding to 
Tc3 = -52.598 for K=3, as it yields real roots and is hence 
neglected. 
 
Remark 2: We observe from Table 2 the system is stable in 
the range 0 0.0483τ< < , 1.332 2.4575τ< < , 
4.08 4.866τ< < , 6.828 7.275τ< < , 9.57 9.685τ< < . 
After 9.685τ = , the system becomes unstable and the 
stability is never regained.  
 

Remark 3: It is also observed that the value of the critical 
time delay after which the system never regains stability 
decreases along with the number of stability pockets as the 
value of gain is increased. This tendency can be easily seen 
in Fig. 4. 

Table 2: STABILITY POCKETS FOR 3K =  
Critical 
Time 
Delay 

ckτ (sec) 

Imaginary 
Roots ( )cks jω= ± , 

ckω  

Root 
Tendency  

RT 

Number of 
Unstable 

Roots (NU) 

   NU=0 
0.0483 2.608 +1  

   NU=2 
1.332 2.286 -1  

   NU=0 
2.4575 2.608 +1  

   NU=2 
4.08 2.286 -1  

   NU=0 
4.866 2.608 +1  

   NU=2 
6.828 2.286 -1  

   NU=0 
7.275 2.608 +1  

   NU=2 
9.576 2.286 -1  

   NU=0 
9.685 2.608 +1  

   NU=2 
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Fig. 4: Delay characteristics 

 
Fig. 5: Unstable system at τ=1 sec, K=3 

 
Fig. 6: Critically stable system at τ=1.332 sec, K=3  

 
Fig. 7: Stable system at τ=2 sec, K=3 

 

Table 3:  SYSTEM PARAMETERS [17] 
Mass of the cart M= 2.4 Kg 

Mass of payload m = .23 Kg 

Acceleration due to gravity  g = 9.81 m/s2 

Cart friction coefficient b = 0.05 Ns/m 
Pendulum damping 
coefficient d = 0.005 Nms/rad 

Moment of inertia of the pole I = 0.099 Kgm2 

Pendulum length from the 
point of suspension to CG l =0.4 m 

 

V. CONCLUSION 
In this work, implementation of the ODFC design for 

controlling the angular position of the linearized cart-
pendulum dynamics using the exact stability analysis in [4, 
5] is presented. The stability regions determined using the 
analysis for a given gain matches exactly with the 
simulation results as shown in Fig. 3 to Fig. 6. The 
computed value of the delay ranges is found to match using 
approach I and II. But the applicability of the approach II is 
limited by the complications faced for commensurate 
delays. 

The future work is directed towards the implementation 
of the designed controller to the Digital Pendulum Control 
System 33-200 [17] shown in Fig. 8. 
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Abstract - This paper presents a technique of visual feedback 
system application to interpret heading direction which can be 
adapted to a moving system such as walking mobile robot. An 
optical flow is used to extract information obtained from 
generation of images sequence from the visual feedback system. 
The generation of optical flow is done by differential based 
method and the heading direction is represented by angle 
estimation. The technique was tested in two conditions in which 
a situation of a static camera with moving object and in a 
situation where moving camera with static environment. The 
efficiency of the visual feedback system is evaluated using root 
mean square error (RMSE) in order to determine the 
performance of proposed method in angle representation. 

Keyword: Visual feedback system; optical flow; heading 
direction. 

 

I. INTRODUCTION 

In recent days, control engineering becomes an 
essential component that cannot be avoided in our life. 
Applications of this area are broad, such as in washing 
machine, air conditioner, aircrafts autopilots, automated 
guided vehicles, paper-making machines and countless 
electro-mechanical servo-mechanisms are among the many 
examples. In order to analyze and design controller for the 
plant or system, it is important to simplify complex systems 
into smaller, interconnected subsystems that can be 
represented in Figure 1. 

The structure of control system shown in Figure 1 
is known as a feedback control system. In the system, the 
feedback mechanism information is provided through 
measurement of various types of sensor based on their 
application and the quantity measured.  

 
Figure 1: Elements in a control system 

 
However, since the usage of sensors is related to 

their application, there are few disadvantages such as wear 
and tear. In addition high cost especially when deal with 
accuracy issues also occurs. Therefore, many researchers 
tried to develop new design or concept of sensors that can 
improve their sensing capability and reduce its cost such as 
integration of 2D and 3D image sensor and computer vision 
[1].  

When dealing with computer vision, it is usually 
concerned with the theory behind systems with complex 
algorithm built-in that extract information from images, 
where the image data can take many forms ranging from 
video sequences to multi-dimensional data from a medical 
scanner. The estimation of motion from an image sensor is 
an appealing idea because of low-cost, compact and self-
contained device [2]. Many studies related to vision system 
have been done such as in agriculture and motion detection 
[3-4]. In this paper, we deal with visual feedback system, 
which is known as visual odometry in the field of robotics. 
The visual odometry is defined as a process of analyzing 
associated camera images in order to determine the position 
and orientation. Visual odometry has significant 
contribution in the field of robotics especially in its 
locomotion control. The visual odometry can be classified 
into two categories which are dense motion algorithm or 
also known as optical flow and feature tracking method [2]. 
Between both methods, the approach of optical flow has 
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captured many interests of researchers in order to justify or 
estimate the direction of moving system [5]. It is because the 
optical flow is to extract the information driven from 
sequence of images in order to estimate current condition or 
position of moving system. 

Study regards on visual odometry has attracted 
many researchers such as Kazik and Goktogan that 
suggested the visual odometry method to estimate the 
location and orientation based on Fourier-Merlin transform 
and phase-only matched filters [6]. Other works related 
includes in mobile robots [7-10], unmanned air vehicle 
(UAV) [11-12], automotive [13-14] and humanoid robots 
[15-16]. However, there have some assumptions and 
limitations included with it in order to successfully 
implement it, such as [6, 7]. Some of them need additional 
task such as real world map integration [8, 10]. 

In this paper, we present the potential of visual 
feedback system to be used as a sensor to estimate an angle, 
which represents heading direction of the system. The visual 
feedback system uses Horn-Schunck and Lucas-Kanade 
method to generate the optical flow for angle estimation 
from the captured images. The objective of this paper is to 
ascertain that the generated optical flow can be used to 
anticipate any current position of the moving system which 
can be used as a feedback input in control system. 
Difference from [9], the output from visual feedback system 
is used as a measurement value that will be used as a 
feedback information to controller. While in [9], generated 
optical flow is used to justify curvature weighted depth that 
will be used to identify collision point, which is useful only 
for limited task such as collision avoidance.  

II. MOTION ANALYSIS AND OPTICAL FLOW 

Generally, studies in visual feedback system are 
focused only on motion processing and analysis. However, 
in this paper, an optical flow approach has been adapted to 
realize these objectives. Literally, the optical flow can be 
defined as a pattern of apparent motion of objects, surfaces 
or edges in a visual scene caused by relative motion between 
an observer and the scene. The optical flow gives a 
description of motion and contributes to image interpretation 
even if no quantitative parameters are obtained from motion 
analysis.  

The optical flow is derived based on following 
constraint equation. 

( ) ( ), , , ,f x x y y t t f x y t+ Δ + Δ + Δ ≈
 

 (1) 

where ( ), ,f x y t  is the intensity of the image at location 

( ),x y and t is the time of event, ,x yΔ Δ is the alteration in 
location, as well as tΔ  is the time variance.  

By applying Taylor series expansion to (1) and 
with the assumption that the movement is so small, (1) can 
be expressed as, 

0x y t

f f fx y t
x y t

f x f y f
x t y t t

I u I v I

∂ ∂ ∂Δ + Δ + Δ
∂ ∂ ∂

∂ Δ ∂ Δ ∂= + +
∂ Δ ∂ Δ ∂

= + + =                                             (2) 

 where,   

, ,f f f
x y t

∂ ∂ ∂
∂ ∂ ∂

  is defined as spatial and temporal gradient 

, ,x y tI I I  and ,x y
t t

Δ Δ
Δ Δ

 is defined as  optical flow vector ,u v  
in horizontal and vertical direction, respectively. 
 
From (2), by applying the flow vector to the spatial gradient 
of the image, the flow vector will be exactly cancelled by 
the temporal gradient, in which are logical since we 
assumed that there will be no changes in the brightness of 
the image. 

Many methods have been suggested for the 
computation of optical flow but the most dominant are 
differential-based methods such as Horn-Schunck method 
and Lucas-Kanade method [17]. The Horn-Schunck method 
basically explores a motion field that satisfies the optical 
flow constraint with the minimum pixel-to-pixel variation 
among the flow vectors. On the other hand, the Lucas-
Kanade method uses local method which calculates the flow 
vector using the constraints of a neighborhood around the 
pixel. 

III. METHODOLOGY 

Figure 2 shows the flows of the methodology used 
in this work. The test was done in two conditions of image 
sequences. First condition is where a static camera with a 
moving object as shown in Figure 3 (note that the object 
moves from right to left). On the other hand, the second 
condition is a static environment with moving camera as 
shown in Figure 4 where camera moves from left to right. 
Time difference between each image frame is 0.1 second. 
The objective of the first condition is to confirm that our 
hypothesis of using this condition can be used even in the 
condition which camera moves with static environment. 
 

The optical flow is generated by using Horn-
Schunck and Lucas-Kanade method. In addition, the 
performance evaluation we used a criterion from the 
percentage of root mean square error (RMSE). The RMSE is 
selected because it is frequently used to measure differences 
between value predicted by the model or estimator with the 
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value actually observed, as well as it is a good measure of 
accuracy. 
 

 
 

Figure 2: Methodology workflow 

 

 

 

 

 

 

 

 
 
 
 
 

 

Figure 3: Moving object with static camera (object moves from right to left) 
 

 
 
 
 
 

 

Figure 4: Moving camera with static environment (camera moves from left 
to right) 
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IV. RESULTS AND DISCUSSION 

In proposed method, using Horn-Schunck and 
Lucas Kanade method, optical flow field is generated where 
a sample of optical flow field generated from sequence of 
images of moving camera with static environment is shown 
in Figure 5. Each flow vector is then decoupled into 
horizontal and vertical component and vector addition and 
subtraction operation is implemented for each component. 
From total vectors for each component, information regards 
on angle of the resultant vector is extracted. 

Experimental results are shown in Figure 6, 7, 8 
and 9 respectively. In Figure 6 and Figure 7, the angular 
value estimation is done in the first condition, i.e. static 
camera with moving object using both Horn-Schunck and 
Lucas-Kanade method, respectively. Figure 8 and Figure 9 
shows the angle estimation in condition of dynamic camera 
with static environment using Horn-Schunck and Lucas-
Kanade method, respectively. Notice that in graph, RV 
means resultant vector, MA means moving average, EMA 
means exponential moving average and CMA means 
cumulative moving average. 

By using the RMSE criterion, performances for 
both conditions are evaluated and concluded as in Table I. 

 
Figure 5: Sample of generated optical flow from image sequences  

 
Figure 6: Angle estimation from optical flow via Horn-Schunck method 
(static camera) 
 
 

 
Figure 7: Angle estimation from optical flow via Lucas-Kanade method 
(static camera) 

 
Figure 8: Angle estimation from optical flow via Horn-Schunck method 
(moving camera) 
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Figure 9: Angle estimation from optical flow via Lucas-Kanade method 
(moving camera) 

From Figure 6 to Figure 9, for RV, it shows 
fluctuation, and this fluctuation is reduced through 
implementation of filtering techniques, which the reduction 
can be observed through results for RV+ MA, RV + EMA 
and RV + CMA. For evaluation purpose, from graphs, each 
single estimation is treated as a single measurement. In this 
case, for situation where static camera is involved, 80 single 
measurements has been done, while for situation where 
moving camera is involved, 120 single measurement has 
been done. Using these data, RMSE computation has been 
implemented, and results are shown as in Table I. 

TABLE I. PERCENTAGE OF RMSE FOR ANGLE 
ESTIMATION 

Condition Static Camera Moving  Camera 
Method Horn-

Schunck 
Lucas-
Kanade 

Horn-
Schunck 

Lucas-
Kanade 

Resultant Vector 15.1 11.1 51.9 46.3 
Resultant Vector  + 
Moving Average 24.1 22.4 23.7 24.2 

Resultant Vector  + 
Exponential Moving 
Average 

21.4 19.7 23.7 23.7 

Resultant Vector  + 
Cumulative Moving 
Average 

20.9 17.3 11.3 17.7 

From Figure 6 to Figure 9, the heading direction by 
angle estimation can be anticipated with the same method. 
In Table I, it can be ascertained that from the RMSE 
calculation, it shows that the static camera gave better 
results by using resultant vector (both Horn-Schunck and 
Lucas Kanade method) directly as a method to represent 
heading direction of the system. Even though from Figure 6 
and Figure 7, resultant vectors shows fluctuation, if 
considering as a single measurement at each 0.1 second, 
error generated between estimated value and actual value for 
overall data is relatively small, as shows in Table I. This is 
due to the fact that RMSE computation is more sensitive to 
occasional large error, thus give large percentage of error in 
case of RV+MA, RV+EMA and RV+ CMA. 

It is assumed that because of the environment is 
controlled and static camera is used, less noise is observed 
from the image sequences; hence the result generated using 
this technique show a good accuracy without filtering. In the 
other hand, for moving camera, noise is observed while 
camera is moving. Table I shows that for situation where 
moving camera is involved, the result generated using 
resultant vector gave less accuracy than the result generated 
using static camera and moving object. Therefore, filtering 
is needed for this case. From all the three types of filter that 
has been used, the combination of resultant vector and 
cumulative moving average technique (for both Horn-
Schunck and Lucas-Kanade method) shows the best 
performance. 

V. CONCLUSION 

In this paper, the performances of the visual 
feedback system have been evaluated. In conventional way, 
output from plant or system is measured using sensor, which 
measurement input usually takes form of quantitative value. 
However, in visual feedback system, which is used as 
measurement instrument, measurement input takes form of 
qualitative value, and through processing that is completed 
in the visual feedback system, the output of visual feedback 
system is represented in form of quantitative value, in this 
case, angle estimation, where this value can be used as 
feedback information to control a system. Two conditions of 
visual feedback systems have been considered that is a 
condition of static camera with moving object and a 
condition of static environment with moving camera. The 
Lucas-Kanade method gave better performance in 
representing the heading direction of the moving object. 
Furthermore, for moving camera with static environment, 
combination of resultant vector and cumulative moving 
average based on Horn-Schunck method shows best 
performance. Finally, we ascertained that from the 
extraction of information captured by the visual system via 
Horn-Schunck and Lucas-Kanade’s optical flow technique, 
the heading direction of a moving system such as mobile 
robot can be anticipated.  
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Abstract—This paper presents the instruction set simulation 
process for soft-core Reduced Instruction Set Computer (RISC) 
processor. The aim of this paper is to provide reliable simulation 
platform in creating customizable instruction set for Application 
Specific Instruction Set Processor (ASIP). The targeted RISC 
processor is based on basic 8-bit PIC16C5X-compatible 
processor where the architecture is reconfigurable through 
Hardware Description Language (HDL). Instruction set 
architecture (ISA) has been modified in term of instruction width 
and machine instruction. Memory address remapping algorithm 
is introduced to remap the memory address to correct physical 
memory address due to memory banking scheme being applied. 
A total number of 34 instruction sets are simulated and verified 
its operations. Selected instruction set has been reconfigured 
from its original operation to demonstrate the ability to modify 
current instruction set to suit certain specialized application. The 
simulation is done using a Java-based CPU architecture 
simulation program and data movements at file register array 
and memory registers are monitored to verify the correct 
working operation of each instruction set.  The instruction set 
simulation process is proved capable to be the starting point in 
creating a reconfigurable RISC processor with customized 
instruction set, inline with ASIP methodology. 

Keywords- RISC; instruction set; ASIP 

I.  INTRODUCTION 
The importance of reconfigurable processor in embedded 

system design has significantly risen from the past two 
decades. Due to the advancement of field programmable gate 
array (FPGA), the term soft-core processor was introduced to 
reflect the capability of the processor to change its architecture 
instantaneously [1]. A soft-core processor also provides 
designers the ability to tweak, manage and structure the 
architecture to achieve specific performance and resource 
usage. Xilinx’s MicroBlaze and Altera’s NIOS II processor are 
two popular soft-core processors due to its manufacturer 
support and respective platform optimization. However, there 
are variants of soft-core processors being developed by 
researchers worldwide in the form of licensed IP or open-
source [2, 3]. The emergence of ARM-Cortex processor, which 
is embedded in FPGA chip, also brings new alternative in 
embedded system development. 

Soft-core processor in FPGA normally utilized as the main 
controller of the overall system [4]. System peripheral and co-
processor are implemented in FPGA modules and synchronize 

by the processor. Therefore, the modules could be executed in 
parallel while the processor program handles the control 
algorithm sequentially. Programming a soft-core processor is 
no different from any discrete microprocessor available where 
the resulting programming code is initiated in the processor’s 
ROM prior to the FPGA implementation. Its reconfigurable 
features certainly suit the customizable instruction set of ASIP 
as it introduces more flexibility in the design [5]. 

Among all soft-core processors, RISC design is widely 
adopted for its single clock cycle instructions and less resource 
requirement compared to CISC approach. Although there is a 
system that successfully incorporates CISC processor [6], 
RISC processor offers more flexibility in instruction set 
extension to suit specific application. Other than that, RISC’s 
simple instruction set architecture is expandable and 
reconfigurable to accommodate new instructions that can 
perform more complex function [7, 8]. 

This paper describes the custom simulation of a RISC soft-
core processor’s instruction set that is based on Microchip 
PIC16C5X architecture. All the instructions are simulated with 
modified instruction set architecture to accommodate 
instruction set extension process at later stage. The simulation 
also considered memory address re-mapping where memory 
bank organization is implemented to the architecture. 
Addressing mode for the instruction, including direct and 
indirect addressing is also configured with reference to the 
respective file and memory register. Simulation process is done 
on a highly customizable Java application computer 
architecture simulator [9]. It provides features to insert 
customized instruction in an assembly language and have the 
ability to perform simulation at microcode level to variety of 
CPU architectures. 

II. SIMULATION METHOD 

A. Instruction Set Architecture (ISA) 
Essentially, ISA specifies all the executed instruction 

including its fetched operand, arithmetic or logic operation and 
the results’ destination [10]. For PIC16C5X, the instruction set 
width is set to 12-bit wide encompassing opcode and literal bit 
or file register or memory address [11]. Instructions’ opcode 
are varied between 3-6 bits depending on its mode of 
operation. The next corresponding bits in the instruction code 
are file register, literal value or bit address. Instead, in the 
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conducted simulation process, the ISA is modified from 12-bit 
to 16-bit width in view to accommodate any new instruction set 
extension in the future. Fig. 1 shows the general instruction set 
format that is used in the simulation. 

The opcode consists of 6 bits that can provide maximum 26 
of instruction set. This is followed by 9 bits of operand that can 
represent memory/register address or literal values. The final 
15th bit is the destination bit where ‘1’ indicates the result is 
stored in a designated file register while ‘0’ indicates the result 
is stored in working register (accumulator). The bit segregation 
is varied according to its instruction operation that includes 
byte-oriented, bit-oriented and literal and control. 

B. Simple Computer Architecture 
In the simulator’s CPU architecture, a simple hypothetical 

computer system called SHAJ01PC is utilized. The system is 
based on Harvard architecture that resembles a 16-bit RISC 
processor with 128 words of RAM as shown in Fig. 2. 

C. Memory Organization 
Generally, the memory organization adopts Harvard 

architecture where data memory and program memory are 
separated in two modules. A banking scheme is used that 
consists of 4 banks in total and data memory is accessible 
through File Selection Register (FSR). Special Function 
Registers (SFR) is fixed from address 00 to 07 regardless of 
memory bank selection. Other addresses are configured as 
general purpose registers. Therefore, an algorithm is developed 
to remap the physical memory address to adopt the memory 
bank requirement of this scheme. 

 

 

Figure 1.  General instruction format. 

 

Figure 2.  Simple computer architecture. 

III. INSTRUCTION SET LIST 
Table 1 shows the total instruction set and its description 

that are successfully simulated.  

TABLE 1. LIST OF ALL INSTRUCTIONS 

Mnemonics Descriptions STATUS 
affected

clrwdt k clear watchdog timer ~TO, ~PD
movwf f move w to f, w=>f none
sleep go to standby mode ~TO, ~PD
tris f load tris register none
nop no operation none
option k load option register none
clrw clear w Z
clrf f clear f Z
subwf f,d subtract w from f, d=f-w C,DC,Z
decf f,d decrement f Z
iorwf f,d inclusive OR w with f Z
andwf f,d AND w with f Z
xorwf f,d exclusive OR w with f Z
addwf f,d add w and f C,DC,Z
movf f,1
rename to swapfw swap f with w, f w none 

movf f,0 move f to w, f=>w Z
comf f,d complement f Z
incf f,d increment f Z
decfsz f,d decrement f, skip if 0 none
rrf f,d rotate right through carry C
rlf f,d rotate left through carry C
swapf f,1 swap nibble f and store in f none
swapf f,0
rename to mulw multiply f & w none 

incfsz f,d increment f, skip if 0 none
bcf f,b bit clear f none
bsf f,b bit set f none
btfsc f,b bit test f, skip is clear none
bifss f,b bit test f, skip if set none
retlw k return, place literal in w none
call k call subroutine none
goto k unconditional branch none
movlw move literal to w none
iorlw k inclusive OR literal with w Z
andlw k AND literal with w Z
xorlw k exclusive OR literal with w Z

IV. RESULTS AND DISCUSSIONS 
To test all the instruction, an assembly language test 

program is created inside the simulator program. The program 
includes short routines to implement the instructions with 
difference operands and addressing mode. The test program 
also evaluates the remapping of memory address with regards 
to physical memory addressing in banking scheme.  

In the instruction set simulation, two instruction sets’ 
operation have been modified to demonstrate the capability of 
the simulator in verifying operation of new instruction. Those 
instruction sets are “movf f,1” and “swapf f,1”. In “movf f,1” 
(rename as “swapfw” in simulator), instead of moving data 
from file register to its own, the microinstruction is modified to 
perform swap operation between file register and working 
register. In addition, instruction “swapf f,1” (rename as “mulw” 
in simulator) is modified to perform multiplication of file 
register and working register. The 16-bit multiplication result is 
stored back in f and w register respectively. 
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A. Instruction Set Modification – “swapfw”  
Fig. 3 shows the machine instruction modification for 

“movf f,1” that is renamed as “swapfw”. The instruction 
opcode remains the same yet the instruction’s operation has 
been modified to perform a byte-swap operation between 
working register and FSR in indirect addressing mode. The 
value of FSR is stored first in register called “dum” while data 
from working register overwrite the FSR. Data from “dum” 
then is transferred to working register to complete the swap. 

An assembly language test program is developed as shown 
in Fig. 4. It demonstrates a swap between signed number -6 
(stored in FSR) and signed number -2 (stored in working 
register). Data are observed between registers window (Fig. 5) 
and register array window (Fig. 6). The first 5 lines in the 
assembly test program initiated the value for FSR and working 
register. Then the “swapfw” instruction is executed in a loop 
and data movement is monitored at their respective registers. 

 

 

Figure 3.  Machine instruction modification - swapfw 

 

Figure 4.  Assembly test program. 

 

Figure 5.  Registers window. 

 

Figure 6.  Register array window. 

B. Instruction Set Modification – “mulw” 
The original set of instruction in PIC architecture does not 

contain multiplication although such operation can be achieved 
with combination of basic instruction such as bit rotation and 
bit arithmetic. However, multiplication can be implemented by 
tweaking the machine instruction to determine the function, 
source and destinations. 

In this case, new instruction “mulw” is created from original 
“swapf f,0” instruction. In order to perform multiplication, the 
machine instruction is change as shown in Fig. 7. The 
multiplication involved two 8-bits data stored in file register 
and working register. The result, which is a 16-bit data, is 
temporarily stored in register “dum16”. As the architecture 
permits 8-bit data bus only, the result is distributed to two 
registers. The first 8 bits are stored in working register while 
the second 8 bits are stored in file register.  

Fig. 8 shows the assembly test program to implement 
“mulw” instruction. In this code, the multiplicand is stored in 
register FSR while the multiplier is in working register. The 
multiplication result is stored in both INDF register (memory 
address 00) and working register. The data pointed by FSR 
then is incremented by 1 and the updated data is transferred to 
working register for the next cycle. 

 

Figure 7.  Machine instruction modification - mulw. 
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For the first past, the both FSR and working register are 
loaded with 6410. The result, which is 271016, is initially stored 
in register “dum16”. Then the result is divided into two 8-bit 
data and stored in INDF register and working register 
respectively. Fig. 9 and Fig. 10 show all the affected registers 
and the updated values during the “mulw” instruction 
execution. For the next iteration, the data pointed by FSR is 
incremented to 6516 and copied to the working register. The 
multiplication instruction is executed again with 6516 x 6516 
operation. 

 

 

Figure 8.  Assembly test program - mulw. 

 

Figure 9.  Registers window - mulw. 

 

Figure 10.  Registers array window - mulw. 

The same method is applied to all 34 instructions and all 
instruction operations are observed and verified through 
registers and memory transfer activities. Each instruction is 
assigned by its own assembly test routine that include direct 
and indirect data addressing mode. Indirect data addressing 
mode is supported through file select register and INDF 
register. 

In addition, all the simulated instruction sets are based on 
PIC instruction set RISC architecture. The simulated 
instruction opcode are consistent to its PIC counterpart while at 
the same time maintaining the correct operation and affected 
STATUS register. This ensures direct compatibility of 
instruction set architecture when implementing the new or 
modified instruction on soft-core RISC processor in FPGA. 
Furthermore, comparison can be made between the simulated 
instruction and real execution of PIC instruction set for 
performance benchmarking.  

V. CONCLUSIONS 
Soft-core processors offer a viable platform in customizing 

the architecture of a microprocessor to suit specific 
requirement of a project. The ability to modify the instruction 
set architecture of a processor also being regarded as one of the 
method in ASIP. This paper has described the method in 
simulating instruction set for a RISC processor on top of Java-
based CPU architecture simulator. All instruction set has been 
verified in working condition with machine instruction 
modification capability and compatible with memory bank 
scheme. To demonstrate the ability to create/modify new 
instruction, selected instruction set has been configured to 
perform custom operations and the simulation results are 
evaluated at register level. For future work, the simulated 
instruction set, as well as the modified instruction set will be 
programmed in reconfigurable platform such as FPGA, to be 
executed as a customized RISC processor prototype. 
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Abstract— This paper focuses on the features extraction from the 
hand region segmentation involved in the earlier pre-processing 
module for Bahasa Isyarat Malaysia (BIM) sign language 
recognition.  This Human Computer Interaction (HCI) research 
intention is to provide a system for aiding those with impaired 
hearing community to communicate with the public community 
in Malaysia specifically.  Vision based technique has been 
proposed for data collection technique.  Gestural Motion 
Trajectories (GMT) are used to keep track the movement of the 
hand.  The objectives of this paper is to determine whether the 
feature extraction methods used can produced good features to 
get the discriminate value to distinguish each sign language. 

Keywords- BIM, gesture, hand-detection, feature extraction, 
motion trajectories 

I.  INTRODUCTION 
Gesture recognition is one of the most important fields in 

Human Computer Interaction (HCI). With gesture recognition 
especially in the area of Automatic Sign Language 
Interpretation, deaf people can communicate easily with a non-
deaf person without a human interpreter [1].  “Bahasa Isyarat 
Malaysia” (BIM) or Malaysian Sign Language has become an 
identity for deaf people in Malaysia as a common tool for them 
to communicate [3].  As per current, less research has been 
done on BIM domain especially in developing BIM recognition 
system. For example, a research on BIM has been done by [4] 
and [5]. 

Organization of this paper is as follows; Section 2 will 
review some related works that has been done in specific area, 
sign language recognition, hand detection and motion analysis.  
Methodology of the research is reviewed in Section 3.   Then, 
our current stage of development, our hand detection technique 
and also feature detection that have been extracted from hand 
segmentation.  Current phase of our system development and 
future direction also will be discussed. 

II. PREVIOUS WORK 
While there are many interesting domains for gesture 

recognition, one of the most structured sets of gestures is those 

belonging to any of the several sign languages [6].  “Bahasa 
Isyarat Malaysia” (BIM) or Malaysian Sign Language has 
become an identity for deaf people in Malaysia as a common 
tool for them to communicate [3].  BIM is one of the 
communication systems, oriented on visual and hand gesture 
[2].  Sign language recognition has become a popular field in 
research area especially outside Malaysia such as American 
Sign Language [7], Korean Sign Language [8] and Arabic Sign 
Language [9]. 

Several sign language recognition systems have been 
developed using various features computed from static images 
or image sequences [10].  And several of the systems are being 
developed based on the extraction of some of the properties 
that are associated with the images, such as image geometry 
parameter using image moments.  The image geometry 
parameter was employed by [7] in their research work. 

Vision based approach utilizes cameras to capture images 
of the signer performing sign language movement. The input 
gesture video sequence is processed to extract features that are 
appropriate for classification of sign language recognition [11].  
He also added that the basic components of a sign gesture are 
(i) the handshape, (ii) hand orientation, (iii) its location and 
(iv)its movement.  Handshape refers to the finger 
configuration, orientation refers to the direction in which the 
palm and fingers are pointing, and location refers to hand 
position relative to the body. Hand movement traces out a 
trajectory in space. 

Feature extraction is a process of studying and deriving 
useful information from the filtered input patterns. The derived 
information may be general features, which are evaluated to 
ease further processing [12], [18]. He also added that the 
selection of features is very important because there might be 
only one or two values, which are significant to recognize a 
particular segmented character or sign. 

However, vision based approach has its disadvantage. [7] 
explained that, video based approach constraints conflict with 
recognition in a natural context, either by requiring simple, 
unchanging backgrounds like clothing, not allowing occlusion, 
requiring carefully labeled gloves if it has been used or even 
being difficult to run in real time. 
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In recent research and development, [13, 17] implemented a 
motion trajectories as what they defined as statistical modeling. 
The process involved the mass recordings from visual 
surveillance that are processed to extract objects trajectories. 
By having a trajectory classes defined earlier, the trajectories 
classes in video sequence are marked and models are adapted 
according to them. The outcome of the method is discussed and 
the researchers concluded that a successful classification of 
trajectories and for search of abnormal trajectories dependable 
on the well defined scene with well defined scenarios. 
Scenarios that are not well defined will affect the anomalous of 
trajectories as well as recognition. 

Hence, in sign language recognition system development, 
the feature extraction can be concluding as one of the most 
crucial part that needs to be focused on before it’s being used 
for classification process.  Therefore, by developing this 
system, it will be useful for others researcher to adopt the 
appropriate feature extraction methods for classification 
process in developing such sign language recognition system. 
Indirectly, these can be a    contribution to the society 
especially for deaf people in Malaysia by developing the BIM 
sign language recognition system to ease their daily 
communication life. 

III. METHODOLOGY 
In this research, we focused on two sub-topic, food and 

festival based on the BIM Books (1st Edition). 

Each image frames has a spatial resolution of 768x576 
pixels and a grayscale resolution of mono 8 bits. The samples 
were taken from same distances by digital camera, with same 
orientations and fix background. 

A sequence of raw image frames from a video is processed 
using a sequence of image processing methods into a raw 
feature vector representing the information of the raw images. 
The raw feature vectors is then analyzed with the gestural 
motion trajectories and scaled into an appropriate feature 
vector values. Such a vector values is appropriate to represent a 
sequence of images as the gestural motion analysis is found to 
be efficient in recognizing value of image motions. 

A. Pre-Processing 
Generally hand detection comprises of subtracting the 

signers image from the image background. Finding hand region 
using colour images is not difficult because the nature of skin 
colour has its own unique value and can easily being 
processed.  However, dealing with grayscale input image 
forced us to automate input threshold value to measure the 
information thus extracted the hand region from the whole 
image. 

The goal of image extraction is to extract the raw image 
from the original video into filtered images for future feature 
extraction process.  Each image frames extracted as a raw data 
from the video extraction process is processed by image 
extraction producing filtered images for the feature extraction. 

Hand detection pre-processing flow shows in figure 1. 

                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Hand Detection pre-processing 

System starts by capturing an image without any signers 
with a still camera setup towards a certain view. Image 
captured as in gray scale image input. System stored the image 
of the background. The next process will captured the 
background image with the existence of a signer. To proceed 
with hand detection, image captured will be subtracted by the 
stored image background to remove the background. By having 
the only image of the signer’s, we now proceed with binary 
thresholding. Automated function of input binary value is 
available as system not dealing with color image acquisition 
which is easier to deal with skin color for hand detection. 
Bitwise AND operation sets the resulting bit to 1 if the 
corresponding bit in both image of result from subtraction and 
binary threshold is 1. Bitwise manipulation enhanced the 
wanted image of the hand region. Further processing with 
morphological filters may be used to clean up the segmented 
hand region. However, due to the nature of same hand and face 
color, we might get the results of 3 regions of face and both 
hands. Blob analysis will identify connected regions of pixels 
within an image, and then calculated selected features of those 
regions. For this we use blob analysis and find the maximum 
two values of regions which is those two hand’s blob. 
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Blob Analysis

Gestural 
Motion 

Trajectories 

Meaningful 
Feature Vector 

Filtered Image 

B. Feature Extraction 
 

Importance of the hand recognition is the ability to 
recognize and track the hand region. Process taken place after 
the hand region segmentation is the feature detection analysis. 

The goal of feature extraction is to extract the vector of the 
processed image and translate it into some meaningful value 
thus to be used as inputs to the classification process.  Each 
frame is processed in sequence of mentioned flow process. 
Figure 2 shows the flow. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Feature Extraction Flow Process 

 

1) Blob Analysis: Detection of the position, size and angle 
of hand image is subjected to blob analysis. Research efforts 
have investigated this issue, for example, [14, 15 and 16].  
Each frame image is analyzed using blob. With this 
implementation, the grayscale Blob analysis count, label and 
measure image features. 
 
 

2) Gestural Motion Trajectories (GMT): In our current 
research, we have evaluated the image moments coordinates 
(1 to 5) to find the center of region (6) and central moments (7 
to 10). The calculation result to the major and minor axes (11). 
The central moments are normalized with respect to the zeroth 
moment to yield the normalized central moment (12). The 
normalized and the central normalized moments were 
normalized with respect to scale (area) and translation 
(location). Normalization with respect to orientation is 
provided by moment invariants (13 to 14). 
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From the image processing module, the hand 
image of interest is established based on region 
segmentation and moment invariants which are 
calculated for each of the image. The value is later 
being normalized into the range of -1 to 1 to suits 
the input for the classification. Our system uses 
these normalized moment invariants as final input 
for the classification phase.  The sample of 
sequence frames image used in this paper is shown 
in figure 3.  Table 1 shows the final feature vector 
result and figure 3 shows the plotted gestural 
motion trajectories using the result obtained in 
figure 4. 

 

  

  

  

  

  

Figure 3.  Left Column: Raw Sequence Frames (Frame 1, 40, 50, 60,100)  
of Data 638–Signer 1  

                  Right Column: Processed Image Frames (1, 40, 50, 60,100) of 
Data 638–Signer 1 

TABLE I.  FINAL FEATURE VECTORS (FRAME 1, 40, 50, 60,100) OF 
DATA 643 (NASI LEMAK) – SIGNER 1 

Frame 
Number 

Normalized Feature Vectors 

Left Hand 
Palm,  
X Axis 

Left 
Hand 
Palm,  
Y Axis 

Right 
Hand 
Palm, 
X Axis 

Right 
Hand 
Palm, 
Y Axis 

1 0.004517797
08954714 1 1 1 

40 1 
-

0.9137203
94602104 

-
0.74322
0105139

274 

-
0.2307
858655
9949 

50 
-

0.093569228
7996505 

-
0.9029625
68123386 

-1 -1 

60 
-

0.140079551
369688 

-
0.8907605
68970285 

-
0.71268
4460157

438 

-
0.2190
786532
16709 

100 
-

0.005994368
26390998 

-
0.8797244
56343415 

-
0.74317
0818148

656 

-
0.2117
440536
58403 

 

 
Figure 4.  Graph of Velocity of the Feature Vectors relatives to the Processed 

Image Frames  
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C. Feature Selection 
 

The objective of feature selection is to select the features 
that can show discriminate values to differentiate between each 
sign language performed. 

A few features have been analyzed for each feature vector 
as shown in table 2 and table 3.  From the data, the minimum 
and maximum point (values) and their occurrence (frame no.) 
shows discriminate values that shows different pattern for each 
sign language. The graph is plotted as shown in figure 4 and 
figure 5 to see the pattern for each sign language. 

 

TABLE II.  ANALYZED OF FEATURES VECTORS OF DATA 643 (NASI 
LEMAK) – SIGNER 1 

643-Nasi Lemak 
Left Hand 

Palm, X Axis 
Left Hand 

Palm, Y Axis 
Right Hand 

Palm, X Axis 
Right Hand 

Palm, Y Axis
Min Point -1 -1 -1 -1

Min at frame 25 37 36 69
Max Point 1 1 1 1

Max at frame 23 1 1 1
Median -0.0149485 -0.4980391 -0.667432 -0.4975684
Mode #N/A #N/A #N/A #N/A 

Slope Y to X 0.029481133 0.972538324 
 

 

Figure 5.  Graph of Minimum and Maximum point (value) for each feature 
vectors of Data 643 (Nasi Lemak) – Signer 1 

TABLE III.  ANALYZED OF FEATURES VECTORS OF DATA 568 (HARI RAYA 
AIDILFITRI) – SIGNER 1 

568-Hari Raya Aidilfitri 
Left Hand 

Palm, X Axis 
Left Hand 

Palm, Y Axis 
Right Hand 

Palm, X Axis 
Right Hand 

Palm, Y Axis
Min Point -1 -1 -1 -1

Min at frame 56 94 54 54
Max Point 1 1 1 1

Max at frame 53 101 57 55
Median 0.0114814 0.0008768 -0.0062432 0.1718547
Mode #N/A #N/A #N/A #N/A 

Slope Y to X -0.026283845 0.48582739 
 

 

Figure 6.  Graph of Minimum and Maximum point (value) for each feature 
vectors of Data 568 (Hari Raya Aidilfitri) – Signer 1 

IV. RESULT AND DISCUSSION 
Initial finding suggest that the GMT based feature vectors 

are able to show discriminate values and therefore can be used 
to differentiate between each sign language towards BIM 
recognition system.  Further, the feature selection process was 
put in place to confirm that there are discriminate values for 
each sign language.  For future improvement, we will continue 
with more data set to prove of its’ robustness and stability. 
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Abstract—The control of the outlet temperature of a co-current 
shell-and-tube heat exchanger with the new hybrid model 
reference adaptive supervisory fuzzy controller (MRASFC) is 
presented in this paper. The outlet temperature of the cold fluid 
is controlled by manipulate the flow of the hot fluid while both 
temperature fluids keep constant. The shell-and-tube heat 
exchanger system is modeled mathematically and simulated using 
MATLAB/Simulink software. The Fuzzy Inference Structure 
(FIS) used is Sugeno-type. The normalized fuzzy controller using 
Gaussian membership function (MF) with 3x3 rule bases while 
hybrid MRAFC also using Gaussian MF with 3x3 rule bases. The 
performances on set point test of the fuzzy logic controllers with 
and without hybrid design are compared to PID controller based 
on maximum overshoot, settling time, number of oscillations and 
IAE. The results showed that MRASFC produced reduced 
overshoot, shorter settling time with less oscillation and 
minimum IAE  compare to fuzzy and PID controller. 
 

Keywords – shell-and- tube heat exchanger; set point test 
temperature control; fuzzy logic controller; model reference 
adaptive supervisory fuzzy controller;  

I.  INTRODUCTION 
Shell-and-tube heat exchanger is widely used in industrial 

processes, either to heat or cool the process fluids [1]. It is 
because it can sustain wide range of temperature and pressure. 
The main purpose of a heat exchanger system is to transfer heat 
from hot fluid to cooler fluid. 

Heat exchangers, which exhibit thermal process, are 
examples of nonlinear system, and difficult to achieve stability. 
In spite of nonlinearity problems, heat exchangers also exhibit 
significance time delay behavior. The time delays make the 
temperature loop hard to tune, and need to be tune manually if 
using conventional PID controller. Poor control using 
conventional PID controller lead to research of advanced 
controllers by many authors. 

Fuzzy (FL) controller is one of the advanced controllers 
used for temperature control in different types of heat 
exchanger system. Many researchers have shown the 
effectiveness of hybrid FL controllers in their studies. Hybrid 
FL controllers are using another controller algorithm such as 
conventional PID, neural network, genetic algorithm and etc, 
combine with fuzzy logic controllers. 

Hongquan et al [2] have introduced a new control scheme 
based on a Fuzzy-PI algorithm was to control the temperature 
control and check valve (TCCV) in a condensing heat 
exchanger (CHX) in manned module. There was a control 
threshold switching between PI and Fuzzy control. In this 
system, a continuous control approach to control the habitat 
temperature was needed by altering the amount of atmospheric 
flow through Temperature Control and Check Valve (TCCV) 
in the Condensing Heat Exchanger (CHX). The Fuzzy control 
of the TCCV is implemented as follows: Simple triangular 
membership functions were chosen in this design. The variable 
e and Δe has seven linguistic values. The output variable Δu 
has five linguistic values. There were 35 pieces of control 
rules. The proposed Fuzzy-PI control, were compared with 
those of PID and Fuzzy control. It can concluded that, high 
precision temperature control can be realized only with a Fuzzy 
controller where there were, minute oscillations for adopting 
incremental control. Fuzzy-PI controller system  have minor 
overshoot, better resistance to varying parameters and better 
control precision. 

In the same year, Maidi et al [3] have studied in at 
improving the control of a heat exchanger, described by a 
partial differential equation, by optimizing a linear 
proportional–integral, PI- fuzzy controller. The simulated 
system consists of a fluid flows through the tube of a shell-and-
tube heat exchanger. The steam temperature on the shell side 
Tst (t) considered as a manipulated variable and the inlet 
temperature of the tube stream T (0, t) was considered as a 
disturbance. For the PI-FLC, the input variables, e and Δe, and 
output variable, Tst, were partitioned into five fuzzy sets using 
triangular membership function and have 25 rules. Simulations 
were performed on set point tracking and disturbance rejection. 
The obtained set point tracking responses was satisfactory for 
the linear PI-fuzzy logic controller compare to conventional PI. 
The fuzzy controller also rejects the boundary condition 
disturbance faster than the conventional PI controller. 

Padhee and Singh in [4] have proposed an intelligent fuzzy 
PID controller to control the outlet temperature of a shell-and-
tube heat exchanger. A typical interacting chemical process 
for heating consists of a chemical reactor and a shell-and-tube 
heat exchanger system has been studied. 49 fuzzy rule bases 
have been developed using triangular membership function. 
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Fuzzy PID controller has been compared with feedback PID 
and feedback-feed forward controller. The performance of 
controllers has been evaluated by two parameters which are 
maximum overshoot and settling time. The hybrid fuzzy PID 
controller in the feedback loop produced the less overshoot 
and fastest settling. 

A new fuzzy-based predictive control (FPC) method within 
overall fuzzy-based predictive model (OFPM) based on the 
multiple models strategy was represented to control a 
specified tubular heat exchanger system, by Mazinan and 
Sadati in [5].The proposed control strategy identifies the best 
OFPM, at any instant of time, using a suitable performance 
criterion, which was realized by an intelligent decision 
mechanism (IDM). The purpose was to control the outlet 
water temperature that flows in the inner tube of this tubular 
heat exchanger system by means of the fluid flow pressure, 
manipulated using commanded valve pressure (Pv) on the shell 
tube of the system. The fuzzy predictive control based on 
multiple models strategy (FPCBMMS) has been compared to 
the single model linear generalized predictive control 
(SMLGPC) scheme. It was observed that the FPCBMMS 
performance is as good as the SMLGPC performance, when 
both the system coefficients and the desired set point were 
changed abruptly. 

The work of Jain et al in [6] was discussed the comparative 
study of self tuning fuzzy controller with a standard Takagi-
Sugeno (TS) fuzzy controller with application to a shell-and-
tube heat exchanger. Online tuning of the membership 
functions and control rules of fuzzy controller was carried out 
using simulated annealing (SA) to obtain improved 
performance by minimizing the error function. The hot water 
outlet temperature was considered as the process or controlled 
variable and the cold water flow rate as the manipulated 
variable. The flow rate of hot water was treated as disturbance 
variable. The TS fuzzy controller was designed with two input 
variables; temperature, and error in temperature and one 
output variable, i.e. current, which was using the triangular 
function equation with 9x7 rule bases. The designed SA-FLC 
compared to TS-fuzzy controller for set point and load 
changes. The SA-FLC tracks the set points effectively and the 
settling time was smaller. The SA-FLC also produced 
minimum value of Integral Square Error (ISE) and Integral 
Absolute Error (IAE) error when sudden disturbance was 
introduced. 

Another rule-based fuzzy PI control system has been 
designed, by Zhang et al in [7] which can self-adjust the 
values of the parameters, in a boiler temperature system. 
Fuzzy logic controller has two inputs and one output: the 
position error, change of the error and the temperature of the 
boiler. 7x7 rule base were used with triangular membership 
function in this controller. It can be seen that the fuzzy PI 
controller are better than the traditional PID controller. The 
controller was flexible because all parameters can be tuned by 
the fuzzy rules. The fuzzy PI controller has reached desired 
performance. 

The preceding studies are summarized in table I. 

 

TABLE I.  TYPES OF HYBRID FUZZY CONTROLLER 

Range of Control Controller Reference 
20oC FL-PI Q.Hongquan et al (2008) 

25oC to 50oC FL-PI A. Maidi et al (2008) 
32oC to 52oC FL-PID S. Padhee and Y. Singh (2010) 
40oC to 70oC FPC Mazinan and Sadati (2010) 
40oC to 45oC SA-FL R. Jain et al  (2011) 

100oC to 180oC FL-PI W. Zhang et al  (2011) 
 

The present paper deals with the new design of a hybrid 
fuzzy controller, which combines the normalized fuzzy 
controller with model reference adaptive supervisory fuzzy 
controller (MRASFC). This controller applied to a co-current 
shell-and-tube heat exchanger system. 

II. MODELING AND CONTROL 

A. Shell and tube heat exchanger system 

The system studied in this work corresponds to a water-
water co-current shell and tube heat exchanger system as 
described on Figure 1. Water is the fluid that flows on both the 
sides of the shell and tube heat exchanger on the temperature 
system. A conventional electric water heater is used to heat the 
water. The flow rate of the hot water can be regulated by 
varying the speed of the hot water pump. The cold-water flow 
can be varied by changing the percentage opening for the flow 
control valve. The hot water flows in the tube side while the 
cold water flows in the shell side. The flow pattern is co-
current, that means the hot water and cold water flows in same 
direction.  

 
Figure 1.  A shell-and-tube heat exchanger system 

The control objective in this work is to control the outlet 
temperature of the cold water by manipulating the inlet flow 
rate of hot water. The inlet flow rate of cold water and inlet hot 
water temperature are disturbances in this process system. In 
this case study, the desired set point temperature is 38oC. The 
nominal inlet flow rate of cold water is 0.06 kilograms/seconds 
(kg/s), which is 50% of control valve opening position. The 
inlet temperature of cold water is set at 10oC, while the inlet 
temperature of hot water is set at 80oC. The hot water is used to 
heat cold water from 10oC to set point temperature at 38oC. 
The maximum flow rate of hot water is 0.076 kg/s. The 
physical parameters of heat exchanger are reported in table II. 
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TABLE II.  PHYSICAL PARAMETERS OF HEAT EXCHANGER 

Inputs Value 

Density of Fluid (water), ρ 1000 kg/m3 

Density of Metal (steel), ρm 8238 kg/m3 

Specific Heat Capacity, Cp, metal 468 J/kgoC 

Specific Heat Capacity, Cp,water 4230 J/kgoC 

Shell Heat Transfer Area, As 0.281 m2 

Tube Heat Transfer Area, At 0.253 m2 

Shell side volume, Vs 2.62 X 10-4 m3 

Volume of Metal, Vm 4.27 X 10-5 m3 

Tube side volume, Vt 1.43 X 10-4 m3 

 

B. Mathematical modeling 
Shell and tube heat exchanger can be divided into three 

sections, which are shell, metal and tube. These sections are 
further divided into control volumes. 

The following assumptions are made while designing the 
mathematical model: 

• The control volumes are small and assumed to have a 
constant temperature. 

• The heat exchanger is insulated and there is no heat 
loss from the heat exchanger to the surrounding. 

A set of differential equations is used to calculate the 
outlet temperature on the shell and tube side for each control 
volume on the shell, metal and tube side. 

1) Shell control volume (CV) energy balance: The energy 
storage rate in the shell control volume represented by S0. As 
the fluid flows in and out of the control volume, the energy 
gained by the control volume due to the change in temperature 
of the fluid flow is give by  . This control 
volume also gain energy from process of convection due to 
temperature difference between the shell fluid and the metal 
which is .Therefore, the equation for energy 
balance on the shell control volume is given by     *     =  ) + . (1) 

2) Metal control volume (CV) energy balance: The energy 
storage rate in the metal control volume is given by     
* . Heat energy is gained from the shell and the tube side is 

given by     and   , while heat 
energy is also gained by conduction within metal, given 
by   . The energy gain by conduction is 
ignored in this calculation because temperature difference 
between the two metal nodes is very small and negligible. 
Therefore, the equation for energy balance on the metal 
control volume is given by    *  =     + .    (2) 

3) Tube control volume (CV) energy balance:  The energy 
storage rate in the tube control volume represented by T0. As 
the fluid flows in and out of the control volume, the energy 
gained by the control volume due to the change in temperature 
of the fluid flow is given by ). This control 
volume also gains energy from process of convection due to 
temperature difference between the tube fluid and the metal 
which is  . 

Therefore, the equation for energy balance on the tube 
control volume is given by    *   =   ) + .    (3) 

C. PID controller 
In this work, digital PID controller in velocity form is used 

which calculate the change in controller output, Δpk. 

 
Δ   –  

   ∆
τ  τ∆ 2 .   (4) 

 
PID controller tuning is using trial and error method. The 

controller parameter values are controller gain, Kc = 0.00003,
 1/τI = 12 and τD = 0.1. 

III. IMPLEMENTATION OF MODEL REFERENCE 
ADAPTIVE  SUPERVISORY FUZZY CONTROLLER  

A. Design of normalized fuzzy controller 
A normalized fuzzy controller with adjustable input and 

output scaling factor is proposed. The design of the fuzzy 
logic controller begins with the selection on input and output. 
The fuzzy logic controller consists of two inputs and one 
output. The inputs are error (e) which is the difference 
between temperature set point (SP) and the actual temperature 
(PV), and change in error (Δe) which is the difference between 
the current error e (t) and the error of the previous iteration e 
(t-1). The output of the fuzzy logic controller (Δu) is 
proportional to input mass flow rate of hot water, denoted 
as . The following equation describe e and Δe 

e (t)= SP –PV.                                          (5) 

             Δe = e (t) – e (t-1).                                     (6) 
 

The normalized fuzzy controller designed has the 
following parameters:  

• The membership function (MF) used is Gaussian 
membership function as shown in Figure 2. 

• The universe of discourse of both inputs signal is  

[-1 1] while output signal is [-2 2] 

• Three MF used for each input, detailed in Table III. 

• There are nine rules base, summarized in Table IV. 
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• Fuzzy inference system is Sugeno. 

• Fuzzy inference method are produ
for OR, and weighted average for de

• Four scaling gains used which are G
GU. GE =1;GCE = 0.1; GIE = 12 an

• Figure 3 show the structure of b
fuzzy controller design. 

Figure 2.  Gaussian  membership fun

TABLE III.  LINGUISTIC VARIABLES FOR FUZ

Error, e (t) Change in Error, Δe Cont

N Negative N Negative N 

Z Zero Z Zero Z 

P Positive P Positive P 

 

TABLE IV.  IF-THEN RULE BASE FOR FUZZ

Controller Output, Δu Change in 

N Z

Error, e (t) N P P

Z P Z

P Z N

 

 
Figure 3.  Block digram of fuzzy cont

 

B. Design of hybrid model reference adaptiv
fuzzy controller 
The hybrid model reference adaptive 

controller has been designed with two inputs
(t) and change of error, Δer and one outp

uct for AND, max 
efuzzification. 

GE, GCE, GIE and 
nd GU = 0.0003 

block diagram for 

 

nction 

ZZY CONTROLLER 

troller Output, Δu 

Negative 

Zero 

Positive 

ZY CONTROLLER 

Error, Δe 

Z P 

P Z 

Z N 

N N 

 

troller 

ve supervisory 

supervisory fuzzy 
s variable, error, er 
put, Δur. er is the 

difference between model refe
actual temperature. Δer is the d
er (t) and the error of the prev
output from model referenc
controller. Figure 4 shows 
MRASF model. 

Detailed design of this co
as normalized fuzzy control
parameters. Three scaling gain
and GU2. GE2 = 1; GCE2 = 0.

Figure 4.  Block d

A reference model has bee
follow the required response (
desired specifications of the s
overshoot which is 2% and set
The desired response which ac
is described by equation: 

SPr(t)=A*[ 1- (1.597 e-0.12t si

where A is step required, ξ i
frequency. This equation based

1
ξ

ξω  
where  cos ξ,  
 

IV. RESULTS A
The performances of contro

change from 43oC to 38oC, 3
33oC. Evaluation criteria are 
number of oscillations, settling 
(IAE).  

rence desired set point, SPr and 
difference between current error 
vious iteration er (t-1). Δur is the 
e adaptive supervisory fuzzy 
the block diagram of hybrid 

ontroller has the same structure 
ller, except the scaling gain 
s used, which were GE2, GCE2 
001 and GU2 = 0.0001. 

 

diagram of MRASFC 

en developed to force the plant 
(overshoot, rise time, etc.). The 
system designed are maximum 
ttling time, which is 70 seconds. 
chieves the desired specification 

in (0.0964t+38.76*π/180))].  (6) 
 

s damping ratio, ωn is natural 
d on general equation:   sin 1 ξ           (7) 

AND DISCUSSIONS 
ollers were tested for set point 
8oC to 33oC and from 43oC to 

using maximum undershoots, 
time and integral absolute error 
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Figure 5.  Process response for set point test (43oC to 38oC ) 

Figure 5 shows the performances of each controller for set 
point change from 43oC to 38oC. The outlet temperature using 
PID controller resulting one oscillation, having 3.08% of 
maximum undershoots before settled in 67 seconds. The 
response using normalized fuzzy controller also have slightly 
similar trend to the PID controller, settled in 72 seconds. The 
proposed hybrid fuzzy controller performs better than PID and 
normalized fuzzy controller. The MRASFC produced half 
oscillation and only 0.95% undershoots and faster settling time. 

TABLE V.  COMPARISON OF DIFFERENT PARAMETERS IN CONTROLLERS 
FOR  SET POINT CHANGE FROM 43OC TO 38OC 

Type of 
Controller 

Maximum 
Undershoots 

Settling 
Time,s 

No. of 
Oscillations 

IAE 

PID  3.08% 67 1 103 
Fuzzy  2.63% 72 1 100.2 

MRASF  0.95% 63 0.5 93.4 
 

Table V above summarized the results of each controller 
with all those criterion performances. The most improved 
performance criteria is the maximum undershoots, where there 
are 70% reduced using proposed hybrid controller.  

 
Figure 6.  Process response for set point test (38oC to 33oC ) 

Figure 6 shows the performances of each controller for set 
point change from 43oC to 38oC. The outlet temperature using 
PID controller resulting six oscillations, having 13% of 
maximum undershoots before settled in 250 seconds. The 
response using normalized fuzzy controller have better 
performance compare PID controller. It oscillates four times, a 
bit reduced undershoots and settled in 176 seconds. The 

proposed hybrid fuzzy controller performs better than PID and 
normalized fuzzy controller. The MRASFC produced only one 
oscillation, have 10% maximum undershoots and settling time 
of only 90 seconds. 

TABLE VI.  COMPARISON OF DIFFERENT PARAMETERS IN CONTROLLERS 
FOR  SET POINT CHANGE FROM 38OC TO 33OC 

Type of 
Controller 

Maximum 
Undershoots 

Settling 
Time,s 

No. of 
Oscillations 

IAE 

PID  13% 250 6 313.1 
Fuzzy  12.12% 176 4 233.4 

MRASF  10% 90 1 147.3 
 

Table VI summarized the results of each controller with all 
those criterion performances. The proposed hybrid MRASFC 
achieved improvement about 57% for settling time compare to 
PID controller. It also made 53% reduced of IAE value, which 
is good for energy cost and efficiency. 

 
Figure 7.  Process response for set point test (43oC to 33oC) 

Figure 7 shows the performances of each controller 
for set point change from 43oC to 33oC. The outlet 
temperature using PID controller resulting seven oscillations, 
having 23% of maximum undershoots before settled in 280 
seconds. The response using normalized fuzzy controller have 
better performance compare PID controller. It oscillates four 
times, a bit reduced undershoots and settled in 200 seconds. 
The proposed hybrid fuzzy controller performs better than PID 
and normalized fuzzy controller. The MRASFC produced only 
two oscillations, have 18.5% maximum undershoots and 
settling time of only 116 seconds. 

TABLE VII.  COMPARISON OF DIFFERENT PARAMETERS IN CONTROLLERS 
FOR SET POIN CHANGE FROM 43OC TO 33OC 

Type of 
Controller 

Maximum 
Undershoots 

Settling 
Time,s 

No. of 
Oscillations 

IAE 

PID  23% 280 11 568 
Fuzzy  22.3% 200 4 473.6 

MRASF  18.5% 116 2 324.4 
 

Table VII summarized the results of each controller with all 
those criterion performances. The proposed hybrid MRASFC 
achieved improvement about 54% for settling time compare to 
PID controller. It also made 43% reduced of IAE value, which 
is good for energy cost and efficiency 
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V. CONCLUSIONS 
The hybrid model reference adaptive supervisory fuzzy 

controller (MRASFC) is applied to a co-current shell-and-tube 
heat exchanger system for different set point values. The 
performance of proposed hybrid fuzzy controller is studied and 
compared to normalized fuzzy controller and PID  

Simulation results show that this new hybrid MRAFC has 
better performance in term of percentage undershoots, settling 
time, number of oscillations and IAE.  

The results also indicate that the process has better 
controller performance in higher set point temperature value, 
which produce reduced undershoots and less oscillations 
compare to lower set point value. i.e. 48oC to 38oC compare to 
38oC to 33oC. 

The energy consumed also reduced while temperature 
change from 43oC to 33oC in two step rather than directly 
change in one step. It was shown by IAE values at these two 
different conditions. 

However, proposed hybrid MRASFC can’t reduce the 
maximum undershoots significantly and another new design 
approach needed to suppress those undershoots especially 
when subjected to lower set point value i.e. set point change to 
33oC. 

Further studies recommended on using this new design 
approach for wider range of temperature control. It is also 
advised to check its controllability on subjected load 
disturbances and compare with PID and fuzzy controller. 
Another future work is to implement this new design for real 
plant of shell-and-tube heat exchanger temperature system. 
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Abstract — The antenna has been designed to observe and 
analyze the effect of the addition of perfect electric conductive 
(PEC) cavity-enclosed to a rectangular microstrip antenna. The 
calculated parameters have been optimized using Computer 
Simulation Technology (CST) software. The design prototype has 
been fabricated and the output was measured using Vector 
Network Analyzer (VNA). The simulated and measured results 
are then compared. It is observed that the gain is improved when 
PEC cavity is added to the microstrip antenna. 

Keywords: Cavity-enclosed; microstrip antenna; gain; return loss; 
CST. 

I.    INTRODUCTION 
 

The designing of various applications by using microstrip 
antenna has becomes high in demand due to its advantages of 
low weight, small volume, and ease of fabrication which suit 
personal and mobile communications applications today [1]. 
Regardless of the many benefits, microstrip antennas still 
suffered some drawbacks such as narrow bandwidth, lower 
gain, and low power handling capability [2]. In fact, David 
Pozar [3] states that the impedance bandwidth of traditional 
microstrip antenna configuration is only a few percent 
compared to other types of antenna for instance dipole, slot 
and waveguide horn where the bandwidth produced is from 
15% up to 50%. There are various gain enhancements 
techniques that can be applied to an antenna such as by adding 
a high permittivity superstrate-substrate to an existing 
microstrip antenna. It is applied to the upper layer of the 
microstrip antenna at an optimized height as conducted in [4, 
5]. 

  
There are only few researches that have studied the effect 

of cavity to microstrip antenna. Nemai Chandra [6] states that 
cavity theory could exhibit high order resonance where it 
could eliminate the surface waves and mutual coupling in 
thick substrates which is suitable to be applied in an array 
environment. S.Noghanian and L.Shafai [7] have also stated 
that there is an increased of 3 dB gain when PEC cavity is 
added to their designed antenna. This addition suppressed the 
back lobe radiation of aperture feeding and resulted to the gain 
enhancements. In addition, Weihua Tan et al. [8] have applied 

cavity-backed slot and a high permittivity superstrate-substrate 
technique (same technique as applied in [4, 5]) to their 
designed microstrip antenna and it is proven that the addition 
of cavity have resulted to an increase in gain up to 7 dB to 
their designed antenna.  

 
Based on the observation these past papers, mostly has 

applied a circular PEC cavity at the bottom of the ground 
plane. Thus in this paper, a different design of cavity addition 
is introduced where a rectangular PEC cavity frame is applied 
on top of the substrate as shown in figure 4 instead of a 
circular cavity at the bottom of the ground plane. This project 
is carried out to observe the effect of gain improvement to the 
microstrip antenna when PEC cavity is added. 
 

II.   ANTENNA GEOMETRY AND THEORETICAL 
FORMULATION 

 
A.    Rectangular patch 
 

The designed antenna is based on the standard rectangular 
patches with operating frequency at 2.5 GHz. The substrate 
used is Flame Retardant 4 (FR-4) with a relative dielectric 
constant, εr of 4.7, height, h of 1.6mm and tangent loss, tanδ of 
0.022.  

 

 
Figure 1.  The designed rectangular microstrip antenna. 

(a) Side view 

(b) Top view 
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Figure 1(a) shows the side view of the designed rectangular 
microstrip antenna with coaxial probe feeding technique. 
Figure 1(b) shows the dimensions of the antenna from the top 
view. The value of width and length of the rectangular shape 
of the radiating patch is calculated using (1) until (7). The 
effective relative permittivity or effective dielectric constant, 
εreff is as shown in (1) while the width, W for fr = 2.5 GHz is as 
shown in (2) where c is the light velocity. The length, L can be 
obtained by using (3)-(5). 

  12  12  1 12  
 

2 2 1 

 2∆  
 2  

 
 ∆ 0.412 0.3 0.2640.258 0.8  

  
The ground size and substrate size as well were used 

following (6) and (7); 
 6  
 6   
 

The feeding used is coaxial probe which is located at the 
point of y0 =  (in linear polarization) and X0 =  from the 
patch center as the point of origin. The parameters for patch 
are presented in table 1. The calculated values are obtained 
from equations and the simulated values are obtained via 
optimization from CST software. There are slight difference in 
each value due to optimization that is essential during 
simulation in order to obtain good return loss and resonance 
frequency. 

TABLE I.  CALCULATED AND SIMULATED PARAMETER VALUE OF 
DESIGNED ANTENNA 

 
Antenna 

Calculated value 
(mm) 

Optimized 
simulated value 

(mm) 
Patch Width, 

W 35.54 38 

Patch Length, 
L 23.71 25.5 

Feed Point  
(Y0, X0) 

(8.89,5.93) (9.0,7.0) 

B.    Cavity-Enclosed Effect 
 

A perfect electric conductor (PEC) cavity enclosed was 
stated in [10] and [11] which resulted to the shifting in the 
resonance frequency, suppressed of the surrounding surface 
wave which is best for array applications. This also reduces the 
antenna backward radiation. The suppression of backward 
radiation gives advantage to the increasing main lobe radiation 
as well as gain of the microstrip antenna. Based on graph in 
figure 2, the best height, hc of the PEC cavity was at hc=3.5mm 
which gives a maximum peak of gain value of up to 6.246 dB. 

 

Figure 2.  Microstrip antenna gain versus cavity-enclosed height. 

 

Figure 3.  Dimension of the PEC cavity. 

 Figure 3 illustrated the dimension of the designed PEC 
cavity which is enclosed around the rectangular microstrip 
antenna as illustrated in figure 1 previously. The material used 
for PEC cavity is the conductive stainless steels. Figure 4 
shows the fabricated rectangular microstrip antenna with the 
PEC cavity applied on top of it. 

 

Figure 4.  The fabricated microstrip antenna with PEC cavity applied. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 
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III. RESULT AND DISCUSSION 
 

The results were compared between the simulated result 
(obtained from simulation in CST software) and measured 
result (obtained from the fabricated antenna by using VNA in 
lab). Figure 5 shows the simulated and measured return loss of 
the antenna without PEC cavity. In simulation, the value of S11 
is at -23 dB operating at 2.499 GHz. By measurement, the 
resonance is at 2.525 GHz with the value of S11 at -12dB. 

 

Figure 5.  Simulated and measured return loss value for antenna without 
cavity applied. 

 

Figure 6.  Simulated and measured return loss value for antenna with cavity 
applied. 

Figure 6 shows the simulated and measured value of return 
loss with PEC cavity applied to the microstrip antenna. In 
simulation, S11 is at -20 dB operating at 2.505 GHz while there 
is slight difference in measured value of S11 of -14dB 
resonating at 2.54GHz frequency. The values of simulated and 
measured result have slightly shifted which could be caused by 
equipment, human and substrate material (FR-4) loss during 
the fabrication process. The best material for substrate to be 
used is the one with the lowest relative dielectric constant, εr. 

 

 

Figure 7.  Simulated and measured VSWR with cavity applied. 

Figure 7 shows the simulated and measured VSWR of the 
microstrip antenna with PEC cavity applied. The result 
obtained for VSWR is 1.5 for both simulation and 
measurement.  

Figure 8(a) shows the radiation pattern in 3D views for 
rectangular patch without applied PEC cavity while figure 8(b) 
shows the radiation pattern in 3D views with installed PEC 
cavity. 

 
(a) Without PEC cavity 

 
(b) With PEC cavity 

Figure 8.  Simulated radiation pattern. 

Figure 9 shows the comparison of simulated polar pattern 
and gain value for both with and without the application of 
PEC cavity respectively. From the pattern, without cavity 
(dashed line) resulted to the gain of 5.2 dB while after adding 
PEC cavity with height of hc = 3.5mm, (solid line) the gain has 
increased up to 1 dB. The back lobe pattern also reduced (solid 
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line) due to the PEC cavity installments which effects to the 
gain increment. The gain obtained after the addition of cavity is 
6.2dB. 

 

Figure 9.  Comparison of simulated polar pattern and gain value of microstrip 
antenna. 

IV. CONCLUSION 
A new technique of microstrip antenna gain enhancement 

by using PEC cavity enclosed was introduced in this paper. The 
best height of cavity structure which gives maximum gain was 
determined at hc = 3.5mm with a gain increment of up to 1dB. 
In simulation, the operating frequency is set to 2.5 GHz while 
after fabrication; the measured operating frequency has slightly 
shifted to a frequency of 2.54 GHz. There are some limitations 
during the fabrications which may be caused by human error, 
equipment error and also material loss. In order to optimize the 
material loss, the best choice of substrate material is by using 
the low dielectric constant substrate such as Duroid with  of 
2.2 and air with  of 1.0. The design can be applied for 
various applications in wireless communication systems due to 
the compact size, light weight and also high gain.  
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Abstract— given a paucity of research and apparent lack of 
coherence in information system research, it seems that there is 
no consensus in the information system field as to how security 
fits into the information system acceptance, usage, success, 
utilization, and/or performance impact (effectiveness, efficiency, 
and satisfaction). This paper is part of an ongoing research 
project designed to extend the Technology-to-Performance Chain 
(TPC) model by including the Computer Security Self-Efficacy 
(CSSE) construct, a strategy of model extension suggested by 
several researchers. This project aims to examine the research 
conducted in the last decade in information system journals 
regarding security issues then based on social cognitive theory, to 
propose a construct to measure individuals’ computer security 
self-efficacy. Based on the Technology-to-Performance Chain 
(TPC) model, this study design expected to models and tests 
relationship among computer security self-efficacy and secures 
online banking system performance impact. The study will try to 
answer the question “to what extent has the computer security 
self-efficacy affected user’s perception of secure online banking 
system effectiveness“. After this research finished, the researcher 
assume that this study findings will provides an initial step 
towards understanding of the applicability of social cognitive 
theory in information system security domain and helps 
information security professionals design information systems 
considering the effect of computer security self-efficacy on secure 
information system. 

Keywords- computer security self-efficacy; self-efficacy; task-
technology fit; information system; social cognitive theory; online 
banking; utilization; effectiveness; performance impact. 

I.  INTRODUCTION 
Over the years, the banking industry has been using a 

variety of information systems technology to provide their 
services to customers [1], [2], [3], [4]. Today, these 
technologies form a consortium of banking information 
systems and enable services such as online banking, mobile 
banking and online credit card management. Some researchers 
have observed that while banking information systems are 
readily available, they are not fully utilized by some customers 
as anticipated [5], [1], [6], [4]. A survey worth mentioning is 
the one by Thorton Consulting, which concluded that the 
perceived lack of security is one of the main obstacles of 
growth in the number of internet banking users [8]. 
Furthermore, according to Howcroft [9] the perceived security 
is one of the principal factors that inhibit online banking 
adoption. Hence, there is a heightened need in information 
system research to understand the factors that impact an 

individual's decision to use such technologies [9], [10], [11], 
[12].  

Generally, elements of computer security research focus 
on the technology itself, such as the malware and spyware 
[13],[14],[15],[16],[17], semantic web [18], internet voting 
[20], mobile and internet banking [20],  cloud computing 
security [21]. However, more current studies seek to 
understand the effects and perceptions of using the computer 
security technology. There is not much literature on security 
factor effects in information system research [22]. The main 
reason is the difficulty experienced in conducting this type of 
research [23] due to the sensitive nature of collecting data on 
secure tasks done by the users using this type of secure 
information systems [24].  

Attention has been more focusing on technology-specific 
antecedents that may provide significantly stronger guidance 
for the successful design and implementation of specific types 
of information system. In recent years, researchers have noted 
that developing theory that is more focused and context 
specific (technology specific) is considered an important 
frontier for advances in information system research [25], [26], 
[12]. As well as others identified, there are several important 
directions for future research with suggestions that one of the 
most important directions for future research is to extent the 
information system stream of research into other established 
streams of work [27], [26], [28]. 

A model that integrates knowledge from computer security 
research and information system effectiveness research is 
lacking, a gap which this research seeks to fill by integrating 
the information system stream with another dominant research 
stream [12].  The purpose of this study is to address this gap 
specifically to find “to what extent has the computer security 
self-efficacy affected user’s perception of secure online 
banking system effectiveness “. The research findings attempt 
to answer the three main questions, which are: 

1. What are the factors that measure a Computer 
Security Self-Efficacy construct? 

2. What are the main constructs affecting the secured 
Information System utilization and effectiveness? 

3. How computer Security Self-Efficacy affects the 
secure Information System utilization and 
effectiveness? 
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Several objectives of this research have been identified. They 
are as follows: 

• To study the importance and impact of Computer 
Security Self-Efficacy. 

• To find the most important constructs that affects the 
Information System utilization and effectiveness. 

• To measure the relationship between the Computer 
Security Self-Efficacy and Information System 
utilization, as well as, to measure the relationship 
between Computer Security Self-Efficacy and 
Information System effectiveness. 
 

The paper is organized in the following manner: 
introduction, literature review, research framework, research 
methodology and conclusion. This section, the introduction has 
introduced the importance for this research, the research 
questions, and the research objectives. The following literature 
review section reviews the information system effectiveness, 
utilization, technology-to-performance chain model, and social 
cognitive theory, together with the concepts of self-efficacy 
and computer self-efficacy in the information system research. 
Next is a description of the proposed research framework with 
its hypotheses and constructs definition. The research 
methodology is then presented, and finally, the conclusion. 

II. LITERATURE REVIEW 

A. Information System Effectiveness 
The information system research outcomes that researchers 

have looked for can be categorized as either pertaining to 
performance or fit. Studies done to see if the information 
system technology use leads to improved outcomes, or 
motivation, or changes users’ behavior are considered 
performance oriented. Studies which gather and analyze users’ 
perception of how well a technology will help an individual to 
complete a specific task or set of tasks is defined as fit oriented. 

Task-Technology Fit is a key, but Fit is often overlooked as 
a construct in understanding the impact of technology on 
individual performance [41]. The Fit is a way to measure the 
performance impact (effectiveness) of information systems 
[29]. Information system effectiveness can be difficult to 
measure; thus, the user evaluations are commonly used as the 
measurement. User evaluations based on the fit between task 
and technology have been an effective measures of information 
systems effectiveness. While researchers have carried out 
several studies on fit effect on effectiveness of information 
system, there is still room for further research in assessing fit 
and in how to best measure information systems effectiveness 
[41]. 

B. TInformation System Utilization 
Utilization of a system has been used as a dependent 

variable. It has been modeled as an outcome construct that can 
be influenced by the process of design and implementation 
and by characteristics of the information system, the task, the 
individuals and their interactions. To measure the information 

system utilization, some researchers adopt user satisfaction 
model [30], [31], [32], while others measure the effectiveness 
of system on a basis of the DeLone and McLean information 
system success model [33], [34], [35], [36], [37], [38]. 
Additionally, some others explore the personality trait of self-
monitoring in the information system usage by employing the 
extended theory of planned behavior (TPB) model of Pavlou 
and Fygenson [39], [40].  

Utilization research is one of two major research streams 
linking technology to performance impact. The utilization 
research stream is based on theories of user attitudes, beliefs, 
and behaviors. The implication of the utilization research 
stream is that increased utilization will lead to better 
performance impact (see Fig. 1). The other research stream is 
the Task-Technology Fit model, as shown in Fig. 2. The Task-
Technology Fit model indicates that performance will be 
increased when a technology provides features and support 
that Fit the requirements of the task [41], [42].  

C. Technology-to-Performance Chain Model 
Goodhue and Thompson [42] have proposed a model that 

combines both the utilization model and the Task-Technology 
Fit model into one model, called the Technology-to-
Performance Chain model (TCP) Fig. 3. The Technology-to-
Performance Chain model recognizes that technology must be 
utilized and Fit the task it supports in order to have a 
performance impact. The Technology-to-Performance Chain 
model gives a more accurate picture of the way in which 
technologies, user tasks, and utilization relate to affect a 
performance impact. According to Goodhue and Thompson, in 
order for an information system to have a positive 
performance impact, first, the technology must be utilized, and 
second, there must be a positive Task-Technology Fit. If either 
the Task-Technology Fit or utilization is lacking, the 
technology will not improve the performance impact. This 
model has been formally recognized in several studies [43], 
[44], [39], [45] [46]. one of the research finding on 
Technology-to-Performance Chain model was that for 
information system users the Task-Technology Fit is more 
important than the user interface [47]. Other research  
combined the technology acceptance model (TAM) with the  
Task-Technology Fit model to study the information system 
adoption [48], [49]. The technology acceptance model is 
widely considered in information system research, but will not 
be considered as the base model for this research because of 
the lack of task focus, a weakness of the technology 
acceptance model for understanding utilization and 
effectiveness is the lack of task focus. 
 

 
 

Figure 1.  Utilization Model Research Stream 
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D. Social Cognitive Theory 
The social cognitive theory is concerned with how 

perceptions of self-efficacy affect and individual’s actions and 
motivations. According to Bandura [51], Self-efficacy is an 
individual belief in his abilities to mobilize the actions, 
motivations, and cognitive resources needed to exercise control 
over given events [50], [51], [52]. The theory is clearly well 
suited to studying the individual’s behavior in the domain of 
information system, because self-regulated behavior in terms of 
information systems seems critically important for ensuring the 
information system’s effectiveness. Self-efficacy has been 
argued as the one of the most important factors which 
motivates and regulates individual behavior [53]. Bandura 
defined self-efficacy as ‘‘People’s judgments of their 
capabilities to organize and execute courses of action required 
to attain designated types of performance [51]. Self-efficacy is 
concerned not with the skills one has but with judgments of 
what one can do with whatever skills one possesses. In other 
words, self-efficacy describes an individual's belief in his 
ability to perform a specific behavior.  

Computer Self-Efficacy (CSE) is derived from Self-
Efficacy [49], [54]. As noted by Compeau and Higgins [54], 
computer self-efficacy refers to self-assessment of an 
individual's ability to apply computer skills to complete the 
specified tasks. Computer self-efficacy has been related to 
various individual’s computing behavior, such as adoption of 
an information system [54], [55], [12]. 

 
Figure 2.  Task-Technology Fit Model Research Stream 

 
Figure 3.  Technology-to-Performance Chain Model 

The three key attributes of information security are 
confidentiality, integrity, and availability [57]. Based on these 
attributes and in line with Compeau and Higgins [54], and 
Marakas [56],  this study defines computer security self-
efficacy as the “perceived efficacy of individual ability to use 
secure online  banking technology to perform specific secure 
tasks”. 

III. PROPOSED RESEARCH FRAMEWORK 
To measure an information system’s perceived utilization 

and effectiveness, this research will adapt the technology-to-
performance chain model proposed and validated by Goodhue 
and Thompson [42], [58]. The Task-Technology Fit defined 
and measured the FIT between the task and the technology as 
an alternative user evaluation measure to the user information 
performance impact [31], [30]. That is, Goodhue and 
Thompson developed a perceived FIT measure as a substitute 
for measuring FIT as a moderator (interaction), which is the 
method suggested by Venkatraman for FIT as moderation 
models [59]. Goodhue and Thompson extended this approach 
along the theory dimension by adding utilization as a 
dependent variable. According to Goodhue and Thompson, 
there is a limitation of the utilization focus model they 
proposed [42], [58]. Utilization is not always voluntary for 
many system users and to the extent that utilization is not 
voluntary, performance impact will depend increasingly upon 
Task-Technology Fit rather than utilization. This limitation has 
been considered in this research by studying the secure online 
banking system with voluntary utilization only. 

In an attempt to address this project’s research questions, 
the intention is to ensure that Goodhue and Thompson 
technology-to-performance chain base model applies, with the 
collected data set first test without computer security self-
efficacy Fit. The base model includes four direct effects on 
effectiveness, the task characteristics, technology 
characteristic, task-technology fit, and utilization. The 
relationship between technology to computer self-efficacy fit 
and utilization was tested by previous research [46] in which 
the finding was that computer self-efficacy has a direct effect 
on utilization, but no significant FIT interaction effects. This 
research however, intends to test technology-to-performance 
chain model on online banking context that have tasks with 
security characteristics. The relationship between computer 
security self-efficacy fit and utilization need to be tested. The 
analysis then tests the additions of the computer security self-
efficacy (CSSE) construct as both a direct effect and a 
moderator fit with computer self-efficacy, that is, the proposed 
model intends to test both the effect of Task-Technology Fit 
(TTF), and the effect of Computer Security Self-Efficacy FIT 
(CSSEF) on Utilization and effectiveness.  The full proposed 
framework is shown in Fig 4. 

While a variety of definitions of the task and technology 
constructs have been suggested, this paper will use the 
definition suggested by Goodhue  and Thompson [42] who 
defined task as “Actions carried out by individuals in turning 
inputs into outputs”. When using the secure online banking 
system, the three main tasks which will be considered in this 
research are to view account details, to transfer funds, and to 
pay bills. 
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Goodhue and Thompson defined technology as “tools used 
by individuals in carrying out their tasks”. Secure online 
banking is the technology used by these research respondents. 
Table 1 shows research hypothesis. There are three gaps this 
research intends to study. Propose measurement for computer 
security self-efficacy (gap1); Effect of computer security self-
efficacy fit on utilization (gap 2) addressed at hypothesis 
number H6a; and Hypothesis number H8 summarizes the 
main research contribution this research intends to study (gap 
3) which is “In order for an information system with secure 
concerned tasks, to have a positive effectiveness outcome, 
first, the technology must be utilized; second, there must be a 
positive Task-Technology Fit; and third there must be a 
positive Computer Security Self-Efficacy Fit (CSSEF)”. The 
Proposed framework constructs with their definitions are 
shown in Table 2.  

TABLE I.  RESEARCH HYPOTHESIS 

H1a There is a direct impact of Task Characteristics on Utilization. 

H1b There is a direct impact of Task Characteristics on Effectiveness. 

H2a There is a direct impact of Technology Characteristics on 
Utilization. 

H2b There is a direct impact of Technology Characteristics on 
Effectiveness. 

H3a  There is a direct impact of Computer Self-Efficacy (CSE) on 
Utilization. 

H3b There is a direct impact of Computer Self-Efficacy (CSE) on 
Effectiveness. 

H4a  There is a direct impact of Computer Security Self-Efficacy 
(CSSE) on Utilization. 

H4b There is a direct impact of Computer Security Self-Efficacy 
(CSSE) on Effectiveness. 

H5a Increased Task-Technology Fit (TTF) has a positive impact on 
Utilization. 

H5b Increased Task-Technology Fit (TTF) has a positive impact on 
Effectiveness. 

H6a Increased Computer Security Self-Efficacy Fit (CSSEF) has a 
positive impact on Utilization. 

H6b Increased Computer Security Self-Efficacy Fit (CSSEF) has a 
positive impact on Effectiveness. 

H7 There is a direct impact of Utilization on Effectiveness. 

H8 

In order for an information system with secure concerned tasks, to 
have a positive effectiveness outcome, first, the technology must 
be utilized; second, there must be a positive Task-Technology Fit; 
and third there must be a positive Computer Security Self-
Efficacy Fit (CSSEF). 

TABLE II.  CONSTRUCT DEFINITIONS   

Construct Definition 

Task Characteristics 
Actions carried out by individuals in turning 
inputs into outputs. 

Technology 
Characteristics 

Tools used by individuals in carrying out their 
tasks. 

Computer Self 
Efficacy 

Perceived efficacy of individual ability to use 
computing technology to perform specific tasks. 

Computer Security 
Self Efficacy 

Perceived efficacy of individual ability to use 
online technology to perform specific secure 
tasks. 

Task-Technology 
Fit (TTF) 

Degree to which a technology assists an 
information system user in performing task. 
More specifically it’s the correspondence 
between Task characteristics, User abilities, and 
technology characteristics. 

Computer Security 
Self-Efficacy Fit 
(CSSEF) 

The fit between individual judgment on his 
ability to use computer and his ability to 
securely use it for secure tasks. 

Utilization 

An outcome construct that can be influenced by 
the process of design and implementation and by 
characteristics of the information system, the 
task, the individual user and their interaction. 

Effectiveness 
User’s perception of how well a technology will 
help an individual complete a specific task or set 
of tasks. 

IV. RESEARCH METHODOLOGY 
The methodology of this study mainly involves a multi-

method approach. Interviews with computer security experts 
and academics are needed to support literature and develop 
questions related to the computer security self-efficacy 
construct. A pilot study needs to be carried out to assess the 
feasibility of the survey. After validation of the survey 
questionnaire, the quantitative survey method will be used for 
data collection. For the proposed model constructs, this 
research started from a published technology-to-performance 
chain model questionnaire [42], and used by [60], [46], [61], 
[62]. This research chose those sub-constructs found in these 
previous studies that are relevant to this research, and then 
generalized the associated questionnaire items for our context. 

 
Figure 4. Proposed Research Framework 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 67



Fit is an interaction (Moderator) and thus will not be collected 
via questionnaire.  

A multi-method approach was chosen since it facilitates 
explanation and prediction as well as assisting in developing a 
more holistic view of the aspects under investigation [63]. The 
proposed framework constructs with their sources are shown in 
Table 3. We expect to have a sample size of not less than 384. 
The Structural Equation Modeling using Analysis of Moment 
Structures (AMOS) will be used as a data analysis tool in this 
research. 

TABLE III.  CONSTRUCT SOURCES  

Construct Source 
Task Characteristics [43], [65], [59], [42], [66], [67], [68] 

Main Source: [42] 
Technology 
Characteristics 

[43], [65], [59], [42], [66], [67], [68] 
Main Source: [42] 

Computer Self 
Efficacy 

[69], [29], [13], [28], [27], [54], [51, 52], [47] 
Main Source: [70] 

Computer Security 
Self Efficacy 

Literature+ Interview 
[57], [55], [51], [52], [53] ,[71], [72], [73], 
[74] 
Main Source: [75] 

Task-Technology Fit 
(TTF) 

[60], [43], [65], [59], [42], [66], [67], [68] 
Main Source:  [43] 

Utilization [47], [43], [65], [59], [42], [66], [67], [68] 
Main Source:  [43] 

Effectiveness Main Source: [42] 

V. CONCLUSION 

This paper is part of a larger research project to study the 
computer security self-efficacy effect on secure information 
system effectiveness. The study intends to develop and 
validate a measurement instrument for measuring effect of 
computer security self-efficacy on secure information system 
effectiveness. After validation of its constructs, this instrument 
is expected to show suitability for use in the study and may be 
used in similar secure information system contexts. In its use, 
the instrument will advance studies in computer security and 
information system effectiveness research. Further empirical 
research will be required for the purpose of validation. Such a 
study will strengthen or refute claims of other related studies 
and will offer theoretical contributions to the field of 
information system Security. 
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Abstract — Log periodic antenna (LPA) has been designed using 
rectangular microstrip patches with inset feed using five 
elements. The antenna elements and feeding networks is designed 
using Computer Simulation Technology (CST) Microwave 
Environment software. The manipulative variable is the spacing 
between the patches. The simulated and measured results are 
compared and it is observed that the value of return loss, VSWR 
and gain of the LPA improved when the value of spacing between 
patches, d is decreased. 

Keywords: Log periodic antenna; microstrip antenna; scaling 
factor; proximity feed; FR-4 substrate; spacing between patches; 
CST. 

I.  INTRODUCTION  
In past decades, wireless communications has been 

developing rapidly and one of the technologies that have been 
developed to cater this need is microstrip antenna. Wireless 
communication microstrip antennas operate in the microwave 
frequency range and are widely used on base stations and as 
well as in mobile handsets. Microstrip patches are often used 
as a single element antenna. It has gain popularity because of 
its main advantages of its low volume and light in weight. But, 
the most serious limitation of microstrip antenna is the narrow 
bandwidth. The bandwidth of a single element antenna is 
usually in the range of 1-3%. This narrow bandwidth is related 
to the high wave trapping action of the microstrip transmission 
line. 

One way to improve the bandwidth of the single element 
microstrip antenna is by increasing the thickness of the 
substrate or by lowering the dielectric constant. However, this 
can cause maximized power loss due to the increase surface 
wave loss of the side lobe. It can also caused radiation and 
reactance associated with the feed junction [1]. 

Alternatively, a lossy substrate can be used but the 
resulting low efficiency is usually unacceptable [2]. It can be 
concluded that microstrip antennas that operates as a single 
element usually have a relatively large half power beamwidth, 
low gain and low radiation efficiency. Thus, in order to avoid 
these problems, a number of different methods have been 
introduced to improve the bandwidth of the microstrip 
antenna. Microstrip antennas are used in array configurations 
to improve the gain and the range of the radiating structure 
[3].  

So one of the methods that can be used in order to improve 
the bandwidth of the microstrip antenna is by applying the log 
periodic technique and it is called the log periodic antenna 
(LPA). Its impedance and radiation characteristics repeat 
periodically as the logarithm of frequency thus the name log 
periodic antenna [4, 5]. LPA is in the array form with the 
purpose to increase the bandwidth as developed by P. S. Hall 
[3]. According to work done by V. B. Romodin et al [6], it is 
also has been concluded that the log periodic microstrip array 
antenna is a good choice for communications application due 
to the various frequencies obtained by only using a single 
antenna. 

Based on works done by past researchers, it has been 
proven that the log periodic technique has contributed to the 
wider bandwidth in antennas. Thus, in this paper, the LPA is 
studied by doing an analysis on the effect of spacing between 
the patches to the return loss, gain, voltage standing wave ratio 
(VSWR) and the radiation pattern of the antenna. This is 
essential as the size of the designed antenna directly affects 
the cost of its production in the fabrication stage. Apart from 
that, the simulated and measured data of the fabricated 
antenna is then compared. According to work done by P. S. 
Hall [3], the input return loss can be improved by altering the 
patch spacing, d in order to scan the beam away from the 
broadside direction.  

The log periodic antenna structure is similar to a proximity 
coupled antenna; however the elements are designed such that 
they are a log size and spacing apart. The design is based on 
the linear array of coplanar patch antennas with the size and 
spacing of the patches increasing in a log periodic manner. 
The principle of LPA requires that all the dimensions of the 
array elements to be scaled in a log periodic manner, to 
achieve a corresponding scaling in frequencies [1].  

II. SCOPE OF WORK 
The antenna scope of work is to design, to analyze and to 

measure the log periodic antenna for frequency bands of 2 
GHz – 10 GHz. The comparison between the simulated and 
measured data (measured data is obtained from the fabricated 
antenna) is done at the resonant frequency of 2.3 GHz for 
easier and clearer data comparison. SubMiniature version A 
(SMA) connector is used as the inset feed port of the antenna.  
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Figure 1 shows the design flow chart of the LPA. After all 
the specifications are known and the parameters are 
calculated, the design of antenna and simulation is done using 
the Computer Simulation Technology (CST) software to 
obtain the simulated result. Optimization is then done to 
obtain the maximized value of return loss, bandwidth and 
return loss. The simulation is repeated again in case the 
optimization value is not within the expected result. 
Fabrication is then done when the simulation result is 
satisfactorily and is producing the optimized result. Lastly, the 
measured result obtained from the fabricated antenna is then 
compared with the simulated result. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.  Design flow chart of the log periodic antenna. 

III. METHODOLOGY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Methodology of the log periodic antenna. 

Figure 2 shows the methodology of the designed antenna. 
First, the initial design specification is identified. An 
appropriate frequency range of 2 GHz – 10 GHz is selected so 
that the designed antenna is able to operate in this chosen 
frequency range. The resonant frequency chosen is at 2.3 GHz 
for easier comparison purpose. The dielectric constant of the 
substrates, εr of 4.7 is used with the material type Flame 
Retardant 4 (FR-4) and height, h1 & h2  of 1.6 mm each. Then, 
the dimension of the antenna design which are the length, 
width and spacing of the patches are calculated using the 
appropriate equations according to the scaling factor, τ of 1.05. 

 The antenna is then designed in CST. Next comes the 
optimization process which is the most crucial step in the 
design. First, the location of the inset feed, Wf  is optimized in 
the simulation to achieve the best impedance matching of 50 
ohms. Then, the width of the substrates, W is optimized 
followed by the optimization of the length, L. After obtaining 
the initial antenna performance, the spacing between patches, 
d is then varied as the manipulated variable in this design. The 
effect of it to the overall antenna performance is observed and 
analyzed. The best simulated antenna design is then fabricated 
to produce the measured result. The simulated and measured 
results is then compared for further analysis. 

IV. ANTENNA LAYOUT AND DESIGN 

TABLE I.  LPA DESIGN SPECIFICATION 

Parameter Value
Relative dielectric constant, εr 4.7
Tangent loss, tanδ 0.022
Thickness of substrate 1 & 2, h1 & h2 1.6 mm
Thickness of copper layer (ground) 0.035 mm
Centre frequency, fo (for comparison 
purpose between the simulated and 
measured result)

2.3 GHz 

Frequency range 2 GHz – 10 GHz
Scale factor, τ 1.05

 
Table 1 shows the LPA design specification. The design 

consists of five rectangular microstrip patches which have 
different lengths and different relative spacing between them.  

According to Valdez A. de A. Filho et al. [7], it is 
concluded that among circular, rectangular and square 
geometries; rectangular patch antenna has presented the best 
antenna performance. It is also concluded that the lower cut 
off frequency of the antenna arrays depended on the choice of 
patch geometry. Thus, the rectangular patches are 
implemented in the LPA. The location of the inset feed is 
optimized in the simulation in order to achieve the best 
impedance matching of 50 ohms [8]. 

Start 

Calculate the parameter needed for the LPA design using the equations 

Design antenna using CST based on the measured parameters  

Simulation and optimization of the designed antenna  

Analyze result. Is it 
within expected 

result?

Simulation and optimization of the designed antenna  

Measure the fabricated antenna using Vector Network Analyzer (VNA) 

Compare and analyze the measured 
(fabricated) result with the simulated result 

End 

Initial design specification is identified 

Dimension of the designed antenna is calculated 

Antenna is designed in CST 

Optimization process of Wf, W, L, d 

Fabrication of the antenna design 

Simulated and measured results are compared and analyzed 
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Figure 3.  Basic configuration of the LPA. 

Figure 3 shows the basic configuration of the LPA. Figure 
4(a) and 4(b) shows the schematic diagram of the antenna 
from the top and the side view designed in the simulation in 
CST. Figure 5 shows the fabricated antenna used in the 
measurement stage that is tested and measured in lab using the 
Vector Network Analyzer (VNA). 

 
(a) Top view 

 
(b) Side view 

Figure 4.  The schematic diagram of the LPA. 

 
Figure 5.  The fabricated LPA. 

The antenna consists of two isotropic dielectric substrate 
layers. There is a conventional microstrip line that is separated 
from the ground plane by dielectric substrate 1 in the bottom 
layer and in the upper layer, the patch resonators are located 
and displaced in alternate directions from the feed line as 
shown in figure 4(a). FR-4 is chosen to be used for both 
substrates due to its low in cost. 

Five patches are used in the antenna. The length (Lm), 
width (Wm), and spacing between patches (dm), are given by 
(1) where τ is the scale factor. If all dimensions of the array 
are multiplied by τ, it scales into itself with element m 
becoming element m+1, element m+1 becoming element m+2 
etc. The height of both substrate layers and feed line width is 
kept constant. The basic guidelines for the design are as 
follow. 

 

• The substrate layers are selected: which are the FR-4. 

• The upper and lower patch length is determined and then 
using (1), all the corresponding patch widths and 
elements are obtained. 

• The width of the initial patch is chosen as W = 0.8 x L in 
order to prevent higher order modes.  

• The width of the substrates, W is varied until the 
required resonant frequency of 2.3 GHz is obtained. 

• The length of the substrates, L is varied until the 
optimized value of return loss is obtained. 

• For the initial design, the value of d = 1.05 x L is used as 
an initial estimate then is varied in the simulation to 
determine the optimum spacing. The input return loss 
and gain is optimized by changing the patch spacing, d. 
 

Series feed network is chosen to be used in the log periodic 
antenna over the corporate network. According to P. S. Hall 
[9], when a corporate feed is used, the bandwidth achieved by 
the log periodic patch array can have an excitation difficulties 
and the feed line can introduce significant losses. This can be 
overcome by using the series feed network as implemented in 
this LPA. The value of the feed line width of the microstrip 
line used in the design is Wf = 2.9806 using (2). 

 

 
 

The displacement, p is obtained by taking the halves of Wf 
as shown in (3). This displacement produces a maximum 
coupling that occurs when the patch edge was above the feed 
line edge and as p decreases, the coupling reduces smoothly 
[3]. 

 

(1) 

(2)

(3)
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V. RESULT AND DISCUSSION 
The five elements of the patch is scaled log periodically 

with scaling factor 1.05. The inset feed distance of the 
microstrip antenna is matched to 50 ohm input impedance.   

TABLE II.  SIMULATED RESULT  FOR FIVE PATCH ELEMENTS WITH 10 MM, 
8 MM AND 6 MM PATCHES SPACING 

Patch Element 

Spacing 
between 

patches, d 
(10 mm) 

Spacing 
between 

patches, d  
(8 mm) 

Spacing 
between 

patches, d  
(6 mm) 

Patch 1 (mm) 10.0 8.0 6.0 
Patch 2 (mm) 10.5 8.4 6.3 
Patch 3 (mm) 11.0 8.8 6.6 
Patch 4 (mm) 11.6 9.3 6.9 
Patch 5 (mm) - - - 
Frequency (GHz) 2.3 2.3 2.3 
S11 (dB) -10.0722 -24.9109 -11.6649 
VSWR (Volt) 1.9749 1.1204 1.7067 
Gain (dB) 7.969 10.570 10.170 

 
From table II, it can be seen that when the spacing between 

patches, d is decreased, the increment does not occur linearly 
the same way to S11, VSWR and gain. They only improved 
until d is decreased to 8mm and then become worse when d is 
decreased further to 6mm. The optimum antenna performance 
occurs to d of 8 mm. This means that the performance of any 
LPA does not improve monotonically as the spacing is 
decreased or increased, but an optimum value must be 
determined through analysis during simulation. Thus, the 
design of spacing between patches, d of 8 mm with scale 
factor 1.05 is chosen to be used in the fabrication of the LPA 
due to its optimum antenna performance. 

TABLE III.  CALCULATED DIMENSION OF THE FIVE PATCH ELEMENTS 
WITH 8 MM PATCHES SPACING 

Patch Element Length, L 
(mm) 

Width, W 
(mm)  

(0.8 x L) 

Spacing between 
patches, d (mm) 

Patch 1 28.8 23.0 8 
Patch 2 30.2 24.2 8.4 
Patch 3 31.8 25.4 8.8 
Patch 4 33.3 26.6 9.3 
Patch 5 35.0 28.0 - 

 
Table III shows the calculated dimension of the five patch 

elements of the log periodic antenna with the frequency range 
of 2 GHz – 10 GHz but for comparison purpose between the 
simulated and measured data, a single resonant frequency of 
2.3 GHz is chosen. 

A. Return Loss 
Return loss is the portion of a signal that cannot be 

absorbed by the end of the line transmission or cannot cross an 
impedance change at some point in the transmission system. 
This component of the signal is reflected from the impedance 
discontinuity and travels back up the line from that point, 
since it cannot be absorbed by the termination or traverses the 
impedance irregularity and signal may be lost forever. S-
Parameters or S11 or return loss shows how much power is 
reflected form the transmitter to the antenna. The value should 
be lower than -10 dB for the best result.  

Figure 6 shows the available frequencies within the 
frequency band of 2GHz – 10 GHz which shows the 
characteristic of a log periodic antenna. Table IV shows the 
comparison of value between the simulated (from CST 
designed antenna) and measured (from fabricated antenna) 
frequencies to its corresponding S-parameter. It can be seen 
that there are slight difference between the simulated and 
measured data. This may be due to the usage of FR-4 substrate 
that has a low efficiency and thus produces losses. These 
losses might also be caused by the soldering activities where it 
could affect the copper wire’s efficiency. It is known that a 
direct hot contact on any copper material would decrease the 
conductive features inside it and affects the measured result 
from the simulated result. 

 
Figure 6.  S-parameter for frequency range of 2 GHz – 10 GHz. 

TABLE IV.  COMPARISON BETWEEN THE SIMULATED AND MEASURED 
RESULT  

Simulation Measurement 
Frequency (GHz) S11 (dB) Frequency(GHz) S11 (dB) 

2.31 -29.116 2.37 -25.854 
4.17 -10.282 4.07 -15.355 
4.64 -13.990 4.63 -25.174 
5.21 -27.349 5.29 -25.577 
6.10 -24.604 6.10 -39.970 
6.64 -25.608 6.54 -17.681 

 
In order to do a comparison between the simulated and 

measured data, a resonant frequency at 2.3 GHz is chosen. 
Figure 7 shows the comparison between the simulated and 
measured S-parameter. The simulated S-parameter is -24.911 
dB at 2.3 GHz while the measured S-parameter is -25.854 dB 
at a slightly shifted frequency of 2.37 GHz. This may be 
caused by the errors and losses that may happened during the 
fabrication process caused by soldering and etching where the 
dimension of fabricated design is not as precise as the 
dimension of the designed antenna in the simulation in CST. 

 

 
Figure 7.  Comparison of simulated and measured S-parameter at 2.3 GHz. 
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B. Gain 
Gain of an antenna is closely related to directivity and it is 

a measure that takes into account the efficiency of the antenna 
as well as its directional capabilities. It can be defined as the 
ratio of the intensity (measure of the concentration of the 
radiated power) in a given direction, to the radiation intensity 
that would be obtained if the power accepted by the antenna 
were radiated isotropically [4]. High gain antenna provides 
longer range and better signal quality. The higher the gain 
obtained, the better the performance of the antenna. By 
referring to table II, it can be seen that the spacing size 
between patches at 8 mm produces the best value of gain 
which is 10.57dB. 

C. Voltage Standing Wave Ratio (VSWR) 
VSWR is a function of the reflection coefficient, Γ which 

describes the power reflected from the antenna and is 
determined from the voltage measured along a transmission 
line leading to the antenna. The smaller the VSWR is, the 
better the antenna is matched to the transmission line and the 
more power is delivered to the antenna. A perfectly matched 
antenna would have a VSWR of 1:1 which indicates that no 
power is reflected from the antenna [10]. 

The obtained VSWR is 1.9749 volt at 10 mm spacing and 
1.1204 volt at 8 mm spacing at 2.3 GHz frequency as shown 
in figure 8. There is an improvement in VSWR as the spacing 
between patches, d is decreased. 

 
            (a) 10 mm                                     (b) 8 mm 

Figure 8.  Simulated VSWR at 2.3 GHz using spacing of 10 mm and 8 mm. 

Figure 9 shows the comparison between the simulated and 
measured VSWR. The simulated VSWR is 1.12 volt at 2.3 
GHz while the measured VSWR is 1.107 volt at a slightly 
shifted frequency of 2.37 GHz. 

 
Figure 9.  Comparison of the simulated and measured VSWR. 

D. Radiation Pattern 
Radiation pattern is a defined as a mathematical function 

or a graphical representation of the radiation properties of the 
antenna as a function of space coordinated and is determined 
in the farfield region [4]. Figure 10 and 11 shows the radiation 
pattern for different spacing between patches, d of 10 mm and 
8 mm. For d of 10 mm, the gain obtained is 7.969 dB and for d 
of 8 mm, the gain obtained is 10.57 dB. An increment of 2.601 
dB is achieved when the spacing is decreased. All the 
simulated parameters are compared in table V. 

 

Figure 10.  Radiation pattern at 2.3 GHz using spacing of 10 mm. 

 

Figure 11.  Radiation pattern at 2.3 GHz using spacing of 8 mm. 

TABLE V.  COMPARISON BETWEEN PATCHES SPACING OF 10 MM AND 
8MM 

Parameter Spacing between 
patches, d (10 mm) 

Spacing between 
patches, d (8 mm) 

S11 (dB) -10.0722 -24.9109 
VSWR (Volt) 1.9749 1.1204 

Gain (dB) 7.969 10.570 

VI. CONCLUSION 
It can be concluded that the value of return loss, VSWR 

and gain of the log periodic antenna improved when the value 
of spacing between patches, d is decreased. Based on the 
analysis, the optimum antenna performance occurred to 
spacing between patches, d of 8 mm. Note that table II shows 
that a further decrease of the spacing to 6 mm does not 
improve the antenna performance. This means that the 
performance of any log periodic antenna does not improve 
monotonically as the spacing is decreased or increased, but an 
optimum value must be determined through analysis during 
simulation. To obtain the required resonant frequency of 2.3 
GHz, the width of the substrates, W is optimized. To obtain 
the optimized value of the return loss, the length of the 
substrates, L is varied. This 2.3 GHz frequency log periodic 
antenna can be applied in Wireless Fidelity (WiFi) and 
Worldwide Interoperability for Microwave Access (WiMax). 
An example of the application is in an indoor panel antenna 
[11]. 
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Abstract—A Model reference adaptive control (MRAC) belongs 
to the class of adaptive servo system in which the desired 
performance is expressed with the help of a reference model. 
MRAC aims to create a closed loop controller with parameters 
that can change the response of the system to mimic a desired 
response. However, analysis unravels that there is a tolerance 
band for the set point change which defines the effectiveness of a 
particular adaptive gain (γ). Any changes in the set point which is 
beyond this band calls for a γ-readjustment. We propose a 
method which aims to overcome this pitfall in conventional 
MRAC by fusing fuzzy logic to dynamically vary γ. In essence, a 
fixed γ which fails to stabilize the system response in the advent 
of a large change in the average value of the set point shall be 
empowered with fuzzy logic to do the needful. Also, this concept 
never requires human interference for gain adjustment. A second 
order Linear Time Invariant system has been considered for all 
illustration. The results show considerable improvement in 
performance over the existing conventional MRAC system. 

Keywords-Model Reference Adaptive Control (MRAC); Fuzzy 
logic; Adaptive control; set point tracking. 

I.  INTRODUCTION  
Non linear control technology aims to implement high 
performance control systems when plant dynamics are poorly 
known or not known at all [1]. It spans to include four classes 
of controllers namely, Robust controllers, Adaptive 
controllers, Fuzzy logic controllers and Neural controllers. 
MRAC belongs to the adaptive control genre, which consists 
of adjustable parameters and a mechanism to adjust such 
parameters to maintain consistent system performance in 
presence of uncertainty or unknown variation in plant 
parameters. More elaborately, for a first order system given by 
(1), 
                                   .uBxAx +=                           (1) 
where x stands for the measured output and u is the control 
variable, an MRAC with a finely tuned gain γ, is capable of 
driving the closed loop system described by a model given by 
(2), where xm stands for model's response and r, the reference 
signal. 

                                  .rBxAx mmmm +=                           (2) 
In this paper, we use fuzzy logic as an inference engine and a 
carefully designed rule-base, which are typically IF-THEN 
rules [2]. 
 
In our study, we found that a particular gain value γ can yield 
effective set point tracking only if the average change in the 
set point or reference signal is within a band that a given γ can 
handle. Violation of the above value requires another γ to 
allow the needed tracking. This task of redesign can get 
sufficiently tedious and time consuming. To overcome this 
problem, exploitation of fuzzy inference can provide potential 
solution. To the best of our knowledge, no work has reported 
such a technique. Besides, trying to improve an MRAC 
performance in its native state has been relatively ignored in 
the decade gone by, which saw more of hybridizing intelligent 
control techniques with MRAC. Moreover, an explicit study 
of fuzzy logic handling any input size has not been elaborated 
so far. It shall be worthwhile to note that, while MRAC drives 
the plant's response in a manner that makes it mimic the 
output of the model, the incorporated fuzzy logic control 
claims the responsibility of providing the needed gain, 
allowing the plant to follow the specified model. Also, no 
necessity of tuning the MRAC in the advent of large step input 
is the merit of this fuzzy-MRAC hybrid genre. Standard 
metrics of performance evaluation have been provided for 
proving the efficacy of our study and solution. 
 
The organization of the paper is as follows. Section 2 presents 
a description in brief about some of the related work proposed 
thus far. Section 3 brings out a short discussion on 
constructing MRAC layout for a second order system, using 
MIT rule. Section 4 introduces the details of the study of the 
proposed problem and the solution. The simulation result of 
our proposed technique is presented in Section 5. We conclude 
the paper by posting our conclusion and few remarks along 
with the directions for future work in Section 6. 
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II. BRIEF REVIEW OF RELATED WORKS 

 
 One of the earliest related works by Cheung [3] addresses the 
issue of tuning the adaptation gains of MRAC systems using 
fuzzy logic technique. The technique was implemented and 
applied to control a vehicle suspension system under severe 
operating conditions and the results exhibited both good ride 
and handling performance as required in vehicles. But this 
work did not show any simulation results on system’s 
response for dynamically varying large changes in the set 
point of the system, under the MIT-based MRAC control. It 
shows load changes separately which does not dynamically 
vary during a single course of the system. It focuses on 
presenting a methodology of tuning the adaptation gains by 
fuzzy logic technique. 
 
Another work proposed by Yin & Lee [4], aims to incorporate 
fuzziness in MRAC, not for gain scheduling, but to represent 
the unknown parameters using the fuzzy bases function 
expansion (FBFE) and then identify the coefficients of the 
FBFE. With its aid, the unknown plant parameters are 
estimated with good precision. The fuzzy-MRAC created, in 
essence, has been shown to perform better than conventional 
MRAC. However, their investigation does not explicitly 
expose or promote any idea on exploiting such a novel method 
for ensuring good response irrespective of the size of the 
input. 
 
One of the recent work presented by Shao et al. [5], proposes a 
Neurofuzzy control based Model reference adaptive inverse 
control for induction machines, which are highly nonlinear 
and has time-varying parameters. It aims to resolve the 
shortage of MRAC by using fuzzy logic and neural network, 
based on rotor field orientation motion model of the induction 
motor. However, this exceptional proposition lacks the 
demonstration of a detailed analysis of the drawback that we 
shall discuss in the succeeding sections. 
 
The work by Liu et al. [6] is a significant proposition in that it 
aims to fuse Neurofuzzy networks with MRAC to implement a 
successful nonlinear MRAC. To validate the effectiveness, 
varying set point changes has been considered, but the case of 
system response in the advent of large change in average value 
of the step size has not been demonstrated. 
 
Evidently, the investigation that prevailed in the last decade 
focused on hybridizing intelligent control systems with 
conventional MRAC and exploiting it on SISO or MIMO 
systems, thereby showing the effectiveness of the created 
novel idea, only for a specific application. A void created by 
the absence of a generic explicit study of automatic gain 
scheduling to handle any input size has been relatively 
ignored. Our proposition aims to fill this gap between current 
trends in MRAC investigation and former findings pertaining 
to MIT-rule based MRAC. The succeeding sections justify the 
claim. 
 

III. MRAC USING MIT-RULE FOR A SECOND ORDER SYSTEM  

 
The classical approach to MRAC design of a second-order 
linear time-invariant system is presented below. The 
architecture is obtained based on the MIT rule. MRAC for 
first-order LTI system such as (1) can be found in most of the 
textbooks on adaptive control (e.g. [1]). 
 
MRAC begins by defining the tracking error e, which is the 
difference between the plant output and the reference model 
output as shown in (3). 

                          .modelplant yye −=                          (3) 

The error enables one to define a cost function, usually 
denoted by J, which depends on parameter θ adapted within 
the controller. The cost function dictates how the parameters 
are to be updated. Equation (4) shows a typical cost function. 

                            ).(
2
1)( 2 θθ eJ =                                        (4) 

Equation (5) gives the update law. 

                         .
δθ
δγ

δθ
δγθ eeJ

dt
d −=−=                      (5) 

The above relation of dθ/dt and J(θ) is known as the MIT rule 
and this rule provides the adaptive nature to the controller. The 
structure of MRAC as a function of θ1 and θ2 is displayed in 
Fig.1. The control law is defined in (6). 

                              .21 plantyru θθ −=            (6) 

We now use (3) to derive the useful expression of the given 
error in (7). 

          .modmod rGuGyye elplantelplant −=−=           (7) 

Gplant and Gmodel represent the plant and the model transfer 
functions, respectively. The change of error with respect to the 
control parameters, known as sensitivity derivative, is 
obtained in (8) and (9), by using the model parameters, instead 
of that of the plant. 
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Now the MIT rule can be applied to obtain the update rule for 
each θ. This is illustrated in (10) and (11). 
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The expressions in (10) and (11) directly translate to the 
MRAC architecture shown in Fig.2. The reference model 
should be designed next. 
For the purpose of illustration, we chose the model to have a 
Ts = 3 seconds and a ζ = 0.707, which is an industry accepted 
standard. The acceptable system response for gains is 
presented in Fig.3. It is worthwhile to note that increasing γ 
makes the system respond much faster, but the system 
threatens to become unstable. While smaller γ leads to longer 
adaptation time. The gain has to be manually tuned, based on 
the application. 

 
Fig. 1 Generalized Structure of MRAC. 

 

 
Fig. 2 MRAC layout for second order system. 

 

 
Fig. 3 System response for various γ 

 

IV. PROPOSED TECHNIQUE AND ANANLYSIS  

 
 A detailed analysis of the control strategy exploiting MRAC 
reveals that MIT rule by itself does not guarantee convergence 
or stability. An MRAC designed using MIT rule is very 
sensitive to the amplitudes of the signals. And thus, as a 
general rule the value of γ is kept small. Tuning of the same is 
crucial to the adaptation rate and stability of the controller. 
However, as the signals in a system increase, the likelihood of 
the system entering nonlinear regions of operation increases. 
For very large reference signals, this nonlinear operation will 
occur for almost every physical system. This is where the 
drawback in the conventional MIT-based MRAC will show 
up, which we aim to eliminate by including fuzzy logic 
control. Since conventional MRAC completely fails to handle 
a plant of nonlinear behavior, we consider exploiting fuzzy 
logic to vary the gain so as to help prevent instability in the 
control strategy of MRAC. To validate its efficacy we study 
the system response when subjected to large variation in the 
set-point within the ambit of a single course of the system's 
study. The succeeding subsection exhibits the fore said.  
 

A.  Potential problem in MIT based MRAC  
     Consider the response of the second order system, 
presented in Fig.2, when subjected to multiple fluctuations in 
the set-point with γ = 0.01. This is shown in Fig.4. Evidently, 
large oscillations seen with γ being the same at t = 400 units, 
while reasonably acceptable response for t ≈ 100 units unfolds 
the fact that, around the set-point about which the γ was 
designed, there exist a tolerance band which defines the 
effectiveness of the chosen γ. The near marginal stability is 
demonstrated in Fig.5 for the same γ. 
 

 
Fig. 4 Response of the second order system for 

γ = 0.01. 
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Fig. 5 Near marginal stability during the course of set-point 

tracking for slightly larger step, with γ = 0.01. 
 
Clearly, a marginal increase in the set-point fluctuation 
induces large oscillations in the transient period of MRAC 
control (around t = 300 units). The instability aspect is 
exhibited in Fig.6, showing that further increase in the input 
size drives the system to fluctuate about the declared reference 
point. One can now see that on adjusting γ to 0.005, the 
tolerance band seems to have increased, as the revised γ is 
worthy of handling an even greater size of reference 
amplitude. Fig.7 illustrates this fact. 
 
This behavior of MIT-MRAC with respect to the gain is a 
matter of concern. It is known that a lower γ leads to longer 
adaptation time which in turn leads to extended settling time 
of the system's response. 
 

 
Fig. 6 Failure of γ = 0.01 to handle the change in the set-point 

beyond its tolerance band. 
 

 
Fig. 7 Response with revised γ = 0.005. 

 
Evidently, one cannot simultaneously handle the large 
variation in set-point value and its high frequency of 
occurrence, with a conventional MRAC. Our proposed 
technique addresses this drawback of the conventional MRAC 
& provides a feasible solution. This is presented in the 
succeeding subsection. 
 

B. Proposed solution 
      We aim to resolve the above mentioned problem by 
incorporating fuzziness in MRAC. The layout of this fuzzy-
MRAC is realized in next section. We shall now turn our 
focus to the exploited fuzzy control for the purpose of 
automatic gain scheduling. The error in response between the 
model and the plant, given in (1), and the time rate of change 
of this error ė, are the parameters fed to the fuzzy logic block 
for the purpose of decision making on gain selection. Since 
these parameters are continuously varying, the γ value also 
varies throughout the course of control, till it arrives at a gain 
that suppresses the error to zero. Being able to make γ as γ(e,t) 
is the crux of the concept of handling large input size. The γ-
updation derives more from art than from scientific basis, and 
is mathematically stated by (12). 

                      γγγ Δ±= previousrevised          (12) 

The factor γΔ± , which we shall call as the correction factor 
for γ-revision, takes care of updating old γ to obtain a new 
gain as demanded by the control. 
The fuzzy control has been realized using the following 
structure of rules. 
IF (e is x) and (ė is k) THEN γrevised is m,  
where x, k, and m represents suitable linguistic variables. The 
designed rules are intuitive and are based on the following 
idea: 
[IF e is present and ė is lowered, THEN decrease γ] 
[IF e is present and ė is higher, THEN increase γ] 
[IF e is zero, THEN no modification required in γ] 
 
With a particular rule, Defuzzification provides the necessary 
numerical value to γrevised . “Centriod” is the method chosen 
for defuzzification in our simulation. The implementation of 
the proposed solution is presented in the next section along 
with the analysis of the associated statistics. 
 

V. EXPERIMENTATION AND STATISTICS 
 
 The experimentation of the proposed solution yielded 
promising results. Fig.8 shows the block diagram of the 
implementation. The MRAC block has been enclosed within 
the subsystem “MRAC”, due to space constraint. The fuzzy 
controller takes the error and the change in error, to yield a 
suitable gain in the specified range. 
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Fig. 8 Fuzzy-MRAC structure. 

 
This helps the MRAC provide the necessary control for large 
reference changes, that a mono-gain MRAC can't handle. The 
architecture of the membership function of gain is presented in 
Fig.9. The linguistic rule base designed for the fuzzy inference 
engine is presented in Table I. The acronyms used are VL-
Very Low, L-Low, ME-MEdium, MO-MOre, H-High, and 
VH-Very High. 
 

TABLE I.  LINGUISTIC RULE BASE OF THE INFERENCE ENGINE 

ė              e VL L ME H VH  
VL VL VL ME ME H 
L L L ME H H 
ME ME ME MO H H 
H H H H VH VH 
VH M H VH VH VH 

 
The design of the membership function chosen for change in 
error and the gain are presented Fig.10 and Fig.11, 
respectively. Rigorous efforts toward the choice of the range 
of action of the fore mentioned parameters can help suppress 
occasional oscillations & should certainly yield more 
appealing results, one of which is shown in Fig.13. 
 

 
Fig. 9 Membership function of gain used for the control action 
 

 
Fig. 10 Membership function of error used for the control 

action 
 

 
Fig. 11 Membership function of change in error, used for the 

control action. 
 
Noteworthy remarks highlighting the areas that our 
proposition improves is included in Fig.13. The response of 
MIT-MRAC for γ=0.01 is shown in Fig.12. Table II presents 
the performance-indices as the standard metrics to validate the 
efficacy of our experimentation. 
 

 
Fig. 12 System response for MIT-MRAC with γ = 0.01. 

 
It can be inferred from this table that though a marginal & 
insignificant degradation in ITAE has suppressed ISE by a 
significant order. Clearly, apart from the adaptive nature that 
MRAC provides, the fuzzy logic makes the entire set-up 
double adaptive in that the MRAC can now handle a signal of 
any amplitude. The constructed severely varying conditions 
show the efficacy of the concept. 
 

 
Fig. 13 System response for the considered design of the 

membership functions and the rule-base. 
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TABLE II.  VALIDATION USING PERFORMANCE INDICES 

Performance- Index MIT-MRAC 
(γ = 0.01) 

Fuzzy-MRAC 
(automatic- 
tuning) 

ISE 6762 4984 
ITAE 2.76E+005 2.77E+005 

 
The displayed results justify that fuzzy logic empowers MIT-
MRAC. 

VI. CONCLUSION AND FUTURE WORK 
The system proposed in this paper aims to fuse fuzzy logic 
with conventional MIT-rule based MRAC to handle large 
dynamic set-point changes. As far as the author's knowledge 
goes, this has not been explored so far. The result obtained by 
using this concept has demonstrated significant potential in 
handling great fluctuations in the input size. The concept also 
relieves the operator from manually tuning the gain, either 
during the course of control action, or in the advent of a large 
step size. Elimination of gain selection goes a long way in 
saving operator's time and operation cost. However, only a 
deliberately designed rule-base of the exploited inference 
engine can obtain the desired response. It becomes explicit 
from the obtained results that frequency of the reference 
fluctuation becomes a bottleneck for this genre of hybrid. The 
problem lies in the fact that, during the course of control with 
larger gain, the overshoots though of lower magnitude become 
apparent. Due to the nature of inferred control, damping 
occurs at a slower but acceptable rate. This shows up as 
slightly long settling time. It shall be interesting to determine 

if the current advances in the area of MRAC should intersect 
with the presented fuzzy-MRAC to suppresses the adaptation 
time and also improve the overall response of conventional 
MRAC. Our future work shall explore the fore mentioned 
scalability, along with the investigation of the avenues that 
should further improve the parameters that govern the 
accuracy of the MRAC’s response. 
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Abstract-- The multilayered artificial neural network 
with learning by back-propagation algorithm 
configuration is the most common in use, due to of its 
ease in training. It is estimated that over 80% of all 
the neural network projects in development use back-
propagation. In back-propagation algorithm, there 
are two phases in its learning cycle, one to propagate 
the input patterns through the network and other to 
adapt the output by changing the weights in the 
network.. 
The back-propagation-feed forward neural network 
can be used in many applications such as character 
recognition, weather and financial prediction, face 
detection etc. The paper implements one of these 
applications by building training and testing data sets 
and finding the number of hidden neurons in these 
layers for the best performance. 
In the present research, possibility of predicting 
average rainfall over Udupi district of Karnataka has 
been analyzed through artificial neural network 
models. In formulating artificial neural network 
based predictive models three layered network has 
been constructed. The models under study are 
different in the number of hidden neurons.  
Keywords: Monsoon rainfall, Udupi, prediction, 
artificial neural network, back propagation algorithm, 
multilayer artificial neural network. 
 

I. INTRODUCTION 

Weather forecasting is one of the most imperative 
and demanding operational responsibilities carried 
out by meteorological services all over the world. It 
is a complicated procedure that includes numerous 
specialized fields of know-how. The task is 
complicated because in the field of meteorology all 
decisions are to be taken in the visage of 
uncertainty. Different scientists over the globe have 
developed stochastic weather models which are 
based on random number of generators whose 
output resembles the weather data to which they 
have been fit. 
 The reason is that ANN (Artificial Neural 
Network) model is based on 'prediction' by smartly 
'analyzing' the trend  from an already existing 
voluminous historical set of data. Apart from ANN 
, the other models are either mathematical or 
statistical. These models have been found to be 

very accurate in calculation, but not in prediction as 
they cannot adapt to the irregularly varying patterns 
of data which can neither be written in form of a 
function, or deduced from a formula. These real-
life situations have been found to be better 
interpreted by 'artificial neurons' which can learn 
from experience, i.e by back-propagation of errors 
in next guess and so on. This may lead to a 
compromise in accuracy , but give us a better 
advantage in 'understanding the problem', 
duplicating it or deriving conclusions from it. 
Amongst all weather happenings, rainfall plays the 
most imperative part in human life. Human 
civilization to a great extent depends upon its 
frequency and amount to various scales. Several 
stochastic models have been attempted to forecast 
the occurrence of rainfall, to investigate its seasonal 
variability, to forecast yearly/monthly rainfall over 
some geographical area. 
The paper endeavors to develop an ANN model to 
forecast average monthly rainfall in the Udupi 
district of Karnataka. Indian economy is standing 
on the summer monsoon. So prediction of rainfall 
is a challenging topic to Indian atmospheric 
scientists. Back propagation ANN to forecast the 
average summer monsoon rainfall over Udupi 
district and aroma of newness further lies in the 
fact that here various MANN models are attempted 
to find out the best fit. 
 

II. LITERATURE SURVEY 
 
Hu(1964) initiated the implementation of ANN, an 
important soft computing methodology in weather 
forecasting. Since the last few decades, ANN a 
voluminous development in the application field of 
ANN has opened up new avenues to the forecasting 
task involving environment related phenomenon 
(Gardener and Dorling, 1998; Hsiesh and Tang, 
1998). Michaelides et al (1995) compared the 
performance of ANN with multiple linear 
regressions in estimating missing rainfall data over 
Cyprus. Kalogirou et al (1997) implemented ANN 
to reconstruct the rainfall over the time series over 
Cyprus.Lee et al(1998) applied ANN in rainfall 
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prediction by splitting the available data into 
homogenous subpopulations. Wong et al (1999) 
constructed fuzzy rules bases with the aid of SOM 
and back-propagation neural networks and then 
with the help of the rule base developed predictive 
model for rainfall over Switzerland using spatial 
interpolation. Toth et al. (2000) compared short-
time rainfall prediction models for real-time flood 
forecasting. Different structures of auto-regressive 
moving average (ARMA) models, ANN and 
nearest-neighbors approaches were applied for 
forecasting storm rainfall occurring in the Sieve 
River basin, Italy, in the period 1992-1996 with 
lead times varying from 1 to 6 h. The ANN 
adaptive calibration application proved to be stable 
for lead times longer than 3 hours, but inadequate 
for reproducing low rainfall events. Koizumi 
(1999) employed an ANN model using radar, 
satellite and weather-station data together with 
numerical products generated by the Japan 
Meteorological Agency (JMA) Asian Spectral 
Model and the model was trained using 1-year data. 
It was found that the ANN skills were better than 
the persistence forecast (after 3 h), the linear 
regression forecasts, and the numerical model 
precipitation prediction. As the ANN model was 
trained with only 1 year data, the results were 
limited. The author believed that the performance 
of the neural network would be improved when 
more training data became available. It is still 
unclear to what extent each predictor contributed to 
the forecast and to what extent recent observations 
might improve the forecast. 
 
Abraham et al. (2001) used an ANN with scaled 
conjugate gradient algorithm (ANN-SCGA) and 
evolving fuzzy neural network (EfuNN) for 
predicting the rainfall time series. In the study, 
monthly rainfall was used as input data for training 
model. The authors analyzed 87 years of rainfall 
data in Kerala, a state in the southern part of the 
Indian Peninsula. The empirical results showed that 
neuro-fuzzy systems were efficient in terms of 
having better performance time and lower error 
rates 5 compared to the pure neural network 
approach. Nevertheless, rainfall is one of the 20 
most complex and difficult elements of the 
hydrology cycle to understand and to model due to 
the tremendous range of variation over a wide 
range of scales both in space and time (French et 
al., 1992). 
 

III. ARTIFICIAL NEURAL NETWORK 
 
A neural network is a computational structure 
inspired by the study of biological neural 
processing. There are many different types of 
neural networks, from relatively simple to very 
complex, just as there are many theories on how 
biological neural processing takes place. 

A) Feed Forward Network 
A layered feed forward neural network has layers, 
or subgroups of processing elements. A layer of 

processing elements makes independent 
computations on data that it receives and passes the 
result to another layer. The next layer may in turn 
make its independent computations and pass on the 
result to yet another layer. Finally, a subgroup of 
one or more processing elements determines the 
output of the network. Each processing element 
makes its computation based upon a weighted sum 
of its inputs. The first layer in the input layer and 
the last layer is the output layer. The layers that are 
in between these two layers are the hidden layers. 
The processing elements are seen units that are 
similar to neurons working in the brain, and hence, 
they are referred to as cells, neuromines, or 
artificial neurons. A threshold function is 
sometimes used to qualify the output of a neuron in 
the output layer. Even though our subject matter 
deals with artificial neurons, we will simplify them 
as neurons. Synapses between neurons are referred 
to as connections, which are represented by edges 
of a directed graph in which the nodes are the 
artificial neurons. 
 

 
 

Fig.1—Layout of feed forward neural network 
 

IV. EXPERIMENTAL SETUP 
 
The model building process consists of four 
sequential steps: 
1. Selection of the input and the output data for 
the supervised BP learning. 
2. Normalization of the input and the output 
data. 
3. Training of the normalized data using BP 
learning. 
4. Testing the goodness of fit of the model. 
5. Comparing the predicted output with the 
desired output. 
 
A) Selection Of The Input And The Output Data 
 
In Udupi, Karnataka, the months of April to 
November are identified as the rainfall season with 
May, June, July, August, and October as the main 
monsoon seasons. Thus the present study explores 
the data of these 8 months from 1960 to 2010. 
There will be 400 entries in the output and the input 
files. The Input parameters are the average 
Humidity and the average Wind Speed for the 8 
months of 50 years from 1960-2010 making it a 
2*400 matrix. In the output parameter is average 
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rainfall in the 8 months of every year from 1960 -
2010. The input file consists of 2 rows and 400 
columns while the output file consists of 1*400 
matrix. The data stated above was retrieved from  
www.Indiastat.com and the IMD website. 
The unknown values were randomized keeping in 
mind the average value of the data. 
 

B) Normalization of Data: 
 
The input and the output data obtained have to be 
normalized because they are of different units and 
otherwise there will be no correlation between the 
input and the output values.  
First the mean of all the data separately were taken  
for humidity, wind speed and rainfall. 
Let the mean be M. 

M= sum of all entries/number of entries 
Then the standard deviation, SD, for each of these 
parameters individually were calculated. 
Now after having the values of mean and SD for 
every parameter, the values for each parameter 
were normalized 
Normalized value = (x-M)/SD 
 

C) Training of input Data- 
 

After obtaining the normalized data, the next step is 
to train the input data using matlab Back-
propagation Algorith(BPA). The proposed ANN 
model is basically a three layered ANN back 
propagation learning. The algorithm takes only 70 
percent of the input data for training. So out of 400 
samples only 280 are taken for training and these 
are selected randomly from the set of data. For 
every attempt of training the data, the algorithm 
selects the training sample randomly from the 
whole set and not a fixed set of data and so every 
time you train the data, we get different values of 
mean square error (MSE) depending upon which 
70 percent of the input data is chosen for training. 
Rest 60 samples are kept for validation and the 
remaining 60 samples are kept for testing. 
 

D) Testing and Validation 
 

Testing is done after the training of the data is 
complete and the error is below the tolerance 
levels. The BPA keeps 30 % of the input data for 
testing and validation. So out of 400 samples, 60 
are used in testing and another 60 are used for 
validation.  
 

E) Comparison Of Actual Data And 
Predicted Data 

 
After the testing is done, the results are saved in the 
workspace and a graph is plotted between the 
actual output and the predicted output so that a 
comparison can be made. The graph is an efficient 
way of comparing the two types of data available 
with us. It can also be used to calculate the 
accuracy of the model. 

In this paper when a graph was plotted between the 
actual and the predicted values , it showed high 
degree of similarity between them hence proving 
that our ANN model is quite accurate in prediction. 
The following is an example of the the graph that is 
plotted after the testing and validation part is over 
 

 
Fig. 2- Snapshot of a comparison graph between the actual data 

and the predicted data 
   
The experiments were performed on the following 
Neural Network : 

a) Feed Forward with Back –Propagation 
b) Layer Reccurent 
c) Cascaded feed Forward back Propagation 

 
V. RESULT AND DISCUSSION 

 
There are two tools for implementing the 
algorithms in matlab. They are- 

• Nntool – open network/data manager. 
The single layer and the multi layer 
algorithms are implemented in the nntool- 
open network/ data manager. 

• Nftool – Neural network fitting tool. 
Only back propagation algorithm is 
implemented in this matlab tool. 

Back Propagation Algorithm (BPA) was 
implemented in the nftools and a minimum MSE 
was obtained and a graph was plotted between the 
predicted values and the target values. 
 
The following are the values recorded using the 
nftools  

MSE = 3.6456  
The regression can be plotted as follows  

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 84



 
Fig. 3 Regression plot in nftools of  Back-Propagation 

Algorithm (Single Layer) 

The performance can be plotted as  

 

Fig .4  Performance of  Back-Propagation Algorithm (Single 
Layer) 

The predicted values by BPA in nftool can be 
compared with the actual values in the following 
graph  
 

 
Fig 5. Back Propagation Algorithm  results with target results 

(single-layer) 
 
The results were fairly good and high degree of 
accuracy was obtained by observing the graph 
above. The MSE was also within the tolerance 
levels and the BPA algorithm turned out to be a 
great success. 
The implementation of multi-layer architecture was 
done using NNTOOL in MTALAB  

Three algorithm were tested in multi-layer 
architecture: 

1. Back Propagation Algorithm (BPA) 
2. Layer Recurrent Network(LRN) 
3. Cascaded Back-Propagation (CBP) 

 
The BPA implemented in the nntools showed great 
consistency and accuracy with the target data. The 
following table gives the results of different cases 
of BPA as observed 
For multilayer architecture three hidden were used 
along with one input and one ouput layert and  10-
20 neurons per layer were deployed to be used in 
experimental for Back-Propagation, Layer 
recurrent and Cascaded Back propagation 
First Nntool was used  for testing Back-
Propagation Algorithm with the sample data and 
following obersation were made: 
 

TABLE-I  CASES FOR BPA 
S.No. Training 

function 
Adaptive 
Learning 
Function 

No. Of 
Neurons 

Mean 
Square 

Error(MSE) 
Case1 TRAINLM Learngdm 10 0.47 

Case2 TRAINLM Learngd 10 0.52 

Case3 TRAINLM Learngdm 20 0.44 

Case 
4 

TRAINLM Learngd 20 0.48 

Case 
5 

TRAINRP Learngdm 10 0.46 

Case 
6 

TRAINRP Learngd 10 0.57

Case 
7 

TRAINRP Learngdm 20 0.42 

Case 
8 

TRAINRP Learngd 20 0.46 

 
Case 7 in the table above has the minimum MSE 
and so is the best case of BPA. Its performance can 
be plotted as follows  

 
Fig 6 Back Propagation Algorithm  case 7 performance 

 
The graph is plotted between MSE and epochs. 
Train, validation and the test parameters are plotted 
against the best case. The figure clearly shows that 
the best validation check occurred at epoch 10.  

The final result can be ploted in the 
following figure  
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Fig 7  Back Propagation Algorithm  case 7 final results with 

target results. 
 
The figure above clearly shows high level of 
accuracy and precision. Also the predicted values 
follow the same trend as that of the target values 
and the deviation or fluctuations in the graph is the 
least. 
Hence BPA is the best algorithm for training data 
in the NNTOOLs. 
 
 
The results of various cases of LRN are shown 
below. All the cases are similar to BPA in training 
function used and the number of neurons tested 
with except the MSE which has been a bit different 
than that of BPA. 
 

TABLE II  LRN CASES 
 
S.No. Training 

function 
Adaptive 
Learning 
Function 

No. Of 
Neurons 

Mean 
Square 

Error(MSE) 
Case1 TRAINLM Learngdm 10 0.44 

Case2 TRAINLM Learngd 10 0.45 

Case3 TRAINLM Learngdm 20 2.04 

Case4 TRAINLM Learngd 20 0.49 

Case5 TRAINRP Learngdm 10 1.48 

Case6 TRAINRP Learngd 10 1.21 

Case7 TRAINRP Learngdm 20 0.47 

Case8 TRAINRP Learngd 20 1.30 

 
Clearly the best case in the above figure is case 1 
with the least MSE. Its performance can be plotted 
as follows  

 
Fig 8 Layer Recurrent  case 1 performance 

 
This figure shows the best case of LRN. The best 
validation check occurs at epoch 0. 
The final results of case 1can be plotted as 
follows  

 
Fig  9 LRN case 1 final result with target result 

 
This algorithm also shows high level of accuracy 
but in some cases the MSE was quite high as 
compared to BPA. 
The different cases of the CBP algorithm have been 
listed in the given table. 

TABLE III CBP CASES 
 
S.No. Training 

function 
Adaptive 
Learning 
Function 

No. Of 
Neurons 

Mean 
Square 

Error(MSE) 
Case 1 TRAINLM Learngdm 10 0.50 

Case 2 TRAINLM Learngd 10 0.52 

Case 

3 

TRAINLM Learngdm 20 0.47 

Case 4 TRAINLM Learngd 20 0.61 

Case 5 TRAINRP Learngdm 10 0.54 

Case 6 TRAINRP Learngd 10 1.47 

Case 7 TRAINRP Learngdm 20 0.50 

Case 8 TRAINRP Learngd 20 1.52 

 
The best case of CBP algorithm is case 3 with the 
least MSE. Its performance is plotted as follows  
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Fig 10  Cascaded Backprogation Algorithm case 3 performance 
 
The best validation check is at epoch 9. The final 
results can be plotted as follows  

 
Fig 11 Cascaded Backprogation Algorithm case 3 final results 

with target results 
 
The CBP algorithm showed high MSE in almost 
every case as compared to BPA or LRN. 
Also, its results were deviating from the fact that as 
number of neurons increases, the MSE decreases. 
 

VI. CONCLUSION 
 

From the experimental study the following 
observation were made : 

• As the number of neurons increases in an 
ANN, the MSE decreases. 

• BPA is the best algorithm out of the three 
tested. 

• LEARNGDM is the best learning function to 
train your data with. 

•      LEARNGD is a bit time consuming. 

• TRAINLM is the best training function. 

• Multi-layer Alogorithm  is better than 
Single-layer algorithm terms of 
performance. 

• NNTOOLS should be used to implement the 
prediction algorithms as a it gives an option 
of implementing algorithms other than BPA. 

• Larger the amount of input data, lower is the 
MSE after training.  

• The input /output data should be normalized 
if they are of very high order. 
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Abstract—System design’s sizing and natural environmental 
analysis are two common issues and considered to be among the 
most crucial part of the study with the objective of enhancing the 
Grid-connected Photovoltaic (GCPV) performance in Malaysia’s 
perspective. This a-Si GCPV system located near to the Green 
Energy Research Centre (GERC) Building at Universiti 
Teknologi MARA (UiTM), Shah Alam, Malaysia. This a-Si 
GCPV system installation was referred to Malaysian Standard 
MS1837:2010 and designed based on initial data values of PV 
module characteristics. To date, various of GCPV system 
applications using thin-film (TF) PV module technologies in 
Malaysia were designed at stabilized data value. So, this system is 
conducted to study the derating factor for matching inverter and 
PV array sizing and behavior of a-Si FS GCPV system under 
Malaysia’s real condition. The P-V analysis fully utilizes the in-
field data as a guidelines for sizing inverter and PV array, with 
the aim of guiding the system designer during initial design stage 
for Malaysia’s climate.  

Keywords- amorphous-Silicon (a-Si); Free-standing (FS); Grid-
connected inverter; Initial system design; Photovoltaic (PV); Thin-
film (TF) 

I.  INTRODUCTION  
Debates among the PV experts in terms of economical 

viability for optimization of the system design are still ongoing 
to date. Some of the researcher introduces a rule-of-thumb 
method to quantify the optimum sizing and other researcher’s 
come out with their concrete explanation to estimate the 
desirable sizing factor in their system respectively. However, 
this problem must be decided whether to achieve the high-
energy yield for economic gain in terms of system cost 
installation and energy payback period. Though, in view of 
these days, the consideration on the system design become 
more crucial in order to make sure the system is reliable and 
optimized. Therefore, the system designer should take 
precedence the reasonable decision on the selection on the BOS 
components during initial design stage. 

The current practice of under-sizing the inverter’s nominal 
power with respect to the PV array  power may not be the best 
choice for thin-film PV module technologies under hot and 
tropical than a cooler climate because of the different 
irradiation level and operating temperature based on the 
geographical site[1,2]. Previously research for cooler climate 
was suggested that under-sizing up to 40% of the inverter 
nominal power with respect to PV array power is the best 
choice to maximize the energy injected to the utility grid 
[2,3,4,5]. However, the “rule of thumb” is widely used that 

approximately 10% to 40% under-sizing of inverter power is 
not suitable especially in the different geographical location 
and local climate condition[1,4]. This rationale contradicts to 
the “rule-of-thumb” for cooler climate, the inverter nominal 
power can be considered lower than the PV array power at 
Standard Test Condition (STC), which might lead to energy 
losses, especially operating at warm and tropical climate such 
as in Brazil, where there is a high incidence of clear skies and 
the energy distribution of sunlight was shifted to higher 
irradiation levels [1,6,7] and the temperature influenced by a 
smaller of temperature coefficients of power such as thin-film 
modules made thin-film module reacts with a better 
performance than crystalline technology in hot and tropical 
climate. Typically, thin-film modules present a negative 
temperature coefficient of power value of  γ Pmp ≈   -0.20%/°C 
(a-Si) until γ Pmp ≈ -0.38%/°C (CIGS) [8,9]. The size of the 
inverter chosen either too small or too large with respect to the 
PV array rating will give the direct impact to the considerable 
energy losses will occur at high irradiance levels due to inverter 
clipping or the limited power output, which required to avoid 
damage to the inverter, whereas, if the size of the inverter is too 
small it will lead to a lower efficiency during the low irradiance 
levels which increased the cost of the inverter prices and reduce 
the financial viability of system. Besides that, the effects of the 
initial module degradation were taken in consideration in terms 
of the sizing ratio especially in the thin-film PV module 
technologies[5,10,11]. 

The paper represents a P-V analysis technique which can 
help in determining the preliminary of power sizing in terms of 
GCPV system design and the results for one-year period at 
outdoor field of a 1.179 kWp FS GCPV system using a-Si PV 
modules technology located at UiTM Shah Alam, Malaysia. 
Data were collected on June 2011 until May 2012 and analysed 
to estimate the sizing derating factor for inverter and PV array 
power of a-Si FS GCPV system  in Malaysia’s field. 

II. SYSTEM DESCRIPTION 

A. Charcateristics of 1.179 kWp a-Si FS GCPV system 
The a-Si GCPV system is located at the latitude of 3° 04’ 

08.79’’N and longitude of 101° 29’ 49.66’’E and the  
installation meet all requirements of the Malaysian Standard 
(MS 1837:2010) for installation of Grid-connected 
Photovoltaic (PV) system [12]. This a-Si FS GCPV system  
installation was designed based on initial data values of PV 
module characteristic used a-Si PV modules with nominal 
power capacity of about 1.179 kWp as shown in TABLE II. 
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TABLE I.  A-SI FS GCPV SYSTEM DESCRIPTIONS.  

System Description 
Location 
 
 

Green Energy Research Centre, 
Faculty of Electrical Engineering,  
Universiti Teknologi MARA (UiTM)  

City / Country Shah Alam, Malaysia 
Tilt angle / orientation 
System / Mounting type 

15° / South  
Grid-Connected/ Free-standing 

Array Configuration 
Nominal power 

5 parallel x 3 series 
1.179 kWp (15 Units) 

TABLE II.  KANEKA K60 PV MODULE SPECIFICATIONS [13]. 

PV module Specification 
PV technology Thin-film (TF) 
PV module type Amorphous Silicon (a-Si) 
Model Kaneka K60 
 
Pmp_stc  ( W ) 
Voc_stc   ( V ) 
Isc_stc     ( A ) 
Vmp_stc  ( V ) 
Imp_stc   ( A ) 
Module efficiency (%) 

Initial value 
78.6 
95.6 
1.22 
74 

1.06 
n.a 

Stabilized value 
60 
92 

1.19 
67 
0.9 

6.31 

TABLE III.  GRID-CONNECTED INVERTER SPECIFICATIONS [14]. 

Inverter Subject Specification 
Input Max. DC power 1320 W 
 Max. DC voltage 400 V 
 MPP– voltage range 100 V- 320 V 
 MPP– voltage range 100 V- 320 V 
 Max. input current 12.6 A 
Output Max. AC power 1200 W 
 Nominal AC output 1200 W 
 Max. output current 6.1 A 
Efficiency Max. efficiency/ Euro-eta 92.1%/90.9% 
General Data Operating temperature range –25 °C … +60 °C 
 Topology LF transformer 

III. METHODOLOGY 
The monitoring system complies to meet the requirements 

of IEC 61724 international standard [15] and within the 
International Energy Agency Photovoltaic Power System (IEA-
PVPS) Program Task 2 framework [16]. The electrical system 
installation procedure of this GCPV system was conducted by a 
certified electrician and referred to the Malaysian Standard: MS 
1837:2010. An irradiance sensor and two platinum sensors 
(PT100) for measuring temperature are used to obtain the 
meteorological parameters for the purpose of performance 
monitoring. For general data acquisition, SMA system 
monitoring measurement are presented in TABLE IV. The 
parameters being monitored as shown below;  

TABLE IV.  PARAMETERS MEASUREMENT OF A-SI FS GCPV SYSTEM. 

Electrical Meteorological 
DC current,  DC voltage Total  irradiance, G (W/m2) 
AC current,  AC voltage Ambient temperature, Tam (°C ) 
AC power,  Pac (W) Module temperature, Tm    (°C ) 
Array output energy, EA (kWh)  

 
By multiplying the peak rating of the PV array power at 

STC, kWp , peak sun hour (PSH), h for specific tilt angle and 
de-rating factors that affected the PV performances, the 
predicted energy yield, E , expressed in kWh of the system 
can be obtained by following equation; E P _ _ PSH                (1) 

Besides that, _  calculated using equation (2); 

_   _    (2) 

Where _  is the expected total amount of reduction 
factor in various losses involved and affected the power output 
generated by the PV array are included in _  which can 
be expressed in equation (2). This amount is very important to 
estimate the energy supplied from PV system to energy 
required after a specific year. In addition, a good system 
designer will be taking the aging effect factor in the energy 
generation over the lifetime of the system. Among those 
parameters, the de-rating factor value of the inverter-to-PV 
array power, k depends on the type of PV module technologies 
used. It is an important parameter that is needed by matching 
the inverter and PV array for sizing purposes. The inverter 
nominal power, Pnom_inv  can be obtained by calculating the 
peak power rating of PV array at STC, by multiplying with the 
value of k. The ratio between these two powers is called as 
“Inverter-to-PV array” and is defined as; Pnom_inv  P _            (3) 

Where; P _  Peak power rating of the PV array at STC, in kWp Pnom_inv   Inverter nominal power, in kW 
k Inverter-to-PV array power of de-rating factor,  

dimensionless 
 
In Malaysia’s climate, the derating factor of 0.75–0.80 for 

crystalline modules. However, for thin-film modules, the de-
rating factor for inverter-to-PV array ratio range is 
recommended between 1.0 to 1.3 based stabilized system 
design [17]. It is very important to determine the appropriate 
de-rating value for inverter-to-PV array power sizing to avoid 
any power losses in the PV system. An optimal inverter-to-PV 
array power can help giving the best estimation for matching 
inverter and PV array design in terms of averting energy 
wastage and maintain minimal cost of inverter from over-sizing 
or under-sizing when comparing with the PV array power. 

Generally, about  51367 continuous data were taken for this 
system with average samples for every 5- minutes via SMA 
system monitoring. All data set were collected and analyzed for 
one-year period range from June 2011 until May 2012. 

IV. RESULTS AND DISCUSSION 

A. Solar Irradiance And Temperature Analysis 
 The power generates depend mainly on the irradiance and 

temperature at PV site installation. So, the geographical 
distribution at the specific site is very important parameters to 
identify and gather related information such as solar irradiance 
and temperature before any PV installation implemented. 
Figure 1 below shows the distribution of irradiance and 
average operating module temperature throughout the period 
monitored. 

 
Figure 1.  Distribution occurrence of the irradiance in bins representing in 
percentage (June 2011 – May 2012). 
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Figure 1 represents the distribution of the irradiance 
received and average operating module temperature using 5-
minute averages. Each bar corresponds to the percentage of the 
irradiance content in interval width of 50 W/m2. Looking at 
the high peak of the irradiance level shows that only some 4% 
of the daytime have instantaneous irradiance levels more than 
G ≥ 950 W/m2. Within one-year period’s data were recorded, 
96% of the irradiance percentage occurred lies in the range 
900-950 W/m2 with an average for module temperature 
operated at 59.7°C.  

 
Figure 2.  The distribution of operating module temperature over monitored 
period (June 2011-May 2012). 

Referring to Figure 2 above, the results indicate that the 
maximum operating module temperature was measured at 
72.0°C and the minimum about 22.4°C. In current practice in 
Malaysia’s climate, it is recommended that the highest 
expected cell temperature, cell_max be set at 75°C and the 
lowest expected cell temperature, cell_min at 20°C [17], which 
is commonly used in the morning to ensure the inverter 
operates well and safely at its maximum inverter efficiency 
during peak irradiance occurred in Malaysia’s field condition. 

However, the lowest of operating module temperature 
recorded shown that the operating module temperature had not 
reach less than 20°C throughout the one-year period. So, it is 
recommended as the lowest expected cell temperature for cell_min  set to be 20°C. Other than that, cell_max  = 75°C is 
recommended to use for safety reason because the measured 
data for operating module temperature over one-year period is 
reached as high as 72.0°C at this location.  

B. Derating factor of AC Inverter-to-PV array ratio (System 
Performance) 
Figure 3 explains the relationship between power output 

and operating array voltage over the monitored period. This 
system is purposely designed to assess the behaviour of a-Si 
PV modules and estimate the actual value of the derating 
factor in terms of the matching the inverter with respect to the 
PV array power, k. So, the inverter was designed with 
oversized around 102% of the PV array power to determine on 
how much power generates by a-Si modules under Malaysia’s 
climate. In addition, this system was designed based on initial 
data values to know the reliability and durability to handle the 
behaviour of initial higher in power level of a-Si thin-film that 
the typically process of stabilization period claimed more than 
one-year in hot and humid climate [6,7]. Most of the a-Si PV 
modules in GCPV system in Malaysia were designed based on 
stabilized data values. 

Based on calculation design for a-Si FS GCPV of a-Si 
thin-film modules after considering power losses about _   1.02 is higher than the actual value is around _     
= 0.74 in June, 2011. In other words, the actual value of 
inverter-to-PV array ratio, k is ~74% during June, 2011. It 
meant that the inverter is oversized than the peak power rating 

of PV array, hence the inverter operates well without clamping 
the power produced by PV array with daily inverter efficiency 
ranged from 90.5% to 91.2%. The “clamp” phenomenon of the 
power will occur if the power generated exceeds than _   
= 1.02 of the inverter power sizing. 

If the operating array voltage is lower than the minimum  
window voltage of  the inverter, Vmin_win_inv, it will 
automatically turn off itself. In addition, the operating array 
open-circuit voltage, Voc_array_stc of the PV array should be 
never greater than the maximum window voltage of the 
inverter, Vmax_win_inv to avoid the maximum open circuit 
voltage harm the inverter components. The input MPP-voltage 
limit of the SMA SB 1200 inverter’s ranges 100Vdc – 320Vdc , 
whereas the maximum input DC voltage of the inverter, 
Vmax_inv_input about 400Vdc [14]. The sizing informations are 
tabulated in TABLE V below. 

TABLE V.  A-SI FS GCPV SYSTEM SPECIFICATIONS. 
Inverter/PV array Specification 
Pnom inv/Parray stc (k_design) 1.02 
Vmax inv input/Vmp array stc 1.80 
Vmax win inv/Vmp array stc 1.44 
Vmin win inv/Vmp array stc 0.45 
Voc stc array/ Vmp array stc 1.29 

 
Figure 3.  Monthly AC power-voltage characteristic of a-Si thin-film modules 
in June 2011. 

 
Figure 4.  Monthly AC power-voltage characteristic of a-Si thin-film modules 
in July 2011. 

 
Figure 5.  Monthly AC power-voltage characteristic of a-Si thin-film modules 
in August 2011. 
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Figure 6.  Monthly AC power-voltage characteristic of a-Si thin-film modules 

in September 2011. 

 

 
Figure 7.  Monthly AC power-voltage characteristic of a-Si thin-film modules 

in October 2011. 

 

 
Figure 8.  Monthly AC power-voltage characteristic of a-Si thin-film modules 

in November 2011. 

 

 
Figure 9.  Monthly AC power-voltage characteristic of a-Si thin-film modules 

in December 2011. 

 
Figure 10.  Monthly AC power-voltage characteristic of a-Si thin-film modules 

in January 2012. 

 

 
Figure 11.  Monthly AC power-voltage characteristic of a-Si thin-film modules 

in February 2012. 

 

 
Figure 12.  Monthly AC power-voltage characteristic of a-Si thin-film modules 

in March 2012. 

 

 
Figure 13.  Monthly AC power-voltage characteristic of a-Si thin-film modules 

in April 2012. 
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Figure 14.  Monthly AC power-voltage characteristic of a-Si thin-film modules 

in May 2012. 

From the scatter graph in Figure 3 - 14, it can be seen that 
the scatter data point for operating DC voltage was operating 
safe within the allowable window voltage range of the input 
inverter MPP-voltage limit. It is very important to remain the 
operating DC voltage fall within the MPP-voltage range to 
ensure the inverter work at it best efficiency under all expected 
weather conditions.  

C. Derating factor of DC Inverter-to-PV array ratio (Module 
Performance) 
As PV module and PV array output are degraded on the 

performance over the lifetime of the PV system, the designer 
must be careful to keep the array voltage matched within the 
rated range of the chosen inverter. Apart from that, the highest 
power was generated by a-Si PV modules during the month of 
September 2011 and October 2011 with 0.91 and 0.94 
respectively, i.e. the actual value derating factor of kdc about 
91% and 94% as shown in Figure 15 and Figure 16. 

  
Figure 15.  DC power-voltage characteristic of a-Si thin-film modules in 

September 2011 

 
Figure 16.  DC power-voltage characteristic of a-Si thin-film modules in 

October 2011. 

D. Summary of AC/DC Inverter-to-PV array ratios 
The derating factor actual values in terms of AC/DC 

inverter-to-PV array ratios are summarized in TABLE VI. 

 

 

TABLE VI.  DERATING FACTOR FOR INVERTER-TO-PV ARRAY RATIOS 
BASED INITIAL DATA. 

MONTH 
MONTHLY 

IRRADIATION
(KWH/M2) 

AC INVERTER-TO-
PV ARRAY RATIO 

(%) 

DC INVERTER-TO-
PV ARRAY RATIO  

(%) 
JUNE 109.85 0.74 0.82 

JULY 123.87 0.69 0.75 

AUGUST 126.76 0.84 0.92 

SEPTEMBER 127.05 0.82 0.91 

OCTOBER 127.33 0.85 0.94 

NOVEMBER 113.80 0.75 0.83 

DECEMBER 103.44 0.76 0.84 

JANUARY 133.85 0.80 0.89 

FEBRUARY 124.63 0.81 0.90 

MARCH 126.83 0.77 0.85 

APRIL 134.18 0.75 0.83 

MAY 121.79 0.66 0.72 

 

To date, many inverters have equipped with higher 
efficiency. By multiplying the derating factor of module 
performance, kdc with maximum efficiency of the inverter 
selected. The system designer can obtain the derating factor 
for overall performance within the system, kac including power 
losses.  In calculating the overall system for derating factor, kac 
with different efficiency of the inverter selection, ac can be 
calculated using equation (4);                (4) 
 
Where; 

inv  Maximum efficiency of the selected inverter, in decimal. 

E. Data Availability 
The a-Si GCPV system was operated for one-year period 

with data availability of the system achieved of 99%. By the 
end of May 2012, this a-Si PV system was operated for about 
362 days out of 366 days since commissioning as tabulated in 
TABLE VII below. The a-Si FS GCPV system was 
commissioned on 3rd June 2011 and the overall system 
performance is still monitored until today.   

TABLE VII.  DATA AVAILABILITY OF THE SYSTEM OVER MONITORED 
PERIOD. 

Year Month  Data availability 
2011 June 28 operating days 
 July 31 operating days 
 August  31 operating days 
 September  30 operating days 
 October  31 operating days 
 November  30 operating days 
 December 31 operating days 
2012 January 31 operating days 
 February 29 operating days 
 March 30 operating days 
 April 30 operating days 
 May 30 operating days 

V. CONCLUSION 
The optimal sizing of an inverter with respect to the peak 

power of the PV array rating at Standard Test Conditions 
(STC) depends on the geographical and climate. It shown that 
the sizing values are differently between months based on 
solar irradiation, and temperature received. In this system, the 
optimum inverter-to-PV array ratio,  were ranged in 
between 0.82 and 0.85 after considering power losses. If the 
system designer proposes with different of inverter 
efficiencies, the recommended values of the inverter-to-PV 
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array ratio,  for thin-film modules before excluded power 
losses were ranged from 0.91 to 0.94. To get the values of  
, the system designer can use the equation (4).  Other than that, 
for the lowest expected cell temperature cell_min  is 
recommended to be set at 20°C and cell_max = 75°C because 
the operating module temperature for free standing type is 
lower than building-integrated normally set to be at 80°C. On 
top of attaining experience on the sizing, design and 
installation of GCPV system, this research study aims at 
performing an analysis on the behaviour of one of the thin-
film PV module technologies available in order to establish the 
optimized GCPV system under Malaysia’s field. 
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Abstract— The demand for the Femtocells deployment is in the 
rise since it enhances the wireless link and increase the capacity 
for the wireless network. Femtocell is a home base station 
designed for use in residential and business areas such as houses, 
apartments, offices, schools, and markets. It connects to the 
service provider’s network via broadband and normally supports 
2 to 6 mobile phones in a small area. Using femtocell will enhance 
the indoor coverage, save power since it reduces the transmitted 
power, and in the same time reduce the traffic on microcell. 
However, the most important challenge in femtocell deployment 
is interference mitigation and management. In this paper, a state 
of the art literature review on mitigating interference is 
presented. First, interference in femtocell environment is 
classified from different point of views. Then, open issues for 
femtocell interference research are discussed. 

Keywords- Femtocell, Macrocell, Interference Manaement, 
Frequency reuse, Cognitive Radio, Resource Management, 
OFDMA. 

I.  INTRODUCTION 
The rapid development of smart phones and tablet PCs has 

caused the shifting of Cellular networks from being essentially 
voice networks to become mostly data networks. This leads to 
unpredictable growth in global mobile and internet data traffic 
rate. It is expected that monthly global mobile and tablet data 
traffic will exceed 11 exabytes in 2016 [1]. Moreover, the 
attenuation of cellular signal inside buildings reduces the 
signal strength and makes the signal not available in some 
regions, since the macrocell signal does not penetrate walls. 
Thus, to overcome the increased in the traffic and to solve the 
indoor coverage problem, small cells called femtocells are 
introduced.  

Femtocell is a small range (10-30 m), low-power access 
point (10-100 mW) that can be installed by end users to 
connect them to the network via the internet as shown in  
Figure 1 [2, 3].  It has been introduced as a solution to the 
indoor coverage problems, since it increases the network’s 
coverage and capacity, and reduces both cost and power. 
Reducing the transmission distance improves the link capacity, 
and save the mobile battery.  Moreover deployment of 
femtocells in an existing macrocell reduces the indoor traffic, 
thus the network capacity and reliability will improve.  
However, there are many challenges that face the success of 
deployment of femtocell. One of the most important challenges 
is the interference. There are two types of interference in 
femtocell networks; the first one is interference between 
femtocell and macrocell which called cross-layer interference, 
and the other one is the interference between femtocell and 

others femtocells that deployed in the coverage of the main 
macrocell, this type of interference called co-layer interference. 

Since January 2012, eight of the top 10 mobile operator 
groups provide femtocell services [4]. By 2014 there will be 
114 million worldwide users on 50 million home base    
stations [5]. Femtocell is designed to work with a wide range of 
interface standards [6] such as Global System for Mobile 
Communications (GSM), Wideband Code Division Multiple 
Access (WCDMA), Universal Mobile Telecommunications 
System (UMTS), Long Term Evolution (LTE) which uses 
Orthogonal Frequency Division Multiple Access (OFDMA), 
and Worldwide Interoperability for Microwave Access 
(WiMAX). 

 

 
Figure 1: Femtocell network architecture [3]. 

 

Generally, femtocell operates in three different access 
modes [7]. Closed Subscriber Group (CSG), where users 
defined by the femtocell owner have the right to connect to the 
femtocell. This mode is normally applied in residential 
scenarios. Open Subscriber Group (OSG), where any user can 
connect to the femtocell. This mode is applied in public places 
such as airports and shopping malls. Hybrid Subscriber Group 
(HSG), where nonsubscriber users can only connect to the 
femtocell in emergency cases. 

Normally two deployment configurations are considered in 
the use of femtocell in an existing macrocell: the orthogonal 
and the co-channel approaches. In orthogonal approach, the 
available spectrum is divided between the femtocell and the 
macrocell. Although this approach completely eliminates the 
cross-layer interference, it is ineffective in terms of spectrum 
reuse.  Therefore, the co-channel approach where the femtocell 
and the macrocell share the available spectrum is preferable, 
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even though this approach suffers from cross-layer 
interference.  

This paper presents the state of the art literature review on 
mitigating interference techniques for OFDMA-based schemes. 
The rest of this paper is organized as follows. In Section II, the 
interference mitigation techniques are classified from different 
point of views. Then, open issues for femtocell interference 
researches are presented in Section III. Finally, the paper is 
concluded in Section IV. 

II. INTERFERENCE MITIGATION TECHNIQUES 
The available interference mitigation techniques in the 

literature could be divided to centralized and distributed 
schemes. In centralized schemes, the macrocell controls the 
femtocell and assigns its frequency band. While in the 
distributed schemes the femtocell has the ability to choose its 
frequency band. Next subsections show the centralized and 
distributed schemes. 

A. Centralized Schemes 

1) Clustering or Grouping 
An Interference mitigation scheme based on femtocells 

grouping in low duty operation (LDO) is proposed in [8].  
After installing the femtocell and starting the operational 
mode, femtocell becomes active and starts sending control 
massages and signals.  If any user equipment UE locates near 
the femtocell, it will receive the signal and know about the 
existence of the femtocell and try access it. To reduce the 
interference, the femtocell may enter a LDO mode [9]. 
Femtocell in LDO mode has two intervals, available interval 
(AI) and unavailable interval (UAI). In AI, the femtocell will 
be active with the surrounding, while it will be inactive in the 
UAI. The length of the AI and UAI can be determined based 
on the low duty cycle (LDC) pattern.  

The authors in [8] try to reduce the unnecessary AIs in 
LDO mode by organizing all femtocells deployed in the 
coverage of the macrocell into groups.  Each group has header 
and members. When anew femtocell is installed, it will scan 
the neighborhood area looking for the existing femtocells. 
Then it will send a report to the macrocell. The macrocell has 
the topology of the network, so it will check whether there is 
header or not in that area. If the signal of the header is more 
than the threshold value, the new femtocell will join the 
existing group. Otherwise, it will be the header for a new 
group. In this case the header only has AI and UAI, while the 
rest of the group members will be in the UAI mode. Once a 
UE enter the coverage of the femtocell group, it can know 
about the group by detecting the signal of the header, even 
though the rest of the group still in the UAI. If the header has 
been detected, the UE reports to macrocell, which based on the 
header information, determine which group has been accessed. 
Furthermore, it can determine the nearest femtocell and send a 
message to the femtocell to activate the AI mode in the (LDC) 
pattern. Therefore, the UE can detect the femtocell in the next 
scan and access to it. It was shown that the proposed model 

reduced the interference time and save the energy of the 
femtocell. 

A combination of frequency bandwidth dynamic division 
and clustering scheme for cross-layer and co-layer interference 
is proposed in [10]. In this scheme, CSG is used and the 
femtocell position is known to the macrocell. Each macrocell 
has a femtocell system controller, which provides the 
macrocell with a configuration massage includes the position 
and the required information of femtocells and femtocells 
users. The total bandwidth is divided into two bands. The first 
band is shared with femtocells and the macrocell. While the 
other is the macrocell dedicated band.  The ratio of these two 
bands depends on the number of clusters in the macrocell, 
which calculated using clustering algorithm. If the distance 
between two femtocells is less than the threshold distance, so 
these two femtocells appointed to deferent clusters. Thus the 
co-layer interference can be avoided. On the other hand, the 
cross-layer interference between femtocell and macrocell users 
can be curbed by assigning the macrocell dedicated band for 
the macrocell users nearby the femtocell. Simulation results 
show that user capacity has improved, and reusable probability 
of femtocell and macrocell reuse band is as high as 97.6%. 
Therefore, cross-layer interference is effectively inhibited. 

In [11], a centralized radio resource management was 
proposed. In this model a central femtocell chosen by the 
macrocell, where this cell has connectivity with other 
femtocells and can share information with them. So the central 
femto makes the decision of resource allocation. After the 
central femto is chosen, power is assumed to be allocated in 
binary power allocated form. The proposed scheme improves 
system capacity by 5-15% compared to available dynamic 
resource management schemes. 

The backwards of the previous models is assuming a 
specific location and uniformly distributed for the femtocell 
and this is not the scenario in the real situation. 

2) Dynamic Sub-channel Allocation 
The work in [12] presents a downlink sub-channels 

allocation scheme. The proposed scheme is based on two 
different algorithms; the first algorithm conducted at the sector 
level. The first step is when the sector received the channel 
status from the UEs including the interference. Then the sector 
prepares a utility matrix and solves this matrix using iterative 
Hungarian algorithm. Finally, the sector prepares a tentative 
physical resource block (PRB), and forwards the PRB to the 
central controller where the second algorithm conducted. The 
central controller resolves the conflict in the PRB, and sends 
back a restriction list to the sectors. So the PRBs will be 
scheduled and transmission only on the qualified PRB. This 
scheme was developed later in [13], where the preparation way 
of the utility matrix has been modified, and using a lower 
transmit power restricted PRBs has been considered. The 
proposed scheme improved the throughput of the cell edge 
UEs. 
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3) Self Organization 
A self organization scheme named Q-learning is proposed 

in [14]. Femtocells integrate themselves in the macrocell 
network, discover their surrounding, and adjust their 
parameters accordingly. In this scheme the macrocell users 
update the macrocell with measurement results about 
neighboring femtocells, so the macrocell report a self 
organization massage to the interfering femtocells forcing 
them to change their carrier or transmit power. 

B. Distributed Schemes 
Distributed schemes could be divided to two parts. 

Channel state aware schemes where there is cooperation 
between the macrocell and the femtocell, and channel state 
non aware schemes where the macrocell and the femtocell are 
non cooperative. 

1) Aware Schemes 

a) Cognitive Radio 
In cognitive radio schemes, there is cooperation between 

the macro and femto cells in the network. Thus each femtocell 
shares its specification like the number of users, power and 
frequency with other macrocell and femtocells. The work      
in [15] presents a resource location scheme based on cognitive 
radio. In this scheme, the femtocell is required to perform 
channel sensing and detect the occupied channels by 
estimating the uplink energy before communicate with femto 
users and assign the free sub-channels for them. It was 
assumed that macrocell is divided into two parts, the central 
where the full band is used and boundary where the frequency 
is divided into three parts. 

In [16], a closed-access cognitive resource allocation 
scheme for interference management on the downlink was 
proposed. This scheme is for both co-layer and cross-layer 
interference scenarios. In this scheme the UEs for both Macro 
and femtocells are classified as ‘safe’ for their serving cell and 
‘victim’ for the rest. This classification is based on the signal 
strength that the UE received from the neighboring macro and 
femtocells. Therefore, if the interference is strong, then the UE 
tagged as ‘victim’ for these cells. 

b) Spectrum Arrangement Aware 
A Spectrum arrangement aware scheme for uplink cross-

layer interference was proposed in [17]. In this scheme, 
macrocell shares some frequency with femtocells within its 
coverage. So the whole spectrum is divided into two parts, the 
macrocell dedicated spectrum part and the femtocell sharing 
spectrum part. In addition, the macrocell has the ability to 
determine the macrocell UEs speed. Therefore, UEs moving 
with high speed will be excluded from the femto-interference 
pool, which includes the macrocell UEs that close to the 
femtocell and their performance may be affected by the 
femtocell. Then, all the UEs which are included in the femto-
interference pool will be arranged within the macrocell 
dedicated spectrum part, and the rest that are not included 

could be freely using the whole spectrum. Thus, the cross-
layer interference could be avoided. 

c) Frequency Scheduling 
In [18], a frequency scheduling scheme for cross-layer 

interference during uplink and downlink is proposed. The idea 
behind this scheme is that, the femtocell use frequency 
resource for the far macrocell UEs, and avoids using the 
frequency resources of the nearby macrocell UEs. The 
femtocell receives the macrocell UEs scheduling information 
from the macrocell and it also performs a sensing process for 
the nearby microcell UEs to determine the occupied part of the 
spectrum. Then by comparing the received part with the 
occupied one, it can determine the free frequency resource. 
The proposed model may help to mitigate the interference 
issue in the CSG mode. 

2) Non-Aware Schemes 

a) Frequency Reuse 
The idea behind frequency reuse is to divide the network to 

different sectors, then divide the total frequency spectrum to 
different sub-bands that assigned to the network sectors. In 
literature, many techniques of frequency reuse were proposed 
such as fractional frequency reuse (FFR) [19-25], soft 
frequency reuse (SFR) [26] and dynamic frequency reuse [27] 
schemes. In [19-23], a co-channel interference reduction 
scheme was proposed based on frequency reuse technique, 
where the subcarriers are divided into two groups, (super 
group and regular group) as shown in Figure 2. Most of the 
subcarriers will be assigned for the central region of the cell 
where a reuse factor of one is applied, while the edge region 
adopts the factor of three. Using this scheme the cross-layer 
interference can be avoided, and the co-layer interference can 
be greatly reduced. 

 
 

Figure 2: Interference management scheme using fractional 
frequency reuse [20]. 

 
 

Another idea of frequency reuse scheme is proposed         
in [24], a fractional frequency reuse scheme for macrocells 
and femtocells was proposed. In this scheme the cell is divided 
into two regions inner and outer as shown in Figure 3. A 
frequency reuse factor of 1 used to the inner region and of 3 
for the outer one. So the whole sub-channels can be allocated 
to the inner region while the outer region uses just 1/3 of all 
sub-channels in a cell. Therefore the remains 2/3 unused sub-
cahnnels can be allocated to the inner femtocells.  
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Figure 3: Proposed frequency band/time slots allocation with 

fractional frequency reuse for macrocells [24]. 
 
 

In [25], a mechanism to reduce cross-layer co-channel 
interference between macro and femto cells was proposed. 
This mechanism is based on frequency reuse and pilot sensing 
method. As shown in Figure 4 a frequency reuse factor of 3 
were employed in the network. A pilot sensing is performed as 
soon as the femtocell turned on, so the femtocells will select 
the frequency band among the frequency band of the network. 

 
Figure 4: Proposed sub-channel allocation [25]. 

 
All of the previous schemes considered as integer 

frequency reuse since the reuse factor is integer. Therefore 
new studies go with a non-integer frequency reuse factor [26]. 
In this scheme the cell-edge region is divided to three virtual 
tiers each using a different part of spectrum. Hence the cell 
area is divided up into four distinct sub-cell regions. 

 
Figure 5: soft frequency reuse 3/7 scheme [26]. 

 
 

The previous models deal with static FFR schemes. So in 
order to dynamically reuse the frequency resource among the 
macrocell and femtocells a Dynamic frequency reuse scheme 
is presented in [27]. This scheme only considered the 
downlink scenario of the cross-layer interference from the 
femtocell to the macrocell UEs. The macrocell area is divided 
into inner and outer regions. Then the outer region is more 
divided into multiple sectors. In this model the scheme 
depends not only in the location of the femtocell but also on 
the density of femtocell in the macrocell region. The scheme 
adopts hoping FFR for low density and pattern FFR for high 
density. 

b) Distributed Spectrum Allocation Schemes 
In [28], two spectrum allocation schemes were 

investigated. The first one is the shared-spectrum allocation 
scheme, where the femtocell shares the same spectrum with 
macrocell system. Thus, the cross-layer interference should be 
considered. Contrary, in the second one - exclusive-spectrum 
allocation scheme- co-layer interference should be considered, 
since the femtocell is completely allocated with different 
allocation about macrocell system. Two sub-channels 
selection methods were developed. The channel gain oriented 
and interference avoidance oriented, where the data 
transmitted in the sub-channel with higher gain and lower 
interference respectively. So femtocell users measure the 
channel status and report to the femtocell the selected sub-
channel based on the previous selection methods. 

c) Directional Antenna 
In [29], the effects of access methods and directional 

antenna on femtocell were studied. Simulation results show 
that the open access method can improve the femtocell 
capacity over the traditional closed access method. Moreover a 
comparison between switched-beam directional antenna and 
Omni-directional antenna is conducted. The results show that 
using a switched-beam directional antenna reduced the 
interference and achieved better results than using the Omni-
directional antenna. 

The work in [30] shows that using sectorized antenna and 
time-hopped CDMA allows about a 7x higher femtocell 
density than spectrum splitting techniques. The E-plane horns 
based reconfigurable antenna was used in [31] to reduce the 
interference and enhance the link reliability and capacity of 
OFDMA based femtocell systems. The results show that E-
plane horns based reconfigurable antenna has 58% higher 
femtocell capacity than the Omni-directional antenna, and 
13.5% higher capacity than the IEEE 802.16m sector antenna. 

d) Beam Subset Selection 
In [32], the multiuser multiple input multiple output 

(MIMO) scheme at the macrocell was adopted and an 
orthogonal random beamforming-based for cross-layer 
interference scheme was proposed. The most important thing 
in the orthogonal random beamforming-based is the strategy 
of beam subset selection in which a subset of the active beams, 
selected based on the number of users, femtocell density and 
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SNR, is used to perform the transmission. Adoption the beam 
subset selection strategy in the macrocell will maximize the 
throughput by optimizing the trade-off between the 
multiplexing gain and the multiuser interference. Results show 
that the proposed strategy protect both macrocell and 
femtocell users from cross-layer interference. 

e) Power Control 
Two schemes of interference mitigation based on the 

adjusting of the power transmitted by the femtocell users were 
proposed in [33, 34]. These two ways curb the cross-layer 
interference at the macrocell. The first strategy is the open 
loop control, where the transmitted power of the femtocell 
user adjusted to control the interference below a fixed 
threshold value. While in the second technique, the closed 
loop control, in addition to the maximum power control, the 
users also adjusted the noise and interference level at the 
macrocell. It was shown that the proposed schemes improved 
the uplink throughput of the macrocell. Moreover the closed 
loop scheme provides better results. A cross-layer interference 
mitigation model for the downlink scenario was proposed      
in [35]. The authors considered the Quality of Service (QoS) 
at both the Macrocell and femtocell users in terms of their 
received signal-to-interference-plus-noise ratio (SINR) 

In [36], three downlink power control algorithms were 
developed and investigated. The first algorithm is the fixed 
power level. In this algorithm, all the femtocells transmit a 
certain power level. This level determined by the femto itself 
or by the network coordinators based on the femtocell density.  
The second algorithm is Femto-Quality of Service (Femto-
QoS) power control, where the femtocell transmits the 
minimum power to meet a certain QoS determined for their 
users. The last algorithm is Macro-QoS Power Control. In this 
algorithm the transmitted power of the femtocell is controlled 
and modified to obtain minimum interference to the 
neighboring macrocell users.  The results show that, by 
minimizing the transmitted power the data rate of the 
femtocell will be degraded. Moreover, a high density of 
femtocells can still affect the performance of the macro-
network. 

III. OPEN RESEARCH TRENDS 
In the previous section, the available interference mitigation 

techniques were presented. In general centralized techniques 
shows better results in mitigating interference since there is 
cooperation between the femtocell and the macrocell. 
However, these schemes are more complex to implement than 
the distributed ones. Moreover, the distributed schemes are 
more practical and realistic. Some techniques proposed for the 
downlink scenarios only and others are specified for the uplink. 
Most of the techniques proposed for the cross-layer 
interference and neglect the co-layer interference. Thus in a 
future work a comprehensive technique is required to mitigate 
the interference with high efficiency and low complexity.  

A hybrid technique that combines the strengths of both 
centralized and distributed techniques is an interesting 
approach for future works. Switched-beam antenna scheme 

[29] still needs further investigation to improve the overall 
femtocell capacity. In addition, MIMO technology looks very 
attractive to be adopted in femtocell networks [37] with cost 
being the limiting factor. 

It was observed from the literature that most of the 
proposed schemes assumed specific locations and uniform 
distributions for the femtocells in the network. On the 
contrary, as a future work we will consider more practical 
scenarios where the femtocell is randomly distributed in a 
dense 3-D environment to accommodate interference from 
cells spaced horizontally on a terrestrial access or stacked 
vertically as in the case for office or residential towers. The 
vertical interference is never considered in the open literature 
yet. 

Also, a hybrid scheme that utilized advances in cognitive 
radio technology and classical centralized topology (e.g., 
between Macrocell and its associated femtocells) in 
conjunction with beam forming will be studied. The femtocell 
would have the ability to sense and assign the frequency bands 
for the UEs and also cooperates with the macrocell to share its 
specification like the number of users, power and frequency.  
Thus, both cross-layer and co-layer interference can be 
mitigated. Furthermore, the antenna radiation beam-forming 
effect on the interference mitigation should be studied in detail 
as earlier results in the literature looks promising.  

Finally, most of the models available in the literature 
simplify the problem of interference by considering a sinlge-
tier of one macrocell and its associated femtocells. This is not 
accurate enough as several macrocells do exist in any network 
and each one is associated with its femtocells and users. Hence, 
our model will include more than one macrocell in the 
simulation model. On a final note, a small but very important 
issue is never considered in the literature although it was 
highlighted before in [38]. The contribution of antenna 
radiation beam irregularities (e.g., ripple ad small side/back 
lopes in the radiation pattern) to interference should also be 
studied. 

IV. CONCLUSION 
Femtocells are a promising technology to increase the 

capacity, efficiency and the coverage of the cellular networks. 
However, several challenging issues must be addressed and 
resolved before femtocell technology becomes a reality. One of 
the most important challenges is assessing and mitigating the 
interference. This paper reviewed different techniques to 
mitigate the interference in OFDMA femtocell networks. 
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Abstract – Recently, there has been an increasing concern about 
scientific investigations of the endogenous electromagnetic fields 
generated by and contained within the human body. Chakra 
points are defined as focal spots for reception, absorption and 
transmission of radiation wave of the human body. Meanwhile 
brain regions are defined as areas of the brain that represent the 
cerebrum, cerebellum and brainstem. This paper discusses on 
frequency characteristic of human body radiation through 
chakra points and brain regions. A total of 9 sites were 
investigated for the measurements. The readings from each site 
were recorded via a frequency counter. A total of 34 healthy 
subjects comprising of 17 males and 17 females were used in the 
study. Data analyses were conducted using exploratory and 
descriptive statistics. Results show that out of the nine sites, three 
were found to be significant.  

Keywords: Electromagnetic wave, human radiation wave, 
chakra points, brain regions 

I. INTRODUCTION 
Every human being in this world emits electromagnetic 

radiation around their bodies. This radiation vibrates at specific 
frequencies and generally takes a form of an oval pattern. This 
phenomenon is known as aura or chakra [1],[2]. An 
electromagnetic radiation is defined as self-propagating wave 
in space and it consists of electric and magnetic components. 
Due to the oscillation and acceleration of an electric charge, 
radiation waves are produced. Like any other waves, it can be 
characterized by three properties such as amplitude, 
wavelength and frequency. These properties are interrelated. 
By knowing the frequency, the direction, the energy and the 
intensity of radiation could be defined  [1],[3].  

Aura is described as luminous body that surrounds and 
penetrates physical body and emit frequency [2]. The word 
chakra originates from Sanskrit which means wheel of light or 
ring of light. These points represent relationship between the 
mind and body with one’s psychological and physiological 
state. There are seven chakra points located along central axis 
of human body, namely the root, sacral, solar plexus, heart, 

throat, forehead, and crown chakra [2],[3]. The location of 
chakra points are illustrated in Fig. 1. 

 
Figure1: Chakra points on human body 

The brain can be divided into the cerebrum, cerebellum, 
and the brainstem, only the first two regions are considered for 
the measurement in this study. Overlapping points have been 
identified between frontal lobe and forehead chakra point, and 
parietal lobe and crown chakra point. Hence, the occipital and 
cerebellum region were added in order to provide an additional 
measurement points for obtaining the endogenous 
electromagnetic fields [4]. The respective brain regions are 
shown in Fig. 2. 
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Figure 2: Regions of human brain 

This paper discusses on statistical characteristics and 
relationships of human body radiation points. The 
characteristics are analyzed using box plots, normality test, 
standard deviation, skewness and kurtosis. In addition, the 
relationships are obtained using correlation test. The discussion 
on the result can be splitted into 2, using all human body 
radiation points and human body radiation points according to 
gender.  

II. METHOD 

A. Measurement 
In this study, the body radiations have been measured using 

frequency counter. The range of measurement for the 
equipment is between 1 MHz to 3 GHz, with a resolution of 0.1 
Hz. A total of 9 measurement spots have been selected for the 
purpose of the study. The frequency measurements were 
conducted in an anechoic chamber with ferrite floor, where the 
temperature was held constant at 23ºC. A total of 34 subjects 
comprising of 17 males and 17 females have participated for 
data collection. The age range of the participants is between 19 
and 26 years. 10 readings per chakra point or brain region were 
recorded for every participant. In all readings, the antenna has 
been placed parallel with the ground and the frequencies were 
captured at a distance of 1 to 5 cm from the body. The 
description of the points is represented in Table I. 

TABLE I: HUMAN BODY RADIATION POINTS AND THEIR DESCRIPTION 

Points Description Points Description 
CA Root CF Third Eye / Frontal Lobe 
CB Sacral CG Crown / Parietal Lobe 
CC Solar Plexus CH Occipital Lobe 
CD Heart  CJ Cerebellum 
CE Throat 

 

B. Data Analysis 
Data analysis consists of three main works which include 

pre-processing of raw data, exploratory statistical analysis and 
descriptive statistics. Fig. 3 shows the flow of statistical 
analysis conducted in this study.  

 

 
Figure 3: Methodology of statistical data analysis 

In pre-processing of raw data, the mean of 10 readings per 
point per sample were initially calculated using (1) [5]. 

 ∑
=
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 The next step is to rescale the averaged data to a value 
between 0 and 1. Here, min-max normalization has been used 
and in theory, the min-max normalization performs linear 
transformation on the original data. This method has been 
chosen because it has higher accuracy compared to other 
normalization methods [6]. The transformation process can be 
expressed by (2). 
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The second work involves exploratory statistical analysis 
using box plot. The method was chosen due to its ability to 
provide relevant information on the maximum and minimum 
value, upper and lower quartile, as well as median. The 
advantages of box plot are the simplicity of its design, critical 
information of dataset is quickly expressed and it also shows 
the data distribution [7]. 

The third work employs descriptive statistics. Normality 
and correlation tests form the two major contributions in this 
stage. In normality test, the Shapiro-Wilk method has been 
selected because the technique is capable of detecting non-
normality for a wide variety of statistical distributions, 
including those with Gaussian kurtosis values. It has been 
recommended as a powerful omnibus test of normality, 
regardless of distribution and sample size [8],[9]. If the p-value 
is less than the chosen level of significance, the null hypothesis 
can be rejected at that level and this can be taken as evidence 
supporting non-Gaussianity [10]. The Shapiro-Wilks formula 
can be represented by (3) [8],[9]. 
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As an addition to normality test, standard deviation, 
skewness and kurtosis values of the normalized data have also 
been calculated. In general, they represent the shape of a 
distribution. In Gaussian distribution, normality can be defined 
with skewness = 0 and kurtosis = 3 or excess kurtosis = 0. 
Here, traditional sample skewness and kurtosis have been used. 
The parameters can be expressed by (4), (5) and (6), 
respectively [5],[11],[12]. 
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The final step in descriptive statistics is to perform 
correlation test. It is used to investigate the relationship 
between points and with gender. In this case, Pearson’s 
correlation test has been used in correlating between points and 
point biserial correlation test in correlating between points and 
gender. The correlation coefficient, r, describes a linear 
correlative degree between two variables. The value ranges 
from -1 to 1. If r is positive, both variables will experience a 
reciprocal effect. If r is negative, the variables would have an 
opposing effect on each other. The correlation coefficient can 
be represented by (7) [13]. The interpretation of Pearson’s 
correlation coefficients are as described in Table II [14]. 
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TABLE II: INTERPRETATION OF PEARSON’S CORRELATION COEFFICIENTS  

Correlation 
Coefficient, r 

Interpretation 

±  (0.80 - 1) Very Strong Correlation 
±  (0.60 - 0.79) Strong Correlation 
±  (0.40 - 0.59) Moderate Correlation 
±  (0.20 - 0.39) Weak Correlation 
±  (0 - 0.19) Very Weak Correlation 

III. RESULT AND DISCUSSION 
Fig. 4 shows the data for human body radiation points. The 

box plot shows that points, CF, CG, CH and CJ, which are 
located above the throat has higher median than points located 
below throat. In terms of distribution, all points are positively 
skewed except for CB and CE that are negatively skewed. 

There are two outliers at point CB and one outlier each at 
points CC, CF and CH.  

 
Figure 4: Box plot of human body radiation points  

Fig. 5 shows the data of human body radiation points 
according to gender (male and female). Males have higher 
maximum frequency than females for points CB, CC, CH and 
CJ. Meanwhile, females have lower minimum frequency than 
males for all points except for CG. On the other hand, males 
have lower median than females for points CF, CH and CJ. In 
terms of distribution, the skewness between both genders 
opposes each other for every point analyzed. There is one 
outlier for females located at CC, while two outliers exist at CF 
and CH for males. 
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Figure 5: Box plot body radiation points according to gender 

Table III shows the result of Shapiro-Wilk normality test 
for all human body radiation points. In this test, 95% 
significance level, p, has been chosen. The significance values 
indicate that the dependent variables, CA, CB, CD, CE, CH 
and CJ, are above 0.05 and therefore are normally distributed. 
The other three dependent variables, CC, CF and CG, are not 
normally distributed. 

TABLE III: SHAPIRO-WILK NORMALITY TEST OF HUMAN BODY RADIATION 
POINTS 

Points 
Shapiro-Wilk 

Statistic Sig. 
Base (CA) 0.9651 0.3407 
Sacral (CB) 0.9797 0.7644 
Solar Plexus (CC) 0.9391 0.0578 
Heart (CD) 0.9736 0.5688 
Throat (CE) 0.9509 0.1307 
Third Eye/Frontal Lobe (CF) 0.9104 0.0087 
Crown/Parietal Lobe (CG) 0.9644 0.3262 
Occipital Lobe (CH) 0.9197 0.0159 
Cerebellum (CJ) 0.9562 0.1875 

 
 

Table IV shows the Shapiro-Wilks normality test for all 
radiation points according to gender. In this test, again 95% 
significance level has been chosen. The significance value 
indicate that for males, the dependent variables, CA, CB, CD, 
CE, CG, CH, CJ, are normally distributed, while the other two 
dependent variables, CC and CF, are not normally distributed. 
All points are normally distributed for females, except for CB. 

TABLE IV: SHAPIRO-WILK NORMALITY TEST OF HUMAN BODY RADIATION 
POINTS ACCORDING TO GENDER 

Gender Points Shapiro-Wilk 

Statistic Sig. 
Male Base (CA) 0.949 0.443 

Sacral (CB) 0.972 0.858 
Solar Plexus (CC) 0.870 0.022 
Heart (CD) 0.924 0.173 
Throat (CE) 0.909 0.096 
Third Eye/Frontal Lobe (CF) 0.873 0.025 
Crown/Parietal Lobe (CG) 0.927 0.192 
Occipital Lobe (CH) 0.936 0.271 
Cerebellum (CJ) 0.923 0.166 

Female Base (CA) 0.978 0.940 
Sacral (CB) 0.872 0.024 
Solar Plexus (CC) 0.926 0.187 
Heart (CD) 0.984 0.985 
Throat (CE) 0.960 0.626 
Third Eye/Frontal Lobe (CF) 0.930 0.216 
Crown/Parietal Lobe (CG) 0.933 0.242 
Occipital Lobe (CH) 0.973 0.870 
Cerebellum (CJ) 0.947 0.405 

 

Table V shows the standard deviation, skewness and 
kurtosis for human body radiation points. The maximum 
standard deviation is 0.19, while the minimum is at 0.08. 
Hence all points are close to mean. In terms of skewness, all 
points have a value greater than 0, except for CE. Therefore, 
CE exhibit negative skew characteristics while others are 
positively skewed. As for analysis on kurtosis, points CA, CB, 
CD, CE, CG and CJ have negative values, while others are 
positive. Therefore, points CA, CB, CD, CE, CG and CJ have 
lower and broader peak and the tails are shorter and thinner. 
Meanwhile, the remaining points CC, CF and CH have higher 
and sharper peak while the tails are longer and fatter. 
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TABLE V: DISTRIBUTION IN TERMS OF SKEWNESS AND KURTOSIS OF HUMAN 
BODY RADIATION POINTS 

Points Std. 
Deviation Skewness Kurtosis 

Base (CA) 0.1027 0.4368 -0.2946 
Sacral (CB) 0.0992 0.1576 -0.0007 
Solar Plexus (CC) 0.1075 0.9650 1.0668 
Heart (CD) 0.0892 0.2396 -0.6839 
Throat (CE) 0.0836 -0.5561 -0.5732 
Third Eye/Frontal Lobe 
(CF) 0.1825 1.1061 2.1255 

Crown/Parietal Lobe (CG) 0.1445 0.5567 -0.2164 
Occipital Lobe (CH) 0.1916 1.2037 2.0742 
Cerebellum (CJ) 0.1326 0.2373 -0.9207 

 

Table VI shows values of standard deviation, skewness and 
kurtosis for radiation points according to gender. Looking into 
both male and female, all the points are close to mean. For 
males, points CE, CG and CJ are negatively skewed, while the 
others exhibit positive skewness. Analysis on kurtosis shows 
that points CA, CB, CD, CE, CG and CJ have lower and 
broader peak, whereas the tails are shorter and thinner. 
Meanwhile points CC, CF and CH have higher and sharper 
peak, while the tails are longer and fatter. Analyses on females 
show that points CB, CD and CE have negative skew, while 
the others are positively skewed. As for kurtosis, points CC and 
CD have higher and sharper peak, whereas the tails are longer 
and fatter. Others have lower and broader peak and the tails are 
shorter and thinner. 

TABLE VI: DISTRIBUTION IN TERMS OF SKEWNESS AND KURTOSIS OF HUMAN 
BODY RADIATION POINTS ACCORDING TO GENDER 

Gender Points Std. 
Deviation Skewness Kurtosis 

Male Base (CA) 0.113 0.204 -0.979 
Sacral (CB) 0.103 0.163 -0.759 
Solar Plexus (CC) 0.127 0.977 0.207 
Heart (CD) 0.100 0.428 -1.105 
Throat (CE) 0.074 -0.714 -0.687 
Third Eye/Frontal 
Lobe (CF) 0.177 1.241 3.699 

Crown/Parietal 
Lobe (CG) 0.125 -0.095 -1.420 

Occipital Lobe 
(CH) 0.203 0.972 1.790 

Cerebellum (CJ) 0.116 -0.257 -1.321 
 
 
 
 
 
 
 
 

 
 

Gender Points Std. 
Deviation Skewness Kurtosis 

Female Base (CA) 0.115 0.058 -0.326 
Sacral (CB) 0.114 -0.723 -0.892 
Solar Plexus (CC) 0.128 0.427 1.359 
Heart (CD) 0.125 -0.008 0.023 
Throat (CE) 0.136 -0.273 -0.771 
Third Eye/Frontal 
Lobe (CF) 0.134 0.743 -0.323 

Crown/Parietal 
Lobe (CG) 0.246 0.679 -0.414 

Occipital Lobe 
(CH) 0.135 0.247 -0.461 

Cerebellum (CJ) 0.123 0.076 -1.152 

 
Table VII shows the result of Pearson’s correlation test 

between the human body radiation points. Only values that are 
significantly correlated to each other were displayed. The 
results show a very strong correlation between points CF and 
CH and a strong correlation between CB and CC, CB and CE, 
CF and CJ, and as well as CH and CJ. They also indicate a 
moderate correlation for points CA and CB, CA and CE, CA 
and CJ, CB and CH, CC and CD, CC and CE, and CD and CE. 
The remaining hidden points are weakly correlated. 

TABLE VII: PEARSON’S CORRELATION TEST BETWEEN HUMAN BODY 
RADIATION POINTS 

Points r Value p Value 

CA-CB 0.5593 0.0006 

CA-CC 0.3711 0.0307 

CA-CE 0.5196 0.0016 

CA-CJ 0.4574 0.0065 
CB-CC 0.7387 0.0000 

CB-CD 0.3558 0.0389 

CB-CE 0.6328 0.0001 

CB-CH 0.4643 0.0057 

CB-CJ 0.3567 0.0384 

CC-CD 0.4317 0.0108 

CC-CE 0.5456 0.0008 

CD-CE 0.5523 0.0007 

CE-CG 0.3631 0.0348 

CE-CH 0.3637 0.0345 

CE-CJ 0.3491 0.0430 

CF-CH 0.8587 0.0000 

CF-CJ 0.6254 0.0001 

CH-CJ 0.6342 0.0001 

 
Table VIII shows the result of Pearson’s correlation test 

between human body radiation points according to gender. 
Beside points CB and CC, CB and CE also show strong 
correlation, while points CC and CE are moderately correlated. 
Other hidden points have weak correlation. 
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TABLE VIII: PEARSON’S CORRELATION TEST BETWEEN HUMAN BODY 
RADIATION POINTS ACCORDING TO GENDER 

Points Male Female 

  r value p value r value p value 

CB-CC 0.751 0.001 0.689 0.002 

CB-CE 0.645 0.005 0.617 0.008 

CC-CE 0.523 0.031 0.562 0.019 

 

Table IX shows the result of point biserial correlation test 
between human body radiation points and gender. The obtained 
coefficients, r, shows that points CD, CE, and CG have 
moderate correlation, while other hidden points are weakly 
correlated. 

TABLE IX: POINT BISERIAL CORRELATION TEST BETWEEN HUMAN RADIATION 
POINTS AND GENDER 

Points   Gender 
Heart (CD) r value 0.453 

p value 0.007 
Throat (CE) r value 0.401 

p value 0.019 
Crown/Parietal Lobe (CG) r value 0.497 

p value 0.003 

 

IV. CONCLUSION 
The statistical results presented in this study indicate that 

the data have certain pattern and behaviour. Looking at the 
distribution of all radiation points, more than 70% are Gaussian 
distributed. Furthermore, more than 80% of the points are 
positively skewed and more than 60% have platykurtic 
distribution. Analysis on all radiation points according to 
gender show that more than 80% are Gaussian distributed for 
males and 90% for females. For both genders, 70% of the 
points are positively skewed. However, 70% of the points have 
platykurtic distribution for male and 80% for female. In terms 
of correlation, points CB, CC and CE are found to be 
significant using Pearson’s correlation, while points CD, CE 
and CG are significant using point biserial correlation.  
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ABSTRACT: Orthogonal Frequency Division 
Multiplexing (OFDM) has attracted lot of attention 
of researchers because of its vital role of it in 
wireless communication technology. This paper 
discusses the Bit Error Rate (BER) performance of 
OFDM system using Differential Phase Shift 
Keying (DPSK) under various channel conditions. 
It is seen that coding improves BER performance 
of OFDM and hence in this work Linear Block 
coding (LBC) is used for improvement purpose. 
The reason of selecting differential detection 
modulation scheme is its receiver structure is 
simple. The simulation is carried out in MATLAB 
simulink. 
 
KEYWORD: OFDM, Linear block code, BER,     
                       DPSK , Various Channels.  
 

I. INTRODUCTION 
 

         OFDM is a very efficient technique  for high-
speed data transmission used  in mobile 
communication, Digital Audio Broadcasting(DAB) 
is unidirectional broadcasting systems [1], Digital 
terrestrial mobile communication, Digital Video 
Broadcasting terrestrial(DVB-T), wireless 
asynchronous transfer mode (WATM), 
Modem/ADSL[2,3]. OFDM has many advantages 
such as High spectral efficiency, robustness in 
frequency selective fading channels[4],  immunity 
to inter-symbol interference and capability of 
handling very strong multipath fading.[5] Recently 
the advance system such as 3GPP LTE and 
terrestrial digital TV Broadcasting have been 
sophisticatedly developed using OFDM 
technology. Besides the above advantages, 
however, the bit error occurs in the presence of 
Doppler frequency shift because of the inter-carrier 
interference (ICI) in OFDM. 
            OFDM is preferred to implement due to 
efficient FFT(Fast Fourier Transform) algorithm. 
The implementation of FFT engine is proportional 
to  the number of input bit size. However the BER 
performance is analyzed in AWGN channel. 
Orlandos Grigoriadis, H. Shrikanta  Kamat have 
given  the results of the BER as a function of  Multi 
propagation for each set of carriers[6].In[7] 
Continuity has to be maintained related to our topic 
 

Army Institute of Technology, Dighi, Pune, 
       Maharashtra, INDIA 
 
the high-order modulation like 16-QAM needs 
more accurate CFO and channel estimation to 
avoid performance loss. Whereas the improvement   
of performance elevation criteria of RS coded 
OFDM transmission over noisy channel analyzed 
using simulink. Performance of a flat fading 
channel using Convolution   Interleave that cuts 
down time delay and memory space increases 
considerably [8]. 
            In this era the demand of mobile radio 
communication systems are increasing to provide a 
variety of high quality services, more features, 
compactness and other such variety of services to 
mobile users. Hence modern mobile radio 
transceiver systems must be able to provide high 
capacity and variable bit rate information with high 
bandwidth efficiency, efficient signal power as 
such[9,10].  
Differentially coded modulation enables the 
receiver to detect the data symbols without 
knowledge of the references phase therefore no 
channel estimation required, if differential phase 
shift keying (DPSK) is used for modulating the 
subcarriers [11]. 
           This paper is aimed to show that the linear 
block coding is used in OFDM system for 
improvement in bit error rate performance under 
various channels. Section II recalls the basics of 
channels. The linear block coding is briefly 
overviewed in section III. Then in Section IV 
shows proposed simulation model which gives 
better performance in Bit Error Rate. Simulation 
Results are compared with approximation in 
section V. 
 

 

II. FADING CHANNELS 
 

            A signal in mobile communication does not 
necessarily reach the receiving antenna directly. It 
gets reflected, diffracted or scattered due to various 
natural or manmade obstacles in the signal path. 
Thus the signal undergoes a multipath propagation. 
This results in infinite number of replicas of the 
transmitted signal. At receiving antenna the signal 
reaches as superimposition of the signal which may 
be constructive or destructive. This affects the 
amplitude and other such parameters of the signal. 
Some of the frequencies even get erased due to the 
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reflections, diffractions and other such effects 
called as selective frequency fading. 
              The signal along with its replicas is 
received at receiving antenna in a scattered manner. 
A time spread occurs between the first and last of 
the multipath signal at the receiver called as delay 
spread. In condition when the transmitter and 
receiver are in motion relatively in a radio 
transmission frequency of the signal may increase 
or the frequency of the signal may increase to 
certain extent before decreasing depending upon 
the movement. This is the Doppler shift and 
collectively these are multipath fading. The signal 
in LOS or short distance propagation is categorized 
as Rayleigh fading. When the signal undergoes a 
Non-LOS propagation or large distance 
propagation is consider a   Rician   fading. 
 

III. LINEAR BLOCK CODES 
 

               Consider an (n, k) Linear code C with 
parity-check matrix H, where n is the length and k 
is the dimension of C. Since  0 for any 
codeword c ∈ C, any vector X ∈ e+c has the same 
syndrome as e, that is [12, 13]  
                               (1) 
 
          A binary information sequence is divided 
into blocks of 4 bits. Each message block is 
encoded into a codeword C which is 7 bits by a (7, 
4) hamming encoder. Hamming codes were 
designed for correction [14]. The parameters for 
the family of binary hamming codes are typically 
expressed as a function of a single integer m≥2 (for 
m=3,  use third gender not necessarily prime, it 
is any positive integer. A hamming code on GF (2) 
has code length  n=2m-1, message length k=2m-1-m 
, redundancy n-k=m and error connecting 
capability t=1 bit. 
 
HAMMING CODES 
        Hamming codes are only single error 
correcting codes. To improve the error detection 
and correction capability by adding parity check 
digit. The resulting code is called the extended 
binary hamming code. Suppose that c which is 7 
bits by a [7,4]. Let ĉ  be the code obtained by 
adding a single character to the end of each word in 
c in such a way that every word in ĉ  has even 
weight. The parity check matrix of (8, 4) extended 
hamming code ĉ  is Ĥ : 
 

⎥
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⎥
⎥
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⎥

⎦

⎤

⎢
⎢
⎢
⎢
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⎢

⎣
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=

111
0
.
.
0

ˆ

H
H

                  (2)

 

According to the formula S= THe ˆ , the syndromes 
which are corresponding to the non-error and one 
error patterns could be obtained. And other seven 
two errors patterns could be obtained from the 
other syndromes. So the standard array of  ĉ  is 
constructed. The standard array an [n, k] binary 
linear code C is a M×N array and for extended 
array an (8,4) for binary linear code  ĉ  is also 
M×N array. where M=2m-K, N=2K.  
 
            

   IV.   SIMULINK MODEL OF PROPOSED 
    SYSTEM 
      OFDM system as in Fig.1, which adopts it is 
DQPSK or DBPSK modulation, 512 sub carriers  
and linear block codes with extended hamming. 
During the period of transition the generator matrix 
G is adopted. The code 512 bit makes 1024 
possible values by generator matrix. 
 
Generator Matrix G: 

              1   0   0  0   1   1  1  1 

    G =      0   1   0   0   1   1  0  1 
  

                0    0   1   0   1  0  1  1 
  

                 0   0   0   1   0  1  1  1                           (3) 
  
 

 
   Fig.1 Simulink Model of linear block code of  OFDM  system
  

V.  SIMULATION RESULTS 
 

         This section analyzed the linear block code 
OFDM system with DPSK modulation technique. 
The decrease in bit error rate performance of 
OFDM system is investigated in different channels. 
Linear block code reduces the effects of both 
fading and interference. As number of subcarriers 
increasing the frequency   selective fading is 
reduce. The coherence bandwidth is greater than 
the subcarrier spacing of the channel, each 
subcarrier is affected by a flat channel and channel 
equalizer not needed.  
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AWGNCHANNEL  
           The data is subjected to Additive White 
Gaussian Noise (AWGN) with Signal to noise 
vector (Es/No) is varied according to the 
modulation techniques used. In complex signals, 
the AWGN channel block relates Es/No.  
Following algorithm for bit error rate it gives good 
performance under different channels:  
 
N is number of subcarrier , Input: tx and rx ,Y is 
output.  
          

 
Specific parameters are used for simulation 
purpose as shown in table 1. So it gives better 
performance to reduce bit error rate under various 
channels. 
 

TABLE 1: Simulation Parameter 

            Data source 512 

Modulation DPSK 

FFT Size 512 

Coding technique Linear block Code 

Message Length 4 

Codeword Length 8 

Channel AWGN, Rayleigh, 
Rician 

Maximum Doppler Shift 1Hz,2Hz 

Rician Parameter K=1,2,3,4 

 
            Fig. 2 is a graph of uncoded and coded of 
OFDM system under AWGN channel. As compare 
after LBC coding with extended hamming of 
OFDM system gives good performance of bit error 
rate. 
          It is observed in Fig. 3 that as the number of 
carriers are increased  the bit error rate of OFDM 
decreases under AWGN channel using linear block 
code with extended hamming code. For N=64 the 
bit error rate 10-1 dB as the number of carriers is 
increased the BER decreases to 10-2.5 dB.  

 
         
         Fig. 2: Bit Error Rate  of OFDM under AWGN channel   
        
 

 
        
    Fig .3: Bit Error Rate of OFDM System for  different carriers  
               under AWGN channel using  LBC 
 
 RAYLEIGH CHANNEL: 
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(b) 

 Fig. 4: Bit Error Rate of OFDM system Under Rayleigh 
channel  using LBC (a)Doppler shift=1hz (b) Doppler shift=2hz 
 
 

 
 
    Fig. 5: Bit Error Rate Performance of OFDM system under     
           Rayleigh channel using LBC  
 
The results obtained under the Rayleigh channel 
using LBC for bit error rate and Eb/No for different 
values of maximum Doppler shift are showed in 
Fig.5. Thus it is observed in Fig.4 and Fig.5 that 
the bit error rate is better for lower values of 
Doppler shift. 
 
 RICIAN CHANNEL: 
 
          Fig. 6 exhibits the results of uncoded and 
coded  OFDM system under Rician channel for 
k=1.Coded graph shows better performance in bit 
error rate as compare to uncoded OFDM system.  
The Fig.7 highlights the results for Rician fading 
channel. It is seen that for various values of Rician 
parameter ‘k’ BER varied. The results confirmed 
that for increase in Rician parameter ‘k’ factor 
BER performance got better. Results were obtained 
by using linear block code with Extended hamming 
and DPSK Modulation scheme. 

 
Fig.6: Bit Error Rate  of OFDM system under Rician channel     
          For  Doppler shift=1hz 

 

 
       Fig. 7:  Bit Error Rate Performance of OFDM system under    
                  Rician channel using LBC for Doppler shift=1hz 
 

 
 

VI. CONCLUSION 
 

                  The proposed scheme has used linear 
block code with extended hamming and differential 
phase shift keying to improve the BER 
performance of OFDM system. Linear Block Code 
with Extended Hamming is used for correcting the 
two error pattern so as to achieve good BER 
performance as compare to uncoded OFDM 
system. In this system Due to DPSK modulation 
technique and simple structure of the decoder 
reduce the complexity on the receiver side and no 
need of equalizer.  
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Abstract— Vehicle handling behavior is much influenced by the 
performance of steering system and its mechanism. Steering 
linkage play a very important role in maneuvering of a vehicle. In 
this paper, a set of kinematic relations of rack and pinion steering 
linkage system are modeled in MATLAB Simulink environment 
based on kinematic model equations is presented to study the 
relationship between steering wheel and tire angle. A Hardware-
in-the-loop Simulations (HILS) test rig with actual rack and 
pinion mechanism has been set up using real time software 
environment from MathWorks namely xPC Target, LVDT and 
encoder sensors installed for data measurement at various 
steering angle. Results from simulation model demonstrate a 
linear pattern occurred from maximum lock-to-lock steering 
wheel angle and it is closely follow the sine input trend through 
HILS experiment with acceptable error. 

Keywords- Rack and pinion, Steering linkage, HILS  

I. INTRODUCTION  
Steering a car is a driver responsibility as guidance for 

motor vehicle direction. It involves the driver looking ahead at 
the intended path relative to the car and somehow processing 
the preview information and the current position data to yield 
the steering wheel or control inputs needed to make the car 
follow the desired path. 

Steering linkages play a very importance role in 
maneuvering of a vehicle. Amongst the steering linkages, the 
rack and pinion is the most popular and widely used in 
automotive passenger vehicle [1-4]. Thus it is chosen in this 
study. This linkage consists of two steering arms (wheel 
knuckle), two tie rods end as well as a rack and pinion as 
depicted in Fig. 1. In future automatic steering system, the 
electric power steering is a vital component for control and 
improving vehicle handling and stability [5, 6]. 

The rack and pinion system convert the rotational motion 
of the steering wheel or driver input into linear motion 

required to turn the tire, and provide gear reduction or steering 
ratio, making easier to turn the tire. In most passenger vehicle, 
approximately three or four complete revolutions of steering 
wheel is required for the tire maximum turning lock-to-lock 
from far left to far right. The pinion gear is directly attached to 
the steering shaft which connected to steering wheel. As a 
result, when the steering wheel is rotated, the pinion shafts 
push the rack moving either left or right where lead the tires 
turning into the desired direction. 

In this paper, six bar rack and pinion type is modeled in 
MATLAB Simulink to predict the correlation between 
steering wheel angle, steering rack and tire angle. 

 

Figure1.  Rack and pinion steering linkage in passenger vehicle  

II. STEERING LINKAGE KINEMATIC EQUATIONS 
The rack and pinion linkages are complex and spatial 

mechanisms because of the parameter of caster angle and 
kingpin inclination are in XZ and YZ plane. However, those 
parameters have little influence on the functionality of the 
steering linkage [1, 2]. As suggested in literature [7-10], the 
caster angle and the kingpin inclination provided to correlate 
suspension and steering system can be neglected. Accordingly, 
the actual rack and pinion steering linkage can be modeled as 
a planar linkage as shown in Fig. 2. In this paper, only planar 
modeling is demonstrated for better understanding of the 
modeling approach.  
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Figure 2. Six-bar rack and pinion steering linkage model. [Hanzaki et al. 
(2007)] 

The rack and pinion linkage model is formulated the 
kinematic equations as a six bar planar linkage [1]. The 
kinematic equation for the rack and pinion can be written in 
Eq. (1) where wt is the wheel track, lr is rack length and b1 is 
the rack travel show in Fig. 2. 

12
t rw lb b−

= +
 

(1)

From Fig. 2, it produces c=cosine and s=sine functions in 
term of scalar components where h is distance from front 
wheel axis, lt is tie rod length and  l is steering arm length. 

1 1 1 12tl c l c bθ θ+ = (2)

1 1 1 12tl s l s hθ θ+ = (3)

12 1 2θ θ θ= + (4)

Equations (1) and (2) can be expressed as 
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The value of z is the solution of a quadratic equation that 
obtained from the kinematic equations in (1) and (2). The 
equation can be written as 
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III. STEERING SYSTEM MODEL 
The steering system is modeled in MATLAB Simulink 

environment based on actual dimension of rack and pinion 
steering linkage from Malaysian National Car. The steering 
system model is developed based on the above equations. In 
this study, a planar model is developed for the standard 
configuration of the rack and pinion steering linkage by 
eliminating the kingpin inclination, caster angle and kingpin 
offset. 

The mathematical modeling considered in this study 
consists of a DC motor model, rack and pinion model and the 
kinematic model of the steering system. A motor actuator is 
modeled in this steering system to represented steering input. 
Fig. 3 shows the pinion as an input and the wheel angle as an 
output which than function as an input for vehicle model. 
Some modeling assumptions considered in this study are as 
follows; the effect of steering inertia is neglected, the front left 
and front right wheels are assumed to have identical tire angle 
under excitation from steering input, the efficiency of the DC 
motor shaft to pinion rotating shaft is neglected. 
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Figure 3.  Rack and pinion steering system model in MATLAB SIMULINK 

IV. HARDWARE-IN-THE-LOOP SIMULATION (HILS) TEST 
SETUP 

The relation between rotation of pinion and displacement 
of rack can be defined by perform an experimental on actual 
rack and pinion steering system through Hardware-in-the-loop 
simulation (HILS). It can be useful as a development tool 
since it more repeatable and cost effective than a full in-
vehicle test [10, 11]. The front tire is set in normal position, 
and Linear Variable Differential Transformer (LVDT) and 
rotary encoder sensors used for measurement. The DC motor 
is represented as an actuator to generate desired steering wheel 
angle and it allowed rotating about its rotational axis. 

The rotational motion of the pinion is converted into linear 
motion by the steering rack. The linear motion of the steering 
rack is allowed to rotate the front tires at its steering axis. The 
actual steering rack of a compact passenger car is used in 
HILS testing shown in Fig. 4 using MATLAB xPC Target 
environment. In HILS testing, rotary encoder was used to 
measure the rotation angle of the steering wheel and/or DC 
motor pinion angle. Meanwhile, the LVDT was used to 
measure the linear displacement of the steering rack which 
than causes the tire turning into the desired angle. 
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Figure 4. Hardware-in-the-loop- Simulation (HILS) diagram  

Figure 5. Experimental set up of HILS for rack and pinion steering linkage 

The output from both sensors (LVDT and rotary encoder) 
is transferred into xPC Target in Target PC. The output data 
from experiment will be compared with steering system model 
developed in MATLAB Simulink environment. 

Position tracking of DC motor is required to perform to 
ensure the control system design for motor is good enough to 
follow the desired steering input. Fig. 6 show the controller of 
DC motor is developed for position tracking in HILS testing. 
This test is performed on actual rack and pinion steering 
linkage with both tire contact on ground and carry 150 kg load 
for engine weight representation.  

xPC Target was used to perform model identification for 
DC motor which must have capabilities to run under various 
degree of steering input. Signal generator used to represent 
steering input such as sine 30° mean rotate the steering wheel 
30° clockwise and anticlockwise. The desired steering position 
from the signal input given is compared with the actual angle 
position of the motor rotating shaft measured by rotary 
encoder, which results in position deviation error denoted by 
e(t). The input signal of DC motor is voltage, U(t), which is 
represented as the required rotational DC motor speed that is 
commanded to a pulse generator’s block. The error is 
weighted PID controller value via try and error approaches 
which resulting in current voltage. 
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Figure 6.  Position tracking controller developed for HILS 

V. SIMULATION  AND EXPERIMENT RESULTS   
The position tracking test for DC motor is performed to 

ensure the motor could follow the desired steering input. 
When steering wheel is rotated by giving input signal, the DC 
motor tend to follow the desired signal by rotating the pinion 
angle which than pull or push the tie rod end to change the 
tires angle. Fig. 7 shows the position tracking test for sine 
wave input for 30°. It demonstrates the actual rack and pinion 
measured through LVDT sensor and pinion angle closely 
follow the desired angle of steering input with acceptable 
error. The control structure therefore can be used to test the six 
bar rack and pinion linkage system for various steering input. 
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Figure 7.  Positioning tracking for DC motor 

The result of the pure algorithm simulation of steering 
system developed in MATLAB Simulink and the Hardware-
in-the-Simulations (HILS) test are respectively shown as Fig 8 
and Fig 9. The sine steer input parameter at 90° clockwise and 
anticlockwise at high frequency was used to represent steering 
wheel rotation angle. 

It is demonstrates the steering system model developed 
with six bar linkage follow the desired angle with acceptable 
position error. Fig 9 shows the results gathered from HILS 
testing where the steering system follow the desired trajectory 
also with less error in average compared with simulations 
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result. It is evident that the developed HILS model can 
simulate better for real drive system.  

 

 

Figure 8.  Simulation result of sine input for automatic steering system  

Figure 9.  HILS result of sine input for automatic steering system 

Figure 10 shows simulation and experimental results for 
rack and pinion steering linkage system. Y-axis represents the 
steering rack displacement and X-axis represents the steering 
wheel angle. The linear trend occurred when the steering 
wheel is rotate maximum lock-to-lock (610° clockwise and 
610° anticlockwise). The dash line in the plotted graph shows 
a nonlinear behavior from HILS experimental data at 200° 
anticlockwise. This is due to gear backlash occurred in the 
steering linkage mechanism. Gear pairs like rack and pinion 
need clearance or gap between gear teeth matching to avoid 
wear. When pinion are rotated, slackness will happen at  point 
where it has clearance between pinion and rack. This happen 
at the range of 22 mm to 25 mm as referred to Fig. 10. To 
simplify the relationship between the rack and pinion steering 
mechanisms, the rack displacement is assumed directly 
proportional to the pinion rotational angle with relationship 
Y= 0.00005X - 0.001. 
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Figure 10. Relationship between rack displacement and pinion angle in 
MATLAB and HILS Steering System 

 
From steering system model, the correlation between 

displacement of rack and wheel angle can be defined as shown 
in Fig. 11. The maximum rack displacement from normal 
position is 59.5 mm provide maximum tire angle 30.5°. From  
Fig 10 and Fig 11,  the ratio between steering wheel angle and 
tire angle is 1:20 

 

Figure 11. Relationship between rack displacement and tire angle in 
Steering System 

VI. CONCLUSIONS 
The actual dimension of rack and pinion steering linkage 

system is modeled in MATLAB Simulink environment based 
on kinematic equations. The relationship of steering rack 
displacement and pinion angle is achieved by perform 
simulation and HILS experimental measurement for actual 
rack and pinion steering linkage system. A result from sine 
input simulation demonstrates a linear pattern where it’s 
closely follows the trend occurred through HILS experiment 
with acceptable error. The relation between rack displacement 
can be assumed directly proportional to the pinion angle and 
the ratio between steering wheel angle and tire angle is 1:20.  
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Abstract— Model Predictive Control (MPC) is based on the idea 
to produce control input as a solution to real-time optimization 
problem. Optimization itself is based on the system model. MPC 
is used to solve multivariable control problem which has more 
than one variable that may have significant effect on the process. 
The advantage of MPC is that MPC can works effectively within 
constraints of the real actuator which are relatively narrow. The 
disadvantage of MPC lies on its complex algorithm that needs 
longer time than the other controller. This paper discusses the 
MPC application for inverted pendulum. The algorithm used is 
algorithm-3 for floating point. The general guidelines are 
modeling the system, designing the system using MATLAB, 
simulating the design using MATLAB, implementing the MPC 
algorithm on AVR ATmega32 and analyzing the result. After the 
guideline have been implemented, it can be seen that MPC 
algorithm-3 with 9 horizon and 1 iteration of quadratic 
programming can return the pendulum rod at the balance point 
by the time external force applied. 

Keywords—Model Predictive Control (MPC); algorithm-3; 
inverted pendulum; AVR ATmega32 

I.  INTRODUCTION 
Model Predictive Controller (MPC) is a control theory 

which is quite often used to control the complex system 
domain. MPC has been used in recent years in industrial 
processes. MPC is very effective to improve the optimization 
and address the problem of control is usually in the form of the 
constraints which is owned by the actuator. These constraints 
are the problem in the design of the system as most systems 
operate optimally in the working area close to the limit. The 
main principle of MPC is how to select appropriate control 
measures to solve the problem of repetition in the optimum 
control. The goal is the minimization of the performance 
criteria of the system to a certain horizon, which is usually 
caused by limitations in the input and output of future behavior 
which computed based on a process model. The problem that 
encountered often in the design of MPC is that how to 
guarantee the stability of the closed loop system, cope with the 
uncertainty of the model was designed, and reduce the 
computation performed. 

In this paper, the application of MPC will be implemented 
in microcontroller for controlling the inverted pendulum ECP 
model 505. 

This paper has five sections, introduction section, basic 
theory section, design and simulation section, implementation 
and analysis section, and conclusion section. 

Section I introduces the general information about this 
paper. Section II discusses the basic concept of MPC, the 
computation of MPC tracking problem and MPC algorithm-3 
structure. Section III discusses the design and implementation; 
the plant which is inverted pendulum ECP model 505 will be 
model and the design of the MPC controller. Section IV 
discusses the system implementation (including hardware and 
the algorithm) and the analysis of implemented system. Section 
V contains the conclusion based on the test from section IV.  

II. MODEL PREDICTIVE CONTROL (MPC) 

A. The Concept of MPC 
MPC will calculate a value which will be used for the input 

process as a real-time solution of the optimization problem. 
MPC predict the next output from a process in a certain length 
of the horizon of a time with using the input and output from 
previous process. After that the calculation for the control 
signal in that horizon of time and optimization will be start. 
Figure 1 show the MPC base diagram of the optimization 
problem. 

  
Figure 1.  MPC Base Diagram 

Figure 2 shows the illustration of MPC base concept which 
predicts the behavior of plant within M horizons. The 
prediction’s accuracy depends on the accuracy of plant model. 
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MPC computes the optimal output (control 
input that will concern the constraints. The
future control signal computed as problem
horizons open loop which determined with fi
optimal control signal responses that used as 
inputs, meanwhile the other elements will no
that the time will shifted and the input will be
so that the computation acquires a new optim
will be used for the next computation. This
repeated so the output will be optimal. 

  
Figure 2.  MPC Base Concept 

B. MPC Tracking Problem 
Consider a detectable plant 
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where Φ and Γ are the functions from A, B, C matrices.   (19)    (20)   (21)  ( )  (22)   (23)   (24)   (25) ( )  (26)   (27) 1 0 … 0  (28) 

The benefit of computation is to find the U variable which 
minimize   ( )   ( )  

 (29) 

where 1 1  

with definition of this equation first    (30)  

According to the quadratic equivalent programming, MPC 
tracking can be implemented as the block diagram at Figure 3. 

 
Figure 3.  Block Diagram of the MPC Tracking Implementation 

C. Algorithm-3 
Algorithm-3 is the iteration of the quadratic programming 

algorithm. This algorithm can be represented in Figure 4. 

 
Figure 4.  Block Diagram of the Algorithm-3 

The iteration of the algorithm can be seen if there is a 
feedback. Figure 4 can be written to ( )  (31) ( ) (32) 

The definition of the iteration implementation from that 
variable is ( ( )  )  (33) 

with Ψ  that a nonlinear function from actuator saturation. ( )   ( )  (34)             
If the iteration equation above has a convergent 

characteristic, the solution of that loop can be defined as ( )   (35) 
 (36) 

III. DESIGN AND SIMULATION 

A. Inverted Pendulum 
The inverted pendulum that will be used is ECP model 505. 

The design is demanded to be automatically stay on the balance 
state with a tolerance where close to it. The system will start 
from the furthest position of pendulum rod from the balance 
point and will work to keep it on the balance state. 

 
Figure 5.  Inverted Pendulum ECP Model 505 

The ECP model 505 has the transfer function shown on 
(37). ( )( ) ( )  

 (37)
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with 

  (38) |  (39) 
In this system, there are four state, one input and one 

output. The input that used in this system is the amount of force 
which necessary to move the pendulum rod in order to achieve 
stability when standing vertical ( ), while the output of this 
system is the large of pendulum angle / position of the 
pendulum rod to the vertical axis ( ). The states that used in 
this system written on (40). 

 (40) 

where θ = angle / position of the pendulum rod to the vertical axis θ = angular velocity while moving the pendulum rod x = position sliding rod of the pendulum rod 

 = shaft speed glide while moving 

The parameters of inverted pendulum used for computation 
are: l  : length of pendulum rod  (0.33 m)  l  : length of mass centre of pendulum rod (0.0281 m)  m  : mass of sliding rod   (0.213 kg)  m  : mass of pendulum rod   (1.785 kg)  g : gravitation force   (9.81 m2/s)  J  : moment of inertia   (0.036 kg.m2) 

State space of the inverted pendulum system can be 
modeled mathematically in the form of discrete space equation 
as follows.    (41)    (42) 

By using the parameter value sampling time 0.04 seconds 
and compute using MATLAB functions tf2ss and c2d, the 
system of mathematical equations in discrete form 1.1303 0.6474 0 00.3354 1.1303 0 00 0 0.6031 0.34730 0 0.3473 0.9092  0.25730.70050.69620.0134   

 0.2337 0.8681 0.6962 0.0134  0   The input and output of the equation are trough stabilization realization state space based on Gramian. The parameters that used in this paper define by: 

• Sampling time : 0.04 seconds 
• 1 and 1 
• Set point value : 0 
• Simulation time : 16 seconds  

B. MPC Designing in MATLAB 

 
Figure 6.  Block Diagram of the Algorithm-3 Implementation 

MPC Designing is calculating the matrices values which 
become the bases of MPC Algorithm-3 calculation. Calculation 
of the matrices defines by designing the MPC formula in 
MATLAB. With simulink in MATLAB, the optimum horizon 
value calculated for the system with a certain range of iteration 
value, using the method that analyzing the response time and 
control signal of the system. 

These conditions make the value of 9 horizons has the 
smallest settling time response system and input system. Table 
I shows the details. 

TABLE I.  SETTLING TIME RESPONSE SYSTEM, INPUT SYSTEM, AND 
INTERATION NUMBER AT EVERY HORIZON 

Horizon Response 
Time 

Input Control 
Signal Time 

Iteration 
Number 

Horizon 8 13,84 s 12 s 1 
Horizon 9 8,92 s 7,2 s 1 
Horizon 10 9,2 s 7,48 s 1 
Horizon 11 10,36 s 8,36 s 1 
Horizon 12 11,76 s 9,44 s 1 
Horizon 15 15,2 s 12,2 s 1 

 

The most optimal control signal is reached when the 
horizon value is 9. The system characteristics shown in Figure 
7 and figure 8. 

Figure 7 shows the settling time response system which 
controlled by MPC algorithm 3 with 9 horizons. From the 
graphic, the response time of system is 8,92 s. Figure 8 shows 
the input control signal time of system which controlled by 
MPC algorithm 3 with 9 horizons. From the graphic, the input 
control signal time of system is 7,2 s.  
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Figure 7.  MPC Algorithm-3 with 9 horizons Response Time 

 
Figure 8.  MPC Algorithm-3 with 9 horizons Input Control Signal 

IV. IMPLEMENTATION AND ANALYSIS 

A. Hardware System Design 
The hardware system divided into three parts of modules, 

which are the AVR ATmega32 microcontroller, L298N motor 
driver IC, and inverted pendulum ECP model 505 as a plant. 
The block diagram (Figure 9) shows the flow of design. 

 
Figure 9.  Block Diagram of the Hardware System 

B. System Algorithm Design 
The algorithm of the system design by the flowchart in 

Figure 10. This algorithm will be applied in microcontroller. 

 
Figure 10.  Flowchart of System Algorithm 

C. System Implementation 
The next step is implementing the design of hardware and 

algorithm. Then the system will be verified with the result of 
simulation. The verification step will be divided into three 
parts, which are input control signal verification, PWM 
verification and system verification. 
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The input control signal verification used for verified the 
input control signal with the input sensor value. From 
simulation, it’s clearly show that if the pendulum rod is around 
the stable point (ADC conversion value near 0), then the input 
control signal value will be small (near 0). Otherwise, if the 
pendulum rod is away from the stable point (ADC conversion 
value near 1), then the input control signal value will be large. 
Table II shows the verification. 

TABLE II.  INPUT CONTROL SIGNAL VERIFICATION 

Sensor 
Input 
(ADC) 

ADC 
Conversion 

Value  

Input 
Control 

Signal Value 
166 -1 -0,66 
176 -0,87 -0,57 
192 -0,64 -0,42 
216 -0,31 -0,2 
240 0,03 0,016 
267 0,41 0,267 
312 1,04 0,68 

 

The PWM verification used for verified the input control 
signal value with the output PWM from controller (apply to 
motor DC of the plant). The PWM value is about 1 to 1023. In 
simulation, if the input control signal value is small, then the 
output PWM will be small. Otherwise, if the input control 
signal value is large, then the output PWM will be large. Table 
III shows the verification. 

TABLE III.  PWM  VERIFICATION 

Input Control Signal 
Value PWM Value 

-0,66 679 
-0,57 585 
-0,42 434 
-0,2 207 

0,016 16 
0,267 272 
0,68 699 

 

The system verification performed by giving interference of 
pendulum rod in the stable point, then the pendulum rod will be 
back to its stable point. 

Figure 11 and 12 shows the system verification. In figure 
11, the above graphic (CH1) shows the pendulum rod position 
(angle) and the bottom graphic (CH2) shows the PWM which 
applied as the input control signal of the system. It’s clearly 
show that if there is an interference in the pendulum rod 
(pendulum rod position is not in stable point), the MPC 
controller will calculate the input control signal so that the 
pendulum rod will be in the stable point. The input control 
signal will be changed into PWM signal. Then PWM signal 
will be applied to DC motor in the plant. Figure 12 shows that 
the settling time of input control signal is 8 seconds (about 200 
times with time plotting 0.04 seconds using serial 
communication in MATLAB).  

 
Figure 11.  Pendulum Rod Position and PWM Value of System Verification 

  
Figure 12.  Input Control Signal Plot 

D. Analysis 
In designing MPC, sampling time is 0.04 seconds. Rule of 

Thumb says that the ideal sampling of a system is one-tenth of 
time constant of system (it can be seen from its characteristic 
equation). Nyquist-Shannon Theorem says the minimal 
sampling time is half of time constant of system. Based on 
Nyquist-Shannon Theorem, the chosen sampling time satisfy 
that theorem. 

The settling time of input control signal is 8 seconds. But in 
the simulation, the settling time is 7.2 seconds. This is caused 
by delay of system (in actuator, sensor, etc.), the non-ideal 
actuator (slip, hysteresis, etc.), the accuracy sensor, the 
modeling system (system is non-linear, but the modeling is 
linearized) etc. 

V. CONCLUSION  
The paper shows that MPC algorithm 3 can be applied to 

inverted pendulum system ECP model 505 and implemented in 
AVR ATmega32 microcontroller. The Algorithm-3 calculate 
the optimal input control system based on the prediction of 
system’s behavior. The algorithm-3 also solve the constraints 
problem in actuator. The system performed by giving 
interference of pendulum rod in the stable point, then the 
pendulum rod will be back to its stable point. For this system, 
the horizon value set at 9 based on the response time in the  
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simulation. For further research, the MPC algorithm can be 
implemented in more complex processor for complex 
computation. 
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Abstract—Malware is a threat to the computer users regardless
which operating systems and hardware platforms that they are
using. Microsoft Windows is the most popular operating system
and the popularity also make it the most favourite platform to be
attacked by the adversaries. Current detection for Windows relies
on the signature based detection which is fairly fast although
suffers undetected binaries. Here, we propose a method to
increase the detection rate of malware by manipulating machine
learning methods. Our focus is on the Microsoft Windows
binaries.

Index Terms—malware; feature selection; machine learning

I. INTRODUCTION

The work on computer virus formally traced to Fred Co-
hen’s work in 1986[1]. The term “virus” was given by Cohen’s
supervisor Dr Adleman which the public use until currently.
Nowadays, the term malware most likely being used, which
covers computer worm, virus, dialers, trojans, rootkits and so
many others threat. Hence the term malware which means
MALicious softWARE being used. Machine learning methods
has been widely used in the area of finance, for example
in credit card fraud detections, patient’s drug prescriptions
and other areas. In the area of malware research, machine
learning plays role in several phases, dimension reductions
with feature selection for reducing the number of features;
without reducing the accuracy rate. It is also able to classify
unknown data based on clustering(unsupervised methods). The
room of improvements depends on the number or which
feature are selected; which means the quality of the chosen
features.

A. Problem statement

In order to detect the malicious features within a malware,
two ways of detection methods being used; static analysis
and dynamic analysis. Static analysis deals with parsing the
malware binaries so that the malicious strings could be find
as well as by reverse-engineer method; disassembling the
malware. Dynamic analysis in the other hands, monitoring the
activities of malware by executing them in a safe environment;
for example in a virtual machine. Each method has its own
strengths and weaknesses and most of the time it is advisable
to use both methods to analyze a malware[2]. The rich sets
of malicious features could be reduced for malware detection
without sacrificing the accuracy. This could save some of the

researcher’s time for analysis. Our concern is there is no ob-
vious necessity to detect a malware with many features when
it could be reduced to several strong features which could
perform the same. In order to begin with the feature selection
step for malware, the mechanism or algorithm candidates must
be reviewed into. The problem to be solved is how to reduce
the number of features in malware detection without reducing
the accuracy rate and secondly, how to detect malware which
never been seen before by comparing commonalities with the
previous malware.

II. METHODOLOGY

We obtained a dataset of malware samples from a Malaysian
government agency CERT (Computer Emergency Response
Team), CyberSecurityMalaysia (CSM) which consists of 2GB
size of malware, roughly around 30,000 malware. In order to
extract the features, pre-processing methods has to be done
prior to the next stage. We use static analysis to parse the
visible Application Programming Interface (API) calls and
dynamic analysis to capture the obfuscated API calls. The
most popular way for malware to invoke commands is by
using calls within Dynamically Linked Library (DLL). Two
commands within “kernel32.dll” which are “LoadLibrary” and
“GetProcAddress” are required to be invoked to perform the
DLL calls[3]. General ideas about the process can be referred
from [4], [5] and [6]. In order to test the accuracy of the
detection, we mix the testing sample with benign software in
order to know whether there is false positive or false negative
in the detection. Roughly our methods consist of :

1) Feature Selection(Ranking/Pruning)
2) Supervised Classification
3) Unsupervised Classification
Item 2) and 3) above also could be combined to a method

known as “Semi Supervised Classification”.

A. Feature Selection as a Dimension Reduction Method

We review several methods, for example by using Informa-
tion Gain(IG) as in [7], [8], [9], [10], [11]. The formula of
IG in [10] and [11] is the same except [11] added an error
correction method after the result to reduce the error rate,
which is basically the area under the bell curve selection.
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The amount by which the entropy of X decreases reflects
additional information about X provided by Y is called infor-
mation gain, given by

IG(X|Y ) = H(X)−H(X|Y ) (1)

[11] introduced the following algorithm to “correct out”
error the results.

IG(X)′ = IG(X)±
∑n

i−0 IG(Xi)

n
(2)

While [12] used:

IG(t) =
∑

c∈{ci,ci}

∑
t′∈{t,t}

P (t′, c)log
P (t′, c)

P (t′)P (c)
(3)

We expect to look in the said IG algorithm above, due to the
interest by the previous researchers in applying the algorithm
for feature ranking purpose.

We already evaluated several malware in [4] by us-
ing the following features; GetSystemTimeAsFileTime, Se-
tUnhandledExceptionFilter, GetCurrentProcess, TerminatePro-
cess, LoadLibraryExW, GetVersionExW, GetModuleFile-
NameW, GetTickCount, SetLastError, GetCurrentProcessId,
GetModuleHandleW, LoadLibraryW, InterlockedExchange,
UnhandledExceptionFilter, FreeLibrary, GetCurrentThreadId,
QueryPerformanceCounter, CreateFileW, InterlockedCompa-
reExchange, UnmapViewOfFile and GetProcAddress:.

Our next target is to evaluate the fitness and quality of the
chosen features so that only the most relevant features could
be used for representing malicious features. This, theoretically
could be done by using distance measurement and data clus-
tering by plotting the details on a graph.

[13] for example argues on the credibility of detection by
using API calls. This is true, since API calls is a legit method
to call operating system functions as it interfacing operating
systems with applications. API calls detection, although very
popular in term usage in research papers, is not the only
method for measuring the maliciousness level. It could also
being examined along with the entropy level, malicious strings
existence, anti debugger and anti virtual machine detector
strings, RedPill detector, XORed strings and many more.

B. Supervised Learning for Malware Detection

Supervised learning needs an instance label so that it can
sort of “predict” the upcoming results based on the rules fed
before. This could be efficient for relatively known malware,
but has has some problems if the analyzed features were never
found.

C. Unsupervised Learning for Malware Detection

Due to the nature of malware rapidness growth, the prospect
of using the unsupervised method is high, due to the nature
of the unsupervised learning process which does not need
any instance label prior to the categorization process. The
separation of clusters can be done hence the malware can
be segregated according to groups and measuring distance
between them.

III. CHALLENGES

Malware writers are usually being regarded as “lazy”, which
means usually the “new” malware in the wild are actually
derived from the previous malware, hence if there is large
similarities the new malware will be regarded as the new
variant. In addition to that, malware writers also used to insert
garbage calls in order to confuse the analyst with fake API
calls. This however could be avoided by using different ways
of analyzing the malware. Also, malware writers encrypts
the important details within the malware body, however this
partly already being addressed with our tool in [4], if the
malware writer used XOR as the encryption method. Malware
also usually being packed, some use well known packer and
some rarely used packer. “Packing” is a method to compress
a Windows executables without having the user needs to
manually decompress them. The purpose is basically legit
since it is used by benign Windows executables as well but it
has already being expoloited by the criminals for compressing
the size plus encryptions. Ideally, malware could be analyzed
better by unpacking them. However the process of unpacking
without the existence of the packing software is difficult and
time consuming, hence methods has been developed to analyze
malware at the surface level by using entropy analysis [14],
[15], [16], [17]. We tested entropy test on the recent sample of
Duqu malware[18], [19], which is known as an offspring of the
infamous Stuxnet, however Duqu malware seems unsuspicious
to the entropy test.

There is one important aspect to consider, according to
[20], the process of cyber security experiments are considered
impossible to be replicated, due to the nature of sensors and
data involved. In malware research for example, usually the
usually the malware samples were obtained from VXhaven
website1, a repository for malware enthusiasts. However the
VXhaven portal is currently down due to the directive by
the Ukranian government[21]. There are two other education
institutions that provided their datasets, those are University
of Mannheim2, Germany and Nexginrc3, which is based in
Pakistan.

There are issues in term of analyzing the malware too. Safe
environment for malware analysis is needed, in order to ensure
the malware that is being analyzed will not infecting else-
where. One way is by disconnecting the network connection.
This method however could work for static analysis process.
For dynamic analysis, the connection is required hence several
works being done on sandboxes or internet simulator[22], [23],
[24]. The virtual environment could also guarantee the safety,
but many malware now have the feature of virtual machine
detector. This problem has already being addressed and could
be detected by our tool in [4].

IV. CONCLUSION

Malware detection is a problem which the researchers have
tried to solve for so many years by using enormous types

1http://vx.netlux.org/index.html
2http://pi1.informatik.uni-mannheim.de/malheur/
3http://nexginrc.org/Datasets/Default.aspx
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of methods. Each of the proposed methods has its own
weakness and later being improved by they themselves or
other researchers. In the mean time, the malware writers out
there are also improving their malware codes from time to
time and work more organized in the underground world. This
“cat and mouse” game is like vicious circle, as the process of
improvement need to be done from time to time.
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Abstract—IT and tourism is a new innovative combination, the 
tourist can get the information of the object they want by only 
get the picture of the object by using their camera in mobile 
phone, and then the tourist will get the detail information. 
Actual Mobile Guide for Tourist (AMGT) is a Markerless 
Augmented Reality application for Tourist to guide them about 
information of the sites. This application required a server to 
save a picture of tour object as data. Application needs more 
available data to cover more area. User generated content is 
suitable for this application. Data Mining from all available 
source is need to be set up. Application server is needed to crawl 
more data from around the world. Huge data for this application 
can make a tourist more satisfied.  
Application server, database server, and content management 
application is stored on the cloud. The purpose is to make more 
flexible in storage and computing process, this is the most 
effective and efficient way for the AMGT cases. Data mining on 
AMGT can make Business success probability on tourist site can 
be calculated. 
 
 
Keywords—data mining, crawl data, augmented reality, tourist 
guide, mobile guide. 

I. INTRODUCTION 
Mobile applications have an amazingly growth in this last 

century, includes innovative operating system, hardware and 
software in line with the progress of the internet. Tourism area 
have prospect of economy value to be gain, combining with 
the mobile applications. Indonesia as a developing country 
which has thousands of islands, have business opportunity 
when analyzed over the country will increase foreign 
exchange. Viewed from the eyes of technology, the behavior 
of foreign tourists is the community to the needs of high 
Information Technology (IT) [1]. 

IT and tourism is a new innovative combination and it still 
rare in the world. The tourist can get the information of the 
object they want by only get the picture of the object by using 
their camera in mobile phone, and then the tourist will get the 
detail information as soon as possible (depends on the data 
speed of their cellular operator). 

Actual Mobile Guide for Tourist (AMGT) on the firstly 
design is for satisfied all tourist in Indonesia. This application 
has few data about the interesting spot in Indonesia. This 
application is a markerless augmented reality-based and 

running on the Android platform. By using SIFT algorithm on 
the server to process the image that captured by client (the 
tourist). 

II. ARCHITECTURE OF AMGT 
Figure 2.1 show the Architecture of the Actual Mobile 

guide for Tourist. There are about sub-system of the AMGT 
like client application, server application, database and 
content management server. 

 
Figure 2.1 – Architecture of the Actual Mobile Guide for Tourist 

 

Based on Figure 2.1, there are four sub-systems that 
integrated in this application, including: 
1. Mobile Phone (Client Application). 

This client will be on the tourist side. The data will be 
captured using this device, and then the data sent to the 
server via data cellular of the mobile phone. 

2. Database Server. 
The data will be collected on the server. The picture that 
be sent from the client will be stored in server using 
BLOB (binary large object). 

3. Application Server. 
The data processing will be held in the server side. This 
application consists of Artificial Neural Network for the 
matching process. And then will be combining with the 
SIFT algorithm. 

4. Content Management System Application. 
User interface of the application server will be. 

Application server, database server, and content 
management application is stored on the cloud. The purpose is 
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to make more flexible in storage and computing process, this 
is the most effective and efficient way for the AMGT cases. 

III. CLIENT APPLICATION DESIGN SPECIFICATION 
Application on client (mobile phone) did not change much 

(Figure 3.1). Otherwise on server there is more change since it 
is uploaded into the cloud.  

There is some data that transferred from mobile client 
application into the server, there are: 

1. LBS Parameter. 
2. Image Data. 
3. Key point Descriptor. 
4. Network and Client parameter (such as Cell ID phone, 

phone number). 

 
Figure 3.1 – Block Diagram for the Client Application 

 
Figure 3.1 shows the block diagram of client application of 

the AMGT.  

IV. SERVER APPLICATION DESIGN SPECIFICATION 
This is data flow and subsystem component on server 

application (Figure 4.1). 

 
Figure 4.1 – Block Diagram for the Server Application 

 
Server receive all data and do a matching keydescriptor in 

application server. If server find matching data, server will 
send data Properties(information) to mobile client. Image 
matching module in this system spend much computing power. 

Application server need to be evolve, since the database 
have little data. Application server need more image database 

and information based on image downloaded. If server 
download a pisa tower, server must download an information 
about that too.  Adding one different module for filling 
database with information is required. 

Server will send information data to mobile client such as 
an information about image captured by user, hotel, restaurant 
and gas station around the image captured. 

This is AMGT prototype. 
 

V. DATA GATHERING USES CLOUD 
Data mining is based on keyword of object tourist such as 

place of beautiful scenery like beach, mountain, 7 wonder, or 
unique place. 

 
Figure 5.1 – Data Mining Filtering Process 

 

Figure 4.2 AMGT Prototype 
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Database server have to update their data since building or 
places might be change cause by natural disaster or renovation. 
Data gathering working 24/7 to get more data. Data mining or 
web mining in this case need to be gain correct data.  

There is a data specification for web mining to be searched. 
1. Image 
2. Name of image(in AMGT case is building) 
3. Information about the building 
4. Information about gas station, unique building, unique 

place, hospital, ATM, and restaurant. 
 

Knowledge Discovery in database(KDD) is appropriate for 
this problem. The traditional method of turning data into 
knowledge relies on manual analysis and interpretation. For 
example, in the health-care industry, it is common for 
specialists to periodically analyze current trends and changes 
in health-care data, say, on a quarterly basis. The specialists 
then provide a report detailing the analysis to the sponsoring 
health-care organization; this report becomes the basis for 
future decision making and planning for health-care 
management [2]. 

 
Figure 5.2 – Steps of Composing the KDD 

 
Figure 5.2 show an overview of the steps that compose the 

KDD process. 

Image

Name of Image

Information about 
image

Gas station,  
hospital, ATM, and 

restaurant

unique building, 
unique place,

Image bank

Amount of Tourist 
on site

Amount demanding 
Hotel, restaurant, 

gas station, or ATM

Mining Proses

Bussiness success 
probability

 
Figure 5.3 Data mining proses result. 

Data gathering will show information result that will 
valuable for government or some people to make a 
Business(as describe in Fig 5.3). Business man more 
convinced to deal and to build restaurant, hotel or Business 
related. 

Government will know amount of tourist come to the site. 
Government will also know when to make renovation of the 
site to make tourist more satisfied. Government will know 
when to turn to another strategy to make the site be discovered 
by the tourist.  

Image bank and the information in huge database can be 
build a wiki for tourist. Website will be build to make this 
information growth and making more value to the application. 
Website will contain travel guide to the site, how do the 
tourist get there, and how much does it spend your money, 
and several testimonial of site, hotel, and restaurant who has 
he came. 

 
Each of mining source will create a lot of data that would 

make our database increase rapidly. Cloud is appropriate 
solution for AMGT case.  
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VI. CONCLUSION 
Cloud is important in this case, because it will unite all data 

into one place. Flexibility in the cloud make this application 
evolving. Computation and storage are really important since 
data will be burst to database and application server.  

Data mining provides support in other areas. Business 
success probability can be calculated as data increase to 
database. Government can take data from application and get 
more information like number of tourist every month and year 
or view the site. More data can convince data validity.  
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Abstract---.This paper presents the design and 

implementation of a high speed JPEG 2000 encoder that 

employs the Distributive Arithmetic (DA) technique for 

the complex computation of Discrete Wavelet 

Transform (DWT). DWT is the most popular 

transformation technique adopted for image 

compression in the previous works, which, however, is 

computationally complex. In this paper, DA-DWT 

technique is employed for reducing the complex 

computations, thereby increasing the speed and 

throughput. The co-processor  also exploits the 

principles of pipelining and parallelism to the maximum 

extent in order to obtain high speed and high 

throughput. The design is modeled using Verilog HDL 

and implemented on Virtex2 Pro FPGA that consumes 

7% resources of FPGA and shows the clock latency of 

34 cycles at 250 MHz clock frequency. The proposed 

encoder can encode color as well as gray image formats. 

The performance parameters PSNR, MSE and SNR for 

some standard test images have been tabulated. 

Keywords- Image Compression, Distributive Arithmetic, 

Pipelined JPEG, DWT.

I. INTRODUCTION 

With the rapid advancements in image processing 
domain, the image processing systems need to store 
High Definition (HD) images into storage 
devices.Despite the rapid progress in the technology 
of data storage devices, the demand of data storage 
capacity and bandwidth requirement of HD image 
processing systems outstripped the capabilities of 
available mass storage technologies. So, there is an 
urgent need to develop such systems that can be 
effectively used for compressing the HD images 
without losing the prime information. This work 
presents a very high speed, high throughput, low 
power dedicated hardware co-processor to compress 
the originalimages that exploits the benefits of 
distributive arithmetic (DA) and pipelined 
architecture for JPEG 2000[14] encoder. 

JPEG 2000 standards [13] were evolved from the 
efforts of Joint Photographic Expert Group for 
compression of still images. It is based on DWT that 
decomposes the image into time and frequency 
domain and hence requires less data bits to store the 
same image. Due to this type of decomposition JPEG 
2000 is better than JPEG image. DWT has inherent 
benefits of high compression ratio, improved PSNR
(Peak Signal to Noise Ratio) and is free from 
blocking artifacts at low bit rates [5]. There are 
complexities in DWT due to large number of 
arithmetic operations that affect the speed and 
performance of the JPEG encoder. To overcome 
these shortcomings DA technique is used to decrease 
this processing time of DWT. To further compress 
the size of image, DWT bits are quantized and 
encoded using the Huffman encoding. The FPGA 
implementation of the proposed encoder further 
accelerates its performance. 

The paper is organized in the following sections: 
In section II previous related works for image 
compression are discussed. Section III presents the
proposeddesign of high speed JPEG 2000encoder; 
DA-DWT technique and pipelined architecture are 
explained in this section. The performance 
parameters of the system are discussed in section IV. 
In Section V, FPGA implementation is covered and 
finally conclusions have been drawn in section VI. 

II. RELATED WORKS 
This section gives a brief review of the work 

reported by various researchers in this field. 

In [1]-[3] high speed image compression system 
that are based on the Discrete Cosine Transform 
(DCT) based JPEG codec are discussed. The systems 
proposed by the authors also exploited the benefits of 
pipelining to reduce the clock latency. But the use of 
DCT in image compression produces the blocking 
artifacts at high bit rates and degrades the quality of 
image. 
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In [5] the use of DA in the computation of DWT is 
proposed that is suitable for FPGA implementation. 
The compression of the system can be further 
improved by including the entropy encoding [3].  

The FPGA implementation of 2D-DCT with zig-
zag and variable length coding is implemented in 
Zhang’s paper[3]. The system can be modified by the 
use of 2D-DWT and Huffman encoding for better 
performance. 

The image encoder proposed in this paper 
addresses the shortcomings of the earlier reported 
techniques. The proposed image encoder is 
implemented on FPGA and exploits the use of both 
DA and pipelining for faster results, and Huffman 
encoder for high compression ratio. 

III. PROPOSED DESIGN OF HIGH SPEED 

PIPELINED JPEG 2000 ENCODER 

The architecture of the proposed JPEG 2000 image 
encoder is shown in Fig. 1. The JPEG 2000 
compression involves three main blocks: DA-DWT, 
Quantization and Huffman encoding. 

Figure. 1 Proposed DA-DWT based JPEG 2000 image encoder. 

A. Distributive Arithmetic –Discrete Wavelet 

Transform (DA-DWT) 

An image consists of pixels that are arranged in 
two dimensionalmatrix. In spatial domain adjacent 
pixels are very highly correlated and hence 
redundant. This redundant information can be 
removed without affecting the quality of the image 
by exploiting the special characteristic of human 
vision. Human eye is very much sensitive to low 
frequencies, so the image is decomposed into 
frequency sub-bands of which lower sub-bands are 
selected and transmitted and higher sub-bands are 
rejected with the usage of DWT. The basic 
architecture of a 2 level DWT is shown in Fig. 2.The 
raw image consisting of rows and columns is first 
passed through high pass and low pass filters.The 
coefficients for these filters are computed using 
Matlab. Multiple levels of decomposition can be 
done to compress the image. Each successive 

decomposition divides the image into low frequency 
and high frequency components and the low 
frequency components are passed to next 
decomposition level. 

Figure 2.  Architecture of 2 level DWT. 

However, in this work, speed of the system is 
accelerated by employing DA memory architecture 
as shown in Fig. 3. The DA memory architecture 
replaces the multipliers with the look up tables in a 
very efficient way so that the DWT block attains high 
throughput, high speed, and lessarea.  

To further speed up this process, parallelism is 
realized on this technique in which the input samples 
are divided in even and odd samples. The memory 
size is approximately reduced to half due to the 
symmetric property of filter coefficients. This 
allresults in increased throughput because input 
samples are used in parallel to read data from LUT. 
The process is shown in Fig. 4.[12]. 

B. Quantization 

After the wavelet transform, the coefficients are 
scalar-quantized to reduce the number of bits to 
represent them, at the expense of quality. The output 
is a set of integer numbers which have to be encoded 
bit-by-bit. The parameter that can be changed to set 
the final quality is the quantization step: the greater 
the step, the greater is the compression and the loss of 
quality. With a quantization step that equals 1, no 
quantization is performed.The step size used in the 
quantization of DWT coefficients is 2. The 
quantization process is mathematically described in 
(1). 

q(n) = round(y) (1) 

Where, q(n) is the quantized DWT coefficient, �bis 
the step size for quantization. 

In hardware implementation, the quantization is 
performed by using separate registers for holding 

H - High Pass Frequency Components

L - Low Pass Frequency Components 
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integer and fractional part of the DWT coefficient, 
the integer part is retained and the fractional part is 
discarded. 

Figure 3.Scheme of DA-DWT used in proposed image 

encoder. 

Figure 4.Parallel architecture for faster DA-DWT 
implementation [2] 

C. Huffman encoder

Huffman coding is an entropy encoding�algorithm 
used for lossless data compression. The term refers to 
the use of a variable-length code table for encoding a 
source symbol where the variable-length code table 
has been derived in a particular way based on the 
estimated probability of occurrence for each possible 
value of the source symbol. In the proposed system 
three different Huffman tables are derived for 
different components of color image. It helps in 

further compressing the image for better compression 
ratio. 

D. Pipelining

In this proposed work, pipelined architecture is 
employed to improve the performance of JPEG 2000 
encoder. The pipelining of different modules makes 
the design faster with little increase in area. In the 
process of pipelining, consecutive computations are 
performed in parallel holding them in buffer close to 
the processor until each instruction operation can be 
performed [3]. Also the pipelining gives increased 
throughput in a given period of time. 

IV. Performance Parameters 

The performance of the proposed encoder is 

estimated by the following performance parameters: 

A. Mean Square Error (MSE) 

MSE is the cumulative squared error between the 

compressed and the original image 

(2) 

Where I (x,y) is the original image and I’(x,y) is 

the approximated image. x, y represent the 

dimensions of the image. A lower value of MSE

means lower error. 

B. Peak Signal to Noise ratio (PSNR) 

PSNR is derived from MSE and it is the measure of 

peak error in the compressed image. 

(3) 

A higher value of PSNR is good because it means 

ratio of signal to noise is higher. Here the signal is 

the original image and noise is the error in 

reconstruction. 

C. SNR (Signal to Noise ratio) 

SNR is usually taken to indicate an average signal 

to noise ratio, as it is possible that instantaneous 

signal to noise ratios will be considerably different in 

an image. 

V MATLAB AND FPGA IMPLEMENTATION 

RESULTS 

The scheme for image compression proposed here 

is tested for different images using Matlab and 

corresponding results are shown in Fig. 4. 

compression of different images with different 
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resolution is shown in Table.1.  The performance of 

the system is estimated by the parameters given in 

Table. 2.  

In applications that require real-time compression, 

a dedicated hardware is required. The proposed 

system in this work has been modeled in Verilog 

HDL and simulated using Xilinx ISE and targeted for 

Virtex2 Pro. The results of the FPGA implementation 

are given in Table. 3. The results obtained after 

FPGA implementation demonstrate that system has 

clock latency of 34 clock cycles at 100 MHz clock 

frequency, that makes the system suitable for real-

time applications. 

Original image  Compressed image 

Figure4. Original and compressed images (a) Lena, (b) Mig, (c) 

India 

Table1  Size of different images after compression 

Table2 Comparison of factors used in image compression 

Table 3   Parameters for hardware implantation used

Image Resolution 
Original 

image size 

Compressed 

image size 

Lena 1024*1024 2Mb 40Kb 

Mig 256*256 512Kb 15Kb 

India 512*512 1.2Mb 30Kb 

Image PSNR MSE SNR (dB) 

Lena 34.8064 21.5 15.1395 

Mig 34.9229 20.9309 15.6019 

India 33.4436 29.4255 14.1748 

FPGA Virtex2 Pro 

Area 7 % 

Clock Latency 34 

Maximum Resolution 1024*1024 

Clock 250 MHz 
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    Figure5. Simulation of pipelined JPEG2000 encoder 

VI  CONCLUSIONS 

The coprocessor design presented in this paper 
gives faster results and can be used in real time 
applications like digital cameras. PSNR, MSE, SNR
are compared with both colored and gray images of 
different resolution. As compared to the previous 
counterparts, processing time of the proposed system 
is reasonably less. Decoder part also lies in the same 
flow. Presently the authors are working on the design 
of DA-IDWT (inverse DWT) based decoder with an 
objective to complete the design of high speed JPEG 
2000 codec. 
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Abstract –In this paper we present a new modification of the 
classical Nevanlinna-Pick  (N-P)  scalar  interpolation problem 
and provide a solution to the modified N-P problem. The 
modified N-P result can be used to place the  closed loop 
poles in a desired region in the left half of the complex plane in 
control system design.  Numerical examples illustrate the theory.    

 

   Keywords—Interpolation, Robustness, Sensitivity, Closed loop 
design.  

I. INTRODUCTION 
 
     The Nevanlinna-Pick (N-P) interpolation describes a class 
of complex interpolation problems. The problem was 
originally studied by Pick in 1916[1] and independently by 
Nevanlinna in 1919[2]. The classical N-P interpolation 
problem is to find (if one exists) an analytic function :  

 such that  ,  ,      , i  1,2, … , q, 
where D  and  correspond to open and closed unit disks 
respectively. An interpolating function  exists if and only if 

the N-P matrix, N , , ,…,    is positive 

semidefinite. The N-P problem has found numerous 
applications in model approximation, robust stabilization, the 
model matching problem in H∞ control, circuit theory etc. 
      Khargonekar  and Tannenbaum [3] in their work, describe 
a modification of the classical N-P interpolation problem. i.e. 
they are interested in finding an analytic function  :       
such that    ,  , ,   i = 1,2,… ,q     and 0    . The function  exists only for    ,  
where    and    is the largest eigenvalue of        where 
  11 , , ,…, ,  1 , , ,…,  

 The modified theory is applied to robust stabilization 
problem. 
     Kimura’s paper [4] deals with the problem of robust 
stabilization  for   single-input  single-output    plants  with    a  
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prescribed uncertainty band in the frequency domain. 
Classical N-P interpolation theory is used to derive a condition  
for robust stabilizability. Here the problem of robust 
stabilization is reduced to an interpolation problem of bounded  
real functions called Schur-class function ( i.e. a holomorphic 
function mapping the unit disk into itself). The Nevanlinna-
Pick problem is solvable for Strongly Bounded Real (SBR) 
functions, if and only if the matrix P is positive definite. 
    Doyle, Francis, and Tannenbaum [5] used the N-P 
interpolation theory to solve the model-matching problem. 
The NP problem is to find a function   satisfying the two 
conditions. ∞  ≤ 1, G (ai) = bi, i = 1... n. Here  stands for 
the space of stable, proper, a complex-rational function. The 
latter equation says that G is to interpolate the value bi at the 
point ai and must be stable, proper, and satisfy ∞ ≤ 1.The 
N-P problem is said to be solvable if such a function G exists.  
 
     J.A. Ball, et al [6] in their paper allowed the interpolant to 
be matrix-valued and elaborate on the analogy with the theory 
of Nevanlinna-Pick interpolation on a finitely-connected 
planar domain.  
    Dorato P, Yunzhi L[7] presented a modification of the 
classical Nevanlinna-Pick interpolation algorithm for 
bounded-analytic functions which permits interpolation with 
bounded-real functions. This is an essential modification when 
the Nevanlinna-Pick theory is applied to problems such as 
robust stabilization, since otherwise compensator transfer 
functions will in general have complex coefficients when 
complex interpolation points are present. The results are 
applied to a numerical problem in robust stabilization. 
 
     I. Byrnes, et al [8] presented a generalized entropy criterion 
for solving the rational Nevanlinna–Pick problem for n+1 
interpolating conditions and the degree of interpolants 
bounded by n. The primal problem of maximizing this entropy 
gain has a very well-behaved dual problem. This dual is a 
convex optimization problem in a finite-dimensional space 
and gives rise to an algorithm for finding all interpolants 
which are positive real and rational of degree at most n. The 
criterion requires a selection of a monic Schur polynomial of 
degree n. It follows that this class of monic polynomials 
completely parameterizes all such rational interpolants, and it 
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therefore provides a set of design parameters for specifying 
such interpolants. The algorithm is implemented in state-space 
form and applied to several illustrative problems in systems 
and control, namely, sensitivity minimization, maximal power 
transfer and spectral estimation. However, in all these 
applications, it is important that the interpolating  functions be 
rational with a degree which does not exceed some prescribed  
bound. 
 

   I. Pendharkar, et al [9] address the N-P problem using 
concepts from behavioural systems theory and quadratic 
differential form (QDFs). The NP problem is solved using a 
certain “dualization of data”. They address system theoretic 
motivations for this dualization and the advantages gained in 
this process. Finally the problem of constructing interpolating 
functions that satisfy a “frequency dependent” norm condition 
is explained. 

    Hari Bercovici, et al[10] carried out their work on 
interpolation problems where the interpolating functions are 
bounded not in norm but in spectral radius or structured 
singular values. These problems arise naturally in the robust 
control of systems with structured uncertainty. Here they
extend their structured matrix Nevanlinna-Pick interpolation 
theory to the (one-sided) tangential case. With these results, 
they have laid the ground work for a rigorous analytic 
procedure for μ-synthesis. 
 
     Closed loop design using N-P theory, such as, Khargonekar 
and Tannenbaum [3] seeks to place the closed loop poles in 
the left half of the complex plane. But, usually, there is no 
attempt to control the region in which the closed loop poles 
can be placed. Our new result on the modified N-P theory 
provides a systematic methodology to find the smallest circle 
in the left half of the complex plane within which the closed 
loop poles can be placed such that a solution to the design 
problem exists. Also, the method allows us to place the closed 
loop poles inside any given circle beyond the minimal circle.    
Our modified N-P theory caters to open loop systems with 
stable poles and zeros while that proposed in [3] assumes that 
the open loop poles and zeros lie in the right half of the 
complex plane. The methodology, as given in [3], involves 
finding the sensitivity function first followed by the controller. 
Also, the method allows the robust control problem (such as 
uncertainty in gain) to be considered in a fundamental way at 
the design stage itself. In contrast, the other robust control 
methods address the problem typically by inserting a 
compensator into the system while control system design itself 
cannot take the robustness into account. 

     To summarise the rest of the paper, Section II describes the 
approach taken and states the modified N-P scalar 
interpolation problem. Section III provides a solution to the 
modified N-P problem. Section IV gives numerical examples 
to illustrate the theory. Section V concludes the paper. 
 

II. STATEMENT OF THE PROPOSED APPROACH 
 

     The classical N-P interpolation theory has been 
successfully applied to robust stabilization problems in control 
[3]. Typically the closed right half of the complex plane is 
mapped by a stable sensitivity function to a connected region 
in the complex plane which excludes regions corresponding to 
parameter uncertainty. The sensitivity function interpolates 
zeros and poles of open loop plant transfer function in the 
closed right half plane to points 1 and 0 respectively. Once the 
sensitivity function is determined, the controller can be 
derived easily from it[11]. The above design will ensure that 
the closed loop system will not have any closed loop 
characteristic equation zeros in the closed right half of the 
complex plane even under the effect of parameter uncertainty. 
 
      Most of the engineering systems, for example electrical 
motors, thermal systems etc. are open loop stable. In order to 
apply the above N-P theory to these systems, we can proceed 
as follows. First choose a circle well inside the left half of the 
complex plane such that the plant stable poles and zeros lie 
outside the circle. The complement of the circle area in the 
complex plane can be redefined as the closed right half plane 
with the circumference of the circle being the redefined 
imaginary axis (through conformal mapping). One can then 
proceed to apply  N-P theory of [3] to the resulting system. 
 

 
      While the circle inside the left half of the complex plane 
was arbitrarily chosen except that the stable plant poles and 
zeros lie outside the circle, one can ask what is the smallest 
circle one can choose (corresponding to tightest control) 
before the sensitivity function (and correspondingly the 
controller function), for a given set of open loop poles and 
zeros of the plant, ceases to exist. The problem of existence of 
an interpolating function mapping the region outside the 
minimal circle in the left half of the complex plane to a 
connected region in the complex plane containing 1 and 0 can 
be transformed through conformal mapping into the existence 
of an interpolating function mapping closed unit disk into the 
open unit disk as given below. The is the modified N-P 
problem addressed in this paper. 
 
      Given that a function :   exists such that   , i  1, 2, … , q ,     , , what is the 
minimum value of k, 0 < k < 1, such that   ′  , i  1, 2, … , q  exists. 
 

III. SOLUTION TO THE MODIFIED       
NAVANLINNA-PICK PROBLEM 

Theorem 1: Let ,    , i 1,2, … , q. Let a function 
 exist such that  such that the Pick matrix                       11 , , ,…,  0                           1  

Let 0 < k < 1 be in . Consider the function  ′:     such 
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that     ′  , i  1, 2, … . , q . Then with  1  there 
exists a minimal k,     given by                                        1                                      2  

  where    is the largest eigen value of   , where  11 , , ,…   
  and  
                                   11 , , ,…  

  such that the function  ′   exists for k     . 

Proof: For the function ′ such that   ′   to exist, it 
is required that the Pick matrix   
                   ′ 11 , , ,… 0                             3    
ie  ′ should be positive semi definite. 

Now   ′ can be expressed as          ′     11 , , ,…              
11 1 , , ,…  

      P 11 1 11 , , ,…
           4  

Let 11  

 Then 

      ′ 11 11 , , ,… 0                   5   
       

Since with 1 , | | 1  ,    11 1   

Then   

′ ′′  11 1 , , ,…  

                                                         " 11  11 , , ,…                   6  

. Substituting for  , we get  
  ′′ 11 1 11 , , ,…  

                                                                           ′′  1                                   7  

where 11 , , ,…  

  and 11 , , ,…  

It is required to find         for  ′′ 0. 
Since      0,     exists by assumption. 

Also, since   0 < k < 1,    0 < 1 1  

Let    11  

Then ′′  0  implies                0                                                  8  

Then there exists a transformation  [12] that reduces 
simultaneously           | |                         

          ∑ | |  , where eigen values   are all 
real. 

Thus   
              ∑ | |  ∑ | |  0                           9    0         
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11   

   

                               1 1                                            10  

                                                                                                                   
where     is the largest eigenvalue of     . 
The above condition 10  can be written for 1   as 

                                      1                                       11  

                      ,       1                       12   
                                                                     

 For 1  , condition 10  is always satisfied, since    0 1 1. 

Now it is required to check whether ′ ′′ 0.  

For this it is sufficient to prove that ′ ′′ 0 

′ ′′ 11 11 1  , , ,…  

        ′ ′′ 11 1 , , ,…                     13  

Substituting for , we get 

′ ′′ 11 11 1 , , ,…  

       . .   ′ ′′11  11  11 , , ,…        14  

                  
where the symbol  stands for Hadamard product [13]. ,     are given by 

                  11 , , ,…                                    15  

           11 , , ,…                                        16  

and  

          11 , , ,…                            17  

Then ′ ′′ 0  , if each one of these matrices ,     is positive semi definite as per Schur Product 
Theorem [13]. 

                          11 , , ,…  0                       18    
 
 By assumption in the theorem statement,   corresponds 
to the Pick matrix of the function  , 1,2, …  
 which is assumed to exist. 

                          11 , , ,… 0                   19  

Since    is the Pick matrix of the constant function  :  
  such that     , ( 1), which obviously exists. 

                         11 , , ,…                20  

 
 can be written as the product of three matrices as follows:    … 11 , , ,…  . . .  21  

Since  11 , , ,…  

 is the Pick matrix of the constant function :   such 
that    , 1,2 … ,  which obviously exists.  

Hence                      11 , , ,…  0                                           22  

. 

Since for any complex number   Z   and      
    can be written as                                                                                  23    
                                                             

 where         11 , , ,…                         
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and    … . .  
  

Since  is non-singular,  given by (23) is congruent to 0 as above. Hence  0  

Since  0 ,  0 and  0   , their Hadamard product 
is given by             ′ ′′   0                                    24  
             
 by Schur Product Theorem. 

Therefore                             ′  ′′ 0                                                   25  
Hence                                        ′ 0                                                    26  

 This is the required result. 

IV. NUMERICAL EXAMPLE 
 

A.  Interpolating points are all real 

Let  ,    , i = 1,2,3 be defined as follows. 

 a1 = -1/3   = -0.3333    ; b1 = 0.2 

 a2 = 1/3    = 0.3333      ; b2 = 0 

 a3 = 3/5    = 0.6000      ; b3 = 0 11 , , ,…  

=
1.0800 0.9000 0.90000.9000 1.1250 1.25000.9000 1.2500 1.5625   > 0 

Hence as per Theorem 1, the function  :    such that    ,   i = 1, 2, 3 exists.                                                        11 , , ,…  

   0.1350 0.0900 0.13890.0900    0.1406    0.31250.1389   0.3125    0.8789  

Notice that the eigen values of the pencil  are the 
eigen values of   . 

    3.3069 4.7619    1.90484.7619  14.8571 9.1429  1.9048 9.1429     6.8571  

   0.6104 0.3720 0.27330.7102 0.3393 2.7315  0.1276    0.6857    2.9051  

                    

Eigen values of    are    0.0115,    1.0203,     2.1445 

Hence    = 2.1445 

As per (12),  1 0.7305 

      

Consider the function  ′  , 1,2,3 where  0.7305 . For the function ′ to exist, it is required that 
the Pick matrix   

′ 11 , , ,…  

1.0205 0.9440 0.90360.9440 1.0630 1.11950.9036 1.1195 1.2378   0  , which is true. 

Also eigen values of   ′   are   0.0039,   0.2230 and 3.0945 
which are positive. Thus Theorem 1 is verified. 

B. Interpolating points include complex conjugate pair 

Let   ,  , i = 1,2,3 be defined as follows: 

a1 = 0.6               ; b1 = 0.2 

a2 = 0.4 + j0.7     ; b2 = 0 

a3 = 0.4 - j0.7      ; b3 = 0 1.500 1.008 0.557 1.008 0.5571.008 0.557 2.857 0.639 0.2691.008 0.557 0.639 0.269 2.857    
0.844 0.302 0.566 0.302 0.5660.302 0.566 5.306 0.303 0.0750.302 0.566 0.303 0.075 5.306   

Eigen values of    are   0.3658, 2.4849 and 3.9142 
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Here    = 3.9142 and  0.8629          

For the function  ′  , 1,2,3 to exist, it requires 
that the Pick matrix must be positive semi definite. 

′
1.312 1.063 0.405 1.063 0.4051.063 0.405 1.938 0.722 0.2421.063 0.405 1.063 0.405 1.938  

This is true in this case also as the eigen values of ′are 
3.7398, 0.2067 and 1.2405 and are positive. Thus the result of 
Theorem 1 is again verified. 

V. CONCLUSION 

In this paper, we have stated and proved a modification of the 
classical Nevanlinna–Pick (N-P) result on scalar interpolation 
of a function mapping   to  . The modified result can be 
used by employing conformal mapping in a straight forward 
way as per[3,12] to design a closed loop control system such 
that the closed loop transfer function poles are limited to a 
desired circular region strictly inside the left half of the 
complex plane thus providing tight control. The result can also 
be extended to the robust stabilization of open loop stable  or 
unstable   systems.  
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Abstract – The objective of this paper is to present the 
implementation of Type-2 Fuzzy Logic System (T2 FLS) with 
analog modules. Specifically, this implementation focuses on 
Interval T2 FLSs (IT2 FLS) since they are computationally much 
simpler than general T2 FLSs and hence the most widely used in 
almost all the applications. The realization of IT2 FLS has been 
done by using two Type-1 Fuzzy Logic Systems (T1 FLS) which 
in turn have been implemented through analog modules built 
around operational-amplifiers (op-amps) and discrete 
components. The suggested implementation approach is based on 
rule-by-rule architecture and hence truly captures the inherent 
parallel nature of fuzzy systems. 

Keywords- Type-2 fuzzy logic systems, Interval type-2 fuzzy logic 
systems, analog modules, footprint of uncertainty. 

I.  INTRODUCTION  

Type-2 fuzzy sets (T2 FSs) introduced by Zadeh [1] as an 
extension to the concept of fuzzy sets, now known as Type-1 
Fuzzy Sets (T1 FSs) [2], are now well established and are 
gaining more and more popularity. T2 FSs allow us to handle 
linguistic uncertainties, as typified by the adage, “words can 
mean different things to different people [3]”. Therefore, fuzzy 
logic systems based on T2 FSs are expected to perform better 
as they are capable of handling higher order of uncertainties, 
but at the same time are computationally intensive due to the 
involvement of a third dimension [4][5]. The third dimension 
in T2 FSs and footprint of uncertainty (FOU) provide an 
additional degree of freedom for T2 FLS to directly model and 
handle uncertainties. 

Implementation of fuzzy systems depends on the 
application towards which it is addressed. Non-real time fuzzy 
systems are implemented through software with a high level 
programming language and this approach provides a high 
flexibility. On the other hand, software implementation is not 
adequate for applications demanding small size, low power 
consumption and high inference speed. A wide range of 
domains such as control, robotics, automotive etc. requires 
real-time operation and thus calls for hardware realization, 
The approaches for implementing T1 FLSs cover technologies 
like microcontrollers, Field Programmable Gate Arrays 
(FPGAs) among others [6]. The three basic processing stages 
of a T1 FLS are viz. fuzzification, inference and 
defuzzification. Since the general-purpose processors are 

exclusively sequential, so that these operations have to be 
performed serially that results in a low inference speed. The 
requirement of low inference speed or high response time can 
only be met by using dedicated hardware. The hardware 
realization of T1 FLSs is a well known and established area. 
On the contrary, the hardware realization of T2 FLSs in a 
relatively nascent research area. Their design and realization is 
more challenging due to high computational complexity, 
difficulty in visualization and non-availability of development 
tools. A few digital implementations reported in literature 
have been around microcontrollers, FPGAs etc. [7][8].  

To the best of our knowledge, there is no report of a 
parallel hardware implementation of an IT2 FLS. This paper 
presents a simple arrangement for implementing IT2 FLS 
based on the averaging of two T1 FLSs, which have been 
realized with some standard analog modules built around op-
amps and discrete components [9].  

The paper is organized as follows. Section II briefly presents 
T2 FLS. The implementation of IT2 FLS presented in this 
paper is based on the use of two T1 FLSs and is explained in 
Section III. Simulation results are also presented in this section 
that validate the proposal. Section IV presents the various 
analog modules and their organization for IT2 FLS 
implementation. Finally, Section V draws conclusions. 

II. INTRODUCTION TO T2 FUZZY SYSTEMS 
Type-2 fuzzy system is a rule based fuzzy system that uses 

T2 FSs to describe its linguistic variables. A T2 FS can be 
informally defined as a fuzzy set that is characterized by a 
fuzzy or non-crisp membership function. This means there is 
uncertainty in the primary membership grades of a T2 
membership function (MF) which introduces a third dimension 
to the MF, defined by the secondary membership grades [4]. 

A T2 FS denoted by Ã is characterized by a T2 MF 
),,(Ã uxμ where Xx ∈  and ]1,0[⊆∈ xJu . Ã can be 

expressed mathematically in the following form 

]}10[,|),(~),,{(~ ⊆∈∀= xJXxuxAuxA μ  (1)

Uncertainty in the primary memberships of a T2 FS set 
consists of a bounded region that we call the footprint of 
uncertainty (FOU). It is the union of all primary memberships 
[4] as in (2) 
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xJ
Xx

FOU
∈

= ∪)Ã(  (2)

All the embedded FSs of FOU are T1 FSs and their union 
covers the entire FOU. FOU provides a very convenient verbal 
description of the entire domain of support for all the 
secondary grades of a T2 MF. It also lets us depict a T2 FS in 
two-dimensions instead of three dimensions which is easier to 
draw and makes it easy to understand the uncertainties 
inherent in that specific MF. The 2-D shape of the FOU 
depends on the type of uncertainty in the primary MF. 
However, because of the computational complexity of using a 
general T2 FLS, most designers only use IT2 FSs in a T2 FLS, 
the result being an IT2 FLS. 

 

x

µ 
1 

UMF (A) 

LMF (A) 

UMF (A) 

FOU(A) FOU(A) 
 

Figure 1.  FOU of an IT2 FS 

IT2 is a special case of a T2 FS where all the secondary 
membership grades equal one. IT2 FS is completely 
characterized by its 2-D FOU that is bound by a Lower MF 
(LMF) and an Upper MF (UMF) as shown in Fig. 1. IT2 FSs 
are the most widely used T2 FSs to date used in almost all 
applications because all calculations are easy to perform. LMF 
and UMF together are popularly used in most of research 
papers to represent IT2 FLSs [10]. 

III. IMPLEMENTATION METHODOLOGY FOR IT2 FLSS 

The implementation of IT2 FLS presented in this paper is 
based on the use of two T1 FLSs to emulate a T2 FLS. The 
first T1 FLS is constructed using LMFs and the second one 
with the UMFs so as to emulate the FOU in a T2 FLS. The 
fuzzification, fuzzy inference and defuzzification are done as 
traditionally for two T1 FLSs and the outputs are averaged as 
shown in the Fig. 2. 

 
Figure 2.  Implementation methodology for IT2 FLS 

This methodology has been validated though two case 
studies by the authors [11]. The advantage of using this 
approach is that all the existing realization methods for T1 

FLSs can be adopted for T2 FLSs. This realization 
methodology has been utilized by Sepúlveda et al. [12, 13] in 
their works and they implemented the IT2 FLS on FPGA. The 
authors have also designed an IT2 fuzzy controller chip in 
0.18μm CMOS technology based on this methodology [16]. 
This realization methodology reduces the computational 
burden while preserving the advantages of IT2 FLSs as it 
eliminates the requirement of type-reduction. 

IV. ORGANIZATION OF ANALOG MODULES FOR IT2 FLS 
IMPLEMENTATION 

From architectural point of view, fuzzy systems are 
parallel systems and parallelism can be built into the system 
by adopting rule-by-rule architecture, which provides a data 
path for each rule [6]. The design of T1 FLS based on rule-by- 
rule architecture is shown in Fig. 3. 

Each T1 FLS realizes a type of fuzzy inference where the 
rule consequents are constant values called singletons and 
each rule has the following format. 

IF (x is A) AND (y is B) 
THEN z = c 

(3)

In the above, x and y are input variable, A and B are fuzzy 
labels of x and y. Furthermore, z is an output variable and c is 
some constant. As compared to general case where the 
consequents are fuzzy sets, this type of fuzzy inference 
requires much less complex hardware [14]. 

Although each block in the figure can be implemented in 
analog or digital domain, but in this paper the focus is only on 
analog implementation. Each module in Fig. 3 can be realized 
using op-amps and other discrete components. Analog 
modules based design has been reported in literature [9] for T1 
FLS realization that has been used for different applications 
[15]. We have arranged these analog modules to build two T1 
FLSs and designed an additional Averager analog module that 
averages the defuzzified outputs of two T1 FLSs so as to give 
the overall output of IT2 FLS. The membership function 
generators (MFGs) are used for fuzzification i.e. to find the 
membership grades corresponding to the input variables. 

For the purpose of simplicity, a fuzzy system with only 
two inputs and single output is considered. Further each input 
variable is represented by three IT2 FSs. Analog modules for 
implementing membership functions of different shapes viz. 
Z, triangular/trapezoidal and S are shown in Figs. 4, 5 and 6 
respectively. The input variables are scale-mapped that 
transfer the range of input variables in the corresponding 
universe of discourse [0 +Vcc] and output voltage will be zero 
for all negative voltages, since Vee=0. 

The fuzzy operator AND can be implemented using MIN 
module, which computes the rule firing strength. Scalar circuit 
calculates the weighted rule strength and MAX module is used 
for defuzzification. Analog modules for MIN operation (2 
inputs), scaling operation for a single input, and for 
performing the MAX operation (9 inputs) are shown in Figs. 
7, 8 and 9 respectively. The Averager circuit that averages the 
defuzzified outputs of the two T1 FLSs is shown in Fig 10. 
The parameters of the MFGs viz. slope and position are 
adjustable through the feedback resistor values RF and the 

Crisp 
Inputs 

Crisp 
Outputs 

Type-2 FLS 

Type-1 FLS 
(LMFs) 

Type-1 FLS 
(UMFs) 

Average 
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reference voltages Vref. Also the scaling factor of the Scalar 
and the averaging ratio of the Averager can be adjusted 
through the resistor values RF and R1. The simulations of 
these analog modules are shown in Figs. 11 to13.  

 
Figure 3.  T1 FLS based on Rule-by-Rule Architecture 

The values of the control feedback resistors and Vref are 
so chosen as to obtain the desired shapes of the fuzzy sets. The 
variation of slope of MF with different values of FB resistors 
is shown in Fig. 14. And the variation of the position of the 
MF with Vref values is shown on Fig. 15.  
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Figure 4.  Analog Module for Z MFG 
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Figure 5.  Analog Module for Triangular/Trapezoidal MFG 
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Figure 6.  Analog Module for S MFG 
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Figure 7.  Analog Module for MIN Operation (2 inpits) 
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Figure 8.  Analog Module for Scalar 
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Figure 9.  Analog Module for MAX Operation (9 inputs) 
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Figure 10.  Analog Module for Averager (2 inputs) 
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An IT2 FLS based on the implementation methodology 
described in Section III and using various analog modules 
described in this section was created in OrCAD Spice 
simulator and the arrangement is shown in Fig. 16. The 
response of fuzzifier corresponding to the sweep of one of the 
two input variables that generate LMFs and UMFs is shown in 
Fig. 17. The load resistors shown in MIN, MAX and Scalar 

modules are connected only for measuring the individual 
responses. However, these load resistors are not required in 
the complete IT2 FLS realization as per the arrangement 
shown in Fig. 16. The number of discrete components required 
for implementation of each analog module is given in Table I. 
And the hardware budget for the realization of IT2 fuzzy 
processor is given in Table II. 

 

 
Figure 11.  Simulation Results for (a) Z MF (b) S MF (c) Triangular MF (d) Trapezoidal MF 

 

Figure 12.  Simulation Results for (a) MIN (INa=8V, INb=3V) (b) MAX (2V, 3V, 4V, 5V, 6V, 7V, 8V, 1V, 4.5V) 

 

Figure 13.  Simulation Results for (a) Scalar (input voltage=0.5V, scaling factor=10) (b) Averager (average of 8V and 5V) 
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Figure 14.  Slope variation (a) Z MF with slope (RF/R1)=2, 3, 4, (Vref=6V) (b) S MF with slope (RF/R1)=2, 3, 4, (Vref=6V) 

 

Figure 15.  Position Variation (a) Z MF with Vref=4, 6, 8V {slope (RF/R1)=3}, (b) Z MF with Vref=6, 8, 10V {slope (RF/R1)=3} 
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Figure 16.  IT2 FLS Implementation created in OrCAD 
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Figure 17.  Simulation Results of Fuzzifier corresponding to one input variable 

TABLE I.  HARDWARE BUDGET FOR EACH ANALOG MODULE 

Analog Module OP-Amp Diode Resistor 
Z MFG 1 0 4 
Triangular MFG 3 2 13 
S MFG 2 0 8 
MIN 1 3 4 
MAX 1 10 6 
Scalar 2 0 6 

Averager 2 0 8 

TABLE II.  HARDWARE BUDGET FOR IT2 FLS 

Analog Module No. OP-Amp Diode Resistor 
Z MFG 2 2 0 8 
Triangular 
MFG 

2 6 4 26 

S MFG 2 4 0 16 
MIN 18 18 54 72 
MAX 2 2 20 12 
Scalar 18 36 0 108 

Averager 1 2 0 8 
Total no. of 
Components 

 70 78 250 

V. CONCLUSIONS 

This paper presents a simple, easy and effective 
implementation of IT2 FLS with analog modules built around 
op-amps and discrete components. The realization is based on 
use of two T1 FLSs. The implementation follows rule-by-rule 
architecture and would provide a very high inference speed 
and hence good performance. Even people with non-electrical 
background and having little understanding of basic electronic 
components can realize IT2 FLS for their applications. 

However, the limitation of this arrangement is lack of 
flexibility and excessive wiring.  
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Abstract—This paper presents a MATLAB GUI platform for 
multivariable frequency sampling filters algorithm. The 
developed GUI is aimed to deliver information and 
summarization of analysis in terms of graphical representation 
for the user. The GUI interface allow SISO, SIMO, MISO and 
MIMO data systems to be employed directly by user in order to 
be processed using frequency sampling filters model. From FSF 
GUI, results based on step and frequency response estimates of 
the tested system are illustrated.  The analysis of rise time, 
settling time, maximum overshot and peak time of the system is 
also calculated based on the response obtained. By performing 
frequency sampling filters, the compressed, cleaned and  
unbiased data will be obtained, in which, it can be further used to 
develop a model of the system, conduct time and frequency 
response analysis and also plan for next control system design. 

 
Keywords-MATLAB GUI; frequency sampling filters; data 

compression; system identification 

I.  INTRODUCTION  
Frequency sampling filters (FSF) structure was first 

introduced to the areas of system identification and automatic 
control by [1] and [2]. Research in the signal-processing field 
is looking at designing modified frequency-sampling filters 
that account for finite word-length effects [3]. In 1997, FSF 
model has been used to estimate a step and frequency response 
model along with its corresponding time domain confidence 
bounds [4]. This method is also referred as data compression 
process as the raw data will be analyzed in order to obtain 
only an important and meaningful parameter that describes the 
empirical model of the analyzed data. From FSF, the step 
response estimates and frequency response estimates with 
reduced number of data are obtained. Both of these responses 
can be used to identify a mathematical model of a system. 
There are many successful results demonstrated for 
implementations of FSF method in the identification field. 
One of the most recent publications discussed the 
development of FSF into multivariable platform process [5,6].  

The FSF approach perform a frequency decomposition of 
the identified model, separating low and medium frequency 
parameters from high frequency parameters and then choose 
to ignore these high frequency parameters in the final model 

structure. This frequency decomposition is a linear 
transformation of the FIR model [7,8]. Figure 1 illustrates the 
SISO FSF model structure.  

 
Figure 1. FSF model structure [8] 

 
In this figure, it is shown that the process input first passes 

through the set of frequency sampling filters arranged in 
parallel. Then, the output of each filter is weighted by the 
discrete-time process frequency response evaluated at the 
corresponding centre frequency. Finally, the weighted filter 
outputs are summed to form the noise-free process output. The 
FSF filters are narrow band limited around their respective 
centre frequencies. All the filters have identical frequency 
responses except for the location of their centre frequencies.  

In this paper, a graphical user interface (GUI) is developed 
for multivariable frequency sampling filters model by using 
MATLAB software. GUI can be easily understood as the 
interface between user and computer program. The history of 
computer technology shown that computer in the early history 
just consists of the blank screen with only a prompt that gives 
no indication of user input. User unable to clearly see the 
desired output based on the input key in. To solve this 
problem, GUI is being implemented. At more understanding 
level, GUI can be easily understand as interface between 
computer and human by which people and computers 
communicate with each other [9]. A good GUI design 
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removes the impediment of communication with the computer 
system and allows the user to work directly on the problem at 
hand.  

In terms of computer science and engineering, the GUI is a 
visual operating display that the monitor presents on the 
monitor to the computer [10]. Almost all GUI have common 
characteristic such as windows, icons, menus, and push-
buttons. GUI allows users to issue commands to the other 
computer applications. GUI usually has three major 
components; those are windowing system, imaging model and 
application program interface (API). The windowing system 
builds the windows, menus, and dialog boxes that appear on 
the screen. The imaging model defines the fonts and graphics 
that appear on the screen. Lastly, the API is the means in 
which the user specifies how and what windows and graphics 
appear on the screen. 

In this paper the GUI for multivariable FSF model is 
developed as to facilitate the user with user friendly domain 
for data compression and data analysis especially for the large 
amount of data collected from real plant/system. The 
developed platform will aid any ordinary user who wishes to 
process the raw data without needing true knowledge to 
understand the real algorithm that runs within it. This will 
become the main contribution of this paper.     

In brief, this paper is described as follow. Section II 
describes and elaborates about FSF process. Details on 
development of MATLAB GUI to integrate with FSF will be 
elaborated in Section III. Then, the simulations based on 
implementation of developed GUI will be illustrated in section 
IV. Finally, Section V concludes the paper. 

II. FREQUENCY SAMPLING FILTERS FRAMEWORK 
FSF approach involves the usage of FIR model and the ML 

(maximum likelihood) method which play role in eliminating 
the bias and noise effects of the data collected from the 
systems [11,12]. The FIR model is widely used in the field of 
process identification because it requires no prior knowledge 
about the process other than its settling time. In order to obtain 
a proper FSF parameter optimization, the least squares model 
estimates using the orthogonal decomposition algorithm based 
on Predicted Residual Sum of Squares (PRESS) computation 
is used [13]. This computation act to minimize the prediction 
error as well as determine the most suitable candidate for 
dynamic model structure.  Figure 2 shows the clear illustration 
for the FSF process. 

 
Figure 2. Flow of FSF process 

 

A. FSF Model 
The FSF approach used in this paper is originally obtained 

from [7,8]. The FSF model can be identified as 

)()()()( kvkuzGky +=                            (1) 

where )(),( kyku  is input and output signal respectively. 
)(kv is the zero mean disturbance term. )(zG is described as 
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Define a set of transfer functions extracting from (3) 
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for 
2

1,...,2,1,0 −±±±= nl  , the above equation is referred as the 

m -th FSF with the centre frequency of the m -th filter is at 

n
mπ2  radians. Let ωjez = , Equation (3) will become 
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At lωω = , the following condition holds 
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and its corresponding vector regressor vector as 
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where )(kfm  is defined according to (5). Thus, (1) can be 
rewritten as 

)()()( kvkky += Τφθ                                                 (9) 
For N data measurements, (9) can also be written in matrix 
form as 

VY +ΘΦ=                                                             (10) 

Equation (10) can then be used to solve the least squares 
estimate of Θ given by 

NNNN YΤ−Τ ΦΦΦ=Θ 1)(ˆ                                             (11) 
which minimize the performance index of the form 
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The matrix )( NNΦΦΤ is called the correlation matrix and the 
invertibility condition on this matrix is sometimes called the 
sufficient excitation condition for parameter estimation. In 
order to obtain a proper FSF parameter optimization, the least 
squares model estimates based on PRESS (Predicted Residual 
Sum of Squares) computation is used. The PRESS criterion 
will ensure that the FSF model has the greatest predictive 
capability among all its candidate models [13]. 

B. The PRESS Criterion 
The idea of PRESS is to set aside each data point, estimate 

a model using the rest of the data, and then evaluate the 
prediction error at the point that was removed. The PRESS 
statistic can be applied as a criterion for model structure 
detection in dynamic system identification. 

Define the prediction error as 
)(ˆ)()( kkyke k φθ Τ

− −=                                                   
                )(ˆ)( kyky k−−=                                              (13) 

where Nkke k ,...,2,1),( =−  are called the PRESS residuals 

and θ̂ has been estimated according to (11) without including 
)(kφ  and )(ky . The PRESS residuals )(ke k− represent the 

true prediction errors and can be calculated according to the 
following equation 
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The PRESS statistic is defined as 
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The average PRESS is calculated as 
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Both (15) and (16) provide measures of the predictive 
capability of the estimated model. In terms of model structure 
selection, the chosen structures are based on the smallest 
PRESS value. 

C. Step and Frequency Response Estimate Using FSF Model 
In the estimation of step response, the description of the 

system using FSF can be described as follow 
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  and )(zH m define 
as in (2) and (5) respectively. Upon obtaining the estimate of 
the frequency response parameters (according to FSF model 
and PRESS criterion), the estimate of the step response at 
sampling instant, m can be expressed by 
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By substituting (19) into (18), the estimated step response 
coefficient can be rewritten as 
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Although the FSF approach is cast in the discrete-time 

domain and the corresponding z -transform domain, the 
resultant model can be used to obtain continuous time step 
response. The system impulse response )(ˆ tg can be 
approximately computed using the continuous time equivalent 
as 
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where T  is a sampling period. The step response is 
determined as 

ττ dgty
t
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In the other hand, the frequency response estimates is 
obtained over a transformation of Δ= ωjez . Thus, in 
frequency domain form, the equations can be rewritten as 
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where n is odd and the frequency sampling interval 
T
π2=Ω , 

( )zH k  is the k-th FSF and kθ  is the corresponding (complex) 
parameter for the frequency range of Ωℵ≤≤ ω0  . 
 

III. CREATING GRAPHICAL USER INTERFACES 
Creating a GUI involves two basic tasks those are; (i) 

Laying out the GUI components and (ii) Programming the 
GUI components. Three main principal elements required to 
create a MATLAB Graphical User Interface are [14]: 

• Components: such as pushbuttons, labels and edited 
boxes. The types of components include graphical 
controls (pushbuttons, edit boxes, lists, sliders, etc.), 
static elements (frames and text strings), menus, and axes.  

• Figures: Each and every components of the GUI must be 
arranged in an area within a figure, which is the layout of 
the GUI in computer screen. Figures also can be 
automatically created to represent the data in the form of 
graph.  

• Call-backs:  Call-backs function performs desire action 
whenever users click a mouse on a button or insert 
information to the application program by using 
keyboard. A good MATLAB program for graphical user 
interface must be able to respond to each event which 
represent by mouse click or key press. For instance, if a 
user clicks on a button, that event must cause the 
MATLAB code that implements the function of the 
button to be executed. Call back is actually the process 
where the code executed as response to an event.  

MATLAB allow user to design graphical user interface via 
a tool called GUIDE. These tools greatly simplify the process 
of laying out and programming a GUI [15]. GUIDE is a set of 
layout tools and also generates an M-file that contains code to 
handle the initialization and launching of the GUI. This M-file 
provides a framework for the implementation of the call-backs. 
Figure 3 shows a flowchart of the developed GUI. 

IV. SIMULATIONS 
Figure 4 illustrated the MATLAB GUI which is developed 

in order to integrate with the multivariable FSF. This GUI 
consists of four main portions which are type of data, data 
menu, option menu and step response analysis.  

Each portions of this MATLAB GUI has been separated 
by using different panels. There are four different types of 
push buttons which represents four different types of data. 
User can choose which type of data they wish to process by 
clicking on the respective push button. This will enable the 
data menu for the selection data type and disable the others 
data menu in one time. The limitation numbers of input/output 
for SIMO, MISO and MIMO data due to the limitation of the 
developed multivariable FSF algorithm. 
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Figure 3. GUI design flowchart 

With this MATLAB GUI, user can directly load their data 
and set the number of compression data that they need. 
Moreover, the analysis of rise time, settling time, maximum 
overshot and peak time of the tested system will be calculated 
and shown in this GUI. In addition, the user can save the step 
or frequency response estimates obtained so that it can be used 
to developed mathematical model of the systems or for further 
control analysis.   

In this paper, it only involves one windows of GUI. If the 
number of input/output for multivariable FSF can be added for 
the next research work, each type of data can be considered to 
be displayed in the separate windows.  In this case, only one 
window has been used because of loading time factor other 
than to make it user friendly. The functionality of this 
developed MATLAB GUI to integrate with multivariable FSF 
has been tested. The following example demonstrated the 
results obtained. 

Example – MISO system (pH Neutralization Data) 
 

Details description of this data can be referred in [6]. The 
results obtained from this running process also can be 
compared with the results have been published in this paper. 
This example only want to show the functionality of this 
developed MATLAB GUI integrate with multivariable FSF 
algorithm. Figure 4 and Figure 5 illustrated the step and 
frequency response estimates obtained respectively.  The 
analysis of rise time, settling time, maximum overshot and 
peak time of this data can be seen in Figure 6. 

 
Figure 4. Step response obtained from MISO FSF model 

 

 
Figure 5. Bode diagram obtained from MISO FSF model 

V. CONCLUSION 
The developed MATLAB GUI software which is user 

friendly tool for multivariable FSF algorithm has been 
presented in this paper. All the operating conditions are 
mathematically modelled using MATLAB instruction in GUI 
environment.   
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Figure 6. MATLAB GUI for multivariable FSF 
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Abstract— This paper present new technique namely Quantum-
Inspired Evolutionary Programming (QIEP) to determine the 
optimal location and optimal amount of load to be shed for 
undervoltage load shedding schemes. This approach is based on 
the concept of quantum mechanics in the Evolutionary 
Programming (EP). Quantum-Inspired is implemented according 
to three levels defined by quantum individuals, quantum groups 
and quantum universe in order to improve the speed of the 
algorithm. The QIEP is employed to search for the best location 
and amount of load to be shed based on multiobjective functions 
which are power loss minimisation, voltage profile improvement 
and power interruption cost minimisation. The effectiveness of 
multiobjective QIEP optimisation technique is illustrated in 
IEEE 33-bus distribution test system, IEEE 69-bus distribution 
test system and 141-bus distribution system. The results were also 
compared with other techniques in terms of fitness values and 
computation time.  
 
Keywords- Quantum-Inspired Evolutionary Programming, 
Optimal Load Shedding, Multiobjective Optimisation  

I.  INTRODUCTION  
Power systems are currently being operated closer to their 

limits with the increasing in demand of electric power due to 
economic and environmental constraints. This has led to a risk 
of voltage instability. Among different countermeasures for 
the prevention of voltage instability, load shedding is the last 
line of defence when there is no alternative to stop an 
approaching voltage collapse [1]. During an emergency 
situation, system operators are required to make load shedding 
decisions based on system security concerns such as voltage, 
current, power and frequency to alleviate constraints and 
maintain system stability [2]. Various types of load shedding 
schemes have been studied by researchers in the past. 
Underfrequency load shedding strategy has been presented in 
order to identify amount of load to be shed using the rate of 
change of frequency [3-4]. Another type of load shedding 
scheme is undervoltage load shedding.  

Undervoltage load shedding is an effective measure to 
prevent system from voltage collapse due to large disturbance. 
Many researchers have conducted extensive studies about 
undervolatge load shedding (UVLS). A new approach of 
undervoltage load shedding based on energy methods to obtain 
a security region and stability margin was proposed in [5]. 
Reference [6] also presented a method for undervoltage load 

shedding in power system. The analysis takes into account the 
generator and load dynamics. A UVLS criterion is developed 
using a dynamic load model. The criterion is tested on a two-
bus system and a nine-bus system. Another study that used a 
dynamic load model to calculate the amount of load to be shed 
also presented in [7]. The parameters of the dynamic model 
were estimated online using non-linear optimisation technique. 
A steady-state load shedding approaches was presented in [8] 
to determine minimum amount of load to be shed due 
generation deficits and overload conditions. Another study on 
overload conditions also carried out by Roberto et al. [9]. Its 
combines load shedding and demand side management (DSM) 
to provide reliable power system operation under normal and 
emergency conditions. DSM is specifically devoted to peak 
demand shaving and to encourage efficient use of energy.  

The research on combining evolutionary algorithms and 
quantum computing has shown a great performance in solving 
several problems. Reference [10] have presented a novel 
evolutionary computing method based on the concept and 
principles of quantum mechanics called Quantum-inspired 
Genetic Algorithm. Basic terminology of quantum mechanics 
was introduced and comparative study between the proposed 
algorithm and classical genetic algorithm was also presented 
for solving travelling salesperson problem. Han and Kim [11] 
presents a novel evolutionary algorithm inspired by quantum 
computing called quantum-inspired evolutionary programming 
(QEA). The algorithm is based on the concept and principles of 
quantum computing such as quantum bits and superposition of 
states. Instead of using binary, numeric or symbolic 
representation, QEA uses a probabilistic representation. The 
results show that QEA performed better than conventional 
genetic algorithm in solving knapsack problem. The algorithm 
was further improved [12] by changing the update procedure in 
order to prevent the case of irreversible choice and the 
hitchhiking phenomena.  

The application of QEA for real and reactive power dispatch 
has been presented in [13]. The QEA algorithm determined the 
optimal settings of control variables, such as generator outputs, 
voltage magnitudes, transformer taps and the setting of shunt 
VAR compensation devices, which are considered in a 
quantum or Q-bit individuals of QEA. The results have been 
compared with other techniques such as ant colony system, 
enhanced GA and simulated annealing (SA). Another 
application of QEA in solving power engineering problem is 
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unit commitment [14].  The results show the ability of the 
algorithm to solve a large-scale of unit commitment problems. 
This study will propose a new technique namely Quantum-
Inspired Evolutionary Programming (QIEP) based on 
multiobjective model to determine the optimal location and 
amount of load to be shed.  

II. QUANTUM-INSPIRED EVOLUTIONARY PROGRAMMING 
Quantum-Inspired Evolutionary Programming (QIEP) is 

combining evolutionary programming (EP) with quantum 
mechanics concepts such as interference and superposition. 
QIEP is adapted from Quantum-Inspired Evolutionary 
Algorithms (QEA) in [11] . It consists of three levels, quantum 
individuals, quantum groups and quantum universe. The 
overall structure of the proposed algorithm is shown in Fig. 1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig. 1.  Overall Structure of QIEP 
 
The lowest level corresponds to quantum individuals 

(Qind). The initial value of each Qind is generate randomly and 
satisfy the constraint such as losses must less than initial losses 
and voltage profile must be in the range of 0.90 p.u.  to 1.05 
p.u. Then, the Qind is update through mutation process as 
shown in (1-3). 

, , exp 0,1  0,1           (1) 

, , , 0,1              (2) 

 , , , 0,1                               (3) 

where:  

    √  

 
    √  
 

Li and Loi , ηi,j and η’i,j  is ith components of the respective 
vectors. N(0,1) is a normally distribution one dimensional 
random number with mean 0 and 1. Nj(0,1)indicates the new 
random number for each value of j. 

The offspring population generated from mutation process 
are merged (combination process) with the parent. All the 
members were sort according to their fitness. The best 
population in quantum individuals will be selected to the 
second level i.e. quantum group (Qgrp). Quantum group 
consists of m Qgrp, each containing n Qind. The set of all n x m 
Qind forms the quantum universe and defines as the top level of 
QIEP. The best population among all Qgrp, noted Qglobal, is 
stored every generation. The termination criterion is specified 
by the difference between the maximum and minimum fitness 
to be less than 0.001.  

In this paper, bus i and amount of load to be shed at bus i 
(Pshed) are the variables to be optimised in the QIEP 
optimisation technique. The reactive power of the load at bus i 
was determined using (4) and the power factor of the system is 
set to be 0.85.  

 
 Qshed = P shed x tan -1 φ                                               (4)   

where φ  is power factor angle and  Cos φ  = 0.85,  

III. PROBLEM FORMULATION  
In this paper, the optimal location and amount of load to 

be shed are identified by new optimisation technique namely 
Quantum-Inspired Evolutionary Programming (QIEP). This 
problem has three objective functions which must be 
simultaneously optimised. These three components are power 
loss minimisation, voltage profile improvement and power 
interruption cost minimisation.  Power losses are minimised 
based on (5).                        ,                                                             5  

 
where,  n = number of lines in the system 
             voltage constraint,     Vi,min < Vi < Vi, max 
            

 Qglobal(t) 
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The second objective function in this study is voltage 
profile improvement. The third objective function is cost of 
interruption load minimisation. Cost of interruption load can 
be defined as the total cost of load to be shed in order to 
maintain the voltage at appropriate level. The cost items can 
be formulated as (6). 

       Min     ∑
=

=
n

i
ishedTt PCf

1
,cos                           (6)     

     where fcost is the cost objective function ($), n is the total 
number of load bus to be shed, Pshed,i is the amount of load to 
be shed at bus i (MW) and CT is the electricity market price 
($/MWh). The value of CT is $25/MWh.  

In multiobjective problem, each objective function would 
be considered for the optimal solution. The multiobjective 
index (FT) for the performance calculation of location and 
amount of load to be shed considers all previously mentioned 
objective function by strategically giving a weight. This can be 
performed since all the objective functions were normalised 
(values between 0 and 1). The normalised value (fn) for each 
objective function can be calculated using (7).  

  (7)  

 

where  fi  is the fitness value for objective function i  
In this paper, the final solution is selected based on 

maximum value of FT as described in (8). 
   

  

( )∑
=

×=
k

i
niiT fFMax

1
    α                                 (8) 

where     1
1

=∑
=

k

i
iα          

 k is numbers of objective function. 
     αi is weighting factor for  ith  objective function 

 
The optimisation also took into consideration the following 
constraints: 
 

Load curtailment limits: 0 , ,              (9) 0 , ,                                              (10) 
 

where Pshed,i is the amount of load to be shed at bus i in MW  
PL,i   is the amount of load at bus i in MW 

    Qshed,i is the amount of load to be shed at bus i in Mvar 
    QL,i   is the amount of load at bus i in Mvar  
  
Voltage limits: 

Vi,min < Vi < Vi, max                                     (11) 
 

where Vmin is the minimum voltage 0.90 p.u. and Vmax is the 
maximum voltage 1.05 p.u. 

IV. RESULTS AND DISCUSSION 
The proposed algorithm was tested on IEEE 33-bus 

distribution test system, IEEE 69-bus distribution test system 
and 141-bus distribution system at Caracas, Venezuela. The 
initial data for IEEE 33-bus test system, IEEE 69-bus test 
system and 141-bus distribution system are given in [15], [16] 
and [17] respectively. Table 1 presents the initial data from the 
loadflow for the distribution system used in this study. 

 
TABLE 1 

INITIAL DATA FOR THE TEST SYSTEM 
 Ploss (kW) Qloss(kVar) Vmin(p.u) 

33-Bus 0.3411 0.2241 0.8565 

69-Bus 0.2195 0.0999 0.9093 

141-Bus 0.6133 0.4740 0.9264 

 
Load shedding scheme was performed in the initial data 

of IEEE 33-bus distribution test system in order to improve the 
voltage profile. The results obtained for IEEE 33-bus 
distribution test system from the proposed technique are 
compared with previous technique developed in [18] as shown 
in Table 2. Multiobjective approaches have been presented in 
[18] to determine the optimal load shedding in IEEE 33-bus 
distribution test system. The objective of the optimisation is to 
minimise the sum of curtailed load and the voltage deviation 
index (VDI) using genetic algorithm (GA).  

 
TABLE 2 

COMPARISON OF FITNESS FUNCTION FOR IEEE 33-BUS TEST SYSTEM 
Technique Pshed (MW) Ploss (MW) Vmin (p.u.) Cost ($/h) 

Base case   0.3411   0.8565 

QIEP 0.9057 0.0998 0.9187 22.6430 

Ref [18] 1.9315 0.1133 0.9180 48.2875 

 
From the results obtained in Table 2, it could be observed 

that total power loss, amount of shed load and cost of power 
interruption cost for QIEP are much lower as compared to 
[18]. The total power loss is reduced 70.74% from the base 
case using QIEP technique. Whereas, in [18] the power loss is 
reduced 66.78% from the base case. QIEP technique also 
provide better performance in voltage profile than genetic 
algorithm optimisation technique used in [18].  

The proposed study was also conducted on the IEEE 69-
bus distribution test system and the 141-bus distribution 
system. However, since the minimum voltage of IEEE 69-
distribution test system and 141-bus distribution system are 
greater than 0.90 p.u, the load shedding scheme only applied 
to both system with load increase 160%. The data for the load 
increase 160% are given in Table 3.  

 
TABLE 3 

INITIAL DATA FOR LOAD INCREASE  
 Ploss(kW) Qloss (kVar) Vmin (p.u) 

69-Bus 0.6233 0.2821 0.8452 

141-Bus 1.6808 1.3002 0.8765 

)min()max(
)max(

ii

ii
ni ff

fff
−

−=
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The performances of QIEP optimisation technique were 
copared with those obtain from conventional evolutionary 
programming (EP) optimisation technique in terms of fitness 
values and computation time for single objective and 
multiobjective function. The location of load shed is randomly 
optimised and it is set to five buses for case 1 and three buses 
for case 2 in IEEE 69-bus distribution test system. The best 
results for IEEE 69-bus distribution test system from 10 
execution times of both techniques are tabulated in Table 4 
and Table 5 for single objective optimisation and 
multiobjective optimisation respectively. The number of 
groups in Qgrp is set to three, the population size is 20 and the 
maximum number of generation is 300 for QIEP technique. 
The population size for EP is also set to 20 with maximum 300 
generations. 

 
TABLE 4 

SINGLE OBJECTIVE OPTIMISATION OF CASE 1 
Objective Technique Fitness Time (s) 

Ploss (kW) 
QIEP 0.0607 7478 

EP 0.0636 24915 

Vmin (p.u) 
QIEP 0.9638 9416 

EP 0.9616 27891 

Cost ($/h) 
QIEP 22.97 12464 

EP 23.67 27695 

 
TABLE 5 

MULTIOBJECTIVE (MO) OPTIMISATION FOR CASE 1 

  Ploss (kW) Vmin (p.u) Cost ($/h) time (s) 

MO 
QIEP 0.0963 0.9527 54.31 13323 

EP 0.0969 0.9523 54.43 32008 

 
From Table 4, it can be seen that best results of fitness 

value of the objective function for QIEP are better than EP. 
Although the different of fitness values between QIEP and EP 
are small, QIEP technique has shown a tremendous 
improvement in terms of computation time For multiobjective 
conditions in Table 5, QIEP shows better performance in 
terms of power losses and power interruption cost as 
compared to EP. EP shows a slower convergence rate than 
QIEP due to its single population size. The convergence time 
for QIEP technique is 3.7 hours which is much faster than EP 
optimisation technique that converge after 8.89 hours. Table 6 
presents the best results obtained from single objective 
optimisation for case 2 within 300 generations over 10 runs. In 
case 2, the number of load bus to be shed is three. Table 6 
shows the value of all fitness function proposed by QIEP 
technique are much better than those obtained from EP 
technique. As compared to QIEP technique in case 1, the load 
interruption cost for case 2 are much lower. However, the 
power losses and voltage profile for case 1 are better than case 
2 due to bigger number of load bus to be shed. The 
convergence time of QIEP technique is smaller than EP 
technique in case 2. 

 
 

TABLE 6 
SINGLE OBJECTIVE OPTIMISATION OF CASE 2 

Objective  Fitness Time (s) 

Ploss (kW) 
QIEP 0.0776 13872 

EP 0.0836 30222 

Vmin (p.u) 
QIEP 0.9542 13391 

EP 0.9541 22081 

Cost ($/h) 
QIEP 23.51 12705 

EP 23.52 28592 
 

TABLE 7 
MULTIOBJECTIVE (MO) OPTIMISATION FOR CASE 1 

Ploss (kW) Vmin (p.u) Cost ($/h) time (s) 

QIEP 0.1030 0.9501 52.68 13136 

EP 0.1063 0.9504 51.91 29634 

 
The best results from 10 times simulation for 

multiobjective optimisation is tabulated in Table 7. Similar 
pattern can be seen in Table 7 where power interruption cost 
in case 2 is better than case 1 and power losses and voltage 
profile for case 1 are better than case 2. 

Similar analysis also carried out using 141-bus 
distribution system to verify that the proposed technique also 
applicable to bigger system. The network data for 141-bus 
distribution system is presented in Appendix A. Two cases are 
considered. The number of buses to be shed is ten for case 3 
and seven for case 4. The best results of single objective 
optimisation and multiobjective optimisation for case 3 are 
presented in Table 8 and Table 9 respectively. 
 

TABLE 8 
SINGLE OBJECTIVE OPTIMISATION OF CASE 3 

Objective  Fitness Time (s) 

Ploss (kW) 
QIEP 0.6666 12859 

EP 0.6985 22173 

Vmin (p.u) 
QIEP 0.9303 7757 

EP 0.9301 17226 

Cost ($/h) 
QIEP 45.01 12346 

EP 48.69 23204 
 

TABLE 9 
MULTIOBJECTIVE (MO) OPTIMISATION FOR CASE 3 

 Ploss (kW) Vmin (p.u) Cost ($/h) time (s) 

QIEP 0.8953 0.9207 99.65 11843 

EP 0.9044 0.9203 99.09 17713 
 

Table 8 revealed that the maximum impact on the 
improvement of power losses, voltage profile and load 
interruption cost are also given by QIEP technique with less 
computation time. The computation time for single objective 
optimisation using QIEP technique is less than 3.6 hours, 
whereas, EP technique takes more than 6 hours to converge. 
According to the results obtained in Table 9, multiobjective 
QIEP also provide better results in terms of fitness value and 
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computation time although in a bigger system.  The power loss 
is reduced by 46.74% from the pre-optimisation value which 
measured before implementing load shedding. The minimum 
voltage in the system improved to 0.9207 p.u. With the 
reduction of the number of bus to be shed, the cost of 
interruption load is reduced. The same concept of obtaining 
result in Table 8 and Table 9 are used to tabulate Table 10 and 
Table 11. However, this case the number of load bus to be 
shed is reduced to seven buses.  
 

TABLE 10 
SINGLE OBJECTIVE OPTIMISATION OF CASE 4 

Objective Technique Fitness Time (s) 

Ploss (kW) 
QIEP 0.7958 8903 

EP 0.8082 18519 

Vmin (p.u) 
QIEP 0.9231 12222 

EP 0.9205 21210 

Cost ($/h) 
QIEP 43.20 9967 

EP 44.12 22498 
 

TABLE 11 
MULTIOBJECTIVE (MO) OPTIMISATION FOR CASE 4 

 Ploss (kW) Vmin (p.u) Cost ($/h) time (s) 

QIEP 0.9571 0.9207 85.80 10178 

EP 0.9904 0.9148 87.02 23352 

 
Based on the results tabulated in Table 10 and Table 11, the 
results achieved by QIEP with multiobjective function has the 
most significant results on the reduction of power losses, 
improvement of voltage profile and reduction of interruption 
cost. For multiobjective optimisation, the power loss is 
reduced 49.57% from the pre-optimisation value with 160% 
load increase. This technique also capable to improve the 
voltage profile to 0.9207p.u with lower cost as compared to 
EP technique. The computation time for QIEP technique is 
much faster than EP technique for all objective function.   

V. CONCLUSION 
This paper proposes an efficient method for optimal 

location and sizing of DG in radial distribution system namely 
Quantum-Inspired Evolutionary Programming (QIEP). QIEP 
is an algorithm that employs the concept of quantum 
mechanics in the Evolutionary Programming (EP).  Quantum-
Inspired is implemented according to three levels defined by 
quantum individuals, quantum groups and quantum universe. 
The problem has been formulated as the multiobjective 
function considering power loss minimisation, voltage profile 
improvement and interruption cost minimisation. The results 
of multiobjective QIEP optimisation technique were compared 
with genetic algorithm optimisation technique developed 
previously in [18]. A comparative study was also conducted to 

those obtained by conventional EP optimisation technique in 
term of fitness value and computation time. The proposed 
method was tested on three distribution system consisting of 
IEEE 33-bus distribution system, IEEE 69-bus distribution test 
system and 141-bus real distribution system. The result shows 
better improvement in term of fitness function and 
computation time.  
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APPENDIX A 
 

Network data for 141-bus distribution systems 
 

i j R X kVA i j R X kVA i j R X kVA i j R X kVA 

2 2 0.0577 0.0409 0 70 72 0.07 0.0495 150 29 30 0.0342 0.0248 0 30 100 0.0033 0.0008 300 

3 3 0.1725 0.1223 0 42 73 0.0231 0.0164 300 30 31 0.0128 0.0091 0 91 101 0.0231 0.0164 15 

4 4 0.0009 0.0006 0 73 74 0.003 0.0064 300 31 32 0.0347 0.0245 150 101 102 0.0578 0.0409 0 

5 5 0.0092 0.0065 0 43 75 0.0379 0.0268 45 2 33 0.0443 0.0314 0 102 103 0.0889 0.0217 125 

6 6 0.0068 0.0049 0 44 76 0.0552 0.0391 75 33 34 0.002 0.0009 150 103 104 0.0629 0.0153 0 

7 7 0.0469 0.0625 0 46 77 0.0516 0.0436 150 5 36 0.2274 0.0554 300 104 36 0.117 0.0285 300 

8 8 0.0736 0.0981 75 76 78 0.0167 0.011 0 5 2 0.1265 0.1565 150 104 2 0.0114 0.0026 150 

9 9 0.0649 0.0459 10 78 79 0.0415 0.0101 502 6 3 0.0055 0.0073 50 92 3 0.0849 0.0207 502.5 

10 10 0.0507 0.0359 0 79 80 0.1003 0.0244 750 37 4 0.2036 0.144 0 94 4 0.0612 0.026 0 

11 11 0.0116 0.0082 0 79 81 0.1513 0.037 0 38 5 0.0938 0.0663 20 108 5 0.0452 0.0192 750 

12 12 0.1291 0.0913 25 81 82 0.0033 0.0008 150 39 6 0.0347 0.0245 0 94 6 0.0033 0.0008 750 

13 13 0.1227 0.0866 75 47 83 0.0085 0.0062 75 40 7 0.0918 0.065 75 7 7 0.0719 0.0509 25 

14 14 0.0488 0.0345 0 49 84 0.0517 0.0449 225 41 8 0.2318 0.164 0 10 8 0.107 0.0261 500 

15 15 0.0957 0.0677 0 50 85 0.0147 0.0036 0 42 9 0.1207 0.0854 0 11 9 0.0347 0.0245 75 

16 16 0.086 0.0609 0 85 86 0.0037 0.0016 500 43 10 0.0443 0.0314 50 13 10 0.0623 0.0441 0 

17 17 0.0398 0.0282 150 86 87 0 0 150 44 11 0.0405 0.0288 0 114 11 0.0668 0.0473 0 

18 10 0.0828 0.0566 0 7 88 0.0174 0.0231 75 45 12 0.016 0.0127 0 114 12 0.004 0.001 300 

16 19 0.0186 0.0132 0 88 89 0.0469 0.0625 65 46 13 0.0636 0.045 0 14 13 0.0506 0.0366 65 

19 20 0.0559 0.0395 75 89 90 0.0299 0.0398 0 47 14 0.0417 0.0295 125 15 14 0.0161 0.0114 0 

20 21 0.0365 0.0246 75 90 91 0.0212 0.0283 0 48 15 0.0732 0.051 150 118 15 0.0462 0.0327 110 

21 22 0.0573 0.0307 0 91 92 0.0315 0.042 0 49 16 0.0828 0.0556 0 119 16 0.0424 0.03 0 

22 23 0.0263 0.0191 75 92 93 0.028 0.0373 0 50 17 0.0398 0.0282 125 120 17 0.0507 0.0359 0 

23 24 0.0683 0.0497 0 93 94 0.0206 0.0274 110 51 18 0.0225 0.0159 75 121 18 0.0732 0.0518 0 

24 25 0.0398 0.0282 0 94 95 0.0206 0.0274 0 38 19 0.0841 0.0595 100 122 19 0.0584 0.0414 100 

27 26 0.0729 0.053 150 89 96 0.0687 0.0486 150 42 20 0.0161 0.0114 0 19 20 0.061 0.0432 125 

26 27 0.0335 0.0244 75 96 97 0.097 0.0686 0 54 21 0.0527 0.0373 0 20 21 0.0783 0.0554 0 

27 23 0.0584 0.0414 0 97 98 0.0902 0.0196 300 55 22 0.0893 0.0632 25 21 22 0.0834 0.0607 0 

28 29 0.0655 0.0463 75 97 99 0.0033 0.0008 0 56 23 0.0867 0.0613 0 22 23 0.0347 0.0245 75 

61 62 0.0411 0.0291 200 131 132 0.0347 0.0245 75 57 24 0.0674 0.0477 300 23 24 0.057 0.042 75 

60 63 0.0353 0.025 0 131 133 0.092 0.0669 45 58 25 0.0469 0.0332 150 24 25 0.0585 0.0425 110 

63 64 0.1047 0.0741 300 121 134 0.0841 0.0612 35 55 26 0.0334 0.0236 0 25 26 0.0103 0.0073 112.5 

64 65 0.0674 0.0477 150 16 135 527 0.0373 25 60 27 0.0327 0.0232 300 119 27 0.0355 0.0253 0 

65 66 0.0302 0.0214 225 16 136 0.0302 0.0214 75 63 69 0.0366 0.0259 300 25 139 0.095 0.0673 50 

66 67 0.0456 0.0323 50 16 137 0.0584 0.0414 55 66 70 0.0231 0.0164 0 30 140 0.0519 0.0377 150 

67 63 0.0218 0.0154 100 23 138 0.0769 0.0559 50 70 71 0.012 0.0029 300 31 141 0.0584 0.0414 75 
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Abstract- Thermal Energy Storage (TES) system is already 

well established and one of the most important methods of 

demand to reduce peak-cooling loads. This system is divided by 

two periods known as charging period and discharging period. 

Discharging period is starting from 7 a.m until 10 p.m. 

Charging period to produce ice is 10 hours from 10 p.m until 7 

a.m with capacity rated 24 refrigerant ton (RT) of cooling 

capacity for each tank. Nowadays, the issue of cost in term of 

power consumption becomes an obstacle to implement this 

system. This paper presents the power consumption saving 

during charging period for TES system in Engineering 

Complex, UiTM Shah Alam Selangor. The data obtained were 

observed and analyzed in order to saving the power 

consumption. In conclusion, there are some calculations that 

including with Tenaga Nasional Berhad (TNB) tariff to show 

the comparison in term of power consumption during charging 

period and electricity bill for a month between actual design, 

current design and propose design.  

Keywords- Thermal energy storage, charging period, 

discharging period, refrigerant ton, cooling capacity, peak-

cooling loads 

 

I. INTRODUCTION 

 

     Thermal energy storage (TES) for cooling system, also 

known as cool storage, chill storage, or cool thermal storage, 

is a relatively mature technology that developed to reduce 

the electricity charge by charging ice during off-peak hours 

when electricity rates are lower. TES system has a potential 

to shift load from peak to off-peak utility periods [1-4].  

     In practice, many research and development activities 

related to energy have been concentrated on the efficient 

energy use and energy savings, leading to energy-

conservation. In this regard, TES appears to be one of the 

most attractive thermal applications and exergy as the best 

tool in analyzing their performances [5, 6]. 

     Previous study shows that some authors have been 

discussed about the power consumption. For example, in 

Taiwan, more than 30% power consumption for air 

conditioning system are use [7] and remain a major cause of 

the increasing in peak load. Refer to the B.A. Habeebullah 

[8], economic feasibility of thermal energy storage systems 

state that, air conditioning (A/C) systems are major 

contributors to buildings’ energy consumption especially in 

hot climate locations about 60% of the energy is consumed 

for A/C.  

     During charging period, the chiller will produce the ice or 

chilled water and stores it in the insulated storage tanks. 

During the day, the TES system can then either assist or 

replace the chiller for meeting the day-time cooling load to 

the buildings to reduce the cost of chiller, especially during 

peak hours which the amount of on-peak energy used and 

peak demand charges can be saved. In another word, TES 

system is the solution of the latest technology for solving 

peak load problems [9-11].   

     As TES systems are truly system optimizers for existing 

building chiller systems and not stand-alone units connected 

directly to the electric load, comparing their efficiency 

directly to other energy storage technologies is difficult. On 

average, TES systems lose through thermal loss only 

approximately 1% of their energy during inactive use. This 

efficiency is comparable to or much higher than other 

technologies.  

     The objectives of this paper are to save the power 

consumption during charging period and reducing the 

electricity bill in Engineering Complex UiTM Shah Alam.  

 

 

A. Background of TES System in Engineering Complex 

UiTM Shah Alam 

 

     TES system in Engineering Complex UiTM Shah Alam 

was operated starting year 2002 and among the earliest uses 

of this system in Malaysia. The application of this system is 

covering the entire Engineering Complex of Block 1, Block 

2, Block 3, Block 4, Block 5, Tower 1 and Tower 2. TES 

system is supported by 4 main sub-system called chiller, ice 

cell, heat exchanger and cooling tower. 
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Figure. 1      Operation schematic diagram of the plant 

 

     Fig. 1 above shows the diagram of the plant where AHU 

is air handling unit, FCU is fan coil unit, CT is cooling 

tower, PHX is primary heat exchanger and SHX is 

secondary heat exchanger. The plant at the Engineering 

Complex consists of 3 closed pumping loops namely 

primary, secondary tertiary loops with the TES system in the 

upper stream.  

     In the Engineering Complex, TES system is operated by 

using partial storage system. Partial storage system is 

divided by two strategies namely load-levelling strategy and 

demand-limiting strategy. Strategy that used in Engineering 

Complex UiTM Shah Alam is load-levelling strategy as 

shown in Fig. 2. Load-levelling is most effective where the 

peak cooling load is much higher than the average load. 

 
Figure. 2      Partial storage; load-levelling 

 

     By using Dunham Bush Ice Cell Technology, process of 

producing of ice is occurred in the ice cell. Total of the ice 

cell in the Engineering Complex is 73 tanks, with 28 tanks is 

located at the ground of car park area and remain 45 tanks is 

located underground at car park area as shown in Fig. 3 and 

Fig. 4 respectively. Currently TES system in Engineering 

Complex is using 45 tanks that located underground at car 

park area because remain of 28 tanks is not ready to use. 
 

 
 

Figure. 3      Ice storage tank at the outdoor (Parking lot) 

 
 

 

 
 

Figure. 4      Ice storage tank at the indoor (Underground) 

 

 
 

     Based on Operation & Maintenance Manual And As-

Built Drawings Volume 1-3 from Bahagian Pembangunan 

Universiti Teknologi Mara Shah Alam stated that charging 

period to produce ice is 10 hours with capacity rated 24 

refrigerant ton (RT) of cooling capacity for each tank. Time 

for charging period is starting from 9.00 pm until 7.00 am 

when the cooling requirement is almost zero as the 

occupancy rate is very minimal while discharging period is 

happen during day time from 7.00 am until 9.00 pm when 

the occupants start to enter the building as shown in Table I.  

 

TABLE 1.      CHARGING AND DISCHARGING PERIOD 

 

MODE TIME 

Charging period 9.00 p.m. until 7.00 a.m. 

Discharging period 7.00 a.m. until 9.00 p.m. 

   
 

 

     However, to avoid from on-peak tariff from Tenaga 

Nasional Berhad (TNB), charging and discharging period 

need to be reschedule. Table II below is the current charging 

and discharging period for TES system in Engineering 

Complex. 

 

TABLE II.      CHARGING AND DISCHARGING PERIOD 

 

MODE TIME 

Charging period 10.00 p.m. until 7.00 a.m. 

Discharging period 7.00 a.m. until 10.00 p.m. 

 

 

 

B.   Electricity Bill by Tenaga Nasional Berhad (TNB) 

 

     Electricity bill during charging period need to be refer 

TNB pricing and tariff. Table III below shows the 

commercial tariff (tariff C2) that effective on 1 June 2011. In 

this tariff, TNB stated that TES system consumers will enjoy 

higher discount for off-peak electricity consumption. In 

addition, Firm Standby charge for Co-generators will be 

reduced to encourage Green Technology, Energy Efficiency 

and Demand Side Management (DSM) initiatives [12]. 

 

1 2 3 
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TABLE III.      COMMERCIAL TARIFF (TARIFF C2) 

 

Tariff C2 – Medium Voltage Peak/Off-Peak 

Commercial Tariff 

For each kilowatt of maximum 

demand per month during the peak 

period 

RM/kW 38.60 

For all kWh during the peak period sen/kWh 31.2 

For all kWh during off-peak period sen/kWh 19.2 

The minimum monthly charge is RM600 

 

 

II. METHODOLOGY 

 

 

     Based on actual design in Engineering Complex UiTM 

Shah Alam, charging period required 10 hours to fully freeze 

the water in the tanks. From specification of chiller RT 

during charging period that state in Operation & 

Maintenance Manual And As-Built Drawings Volume 1-3 

from Bahagian Pembangunan Universiti Teknologi Mara 

Shah Alam, chiller will support 1250 RT to produce the ice 

in ice cell tank. 

     Table IV below, shows the Engineering Complex district 
cooling design. During discharging and charging period, 

TES system require 2 chillers to be operate which is 1800 

RT for discharging and 1250 RT for charging period. Total 

ice storage that install is 45 tanks and capacity for each tank 

is 24 RT. Maximum cooling load for Engineering Complex 

is 3600 RT per hour. 

 
TABLE IV.      DISTRICT COOLING DESIGN 

 

 

     All of the equations below are the calculation for this 

paper where it is used to compare between actual, current 

and proposed designs. It is also involved time for charging 

and discharging period.    

 

 

 

 

 

 

 

 

 

Hopt = RTreq * Hact                                                                    (1) 

             CHsupport 

                 
 

     Where Hopt  is the optimize of hours for charging period, 

RTreq  is RT that required to freeze the water for 1 hour , Hact  

is actual hours to fully freeze the water in the tank of ice cell 

and CHsupport is actual chiller support to produce the ice in ice 

cell tank.  

     From the equation (1) above, optimum hours that we get 

is 8.64 hours (8 hour and 38.4 minute). So, we assume 

proposed hours for charging period is 8.5 hours (8 hour and 

30minute). 

 

Maximum building load equation; 

 

RTb = TotCLRT * 0.8                                                           (2) 

 

MaxRTtcd = RTb * tdischarging * 0.75                                      (3) 

 

     Where RTb is the RT of the building load, TotCLRT is 

total cooling load in building, MaxRTtcd is RT for maximum 

total cooling demand and tdischarging is total time for 

discharging period in working hours. 

Maximum cooling supply by chiller and ice; 

MaxRTexp = [ (CHRT * 2) * tdischarging] + [tcharging * ICt1]       (4)                                                                

     Where MaxRTexp is the maximum expected cooling 

supply to building, CHRT is the cooling capacity of chiller in 

RT, tdischarging is the total time for discharging period in 

working hours, tcharging is the total time for charging period 

and ICt1 is an ice cell storage capacity in 1 hour. 

Maximum cooling remains after 10 hours; 

 

Maxcr = MaxRTexp - MaxRTtcd                  (5) 

 

 

Maxcr is the maximum cooling remains.   

 

     From equation (4), calculation of cooling supply by 

chiller and ice are expand by depending on the percentage of 

opening valve of chiller (V1) and ice cell (V2). The equation 

below is the expanded from equation (4).  

 

RTexp = [{% of chiller valve opens V1 in t1 hour * CHRT * 2} 

+ {% of chiller valve opens V1 in t2 hour * CHRT * 2} + .... + 

{% of chiller valve opens V1 in tn hour * CHRT * 2}] + 

[tcharging * ICt1]             (6) 

 

 

 

 

 

 

Chiller Installed 2 x 1800 RT Base Mode 

2 x 1250 RT Ice Mode 

Ice storage Capacity 45 x 240 RTh Ice Cell 

Building Cooling Load 

Requirement 

Block 1 550 RT 

Block 2 580 RT 

Block 3 380 RT 

Block 4 850 RT 

Block 5 660 RT 

Tower 1 290 RT 

Tower 2 290 RT 

Maximum Cooling Load 3600 RT 
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     From the equation above, comparison the value of  RTexp 

between actual design, current design and optimum design 

could done.   

 

       
III. RESULTS AND DISCUSSION 

 

     This paper shows the comparison between actual design, 

current design and proposed design of power consumption 

during charging period.   

     From equation (2) and (3) will get the total cooling 

demand in building (Table V). Total maximum cooling 

demand for the Engineering Complex after considers all of 

the losses with 10 hours discharging period is 21600 RT. 

 

TABLE V.      TOTAL COOLING DEMAND IN BUILDING 

 

TotCLRT RTb  tdischarging   MaxRTtcd 

3600 RT 2880 RT 10 hours 21600 RT 

 

     Table VI shows the comparison between actual design, 

current design and proposed design for maximum cooling 

supply by chiller and ice that refer to the equation (4). From 

that table shows that actual design can be supply 28800 RT 

cooling to the building. For other designs that are current 

and proposed design, it can be supply 27720 RT and 27180 

RT cooling to the building respectively.   

 

TABLE VI.      COMPARISON BETWEEN ACTUAL DESIGN, 

CURRENT DESIGN AND PROPOSED DESIGN FOR MAXIMUM 

COOLING SUPPLY BY CHILLER AND ICE 

 

Actual 

Design 

Current 

Design 

Proposed 

Design 

CHRT 900 RT 900 RT 900 RT 

tdischarging 10 hours 10 hours 10 hours 

tcharging 10 hours 9 hours 8.5 hours 

 
1080 RT 1080 RT 1080 RT 

MaxRTexp 28800 RT 27720 RT 27180 RT 

 

     Table VII below shows the result of the cooling remains 

of actual design, current design and proposed design using 

equation (5). Cooling remains after 10 hours for proposed 

design is 5580 RT which is less than actual and current 

design. Cooling remains for actual design is 7200 RT and 

current design is 6120 RT.  

 

 

 
TABLE VII.      COOLING REMAINS BETWEEN ACTUAL DESIGN, 

CURRENT DESIGN AND PROPOSED DESIGN 

 

 Actual 

Design 

Current 

Design 

Proposed 

Design 

Maxcr 7200 RT 6120 RT 5580 RT 

    

  

    From the equation (6), we compare the value of RTexp 

between actual design, current design and optimum design 

(Table VIII).  

 

TABLE VIII.      VALUE OF THE RTEXP FOR ACTUAL DESIGN, 

CURRENT DESIGN AND OPTIMUM DESIGN BY CALCULATION 

 
 Actual 

Design 

Current 

Design 

Optimum 

Design 

RTexp 17100 RT 16020 RT 15480 RT 

 

     The value of maximum cooling remain in proposed 

design is 5580 RT. In Malaysia, working per day is from 8 

am until 5 pm (9 hours). That’s means, proposed hours for 

charging period (8 hours and 30 minutes) is very sufficient 

to supply cooling to the building load after considered total 

cooling demand in the building. Cooling remain should be 

release in the building before start charging period.  

 

     Both of the figures below (Fig. 5 and Fig. 6) demonstrate 

the monthly cooling load and average cooling load in 7 

months respectively from April 2011 until October 2011. 

From the graph, we can deduce that the maximum cooling 

load is at 9 a.m. and the average maximum cooling load is 

from 8 a.m. to 4 p.m. This may be caused by too many 

consumers at that time, including students and staffs. We can 

see where cooling load starts decreasing after 4 pm and will 

continue the descent.  

 

 

 

 

 
Figure 5.      Typical monthly cooling load profile of a building 
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Figure 6.      Average cooling load profile of a building 

 

IV. CONCLUSION 

      

     In this paper, we have proved that power consumption 

can save by reschedule the charging period from 9 hours 

charging to 8.5 hours charging. With shorten the charging 

period, remainder 30 minutes can saved power consumed by 

the chiller. In addition, chiller also can get more rest 

compared with 10 hours and 9 hours charging. 

     Charging period by using proposed design can fulfill the 

need to the building in 10 hours because maximum cooling 

supply by chiller and ice is greater than maximum cooling 

remain (MaxRTexp  >  Maxcr).  

     However, in the theoretical method, ice will be fully 

exhausted depend on the opening valve of ice cell. Then, 

chiller will be only supply the chill water to the building for 

remain hours that ice can’t supply. Cooling supply from ice 

cell for proposed design is quicker exhausted compare than 

actual design and current design. However, due to the 

environment temperature after 6 p.m. and decreasing the 

number of consumer in the building, cooling that supply 

from chiller and remain cooling from ice cell in the pipe is 

believed to provide cooling to the building. 

 

 

 

V. RECOMMENDATION 

 

     Thermal energy storage (TES) system is needed to 

manage the power consumption in order to reduce the cost 

of electricity consumption. Maintenance must be done 

continuously to ensure that it can be utilized optimally.  
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Abstract— This paper addresses Extended Kalman Filter (EKF) 
algorithm that is uses to predict and estimate flood water level. 
In this respect, good estimates of the flood water level are needed 
to enable the filter to generate accurate forecasts. The EKF is the 
best predictor of the flood water level as it is the extended of the 
basic Kalman Filter algorithm that is only able to solve linear 
problems. EKF is developed to solve nonlinear problems and 
flood phenomenon suite well as the water level fluctuates highly 
nonlinear. This theory is also supported with the simulation 
results that produce small value of Root Mean Square Error 
(RMSE) which is close to zero. 
 

Keywords — Kalman Filter; Extended Kalman Filter (EKF); 
Tracking and Prediction 

I.   INTRODUCTION 
Over the past decade, rapid increases in development and 

deforestation have led to flood inundation problems. The key 
factor that contributes to flood problems is the increasing of 
the water level. So, the prediction of flood water level is very 
important as an early warning system to the public. For the 
purpose of flood water level prediction, parameter updating 
methods are applied to update the parameters of simulation 
models based on observed errors. For example, Lees et al. [1] 
applied single-input single-output transfer function in 
downstream water level prediction by using upstream 
information along the River Nith at Dumfries. Parameter 
prediction algorithm also was proposed to estimate real-time 
downstream observations [2]. 

The state-parameter estimation using standard Kalman 
Filter algorithm was introduced in [3] and later, state 
augmentation technique in [4]. However, both techniques 
were limited to linear dynamics system. Since many problems 
are nonlinear cases, the modified Kalman Filter was 
introduced. The most straight forward extension of standard 
Kalman Filter is Extended Kalman Filter (EKF). EKF has 
been implemented as a state observer for induction motor 
drives in various configurations [5, 6, 7]. 

For nonlinear dynamic system, Extended Kalman filter is 
the best predictor and it was used to track manoeuvring targets 
in [8]. This manoeuvring target do not have straight motion 

and constant velocity, thus causes the process equation to be 
nonlinear. Same goes to flood water level because it fluctuates 
highly nonlinear. Therefore, Extended Kalman Filter was used 
in this study.  

This paper was organized in the following manner: Section 
II describes the theory of EKF algorithm; Section III describes 
methodology; Section IV is on results and discussion; and 
finally, Section V is the conclusions. 

II.  KALMAN FILTER 

A. A.  Theory of Discrete Kalman Filter 
In 1960, Kalman successfully solved filtering problem 

using state-space approach [9]. The solution is now widely 
known as Kalman Filter (KF). Two main features in KF: the 
vector modelling of random processes; and  the process noise 
must be Gaussian [10]. However, the general KF algorithm is 
limited for linear systems. Therefore, EKF is considered as an 
extension of KF in solving nonlinear problems. As EKF is the 
extension of KF, the basic theory of KF algorithm will be 
discussed first. 

KF used feedback control to estimate a process. First, the 
filter estimates the process state and then obtains the feedback 
in the form of noisy measurements. Because of that, the 
equation for the KF falls into two types: time update 
equations; and measurement update equations. The time 
update equations are responsible to obtain the priori estimates 
for the next step by projecting the current state and error 
covariance estimates, whereas, the measurement update 
equations are responsible for the feedback. Indirectly, the time 
update equations act as the predictor equations while the 
measurement update equations act as the corrector equations. 
Indeed, the KF estimation algorithm resembles the predictor-
corrector algorithm as shown in Figure 1. 
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Figure 1.    The ongoing discrete Kalman Filter cycle 

B.  Theory of Extended Kalman Filter (EKF) 
It is known that the KF is able to estimate the state of a 

discrete-time controlled process that is governed by a linear 
stochastic differential equation. When a process to be 
estimated is nonlinear, KF is not able to do the estimates. 
Then the KF extension is introduced that is able to linearize 
the current mean and covariance.  The extension KF is 
referred to as Extended Kalman Filter (EKF). 

The EKF algorithm has two main stages: prediction step; 
and update (filtering) step. In prediction steps, previous state 
estimate of the system is being used and in the update step, the 
predicted state is corrected by using feedback correction step.  
The feedback correction step contains the weight of the 
measured and estimated output signals. In EKF, by calculating 
the stochastic properties of the noise, the initial values of the 
matrices can be arranged correctly. Furthermore, a critical part 
of EKF is to apply correct initial values for various covariance 
matrices. Covariance matrices have an important effects on 
converge time and filter stability. The computational origin of 
the EKF is explained below.  
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Prediction error: 
                                     kkxk xxe ~~ −≡                                  (3) 
 
Measurement Residual: 
                                     kkzk zze ~~ −≡                                   (4) 
 
Using Eq. (3) and Eq. (4), the equation for process error is: 
 
          kkkxk xxAe ε+−≈ −− )ˆ(~

11                   (5) 
 
                                 kxkzk eHe η+≈ ~~                                 (6)                  
 
where kε and kη represent new independence variables with 
zero mean and covariance matrices. 
 
 A posteriori state estimate for the original nonlinear process 
are defined as below: 
                                  kkk exx ˆ~ˆ +=                                      (7) 
 
Eq. (5) and Eq. (6) have the following probability 
distributions: 
      ])~~[,0()~( T

xkxkxk eeENep ≈  
 
    ),0()( T
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        ),0()( T
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By setting the predicted values of kê be zero, Kalman filter 

equation for kê is; 

    zkkk eKe ~ˆ =                                         (8) 
 
Substituting Eq. (8) in Eq. (7) and using Eq. (4),  
 
    zkkkk eKxx ~~ˆ +=  

          )~(~
kkk zzKx −+=                    (9) 

 
Eq. (9) is now can be used for measurement update in EKF 
with kx~ and kz~ and the Kalman gain, kK obtained from 
previous equations. 
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vectors    

 

approximate  state and 
measurement vectors from (1) 
and (2)

 

a posteriori estimate of the state 
at step k

 

process and measurement noise
 

Jacobian matrix of partial 
derivatives of f  with respect to x

 

Jacobian matrix of partial 
derivatives of f  with respect to w

 

Jacobian matrix of partial 
derivatives of h  with respect to x

 

Jacobian matrix of partial 
derivatives of h  with respect to v
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B.      Complete Picture of Operation of EKF Algorithm 

 
 

 Figure 2.   Extended Kalman Filter (EKF) Loop 

Figure 2 summarizes the overall operation of EKF 
algorithm.  The prediction stage starts by projecting the state 
and error covariance ahead using the present value of Jacobian 
matrix and prior value of error covariance. Then, based on the 
projected error covariance value, the Kalman gain is 
calculated and measurement kx̂  is estimated. Finally, the 
error covariance value is updated. The loop will continue until 
the desired error covariance value is achieved.  

III.    METHODOLOGY 

A. Instrumentation and Data  
The data used in this paper is from Sg. Batu Pahat at Batu 

Pahat located in the state of Johor, Malaysia. The water level 
data is in meters, starting from 0.00 a.m June 1, 2012 until 
12.00 p.m June 4, 2012. This real-time data is available online 
from website www.water.gov.my. The water level data is 
measured using Supervisory Control and Data Acquisition 
System (SCADA) by the Department of Irrigation and 
Drainage Malaysia. 

B.    Simulation Studies  
MATLAB version 2009a is used as software platform for 

simulation studies and the numbers of estimated data are 119 
since the data is taken on hourly basis. The RMSE of 
estimation is applied to show the accuracy of filtering, which 
is defined as follows: 
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IV.     RESULTS AND DISCUSSION 
The simulation result of flood water level prediction using 

Extended Kalman filter algorithm is given in Figure 3. From 
the figure, it can be observed that predicted value tracking 
nicely the true value with small RMSE of 0.9236 m. Tracking 
fail to follow high frequency movement or sharp edges. In this 
study, all parameters which is the Jacobian matrix was set to 
unity. Hence, the parameters value effect may contribute to 
the overshoot problem. However, the small value of RMSE 
indirectly explains that the result is still acceptable. 
 

0 10 20 30 40 50 60 70 80 90 100
0.5

1

1.5

2

hour

W
at

er
 le

ve
l(m

)

Extended Kalman Filter estimates  versus True value

 

 

True Value
Extended Kalman Filter

Figure 3.  Water level prediction using Extended Kalman 
Filter (EKF) algorithm 

VI.      CONCLUSIONS 
This study has demonstrated that Extended Kalman Filter 

can be employed successfully to flood water level prediction 
phenomenon.  This is because EKF is purposely developed to 
solve nonlinear problems and flood is one of the nonlinear 
cases involved. Even though EKF can estimate flood water 
level well, there are many more types of Kalman Filter that 
are able to do that.  Hence, for future works, other methods 
can be used and the performance result can be compared and 
analyzed. 
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Abstract – This paper presents the Air Conditioning energy 
consumption of an education building and it’s Building Energy 
Index at Engineering Complex formerly Science and Technology 
(S & T) Complex building, University Teknologi MARA Shah 
Alam Selangor. A fact has shown that the buildings are 
responsible for using a vast amount of energy. The energy 
consumption in buildings is increased by air conditioning 
system. To implement actions to save energy in buildings, it is 
necessary to measure and study its energy efficiency. This study 
describes the result of user attitudes towards air conditioning 
usage, electric energy consumption pattern and building energy 
index in building. Through the site survey, the results show that, 
the operation of air conditioning system was unsatisfying. In 
conclusion, the air conditioning energy consumption can be 
reduced by several proposed measures. The proposed measures 
are categorized into two ways: by improving user attitude 
towards using air conditioning through awareness and technical 
improvement. 

Keywords – Air Conditioning, Energy Consumption, Building 
Energy Index (BEI) 

I. INTRODUCTION 

uildings consume about one-third of the world’s energy 
and the worldwide energy consumption for buildings is 

expected to grow from 45% from 2002 to 2025[1], [2]. At 
present, commercial buildings consume well over one-third of 
all electricity in the ASEAN region and will account for more 
than 40% of the demand for additional generating capacity in 
the near future [1], [3]. 

The energy consumed in Malaysia is 90% in the form of 
electricity. If these trends continue, buildings will consume 
almost as much as industry and transport combined [1], [4]. 
This is quite a concern as Malaysia has become one of the 
fastest growing building industry in the world lately. 
Although this maybe a cause for anxiety, but it does provide 
opportunities for the development of sustainable energy 
technology. 

The typical distribution of energy consumption in 
Malaysian buildings is shown in Table I, where shopping 
complexes and offices used more than 90% of the energy for 
lighting and air conditioning. Residential buildings used the 
least energy for both. Here again there is ample opportunities 
for energy efficiency measures and use of renewable energy 
source [1]. 
 

TABLE 1 
DISTRIBUTION OF ENERGY CONSUMPTION IN MALAYSIAN 

BUILDINGS (%) 
 

 Residential Hotels Shopping 
Complexes 

Offices 

Lighting 25.3 18.0 51.9 42.5 

Air-
Conditioning 

8.3 38.5 44.9 51.8 

Total 33.6 56.5 96.8 94.3 

 
 

The following building energy efficiency potentials are 
attainable [5]: 

 
a) 40% to 50% reduction of energy consumption of 

new buildings 
b) 15% to 25% in reduction in energy consumption of 

existing buildings 
c) Shift of electricity demand for buildings from day to 

night, thus improving the load factor on electricity 
generating equipment for some ASEAN countries 

 
 
 
 
 

B
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The main aim of the paper is to address the issues related 
to the field of air conditioning energy consumption and 
thermal comfort in Engineering Complex, University 
Teknologi MARA Shah Alam Selangor. A case study will be 
carried out to investigate the current performance of the 
operation of Air conditioning system to provide thermal 
comfort at this Complex. 
 
A. The Plant at Engineering Complex 
 

Air conditioning system in Engineering Complex was 
built with a centralised chiller water plant with Thermal 
Energy Storage (TES) scheme in year 2002. The plant was 
commissioned in June 2002 with capacity of 3600 RT 
installed Chiller capacity and 10,800 RTh Thermal Energy 
Storage capacity. In principle, the design of the TES scheme 
is meant to shift load from peak to off-peak. Table II below, 
shows the Engineering Complex district cooling design [10]. 
 
 

TABLE II 
DISTRICT COOLING DESIGN 

 
Chiller Installed 2 x 1800 RT Base Mode 

2 x 1250 RT Ice Mode 
Thermal Storage Capacity 45 x 240 RTh Ice Cell 

Building Cooling Load 
Requirement 

Block 1   550 RT 
Block 2   580 RT 
Block 3   380 RT 
Block 4   850 RT 
Block 5   660 RT 
Tower 1  290 RT 
Tower 2  290 RT 

MaxCooling Demand 3600  
 
 The TES plant is using Dunhambush Ice Cell technology 
with 45 numbers of Ice cell stored under parking lot. The 
plant was designed to have one unit chiller 900RT x 2 
compressors to charge the Ice Cell during off-peak hours 
between (10.00 p.m. to 8.00 a.m.) every day. This will give a 
low production cost benefits to UiTM where the night tariff is 
much cheaper compared to the on-peak hours. Not only the 
charge is lower but the Maximum Demand Charge can be 
avoided by almost 40% [10]. 

 

 
Fig. 1 Operation schematic diagram of the plant [10] 

  

As shown in Figure 1, the whole system consists of 3 
closed circuit namely primary, secondary, and tertiary loop. 
The liquid flowing in the primary loop is ethylene glycol and 
chilled water flows in the secondary and tertiary loops. This 
design of multiple loops allowed the system to operate in all 5 
operating modes; ice build, ice build with cooling, cooling 
with ice, cooling with chiller, and cooling with ice and chiller 
[10].  
 The plant utilizes partial storage operating strategy in 
which during discharge mode, the ice storage and the chiller 
running day mode work together to cover the building load. 
This strategy is quite critical, where controlling the 
contribution of chiller and ice storage are critical to the 
system economy and comfort. Modulating valves are used to 
manage the relative contribution of storage and chiller [10]. 
 Since cooling load reflected by numbers of occupant and 
chiller production, aiming to achieve and maintaining 
44oF/6.67°C is important as to achieve thermal comfort. As 
the load and chiller contribution varies, the modulating valves 
will automatically allow sufficiently flow though the storage 
system to maintain 42oF/5.56ºC of ethylene glycol to be 
supplied to the primary HX. In between ethylene glycol and 
chiller water, the process of heat transfer is occurred, to gain 
the desired temperature of 44oF/6.6°C, chilled water will be 
supplied to the Air Handling Units (AHU) and Fan Coil Unit 
(FCU) for the entire building and return at 54ºF/12.2°C to 
58ºF/14.5°C. 
 The plant is using water cooled chillers regarding of its 
beneficial contribution in Engineering Complex. This system 
usually embedded inside the building and heat from chiller is 
carried by regulating water to outdoor cooling tower. Its 
potential advantages appear in term of energy efficiency 
referring to operational time of chiller in Engineering 
Complex [10]. 
 
B. Standards and Building Energy Index 
 

The energy consumption in buildings is normally in term 
of the Building Energy Index (BEI). The South East Average 
BEI is 233 kWh/m2/yr whereby the Malaysian and 
Singaporean average are 269 kWh/m2/yr and 230 kWh/m2/yr 
respectively [1]. In Malaysia not much published data is 
available yet on the Energy Performance or actual annual 
energy consumption of buildings. Pusat Tenaga Malaysia - 
PTM is still in the process of auditing Government Office 
Buildings and Center for Environment, Technology & 
Development, Malaysia[6], [7], [8]. 

The Malaysian Ministry of Energy, Water and 
Communication (MEWC) or previously known as the 
Ministry of Energy, Communication and Multimedia 
(MECM) before the year 2004; introduced the Guidelines for 
Energy Efficiency in Non-Domestic Buildings in 1989. In the 
first version, the BEI was recommended to not be more than 
135 kWh/m2/yr [9]. In 2001, it was improved to include 
revised equations based on the latest research work on local 
buildings. As the energy efficiency awareness was beginning 
to set in at the time, the BEI of several new buildings began 
to demonstrate a decrease in value.  
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The guidelines now were renamed as the Malaysian Standard 
MS 1525:2001. The purpose of the MS was as follows: 

 
a) To encourage the design of new and existing 

buildings so that they may be constructed, operated 
and maintained in a manner that reduces the use of 
energy without constraining the building function, 
nor the comfort or productivity of the occupants and 
with appropriate regard for cost considerations. 

b) To provide the criteria and minimum standards for 
energy efficiency in the design of new buildings, 
retrofit of existing buildings and methods for 
determining compliance with these criteria and 
minimum standards 

c) To provide guidance for energy efficiency designs 
that demonstrates good professional judgment and 
exceeds minimum standards criteria. 
 

The standards were later improved in 2007 to include the 
following: 

a) provide guidance for energy efficiency designs that 
demonstrate good professional judgment and 
exceeds minimum standards criteria; and 

b) Encourage the application of renewable energy in 
new and existing buildings to minimize non-
renewable energy sources, pollution and energy 
consumption whist maintaining comfort, health and 
safety of the occupants. 

 
The most important inclusion was in the additional objective 
statement: 

1. To encourage the application of renewable energy in 
new and existing buildings to minimize non-
renewable energy sources, pollution and energy 
consumption whist maintaining comfort, health and 
safety of the occupants. 

2. The MS 1525:2007 sets out minimum standards for 
designers to design and select equipment above 
those stipulated in the code in the following areas: 

a) Architectural and passive design 
b) Building Envelope 
c) Lighting 
d) Electric power and distribution 
e) Air conditioning and mechanical ventilation 

(ACMV) system 
f) Energy management control system  

 
 
 

II. METHODOLOGY 

In order to achieve the objective if this study several 
measures have been selected to gain information and data for 
the study, which are: 

 
 
 
 
 
 

A. Questionnaire survey 
 

User attitudes towards electrical energy usage in 
Engineering Complex were conducted by means of 
questionnaires. A total of 100 respondents were chosen for 
this survey. The survey was conducted via questionnaires and 
interviewing the users.  

  
B. Energy consumption pattern 
 

Basically the electricity bill consists of 2 sections covering 
electrical system utilizing tariff C1 and air conditioning 
system utilizing tariff C2. The trend of electric consumption 
in Engineering Complex was studied based on the monthly 
electricity bills data by Tenaga Nasional Berhad (TNB) and 
Building Energy Index was calculated. 
 
C. Comfort level in building 
 

HOBO data logger was used as measurements of the 
temperature (in °C) and the relative humidity (in RH %) for 
the data collection process at selected rooms. 
 

 
III. RESULTS & DISCUSSION 

   
A. Site survey- Users behaviour study 
 

From the questionnaire study the occupancy pattern of 
Engineering Complex was established 
 
Duration of occupancy 
 

 
 

Fig. 1 Duration of user occupancy in Engineering Complex 
 

According to Figure 1, basically, most of the users spent 
more than 3 hours in Engineering Complex daily. Only 30% 
spent less than 5 hours per day in the building. Majority of 
them spent between 6 to 8 hours daily in the building. It can 
be concluded that, about 70% users spent their time (working, 
attend classes, assignment, lab, research and act...) in the 
building between 6 to 10 hours daily. 
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Occupants’ attitude towards switching off air conditioning 
system 
 

 
 

Fig. 2 Number of person’s switching off the air conditioning system when 
leaving their rooms and class 

 
One of question in the survey form is to find out whether 

the users turn off or not the air conditioning systems when 
they left their rooms and class. As the result shown in Figure 
2, the survey found that nobody switched off the air 
conditioners when they went out for less than five minutes. 
Only 22% of users switched off the air conditioner when they 
are not in their rooms and class for 30 minutes and 34% of 
users switched off air conditioner for 1hour, when they are 
not in their rooms and class. The good practice is that 
majority of the users switch off their air conditioner when 
they return home. 

 
Occupants’ response to coolness level provided by air 
conditioning system 
 

 
 

Fig. 3 Users respond on their air conditioning system 
 

The users were also asked whether the coolness level 
provided by air conditioning system is insufficient, sufficient, 
or excessive.  As shown in Figure 3, 17% of the users replied 
that the air conditioning system was insufficient, 68% replied 
that it was sufficient and 15% claimed that the air 
conditioning system was excessive.   
 
 
 
 
 

Occupant’s satisfaction with the comfort level of the existing 
Air-Conditioning system 
 

 
 

Fig. 4 Users respond on the comfort of the existing air conditioning system 
 

The last question of the questionnaire is about comfort. 
The question was given to the users is to evaluate the comfort 
of the existing air conditioning system, either it is 
comfortable or uncomfortable. As shown in the Figure 4, the 
result shown about 57% of the users was satisfied and 43% 
claimed that the air conditioning system was unsatisfied.  
 
B. Trend of Energy Consumption 
 

The analysis of electricity consumption was based on 
monthly summary report for year 2010. According to 
summary, the total annual energy consumption for 
Engineering Complex was 11,532,465 kWh amounting to RM 
3,712,519,20 with average monthly electricity bill RM 
309,376.60. From the electricity bill 2010, it was observed 
that the monthly electricity bill from August till October were 
reduced but it was showed an increment on the November 
and then followed by a reduction at the end of the year ( as 
shown in Figure 5 ). The highest energy consumption was in 
March 2010 with 1,196,882 kWh amounting to RM 
349,269.87 which was the beginning of the new academic 
session year. 
 

 
 

Fig. 5 Montly electricity consumption for Engineering Complex in the year 
of 2010 
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TABLE III 
MONTHLY ELECTRICITY CONSUMPTION FOR ENGINEERING 

COMPLEX IN 2010 
 

Month C2 Tariff  
(kWh) 

Other-C1 Tariff  
(kWh) 

Total  
(kWh) 

BEI  
(kWh/m2.yr) 

JAN 1,127,661 830,227 1,957,888 196.51 

FEB 1,037,261 748,585 1,785,846 179.24 

MAC 1,196,882 863,138 2,060,020 206.76 

APR 1,179,176 807,567 1,986,743 199.40 

MEI 1,074,206 763,375 1,837,581 184.43 

JUN 1,144,155 718,879 1,863,034 186.99 

JUL 1,115,736 800,115 1,915,851 192.29 

OGOS 981,783 821,980 1,803,763 181.04 

SEPT 924,977 689,367 1,614,344 162.03 

OKT 949,273 824,477 1,773,750 178.03 

NOV 1,087,151 705,655 1,792,806 179.94 

DIS 835,865 682,466 1,518,331 152.39 

 

 
 

Fig. 6 Monthly BEI of Engineering Complex in 2010 
 
 

Calculation of Building Energy Index:  
 
Average of Energy, kWh in 1 year = 1,825,830 
Estimated total Energy, kWh for 1 year, 
  = 1,825,830 x 12 
  = 21,909,960 
 
Total Energy (kWh) ÷ gross floor area based on an air-
conditioned 
  = 21,909,960 ÷ 119,561.27 m² 
  = 183.25 kWh/ m2/year 
 
Hence, the Building Energy Index; 
              = 183.25 kWh/ m²/year 
 
 
 

 
 

Fig. 7 Breakdown of energy consumption in the Engineering Complex 
 

The monitored building energy index (BEI) based on total 
energy consumed in the building is 183.25 kWh/ m2 per year, 
based on an air-conditioned area of 119,561.27 m2. The 
energy for cooling represents 58% and equipment & lighting 
42% of the total energy consumption of the building (as 
shown in Figure 7). In comparison, results from a study 
conducted by Pusat Tenaga Malaysia in 2003 on government 
buildings based on conventional design reveal that energy 
consumption is typically 62% air-conditioning, 18% lighting 
and 20% plug loads. 

Building energy index (BEI) values computed from 
monthly energy consumption data are shown in Figure 6. The 
monitored energy consumption and BEI in August, 
September and October were lower than the other months due 
to the implementation of EE strategies on AC system 
followed by November and December were lower than the 
other months due to the chiller problems (lower occupancy 
rate due to semester break), resulting in the reduced energy 
consumption. 

Currently, from calculation the Building Energy Index 
(BEI) of Engineering Complex is 183.25 kWh/ m2/year. The 
best BEI practice and recommended by Malaysian Standard is 
135 kWh/ m²/year. Therefore, Engineering Complex BEI is 
46.6% above the recommended value. Meanwhile, the 
recommended achievable target is 160 kWh/m²/year which is 
28% saving. 
 Nevertheless, this reference new suggestion for the value 
especially the concept of the green building has been 
forwarded now, where the Building Energy Index as high as 
183.25 kWh/m2/year still acceptable. The energy audits 
carried out by Pusat Tenaga Malaysia, PTM, of Office 
buildings in Malaysia revealed that the majority of Malaysian 
Office building had BEI in the range of 200 to 
250kWh/m2/year. 
 

C. Thermal comfort evaluation 

From the collected data on the studies activities conduct, 
the following comments were made on thermal comfort 
evaluation as tabulated in Table IV as shown below:  
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TABLE IV 
TEMPERATURE AND RELATIVE HUMIDITY AT SELECTED ROOMS 

 

 
 

IV  CONCLUSION 

In conclusion, the demand for electricity in Engineering 
Complex is growing annually at the total annual energy 
consumption year by year and for year 2010 with average 
monthly electricity bill RM 309,376.60 because of the 
continual renovation in building, increasing electrical tariff, 
increasing population in building and the reliance on air 
conditioning systems for the cooling of building.  

Based on the survey study, 15% of the respondents state 
that the air-conditioners are too high in cooling level and this 
leads to the waste of energy and electricity. As much as 17% 
of the respondent said that the air-conditioners are not cooling 
enough and this might be so because some room have 
malfunctioning air-conditioners. In conclusion from the 
questionnaire about the coolness level, respondents have been 
asked about the comfort level of the air-conditioner in the 
building. 47% state their dissatisfaction because based on the 
comments stated out in surveys, among them are in some 
lecture rooms, the air-conditioners are not functioning well 
enough, the air-conditioning system in buildings frequently 
shuts down and that the rooms are too cold. 

 
  

V RECOMMENDATION 

Based on the results of the present study, the 
recommended thermal comfort indicator for air conditioning 
system has been introduced to provide thermal comfort with 
energy efficiency at Engineering Complex (as shown in Table 
V). 
 
 
 
 
 
 

TABLE V 
THERMAL COMFORT INDICATOR 

 
 Relative 

Humidity 
(RH %) 

Temperature (ºC) Comment 

A  
50 ± 10 

Humidity Ratio = < 
12 g vapor per kg dry 

air 
< 25 

Comply to 
ASHRAE and 

MS 

B < 70 24.5 ± 2.5 Comply to MS 
C < 75 27.5 Not comply to 

MS but still 
acceptable  

D < 80 29.5 Unacceptable  
E Not complied to D  Extremely 

unacceptable   
 

Based on current energy consumption trend in 
Engineering Complex, there are many rooms to improve the 
present electric energy consumption. Several energy saving 
opportunities were proposed in this study. Proposal of electric 
energy saving opportunity is categorized into the two, one is 
saving opportunity by improving occupants’ behaviors and 
another one is saving opportunity by means of technical 
measures. Improving human behavior is possible through 
training, poster campaigns, sign, published, tip, guideline, 
monitoring and control and technical measures which is 
occupancy sensor should be used in classroom and lecturer 
office to avoid wastage of cooling energy. The temperature 
set point and flow rate should be according to the design 
specification and comply with Malaysia Standard. 
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Abstract - Microstrip patch antennas represent one family of 
compact antennas that offer a conformal nature and the 
capability of ready integration with communication system’s 
printed circuitry. This paper highlights a constructed of 2.4 
GHz of a coaxial – fed rectangular spiral microstrip patch 
antenna for WLAN application where it’s mounted on a high 
frequency laminates Rogers 5880 Duroid with 2.2 dielectric 
constant and 0.508 mm of thickness. The radiation pattern of 
this antenna illustrates an omni-directional pattern with 
voltage standing wave ratio of less than two, return loss less 
than -10 dB, the line impedance of 50 Ohm. The results show 
the consistency in the simulated and fabricated antenna. 
 

Keyword – rectangular spiral microstrip antenna, 
WLAN, Rogers 5880 Duroid, omni-directional 
 

I. INTRODUCTION 

The evolution of modern wireless communications 
systems has increased dramatically together with the 
demand for antennas which serve a wireless land mobile or 
terrestrial-satellite network. With time and requirements, 
these devices become smaller in size and also to be smaller 
and lightweight which results microstrip antenna. The 
advantage of microstrip antenna makes them popular in 
many applications requiring a low profile antenna and it’s 
promising to be a good candidate for the future technology 
due to the flexibility of the structure as it is easy to 
fabricated, have low cost and can be easily incorporated 
into the communication equipments. 

There are many types of antennas used in WLANs 
which includes wire antennas, aperture antennas, microstrip 
antennas, array antennas, reflector antennas, and lens 
antennas [1]. Many researchers have studied different 
structure [2], [3] and different techniques to increase the 
radiation efficiency in single element antenna by using 
double PIFA [4], U-slot [5] and other structures. One of the 
requirement for WLANs antenna is that it should have 
omni-directional properties with circular polarization [6].  

 

A spiral antennas offer (due to their relatively simple 
geometry) additional attractive features like light weight, 
easy fabrication as well as integration with microwave and 
millimeter-wave circuit. Furthermore, spiral antennas have 
characteristics that are vital to wireless communications in 
many applications. Their wide – band characteristics 
accompanied with their low profile as well as their low cost 
make these antennas prime candidates for use in sensors 
and some mobile applications compare to other band 
characteristic such as dual band characteristics[7]. Figure 1 
shows two types of the spiral antennas that are used in 
WLANs application [8]. 

Due to the circular polarization characteristic and the 
frequency independent characteristics at a relatively small 
size for WLANs applications, this paper aims to investigate 
on the design of rectangular spiral microstrip antenna to 
achieve higher directive gain and radiation efficiency. 

In fact, this type of antenna can be used to avoid the 
usage of multiple antennas for different services since an 
excessive number of access points in one area can 
complicate the access due to the interface with other access 
point [9]. The prototype was fabricated on Rogers 5880 
Duroid with 2.2 dielectric constant and 0.508 mm of 
thickness and is fed by a standard 50 Ohm coaxial fed. The 
centre frequency is 2.45 GHz and the bandwidth is 22 MHz. 
This rectangular spiral antenna was fed by using coaxial 
cable at the centre. 

 

Figure 1 : Archimedean spirals (a) round (b) square 
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II.  METHODOLOGY 

A. Design Procedure 
The design and simulation of proposed rectangular 

spiral microstrip patch antennas was conducted using CST 
Studio Suite software with the resonant frequency of the 
antenna at 2.45 GHz. The specifications and the substrate 
properties as in Table I and Table II respectively. It’s used 
for theoretical and simulated study where the dimensions 
are in mm range. The layout of the antenna demonstrate in 
Table 3 with dimension of 0.058mm (h), 4mm (W), 4mm 
(inner radius), 3mm (gap) and 4 turns of spiral as in Table 
III. 

 
TABLE I : SPECIFICATION OF THE ANTENNA 

Center frequency (fc) 2.45 GHz 
Bandwidth (BW) 22 MHz 
Radiation Pattern Omni-directional 

Voltage Standing Wave Ratio 
(VSWR) 

≤ 2 

Return Loss (S11) ≤-10 db 
Line Impedance (Zo) 50Ω 

 

TABLE II : SUBSRATE PROPERTIES 

Properties Rogers 5880 Duroid 
Dielectric constant, εr 2.2 

Mue 1 
El Tand 0.025 

Thickness (mm), h 0.508 
Metal Thinckness (mm) 0.03 

Resistivity 1  
 
 

 

Figure 2 : Dimension of Rectangular Spiral Microstrip Antenna 

 

 

 

 

TABLE III: DIMENSION OF RECTANGULAR SPIRAL MICROSTRIP 
PATCH ANTENNA 

Height, h (mm) 0.058 
Width, W(mm) 4 

Gap, G 3 
Inner radius, IR (mm) 4 

No. Of Turns 4 
 

B. Feeder network 
This antenna has a simple structure fed by 50Ω 

microstrip line. There are several methods that can be used 
to feed the antenna which can be classified into two 
categories: contacting and non-contacting. Contacting 
Coaxial feeding method is used in [9]. Rectangular Spiral 
Microstrip Patch Antenna are fed from underneath via a 
probe as shown in Figure 3. The outer conductor of the 
coaxial cable is connected to the ground plane, and the 
center conductor is extended up to the spiral antenna. The 
position of the feed can be altered to control the input 
impedance. The coaxial feed introduces an inductance into 
the feed that may need to be taken into account if the height 
h gets large. In addition, the probe will also radiate, which 
can lead to radiation in undesirable directions [10]. 

 

 
Figure 3 : Coaxial cable feed for Rectangular Spiral Microstrip Patch 

Antenna 

C. Simulation 
Simulation of Rectangular Spiral Microstrip Patch 

Antenna inclusive of a coaxial feed was carried out. The 
dimensions of the antenna was kept constants at 9 mm x 9 
mm. Figure 4 shows the simulated Rectangular Spiral 
Microstrip Patch Antenna. Here, CST Microwave Studio is 
used to obtain the return loss, the radiation patterns and 
others needed parameter. Figure 5 shows return loss at 
centre frequency while Figure 6 shows line impedance; 
Figure 7 shows voltage standing wave ratio, and Figure 8 
shows radiation pattern. As for this paper an 
omnidirectional was designed, the actual antenna gives an 
isotropic radiation pattern in a single plane.  
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Figure 4: Simulated Rectangular Spiral Microstrip Patch 
Antenna 

 

 

Figure 5 : Return Loss, S11 at center frequency 

 

Figure 6 :Line Impedance, Zo 

 

Figure 7 : Voltage Standing Wave Ratio (VSWR) 

 

 

Figure 8 : Radiation Pattern 

The parameters for the simulated antenna were 
tabulated in Table 4. 

As presented in Table IV, it can be observed that the 
simulation values are very close to the specified value for 
the antenna.  
 
 

TABLE IV : COMPARISON ON SIMULATED VALUES AND 
SPECIFICATIONS 

Parameter Specification Simulted 
fc 2.45 GHz 2.42 GHz 

Radiation Pattern Omni-directional Omni-directional 
VSWR ≤2 1.174 

S11 ≤ -10 dB ≤ -21.294 
Z0 50Ω 50.1Ω 

 

III. RESULT AND DISCUSSION 

In Figure 9, the antenna has designed to cover specific 
operating frequency  which is 2.45 GHz.  The S- parameters 
for the fabricated antenna was measured with the aid of 
Rohde-Schwarz ZVA40 vector network analyzer. The 
measurement was done at Communication Lab, UiTM. 
Prior to the measurement, the VNA needs to undergo 
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calibration process. The calibration utilizes the OSM 
(Open-Short-Match) standards.  

 

 
 
Figure 9 : Fabricated circuit 
 

Based on the result shown in Figure 10, the simulation 
result gives 21.934dB of return loss (S11) at 2.4245GHz. 
However, this value changes to 23.796dB at 2.4825GHz 
from the measurement process. The frequency is being 
shifted by 2.4% to the right.  

 

 
 

Figure 10 : Measured and simulated values of S11 
 

Figure 11 shows the value for both simulated and 
fabricated antenna. For simulated, the VSWR is 1.174 at 
2.4245 GHz while for the fabricated,the measured VSWR is 
1.138 at 2.4825 GHz. The differences in term of the 
frequency and VSWR between the measured and simulated 
circuit are 2.4% and 0.036 respectively. 

 

 
 

Figure 11 : Measured and simulated values of VSWR 
 

The radiation pattern for both simulation and 
fabrication is being depicted in Figure 12. The software 
simulation radiation pattern shows that a 3dB beam width 
of 77.2° at 2.45 GHz. The measured radiation pattern at 
2.45GHz has similar radiation pattern as the one from the 
simulation.  
 

 
Figure 12 : Measured and simulated radiation pattern 

 
  

TABLE V : COMPARISON ON SIMULATED VALUES AND 
MEASURED 

Parameter Simulation Measured Different 
fc (GHz) 2.45GHz 2.42GHz 2.4% 
S11 (dB) -21.294 -23.796 -2.502 
VSWR 1.174 1.138  

 
Due to the fact that error exists during the fabrication 

process, table V summaries all the parameters taken into 
consideration in this antenna analysis. 

The discrepancies of the simulated and fabricated 
results that cause losses in antenna performances may be 
due to several for example the measurement process does 
not take into the vacuum state as in the simulation. The best 
place to measured radiation pattern is anechoic chamber. 

 

III. CONCLUSION 

The unique feature of this antenna is its simplicity to 
get higher performance. This paper presents a geometric 
configuration for the Rectangular Spiral Microstrip Patch 
Antenna for WLAN Application, which provides a mean to 
get higher directive gain and maximum radiation efficiency 
without using special techniques. The responses are 
considered to be acceptable as the measured results are 
quite similar to the simulated circuit. 
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Abstract—Image processing has been gradually growing on 
demand as a technique for evaluating and analyzing the 
gradation of fabric wrinkle. In this work, 150 samples of the 
Wrinkle Recovery Replica was captured digitally, processed and 
statistically analyzed to produce respective ranking index based 
on the ratio of black and white pixel elements, firstly introduced 
as Wrinkle Pixel Index (WPIhz). There are five classes of fabric 
wrinkle gradation generated (WPIhz-1,WPIhz-2,WPIhz-3,WPIhz-4 
and WPIhz-5) which are based on group clustering of the acquired 
measured indices during image processing. In this experiment, 
the scope is limited to produce wrinkle index representing only 
for one tone color of wrinkled fabric samples. Finally, validation 
is done by comparing the experimental results with the ones that 
were already being classified by an expert observer prior before 
doing the image processing. The outcome has shown that this 
novice technique has achieved similarity result of 86.67% with 
the expert’s classification.    
 

Keywords-component; Image processing, Matlab, Wrinkle 
rating  

I.  INTRODUCTION  
Conventionally, the morphological method of classifying 

ranking for any wrinkled fabric is by observing the wrinkle 
lines and compared them to several references of Wrinkle 
Replicas (WR). This method requires the service of an expert 
observer, who sometimes has diverse evaluation depending on 
their own judgment, vision ability and so on [1]. The 
American Association Textile Chemists and Colorist 
(AATCC) and American Society for Testing and Materials, 
ASTM D-123 are two techniques used extensively in the 
industry for the evaluation of fabric wrinkle [2].  

The protocol for ascertaining smoothness grade of a fabric 
is outlined in the American Association Textile Chemists and 
Colorist (AATCC) Test Method, numbered as Method 124 [3]. 
This standard test was designed to evaluate the smoothness of 
fabric after undergoing finishing process which is the process 
of reducing wrinkle using chemical by Textile Researcher. 
Three test specimens, with each cutting of 15x28 cm per 
fabrics, have gone through three standard steps. Preliminary 
step involves the specimen to be weighted by 3500g with 
AATCC Wrinkle Tester as shown in Figure 1. 
 

 
 

Figure 1: AATCC Wrinkle Tester
 

The weight then be removed after 20 minutes and the 
specimen is placed on the cloth hanger for 24 hours. The expert 
observer will rate each specimen under lighting equipment as 
demonstrated in Figure 2.  

 
 

Figure 2:  Lighting equipment for viewing test specimens
 

Figure 3 illustrates a set of Wrinkle Recovery Replicas, 
arranged ascendingly, from rating number 1 to rating number 5. 
The smoothest and best retention of original appearance 
indicate by rating number 5 which also corresponds to WR-5 
replica. The decrease in rating number signifies the decrease in 
appearance retention of original appearance. Therefore, rating 
number 1, also known as WR-1 replica, has the poorest 
appearance retention of original appearance [4]. 
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Figure 3:  Images of the Wrinkle Recovery Replicas

 

The conventional method seems easy to be carried out but 
it is unreliable and time ineffective assessment of fabric 
wrinkle [2]. Consequently, image processing technique can 
play significant role not only in defining fabric wrinkle but 
also on various works relating to the drape behavior of fabrics, 
seam puckering and pilling [5].  

The research which involves image processing technique 
has been proposed by Kang et al. [6]. Their research employs 
a 3D-projecting grid technique to assess the level of fabric 
wrinkling on American Association Textile Chemists and 
Colorist (AATCC) replicas. The level of fabric wrinkle is 
classified based on parameters acquired from image 
processing of the AATCC replica. Those parameters are 
roughness ratio, surface area ratio, wrinkle density and power 
spectrum density of the fast Fourier transform. 

II. METHODOLOGY 
In this work, the process of WPIhz  classification, which 

consists of five steps-data collection, image acquisition, pre-
processing, range index extraction and classification- was used. 
Figure 4 described the workflow for fabric wrinkle grading.  

 
Figure 4: Workflow of fabric wrinkle grading 

A. Data Collection 
A set of Wrinkle Recovery Replicas was borrowed from the 

Faculty of Applied Science, Universiti Teknologi Mara Shah 
Alam. This set includes five Fabrics Smoothness Ratings. Each 
number of ratings corresponds to the same number of Wrinkle 
Replica. For instance, rating number 5 represents an 
appearance equivalent to the Wrinkle Replica5, rating number 
4 represents an appearance equivalent to the Wrinkle Replica 4 
and so on. 30 samples were taken from each replicas used in 
the research which total up to 150 samples.  

B. Image Acquisition 
The luminance of lighting was controlled within 1420.02 ± 

22.13 lux during the morning session and 1416.87 ± 12.756 
lux for the evening session. This is due to the significant of p-
value for morning-evening is 0.177 as tabulated in Table I. 

 
Table I: Paired Sample Test for Morning, Evening and Night Session 

 
No Paired sample test P-value 

1 Morning-evening 0.177 

2 Morning-night 0.035 

3 Evening-night 0.000 

 
 The Wrinkle Replicas was placed on the table. The light 

source (Digicolor Sportlight K-250C) was positioned 1.25 
meters from the Wrinkle Replicas by angle of 70° and 2 
meters height as demonstrated in Figure 5.  

 

 
 

Figure 5: Position of spotlight from the Wrinkle Replica
 
The camera was set 0.35 meters from the surface of the 

table while the angle was set to 35° as shown in Figure 6. All 
the settings were set up to get the best image. The captured 
image was analyzed using the algorithm developed in 
MATLAB 7.0 with Image Processing Toolbox. 

 

Data Collection

Image Acquisition

Pre -processing 

WPIhz

Measurement

Classification of 
Wrinkle

End

Start
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Figure 6: Distance and angle of camera from the Wrinkle Replica 

C. Pre-processing 
The preliminary step involved in pre-processing is the 

image be resized to a dimension of 256 x 256 pixel area as 
shown in Figure 7a. As in Figure 7b, the image then was 
converted to grayscale since most of the processing steps need 
the image to be in grayscale form. The edge detection was 
used to identify the edge for each image. In this research, the 
Canny method was applied to assimilate the information about 
the edge. The Canny method displayed the wrinkle in white 
color and the surface in black color as illustrated in Figure 7c. 
Subsequently the Canny image was transformed using 
Imcomplement to get the wrinkle appearance in black color 
and the surface in white color as indicate in Figure 7d. 

 

 
 

Figure 7a: Load resized image 
 

 
 

Figure 7b: Grayscale image 
 

 
 

Figure 7c: Edge detection image 
 

 
 

Figure 7d: Final wrinkle appearance result 

D. Measurement 
The number of white and black pixel was figured out to 

extract the percentage of wrinkle appeared on the sample. 
Equation (1) was used to calculate the percentages of black 
pixel in Figure 7d. Equation (2) was used to compute the 
accuracy between both methods. 

 

white)of  pixelblack of  pixel(
black of  pixel

black of pixel %k 
∑+∑

∑
==       (1)                   

 

%100
samples)    Testing (

ok   samples   Testing 
Accuracy  Χ

Σ
∑

=                      (2) 

E. Classification 
In this study, condition operator was used to make decision 

in classification of WPIhz based on the percentage of black 
pixel (k). The classification of five ranges of WPIhz was 
described in Table II below. 

 
Table II: WPIhz coding for five classification groups 

 
Range Coding 

k ≤0.12204 for index 1 or WPIhz-1 
0.12205≤ k ≤0.1523 for index 2 or WPIhz-2 

0.1524≤ k ≤0.1805 for index 3 or WPIhz-3 

0.1806≤ k ≤0.1921 for index 4 or WPIhz-4 

k≥0.1922 for index 5 or WPIhz-5 
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These five ranges of WPIhz are demonstrated in Figure 8. 

 
 

Figure 8: Range of WPIhz classification  

III. RESULTS AND DISCUSSION 
This novice technique in fabric industry had been tested on 

30 fabric specimens randomly selected from 10 different types 
of fabric.  Only this amount is available from the resource lab 
during the validation process. However, this size is still 
qualified and the minimum number for many practical 
situations that allow the usage of normal distribution as an 
approximation for sampling distribution [7]. Nevertheless, it is 
expected that any results should improve if more samples are 
considered which is recommended in the future work. Take 
note that the 30 fabric specimens were evaluated by two expert 
observers prior to using the WPIhz technique for automatic 
classification. Table III shows the result of comparison 
between the expert observers’ decision and the WPIhz 
technique. 

 
Table III: Comparison between expert observers and WPIhz technique results 

 
Number Expert 

Observer 
(WR) 

WPIhz   Remark 

1 3 3 OK 
2 3 3 OK 
3 3 3 OK 
4 1 1 OK 
5 1 1 OK 
6 1 1 OK 
7 5 5 OK 
8 5 5 OK 
9 5 5 OK 
10 3 3 OK 
11 3 3 OK 
12 2 3 Not OK 
13 3 3 OK 
14 3 3 OK 
15 3 3 OK 
16 3 3 OK 
17 3 3 OK 
18 3 3 OK 

19 2 4 Not OK 
20 2 3 Not OK 
21 2 4 Not OK 
22 5 5 OK 
23 5 5 OK 
24 5 5 OK 
25 1 1 OK 
26 1 1 OK 
27 1 1 OK 
28 5 5 OK 
29 5 5 OK 
30 5 5 OK 

 
From Table III, the accuracy of WPIhz technique is 

calculated to be 86.67% compared to the result obtained from 
expert observers. 

IV. CONCLUSION AND FUTURE WORK 
A novel technique has being introduced in this research 

where gradation of fabric wrinkle can be processed using 
image processing technique instead of the classical grading 
done by observation from an expert person. This technique has 
proposed that for a one tone fabric wrinkle factor can be 
measured by an index known as WPIhz where eventually, there 
are five classes of fabric wrinkle gradation generated (WPIhz-

1,WPIhz-2,WPIhz-3,WPIhz-4 and WPIhz-5) which are based on 
group clustering of the acquired measured indices during 
image processing. Validation process has proved that this 
technique is in agreement with the expert observers’ decision 
with similarity of 86.67%. Therefore, this novel technique of 
computing WPIhz can be adopted by any inexpert and novice 
observer for fabric wrinkle classification grading with reliable 
accuracy.  

For future study, the capability and consistency of the 
technique should be tested with more than 30 fabric 
specimens. In addition, a new algorithm can be explored for 
finding WPIhz specifications for multi-tone fabric colors. Also, 
the parameters produced by the WPIhz technique can be used 
as input parameter in designing an intelligent system such as 
Fuzzy Logic or Neural Network for classification of wrinkle 
factor. 
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Abstract—This paper presents the update status of a grid-
connected photovoltaic (GCPV) system installed in Malaysia. 
There are 125 sites with total PV capacity power is 
approximately 1137.21 kWp of GC BIPV systems until the end of 
June, 2011 was monitored by Photovoltaic System Monitoring 
Centre (PVSMC). After 5 years of operation under MBIPV 
project, two main problems have been identified due to technical 
and environmental, which contributes to 60% and 40% 
respectively. This factor may contribute the decrement on the PV 
system performances in terms of field yield. By identifying the 
potential problem occurred, the knowledge and experiences in a 
GCPV system will used as the input and the potential problem 
will be avoided, in order to achieve the maximize the energy 
production. All issues are identified, which affects the system 
performances based on 5 years experience through MBIPV 
project by conducting short-term investigation. 

Keywords-  Grid-Connected (GC); Photovoltaic (PV). 

I. NOMENCLATURE 
SREP Small Renewable Energy Programme  
UNDP United Nations Development Programme   
GEF Global Environment Facility 
MBIPV  Malaysia Building Integrated Photovoltaic 
PVSMC Photovoltaic System Monitoring Centre 
TNB Tenaga Nasional Berhad 
TNBR Tenaga Nasional Berhad Research   
SETM Success Electronics and Transformer Manufacturer 
EETC Environmental & Energy Technology Centre 

II. INTRODUCTION 
RENEWABLE energy at national level was first stated in 

the Eighth Malaysia Plan (2001-2005) through introduction of 
the Small Renewable Energy Programme (SREP), and in the 
Third Outline Perspective Plan 2001-2010. Under SREP, small 
power generation plants which utilizes of all sources types of 
Renewable Energy, including biomass, biogas, municipal 
waste, solar, mini-hydro and wind power, are allowed to sell 
electricity to the utility grid through the Distribution Grid 
system. Renewable energy (RE) is again explicitly addressed in 
the Ninth Malaysia Plan (2006-2010), by launched the MBIPV 
project starting from July 2005 and was planned to end around 
December, 2010 [1]. The MBIPV project will specifically 
focus on the market development for Building Integrated 
Photovoltaic (BIPV) technology, and building the national 
capacities on three major parts: (a) policy and education; (b) 

technical skill and market implementation; (c) technology 
development support. Subsequently from Ninth Malaysia Plan, 
Government of Malaysia (GoM) through Tenth Malaysia Plan 
(2011-2015), has introduced the Renewable Energy Act 2010 
and taking the MBIPV project as a significant input toward RE 
development in the country. In the earlier of December, 2011, a 
feed-in-tariff scheme for renewable energy electricity has 
started and supervised by Sustainable Energy Development 
Authority (SEDA) [2]. 

The Malaysia Building Integrated Photovoltaic (MBIPV) 
Project is a national development programme implemented by 
the Ministry of Energy, Green Technology and Water Malaysia 
(KeTTHa) with support from United Nations Development 
Programme (UNDP) and Global Environment Facility (GEF) 
with a total fund of USD 24.5 million allocated over a 5-year 
period. The GoM has decided to support building integrated 
photovoltaic (BIPV) technology in view of identifying BIPV’s 
technical potential and long-term viability for widespread 
application in Malaysia, and in other tropical such as ASEAN 
countries. An initial pilot study on grid-connected PV 
application that was conduct during 1998-2002 established that 
the technology is technically viable and would produce higher 
electricity output in comparison to similar systems installed in 
temperate climate countries. Nevertheless, the relative high 
initial costs, as well as the lack of enabling environment have 
prevented BIPV from penetrating the local market. In addition, 
the purposes of the MBIPV project as a input to verify the 
technical potential and the market status of BIPV technology in 
Malaysia’s context. At the end of the MBIPV project, the 
experiences and lessons learned with adequate information will 
give significantly to determine the value and cost effectiveness 
of BIPV technology market in Malaysia’s perspectives. 

Photovoltaic System Monitoring Centre (PVSMC) is a 
body that monitors the performance of PV and BIPV 
installations under MBIPV project. The MBIPV project team 
agreed and awarded a contract to the Universiti Teknologi 
MARA (UiTM) on 29th November 2006 to classify PVSMC as 
a PV monitoring centre [3]. After 5 years of operation, PVSMC 
has officially closed on June, 2011. 

This paper presents the statistics and issues of the grid-
connected system installation in Malaysia until the end of June, 
2011. In order to know clearly about statistics and critical 
issues of the Grid-Connected Photovoltaic (GCPV) systems in 
the Malaysian context are discussed. 
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III. DELEOPMENT OF GCPV SYSTEM 

A. Update of Development of Grid-connecte
In Figure 1 illustrates the cumulativ

capacity since 1998 within the two primary 
Malaysia. About 468.2 kWp of total P
installed from 1998 until 2006 including b
installation. After MBIPV project was launc
the increasement is more than 60% over t
which brought the total PV capacity instal
kWp by the end of December, 2011. To da
installation with 361.9 kWp is the Enterprise
Technology Park Malaysia (TPM) as illust
whereas the second largest PV installatio
Malaysian Green Technology Corporat
Malaysia) with PV capacity of 92.00 kWp, w
in June 2007 [4]. Other than that, t
commissioned in 2009 with 71.4 kWp GCP
at Energy Commission Building (EC Bu
using First Solar FS273 modules (CdTe) as s

Figure 1.  Cumulative of GC BIPV system installed 
(1998 - June, 2011). 

Figure 2.  A largest of GCPV system with 361.9 kW
Building, Technology Park Malaysia (TPM), Malaysia.(
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the previous year, 
lled up to 1605.4 
ate, the largest PV 
e Four Building at 
trated in Figure 2, 
on situated at the 
tion (GreenTech 
was commissioned 
the third largest 
PV system located 
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shown in Figure 4.  

 
capacity in Malaysia 
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(Sources: TPM) 

Figure 3.  A second largest of GCPV
Green Technology Corporation, Banda

Figure 4.  A third largest CdTe thin-f
Energy Commission Building , Putraja

B. History of Development of G
In Malaysia, the first install

of GC BIPV systems with a co
kWp were installed. One of th
installed in August 1998 on
Engineering, Universiti Tenag
Selangor Darul Ehsan [5,6]. A 
was initiated by TNB Research
pilot for “Demo Renewable-En
supported by Malaysia Elec
Account (MESITA) and Ten
Under MESITA and TNB as
systems were installed in bet
same year, two further GCPV 
BP Malaysia and Universiti K
7.95 kWp GCPV system has
along the KESAS highway [5
Solar Energy Research Park, U
A 5.76 kWp with single phase 
Solar Energy Research Gro
Malaysia which is funded by 
Priority Areas (IRPA) [7]. In
system of 7.95 kWp at the BP 
HM Queen of England during
the Commonwealth Games in
systems have been removed in 

In October 1999, a bungalo
was built with 3.60 kWp of GC
the bungalow in TNB Resea

4

769.1

1074.8

1470.8
1605.4

Cumulative

 
V system with 92.00  kWp at Malaysian 
ar baru Bangi , Malaysia [1]. 

 
film of GCPV system with 71.4 kWp at  
aya, Malaysia [1]. 

Grid-Connected (Baseline) 
lations were in 1998 when three 
ombined total capacity of 16.86 
he first GCPV system has been 
n the rooftop of College of 
a Nasional (UNITEN), Kajang, 
3.15 kWp of GCPV installation 

h Sdn. Bhd. (TNBR) as part of a 
nergy” and the research project 

ctricity Supply Industry Trust 
naga Nasional Berhad (TNB). 
s co-funding, six pilots GCPV 
tween 1998 until 2001. In the 
systems have been installed by 

Kebangsaan Malaysia (UKM). A 
s installed at BP petrol station 
5], and a 5.76 kWp PV at the 

Universiti Kebangsaan Malaysia. 
installation was operated by the 
up in Universiti Kebangsaan 
Intensification of Research in 

n addition, the BP Petrol’s PV 
petrol station was officiated by 

g her royal visit to Malaysia for 
n 1998. However, both BP PV 
2001 and 2006. 

ow used as a PV research centre 
C PV system used as the roof of 
arch Centre, Kajang, Selangor. 
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Other than that, a family of a TNB’s senior o
first Malaysian family to experience BIPV
home in August, 2000 when the 3.15 kWp 
installed at their house in Port Dickson, Neg
The PV installation increase drastically in th
a one-off installation of 361.9 kWp of to
installed by Technology Park Malaysi
installation at Enterprise Four Technology
Bukit Jalil demonstrated Malaysian capabil
manage large PV installations and this proje
TPM is the biggest PV installation in South
region at that time [8]. It comprises of 482
roof modules and the system is coupled w
bank and a generator as backup. In ear
bungalow was built by an architect firm (NL
demonstrate PV integration as a roof. A coll
NLCC Architects Sdn Bhd and Fraunhofer 

TABLE I.  OVERVIEW OF DEVELOPM

No 
  1* BP Petrol Station, KESAS Highway 
2 Solar Energy Research Park, Universi
3 College of Engineering , Universiti T
4 SIRIM Berhad, EETC, Shah Alam, S
5  Solar PV Research & Monitoring Ce
6 TNB House, Port Dickson, Negeri Se
7 Public House, Seksyen 11, Shah Alam

  8# BP Petrol Station, PLUS KL- SEREM
9 Enterprise Four Building , Technolog

10 Sekolah Sri Cempaka, Bukit Damansa
11 TNBR’s Nursery, Kajang, Selangor 
12 Residential House,  Subang Jaya, Sela
13 SIRIM II : Prototype Solar House, Se
14 Universiti Teknologi Malaysia, Skuda
15 Computer Integrated Farming TPM, B
16 Universiti Islam Antarabangsa, Gomb
17 Solar Hydrogen Eco-House, Universi
18 MEGTW-LEO Building, Putrajaya 
19 CETDEM, SS2/53, Petaling Jaya, Sel
20 SETM Sdn Bhd’s Solar Park, Sg. Bul
21 Private Bungalow, Taman Tasik Kesu
22 Faculty of Electrical , Universiti Mala

*7.95 kWp system at BP petrol station on K
#16.5 kWp system at BP petrol station on K

 

IV. STATUS OF GCPV SYSTEM UNDER M

A. BIPV Pricing Trends 

Figure 5.  Local BIPV pricing trend based on market s
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GCPV project is called “Prot
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power by Perak with one site of 5.28 kW
Figure 6. 

Figure 6.  Selected locations in Malaysia monitored by 

C. Market Share of PV Module Technologie
MBIPV Project.  
Figure 7 below presents the total share 

site installed using different types of PV mo
under MBIPV project. 

Figure 7.   Market share percentage of PV module tec
Malaysia under MBIPV project [3]. 

The total of PV system installed a
Malaysia is around 125 sites with various 
PV module technologies installed. Mostly 
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of the problem occurred in the
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Futhermore, GC BIPV sy
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were reported due to orientat
caused by Surge Protection De
as summarized in TABLE II. 
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Taman Desa    February

U1, Glenmarie, Shah Alam  √  
Bangi,   √  
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B. Technical Problem Under MBIPV Project 
Short-term study was conducted at 125 sites to identify the 

technical problem occurred. During the survey, 12 sites 
identified facing due to technical problem such as inverter 
shutdown/damage, datalogger/sensor failure and PV meter 
which not accessible are the most frequently occurred on the 
GC BIPV system in Malaysia’s real environmental [11]. 

In the past 5 years, approximately 5 sites having problems 
attributed to the inverter malfunction as tabulated in TABLE 
IV. It can be seen that Fronius inverter’s type and PV module 
technology using monocrystalline were more dominant 
compared to the other four manufacturer inverters and PV 
modules as the most frequent result of inverter failures.  

Other than that, one case has been detected with 
inappropriate sizing between inverter and PV array. The 
appropriate of PV array power needs to be match with respect 
to the inverter nominal power to prevent the inverter clamping 
the power generated by the PV array. If the PV array output is 
larger than the inverter’s nominal power, the inverter will 
decrease the output power from PV array to the inverter’s 
nominal power rated. If inverter is oversized than PV array 
output, the inverter will operate at a lower efficiency rate 
when a low irradiance occurred. One site has been taken as a 
case study that affected by sizing of PV array and inverter 
problem due to the sizing ratio as shown in Figure 8 below. 

 
Figure 8.  GreenTech Malaysia-Pack B, Bandar Baru Bangi, Selangor, 
Malaysia [3]. 

TABLE III.  CASE :GREENTECH –PACK B MALAYSIA’S SYSTEM 
SPECIFICATION.  

Subject Specification 
Site GreenTech Malaysia– Pack B 
Type of PV system Grid-connected 
Mounting type Building Integrated 
Nominal power 6.08 kWp (95 units) 
PV module type a-Si / Kaneka GPA 064 (64W) 
Inverter brand Fronius IG 60 

 
Malaysia Green Tech Corp (formerly known as Malaysia 

Energy Centre) has equipped of 92 kWp with four different 
GC PV systems by using various PV module technologies [4]. 
One of the PV module technologies has been installed with 
6.08 kWp using amorphous-Silicon (a-Si) as tabulated in 
TABLE III. This system has operated and still monitored from 
June 2007 until today. In 2010, about 6 months facing 
unavailability of data due to inverter failures after 42 months 

of operation. The red colour indicates a “warning” and the 
inverter replacement had been made on 10th December, 2010 
as shown in Figure 9 below. 

 
*Green –Good , *Yellow –Required Attention, *Red- Warning, 
Figure 9.  Monthly profiles of final yield generated at GreenTech Malaysia- 
Pack B using a-Si modules. 

In addition, it can be seen that the inverter damage in 
Selangor’s state at GreenTech Malaysia – Pack B due to the 
inappropriate combination of the PV array and inverter sizing 
as tabulated in TABLE IV. The under-sizing of the inverter 
around 25% of the PV array power rated has caused 
“clamping” phenomenon by the inverter due to the power has 
exceeded the maximum DC power to the inverter rated was 
detected in this system. Typically, thin-film modules exhibit 
initial higher to the power level in between 18% to 38% in the 
first installation before reach their stabilized period based on 
the module manufacturer's data sheet [12-13]. So, the system 
designer needs to take consideration on the thin-film module’s 
behavior and characteristic, especially in installation at 
equatorial and tropical climate. 

Other than that, several issues also occurred in GCPV 
system in Malaysia’s field condition as illustrated in Figure 10 
and Figure 11 below. 

 
Figure 10.  Environmental problem occurred on the PV modules in Malaysia. 

 
Figure 11.  Technical problem occurred on BOS component in Malaysia. 
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TABLE IV.  INVERTER AND SYS

State Site 
  

Kuala 
Lumpur 

Private Bungalow House, Taman Du

 Private Bungalow House, Taman D

Selangor  GreenTech Malaysia -Pack A1, Ban

 GreenTech Malaysia -Pack B, Bang

 GreenTech Malaysia- Pack D, Bang

 Monash University , Sunway 

Putrajaya Show Unit Bungalow House  Lot 24

C. Summary Of Problem Identification 
There are 10 problems show the influen

system performances as can be seen in F
About 40% of environmental problem occ
shading and low energy crisis issues. In con
recorded in technical issue in terms of inver
approximately 15%, as well as PV meter n
25%, and other failures about 20% involve
datalogger/sensor, Surge Protection Devic
failures, site renovation and inverter sizing 
investigation had done. 

Figure 12.  The percentage of technical and environm
MBIPV project based PVs site installation survey  (Janu

VI. CONCLUSION 
Malaysia is fully gifted with RE 

environment-friendly in nature. However, 
grossly under-utilized, particularly from b
energy. The Malaysian Government recogn
of RE as an alternative to ensure the sustai
resources. Thus, the green technology policy
promote the utilization of low carbon energ
of which RE has been identified as the promi
option for Malaysia. The development o
applications shows the installation of PV in
to year after MBIPV launched. In addition, 
challenges in handling of the GCPV system
recognized. After 5 years experience in
performances, the short-term investigation f
issue occurred about 60% of technical where
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STEM FAILURE ISSUES OF GRID-CONNECTED UNDER MBIPV PROJEC

Specification Inverter 
 Shutdown Defe

uta Sharp ND130TJ (mc-Si) 
/SMA SMC 10000TL 

May 2009.  

esa Solarworld 175 (mc-Si) / 
Fronius IG 40 

March 09,   
June - Sept 10. 

 

ngi Mitsubishi PVMF120EC3 
(p-Si) /Fronius IG 500 

July 2010  

gi Kaneka GPA 064 (a-Si) / 
Fronius IG 60 

Aug – Nov 10 10th  D
2010 

gi. Sharp NUSOE3E (mc-Si) / 
Fronius IG 300 

June 09 , Oct & 
Dec 10, Feb 11. 

 

Kaneka GPA 064 (a-Si) / 
Solarmax (2 units) 

  

422 Sharp NUS0E3E (mc-Si) / 
Fronius IG 60 

Sept - Dec 10  

nce on the GCPV 
Figure 12 below. 
curred due to the 
ntrast, 8 problems 
rter shutdown was 
not accessible was 
ed inverter defect, 
ce (SPD), system 

during short-term 

 
mental issues under 
uary 2007- June 2011). 

sources and is 
RE capacities are 

biomass and solar 
nizes the potential 
nability of energy 
y was launched to 
gy and technology 
ising green energy 
of GCPV system 
ncreases from year 

the problems and 
m in Malaysia are 
n monitored the 

found the majority 
eas 40% of portion 

came from the environmental 
period. All issues are identifi
had been done by PVSMC.  
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Abstract—This paper presents the Hybrid Approach (HA) using 
correlation followed by Morphological Approach (MA) to detect the 
micro natured defects in fine grey plain weave fabrics. The 
fundamental method of suspected object detection in an image is 
achieved using Correlation Approach (CA) to determine correlation 
of defect template with defect image to detect Region of Interest 
(ROI). The FFT based correlation technique assisted by appropriate 
threshold was followed by the MA using suitable Structuring 
Element (SE) to filter and retain only the defect region and to 
facilitate the reduction of False Alarm Rate (FAR). Three methods 
viz., MA, CA and HA were tested and compared for Grey Fabric 
Defect Detection(GFDD) of plain weave defects of varying sizes. 
Performance comparison of the three algorithms was carried out by 
adopting simple binary based Defect Search Algorithm (DSA) as a 
last step in the experimentation to detect defects. The progressive 
improvement observed in terms of % Overall Detection Accuracy 
(ODA) for these three methods was from 22 to 79 for benchmark 
defect samples and from 25 to 93 for normal samples. 
Experimentation results on HA showed 3.5 fold increase in ODA for 
defect samples and about 3.7 fold increase in ODA for normal 
samples. Though HA method could detect different defects, the 
drawbacks of this are the selection of the appropriate defect template 
and selection of SE which is tedious. The details of the 
experimentation and the results thereof are presented in this paper. 
 
Keywords- Correlation, Template, Texture Periodicity, 
Morphological, Structuring Element, Hybrid Approach, 
GFDD. 

  

I.  INTRODUCTION  
      The in process inspection of the grey fabric is carried out 
either manually or opto-electronically. Both methods fail to 
detect subtle micro-natured fabric defects. Hence the computer 
based automatic inspection systems have gained widespread 
acceptance for quality checks and control in recent years. 
Fabric surface is characterized by regular textural features. So 
occurrence of any fabric defect over regular texture 
background can be monitored and quantified by state-of-the-
art methods using Image Processing (IP). From the literature 
survey, it is seen that, Correlation Approach (CA) has been 
used extensively especially for pattern matching in various 
fields by many researchers [1-7] but not so for Fabric Defect 

Detection (FDD). Bodnarova et al. have used the Correlation 
Coefficient (CC) from multiple templates to generate a 
correlation map for defect declaration and have achieved 
correlation sensitivity of 95% for fifteen defective fabric 
images with five different defects [8, 9]. However the 
application of this method to detect microstructure defects and 
multiple grey fabric faults seem to be rarely addressed and 
suggest its rigorous testing against multiple flaw types. All 
these prompt that; CA can be used to locate features within an 
image corresponding to imperfections in regularly textured 
backgrounds. Motivated by this fact, the authors have used 
this approach to detect the various grey fabric defects in 
fabrics of different specifications. It was shown that 
correlation (CR) method can support the detection of variety 
of microstructure defects of different sizes for plain grey 
fabric with different specifications [11].  
   Spatial domain Morphological Approaches (MA) was 
proposed by different researchers to address the problem of 
FDD assisted by different methods for selection of structuring 
element (SE) [12-16]. Their experimental results on MA 
indicated the suitability of MA for FDD [12, 16], no obvious 
improvement over other available approaches [13] and 
reported detection rate of 60% in [14] and 97% in [15].Though 
correlation technique can detect variety of defects, its 
dependency on the right defect template, template size, 
thresholding and false detection of normal region as defective 
puts limitation on its use [11]. This indicates that there is a 
need of further investigation to reduce False Alarm Rate 
(FAR). Hence MA was tested on plain weave for FDD. 
However it did not produce satisfactory results. This led us to 
the intuition that hybridization of CA and MA may produce 
better results. Hence hybridization of MA and CA was carried 
out as one possible solution that takes the advantage of the 
individual methods. The CA followed by MA can filter the 
ROI. These two methods used in cascade provide double 
surety of defect being recognized as defect and normal as 
normal and thus reduce False Alarm Rate (FAR). Therefore 
The Hybrid (CA+MA) method was experimented for plain 
weave GFDD which is not cited in literature so far. The 
experimental details and results thereof on MA, CA and HA 
are discussed further.  
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II. THEOROTICAL BACKGROUND 
      The work related with this paper is based on the idea of 
applying the combined approach viz., HA to test its usefulness 
for texture inspection. Hence, brief theory on fabric structure, 
types of defects, correlation theory and morphological filter 
operations for detection of localized microstructure defects in 
plain grey fabrics is explained in the following sections. 

A. Fabric Patterns and Plain Weave Fabric Defects 
     The Woven fabrics is composed of longitudinal or warp 
threads (ends) and transverse or weft threads (picks), 
interlaced with one another according to the class of structure 
and form of design that are desired. In simple normal plain 
weave pattern, the ends and the picks intersect at right angles 
in the cloth. Any weave repeats on a definite number of ends 
and picks. Hence one repeat unit of weave pattern is important 
[19]. The kind of defects considered for this study are the 
plain weave micro natured defects such as thick place, loose-
weft, double pick and warp break of varying size. Thick place 
occurs due to the yarn uniformity variation by more than 50%, 
loose-weft is a single filling yarn under insufficient tension 
where as the double pick defect is more specifically a 
unintentional weaving of two weft wise threads and warp 
break defect indicates break in warp thread for a small length 
of warp [20]. 

B. Template Matching using Correlation 
      Correlation can be used to locate features within an image 
using templates. Hence it is capable of concentrating to 
smaller local feature variation which can occur due to loss of 
fabric texture regularity and change in the intensity levels in 
the faulty region of the image. Therefore CA can be used for 
addressing the problem of detecting the dissimilar defect 
region from a fine regularly repeating structure of grey fabric. 
Thus, we were motivated to use CA as a tool to detect 
microstructure defects. Given an image f(x, y), the correlation 
problem is to find all places in the image similar to the given 
sub image h(x, y) or template w(x, y). The 2-D spatial 
correlation is given as below, 

),(),(),(),( vuHvuFyxhyxf                            (1) 
  In other words the correlation method involves the 

comparison of replica of an object of interest to all unknown 
objects in an image field [17]. To obtain good accuracy in 
template matching, a common procedure is to produce 
difference of image template and image field at all points of 
the image field. An object is deemed to be matched when the 
difference is smaller than some established level [18]. The 
usual mean square error difference is defined as, 
 

        (2) 
Here F (j, k) represents the image field to be searched and 
T(j,k) denotes the template. Limitation search is restricted to 
the overlap region between the translated template and the 
image field. A template match is said to exist at coordinate by 
comparing if, 
 

   nmLnmD D ,,             (3) 
Here is LD(m, n) threshold value.  Equation (2) is expanded to 
yield, 
 
       nmDnmDnmDnmD ,,2,, 321              (4) 

where, 
     

j k
kjFnmD 2

1 ,,
         (5)

 

       
j k

nkmjTkjFnmD ,,,2

        (6) 
 

     
j k

nkmjTnmD 2
3 ,,

        (7) 
Here D1(m, n) is image energy over window which varies 
slowly across the image field, while term D2(m, n) is cross 
correlation between the image field and the template and 
D3(m, n) represents the summation of the template energy 
which is constant valued and independent of the coordinate 
(m, n)[19]. At the coordinate location of template match, the 
cross correlation becomes very large to yield small difference 
as per (2) [17]. 

C. Marphological Approach 
       Morphological Operation (MO)s can find the image 
geometry using the SEs of certain shapes. Like spatial 
convolution, the SE is moved across the input image pixel by 
pixel and by placing the resulting pixels in the output image. 
Each pixel in the input image, is logically compared with its 
neighbors against SE to determine the logical value of output 
pixel.  Most of the MOs are carried out considering image as  
2-D integer space Z2, where each pixel is considered as tuple 
(2-D vector) whose coordinates are (x, y) [18]. Let Z2

 denote 
the set of all ordered pairs of elements and A denote the set of 
pixels positions of the fabric image in the whole Euclidean 
space E. Generally used MOs are: 
 Dilation: Dilation of A by B is the set of all the 

displacements, z, such that B and A overlap at least by 
one pixel element. Dilation can be used for bridging the 
gaps in the image is given by, 

}])[(|{ AABzBA z 


               (8)  

Where,      denotes the empty set. This equation is based 

on obtaining the reflection of B about the origin, 


B and 
shifting the reflection by z .   

 Erosion: It can be used for removing the irrelevant details 
in the binary image and is expressed as, 
 

})[(|{ ABzBA z            (9) 

 Open and close: Combination of operations e.g. erosion 
followed by dilation is called as morphological opening 
while dilation followed by erosion is called as closing 
operation and are given as below. 

open: ABABABA  )(),(           (10) 

      2,,,   
j k

nkmjTkjFnmD
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close: ABABABA  )),(         (11) 
 Boundary Extraction: The boundary of a set, A denoted 

by _(A) can be obtained by first eroding A by suitable 
structuring element, B and then taking the set difference 
between A and its erosion as given by, 

)()( BAAA            (12) 
  Region Filling: It is based on a set of dilations involving 

complementation and intersection. The filling operation is 
established using 4/6-connected background neighbors for 
2-D/3-D MO. Adopting the convention of ’0’ for non 
background points and ’1’ for the seed point, the region 
filling is expressed as, 

c
kk ABXX )( 1   , for k = 1, 2, 3....               (13) 

Where, X0 = p is the seed point and B is the SE. The 
algorithm is iterated till convergence is achieved. The set 
union of Xk and A contains the filled set and its boundary 
limits the result inside the region of interest [18]. For all the 
above MO expressions A and B refer to the fabric image A 
and structuring element respectively.  

III. IMAGE ACQUISITION 
  To carry out the FDD, both defective and normal 

samples of plain weave shirting fabric with different 
specifications as shown in Table I were collected from the 
textile industry. Motorized Micro-stereoscope with optical 
magnification was used as an imaging device. The images of 
the fabric samples were taken after standardizing the 
Motorised Zeiss Sterio microscope for magnification of 12,0x, 
focus of 19.0 and depth z of -1.45mm. The resolution of the 
image obtained was 1280x1040 pixels which were then 
reduced to 512x512 pixels using Microsoft Digital image 
editor. 

TABLE I.   DETAILS OF PLAIN WEAVE FABRIC SPECIFICATIONS  

Sr.No Specifications Defect Type 

S1 
6060
120132


  1. Normal 

2.Warp break 

S2 
Ds 15030

64124

  1.Normal 

2.Double pick 
3.Loose weft 

S3 
8080
144144


  1.Normal 

2.Double pick 
3.Thick place 

         

IV. MA, CA AND HA FOR FDD 
To arrive at an appropriate method for GFDD, two 

traditional approaches viz., MA and CA were verified. Based 
on these results and the intuition developed, a modified 
method viz., hybrid approach was tested. Accordingly the 
experimental procedure and observations using MA, CA and 
HA for GFDD are presented in this section. 

A. Morphological Approach for Plain Weave Defects 
     The experimental procedure using MA only was followed 
on benchmarking plain weave fabric defects such as warp-

break(S1), thick place (S3) shown (columsC1/C2 in 
Figure1.a/Figure1.b) and double pick(S2) (column C3 in 
Figure1.b). Two sets of observations were taken on the fabric 
images on the histogram equalized image shown in row R1 of 
Figure1.a and Figure1.b.  

 

 
Figure 1.    Results of MA Applied on Defect Samples 

a. With image filling operation added in sequence 
b. Without image filling operation 

TABLE II.  RN /RN-1- A PARTICULAR MO ON IMAGE OF ROW RN WITH 
IMFILL AND RN-1 WITHOUT IMFILL TABLE TYPE STYLES 

Rn /Rn-1- A particular MO on image of row Rn with imfill and Rn-1 
without imfill. 

Fig a Fig b. MA Operations 
R1 R1 Thresholded Gray image 
R2 R2 Opening Image after thresholding  using disk SE 
R3 R3 Closing image of row R2 
R4 - Filling small holes in row R3 
R5 R4 Erosion of image in row  R4/R3 with SE eye 
R6 R5 Dilation of images in row  R5/R4 with SE eye 
R7 R6 Erosion of image in row R6/R5 with SE rectangle 
R8 R7 Dilation of images in row R7/R6 with SE rectangle 
R9 R8 ROI detection of images in row R8/R7 

 
     The sequence of morphological operations followed to 
obtain Figure1.a and Figure1.b are as shown in Table II. The 
first set consisted of all morphological operations with image 
filling (imfill) operation while the second set consisted all 
steps except image filling operation respectively. 
     Following observations are made for the MA application 
for normal and defective plain grey fabric samples; 
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 Observing Figure1.a for warp break and thick place 
defect, it is clear that, MO operation with imfill 
operation fails to detect ROI for plain weave pattern. 
This is due to the fact that, plain shirting fabric being 
made out of very fine yarn count makes the repeat 
unit of weave pattern very small in area and very 
dense in texture nature. This makes the image filling 
operation to remove texture information more than 
expected causing too high degradation of ROI (Refer 
row images from R5 to R7 of Figure 1.a.) 

  Referring to Figure 1.b it is seen that, though 
elimination of imfill operation from MO sequence 
results in improvement in detection of ROI compared 
to Figure 2.a but it does not give satisfactory results 
(Refer row R8 of Figure1.b). 

      Comparing images in row R8 of Figure1.b for the warp 
break, thick-place and double pick, it is seen that detection of 
ROI for warp break is better than that for double pick while it 
is the worst for thick-place samples. The above observations 
of MA on plain weave defects suggest that, MO operation fails 
for plain weave defects in detection of normal region and 
defect region. Image filling (imfill) operation does not work 
effectively for noise removal. This is attributed to the fact that 
the noise addition due to protruding yarn for defective region 
of plain weave fabric made of fine count is almost feeble even 
in the defect region. Accordingly the steps of MA need 
modification to achieve better results for detection of ROI and 
hence to achieve good ODA for both normal and defective 
samples. Looking at the poor performance of MA, other 
traditional IP method viz., CA was experimented for plain 
weave FDD. 

B. Correlation Approach for Plain Weave Defects 
       For plain weave FDD using CA, four different kinds of 
plain weave defects including defects of subtle nature were 
considered as shown in Figure2. With reference to Figure2, 
column C1 depicts images of CA on warp break (S1), double 
pick (S2), thick-place (S3) and loose-weft (S2) defects 
respectively from top to bottom. The defect templates 
corresponding to these defects are as shown in column C2 
while the result of correlation convolution of the defect images 
with their respective defect template are shown in column C3. 
The defect area for each kind of defect obtained after 
thresholding of Correlation Coefficients (CC)s are as shown in 
column C4 of Figure 2. The threshold which best approximates 
the actual defect location and area was obtained after many 
trials and was used further for experimentation on other 
samples with the similar kind of defects.  
Following are the observations on CA. 
 Observing the various results of CA in Figure 2 it is seen 

that, the results are not very satisfactory, since there is 
false identification due to Normal Region Identified as 
Defective (NRID) at many places of an image. This is 
quite obviously seen in all result images in column C4 of 
Figure2. 

 There is a need of different kind of template for each. 
There is a need of different kind of template for each kind 

of defect considered. Also it is been found that, the defect 
and its area identified were dependent on the kind and size 
of the defect template which makes GFDD a tedious and 
time consuming process. 

 
Figure 2.  Results of Correlation Approach  

      Though correlation technique can detect variety of defects,  
its dependency on the right defect template, its size, 
thresholding and false detection of normal region as defective, 
puts limitation on its use. The other disadvantage is that fabric 
without defect is detected as defective which is objectionable. 
All these are indicative of further exploration on CA for 
GFDD and this issue demands further research work in this 
area. 

C. Hybrid Approach(HA) using CA and MA 
      From careful observation of the results on FDD on plain 
weave, it seen that both, MA and CA can identify the defect 
region i.e. ROI when applied independently, but there is more 
probability of the fabric normal region also getting identified 
as the defective as reported in [1,2] and also verified in [4] for 
micro natured defects. To overcome this drawback and to 
utilize the advantages of correlation property of CA and 
filtering property of MA to detect ROI, the next drive in this 
research was a hybrid approach for GFDD. In this direction 
hybrid algorithm using combination of CA followed by MA 
was developed and experimented on plain defects. The results 
of   this   HA on fabric plain weave are presented below. 
 

1) Hybrid FDD Algorithm 
    In HA, after preprocessing of the fabric image, each image 
was subjected to CA first using a defect dependent template 
for each kind of defect. Further suitable MOs as explained 
further were applied after thresholding the CCs. The various 
steps followed for HA are as shown in Figure 3. After 
converting fabric RGB image to gray image, it was subjected 
to the adaptive histogram equalization for contrast adjustment. 
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After choosing the proper defect template from histogram 
adjusted image, its size was made equal to the size of the 
image to make CA more efficient. 
     In CA algorithm, the correlation of the template image with 
the original image was computed by rotating the template 
image by 1800 and then using the FFT based convolution 
technique described by fast convolution. This is for the reason 
that, if the convolution kernel is rotated by 1800 then the 
convolution is equivalent to correlation. CCs were then 
thresholded using the simple statistics of the coefficients such 
as mean and maximum value to retain the defect region. It is 
necessary to keep the threshold at optimal value to extract ROI 
from all similar defect images of one class of fabric and to 
avoid any defect region being missed. But this increases FAR 
for normal region. Hence filtering property of MA was used 
on the thresholded CC images to retain only defect region. 
Suitable area of SE for opening operation of MO was selected 
after many trials to retain the seed of the pattern which was 
subsequently closed by the same SE. The grey fabric consists 
of protruding yarn resulting in the form of small pepper noise 
which needs (which gets exaggerated in fault region) to be 
removed by filling operation. The next steps followed for 
extracting ROI were similar to steps used in MA. The 
implementation results of this hybrid approach are discussed 
in the following subsection. 

2) Experimental Results 
      For experimentation on HA, the defects that were used for 
GFDD using CA were considered for study with additional 
double pick defect of class S3. The columns C1, C2, C3 and C4 
of Figure 4 depict the defect gray image, results of MA, CA 
and the hybrid CA and MA approach respectively. Focusing 
the discussion to column C2 and C3 of this figure 4 on detected 
ROI for all plain weave defects, it is seen from images that, 
neither MA nor CA can independently identify the defective 
region correctly. Normal region is identified as defect at 
several places indicating more FAR. This is for the reasons 
that MA cannot catch purely ROI for plain weave defects 
when count of the fabric becomes fine. Also in CA as stated 
earlier, defect area identification is mainly dependent on the 
thresholding value of CCs. The threshold that could best 
detect the defect region was chosen and used for further 
experimentation to avoid any chance that defect free region 
could be detected as defect region. The problem of NRID i.e. 
identifying the normal region as defective at several places as 
seen in images of columns C3 and C4 of Figure4 is almost 
eliminated by the successive CA followed by MA (Refer to 
result images in column C4 of Figure 4). Similar results were 
observed for the other kind of defects of plain weave defect 
samples. 

3) Testing of Data Set using Defect Search Algorithm 
 

To test the performance of the MA,CA and HA a simple 
binary based Defect Search Algorithm (DSA) to find presence 
or absence of defects was used with zero value indicating the 
true normal sample and one value indicating the true defect 
sample. Testing was carried out on 115 benchmark normal 
samples and 75 warp break samples belonging to class S1. 

DSA was applied on the MA result images in column C3 of 
Figure1.b, CA result images in column C4 of Figure 2, and HA 
result image in column C4 of Figure 3. Table III shows result 
summary of the experiment conducted. 
 

 
 

Figure 3.   Result Images Showing Deftect Region Detected by MA,CA 
and HA Algorithms respectively along C2, C3 and  C4 columns. 

TABLE III.  DEFECT IMAGES  AND IP ALGORITHM APPLIED (COLUMNWISE) 
ON  DIFFERENT CLASS SAMPLES 

 

 
 
 
 
 

 
    The performance of the MA, CA and proposed HA were 
evaluated in terms of Overall Detection Accuracy (ODA) 
using DSA.  

100% 
T

CD

N
NODA            (14) 

Where, NCD is number of correctly detected samples and NT is 
the total number samples of that class. Results of MA,CA and 
HA Method of Plain Weave FDD for Class S1.  

TABLE IV.  RESULTS OF MA,CA AND HA METHOD OF PLAIN WEAVE 
FDD FOR CLASS S1  

S1 Class 
Defect 

/Normal 

Number 
of 

Samples 

MA CA HA 

ODA% ODA% ODA% 

Warp break 78 28.2 55.1 79.1 

Normal 115 25.3 45.9 93.4 

 

Weave 
Type  

Defect name 
 (Row wise)  

IP operation 
(Column wise )  

Plain  R1: S1-Warp break  C1:Gray Image  
R2:S2 -Double pick,  C2:Result of MA  
R3:S3-Thick place  C3: Result of CA  
R4:S2-Looseweft  C4:Result of HA  
R5:S3-Double pick   
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       The results of this procedure are presented in Table IV. 
The results showed progressive improvement in ODA% of 
28.7, 55.1 and 79.1 for warp break defect samples and 25, 46.2 
and 93 for normal samples subjected to MA, CA and HA 
approaches respectively. Hence it is evident from these results 
that, HA is more encouraging than MA only and CA only.  

V. RESULTS AND DISCUSSION 
The overall summary of observations is as below. 

 Size of SE for different stages of MA operation needs 
to be selected by many trials. So there is a need for 
establishing some relation for selection of SE size 
with pattern. 

  Correlation approach using template matching can 
identify defects in different kind of fabric of plain 
weave patterns consisting of single and multiple 
defects in a single image as well as similar multiple 
defects located at different locations of the image. 

  The exact area of fault indicated by this method 
depends on how best the template for a given type of 
fault is chosen and also on the threshold value. 

  From the performance of HA, it is found that HA 
works well for identifying the defect and normal 
region of plain weave pattern more accurately than 
MA and CA. Also 3.5 fold increase in % ODA 
results obtained compared to only MA and CA is 
promising. 

        Thus the hybrid approach of CA and MA combined has 
resolved the problem of only CA or MA misidentifying the 
normal region as defect region. The results of reduced False 
Alarm Rate indicate that HA is a promising method for 
GFDD. Such hybrid method does not seem to have been 
reported in the literature so for. Therefore we claim this as the 
contributions of our research work. 

VI. CONCLUSION AND FUTURE SCOPE 
       Hybrid Approach of combining CA and MA resulted into 
reducing FAR considerably. This is attributed to the fact that 
the benefits of CA and MA doubly take care of retaining only 
ROI due to the inherent property of CA, detecting template 
matched region and MA aiding to filter any remaining 
repetitive fabric pattern after CA and also aiding the detection 
of defect region of interest with the help of appropriate SEs. 
Further the information such as number of defects detected in 
a given area and the area occupied by the defect can be 
obtained as needed for grading standards of grey fabric. It is 
further recommended that a modified approach to HA should 
incorporate automatic selection of size of SE for MA while 
defect independent template for CA. 
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Abstract— This paper describes the development of a student 
attendance system based on Radio Frequency Identification 
(RFID) technology.  The existing conventional attendance system 
requires students to manually sign the attendance sheet every 
time they attend a class. As common as it seems, such system 
lacks of automation, where a number of problems may arise. This 
include the time unnecessarily consumed by the students to find 
and sign their name on the attendance sheet, some students may 
mistakenly or purposely signed another student’s name and the 
attendance sheet may got lost. Having a system that can 
automatically capture student’s attendance by flashing their 
student card at the RFID reader can really save all the mentioned 
troubles. This is the main motive of our system and in addition 
having an online system accessible anywhere and anytime can 
greatly help the lecturers to keep track of their students’ 
attendance.  Looking at a bigger picture, deploying the system 
throughout the academic faculty will benefit the academic 
management as students’ attendance to classes is one of the key 
factor in improving the quality of teaching and monitoring their 
students’ performance. Besides, this system provides valuable 
online facilities for easy record maintenance offered not only to 
lecturers but also to related academic management staffs 
especially for the purpose of students’ progress monitoring. 

Keywords-RFID, students attendance, online system, web, 
sensor 

I.  INTRODUCTION 
The most common means of tracking student attendance in 

the classroom is by enforcing the students to manually sign the 
attendance sheet, which is normally passed around the 
classroom while the lecturer is conducting the lecture. There 
are numerous disadvantages of using such system. For 
instance, lecturers with a large class may find the hassle of 
having the attendance sheet being passed around the class and 
the manual signing of attendance by students are burdensome 
and most likely distract them from teaching and getting full 
attention from the students [1]. Besides, as the attendance sheet 
is passed around the class, some students may accidentally or 
purposely sign another student's name. The first case leads to a 
student missing out their name, while the latter leads to a false 
attendance record. Another issue of having the attendance 
record in a hardcopy form is that a lecturer may lose the 
attendance sheet [2]. As a consequence of that, lecturer can no 
longer trace the students overall attendance record throughout 
the particular semester. Apart from that, a lecturer also has 
limited access to the single-copy record, e.g. only at the work 

place. In terms of attendance analysis, the lecturer also has to 
perform manual computation to obtain the students’ attendance 
percentage, which normally consume a lot of time. 

Having said the limitations imposed by the conventional 
attendance recording system, we propose a solution in the form 
of an attendance tracking system based on RFID technology. 
The main idea behind the system is to capture student 
attendance in a semi-automated way where the students are 
required to flash their student card at the RFID reader upon 
entering the classroom. This way, the student ID is instantly 
captured by the reader, after which the data is sent to the online 
server for recording purpose [3]. Such system promotes a more 
organized and systematic student attendance recording.  
Having the attendance data instantly uploaded to the online 
server prevents data loss, while allowing the data to be 
available and accessible to the lecturers or other academic 
staffs as long as they are connected to the internet [4]. The 
system also helps to automatically compute the percentage of 
attendance for each individual student. One related project was 
referred [5], where an attendance system using the RFID 
technology was developed in the university environment. This 
work was taken as guidance in developing our web-based 
student attendance system by using the RFID technology. 

II. SYSTEM DESIGN 
The web-based student attendance system using Radio 

Frequency Identification (RFID) technology promotes semi-
automated recording of student attendance, developed 
especially for the university. In drawing the system design, a 
number of web-based methods and frameworks have been 
reviewed and referred [6-7]. Some comparisons performed on 
the different technologies being used in the similar systems 
were also learnt [8]. Related research on the system-
development and testing were also reviewed to provide 
guidance in customizing and evaluating the process, while 
learning the disciplined approach in designing the proposed 
system [9-13]. 

Our proposed system consists of three main modules 
namely the RFID reader module, Data Reporter module and 
Web server module. Those modules are integrated together in 
order to allow its full functionality. Each module carries its 
own functions and special features. The general process flow is 
illustrated in Figure 1, where all of these components are 
involved and operational. 
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Figure 1: The overall student attendance recording process 

 
Figure 2: System Architecture of the web-based student attendance system 

using RFID 

The overall architecture of the system is illustrated in 
Figure 2, where the three main components are shown. Each of 
these components will be described in the following sub-
sections. 

A. RFID Reader and Tag 
RFID reader is the device capable of reading and retrieving 

information stored inside the RFID tags. There are two types of 
RFID reader, which are the active and passive RFID readers. 
Active RFID reader can detect an active RFID tag while 
passive RFID reader can only detect passive RFID tag at a few 
centimeters away from the reader. The RFID reader being used 
in the system is a low cost reader for reading passive RFID 
tags. It operates at 0~ 400C temperatures, 20~80% of humidity, 
125 kHz frequency and 12V power supply [7]. The effective 
detection range of the reader is around 5-8cm.  

Each RFID tag has a unique serial number or ID. There are 
three types of RFID tags which are active, semi-passive and 
passive. The main difference between these RFID tags is that 
active and semi-passive RFID tags require internal battery 
while passive RFID tags do not use any internal battery. 
Adapted to our scope of work, the student cards being used to 
identify each individual student are the RFID cards that consist 
of passive RFID tag, which do not require internal battery [6]. 
When such cards are passed through the field generated by a 
compatible Reader, they transmit information back to the 
Reader [7]. Figure 3 illustrates how data transmission is 
performed between an RFID reader and a student card. 

 
Figure 3: Data Transmission between an RFID reader and a student card 

B. Data Reporter 
Data Reporter is a component that fetches all logging data 

from the RFID reader such as the captured student ID, time and 
date for every 30 minutes interval. The collected data are then 
passes to the online server, which will record the data into the 
database. This component should always be kept up and 
running and needs to be automatically restarted each time the 
operating system reboots. 

C. Web Server 
The web server here refers to either hardware (computer) or 

software (application) that helps to deliver content publicly 
accessible through the Internet. It provides the web site 
functionality by accepting requests from the user’s browser and 
responds by sending back HTML documents (Web pages) and 
files. To enable the system dynamic functionalities, the web 
server hosts the data collector component, a database and the 
graphical user interface (GUI) pages enabling online 
interaction with the system users. 

D. Data Collector 
The role of the online data collector is to continually listen 

to incoming data sent by the Data Reporter component. The 
received log data will then be inserted to the database for 
recording purpose. 

E. Database 
A database is defined as an organized collection of data and 

tailored to our system, our database is employed to mainly 
store the data captured by the RFID reader. Secondarily the 
database is also used to store data gathered from the online 
web-interface, such as class schedule and students personal 
information. In offering more features to the users, our online-
system can manipulate the recorded student attendance record 
by querying the database for complex data retrieval [14]. This 
includes automated operation, such as summarizing an 
individual student attendance by calculating the attendance 
percentage for a particular course. 

F. Graphical User Interface (GUI) 
The GUI component of the system is purposely developed 

for friendly interaction with the users. Both types of users, 
namely the students and academic staffs are given unique 

AC900 
RFID reader Student 

ID card 
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access to their individual member area, where the students can 
access their personal information, while the academic staffs can 
monitor their students information. The developed GUI is in 
the form of dynamic web pages, which are database driven. 
This signifies that the information displayed on the web pages 
are constructed based on the data extracted from the database. 
The web pages are categorized into four modules, namely the 
User List, Log, Timetable and Attendance. The pages are 
developed using the Hypertext Preprocessor (PHP) scripting 
language and compatible with all major web browsers [15]. 

III. SYSTEM IMPLEMENTATION 
Based on the system design presented earlier, the system 

implementation was carried out. The overall process flow of 
system implementation is illustrated in Figure 4, which 
composed of 5 main steps.  The deployment of networked 
RFID readers is also illustrated in Figure 5. 

 
Figure 4: Overall process flow in developing the Web Based Student's 

Attendance System 

A. RFID System Device 
The system employs RFID-Mifare terminals as the readers, 

which can be installed across all classrooms or laboratories, 
each denoting a specific venue [15-16]. These readers are 
connected to a hub or a switch through RJ45 port or also 
known as LAN port. In this setting, the hub or switch is linked 
to a router for internet access, which is required in order to 
connect the RFID readers to the Data Reporter component via 
TCP/IP protocol. 

 
Figure 5: Network connection multiple RFID Reader to Web Based Attendance 

System server 

B. Web Development 
The web application was initially developed on a local host 

that runs the XAMPP server.  Having such web server hosted 
on the local host allows the PHP scripts to be developed and 
locally tested and debugged. Besides the web server, a database 
server is also run on the local host allowing the scripts’ 
connectivity with the database. The database design will be 
briefly described next. 

C. MySQL Database 
The web-based Student Attendance system is connected 

directly to a MySQL database. In general, there are four main 
tables created to store the collected data. A table called the Log 
table is used to store all users’ logging data that include the 
check-in date and time, paired with the student ID. These data 
are initially captured by the Data Reporter component from the 
RFID reader, which are then submitted to the Data Collector, 
which is responsible in storing the data onto the database. The 
User table is another table in the database that is used to record 
the students’ details that include their profile information such 
as name, address, email, phone number and etc. Courses 
information such as the course code, scheduled class venue, 
start and end time class are loaded into the Timetable table. 
Meanwhile the analyzed students’ attendance information is 
recorded in the Attendance database. A set of pre-defined SQL 
queries are written into common functions allowing easy data 
insertions, update and retrievals for web-page displaying 
purpose. 

D. Web Graphical User Interface (GUI) Design 
A user is allowed to enter the member area by logging in to 

the system via a login form. This type of authentication is 
important in order to prevent access by unauthorized users. The 
system grants access to 3 different types of users namely the 
Administrator, Lecturer and Student. According to the user 
type, each user is given the specific level of access. For 
instance, the Administrator level is given an access not only to 
view but to moderate and modify data in the system. In 
contrast, other user levels will be given only limited access to 
the system.  

For easy reference, the GUI is designed with the horizontal 
style for navigation menu. For administrators, a navigation 
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menu is given that provides links to the four main 
functionalities of the system. These include the “User List” 
function for adding and removing the students’ personal 
details. “Log” function is provided for the purpose of 
monitoring the students’ check-in details. The “Timetable” 
function is used to manage the classes’ schedule, while the 
“Attendance” function is to monitor the students’ attendance. 
Figure 6 shows the navigation-menu design of the system. 

 
Figure 6: GUI navigation menu 

IV. SYSTEM TESTING AND RESULT 
To ensure the system correctness and completeness, system 

testing has been performed across the system environment that 
includes the client-side application, server-side application and 
the hardware. 

A. Hardware and Application Integration Testing 
RFID Reader was tested by having it to capture the ID and 

current timestamp for several RFID student cards in order to 
ensure the device is not malfunction and operates as desired. 
Firstly, a new student card is flashed to the RFID Reader to 
capture and recognize the card’s unique ID. The captured ID is 
then used to register the mapped student ID into the system. 
Once registered, the student card can then be used by flashing it 
to the RFID Reader to record the student attendance. For this 
purpose, the log data, which include the current timestamp, is 
also recorded.  

The next step was to set up the Data Reporter component so 
that it is able to fetch log data from RFID Reader and pass it to 
Data Collector. Both Data Reporter component and the log 
table (in the database) are then monitored for new log data 
specifically to detect whether Data Reporter has successfully 
fetched and passed the log data to Data Collector, which will 
store the data into the log table. If no new log data was 
recorded, Data Reporter and Data Collector components would 
be debugged and reconfigured until they successful perform the 
required function. Figure 7 illustrates the process flow of the 
hardware and application testing. 

 
Figure 7: The hardware and application testing process flow 

 
Figure 8: The online system testing process flow 

B. Online System 
Unit testing for each online component was performed by 

monitoring the outputs they produced through a web browser. 
Such testing was done while coding each of the defined 
component. In detailed, after coding a particular function of a 
particular online component in PHP, the result or output is 
observed through the web browser. If there was no display or 
an error was displayed, the recently coded function will be 
debugged through a PHP editor. The similar test was 
performed to validate SQL queries performed onto the 
database. If an SQL query was found to return a wrong result, 
then the query would be debugged to attain the desired result. 
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Once all online pages are correctly displayed, an integrated 
system testing would be performed between the RFID reader 
and the online system together to complete the overall system 
testing. Figure 8 illustrates the process flow of the online 
system testing. 

C. System Testing Results 
In general, our aim to develop a prototype of a Web Based 

Student Attendance System was successful. The user-login 
authentication process was successfully tested, which prevents 
an unauthorized access into the system. Once a user is 
successfully logged in, the user is given the access to the main 
page that displays a menu listing a set of features offered to the 
user. Figure 9 illustrates the Web Based Student Attendance 
System login interface.  

Figure 10 shows the system Web Based Student Attendance 
System Users List page, viewable only by the system 
administrator. On this Users List page, all users’ details are 
displayed. In addition the administrator may choose to display 
a list of users according to their role, namely administrator, 
lecturer or student role. From the displayed list, the 
administrator is allowed to add new users or to delete existing 
users by clicking the delete or add user button. Figure 11 shows 
a page displaying the student’s detailed information. This page 
is called the Student Attendance System User details page. For 
the similar feature, an administrator may view details of all 
users, while a lecturer may only view details of users identified 
as student. A particular student may only view details of their 
own account. On such page, an administrator can edit details of 
any user and a lecturer may edit details of a student but a 
student is not allowed to do any modification to their data. 

 
Figure 9: Web-Based Student Attendance System login menu 

 
Figure 10: Attendance List menu 

V. CONCLUSION 
The developed Web-Based Student Attendance System 

using Radio Frequency Identification technology will 

significantly improve the current manual process of student 
attendance recording and tracking system, especially in a 
university or school environment. The system promotes a semi-
automated approach in capturing the student attendance, i.e. by 
having the students to flash their student cards to the RFID 
reader.  

 
Figure 11: Web Based Student Attendance System User details page 

In addition, a number of other advantages are gained by 
having an online web-based system, acting as a central 
repository of student attendance record. Firstly all processes of  
managing the student attendance record are performed online, 
allowing administrators and lecturers to view or modify the 
users’ data through any computer via the web browser, as long 
as they are connected to the Internet.  This way, no specific 
software installation is required. The captured student 
attendance data are also processed and analyze automatically 
with less risk of data loss, compared to a manual filing 
approach. Specific to lecturers or teachers, they can easily 
monitor their students’ attendance online and this could 
improve the quality of teaching since less time is needed to 
manage the student attendance record. The developed system 
can be improved and upgraded further, e.g. by extending the 
system with new features and modules or by improving the 
web-interface layout with new display style. Better yet the 
system can be enhanced further to offer another significant 
enhancement where the system can be extended to monitor 
staff attendance record. 
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Abstract— To meet the standard modern system communication 
demands, the paper represents the implementation of 
bidirectional shift converter technique for the embedded 
converter RS232 to Universal Serial Bus circuit block within 
FPGA using Verilog HDL language to be applied in a system 
wireless communication within Zigbee protocol. Utilizing the 
ModelSim-Altera, RTL model of the shift converter was 
developed and synthesized then stimulated using TimeQuest 
Timing Analyzer to observe its functionality. 

 Keywords- UART, Shift Converter, FIFO, USB, FPGA. 

I.  INTRODUCTION 

Universal Serial Bus (USB) is a new personal computer 
interconnection protocol, developed to make the connection of 
peripheral devices to a computer easier and more efficient [1-
3]. It has unique ability specification and performance in order 
to reduce a cost of end user [1-4], improved communication 
speed [1-4]. It was also able to connect more than 
computers  and peripheral's devices [5] such as mice, modems 
and keyboards where an interconnection interface to the 
computer as main host via one device USB host ports that 
were been the most particular reasons it becomes widespread 
as an example of modern commonly peripheral interface bus 
nowadays. Base on that the sector industries and a 
telecommunication leader have been developed to implement 
of the Plug and Play technology.  

Therefore, the interconnection of multiple devices (up to 
127) and solves the problem like resource conflicts, IRQs and 
DMAs [6], easing the devices' attachment to PCs. It allows 
and supports the transfer rates up to 12Mbs, comprehending 
the low speed and mild speed data ranges. This gives more 
advantages compared RS232 and conversion with serial 
communication UART controller system as applied 
throughout the system of RS232 and used widely. The 
communication services in such networks can be high-speed 
and low-speed data, video, and many others with different 
performance and traffic requirements [7]. 

Normally, in a certain complex system, communication for 
RS232 between master and slaver controller divided into two 
ports connection, which is serial and parallel port. However, 
RS232 extensively used in serial communication because it 

only interfaces and used with a simple structure [8] and have a 
long transmission distance [8]. Besides that, serial 
communication reduces the distortion into the signal, therefore 
makes conversions data transfer between two separated in 
great distance possible [8]. It takes bytes of data and transmits 
it in sequential pattern transmission form. As knowledge, 
UART is an abbreviation form for universal asynchronous 
receiver/ transmitter integrated circuit of serial communication 
protocol. This serial transmission of UART however, depends 
on the two major factors on the modes applied in the 
hardware, whether in synchronous or asynchronous operation. 
On the other hand, it means that the outputs of asynchronous 
machine are functions either the current state only, or of the 
current state and the current input, corresponding to Moore 
and Mealy machine, respectively [9]. Current state is directly 
related to the proceeding sequence of input and state. 

A Field Programmable Gate Array (FPGA) is a 
programmable logic device that supports implementation of 
relatively large logic circuits. [10]. FPGAs are distinguished 
on the basic of several features: architecture, number of gates, 
mechanism for programming, program volatility, the 
granularity and robustness of a functional/logical unit, 
physical size (footprint), pin out, time-to-prototype, speed, 
power, and the availability of internal resources for 
connectivity [11-12]. It always became one of the 
recommended devices suitable used to implement simple 
interface circuit or complex state machine to satisfy different 
system requirement either in medium or high density 
applications.  The performance and the architecture of 
operational unit configurable reprogrammed with no practical 
limit [13] of FPGA make it special advantage features in 
improved the system integration [14], reliability [14] and in 
reducing power consumption [13-14]. Moreover, it can 
configure into the logic blocks to perform complicated 
combinational functions in ordinary logic gates such as AND 
and XOR [15]. 

This paper presents design of converter development for an 
RS232 protocol to Universal Serial Bus (USB) protocol 
focusing on the sum added implementation of Shift Converter 
Block technique onto and interfaces with FIFO and FPGA. 
The Altera board EP2C35F672C6 Cyclone II FPGA family 
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Endpoint 

Host Controller 

 
 

Peripheral Device 

has been used as FPGA device and Verilog HDL as a main 
language code. Normally, when the deal with UART structure 
code with FPGA device, it was connecting straight via an 
RS232 port compared with connects directly via USB host 
port to transmit and receive information. This technique is 
much easier because without needed to think how to create 
and learn more in order to design behavior converter coding 
structure protocol language needed when a deal with the USB 
host of FPGA. This specification of the converter must be able 
and responsible for receiving data from peripheral device 
serial interface and then sending it to the computers USB 
interface. 

 However, as knowledge the application of performance 
and special features of USB host port have been described 
above give more advantage compared with RS232.  Therefore, 
the sum added implementation of shift converter block 
technique were formed to control package bits of data, 
whether for transmit and received operands from via USB 
protocol engine between FIFO technique design and UART 
protocol engine of RS232. It is because, as knowledge, UART 
protocol engine takes bytes of data and transmit/receive the 
data individual bit in sequential pattern. In contrast, the FIFO 
designs were transmit/receive in same taken bytes of 
data.  Then, this architecture combination of all the design can 
be able implemented practical this converter RS232 protocol 
engine to USB engine onto wireless communication via 
Zigbee Standard Protocol on FPGA as future work.   

II. BACKGROUND OF RESEARCH 

A. USB (Universal Serial Bus) 

The USB Host System basically focusing on the specification 
features into it such are descriptions of bus attributes, protocol 
definition, programming language code interface and other 
features for each different device type that required to design 
and build the system and peripheral compliant with the USB 
standard. Nowadays, there are two common versions of the 
USB specification which are USB1.1 and USB2.0 
specification supports low-speed (1.5Mbps) and full-speed 
(12Mbps) devices, respectively.  The newer USB 2.0 version 
specification is backwards- compatible with the USB1.1 
version. However, it can also support high max speed devices 
480Mbps (deliver packet). This EP2C35F672C6 Altera board 
family used supports the USB 2.0 protocol engine that was be 
integrated into a peripheral device. Hence, there are four types 
of transaction supported, which are first is Control (used by 
USB system software to configurable the device). Next types 
are Bulk and Isochronous as a reliable transfer who includes 
the Handshake phase and to configurable the real time, saves 
an overhead by excluding handshake phase, respectively. It is 
interrupt as a limited latency transfer to or from the device. 
Moreover, in order to achieve the communication requirement 
speeds of USB device varies from 10 to 100Kbps, it is 
important to verify and considerable to use interrupt transfers 
into the converter design. USB work as a master/slave bus 
depends on the types where USB Host (typically PCs) is the 
Master while the devices are the Slaves. The Host is 
responsible to receive and transmit an I/O request packet to 
perform the task of scheduling the transactions over the USB 
(which is composed as a series of USB packets). The number 

of register to store the data and memory needed to depend on 
the types the device connected. This called Endpoint. An 
Endpoint is uniquely identifiable portion of a USB device as 
the final stop of communication flow between host and 
peripheral device (as buffer) as illustrate in Fig. 1 below. 
 
 
 
 
 
 
 
 
 

 
Fig. 1: Structure of Device Endpoint 

 
Firstly, the USB operation considered packet transfer 

protocol. During the data transfer, the USB systems function 
as in the following overall manner.  When there are, some 
interface occurs into the system (via an IN/OUT request 
packet).  This transaction of request packet will be handling by 
the Host Controller based on the contents of the Interface 
transfer descriptor built by the USB Host Controller Driver.  
Then Endpoint Descriptor will run followed with Packet ID 
(PID) field to identify subfield of type’s categories packet 
data. These types of package’s categories were depending on 
usage. Then, the variable length of packet specific information 
field will identify PID Types and PID Check categories 
Subfield values for Token, Data, Handshake and Special 
packages before being sent. Although 4 bits are required from 
11 basic different package type (such are SOF, SETUP, 
DATA0, ACK, etc.), to run this operation, 8-bits are used in 
order to improve efficiency of error checking by using 
technique first compliment form. 

Next, Cyclic Redundancy Check Field or known as CRC 
will take over as a method function for checking binary data 
for presence of errors in the Package Specific Information 
Field. There are two types CRC used are CRC5 and CRC16. It 
created based on the implementation of each both types CRC 
as given below for general polynomial and residual, where 
Equation (1) and (2) for CRC5 and Equation (3) and (4) for 
CRC16, respectively. 

 
G(x) CRC5 = x5+x2+x0    (1) 
Residual, G(x) CRC5 = x4 +x3  (2) 

 
G(x) CRC16 = x16+x15+x2+x0  (3) 
Residual, G(x) CRC16 = x15 +x3+x2+x0 (4) 

 
 Finally, all the packages were terminating except PRE 
package with function End-of-Package, EOP indicator.  

 

B. UART (Universal Asynchronous Receiver Transmitter) 
A frame in an asynchronous serial protocol for RS232 

protocol engine is a non-divisible packet of a bit that embeds 
one start bit, seven or eight data bits,  one parity bits (depend 
on the width data either even parity or odd parity), and stop 
bits. However, most of the bits in a frame are self-explanatory. 
Fig. 2 below, showed the component block in UART. 
Referring to this Fig. 2 baud rate generator used to generate a 
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suitable output clock for transmitter and receiver module. Bit 
cell duration applied for baud rate needed is 104.16µs. It is as 
default baud rate to be applying for future work. The 
percentage tolerance occurred in the baud rate generator were 
also determined to check whether it is acceptable or not in 
order to minimize lost signal and getting a good transmission. 
It were done by considered applied value master clock and 
baud rate needed by using a specific formula for getting 
percentage accuracy as shown in Equation (5) below. 
Therefore, using the given equation below the percentage 
tolerance occurs is 0.124%. It is within the acceptable 
tolerance for transmission signal as in theoretical expectation.  

 
Percentage Accuracy   = ( X – Y )  x 100       (5) 

                X 
Where, 
 X = Baud rate needed 
 Y = Actual baud rate 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Structure of UART block 
 

C. Shift Converter 
A shift register is well-known as the sequential logic 

module constructed from flip-flops that manipulates the bit 
positions of binary data by shifting data bits to the left or right 
depend on the instruction setting in the module. There are two 
methods involve in this shift converter, which is serial to 
parallel converter bit and parallel to serial converter bits. The 
rotation modes depend on the type of packet data from current 
transmission when transmitting or receiving process. In this 
paper, there are five majors components involve implemented 
in designing shift converter which are controller, status 
register, parallel to serial converter bit, current state, and serial 
to parallel converter bit as illustrated in Fig. 3 below. 

When, the shift converter in parallel-in, serial-out (PISO) 
register it will accept binary input data onto parallel and 
generates binary output data in a serial form. The register in 
this module is set for left-shift device. Then, three conditions 
will determine the value of the bits shifted onto the vacated 
position on the right. After that, zeroes will fill that position 
upon the operand shifting. The serial output data generated 
from the output of the internal load register. However, when 
the shift converter is in serial-in, parallel-out (SIPO) register, 
then another typical synchronous iterative network will be 
identical as a cell. Data will enter the register form from the 
right and shift serially to the left through all the stages 
involved inside depend on the width of packet data. 1-bit 
positions will do operand every clock pulse. After that, the 
register will be in a state fully loaded, and the bits were 
transfer to the destination. Lastly, a new packet byte data will 
replace the position and continues the operands. This SIPOs 

operation is a very useful application to generate the sequence 
of non-overlapping pulses for system timing [16]. 

 All both register will do operation shift at each active 
clock transition. A converter is implementing with 
synchronous reset. It means that when the reset is detected, all 
the operation and register will be in the state idle and clear. 
Otherwise, it will operate as instruction given in the module.  

 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Structure of shift converter block 

D. Asynchronous FIFO 
An Asynchronous FIFO refers to FIFO design that used to 

buffer data in a digital system. FIFOs always used for data 
cache, storing different of frequency or phase of asynchronous 
signal [2]. The requirement of FIFO will arise when read 
function are slower than the writes. It interfaces with two 
clocks domains for writing and reading operations that 
asynchronous to each other. It means that, data is writing into 
the FIFO from one clock domain, and it is reading from 
another clock domain. Because of this, it required a memory 
architecture wherein two port memories are available one for 
write input operation and other one for read input operation. 
Moreover, FIFO can be use to complete parallel or series data. 
Generally, to facilitate error-free operations of FIFO there are 
two types of signal generated corresponding with the clock, 
which are FIFO Full Flag and FIFO Empty Flag. When the 
system is in write operand, and it is a full flag, write system 
will not accept and write data to the read system until the 
system is in an empty flag again. It is to prevent the data from 
lost. Commonly, two types of counter used as FIFO pointers, 
which are binary counter and Gray counter. No matter under 
what circumstance, these two methods have merits and 
demerit. The decisive factor in choosing the right counter 
design as a pointer must be referring on the pitfalls between 
the read and write clock domain and its synchronization 
advantages. For that reason, the counter who chooses as FIFOs 
pointer in this paper is in binary counter. This counter is easy 
to design and implement in addressing FIFOs. To avoid 
metastability between the transactions of the binary bits of the 
pointer the widths of counter bits are set suitable with the 
addressing location of memory address and produce some 
holding register this holding register can synchronize signal. 

 

III. PROJECT PLAN/DESIGN METHODOLOGY 

 
The implementations of bidirectional shift converter block 

technique in a converter for UART to transmit and receive data 
to USB Protocol Engine via FIFO was designed using 
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EP2C35F672C6 FPGA device as illustrate in Fig. 4. Firstly, 
based on Fig. 4 below, the behaviors of these entire blocks are 
characterized using Verilog HDL language. In this 
programming derivation stage, design specification such as 
input and output elements was determined depending on the 
functionality of each created module.  

Then, each code for the module was compiled in order to 
check the syntax of the design and synthesized to update or 
convert the designed from Verilog HDL code into a symbol 
logic block. After this stage, the simulations waveforms of 
each module had presented to ensure the designed output 
waveform matched with theoretical expectation. These 
simulations had done using ModelSim-Altera. Next, all these 
blocks are connected and combined together into one as a main 
symbol block logic. Lastly, it will compile and analyze the 
simulation output waveform again via the same tool.  

 
 
 
 
 
 
 
 
Fig. 4. Block diagram of the proposed converter via FIFO 
 

A. Symbol Logic Block 
The first part is designing UART of RS232 Protocol Engine 

to transmit and received signal from bidirectional Shift 
Converter. It considered with three main parts, which are 
Transmit Controller, Received Controller and Current State 
Register. In this Transmit Controller part, it consists of two 
major components, which are Transmit Buffer and Shift 
Register. Transmit Buffer is a function to load and transmit 
data from local CPU into Load Register. Then, Shift Register 
will load and shift the data from Transmit Buffer before send it 
through TXD output pin one by one bit to the shift converter. 
While, Receive Controller also have two main components, 
which are Receive Shift Register that functions to receive the 
data from the shift converter from RXD pin one by one bit and 
Receive Buffer to load and accept the data from Shift Register 
to local PC read. Based on this, UART had a special function 
register to analyze and control the register to transmit or 
receive data. 

The second part is designing the bidirectional shift 
converter that has two functions as illustrated in Fig. 5 below. 
First function is to receive data from RS232 Protocol Engine 
one by one bit using port “datain_tx” before load and shift bit 
into the special internal register to convert it into eight bits data 
width. After it had done, the data were transmits to FIFO using 
port “dataout_tx” to read and write the data. Then, FIFO will 
transmit in byte data width to the USB protocol engine. 
Protocol engine for USB type ISP1362 device used in 
EP2C35F672C6 Altera board family. In this ISP1363 USB 
Protocol Engine, for all the operation of the sub modules, 
involve into it as describe in above created.  

Second functions are to receive data ISP1362 USB Protocol 
Engine in the parallel bytes of data width to FIFO. Afterwards, 
after it interfaces operation in FIFO, byte data bus was sent to 
the bidirectional Shift Converter using port “data_in” before 
load and shift bit into a special internal register that function to 
convert from eight-bit data width into one-bit data width. Then 

the data will be transmitted to RS232 Protocol Engine using 
port “data_ rx." In order to check and analyze the bit operation 
“cs_tx” and “cs_rx” stand for current state for transmit data to 
UART (RS232protocol engine) and four transmit data to FIFO 
are created, respectively. 

Besides, from this Fig. 5 the structure of the bidirectional 
shift converter is name as “conv_bit” in symbol logic block. 
This symbol logic block was created using Verilog HDL from 
two directional transmit and receive sub-module converter. 
Then, it compiled, synthesized and stimulated before download 
together into this symbol logic block onto FPGA to verify it 
functionality. It consists of four input ports, including the ‘clk’, 
1-bit ‘datain_tx’, ‘reset’, ‘load’, ‘store’ and ‘data_in’ with 8-bit 
length package data. These 2 input ports which are ‘datain_tx’ 
was connected to UART while ‘data_in’ was connected to 
FIFO. The output ports are labeled as ‘cs_tx’ and ‘cs_rx ’with 
4 four bus widths each act as a current state for transmit signal 
to FIFO and UART respectively. Furthermore, data out ports 
that are ‘data_rx’ as output port connected to UART and 8-bit 
widths bus “dataout_tx” as output port connected to FIFO. 

 
 
 
 
 
 

 
Fig. 5. The symbol block logic structure of shift converter 

In addition, the methodology in this designing an operation 
of the shift converter was also summarized it into two phases. 
Firstly, the converter for transmitting package data bus from 
UART (RS232 Engine Protocol) to USB Protocol Engine via 
FIFO and second receiving package data bus from USB 
Protocol Engine via FIFO to Universal Asynchronous Receiver 
and Transmitter (RS232 Protocol Engine) as illustrated in Fig. 
6 and Fig. 7 respectively. Each phase involved with four main 
modules, which are RS232 Protocol Engine, Bidirectional Shift 
Converter, FIFO and USB Protocol Engine. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Flow chart shift converter for transmit/receive signal to FIFO 
 

Therefore, based on Fig. 6 above, from the starting point, if 
“reset” is at logic ‘1’, then all the register will be cleared into 
‘0’ including “load” and output “dataout_tx” bit logic. 
Otherwise, if “load” is at logic ‘1’ and “reset” is ‘0’ the “shift” 
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process will operate using count operation technique once it 
detects. Finally, outputs “dataout_tx” will transmit data to 
FIFO in eight widths package data bus. In order to check the 
bit's operation to FIFO output register output pin “cs_tx” stand 
for current state inserted. All the Verilog HDL code created 
either main or sub-module were compiled and synthesized 
using Modelsim-Altera device in order to obtain and analyzed 
the results. 

Fig. 7 below illustrates the summarized operation shift 
converter receiving package data bus from FIFO to UART 
(RS232 Protocol Engine). From the starting point, if “reset” is 
at logic ‘1’, then all the register will be cleared into ‘0’ 
including “data_hold” and output “data_rx” bits logic. This 
‘data_hold’ will act as special internal register and decoded by 
sampling each frame received. Otherwise, if “store” and “reset” 
at bit ‘1’ and ‘0’ logic respectively the “shift” operation will on 
and “data_in” as bit input is load into register “data_hold”. 
Next, if “shift” is at logic ‘1’ will start shifting operation using 
‘count’ concept operation. Finally, outputs “data_rx” will 
transmit bit to RS232 Protocol Engine. In order to checking the 
bits operation to UART output register “cs_rx” stand for 
current state inserted. The Verilog HDL code were compile and 
synthesize in simulation using Modelsim-Altera device in order 
to obtain and analyze the results. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Flow chart shift converter for transmit/receive signal to UART 
 

 The third part in the design was the asynchronous FIFO 
where data values are written sequentially into a FIFO Buffer 
using a one clock domain, and the data values are sequentially 
read from the same FIFO Buffer using another clock domain. 
These two ‘clk’ domains are asynchronous to each other. The 
FIFO depth used is 16. In order to facilitate error-free 
operation, FIFO Full Signal and FIFO Empty signals were 
used. FIFO Full Signal used a ‘wr_clk’ while FIFO Empty 
Signal is driven by ‘r_clk’. When the FIFO is in-state Full 
Signal, it will stop writing into FIFO, however if the is in state 
Empty Signal it will stop reading from it. 

Lastly, the last parts were USB Protocol Engine for 
ISP1362. This is quite tough because it considered so many 

things in order to relate with their advantage used of full speed 
mode where it peak data rate able to reach 12Mbps. There are 
such Endpoint descriptor transfer transaction, declaration of 
four packets type (Token, Data, Handshake and Special), PID 
field, CRC (such are CRC5and CRC16), End-of-Package, 
(EOP), etc.   

 

IV. RESULTS AND DISCUSSIONS 

The architecture was modeling in Verilog HDL. The 
functionality and characteristic all designs were compiled and 
synthesized using Quartus II software. Then, the results of the 
simulation in ModelSim-Altera had been compare and 
analyzed with theoretical expectation. The “conv_bit” applied 
with 1ns\1ns timescale.  Final simulations results in the Shift 
Converter bit carried out and divided into two. First waveform 
result from the converter bit “conv_bit” analyzed between 
RS232 Protocol Engine to USB Protocol Engine via FIFO and 
second waveform result between USB Protocol Engine to 
RS232 Protocol Engine via FIFO.  

 All the operations involved were design based on their 
characteristics. After synthesized using ModelSim-Altera the 
architecture is run and compiled using TimeQuest Timing 
Analyzer to checking the summary of timing clock transmit 
and receive data through the shift converter. From this it is an 
ability to show the summary report and create timing Netlist 
using SDC language for all input and output timing clock and 
so on including the specific device reports for metastability.  

A. Simulation Waveform Result 
The result as shown in Fig. 8 below indicates the 

transmitting waveform carried out for the bidirectional shift 
converter bit “conv_bit” between RS232 Protocol Engine to 
FIFO using 1ns/1ns timescale. Two packages 1-byte bus input 
data ‘11010010’ and ‘10100100’ respectively were applied 
that receive from TXD port in RS232 Protocol Engine one by 
one bit.  While the rest of the input's port “reset” and “load” 
were forced at certain logic to be implement in embedded 
converter from RS232 to USB. However, as shown in Fig.8 
Below, input's port “reset” and “load” was forced at logic ‘0’ 
and ‘1’ respectively. The input's data in “datain_tx” one by 
one bit were shifted serially every posedge “clk” to the 1-byte 
bus at output data “dataout_tx” starting ‘10000000’, 
‘11000000’ and so on from  24900ns until the last byte first 
package ‘11011110’ at 25700ns then followed 25750ns to 
26510ns per byte data bus for the second package. 
Furthermore, the output port “cs_tx” clearly show the 
currently state operation.  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

1st package 2nd package

Fig. 8. Simulation waveform result for transmit signal to FIFO

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 207



The result shown in Fig. 9 below depicts the receiving 
waveform carried out for the converter bit between FIFO to 
RS232 Protocol Engine. Four packages 1-byte widths bus 
input data ‘10110101’, ‘10001101’, ‘10010001’ and 
‘10001101’ respectively transmit serially one by one to 
input  port FIFO in 1-byte bus package data each time. The 
rest of the input's port “reset” and “store” were forced at 
certain logic to check it functionality in order to be implement 
in embedded converter from RS232 to USB. However, as 
shown in Fig. 9 below inputs port “reset” and “store” was 
forced at “0” and “1” respectively. The package bus inputs 
data “data_in” were loaded into “data_hold” before shifted 
serially to one by one bit at output port “data_ rx." After it had 
done, it will continue with the next package bus data as 
describe above until the last package. Therefore, based on the 
two output waveform the output data was totally depending on 
the input data before totally transmit to UART shifted serially 
one by one all the receive package input data from FIFO. 

 
 

 
 

 
 
 
 
 
 
 
 
 

Fig. 9. Simulation waveform result for receive signal to UART 
 

Then, the architecture was compiled and stimulates using 
TimeQuest Timing Analyzer simulation to check the timing 
summary of the database. Based on Fig. 10 below, it has 
shown the transmission-line clock delay in the data arrival is 
2.685ns with zero metastability of the device. It is acceptable 
for reliable communication as theoretical expected. Besides 
that, a small delay occurred during the output data after rising 
clock edge, which is the most probably caused by net delay 
pins on EP2C35F672C6 FPGA.  
 
 
 
 
 
 

 
 
 

Fig. 10. Simulation waveform using TimeQuest Timing Analyzer 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11. Simulation waveform PID for USB 

Fig. 11 above depicts the produced and displays the output and 
test for the error when the SYNC detected for most all types of 
PID packet data. When the valid pid code observed in sync 
pattern in serial USB input data stream. 

 

V. CONCLUSION 

The results and discussions discussed in the previous 
section gives a clear perspective that the objective of this 
study been successfully achieved. The entire physical layer 
design of implementation's bidirectional Shift Converter Block 
technique for converter UART on FIFO to USB and FPGA 
developed using Verilog HDL and simulated using ModelSim-
Altera. The simulation results show that the converter bit 
model follows the theoretical development as a part 
implemented in embedded converter RS232 to USB. The 
model of the shift converter intended for embedded converter 
RS232 to USB design to Zigbee Protocol Engine will 
implement as a future work on this study.  

VI. ACKNOWLEDGEMENT 

This work is supported by the Fundamental Research Grant 
Schame (FRGS) of Ministry of Higher Education (MOHE). 

. 
 

REFERENCES 

[1] Vijaya,V;Valupadasu,R;Chunduri, B.R; Rekha, C.K; Sreedevi. B., 
“FPGA Implementation of RS232 to Universal Serial Bus 
Converter”, IEEE Symposium on Computers & Informatics (ISCI), 
pp 237-242, 2011.  

[2] Ana Luiza de Almeida Pereira Zuquim, Claudionor JosC Nunes 
Coelho Jr, Antanio Ot6vio Fernández, Marcos PCgo de Oliveira, 
AndrCa labrudi Tavares, “An Embended Converter From RS232 to 
Universal Serial Bus”, IEEE. 

[3] Jan Axelson, “USB Complete, Everything you need to develop 
custom USB Peripherals”, Penram Intl. Publishing (India), 1999. 

[4] Sunggu Lee, “Advanced Digital Logic Design Using Verilog, State 
Machines and Synthesis for FPGAs”, in Proc. 1st Edition, pp 46-107, 
ISBN 0-534-55161-0, 2006. 

[5] http://www.usb.org. 
[6] Mindshare, Inc., D. Anderson, “Universal Serial Bus System 

Architecture”, Addison-Wesley Developers Press, U.S., 1997. 
[7] R.Wyrmas,W. Zhang, M.J. Miller, and R.Anjaria, “Multiple Access 

Option for Multimedia Wireless System”, in Proc. 3rd Workshop on 
Third Generation, pp 289-294, Apr.1992 

[8] L. K. Hu and Q.CH. Wang, “UART-based Reliable Communication 
and performance Analysis”, Computer Engineering, Vol 32 No. 10, 
pp15-21, May 2006 

[9] Cavanagh, Joseph J.F, “Digital Design and Verilog HDL 
Fundamentals”, in Proc. 1st Edition, pp 566- 713, ISBN 978-1-4200-
7415-4, 2008. 

[10] Brown, Stephen D., “Fundamental of digital logic with Verilog 
design”, in Proc. 2nd Edition, pp77-166, ISBN 978-0-07-338033-9, 
2008. 

[11] Chan PK, Mourad S., “Digital Design Using Field Programmable 
Gate Arrays”, Upper Saddle River, NJ: Prentice-Hall, 1995 

[12] Oldfield JV, Dorf RC., “ Field programmable Gate Arrays”, New 
York: Wiley Inter-science,1995 

[13] Ciletti, Michael D, “Advance Digital System with the Verilog HDL”, 
in Proc. 1st Edition, pp103-132, ISBN 0-13-089161-4. 

[14] Shouqian, Y., Y. Lili, et al. (2007). Implementation of a Multi-
channel UART Controller Based on FIFO Technique and FPGA. 2nd 
IEEE Conference on Industrial Electronics and Applications, 2007. 
ICIEA 2007. 

[15] http://www.altera.com. 
[16] Cavanagh, Joseph J.F, “Digital Design and Verilog HDL 

Fundamental”,in Proc.1stEdition, pp620-622, 2008, ISBN 978-1-
4200-7415-4 

4 package data 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 208



Integration of Low Altitude Aerial & Terrestrial 
Photogrammetry Data in 3D Heritage Building 

Modeling 

Khairil Afendy Hashim1, Anuar Ahmad2, Abd. Manan Samad1, Khairul NizamTahar1 & Wani Sofia Udin3 
1Pixelgrammetry & Al-Idrisi Research Group (Pi_ALiRG) 

Centre of Studies Surveying Science & Geomatics, 
Faculty of Architecture, Planning & Surveying, 

Universiti Teknologi MARA, 
40450 Shah Alam, Selangor MALAYSIA  

 
2Institute for Science and Technology Geospatial (INSTEG),  

Faculty of Geoinformation & Real Estate, 
Universiti Teknologi Malaysia, 

81310 Skudai, Johore MALAYSIA 
 

3Faculty of Earth Sciences, 
Universiti Malaysia Kelantan, Lock Bag 100, 17600 Jeli, Kelantan, MALAYSIA 

 
email: khairilafendy@perlis.uitm.edu.my 

 
Abstract—Aerial photogrammetry is one of the geomatic 
technologies that can be used to produce topographic map while 
terrestrial photogrammetry has been used to produce 3D model 
of objects. Both methods could be used for many applications 
including for recording heritage building. This study is carried 
out to investigate the combination of two photogrammetric 
methods i.e aerial photogrammetry which utilizes light weight 
rotary-wing unmanned aerial vehicle (UAV) and terrestrial 
photogrammetry for the production of 3D heritage building. In 
this study, a building is simulated as a heritage building located 
in the precinct of Universiti Teknologi Malaysia. The UAV was 
used to acquire the digital aerial images of the building and its’ 
surrounding where the UAV is equipped with high resolution 
digital camera. For terrestrial photogrammetry, the digital 
images of the building facades are acquired from the ground 
using the similar high resolution digital camera. For accurate 
measurement, the high resolution digital camera is calibrated and 
later the recovered parameters are used for digital image 
processing. Surrounding and on the façades of the building, 
ground control points (GCP) and control points (CP) are 
established respectively using total station. The GCP is used in 
image processing of aerial photogrammetry to produce the 
orthophoto and foot print of the building. For the CP it is used in 
image processing of terrestrial photogrammetry to produce 3D 
model of the building. Then the results from both methods are 
combined together where the 3D model of the building is placed 
on the footprint of the building in the orthophoto. In conclusion, 
product of geomatic has been used by archeologist for decades, 
however, product such as 3D building could assist archeologist to 
produce better recoding of a heritage building.  

Keywords-Geomatic, aerial photogrammetry, terrestrial 
photogrammetry, closerange photogrammetry and 3D building 

I.  INTRODUCTION 
With the rapid development in surveying hardware, 

computer and software, the term surveying has changed and 
widely known as geomatic. It is well known that the output of 
geomatic such as topographic map, plan, 3D coordinates, cross-
section etc has benefited various professions such as engineers, 
architect, planner, administrator, scientist, researcher etc. In 
this paper, more discussion about photogrammetry whether the 
photograph is acquired from the air or ground surface is 
discussed. Other geomatic technologies will also be discussed. 

Photogrammetry is the technique that can be used for 3D 
object measurement and modeling using 
photographs/imageries. In photogrammetry, the basic concept 
involves the acquisition of two successive photographs which 
overlapped to one another that are necessary to allow the object 
image projection applies for the purpose of 3D measurement 
and modeling as shown in Figure 1. Photogrammetry can be 
divided into two main categories that are aerial 
photogrammetry and terrestrial photogrammetry (or widely 
known as close range photogrammetry. 

 
 
Figure 1: Two successive photographs (left and right photograph) for 

3D measurement and modeling. Source: [22] 
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II. AERIAL PHOTOGRAMMETRY 

A. Manned Aircraft 
This platform has been used since the last decade, 

especially in the work of preparation of topographic maps. In 
this method, photographs are taken using a digital metric 
cameras special mounted on the manned commercial aircraft. 
Figure 2 shows the aerial camera mounted on the aircraft, 
aircraft used for photographic mission and the aerial 
photography. The costs of aerial photogrammetry are usually 
very costly or very expensive in relation to the limited 
extension of the surveyed areas.  

 
 
 
 
 
 
 
 
Figure 2: (a) Aerial camera system mounted in an aircraft, (b) 
Aircraft used for aerial photography, (c) Aerial photography.  

Source: [17]. 

B. Unmanned Aerial Vehicle 
According to [5], UAVs are to be understood as 

uninhabited and reusable motorized aerial vehicles. These 
vehicles are remotely controlled, semi-autonomous, 
autonomous, or have a combination of these capabilities.  

 
Figure 3: Example of different types of civilian unmanned aerial 

vehicle (UAV) (a) Rotary (b) Fixed-wing 

Some fixed-wing platforms and mini-helicopters (rotary) as 
shown in the above Figure 3 can be considered UAVs, as they 
are “aircraft which are designed or modified, not to carry a 
human pilot and are operated through electronic input initiated 
by the flight controller or by an onboard autonomous flight 
management control system that does not require flight 
controller intervention” [4]. Nowadays, UAVs with off-the-
shelf digital cameras, panoramic cameras and a large number of 
diverse customer still video cameras and camcorders [18]. This 
is improved by GPS/INS systems for precise navigation and 
positioning [24, 25]. Figure 4 shows the ideal UAV system for 
mapping purposes. 

 

 
 

Figure 4: Unammaned Aerial Vehicle (UAV) system for mapping 
application-HexakopterTM. Source: [2] 

 

III. TERRESTRIAL PHOTOGRAMMETRY 
Terrestrial photogrammetry refers to applications where the 

camera is supported on the surface of the earth. Typically the 
camera is mounted on a tripod and the camera axis is oriented 
in or near the horizontal plane as shown in Figure 5.  

 
Figure 5: Terrestrial photogrammetry: Camera mounted on a 
theodolite tripod while taking heritage building photograph.  

Source: [11] 
 

A. CloseRange Photogrammetry 
Terrestrial photogrammetry is often called close range 

photogrammetry when the distance to the object is less than 
approximately 300 m [3]. Figure 6 shows an example of close 
range photogrammetry work begin from planning until the 
production of 3D model.  

 
Figure 6: Several examples of close range photogrammetry work: (a) 

Taking pictures (b) Images captured in sequence (c) 3D model 
Source: [23] 
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IV. UAV FOR CULTURAL HERITAGE 
Let consider for example the completion of the 3D survey 

of a construction, where the roof is to be capture at high 
resolution as well, or when a high-rising building has to be 
imaged with  its’ roof top. The availability of a micro or mini 
UAV equipped with a high resolution digital camera enables 
one to capture images from unconventional point-of-views and 
to respond to the above mentioned critical requirements. UAVs 
are successfully applied to map archaeological sites, where 
other surveying techniques are not suitable [6] 

A. Unesco Interest 
As can be seen from the UNESCO World Heritage List 

(whc.unesco.org), many recent additions can actually be 
classified in terms of culture and nature. In a press release (No. 
2002-77: “For UNESCO, Space Technologies should be 
Harnessed for Sustainable Development”) UNESCO has 
stressed the use of aerial sensor technology for monitoring 
World Heritage sites [21]. 

V. RESEARCH METHODOLOGY 

A. Research Background 
In this study, two main hardware are used which include the 

light weight rotary wing UAV and high resolution digital 
camera. Low altitude UAV is preferable in this study because it 
focuses on large scale mapping which involved small area 
only. Figure 8 shows the UAV and digital camera used in this 
study. 

 
 

Figure 8: Instrument used in this study (a) Light weight rotary wing 
UAV HexaKopter (b) digital camera 

 

In this study, high resolution Sony Alpha NEX-5N digital 
camera has been used in acquiring simulation heritage building 
model. This type of camera has 16.1MP CMOS sensor and 
1080p 60p HD movies in AVCHD format. In this study, micro 
UAV also known as HexaKopter has been used in acquiring 
images of simulation model. HexaKopter has 6 blades where 3 
blades rotate clockwise direction and 3 others blade turn to 
counter clockwise. The Sony digital camera is attached at the 
bottom of HexaKopter to capture aerial images during flight 
operation. In this study, aerial photogrammetry data is 
integrated with close range photogrammetry data to construct 
3D heritage building model. In another word the data will 
cover from bottom to the top of heritage building. For the 
purpose of the study, one of the Universiti Teknologi Malaysia 
buildings is simulated as a heritage building. Figure 9 shows 
an aerial view and side view of the new building of Faculty of 
Geoinformation & Real Estate (FGRE), UTM. 

 
  

Figure 9: Simulated heritage building (a) Main entrance side view 
and aerial view (b) Front left side view and aerial view 

 

B. Data Acquisition 
 
Aerial photography using aerial platform (rotary wing UAV) 

Flight and data acquisition is planned in the lab/site with 
UAV flight planning software, starting from the area of 
interest (AOI), the required ground sample distance (GSD) or 
footprint (download from virtual earth), and knowing the 
intrinsic parameters of the mounted digital camera. Thus 
fixing the image scale and camera focal length, the flying 
height is derived. The camera exposure station in space or 
known as ‘waypoint‘ is computed by fixing the longitudinal 
and transversal overlap of strips, while the presence of 
GNSS/INS onboard is usually exploited to guide the image 
acquisition. During flight, the platform is normally observed 
with a control station which shows real-time flight data such 
as position, speed, attitude and distances, GNSS observations, 
battery or fuel status, rotor speed, etc. This system allows 
image data acquisition following the computed ‘waypoint’. 
Figure 10 depicts the operation/procedure involved in 
acquiring digital aerial photograph of the study area. 

 
 

Figure 10: Procedure of data acquisition sequence using rotary wing 
UAV (a) Planning waypoint, (b) Planned data linked to the UAV, (c) 

Take off autonomously and (d) Aerial photography (e) Landing 
Autonomously 

 

UAV 
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Aerial photography using ground platform  
For the implementation of the digital photographic works, 

the digital images of object structure must be captured. There 
are some condition that must be considered for taking 
photograph such as situation of environment, distance from 
camera to object/structure, angle of photography, photography 
configuration and number of. The placing of camera station is 
very important stage. This is because the captured images will 
be processed using digital close range photogrammetry 
software known as PhotoModelerTM. In this software, there are 
certain things that must be consistent with the rules of the 
PhotoModelerTM and the principle of close-range 
photogrammetry 

C. Camera calibration 
For highest accuracy, it is necessary in close range 

photogrammetry to account the variation of lens distortion 
within the photographic field. The camera needs to be 
calibrated for the purpose of eliminating image distortion. The 
process of camera calibration will provide the recovery of 
camera parameters such as focal length, coordinates of 
principal point and lens distortion. Figure 11 shows the 
calibration plat used in camera calibration process, camera 
position during image acquisition and camera intersection ray 
during calibration data processing. 

 
 

Figure 11: Camera calibration (a) Calibration plat (b) Camera 
position (c) Intersection bundle of ray 

 
The results of camera calibration are shown in Table 1. 

There are 10 parameters recovered in the camera calibration 
process which include the focal length (c), principal point (XP 
and YP), format width (FW), format height (FH), radial lens 
distortion (K1, K2, K3) and decentering lens distortion (P1, 
P2). 

 

Table 1: Camera calibration results 
 

   Sony NEX-5N 
c (mm) 18.717038 mm 

XP 11.843107 mm 
YP 7.895478 mm 
FW 24.009243 mm 
FH 15.947883 mm 
K1 5.505e-004 
K2 -6.732e-007 
K3 0.000e+000 
P1 4.739e-005 
P2 -5.980e-005 

D. Digital images processing 
 

Aerial photogrammetry 
All acquired digital aerial images were processed using 

photogrammetric software known as Erdas ImagineTM. This 
software allows triangulation is carried out if more than two 
photographs exist. After the triangulation is carried out 
stereoscopic model could be formed and vectoring or digitizing 
could be performed to produce digital map. The software also 
allows automatic digital terrain model (DTM) and orthophoto 
be generated where these products could be used later in GIS 
environment. 

 
Close range photogrammetry 

At this stage, the acquired digital images of the building 
facades are processed to build the 3D model. This process is 
performed in the processing software known as 
PhotoModelerTM. This window based software is used to 
extract measurements and 3D models from digital images. By 
using a camera as an input device, PhotoModelerTM lets the 
user to capture accurate detail in a short period and generated 
3D model. A 3D model is a set of connected 3D points, edges, 
curves and cylinders or shapes which represent an object. Three 
dimensional points have coordinate values for each of the 
Cartesian axes (X, Y, and Z). The points and edges in the 3D 
model can be connected by lines and/or by patches, called 
surfaces. This connection is used to visualize in three 
dimensions when the model is projected onto a flat surface 
such as a computer monitor or a printed page. 

 

VI. RESULT & DISCUSSION 

A. Aerial Photogrammetry using UAV 
As mentioned in Section V (E), the digital aerial images 

are processed using Erdas ImagineTM software together with 
GCPs. The triangulation is performed and later the DTM and 
subsequently the orthophoto are generated. The original 
purpose of generating the orthophoto is to obtain the footprint 
of the new FGRE building and later the 3D model of the 
building is generated. Subsequently, both the footprint and the 
3D model of the building is combined together or integrated 
on the same coordinate system. Figure 12 shows the 
orthophoto of the study area generated using Erdas ImagineTM 
software. These also conclude that data acquired from the 
rotary wing UAV can be used to produce orthophoto. 

 
 

 
 
 
 
 

Figure 12: Orthophoto of study area 

New FGRE 
Building 
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B. Close Range Photogrammetry using UAV & Ground 
Platform 
The main objective of this study is to integrate between 

aerial photogrammetry and close range photogrammetry to 
develop simulated 3D model of heritage building using the new 
FGRE building as case study. For aerial photogrammetry, the 
digital aerial images were acquired and processed successfully 
(Figure 12). The development of the 3D model of the new 
FGRE building is still in progress and it takes sometimes to 
produce it due to its’ complex structure. At present a small 
Tenaga Nasional Building (TNB) within the precinct of new 
FGRE building was successfully modeled in 3D as shown in 
Figure 14.  

Table 2 shows the point ID, RMS residual (pixels), largest 
residual (pixels), X precision, Y precision, Z precision and 
angle in PhotoModelerTM software. The RMS residual must not 
larger than 5 pixels to ensure the measurement project is 
accurate and always in control. If the RMS value larger than 5 
pixels then the point will be marked on the wrong place 
because of the error especially in image referencing using 
epipolar matching tool. PhotoModelerTM software contains 
tools for detecting epipolar traces, and after defining new 
connecting point, calibration is iteratively upgraded for every 
imported point or angle. If the user defines a connecting point 
too far from epipolar trace, that point will not be used for 
calibration and the point will be marked as potentially wrong. 
Figure 13 shows how this software defined a connecting point 
and detected epipolar trace on edge.  

Next the visual output/result process that has been 
processed using PhotoModelerTM is shown in Figure 14. The 
output started with line, followed by wireframe and shading. 
This software allows the product exported into AutoCAD for 
further editing and process depend on application involve. 
Figure 15 shows the camera position of UAV platform and 
close range photogrammetry platform. This remarked that these 
two platforms can be integrated together in produce 3D model 
of the small TNB building. By using the same procedure, it is 
anticipated that the new FGRE building could be modeled 
successfully too, however, more time is required to achieve the 
objective of the study. 

 

Table 2: Point Table-Quality Assessment 

                                 
 
 
 
 
 
 
 
 
 
 
        
   
 
                                        

 
 

Figure 14: Building structure produced using PhotoModelerTM 
 
 

 
 

Figure 15: Camera position shown in PhotoModeler TM software 
 

True World Line 

Wireframe Shading 

Figure 13: Epipolar tool in image referencing process 
using PhotoModelerTM 
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VII. CONCLUSION 
The main advantage of photogrammetric modeling is the 

economy of procedure. The terrain work is much shorter 
compared to on site measuring dimensions. Time needed for 
modeling is about the same as time needed for drawing object. 
Greater quantity of information is obtained using 3D modeling 
compared to drawing in 2D. Model can be exported in other 
modeling or animation software which allows further treatment 
(element editing, adding lighting, creating dynamic view, etc.). 
Depending on the software quality, accuracy and precision of 
model can be higher. Important advantage of photogrammetric 
modeling is obtaining information about inapproachable 
structures or some of its elements. This is essential for heritage 
objects or buildings which are located on rough terrain, or 
structure elements having high and inapproachable facades. In 
contrast to traditional architectural drawings of heritage 
building or objects which contain only dimensions, model also 
contains detailed information about used materials. This is 
especially important if damaged parts of structure appear which 
are then dimensioned altogether with the model. 

The 3D building structure of this simulation building had 
successfully been produced using digital close range 
photogrammetry (DCRP) approach integrated with images 
captured using rotary wing UAV which is based on aerial 
photogrammetric technique. Our next task is to model the 
entire new FGRE building based on DCRP and subsequently 
combine with the footprint of the building on a common 
reference coordinate system and GIS environment. In 
geomatic, many type of products have been used by 
archeologist for decades such as topgraphic map, thematic 
map, digital map, orthophoto, topographic database, 
engineering plan, certified plan (CP) and others. However, 
product such as 3D model of building could assist them to 
produce better recording especially for heritage building. 
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Abstract—This paper presents an online system that aims to 
recommend suitable audio-therapy to improve mental states of a 
user. It is designed and implemented with a capacity to analyse 
user’s current mental states and based on the acquired result, 
recommend a suitable audio-therapy for the user. The web based 
system was developed with a number of components. The core 
engine of the system is an online questionnaire component used to 
determine the user’s current mental states and an audio-therapy 
matching component. The latter is driven by an algorithm 
created to match the user’s score derived from the answered 
questionnaire to suitable therapy audios, recommended for the 
purpose of improving the user’s mental states. The system was 
implemented using database-driven PHP server script, enabling 
dynamic functionalities and features offered to both end-users 
and psychiatrists. 

Keywords- audio therapy, questionnaire, recommender, 
improve mental states, online application, depression 

I.  INTRODUCTION  
The world’s activities become more challenging from day 

to day and consequently the number of people with mental 
illness keeps increasing considerably. According to the World 
Health Organization (WHO), in year 2020 depression will be 
the second major disability leading to various diseases in the 
world. This fact becomes our main motive where the difficulty 
in obtaining treatment for mental illness is a major issue that 
we are focusing on. For most people, treatments for mental 
illness are considered too troublesome, which require sacrifice 
in terms of efforts, time and cost. Acknowledging this reality, 
this project has tried to come out with a convenient system, 
specifically designed for the purpose of improving users’ 
mental states. Different brainwave patterns are associated with 
different mental states or consciousness. In this regards, 
brainwaves are normally categorized by five main power 
spectrums, namely delta, theta, alpha, beta and high beta. 
Table 1 summarizes the association between these different 
brainwave frequency-groups to the associated mental states. 

Our main aim was to produce a system that is accessible 
almost anywhere and anytime. Based on this requirement, the 
best choice was to implement a web-based system. The main 
rationale behind this decision was due to the fact that web-
browser application is one of the most common applications 
supported by all operating systems and platforms such as on 
personal computers, hand phones and other portable electronic 
devices. To accomplish this objective, we have implemented 

the system using PHP scripting language, offering a dynamic 
online–based application for the users. 

 
Table 1. Brainwave Frequencies associated with different mental states [1] 

Brainwave Frequency Range Associated Mental States 
Delta frequencies 

(1-4 Hz) deep sleep 

Theta frequencies  
(4-8 Hz) 

light sleep 
creativity 

insight 
Alpha frequencies  

(8-12 Hz) 
      a calm and peaceful 

      yet alert state 
Beta frequencies  

(13-21 Hz) 
      Thinking 

      focusing state 
High beta frequencies  

(20-32 Hz) 
   intensity or 
      anxiety 

 
In order to make this system more beneficial, it is designed 

to enable it to capture and collect useful data entered by the 
users. Manipulating such data, this system is applicable as a 
useful tool for psychiatrists to view the user records. This is 
particularly helpful in a situation where a psychiatrist is needed 
to analyse the user’s data further. In order to improve the 
current mental states of a user, this system will recommend a 
therapy audio for the user to listen. This relates to works done 
on brainwave entrainment as therapy audio, e.g. binaural beats 
entrainment that leads to alterations of brainwave states, aiming 
to create a positive effect in the physiological and 
psychological state of human subjects, i.e. by restoring 
‘normal’ healthy brain wave patterns [1,2,3]. The 
recommendation on such therapeutic audio is made based the 
score acquired by the user from the mental- state analysis 
process, i.e. by using questionnaire. Such recommendation was 
specifically made with the aim of treating the user’s depression 
(if present) or improving his or her mental state. 

II. SYSTEM DESIGN 
The system consists of several components, namely the 

Login Form Component, Member Registration and Scoring 
Component, One-time Scoring Component, Questionnaire 
Component, User Contact Profile Component, Audio Matching 
Component, Diagnostic Component, Patient Record 
Component, User Database Component, Edit Question 
Component and Database Component. Fig. 1 shows the 
architecture of our online adaptive system. There are about 
eleven components that dependently work with each other. As 
shown by the figure, most components require access to the 
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database component, which can be regarded as the backbone of 
the system. The only component that does not interact with the 
database component is the one-time scoring component. Three 
ways a user may access the questionnaire component is either 
via the login form, one-time scoring or member registration and 
scoring component. Only a user who has successfully passes 
through the login component with required authentication will 
have access to the whole system. Details for each of these 
components will be described in the following section. 

A. System Architecture 

 
Fig. 1 Architecture of online adaptive system 

B. System Component 
1) Login Form Component: The first component of this 

system is the login form as shown in Fig. 2. This login form 
will be able to authenticate any user into the system, given that 
the user has provided correct login and password.  For security 
purpose, the authentication process is also useful to avoid any 
attempt of SQL injection. Once a user is authorized into the 
system, the user will be assigned to a particular access level, 
which indicates an authorization category that allows user 
access to specific components of the system, while denying 
access to other components. Adopting this approach can avoid 
misuse of system functionalities by categorizing users into 
administrator and patient groups. Each of these groups will be 
assigned several accessible and inaccessible components. 
Upon successful login, the system will display the logout 
function for the user to exit and invalidate their session from 
the system. The reason for this action is to ensure that once the 
user has finished completing their task or decided to end their 
session, they are able to end their session immediately. This is 
enabled mainly for security purpose, which will prohibit other 
users of the same machine (PC) from misusing another user’s 
session. 

 
Fig. 2 Login form component 

2) Member Registration and Scoring Component: Next 
component in this system is the member registration and 
scoring form.  This form performs two functions at once. The 
first function is to register a new user into the system, while 
the second function is to record other necessary profile details 
such as the user’s gender, age, and employment status. This 
information is important to be tailored with the questionnaire 
component. For the user registration function, a user must 
provide three inputs, which are their unique username, 
password and its confirmation. Upon reception of these inputs, 
the system will first make sure that the username provided has 
never been used before and also the password and its 
confirmation are matched. If these requirements are not 
satisfied, the data will not be recorded by the system and the 
user will be redirected back to the previous page with an error 
notification due to incorrect inputs entered by the user.  

The second functionality of this member registration 
and scoring component is to record necessary user’s profile 
details. As mentioned earlier, although this function may not 
be important to the system’s core functionality itself, but it is 
greatly important for data analysis and statistics purpose, e.g. 
for depression analysis. So, this function is set as compulsory 
that requires a user to select appropriate options to proceed to 
other components in this system.  Failure to obtain these 
additional inputs from the user will result in difficulty to 
generate statistic and analysis for depression.  Fig. 3 below 
illustrates the registration component’s interface. 

 
Fig. 3 User registration 

3) One-time Scoring Component:  The one-time scoring 
component (see Fig. 4) basically skips any user registration or 
profile recording, which allows the user to directly proceed to 
the next component of the system, without requiring any 
authorization process. In this case, the system will view the 
user as a guest who is allowed a limited access to the system’s 
components. As reflected by its name, this component is 
mainly used by the user to access the questionnaire component 
and proceed to other components that are related to the 
questionnaire component.  
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Fig. 4 One-time Scoring Component 

4) Questionnaire Component: The next and most 
important component of this system is the questionnaire 
component. It consists of two parts, which are the question and 
results parts. The question part will display all questions 
required to be answered by the user. The set of questions 
displayed by the system are dynamic in the sense that they are 
changeable over time when necessary. The questions are in the 
form of objective or multiple choice questions. For this type of 
questions, the system is able to accept only one selected 
answer from a set of optional answers. Unanswered question is 
unacceptable by the system and this is based on the 
questionnaire answering procedure that does not allow a user 
to skip any of the questions. These questions are used to 
screen the user’s current mental states, e.g. to detect whether 
they have symptoms of depression. Thus they do not have the 
right or wrong answer, but each of the given answers leads to 
a different score.  

The result part will display the total score counted for 
the user based on the answers given for the whole 
questionnaire set. Besides the score, the interpretation or 
meaning of the achieved score is also presented to the user, 
which indicates the user’s level of depression, e.g. normal, 
depressed, etc. The process of calculating the score was made 
to exactly follow the scoring scale adopted by the screening 
questionnaire set.  This way, the automated scoring calculation 
should not be different from the manual calculation. The 
system is also capable of determining the user’s answering 
process, e.g. whether the user has answered all questions or 
has stopped in the middle of the question-answering process. 
Fig. 5 illustrates a sample question displayed by the 
questionnaire component. 

 
Fig. 5 Questionnaire component’s interface 

5) User Contact Profile Component: Another component 
of our online adaptive audio-therapy system is a component 
used to update the user’s contact profile. Its interface is shown 
in Fig. 6. The difference between the interface generated by 
this component with the interface generated by the member 
registration and scoring component is on the details requested 

from the user. The user’s details requested by the form before 
the questionnaire are the user’s background information. Such 
information is necessary to analyse the characteristics of the 
user, in relation to the questionnaire given. On the other hand, 
the user’s contact profile basically provides the information on 
how a particular user can be contacted or reached.  

 
Fig. 6 User contact profile component 

The user registration interface was specifically 
designed in such a way that it does not look too complicated to 
prevent the user from feeling difficult to initiate the test at the 
first place. Once a user has filled in all requested details and 
completed the questionnaire, only then the user will be 
provided with this user contact profile to be completed. 
However, this form is set as an optional form to be filled in by 
the user and the user may straight away proceed to another 
page if they choose not to provide their contact details in the 
system. 

6) Audio Matching Component: The main role of the 
audio-therapy matching component is to recommend a suitable 
audio-therapy to the user. The recommendation is made based 
on the score obtained by the user from the answered 
questionnaire. Different therapy-audios are recommended to 
different users depending on their scores, which basically 
indicate the different mental states or level of depression (if 
present). The main aim of this component is to recommend a 
suitable therapy-audio specifically to improve the user’s 
mental states or level of depression, e.g. by using an 
entrainment audio. In general, the whole system is coined to 
be an adaptive system based on this particular feature it offers. 
The correct pair-matching between the scores acquired by 
users and the audio-therapy deemed as suitable should be 
based on the judgements made by experts in the relevant 
fields, e.g. brainwave entrainment experts. Otherwise, this can 
be a research issue own its own. Having said that, the decision 
process in matching the user-scores and audio-therapy pairs, is 
beyond the scope of this paper, where the proposed system 
only provides the platform in enabling such matching or 
mapping process to occur.   

7) Diagnostic Component: The diagnostic component does 
not differ much from the questionnaire component in terms of 
their operations. However the main difference between these 
two components is that the diagnostic component is used by a 
system administrator, who most likely is the psychiatrist. This 
diagnostic component is referred to by the psychiatrist to 
analyse the user or patient’s condition when they meet. This 
component is divided into two parts. The first part is the 
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questionnaire set, which is changeable to a different set if 
necessary, while the second part is the result part. To view and 
analyze the previous record for an individual patient, the 
psychiatrist may choose a particular patient’s username from 
the users’ list.  For diagnostic purpose, based on initial 
interactions with the patient, the diagnostic questionnaire will 
be filled in by the psychiatrists to help them diagnose the 
patient’s mental condition. Once a questionnaire is completed, 
the result will be displayed indicating the patient’s condition, 
e.g. either the patient is experiencing major depressive episode 
or recurrent major depressive episode. This result will be 
captured for patient record purpose. 

 
Fig. 7 Patient record component 

8) Patient Record Component: The main function of the 
patient record component (see Fig. 7) is for the psychiatrist or 
administrator to view the records of a particular patient. This 
important feature will help the psychiatrist to analyze the 
patient’s mental condition in a long run. The administrator or 
psychiatrist just needs to enter a patient’s username to view 
the patient’s past records. This component is strictly offered 
only for administrator or psychiatrist use since patients’ data 
need to be kept private and confidential. The patient record 
includes the patient’s score obtained from the filled-in 
questionnaire and also their profile and contact details. 

 
Fig. 8 User database component 

9) User Database Component: To promote research and 
statistical analysis, which may be necessary in the future, this 
system includes an important component which is the user 
database (see Fig. 8). The User database component and 
Patient Record component have quite similar functionality but 
with different purpose. The user database component will not 
display user contact details as in the Patient Record 
component. However this component will display all users’ 
record in terms of the user profile details such as age, gender 
and employment status and also the questionnaire score 
obtained by each patient with the recorded date and time of 
when the questionnaire was submitted. In addition, this 

component offers a filtering mechanism where it allows the 
administrator or psychiatrist to choose users with specific 
criteria. For example, the administrator can choose to list only 
male users, who are around 25 years of age and have 
completed the questionnaire. Basically this system allows the 
administrator, based on their preference to get a list of users 
who satisfy a set of preferred criteria of any combination. This 
feature is really helpful in statistical data collection and will 
help to improve the efficiency of related research work. 

10) Edit Question Component: Changes in the 
questionnaire sets are sometimes required and necessary at 
some point of time, e.g. there is a new questionnaire set to be 
adopted or some corrections are required to be made to the 
existing questionnaires. Acknowledging this requirement, the 
Edit Question component is developed to allow the 
administrator to perform necessary changes to the 
questionnaire set. The types of changes allowable include 
modifications to the content, i.e. the questions, answers and 
scores being defined for the selected answers. Additions of 
new question-answer-score sets are also allowed to be 
performed to the existing questionnaire set.  

The system is made to be more dynamic in adapting the 
questionnaires to different sets where the system allows the 
number of multiple choice answers of each question to vary 
between two to four optional answers. This way, the 
administrator is able to insert and manage the number of 
multiple choice answers provided to the user. A question with 
more than 4 multiple choice answers is believed to be too 
confusing or difficult for users especially those with 
depression to answer and thus we limit the choice up to the 
maximum of four answers.  Any modifications performed to 
the questionnaires are directly reflected in the database and 
thus will take effect immediately.  As a step of caution, the 
administrator is only allowed to make any changes to the 
questionnaire when no user is answering the questionnaire. 
Without this caution, activities concurrently performed by the 
administrator and users may lead to unreliable data being 
recorded in the database. 

11) Database Component: The database component is an 
important component that becomes the backbone of the 
system. It keeps all of users’ details that include users’ profile 
and contact information, authentication details and the 
obtained score. All components of the system are database-
driven except for the one-time scoring component since it does 
not require any data to be captured or recorded. The database 
was specifically designed in such a way that the stored data 
are well organized to allow easy data retrieval.  

C. Questionnaire 
The questionnaire component handles two types of 

questionnaires. The first type is known as the screening 
questionnaire such as the Depression Anxiety Stress Scales 
(DASS), Hospital Anxiety and Depression Scale (HADS) and 
Geriatric Depression Scale [4]. This type of questionnaire is 
patient-rated type of questionnaire where the questionnaire 
should be answered by the users or patients themselves. For 
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our system, the screening questionnaire is specifically used to 
test or measure the current mental state or depression level of 
an individual. The results obtained from this screening 
questionnaire will be used by the audio-matching component 
to determine and recommend suitable audio for the user as a 
therapy. Such screening questionnaire is capable of detecting 
users’ short term depression level, e.g. for a period of one 
week. This detection will be very useful to treat or improve 
mental states of the user with such condition but not reliable to 
determine if the user has recurrent depressive episode. 

To determine if a user is having recurrent depressive 
episode, the second type of questionnaire is adopted, which is 
known as the diagnostic questionnaire. Some examples of 
diagnostic questionnaire are M.I.N.I, Montgomery-Asberg 
Depression Scale (MADRS) and Hamilton Rating Scale for 
Depression [5]. The main difference between diagnostic 
questionnaires with screening questionnaires is that the 
diagnostic questionnaire can only be rated by psychiatrist. 
Only psychiatrist will have access to this type of questionnaire, 
which will be used to examine user’s mental condition. There 
will be some cases, where the users themselves meet the 
psychiatrist after knowing that they are having depression or 
tendency of being depressed based on the answered screening 
questionnaire. For such cases, the psychiatrist will be able to 
retrieve the patient’s screening records prior to analysing the 
patient’s mental condition by using the diagnostic 
questionnaire, i.e. to determine if the user has recurrent 
depressive episode. 

As a whole, the system can help users to determine their 
current mental states, while helping the psychiatrist to examine 
users to determine the type of depression being experienced. 
From these offered features, this system can be seen as a 
complete set or tool that can be used to control or improve 
users’ mental states and treating the user depression if 
necessary. 

III. SYSTEM IMPLEMENTATION 

A. Programming Language, Scripting and Database 
1) Several factors have been considered in developing and 

implementing the online adaptive system for depression such 
as compatibility, scalability, platform, usability, cost, 
performance and speed. Considering all these factors, this 
system will be built on a web server using PHP and HTML as 
the main scripting language and MySQL as the database 
server to fulfil the design. 

2) Being a dynamic PHP-based system, the system is more 
useful by integrating it with a database. PHP may support 
many types of databases such as MySQL, Informix, Oracle, 
Sybase, Solid, PostgreSQL, Generic ODBC and other type of 
database. For this project, MySQL server is used as its 
database server since MySQL is suitable either for a small or 
large applications and it supports standard SQL. Besides, 
MySQL is free to use, which makes it more preferred than the 
other type of databases.  

 
Fig. 9 Member table 

The database is designed to consist of three tables. The 
first table is named as “member” (see Fig. 9), which is used to 
keep records on registered username, password and the user’s 
authorization level. This table is accessed by the login-form, 
member-registration and scoring components. The login-form 
component access to the database is specific to authorization 
process, while the member-registration and scoring component 
access to the database is more to perform insertion of data. 
The users’ authorization level recorded in this table indicates 
the types of allowable users’ access to the different features 
and components of the system.  

 
Fig. 10 Patient table 

Patient table as shown in Fig. 10 is another table stored in 
the database. This table contains eight fields that hold users’ 
details and questionnaire results. The member-registration, 
scoring component and the questionnaire component are ones 
that perform data insertion and update onto this table. On the 
other hand, the user-database and patient-record components 
are ones that fetch data from this table.  

Another table is the Profile table, which keeps record of 
users’ contact details. The components related with this table 
are the User Contact Profile and Patient Record component. 
User Contact Profile component performs insertion, update 
and retrieval from this table, while the Patient Record 
component will only fetch data from this table. 

B. Relation Page and Components 
Each of the components described in the system design are 

implemented as dynamic PHP pages, viewable on users’ web 
browsers. The index page is populated by four components 
which are the login form, one-time scoring, member 
registration and scoring component. The index page has 
several dynamic views or appearances depending on the user’s 
level authorized into the system. By default, a new incoming 
user or guest is able to see all components’ interface on the 
index page. However, for users who have registered or logged 
in as a patient, the one-time scoring component’s interface 
(with username and password input box inside the registration 
form) will not appear on the index page. On the other hand, for 
a user logged in as the administrator, interfaces of all other 
components will be hidden except for the login component’s 
interface and a link to the administrator page. 
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The test page is driven by the questionnaire component, 
which captures a specific user-session for a particular user. 
Once a user has answered all questions displayed by the 
system, the result will be presented, after which the user will 
be given access to the update profile page. This page is driven 
by the user contact profile component. Based on the unique 
user-session created earlier for a particular logged-in user, the 
system only allows the user to update their own profile.  Once 
the user has done with the user contact profile or chooses to 
skip the component, the user will be guided onto the audio 
page, which will recommend audio-therapy especially to 
improve the user’s mental states. The audio recommendation 
page is driven by the audio matching component. 

An administrator user is given a different authorization 
level compared to an end user. The administrator will be able 
to access the diagnostic page, which is used to diagnose a 
patient. This page is driven by the diagnostic component. 
Another page accessible by the administrator is the patient 
record page, which displays a particular patient’s record. This 
page is driven by the patient record component. As for the 
database page, which is also accessible by the administrator, 
the page is displays all users’ record filtered by the criteria 
chosen by the administrator. 

IV. CONCLUSIONS 
This Online Adaptive System has been designed and 

implemented specifically aiming to address the issues of 
obtaining easier and portable treatments for mental illness. By 
using this online system, the users are given access to get the 
recommended treatment, which is in the form of audio-therapy, 
particularly aimed to improve the users’ mental states at their 
own convenience. The system is also designed to be a 
database-driven system, specifically to allow centralized 
storage and maintenance of users’ records. Moreover, 
appropriate therapy-audios will be recommended by the system 
based on the score acquired by the user from the answered 
screening questionnaire.  The mechanism used to match a 
user’s score with suitable therapy audios is one of core engine 
and the main contribution of the system. Although the 
suggested therapy-audio is not particularly aiming to control 
the user’s mental state in a long run, but the recommended 
therapy-audio is expected to be able to instantly reduce the 
user’s depression level and to improve the user’s mental states. 
As a whole, the system can be seen as a great system-
combination with a mechanism to analyze the user’s current 
mental condition, providing results to be employed by another 
mechanism, which recommends suitable therapy audio as a 
treatment to the user. Another mechanism especially offered to 
the administrator or psychiatrist is one that keeps track of the 
patients’ profile and analysis records. Having said that, the 
system is proposed as a package offering benefits for both the 
end-user patients and the psychiatrists. 
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Abstract— Fatigue is the primary cause of structural failure. 
Fatigue failures are caused by fatigue loadings in the form of 
cyclic loads. To avoid fatigue failures, structures need 
monitoring. This paper reports a study of optical fiber Bragg 
grating responses under variable amplitude fatigue load. Use of 
optical fiber in monitoring structural condition becomes 
extensive research nowadays due to its advantageous 
characteristics than conventional method such as using strain 
gauges. A standard specimen (ASTM E606) is used for initial 
study. The specimens were attached with fiber Bragg grating 
sensor and test configuration were set up. All the data and 
information were analyzed and comparisons with strain gauge 
sensor were performed. It was observed that response from FBG 
sensor is consistent with applied cyclic loads. 

Keywords-fatigue; structural monitoring; fiber Bragg gratings; 
strain gauge 

I.  INTRODUCTION 
Fatigue is a beginning for a catastrophic structural failure. 

When repeated stresses are applied to the structure, fatigue 
failure will start to happen. Fatigue failures happen in a sudden 
and total nature, thus it is very dangerous. Continuous 
monitoring on structure can avoid the structure from fatigue 
failure. 

Structural health monitoring (SHM) is a process of gaining 
information of the current condition of a structure. Early 
detection of damage can be spotted in this method; hence the 
life of structure can be extended. The prediction of structural 
deterioration over time can be made so remaining life can be 
calculated by analyzing the gathered history data through SHM 
methodology [1]. 

In analyzing fatigue failures by using SHM, fatigue 
parameters must be known so the prediction of remaining life 
time of the structure can be done. To obtain these parameters, a 
good sensor shall be attached to the structure. A sensor must be 
sensitive to the measured parameters, do not influence the 
behavior of structure and also not responding to other 
constraints. Sensor also must be durable, sensitive to small 
changes, non-electric, and immune to intensity fluctuation. 

Fiber Bragg grating (FBG) provides advantages compared 
to conventional sensor. FBG sensor is sensitive to the change 
of physical parameters in the form of wavelength shift of the 
reflected light. Since the reflected light has a very narrow 
bandwidth (typically 0.1-0.5 nm), it is ideally suited for sensing 
applications [2]. 

A research on the application of optical fiber Bragg grating 
sensor for structure monitoring was reported by M. Kamil Abd 
Rahman et.al. They were able to show that the Fiber Bragg 
Grating (FBG) sensors show matching strains with applied 
forces to the vibrating wire strain gauge (VWSG) sensor had a 
small error. The experiment done using three FBG sensors and 
vibrating wire strain gauge (VWSG) were mounted on 650mm 
(R12.5) mild steel rod. The tensile stress test was conducted. It 
can be concluded that the sensitivity of FBG sensor is 
substantially high, the measurement of tensile stress and other 
related parameters on structures and environment can be 
accurately and precisely determined [3]. 

Development of fatigue monitoring to fighter aircrafts were 
reported by W Kuntjoro et.al [4]. Local strain approach has 
been used for strain estimation techniques on life prediction. 
Neuber’s rule was used to predict the notch geometry effect. 
Rain flow cycle counting method was employed to extract 
cycle from random loading spectrum. Mean stress correction 
factor was based on Smith-Watson-Topper (SWT) equation 
and Palmgren-Miner rule was used to conduct summation of 
the cycle damage. The monitoring was based on the 
accelerometer and strain-gauges installed on the airplanes. 

A study of FBG sensor and electrical strain gauge for strain 
measurement by B. A. Tahir et.al was conducted to make a 
comparison of both sensor performance and advantages. It 
alleged that FBG sensor data correlates better with the 
theoretical calculation than the electrical cantilever gauge value 
[5]. FBG sensor also has good qualities over electrical strain 
gauge. FBG are immune to electromagnetic interface, can 
measure very high strain (>10 000μm/m), and having good 
corrosion resistance [3][5]. On a single fiber, many FBG 
sensors can be located in a row and it will ease the installation 
[6][7]. 

Fundamental Research Grant Scheme (FRGS), MOHE Research Grant, 
RMI UiTM 
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In this paper, a research with the general objective of 
studying the response of optical fiber Bragg grating under the 
variable of amplitude load is reported. Based on the response of 
optical fiber, the characterization of fatigue load parameters 
can be eventually performed. In this research, a standard 
specimen (ASTM E606) is used for initial study. The 
specimens were attached with fiber Bragg grating sensor and 
test configuration were set up. All the data and information 
were analyzed and a comparison with strain gauge sensor was 
performed. It is planned for the follow on study, the structure to 
be attached by fiber Bragg grating system is a wing-box aircraft 
structure.. 

II. FATIGUE FAILURE 
In static, when yield strength point was exceeded a large 

deflection on structure occurs then failure will happen. Thus 
many static failures can be detected with naked eye. But fatigue 
failure is contradictory to that. An unexpected and total failure 
will occur. A fatigue failure has a similarity with a brittle 
fracture where the fracture surfaces are flat and perpendicular 
to the stress axis with the absence of necking [8]. The initial 
fatigue failure occurs when one or more microcrack(s) initiate 
due to cyclic plastic deformation followed by crystallographic 
propagation extension. Then microcrack(s) become 
macrocrack(s) and will reach a critical size of cracks. The 
structure will suddenly fracture. 

A. Characterizing Fluctuating Stresses. 
Fluctuating stress is often in the form of a sinusoidal 

pattern. Is has been found that in periodic patterns exhibiting a 
single maximum and a single minimum of force, the shape of 
the wave is not important, but the peaks on the high side 
(maximum) and the low side (minimum) are important [8]. 
There are three basic factors necessary to cause fatigue failure. 
These are maximum tensile stress of sufficiently high value, 
large enough variation or fluctuation in the applied stress, and 
sufficiently large number of cycles of the applied stress. 
Below is figure 1 which illustrates some of the various stress-
time relations. 

 

 
 

(a) 
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Fig. 1.Illustration of various cyclic loading 
 

Fig. 1(a) illustrates a completely reversed cycle of stress of 
sinusoidal form. For this type of stress cycle the maximum and 
minimum stresses are equal. Tensile stress is considered 
positive, and compressive stress is negative. Fig. 1(b) illustrates 
a repeated stress cycle in which the maximum stress σmax (Rmax) 
and minimum stress σmin (Rmin) are not equal. In this illustration 
they are both tension, but a repeated stress cycle could just as 
well contain maximum and minimum stresses of opposite signs 
or both in compression. Fig. 1(c) illustrates a complicated 
stress cycle which might be encountered in a part such as an 
aircraft wing which is subjected to periodic unpredictable 
overloads due to gusts [9]. 

Fatigue loading normally is random loads. For fighter 
airplanes, the load spike can be very high and approaching the 
yield limit of material. FBG is appropriate for handling this 
fluctuating random signal and can deal with a very high strain 
value.  

III. FIBER BRAGG GRATING (FBG) 
A.    History 
In 1978, Hill et al. demonstrated a first formation of 
permanent gratings in an optical fiber. Initially, the gratings 
were fabricated using a visible laser propagating along the 
fiber core. In 1989, Meltz and colleagues demonstrated the 
modern transverse holographic technique from the side of the 
fiber utilizing the interference pattern of ultraviolet light [10].  
In early 1990s, fiber Bragg grating (FBG) sensors have been 
intensively developed due to their desirable advantages such 
as the small size, absolute measurement capability, immunity 
to electromagnetic interference, wavelength multiplexing, and 
distributed sensing possibilities [11]. 
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B.    Theory 
The fundamental of FBG operation is when light travelling 
between medium of different refractive indices may both 
reflect and refract at the interface. The periodic perturbation of 
the core refractive index along the fiber length gives to the 
FBG an ability to work as a wavelength selective mirror. 
Bragg’s wavelength (λB) is when the reflectivity of the grating 
is maximum. λB is defined by the relationship 
 

                        (1) 
 

where neff is the effective index of the grating in the fiber core 
and Λ is the grating period. 
 

 
 

Fig. 2. A FBG structure, with refractive index profile and 
spectral response 

 
When FBG is extended or compressed, the grating spacing is 
changed, thus it causes a shift of the Bragg wavelength. The 
wavelength shift due to the strain can be defined as 
 

           (2) 
where ε is the applied strain, and pe is the photoelastic 
coefficient defined as 
 

                     (3) 

 
where p1,j coefficients are the Pockel’s coefficient of the 
strain-optic tensor, and ν is Poisson’s ratio [2][12]. 
 

IV. METHODOLOGY 
A.     Characterization of FBG sensor 
   FBG sensor must be tested to identify the performance of 
sensor. Result obtained was compared to the data sheet from 
supplier. Fig. 5 and Fig. 6 are schematic diagram of FBG 
sensor for transmission and reflectance light characteristics 
respectively. Central wavelength, bandwidth and reflectivity 
percentage of FBG sensor are among an important to be 
determined. The optical fiber sensing equipment belong to the 
Faculty of Applied Science, UiTM Shah Alam is used. 

 
Fig. 5. Schematic diagram for FBG determine transmission light characteristic 
 

 
 

Fig. 6. Schematic diagram for FBG determine reflectance light characteristic 
 
 
B.     Design and Fabricate the Standard Specimen and Box-
Structure 

A standard specimen according to ASTM Standards E606 
will be prepared. A FBG sensor will be attached to the 
specimen and standard practice for strain-controlled fatigue 
testing will be done. This process will provide an initial study 
or information of the response of FBG sensor and to 
familiarize with the arrangement of FBG system before 
conducting the test/monitoring to more complicated structure.  
Designing the box-wing aircraft structure will be done and it is 
planned to have a structure with bending/transverse type of 
loading. This is similar to the load nature in the wing structure 
of aircraft. A certain dimension and loading are set according 
to the capacity of INSTRON Universal Testing Machine at the 
Faculty of Mechanical Engineering, UiTM Shah Alam. Finite 
element will be done to analyze the static response of box-
wing structure. After that, the specimen is fabricated in 
general workshop at Faculty of Mechanical Engineering, 
UiTM Shah Alam.  
 
C.     Testing with Variable Amplitude Loading 

Optical fiber sensing configuration was attached on the 
specimen. The test is conducted by applying variable 
amplitude loading. Athough currently applied on standard 
specimen, later on the FBG system will be applied as fig. 7 on 
wing-box configuration. The mechanical test set up can be 
conducted in the Faculty of Mechanical Engineering, UiTM 
Shah Alam. Data logger of FBG sensor belongs to the 
Photronix Technologies (M) Sdn. Bhd. is used for capturing 
response from fiber optical sensor. 
 

 
 

Fig. 7. Set up for FBG system on wing-box aircraft structure 
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D.     Optical Fiber Equipment 
   Below is the component of optical fiber system. 

 

 
 

Fig. 8. Fiber Bragg grating sensor 
 

Fig. 8 is one of the fiber Bragg grating sensors. There are 
three different reflectivity wavelength FBG sensors will be 
used, 1548nm, 1550nm, and 1552nm wavelengths. 
 

 
 

Fig. 9. Laser Diode 
 

 
 

Fig. 10. Laser pump (at top) and Optical Spectrum Analyzer (at bottom) 
 

Laser pump (Fig. 10) will drive the high density laser to 
laser diode (Fig. 9). Then the laser diode will mount the light to 
through the optical fiber. Optical spectrum analyzer (OSA), 
Fig. 10, will be used for monitoring the center wavelength of 
FBG sensor. 

 

 
 

V.    PRELIMINARY RESULT AND DISCUSSION ON 
FBG SENSOR RESPONSE 

 
   Variable loading has been applied to standard specimen 
(ASTM 606) to study the response from FBG sensor. 
 

 
Graph. 1. Variable loading applied to standard specimen 

 

 
Graph. 2. Response from FBG sensor through data logger FBG 

 
   Both graphs above observe that the data response of FBG 
sensor has a same trending from data variable loading applied 
to the specimen. It means that response from FBG sensor is 
consistent with a variation loading applied. The relation 
between response of FBG sensor and strain will be 
determined. 
 

VI.    CONCLUSSION 
 

   FBG is proposed for monitoring the fatigue load condition of 
the structure. Gaining a good knowledge of FBG sensor use in 
SHM to characterize the fatigue parameters is important to 
implement it in the actual structural health monitoring. A 
research of studying the response of optical FBG under the 
variable of amplitude load is reported. Test set-up for standard 
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specimen is presented in this paper. It is planned that, based on 
the response of optical fiber, the characterization of fatigue 
load parameters will be performed. With all the fatigue 
loading parameters are obtained, a calculation to predict a life 
time of structure can be done. 
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Abstract--Landslide is a geohazard phenomenon of mass 
movement of terrain. In order to prevent landslide, understanding 
the behavior of the landslide is of importance. In such a case, 
many landslide monitoring rely on accurate digital terrain models 
(DTM). Typically, DTM can be generated by point based 
measurements such as GPS, leveling, total station and laser 
distancemeters.  However, these methods will raise obvious 
measurement problems because of the discontinuous character 
since they only allow measuring discrete points, and therefore it 
can be difficult to ensure that problems are recorded and handled 
in a consistent manner.  In recent years, the ‘Light Detection and 
Ranging – LiDAR’ technology in the mode of Terrestrial Laser 
Scanning (TLS) and Airborne Laser Scanning (ALS)  find rapidly 
growing interest in remote sensing and photogrammetry field as 
efficient tools for fast and reliable three‐dimensional (3D) point 
cloud data acquisition. These  laser techniques obtains the 3D 
reconstruction of objects; the measure of the distance from the 
platform (eg. ground-based for TLS, airplane or helicopter for 
ALS) derives generally from the time employed by the laser beam 
to go and to come back (time-of-flight principle). This paper 
describes the capabilities of TLS and ALS in slope mapping 
studies. The study has been conducted at two test sites, namely 
Tanah Rata and Habu, Cameron Highland, Malaysia. Several 
data acquisitions on selected cut slopes were performed using the 
TLS instrument: Topcon GLS1500. Ground control points were 
established using Real Time Kinematic GPS to provide a local 
coordinate system on laser scanning data. The ALS raw data was 
provided by a private mapping company. This study shows the 
ability of TLS and ALS to obtain reliable 3-D slope information 
over unstable area. 
 

Keywords: Terrestrial Laser Scanner; Airborne Laser Scanner, 
Point Cloud, Digital Terrain Model, Slope Gradient. 

I. INTRODUCTION 
Landslide hazards annually cause a lot of fatal destruction 

due several factors such as uncontrolled infrastructure 
developments, continued deforestation and an increased 
regional precipitation caused by climate change. Its activities 
endanger inhabitants, jeopardize infrastructures (highways, 
railways, buildings etc.), and also can obstruct river channels, 
consequently dam breaking (by overtopping and erosion) 
would cause catastrophic floods.  In the last few years there is a 
great increasing interest in reliable methods for landslide 
studies and it has led to intensive study efforts to automatically 

detect, reconstruct and modeling the landslide characteristics. 
There are many comparable surveying techniques to generate - 
with or without object contact and with a precision 
commensurate with scale - Digital Terrain Models (DTMs), a 
fundamental tool to detect, classify and monitoring landslides. 
For example, Global Positioning System (GPS) static and 
rapid-static modes, digital aerial and terrestrial 
photogrammetry,  airborne/terrestrial laser scanning and 
satellite-based/ground-based radar interferometry had been 
recognized as trustworthy methods for the acquisition of 
accurate and reliable 3D-spatial data distributed in the studied 
area [23], [26], [2], [8], [39], [24], [21]. 

The possibility of acquiring datasets of the terrain surface 
with a high accuracy and high spatial resolution, either using 
laser, optical or radar sensors mounted on terrestrial, aerial or 
satellite equipment are currently opening up new ways to 
visualize, 3D-model and interpret mass displacement 
processes. Recently, there has been an increasing interest in 
exploiting the ‘Light Detection And Ranging (LiDAR) of 
surveying methodologies: ‘Terrestrial laser scanner (TLS)’ and 
‘Airborne Laser Scanner (ALS)’ [29], [17], [18], [1], [32], 
[30], [3]. TLS is a ground-based sensor; obtain their maximum 
resolution on surfaces perpendicularly oriented to the beam 
incidence angle, such as mountainous rock faces, hillside 
slopes, marine cliffs, etc. It is one of the most promising 
remote sensing techniques for slope gradient characterization 
and monitoring because of its capability to accurately acquire 
dense three-dimensional (3-D) coordinates of the terrain.  The 
new technology of airborne LiDAR can provide high-precision 
DEM data, facilitate detection of minor changes in elevation 
and reveal subtle geomorphic features within an entire area. 
The airborne LiDAR technique includes the use of the GPS, 
Inertial or Navigation Measuring Units (IMU), and a laser 
distance scanner. Through combined use of laser transmitter 
with high repeating pulse frequency (RPF) and high speed 
scanning system, dense measurements of the terrain surface are 
obtained, giving high resolution of DTM. DTM is including 
any features and object that are available during scanning 
operation. One of the major factors in landslide deformation is 
a slope gradient of the DTM. Slope gradient played an 
important role in landslide risk analysis. The aim of this study 
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is to determine the effect of TLS and ALS data capture in slope 
mapping at landslide prone area. 
  

II. REVIEWS ON LIDAR  METHOD 
Light Detection And Ranging (LiDAR) is a modern 

surveying method conceived more than ten years ago that in a 
short time can generate good quality DTM as a result of 
elaborations with specific procedures that apply specific 
filtering and interpolation algorithms; only nowadays this 
technique is having growing development and applications 
thanks to information technology improvements. A telemeter 
laser obtains the 3D reconstruction of objects; the measure of 
the distance from the ground derives generally from the time 
employed by the laser beam to go and to come back (time-of-
flight principle). Terrestrial laser scanning (TLS) is a ground-
based technique for collecting high-density 3D geospatial data 
– see Fig. 1. Many  TLS is designed for very large-scale, 
complex 3D scanning, such as entire buildings, factories, 
rooms, landscapes, and other big structures and locations, both 
inside and out.  

 

Figure 1. Terrestrial Laser Scanner 
(Source: © FARO Technologies Inc.) 

TLS technology is also referred to as ground-based LiDAR 
or tripod LiDAR. It is an active imaging system whereby laser 
pulses are emitted by the scanner and observables include the 
range and intensity of pulse returns reflected by the surface or 
object being scanned. TLS measurements, combined with the 
orientation and position of the scanner, produce a 3-
dimensional “point cloud” dataset. The primary capability of 
TLS is the generation of high resolution 3D maps and images 
of surfaces and objects over scales of meters to kilometers with 
centimeter to sub-centimeter precision. It is a powerful 
geodetic imaging tool ideal for supporting a wide spectrum of 
user applications in many different environments. The 
incorporation of GPS measurements provides accurate 
georeferencing of TLS data in an absolute reference frame. The 
addition of digital photography yields photorealistic 3D 
images. The main advantage of TLS and ALS over other 
geodetic techniques is therefore its property of direct, rapid and 
detailed capture of object geometry in 3D. 

While airborne laser scanning - ALS (using airplanes or 
helicopters) constitutes one well established method landslide 
surveying [10].  The ALS measures the height of the ground 
surface and other features in large areas of landscape with a 
resolution and accuracy hitherto unavailable. ALS operates by 
using a pulsed laser beam which is scanned from side to side as 
the aircraft/helicopter flies over the survey area, measuring 
between 20,000 to 100,000 points per second to build an 
accurate, high resolution 3D-model of the ground and the 
features upon it. The ALS scanning device is mounted at the 
bottom or sides of an aircraft flying along selected parallel 
flight paths (Fig. 2). The instrument is bundled with an 
onboard differential GPS and an inertial navigation system to 
locate accurately the position of the aircraft. The information, 
together with the orientation of the scanning mirror for firing 
the laser, can compute the geodetic reference of the objects 
scanned. The digital elevation model can typically be 
constructed with an accuracy of ±0.15 m in vertical height. The 
ALS mapping can provide more comprehensive and precise 
topographic features than other conventional methods, such as 
aerial photographs interpretation and digital photogrammetry. 

 
Figure 2. Airborne LiDAR (Source : USDA) 

 
Other advantages are the dramatic reduction in costs and 

much faster project completion (within several days), 
possibility to survey remotely very complex, inaccessible and 
hazardous objects and areas, where the traditional techniques 
fail, the data is largely independent of ambient illumination 
(one may scan even at night), completeness and 
comprehensiveness of scanning: “everything” in the scene is 
captured at once. The accuracy of the scanner is to a great 
extent limited by the systematic instrumental errors, which 
means that it has to be properly calibrated 
 

III. STUDY AREA 
The study was conducted at two sites of the landslide prone 

areas in Cameron highland, namely Tanah Rata and Habu. Fig. 
3 shows the location study area and the condition of slope at 
the landslide study areas in Cameron Highlands. The reason of 
these slopes has been selected for this study due to the 
landslide incident occurs in July, 2011. 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 227



 

 

Figure  3. Study Area (a) Habu and (b) Tanah Rata, Cameron Highlands. (Source: Google earth map) 
 

 
IV. THE METHODOLOGY 

In this paper, we utilize the end-product of airborne LiDAR 
data and terrestrial laser scanning data.  Both measurements 
were conducted at two slope areas, Habu and Tanah Rata, in 
which located at Cameron Highland. The selection of study 
area is based on the slope characteristic which is suitable to 
meet the objective of this study. Fig. 4 describes the 
methodology flowchart of this study. The main result in this 
study is digital terrain model at the slope areas. Later, both 
DTMs were used to generate slope map at the slope area. In 
order to avoid conflicts in coordinate system, all data obtained 
from TLS and LiDAR were converted into RSO coordinate 
system. In term of elevation, LiDAR measurement provides 
point clouds with MSL elevation based on the vertical control 
via bench mark around the area, meanwhile TLS measurement 
is based on RTK-GPS observation with geoid model correction 
provided by MyRTKnet infrastructure.  

 
A. LiDAR Data 

Taking into account, LiDAR data are commercial-processed 
obtained by a firm that provides LiDAR measurement service. 
As the end-user product, we have request LiDAR data with 50 
cm point resolution and it is already filtered from vegetations 
and non-ground points. Therefore, the result of DTMs at both 
slope areas can be obtained.  
 
B. TLS Operation 

TLS operation consists of survey planning, fieldwork 
campaign and point clouds data processing. It is essential to 
outlines a survey planning before the fieldwork campaign is 
carried out to avoid repeat observation. In this study, site 
investigation, identification of registration and georeferencing 
approach, scanner position, number of scans, datum and 
desired resolution were concerned.  

 

 
Figure 4. Methodology Flowchart 

During the fieldwork campaign, the equipment used is 
TOPCON GLS-1500 3D Laser Scanner which based on time of 
flight (TOF) measurement. The advantage of this instrument is 
the integration of Phase shift algorithm that utilized in the TOF 
measurement to resolve the fluctuation in the pulse waveform 
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thus provides clean and ultra-low-noise data. This type of 
instrument can measure up to 500m in range, emits laser beam 
30,000 times per second, 360o horizontal and ±35o vertical 
FOV and integrated with 2 megapixels digital camera. The 
accuracy of distance measurement is 4mm for every 150 m and 
6 second for horizontal and vertical angle measurement.  

In order to obtain high degree of coverage and avoid 
shadow zones, two scans were made from two standing points 
with 50 cm of point resolution.  Data were collected 
approximately 30m and 50m from the slope area at Tanah Rata 
and Habu respectively. The time taken for each scans is 
approximately about 30 minutes, however it’s depend on the 
FOV of observation. Larger areas need more time of 
observation as done at Habu (dimension 100 m height x 180 m 
width) compared to Tanah Rata (50 m height 100 m width).  In 
this study, direct georeferencing approach was implemented 
where the scanner was set-up on known point and observation 
of backsight known point was done in order to obtain the 
orientation, almost similar as conventional total station 
measurement. The scanner also was accurately centered and 
leveled as well as its height was measured. The control points 
used for georeferencing were established before the TLS 
survey campaign by using RTK-GPS measurements with post 
processed (correction) mode derived from MyRTKnet 
infrastructure. The control points were converted in RSO 
coordinate system. The densities of points acquired were 
processed using ScanMaster software.  

In the processing stage, the georeferenced point clouds from 
two scanner standing points were combined into one cohesive 
space. Since the direct georeferencing approach was 
implemented, there is no additional task needed in this 
combination task. The point clouds are then cleaned from any 
undesired laser returns such as vegetation, power lines, vehicle, 
and the area that is not related. As preparation for analysis 
purpose, DTMs were generated which is based on Triangulated 
Irregular Network (TIN). 
 

V. RESULTS AND ANALYSIS 
The analysis conducted in this study is mainly based on the 

slope gradient attribute derived from DTMs generated in which 
the data were acquired using LiDAR and TLS measurements. 
Since both measurements were based on different platforms, 
the differences between these results were compared. To 
realize it, DTMs from both LiDAR and TLS measurements 
were export into ArcGIS software to derive slope gradient 
attribute. The slope map were classified into 6 classes for 
example below than <10°, 11-20°,21-30°,31-40°,41-50° and 
more than >50° (See Fig. 5). As emphasis of this analysis, the 
comparison between slope map from TLS and LiDAR have 
been done to identify slope characteristic at Tanah Rata and 
Habu areas.  Based on the slope results (Fig. 5), it was found 
that, scanning platform did affect the slope map products. 
Although both measurements utilize same resolution, the slope 
map generated was clearly different.   
 

 

 
Figure 5. The slope map of Tanah Rata and Habu generated from TLS and LiDAR data 

 
There are pro and con from the results obtained in this study. 
TLS has advantage in measures vertical surface since the 
normal of the surface is parallel with the laser direction. 
Therefore, the details of the steep slope can be precisely 
obtained. In contrast, LiDAR measures the slope surface from 
aerial platform, in which the normal of the surface is 
perpendicular with the laser direction. As the result, the point 
distribution at the vertical surface was lower than TLS point 
distribution. LiDAR measurement however has advantages in 
term of coverage area. Compared with TLS data in which 
consist of “shadow zone” occurred from the vegetation and 
complex slope geometry. In addition, LiDAR measurement 

permits the recording of full waveform or multiple returns so 
that the last return pulse can be obtained in order to indicate the 
true ground points [11].  As the result, LiDAR data permits 
higher interpolation of whole area compared with TLS data in 
which the triangles of the interpolation can be clearly seemed. 
Three dimensional models for both areas were demonstrated in 
Fig. 6. Fig. 6 shows the three dimensional models at Tanah 
Rata and Habu slope using Cyclon software. Based on this 
figure, in graphical view, a model generated from LiDAR and 
TLS data do not give a huge different. However TLS data give 
the better result because it is contain a detail of slope compared 
with LiDAR data (red circle). 
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(a) 

(b) 
Figure 6. DTM generated from TLS and LiDAR measurements, (a) Tanah 

Rata; (b) Habu 
 
It is because TLS is ground based and all slope detail can be 
obtained while LiDAR data is airborne system which acquired 
data from certain altitude and aerial angle view. The 
differences between TLS and LiDAR data in producing slope 
map can be quantified as shown in Fig. 7. The results show the 
differences were relative with the area complexity. In this case 
Tanah Rata is more complex in geometry compared to Habu. 
Therefore at Tanah Rata, LiDAR data has leading in measures 
the horizontal surface. Meanwhile, for steeper slope (>50o), the 
percentage of TLS data shows much higher than LiDAR 
therefore proved that TLS has advantage in measures steep 
slopes. The same result also obtained at Habu area but the 
differences between both data are small due to the lower 
geometry complexity of the slope.  From the results also shows 
that, for slope gradient 41º > 50º, TLS and LiDAR data 
percentage were quite similar for both areas.   

(a) 

(b) 
Figure 7. The percentage of the slope gradient to each different measurement, 

(a) Tanah Rata; (b) Habu 
 

VI. CONCLUSIONS 
This paper has discussed the comparison results of slope 
gradient using TLS and ALS. In conclusion, it was found that 
scanning resolution effected slope map result. Therefore, the 
scanning resolution must be set according to the application 
needs. The TLS and ALS are the faster data collections in 
slope area and it provided reasonable accuracy data. The 
density of point cloud also depends on the resolution of point 
cloud. Scanning resolution might cause time delay in slope 
observation using the TLS and ALS methods. 
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Abstract— In Malaysia, the implementation of GIS in the LIS is 

in early stages and still no extensive studies are done in this field 

yet. The current problem of the UiTM Library System (OPAC) is 

to find the exact location of library materials particularly books.  

GIS is an application with the power of tools which enable a user 

to manipulate, store, analyze the data or information.  The aim of 

this study was to design and develop the Geographic-Based 

Library Information System (GeoLIS) using GIS technology and 

other information system tools. The objectives of this study were, 

i) to carry out user requirements analysis for development of 

GeoLIS , ii) to design the GeoLIS, iii) to develop the GeoLIS and 

to test the performance of the GeoLIS. The methods used in this 

study were adapted from standard System Development Lifecycle 

(SDLC). Network Analyst in ArcGIS, Microsoft Visual Basic 6.0, 

Map Object, and Microsoft Access were software used in 

developing the GeoLIS. The user requirements analysis was 

distributed to the selected users using interviews, observation and 

questionnaire. The result of user requirements showed that the 

current system used by UiTM (OPAC) had several limitations, 

particularly it could not facilitate the student to find exact 

location of the book and need to be improved. Therefore, the 

proposed system (GeoLIS) allowed the user to perform database 

query or book searching, provide user with map direction of the 

book and detail information about the book such as image, 

description and review. The GeoLIS could also be used by the 

PTAR’s organization and users as a searching reference for any 

future library management and development.   

 

Keywords- GeoLIS, Geographical information system (GIS), 

UiTM Library System (OPAC), library information system 

I.  INTRODUCTION  

A good library management information system in 

Malaysia is essential to be developed as the system can help 

librarians and users manage books systematically. Many 

libraries in the country use the Integrated Library Management 

Utility (ILMU) to utilize their respective books and facilities. 

The ILMU is a library information and knowledge 

management software developed by Universiti Teknologi 

MARA (UiTM) and Paradigm Systems Sdn Bhd to assist 

librarians and library staff for daily activities and operation. 

Although the ILMU represented one modern library systems 

toward true digital library, it does not provide a location or 

map direction of spatial book and library facility information. 

This study was to design and develop a Geographical Based 

Library Information System (GeoLIS) in Perpustakaan Tuanku 

Abdul Razak 1 (PTAR 1) UiTM using GIS technology and 

other spatial information technologies. 

II. GIS FOR DEVELOPING LIBRARY INFORMATION 

MANGEMENT SYSTEM  

A. Geographical Information System (GIS) 

GIS can be described as a system for capturing, storing, 
checking, integrating, manipulating, analyzing and displaying 
data which are spatially referenced to the earth. This normally 
involves a spatially referenced computer database and 
appropriate applications software. A GIS envision the 
geographic aspects of a body of data. Basically, it lets users 
query or analyze a database and receive the results in the form 
of some kind of map. Since many kinds of data have important 
geographic aspects, a GIS can have many uses such as weather 
forecast, sales analysis, population forecast and land use  and 
building planning to name a few.  

B. UiTM Library: Perpustakaan Tuanku Abdul Razak 

(PTAR) 

A library is a collection of sources, resources, and services; 

organized for use by a public body. Library in UiTM, PTAR 

was formed in 1960 under the Rural and Industrial 

Development Authority (RIDA) in Petaling Jaya. In 1972 this 

library was re-established in Shah Alam after a new library 

building was completed and named as Perpustakaan Tun 

Abdul Razak 1 (PTAR 1). It is not only a repository of 

research data and learning materials, but also central to the 

student experience, encouraging learning, dialogue, discussion 

and reflection. PTAR 1 is the main library for network, with 

the same name, at all UiTM, such as Perpustakaan Tun Abdul 

Razak 2 (1986), Perpustakaan Tun Abdul Razak 3 (2003), and 

Perpustakaan Tun Abdul Razak 4 (2004). 

 

ILMU (Integrated Library Management Utility) is library 

information and knowledge management software developed 

by Universiti Teknologi MARA (UiTM) and Paradigm 
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Systems Sdn Bhd. ILMU was implemented at PTAR in 

January 1999 that represents one modern library systems 

toward a true digital library. It is a library information system 

designed to assist librarians and library staff for daily activities 

and operation. Online Public Access Catalog (OPAC) is a one 

system providing ILMU modules in info track. Info track 

serves as Info-center such as library map, library messages, 

library information, library calendar, looking for particular 

book (Figure 1).     

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C. GIS Application in Library Information Management 

 The strength if GIS lies in its capability to carry operation 

of integrating both spatial (map) and non-spatial (attribute) 

data to devise solutions for technical and strategic decision-

making. Other unique features of GIS include data conversion 

or exchange, data analysis, data simulation or 3D modeling, 

decision querying, database connectivity or sharing, retrieval 

of data, dynamic presentation, user friendly and multi user 

operations. A few examples of using GIS in various facility 

planning and management include infrastructure, town 

planning, and building. After seeing this type of GIS 

application, it is suitable to implement in library. Applications 

of GIS in library have 3 possibilities such as [4]: 

 

 Use of GIS in mapping the library collections. 

 Use of GIS in providing information service based on 

use of GIS and spatially related database. 

 Use of GIS in mapping and networking library 

resources. 

 

Book searching system in library is still in a new phase for 

GIS applications. Development of GIS application in library 

system in Malaysia is still in the preliminary stage. Library 

system in Malaysia was not so exposed to the GIS application. 

Most of the library system in Malaysia is developed using 

other applications like flash and text-based systems, and it was 

developed by particular bodies or organization to fulfill their 

public or private libraries. Overseas library system using GIS 

application was developed in advance either by GIS 

application or others compare with Malaysia. The 

development of library systems are not addressed by any 

related bodies or organizations other than systems that use GIS 

applications such as in transportation field. 

III. METHODOLOGY  

Development of the Geographic-Based Library Information 

System (GeoLIS) was conducted based on methodology 

flowchart as shown in Figure 2. After conducting the study 

objectives and reviews, data collection were collected by using 

PTAR 1 layout plan, library bookshelf plan, book details, and 

local plan coordinates. Then, the system was developed based 

on standard system development life cycle (SDLC)  

 

The SDLC involved four stages i.e. feedback of user’s 

requirement, design and development of the system and test 

the performance of the developed system as shown in result 

and analysis stage. The selected user requirements analysis 

conducted using the informal method includes observation of 

the existing system, survey questionnaire and semi structure 

interview. The selected respondents were chosen based on 

their professional skill, knowledge and opinions as consumers.  

 

 The individual perspectives information on the other hand 

supplies information regarding the users’ perception and 

expectation through interview, observations and questionnaire. 

These groups provide useful information for the design of the 

proposed system user interface. The survey results are 

analyzed using Microsoft Office Excel 2007. ArcGIS, 

Microsoft Visual Basic (VB) and MapObjects Windows were 

used to process data and develop the system such as map 

scanning, registration, creating geodatabase, digitizing 

process, designing user interface, and programming language. 

The selected users and experts from PTAR 1 were appointed 

to evaluate the performance of the system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Electronic Library Applying in PTAR UiTM  

(http://library.uitm.edu.my/) 
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IV. RESULT AND DISCUSSION 

This section focuses on the respondents of user 

requirement, the functions of developed system and the 

evaluation of the developed system.  

A. Respondents of user requirement on the current and the 

proposed system 

The respondents agreed that the current system did not 
facilitate the student with the map which can easily find the 
exact location of the books and it also can be a directory for 
users. Besides that, the system was not user-friendly especially 
for beginners (Figure 3). So, 80% of the respondents agreed 
that the current system should be improved with dynamic 
functions such as query and searching, mapping direction, and 
graphically visualization (Figure 4). They need a system in 
order to get information and all matters about the library 
management when it is needed. In addition, with the 
availability of the system, library management becomes more 
organized and efficiently when it is controlled by the system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Flowchart of the Study Methodology 

Figure 3: Types of Problem Faced by the Users  

Using the Existing System 

 

Figure 4. The Proposed Functions Suggested by the Users  
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B.  System Design and Development  

The system development of the GeoLIS involves 2 phases. 

The first phase was data preparation and second was design of 

Graphical User Interface for the GeoLIS. Three major steps 

involved in the first phase were data acquisition, extract layer 

and post processing. Designing graphic user interface for the 

proposed GeoLIS was the second phase in system 

development of the proposed system. This design was based 

on the user requirements analysis that had been carried out 

before. System interface is a vital asset in any system which 

must meet the user’s requirement and make it easier to use. 

Visual Basic 6 is a medium in development system interface 

for the proposed GeoLIS. Generally, 2 processes in designing 

GUI using Visual Basic are for planning the project and 

creating the project [1].  

 
Generally, GeoLIS starts with the users choosing a profile. 

Then, the floor directory window appears and user can select 
main function of GeoLIS which allows the users to perform 
query by book call no, title, author and price. Then, the query 
result will show and users can call map direction or book 
details. There are three functions that can be classified for this 
system. Firstly, it enables users to query the book database to 
get the information of the books. Secondly, it provides users 
with map direction to find the exact location of the book. 
Lastly, it provids users with details information of the book 
such as image, book description and book reviews. Figure 5 
shows the main functions of GeoLIS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C. System Testing and Evaluation 

The function of system testing and evaluation is to analyze 
the proposed system to fulfill the user’s needs. The GeoLIS 
was tested and evaluated by two groups of users, regular user 
and professional. Regular users tested the two elements of 
GeoLIS; system interface and system functions.  

The users were satisfied with the interface design and 
functions of the systems as the GeoLIS interface was easy to 
understand. and has good concept applications in the GeoLIS 
i.e map direction and book details. Professional users were 
selected to test and evaluate three components (System 
interface, system function and database). They were satisfied 
with the proposed functions of the system, but there are some 
suggestions that need to be considered, particularly the use of 
pop-up window and adding suitable programming for books 
database. 

V. CONCLUSION 

This study was to develop a Geographic-Based Library 

Information System (GeoLIS) with the integration of ArcGIS, 

Visual Basic application, Map Objects Windows, SDLC in 

PTAR 1, UiTM. Generally, library users spent most of their 

time to find the location of the book they want. But with GIS 

based information system, this problem can be solved with its 

implementation in library management. GIS not only can 

represent spatial data but also attributes data. GIS Application 

is able to store, manipulate and do analysis. Although there are 

some limitations in the GeoLIS, the concept framework of the 

system can be implemented in the real library system in 

Malaysia to facilitate the library user in finding the book 

location.  
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Abstract— A vertical datum is the core information needed in 
deriving height or elevation of points on the surface of the earth. 
This information used as a starting point or zero value of height.  
Currently, various vertical datum used as a zero level in 
determination of height and depth in Peninsular Malaysia. 
Considering the  current needed in seamless geospatial 
information across land and sea area,  deep understanding on the 
discrepancies of vertical datum is necessary. In this paper, height 
of points referred to Peninsular Geodetic Vertical Datum 
(PMGVD), Local Mean Sea Level (LMSL) and Chart Datum 
(CD) are investigated. The discrepancies of height referred to the 
various datum also analysed.       

Keywords-Vertical Datum;PMGVD ;Local Mean Sea Level 
(LMSL);Chart Datum (CD) 

I.  INTRODUCTION 
Height or depth on the Earth's surface is the vital 

component in three (3) dimensional coordinate system. 
Generally, any value of height or depth will always refers to 
the specific reference surface , known as a vertical datum.  

Traditionally, vertical datum can be divided into 2 main 
categories: those based on the mean sea level (MSL) and 
lowest astronomical tide (LAT) [1]. Surveying and mapping 
activities on the land area usually used  MSL as a vertical 
datum.  Contrary, for the charting activities at the sea area, 
LAT is used. Both of this reference datum  started at difference 
zero level. Therefore, height or depth of the same position  
have a different value if referred to different vertical reference 
datum. 

Currently, surveying and mapping activities in Peninsular 
Malaysia always referred to Peninsular Geodetic Vertical 
Datum (PMGVD) via First Order Precise Levelling Network 
(FOPLN) as a vertical datum. While for charting activities, 
Local Chart Datum (CD) via Lowest Astronomical Tide (LAT) 
are used. However, there are also surveying, mapping and 
charting activities used Local Mean Sea Level (LMSL) as a 
vertical datum  in preparing map, plans and chart.   

At the coastal area, the information about the discrepancy 
of height or depth becomes extremely crucial due to rapid 
development. Therefore, investigation on the discrepancy of  
height when using different reference datum is necessary. The 
result of this investigation is expected to assist the authorities 
in planning and development of coastal areas more sustainable.  

This paper aim to discuss on the vertical datum currently 
used in Malaysia for surveying, mapping and charting 
activities. Finally, the analysis on the discrepancy of height 
referred to various vertical datum  in Malaysia presented 
numerically and  graphically. 

II. MALAYSIA VERTICAL REFERENCE DATUM 
Surveying and mapping activities in producing maps, plan or 
charts were stated since 1900's. All the observation usually 
referred to specific reference surface either vertical or 
horizontal surface. Currently, in Malaysia, there a numbers 
vertical datum were used for land area and sea area in the 
determination of height or depth. However, all the reference 
datum  were derived based on tidal observation.  

A. Land Survey Datum  1912 (LSD12) 
Land Survey datum 1912 also known as LSD12, is the first 

official national vertical datum  [2]. This datum derived based  
on Mean Sea Level (MSL) of tidal observation data for eight 
(8) months between 1st September 1911 until 31st May 1912 by 
HMS Waterwich at Port Swettenham (Currently known as Port 
Kelang)[3].  The first precise levelling network known as First 
Order Levelling Network 1967 (FOLN67) referred to LSD12 
as a vertical datum..  FOLN67 established to provide vertical 
control via benchmark for whole Peninsular Malaysia included 
Pulau Pinang, Pulau Langkawi and Pulau Tioman. All 
activities regarding to surveying and mapping on the land area 
referred to this vertical datum. Until 1994, new vertical datum 
established to replace LSD12. However, there are areas that 
still remain used LSD12 as a vertical datum such as Pulau 
Pinang, Pulau Langkawi and Pulau Tioman. 
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B. Peninsular  Malaysia Geodetic Vertical Datum (PMGVD) 
Peninsular Malaysia Geodetic Vertical Datum (PMGVD) 

established to replace old vertical datum (LSD12). This datum 
derived based on tidal observation data for ten (10) years 
between 1989 until 1993at the same point of LSD12 derived. 
Result from this epoch, new derived MSL, is 3.624m above 
zero tide gauge. It shows the new MSL is lower that the LSD 
around 6.5cm [2]. Furthermore, the new value of MSL adopted 
as a new zero level.  

Based on the new zero level, transferring datum value from 
Port Klang to a memorial monument of PMGVD performed 
using combination precise levelling and gravity survey. 
Furthermore, height value of each vertical control around  
Peninsular Malaysia excluded Pulau Pinang, Pulau Langkawi 
and Pulau Tioman started from PMGVD monument. 

 
Figure 1 Peninsular Malaysia Geodetic Vertical Datum Monument  

C. Chart Datum (CD) 
Modern charting activities in Malaysia stated since 1868 by 

The Royal British Naval Hydrographic Services. The main 
objective of that activities is to publish Admiralty nautical 
charts. Hydrographers around the world agreed that the chart 
datum is the extreme low water which the sea level seldom fall 
below it. Currently National Hydrographic Center (NHC) 
adopted  Lowest Astronomical Tide (LAT)  as a vertical 
reference datum. The level of this datum can predicted to occur 
under certain astronomical conditions. However, this datum is 
various depends on the location. To date, NHC established 
chart datum at 29 standard port around Peninsular Malaysia 
with a minimum period of  tidal observation for 3 month s [4] 

III. DATA USED AND METHOD 
Data in this study collected from  12 tide gauges station 

operated by Department Survey and Mapping Malaysia 
(DSMM).  The geographical distribution of tide gauges around 
Peninsular Malaysia are shown  in Figure 2.  The longest tidal 
observation exist at  Johor Bahru and Port Klang Station, 
starting in 1984 and the shortest  from Tanjung Sedili and 
Geting Satation, starting in 1987.  

 

 

 

Figure 2 Geographical Distribution of Peninsular Malaysia Tide Gauges 

In this study, tidal observation data since 1984 from all tide 
gauge stations is used. Before all this data can be used in 
computation, identification of missing data during the 
observation need to be done. This needed to be carried out to 
make sure no missing data more than three (3) months 
consecutively. If tidal observation data is missing more than 
three (3) months consecutively, yearly mean sea level will not 
be calculated for that years. The result, yearly mean sea level 
for Port Klang in year 2006 and 2009 , Tg. Keling in year 
2005, Johor Bahru in year 1994 and 2009 and finally  Pulau 
Tioman in year 2003 is not computed due to missing data. 
Finally, Local Mean Sea Level at the tide gauges station is 
determined based on averaging the yearly mean sea level 
(Table 1).       

TABLE 1 LOCAL MEAN SEA LEVEL SINCE 1984 -2010 

Location LMSL(1984-2010) 

P. Langkawi 2.220 

P. Pinang 2.689 

Lumut 2.202 

P. Klang 3.641 

Tg. Keling 2.855 

Kukup 4.008 

J. Bahru 2.858 

Tg. Sedili 2.411 

P. Tioman 2.838 

Tg. Gelang 2.807 

Chendering 2.214 

Geting 2.299 
* All height in meters

 The height value of bench mark (BM) near to tide gauges 
station  were obtained from Department Survey and Mapping 
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Malaysia (DSMM).  According to DSMM the height of BM 
was carried out from PMGVD via precise levelling and gravity 
survey.  

TABLE 2 BENCHMARK NUMBER AND HEIGHT NEAR TO TIDE 
GAUGE STATIONS 

Location BM No. HBM_PMGVD 

P. Langkawi K0172 3.417 

P. Pinang P0379 2.427 

Lumut A0401 3.517 

P. Klang B0169 3.87 

Tg. Keling M0311 3.668 

Kukup J5328 3.007 

J. Bahru J0416 3.422 

Tg. Sedili J0801 2.257 

Tg. Gelang C0331 3.835 

Chendering T0283 2.604 

Geting D0354 3.852 
* All height in meters

 

A. BM height  refers to Local Mean Sea Level (LMSL).  
As mention above, existing height value of benchmark near 

to tide gauges station carried out from PMGVD via precise 
levelling and gravity survey. That means reference datum for 
that value is zero level at Port Klang. 

To determine the height value of same benchmark, but 
refers to the LMSL datum, assumption is made that the LMSL 
obtained by tidal observation at that location is zero. The 
relationship between zero tide gauge and LMSL in 
determination of BM height refers to LMSL given in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In numerical computation, the equation (1) can be used in 
determination of BM height refers to LMSL. 

  (1) 

where  is the height of BM above LMSL, 
is the height of BM from zero tide gauge, and  is 

the height of mean sea at tide gauge from zero tide gauge. 

B. BM height refers to Chart Datum (CD). 
In determination of BM height refers to CD, same 

methodology in determination of GM heights refers to LMSL 
is applied but differ in terms of reference datum used. Figure 4 
shows the relationship between zero tide gauge at the specific 
location and   

 

 

 

 

 

 

 

 

 

 

 

 

 

Equation  (2) shows the numerical solution to calculate the 
height of BM refers to Chart Datum (CD).  

  (2) 

where  is the height of BM above CD, is 
the height of BM from zero tide gauge, and  is the height 
of predicted lowest astronomical tide from zero tide gauge. 

C. Discrepancies of BM height referred to different vertical 
datum 
The main objective of this study to identify the discrepancy 

of height value if refers to Peninsular Malaysia Geodetic 
Vertical Datum (PMGVD), Local Mean Sea Level (LMSL) 
and Chart Datum (CD). As mention above that all the datum 
commonly used in Peninsular Malaysia in determination of 
height of certain point. 

Equation (3) and equation (4) shows the simple formula for 
calculating the discrepancy of height refers to specific 
reference surface. 

   (3) 

where  is the height discrepancy between 
PMGVD and LMSL,  is the height of BM 
transferred by precise levelling from PMGVD monument and 

 is the computed height of BM referred to LMSL. 

 

Local Mean Sea Level

Bench Mark

Zero of Tide Gauge

HBM_LMSL 

HLMSL 

HBM_0TG) 

Figure 3 Relationship between zero tide gauge and local mean sea 
level in deriving Height referred to Local Mean Sea Level 

(LMSL)   

 

LAT (CD)

Bench Mark

Zero of Tide Gauge 

HBM_CD 

HCD 

HBM_0TG) 

Figure 4 Relationship between zero tide gauge and lowest 
astronomical tide in deriving Height referred to Chart Datum 

(CD)   
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  (4) 

where  is the height discrepancy between 
PMGVD and LMSL,  is the height of BM 
transferred by precise levelling from PMGVD monument and 

 is the computed height of BM referred to LMSL. 

IV. RESULT AND ANALYSIS 
The height value of BM for each selected BM has been 

calculated referred to the specific reference datum using 
equation (1) and (2). The computed height at selected BM 
refers to specific reference datum is given in Table 3 and 4 
TABLE 3 COMPUTED HEIGHT AT SELECTED BM REFERS TO LMSL 

Location BM No. HBM_0TG HLMSL HBM_LMSL 

P. Langkawi K0172 5.545 2.220 3.325 

P. Pinang P0379 4.962 2.689 2.273 

Lumut A0401 5.685 2.202 3.483 

P. Klang B0169 7.494 3.641 3.853 

Tg. Keling M0311 6.427 2.855 3.572 

Kukup J5328 6.88 4.008 2.872 

J. Bahru J0416 6.079 2.858 3.221 

Tg. Sedili J0801 4.459 2.411 2.048 

Tg. Gelang C0331 6.496 2.807 3.689 

Chendering T0283 4.688 2.214 2.474 

Geting D0354 5.964 2.299 3.665 
* All height in meters

 
TABLE 4 COMPUTED HEIGHT AT SELECTED BM REFERS TO CD 

Location BM No. HBM_0TG HCD HBM_CD 

P. Langkawi K0172 5.545 0.400 5.145 

P. Pinang P0379 4.962 0.980 3.982 

Lumut A0401 5.685 0.350 5.335 

P. Klang B0169 7.494 0.610 6.884 

Tg. Keling M0311 6.427 1.660 4.767 

Kukup J5328 6.88 2.300 4.580 

J. Bahru J0416 6.079 0.650 5.429 

Tg. Sedili J0801 4.459 0.710 3.749 

Tg. Gelang C0331 6.496 0.880 5.616 

Chendering T0283 4.688 0.760 3.928 

Geting D0354 5.964 1.560 4.404 
* All height in meters 

 

In computation the height of BM refers to LMSL or CD, 
things that should be given attention is where is the zero level. 
For height of BM refers to LMSL, the zero level is the MSL 
derived based on tidal observation data at each tide gauge 
station since the station started observed until 2010. While, the 

height of BM refers to CD, zero level of CD derived from 
predicted lowest astronomical tide (LAT). From both zero 
level, the height of BM is computed. 

Table 5, shown the numerical discrepancies of height 
referred to PMGVD, LMSL and CD. It should keep in mind 
the height of BM refers to PMGVD is carried out from zero 
level of tide gauge at Port Klang and that value derived from 
10 years tidal observations data.  

TABLE 5 HEIGHT DISCREPANCIES BETWEEN PMGVD, LMSL 
AND CD 

Location BM No. 

Discrepancies (meter) 

 

P. Langkawi K0172 0.092 -1.728 

P. Pinang P0379 0.154 -1.555 

Lumut A0401 0.034 -1.818 

P. Klang B0169 0.017 -3.014 

Tg. Keling M0311 0.096 -1.099 

Kukup J5328 0.135 -1.573 

J. Bahru J0416 0.201 -2.007 

Tg. Sedili J0801 0.209 -1.492 

Tg. Gelang C0331 0.146 -1.781 

Chendering T0283 0.130 -1.324 

Geting D0354 0.187 -0.552 
* All height in meters

 

 
Figure 5 Geographical Distribution of Height Discrepancies Between BM 

Refers to PMGVD and LMSL. 

The value of height discrepancies is computed based 
equation (3) and (4), in which data from Table 3 and 4 as an 
input value. Figure 5 and 6 illustrated the geographical 
distribution of Peninsular Tide Gauges with numerical 
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discrepancy between PMGVD versus LMSL and PMGVD 
versus CD. 

 

 
Figure 6 Geographical Distribution of Height Discrepancies Between BM 

Refers to PMGVD and CD. 

Based Table 5 and Figure 5, the range of height 
discrepancies between PMGVD and LMSL at the west coast of 
Peninsular Malaysia is 1.7 to 13.5cm.  While, at the east coast 
area, the range of height discrepancies is from 18.0 to20.9cm. 
The maximum height discrepancy is at Tg. Sedili and the 
minimum discrepancy is at Port Klang. Overall height 
discrepancies between PMGVD and LMSL is not too large.  

In Table 5 and Figure 6, the maximum height discrepancies 
between PMGVD and CD is located at Port Klang around 
3.014m. While, the minimum height discrepancies are at 
Geting around 0.552m. Overall result in height discrepancies 
between PMGVD and CD is too large.      

V. CONCLUSION 
The main objective in this paper is to investigate the height  

discrepancies occurs when using a different reference datum in 
surveying, mapping and charting activities. Currently in 
Malaysia there are three (3) common datum widely used: 
Peninsular Geodetic Vertical Datum (BM), Local Mean Sea 
Level (LMSL) and Chart Datum (CD). All these three (3) 
datum shows different zero levels. 

Based on the result of this investigation found that the 
discrepancies between  height referred to PMGVD and LMSL 
is relatively small and will not effect on the accuracy of the 
work especially for construction and small scale mapping. 

Contrast with the results shows in discrepancies between 
height referred to PMGVD and CD. In this case, the 
discrepancies are too large and strictly not acceptable in 
surveying, mapping and charting activities.  

As a conclusion, the knowledge of discrepancies of height 
when refers to various vertical reference datum is very 

important especially when dealing with coastal area. This is 
needs to ensure that geospatial information produced is 
accurate and reliable. 
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Abstract— Foodborne diseases (e.g. cholera, dysentery, typhoid, 

and Hepatitis A) are still considered a threat to human health 

and economy of a country. The cooperation among governments, 

the food industries and consumers are essential in order to 

control the diseases effectively.  These emerging diseases can be 

controlled by implementing an effective technology application 

and innovation. Geographical information system (GIS) and 

satellite remote sensing are not new technologies in the world, but 

their applications in Malaysia particularly in the field of health 

are not used widely although the technologies have potential in 

providing a holistic system for public health care and 

epidemiology. This study was to demonstrate practically the 

implementations of GIS and remote sensing technologies in 

managing cholera control plan as a foodborne disease in the 

country. Initially, it showed that the technologies could be applied 

in three operations; i) interactive mapping of cholera disease, ii) 

analyzing dynamic changes for cholera transmission risk system, 

and iii) a framework for public healthcare management system. 

These potential contributions of technologies in health hopefully 

could be beneficial to the epidemiologist and public health staffs 

of MOH institutions toward creating an efficient MyGeoHealth 

(Malaysian Geospatial and Health) approach.  

 

Keywords- Foodborne Disease, Geographical information 

system (GIS), Satellite Remote Sensing, MyGeohealth 

I.  INTRODUCTION  

World Health Organisation (WHO) defines foodborne 

diseases the result of ingestion of foodstuff contaminated with 

microorganisms or chemicals from environmental 

contamination, including pollution of water, soil or air. It 

includes cholera, dysentery, typhoid, Hepatitis A, food 

poisoning, salmonellosis, Escherichia coli and so on. Although 

the situation of the diseases in Malaysia is under control, 

certain high risk areas are still unpredictable occur [1,2] and 

sporadically like cholera epidemics and food poisoning in 

schools are easily detected, diffuse outbreaks often go 

unreported [7,8] Geographical information system (GIS) and 

satellite remote sensing are geospatial technology; to collect, 

process, analyze data spatially and temporally especially in 

spatio-temporal infectious disease monitoring and 

management. The techniques have also better analysis 

combined with epidemiological and statistical approaches for 

effective foodborne disease control plan and management. 

II. GEOSPATIAL TECHNOLOGIES IN PUBLIC HEALTH 

APPLICATIONS OF MALAYISIA 

A. Geographical Information System (GIS) and Remote 

Sensing Technology 

Generally, a geospatial technology is the information 

technology field of practice that acquires, manages, interprets, 

integrates, displays, analyzes and uses the geographic, 

temporal, and spatial data such as GIS, satellite remote 

sensing, GPS and so on. GIS is a computer system for 

capturing, storing, querying, analyzing, and displaying 

geospatial data [6], while remote sensing is a technology 

involving the use of sensors placed on a platform moving at a 

far distance from earth’s surface and it can be used to collect 

data of the earth for the purpose of inventorying and 

monitoring [11]. These geo-innovative techniques have 

advantages in terms of spatial data collection, geo-mapping, 

geo-visualization, geo-analysis, geo-modelling, and the 

management of geospatial health features and phenomena [2] 

particularly for effective foodborne disease control plan. 

B. Foodborne Outbreaks in Malaysia 

The outbreaks of foodborne disease are defined as the 

occurrence of more than two cases of a similar illness. 

According to WHO (2012), foodborne diseases have high 

levels of mortality in the general risk-groups of population. In 

Malaysia, there are still reported incidents of food and 

waterborne diseases such as cholera, dysentery, typhoid, 

Hepatitis A and food poisoning. Previous local studies have 

shown that the main contributing factor of the disease was 

identified as insanitary food handling procedures [8] 

especially in schools’ and academic institutions’ food 

preparation premises and inappropriate food handling 

practices [7].  
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There are many intervention methods introduced by the 

government to control the disease systematically; including 

surveillance and monitoring system, training for preventative 

control of food safety management systems. The Foodborne 

Diseases Network (MyFoodNet) and Food Safety Information 

System of Malaysia (FoSIM) were established to monitor the 

surveillance system of foodborne diseases in the country. 

Training Programme in 1996 was also conducted to ensure 

hygienic practices during handling, preparation and sale of 

food. The Epidemic Intelligence Programme (EIP) was also 

initiated in 2002 to train public health practitioners. The 

implementation of Hazard Analysis Critical Control Point 

(HACCP) in food regulation as a requirement has been 

considered to have a positive influence on food safety and 

governments have mandated the use of HACCP system [7] 

 

Although the government has supplied clean water, 

appropriate training and facilities to control the foodborne 

disease, effective ways to prevent the disease by using a 

multisectoral approach among Ministry of Health (MOH) and 

other government or private agencies and individual need to 

be conducted in the management of the systematic foodborne 

diseases in Malaysia [4,7].  

 

C. GIS and Remote Sensing Applications in Foodborne 

Disease Management 

GIS is not a new tool in the world, but its application in 

Malaysia particularly in the field of health is not used widely 

although this technology has potential in providing a holistic 

system for public health care and epidemiology [1,2,12,13,14]. 

Abdul Rasam et al (2011) introduced GIS-based approach for 

managing foodbone disease (cholera) in Malaysia (Figure1). 

The general functions of GIS in health studies are disease 

mapping and modeling, spatio-temporal changes analysis and 

risk assessment, public health care and hospital management. 

This study explores spatial analysis tool set in ArcGIS 

software for mapping and analyzing cholera diseases 

combined with remote sensing techniques for environmental 

or ecological risk assessment using spatio-temporal changes 

analysis and statistical correlation.  

 

An increasing number of health studies have used remotely 

sensed data for monitoring, surveillance, or risk mapping, 

particularly vector-borne diseases [5] and non-borne diseases. 

Since no single spatial, temporal, or spectral resolution is 

universally appropriate for understanding the transmission risk 

for any disease, the National Aeronautics and Space 

Administration’s (NASA) Center for Health Applications of 

Aerospace Related Technologies (CHAART) evaluated 

current assessed and planned satellite sensor systems in 

enabling human health to determine data relevant for the 

epidemiologic, entomologic, and ecologic aspects of their 

research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. GIS AND REMOTE SENSING APPLICATIONS IN 

MANAGING FOODBORNE DISEASE OF MALAYSIA 

 

Based on the study conducted in Sabah on Cholera disease 

management using geospatial technology, the majority local 

selected respondents (80%) strongly agreed that these 

technologies have potentials to be applied in monitoring and 

managing the disease outbreaks. Practically, the study was 

carried out with three main GIS-based operations in 

controlling cholera disease; i) interactive mapping of 

foodborne disease, ii) analyzing dynamic changes for 

foodborne transmission risk factor, and iii) framework of a 

foodborne disease  management system: 

 

A. Interactive mapping of foodborne disease 

The existing static or pin map of cholera distribution of 

Jabatan Kesihatan Negeri (JKN) Sabah could be improved 

using dynamic cholera disease mapping (Figure 2). Cholera 

map can help JKN staff in decision-making process showing 

the geographical distribution of the diseases in communities of 

the district, help elucidate the cause of the disease, and may be 

used to generate hypotheses of disease causation [15].  
 

 

 

 

 

Figure 1. Malaysian Geographical/Geospatial Health (MyGeoHealth): 

Innovative method for monitoring environmental risk factors on 

human health (e.g. GIS-Based Cholera Information System in Sabah. [1] 
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B.  Dynamic analysis for foodborne transmission risk factors 

Cholera disease  mapping in Tawau can also display 

descriptive spread of the spatial disease, and generating 

hypotheses about  disease causation, but they cannot establish 

the precise cause of multi-factorial disease (triggered) that 

need specific information about disease etiology, and local 

knowledge for interpretation of demographic and temporal 

aspects [15]. Therefore, for ecological or epidemiological risk 

assessment of SST and Chl-a on cholera distribution, data of 

satellite spatio-temporal changes and GIS and statistical 

correlation or interpretation are utilized together (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C. Framework of a foodborne disease management system 

Figure 4 demonstrates the proposed framework of Cholera 

Information System (CHIFS) in JKN, Tawau. The triggered 

environmental variables and other influential environments 

could be identified and integrated in related GIS software and 

other animation system. Layers of  cholera incidents, SST and 

Chl-a are combined with other relevant spatial database (e.g. 

healthcare facilities) using GIS, statistical model, and other 

ICT  (e.g. multimedia and virtual) tools for effective and 

interesting  predictive model and early warning surveillance or 

system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. CONCLUSION 

This study was to demonstrate the potential 

implementations of GIS and remote sensing technologies in 

managing foodborne disease in Malaysia especially cholera 

disease.  There are three main GIS-based operations used in 

managing foodborne disease; i) interactive mapping of 

foodborne disease, ii) analyzing dynamic changes for 

foodborne transmission risk factor, and iii) framework of a 

foodborne disease  management system. These potential 

contributions of the technologies in health hopefully could be 

beneficial to the epidemiologist and public health staff from 

JKN and other MOH institutions for: 

 

i. Monitoring the spread of infection diseases in order 

to  identify the cause of the infection 

ii. Monitoring health services usage such as the uptake 

of vaccination or the use of community cares 

services 

iii. Mapping of the non-infectious diseases is valuable 

for generating hypothesis about disease causation or 

for identifying clusters of disease. 

iv. Mapping exercises can incorporate ecological 

analyses and can combat the disease effectively 
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Figure 2: Dynamic Functions of Cholera Disease Maps in JKN, Tawau Using 

ArcGIS Software and Statistical Analysis 

Figure 3. Analysis of Cholera High Risk Area Condition during the Warm 

SST Condition from May to September 

Figure 4: Proposed  framework of a foodborne disease management 

system (e.g. Cholera) 
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Abstract— The current application of geographical 

information system (GIS) in health care has been widely 

practised to channel information, particularly in developed 

countries. However, in Malaysia, the use of GIS application in 

healthcare is limited because of lack of exposure in delivering 

information to users or patients who need government health 

care center services. The problem that can be detected is that the 

crucial information needed by the patients or users such as the 

availability of expertise in every government hospital is not yet 

available in the system. This study tries to solve the problem by 

creating a GIS-based information analyses and system so that 

patients can find out the information about necessary treatment 

in a hospital based on specialist services provided. The finding 

showed the successfully integration of information on the actual 

position of all government health centers in Johor Bahru with 

the services and facilities provided. In addition, this study 

demonstrated the function of the shortest path in network 

analysis for finding the nearest health care facilities from 

patients’ location. GIS technology not only can benefit patients or 

users, but it also can better management for all organizations if 

the database is fully integrated with all the government hospitals 

in all the districts of Johor towards creating an efficient 

MyGeoHealth (Malaysian Geospatial and Health) approach. 

 

Keywords- GIS;  mapping and location; network analysis; 

health care facility; MyGeohealth 

I.  INTRODUCTION  

Best services provided by each health care center will 

improve the quality of communities’ health care. It includes 

the preparation of an information system that helps users to 

reach each health care center for treatment. In Johor Bahru, 

there are two government hospitals operating in the 

community. Therefore, by using GIS, it provides a set of 

guidelines which health information system can be refocused 

as a monitoring tool to improve the, quality, access and use of 

Health Management Information. This study also shows that 

an alternative way of improving the flow of health information 

is to dedicate resources specifically to co-ordinate access, use 

and ongoing development of relevant information to users. 

 

As recommended by the World Health Organization 

(WHO), Malaysia should not leave behind the use of GIS in 

the health field even though it is still new in our country. It is 

the policy of the Ministry of Health (MOH) to expand the use 

of modern technology in their efforts to improve health in all 

countries, especially the use of computers and comprehensive 

management information system. The Municipal Council of 

Johor Bahru has initiated the use of GIS for diseases 

prevention and control in 1996 towards creating healthy 

community.  

 

Traditionally, the location of each health care center in this 

country is based on addresses, without giving details of the 

actual position of the health center. There is no information 

system developed to describe the actual situation in spatial 

health care centers. With the help of GIS applications, the 

actual position of the health center can be mapped accurately 

and information such as coordinating each health care center 

can be obtained and pinpointed. The combination of spatial 

information, expertise available in the healthcare centers and 

road network will be able to give more information on travel 

distance and travel time from users’ home to the nearest 

medical center.  

II. GIS APPLICATIONS IN HEALTH CARE IN MALAYISIA 

 

Generally, a geographic information system is a computer-

based information system that enables capture, modeling, 

storage, retrieval, sharing, manipulation, analysis, and 

presentation of geographically referenced data. The term GIS 

is near generic in usage, however, variant acronyms describe 

similar information system. For example, health information 

system (HIS) [1,5] describe geographic information system 

processing health utilization and resources database, 

respectively. 

 

GIS integrates spatial and other kinds of attribute data 

within a single system. This offers the flexibility to combine 

data from a variety of disparate sources from many different 

databases. The process of converting maps and other kinds of 

spatial information into a digital form, via GIS, enables new 

and innovative methods for the manipulation and display of 

geographic data and knowledge to be formulated. GIS makes 

connections between activities based on geographic proximity 

these connections are often missing without GIS, but can be 

vital to understanding and managing activities and resources. 
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For example, we can link toxic waste records with school   

locations   through   geographic   proximity.  

 

A Health care Information System (HIS) includes a wide 

array of applications and information systems that are tied. It 

supports the provision of care to patients and the business 

aspects of the health care organization by communicating 

information. The gathering of information systems and the 

architecture by which they are integrated is unique for each 

organization. Early manual systems evolved to automated 

stand-alone systems, while current systems are well integrated. 

Two or more components that are merged together into one 

system are often referred to as an integrated system. The 

expansion of integrated systems is more pronounced today as 

information and its efficient communication have become vital 

to the survival of health care organizations in today's economy 

and regulatory world [7]. 

 

Organizational strategic aims and business plans determine 

the composition of the applications, hardware, and network 

structure that make up an individual HIS. A health facility is 

any location at which medicine is practised regularly. It ranges 

from small clinics and doctor's offices to urgent care centers 

and large hospitals with elaborate emergency rooms and 

trauma centers. The number and quality of medical facilities in 

a country or region is one common assess of that area's 

prosperity and quality of life. Types of health care facilities 

are based on the criteria determined by Ministry of Health.  

 

i. Specialist hospitals 

ii. Non specialist hospitals 

iii. Healthcare clinics 

iv. Dental clinics 

v. Rural clinics 

 

According to previous studies, a GIS accessibility model 

based on least cost path analysis is a critical resource that can 

be used by health service planner. Poor access to primary 

health services, such as a general practitioner or doctor, can 

result in people with simple health problems not being advised 

by general practitioners or doctor and subsequently developing 

more complex problems with considerable discomfort that can 

be expensive to treat. An important consideration for such 

decision-making is where people are living, and their travel 

distance and time to closest hospital or clinic. Geographical 

access models developed using network analysis function in a 

GIS have enormous potential for informing policy 

development and grounding debate on how to achieve social 

equity of primary health care access.  

 

III. METHODOLOGY 

 

This section explains the implementation of this project. It 

covers the process of project planning, data collection, data 

processing, data analysis as presented in Figure 1. The first 

stage of this study is project planning which includes the 

selection of the study areas and the software which is needed 

to implement this project. Johor Bahru is selected as study 

area which is located on the southern tip of the peninsular 

Malaysia and the state capital of Johor Darul Ta’zim. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 In the data collection, the data required is in the form of 

spatial and attribute. Spatial data that is required is road 

network and government hospitals. This spatial data is 

obtained through the process of digitizing base map of the 

Johor Bahru district. Road networks are categorized into three 

categories: highway, primary road and secondary road. For 

government hospitals spatial data, it must be connected to the 

information services provided at each government hospital.  

Attribute data that need to be stored in the database are roads’ 

name and length and name of hospital and their facilities.  

 

In the data processing, spatial data and attribute data are 

merged to build the GIS database that contains information 

required in data analyzing stage. For example, the road’s name 

and its distance information, while hospitals with position 

information and the name of each hospital. In georeferencing 

basemap or also known as rectifying map, this is the process 

of registering map on the earth’s surface and it is a very 

critical stage to obtain high accuracy in measurements. The 

digitizing process creates spatial data and allows the attribute 

data to be stored in together.  

 

Creating Personal Geodatabase, is the core of the data 

processing stage. It is a place for storing all the information 

about the projection of maps, spatial data and attribute data. 

Database connection and relationship is done to join external 

database with an existing personal geodatabase that has been 

created. A network dataset is created from the feature source 

Figure 1. Research methodology 

Google map 
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or sources that participate in the network. It incorporates an 

advanced connectivity model that can represent complex 

scenarios, such as multimodal transportation networks. 

Preparation of the network analyst such as the Shortest Route 

using Shortest Path tool: the closest facilities using closest 

facility tool.  

IV. RESULT AND ANALYSIS 

 

The analysis focuses on the creating of geo-database and 

network analysis of health care services. 

A. Creating map and  geo-database of healthcare facilities 

To integrate information on the actual position 

of all government hospitals in Johor Bahru with 

the services and facilities provided. After all the information 

about government hospitals has been integrated, the result is 

shown in Figure 2. It describes the graphical view of 

government hospitals on the earth's surface. From this 

information, the viewer can imagine the location of the 

government hospitals and its surrounding. This information 

gives a better understanding to users to find the hospitals from 

their location rather than having only the address of 

government hospitals as reference. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

By making database connection and relationship with 

another database, the delivering of information is increased. In 

this project, problems arise when the relationships among the 

database in ArcGIS software permits only one-to-one and 

many-to-many relationship which only one spatial data can 

have one record. This database relationship allows many 

tables or other database related to each spatial data (Figure 3). 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Analyses of network analysis for healthcare facilities  

This part is to analyze the shortest path to find the nearest 

health care centers from patients’ location or incident area and 

closest facility services. 

 

1) The Shortest Path Analysis 

 

The shortest path analysis in Network Analyst tool used in 

this project is to identify the shortest path to reach the health 

centers in terms of the shortest distance from the patient’s or 

user’s location. The result from the shortest path analysis 

shows the shortest route from the location of patients to 

selected government hospital in the shortest distance criteria. 

The shortest path analysis will find the direction starting from 

the patients’ location (Figure 4). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Spatial and related information about Hospital Sultanah Aminah, Johor 

 

Figure 4. Shortest route analysis result & Direction for shortest path 

 

Figure 3. Database and services provided for Hospital Sultan Ismail, Johor 
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2) The Closest Facility Analysis 

 

 In this project, the closest facility analysis will be 

conducted when there is more than one facility chosen from 

the patient’s location. For example, Hospital Sultanah Aminah 

and Hospital Sultan Ismail provide an emergency service. But 

for patients to find the nearest hospital and the shortest route 

for emergency cases, the closest facility analysis is necessary 

to be carried out (Figure 5).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. CONCLUSION 

The objective of integration of information on the actual 

position of all government hospitals in Johor Bahru with 

the services and facilities provided is to put the GIS element in 

delivering health information. Health care facilities such as 

government hospitals are a focal point for communities to seek 

treatment. With the use of GIS in the delivery of information, 

it can help in solving the problems faced by the public. 

Meanwhile, Network analysis which is carried out in this 

project is a process of manipulating road network data and 

hospital locations to generate new information to facilitate 

public’s obtain direction to reach the hospital. The direction 

will give the shortest route from the patients’ location to 

hospital. GIS application in health care facilities initiates a 

new era in delivering information to the public. It not only can 

benefit patients or users, but it also can give better 

management for all organizations if the database is fully 

integrated with all the government hospitals in the districts of 

Johor.  
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Figure 5: Result of closest facility analysis & Direction for  

closest facilities analysis result 
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Abstract - The challenge that the modern technology is facing 
today is to provide a quality and better signal strength to users. 
Since the most widely deployed and used mobile computing 
device today is the mobile phone, so there is a need to provide 
good services to the customers. The purpose of this project is to 
present the study on the impact of Received Signal Strength 
(RSS) and signal quality between two network providers which 
are Celcom (013) and Digi (010) in Shah Alam area. Both of these 
providers are the main telecommunication service providers in 
Malaysia. This paper focused on the collecting and analyzing 
data by monitoring cellular activities using the CellTrack 
software. These processes involving in the use of two NOKIA 
phone with the Global Positioning System (GPS) that enable the 
data on coordinate of every checkpoint along the route to be 
recorded. The data was collected in three days and three times 
per day for fine day and one data collection for raining day in 
order to see any variation in the Received Signal Strength (RSS) 
and signal quality at different time and different weather 
condition. The result shown that the Digi provider is better in 
received signal strength (RSS) compared to Celcom provider.  

Keywords- Receive Signal Strength (RSS); CellTrack; quality 
signal; cellular; GPS enable 

I.  INTRODUCTION 
      Global System for Mobile communication (GSM) is 
a digital mobile telephony system that is widely used in Europe 
and other parts of the world [1].  In Malaysia, we are know that 
there are several company that provide mobile services such as 
Celcom Axiata Berhad, Maxis Communication Berhad, Digi 
Telecommunication Sdn Bhd and U Mobile. This entire mobile 
network has their ongoing investments in network coverage, 
capacity and performance, and intends to maintain their 
technology leadership and position as the country’s best mobile 
service provider. Although all of the companies use the same 
system, but there are differences in the quality signal. This is 
because the signal normally varies with environmental factors 
such as building barriers, trees, traffic flows and how far a 
mobile phone is located from the Base Transceivers Station 
(BTS).  

 

      The Mobile Station (MS) is carried by the subscriber. The 
Base Station Subsystem (BSS) controls the radio link with the 

MS [2]. In a cellular radio system, hexagonal shaped cells were 
used in a land area to be supplied with radio service. Each of 
these cells is assigned multiple frequencies which have 
corresponding radio base stations. Cells may vary in radius in 
the ranges of 1 km to 30 km. The boundaries of the cells can 
overlap between adjacent cells and large cells can be divided 
into smaller cells [3]. The smaller the cell size and the faster 
the movement of the MS through the cell, the more handover 
of going call required. In additional, the location update is 
needed in the handover procedures. 

Extended study on previous similar researches shows that there 
are several methods that can be used to perform signal strength 
and quality testing such as Test Mobile System (TEMS) [4], 
and Reliability and System Architecture Testing (RSAT) [5]. 
For TEMS tools, it basically consist of two TEMS mobile 
phone that must been control by software running on a personal 
computer. When both of a mobile phone has connected to 
laptop, the software then can be used to monitor parameters 
and to control the transmitting of message between the mobile 
and the cellular network. For RSAT tools, it must be connected 
to personal computer. The signal strength data were recorded 
and stored in the laptop. Both of the methods used were 
slightly same in term of measuring signal strength. According 
to author [6], the site simulations are obtained by using 
software named Asset3g by AIRCOM International. However, 
strong foundation is needed to use the software as it is complex 
software. 

      Thus, we bring out this research in order to study and 
analyze the different in Received Signal Strength (RSS) and 
signal quality between Celcom and Digi networks service 
provider in Shah Alam area. The content of this paper is as 
follows. Section 2 describes the software description and GPS 
visualize. Section 3 focuses on software installation, data 
collection and drive test study area. Section 4 covered the 
results for case study area and discussion for the results. We 
conclude our work in section 6.  

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 250

desktop
Rectangle



2 
 

II. SOFTWARE 

A. Software Description 
CELLTRACK is a program to collect some phone 

information about the cell you are connected to - like the net 
monitor and this software only support mobile phone that using 
Symbian Operating System. Figure 1 shows the main screen of 
the CELLTRACK91 software and the version for Symbian 3rd 
Generation is only fit for S60 operating system. 

 
Figure 1: Software CELLTRACK91 views. 

 

The GSM information and functions showed as below [7]. 

• Cell id – the id from the actual cell 

• LAC – the location Area Code from mobile 
station 

• NET- the net we are moving example, 262 for 
Germany and 02 for Vodafone. If 
WCDMA/UMTS and GSM cell is present is 
shown here. The number has still 4 digits. 

• Name – the name of cell. This is shown by an 
algorithm when we select ‘Cell Name from Id’ in 
the setting or from the cell broadcast when we 
have turned ‘Cell Name from CBS’ on and have 
defined a service number. Otherwise one a ‘-‘ is 
shown. If both are turn on CBS overwrites the 
generated name. 

• Signal – shows the quality of receive signal. The 
percentage value is taken from the Nokia phone 
API (Application Programming Interface). The 
dBm values are covered at command 
(CELLTRACK62) or the newer API 
(CELLTRACK70). 

• Battery – shows the capacity of the battery. 

• Description – shows the information from the 
database. 

• Diagram – shows the dBm values as green and 
the percentage as black line. The red lines a cell 
change. 

B. GPS Visualizer 
     23 different locations are chosen through Shah Alam area. 
The coordinate at every location is measured using mobile 
phone with GPS enable. The data from mobile phone can be 
transfer to software name GPS visualizer. This software is 
simplified and flexible in terms of input, and its enormous 
number of options regarding the output. When we upload the 
GPS data, GPS Visualizer will automatically detect what kind 
of file it is and process accordingly [8]. In this research, the     
output will be present in form of Google Earth and 3D view. 
This software used to get the information and displayed along 
driving routes in Shah Alam area. 

III. METHODOLOGY 

A. Flow Chart 
Special software program which called as CellTrack is used 

to collect the data. This software is very specializing program 
because it can collect detailed information about the carrier 
network and GSM cell that you are connected to, just like the 
net monitor. This software only can be used for the hand phone 
that have Symbian platform. Symbian is a mobile Operating 
System (OS). Figure 2 illustrates the procedure of the project. 

 
Figure 2: General flowchart represents of the project 
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B. Software Installation 
CELLTRACK software can be downloading through the 

website [7]. User was reminded to download suitable version 
of software depending on mobile phone model. In this project, 
software Celltrack91 - Version for S60 Symbian 3rd 
Generation was been download is used. 

Once the software was downloaded, user must get the 
certificate to sign in the software [9]. The user required to enter 
International Mobile Equipment Identity (IMEI) number. 

C.  Drive Test Study Area 
       Data collection has been taking by using two models 
NOKIA E5 phone. This model is used because it is already 
equipped with Global Positioning System (GPS) and enable 
navigate to the target location. In addition, GPS from the phone 
was also used to get the coordinate at 23 throughout Shah 
Alam area as shown in Figure 3 and Table 1 shows the 
coordinate system for the target location.  

      The data collection has being taken at several locations 
which is in the specific target area. This process was conducted 
over four days, where the three days run on the fine day while 
one day for raining day. For data collection in fine weather, 
three sessions will be conducted, during the early morning 
(8.00am to 9.00am), afternoon (12.00pm to 1.00pm) and 
evening (5.00pm to 6.00pm). While for data collection on the 
rainy day, only one session has been done. In this study, the 
data was taken during the afternoon (12.00pm to 1.00pm).This 
data collection was carried out in urban areas involving around 
Shah Alam. 

      The data information was collected while the vehicle 
moving along the study area. To simplify this process, at least 
two people are required which mean one to drive the vehicle 
while another is required to record all data required. Vehicle is 
driven at speed 30 km/h to 50 km/h depending on traffic flow. 
After that, the data will be automatically saved in the mobile 
phone memory and it can be viewed later via notepad or 
Microsoft Excel when the data has been transferred to the 
computer. 

IV. RESULT AND DISCUSSION 
The drive test studies between two network providers 

which are Celcom and Digi have be done in urban areas 
involving around Shah Alam.  

 
Figure 3: The blue line represents the route .The red dots 

represents the coordinate of the checkpoints  
 

      There are 23 different locations was chosen throughout 
Shah Alam area. The coordinate at every location is recorded 
by mobile phone and then transferred into Google Earth. Table 
1 shows the coordinate system for the target location. 

TABLE 1: Coordinate System for Selected Location 

 
      The drive test study of the target location on the tracking 
performance was carried on 1st, 3rd and 5th May 2012 for a 
fine weather. For raining day, the drive test study has been 
done on 2nd May 2012 at afternoon. In this research, 3 
different days and times are taken for both operators. 

1) Morning:       8 am  – 9 am 
2) Afternoon:  12 pm  – 1 pm 

        3) Evening:        5 pm  – 6 pm 
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A. CELCOM and DIGI 

 
Figure 4: Graph of Average Signal Strength (CELCOM) 

versus Location (in three days) 
 

       The standard range of the RSS is between -110dBm to -
10dBm. For practical purpose, the range of RSS is considered 
good if the reading is greater than -90dBm. If the reading is 
lower than -90dBm, the signal strength is considered bad [4]. 
Figure 4 is the combination of the average signal strength to 
show the comparison between morning, afternoon and evening 
for Celcom provider. The signal strength was quite similar for 
each time. From the graphs, it can be shown that signal 
strength in the morning is mostly higher compared to other 
condition.  
 

Figure 5: Graph of Average Signal Strength (DIGI) versus 
Location (in three days) 

 
      Figure 5 shows the average of three readings for Digi 
provider. The signal shows the comparison of signal strength 
in the morning, afternoon and evening. 
 
      From previous provider, it showed that the signal strength 
was quite similar for three days. But for DIGI provider, it 
shows that the signal strength distribution pattern is quite 
different for each time. This is because the signal strength 
continuously fluctuates due to noise and interference. 
However, the average signal strength in the morning for three 
days is quite flat pattern and the signal strength along the trip 
in the range of -86dBm until -74dBm. This result is considered 

good and this is because the signal strength is captured from 
the nearest BTS.  
 
      From the figures, we can see the average receive signal 
strength in several location is lowest for three days in the 
afternoon. This is because of the attenuation of path loss and 
surrounding environment due to atmospheric effect. Besides 
that, the weather condition was the effect of received signal 
strength. This is because the temperature in the afternoon is 
quite hot and in some study showed that signal strength may 
perform better during the day or at night [10].  
  

B. Comparison Average Signal Strength for Fine Days  

 
Figure 6: Graph of Average Signal Strength versus Location 

(Morning)  
 

 
Figure 7: Graph of Average Signal Strength versus Location 

(Afternoon) 
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Figure 8: Graph of Average Signal Strength versus Location  

(Evening) 
 

      Figure 6 – 8 show the graph of average signal strength 
versus location (Latitude) in different times between two 
service providers which are Celcom and Digi. From the graph, 
we can see that the signal strength fluctuates because of 
interference.  

 
      The graph shows that the signal strength for Digi is mostly 
higher than Celcom. This is because in urban area, Digi 
provider has more repeater of antenna than Celcom provider. 
Signal strength can be maintained when there are lots of 
antenna repeaters present in that particular location. The 
maximum signal strength for Digi collected is -65.0 dBm in 
the evening and located area Telekom S.17,(8) and Sport 
Complex S.17,(9) while the minimum signal strength collected 
is -94 dBm in the afternoon and located at Taman Tasik Shah 
Alam S.2,(18). For Celcom, maximum signal strength 
collected is -69 dBm in the morning and located between Gate 
1 UiTM,(20) until Petronas S.7,(23) while the minimum signal 
strength collected is -100.3 dBm in the evening and located at 
Roundabout Section 19,(12). The minimum signal strength for 
Celcom is constantly low at this area for each time. Even these 
locations are the near away area to the BTS, but in reality the 
mobile station will received the signal strength from another 
BTS. For short distance which 40 meter or less, this is not 
strictly correct and less approximation between the base and 
the mobile because of the dependence of the antenna patterns 
on elevation angle. This value only can be excellent 
approximation when the distance greater than 40 meter [11].  
 

C. Signal Strength on Raining Day 
      Basically the signal strength will be decrease on the 
raining condition. Figure 9 shows Signal Strength versus 
Location on Raining Day between two providers. The data has 
been collected on 2nd May 2012 in the afternoon around 12pm 
to 1pm. From the graph, it shows that the signal strength for 
DIGI provider is good in raining as compared to CELCOM 
provider. This is because the BTS for Digi is close compared 
to Celcom even in certain location the BTS is sharing between 
these two providers. The other reason is Digi provider was less 
interference such as building or trees. When raining condition, 
the signal strength for mobile phone slightly different for both 

providers due to this weather condition has less effect 
interference to the signal. 
 
  D. Comparison between Fine Day and Rainy Day 
 

 
Figure 9: Graph of Signal Strength versus Location (Raining 

Day) 
 

 
Figure 10: Graph of Average Signal Strength versus Location 

Fine days and Rainy day (CELCOM) 
 

 
Figure 11: Graph of Average Signal Strength versus Location 

Fine days and Rainy day (DIGI) 
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      Figure 9 – 11 show the comparison of signal strength 
between fine and rainy day. The result from both providers in 
the fine day time was being compared with the result on 
raining time. From the graph, we found that the signal strength 
decrease in almost locations in Shah Alam area when rainy 
day. One of the factor effect the signal strength is because of 
rain attenuation. The precipitation in the atmosphere cause 
signals to be absorbed and weakened. In Malaysia General 
Packet Radio Service (GPRS) operates in low frequency band 
in the ranges of 900MHz to 1.8GHz and is not affected much 
by rain attenuation [12].  
 

 
VI.    CONCLUSION 

      As a conclusion, based on data obtained from monitoring 
cellular activities, different area has different signal strength 
for both Celcom and Digi network providers. The comparison 
of the signal strength between the two networks providers has 
been analyzed and we found that in Shah Alam area, Digi has 
better signal strength as compared to Celcom. This showed the 
impact of the RSS of the target on the tracking performance 
for both network providers.  
      Future work will be focused on the simulation work 
between test bed and simulation environment by considering 
the prediction of the channel and use’s behavior. The further 
work is needed to find the most optimize handover procedure 
by comparing the test bed and algorithm with the handover 
decision criteria specific by the standard. 
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Abstract—This paper presents a correlation analysis between 
high grade and low grade of  Aquilaria Malaccensis (AM). Seven 
selected samples of AM were identified using Gas 
Chromatograph – Mass Spectra (GC-MS) and several statistical 
techniques have been employed. The samples were separated 
into two grades such as high grade and low grade. The analysis 
involves of normality test such as Shapiro Wilk, standard 
deviation, skewness, kurtosis and correlation analysis. All the 
analysis was done using SPSS ver. 15.0. The result shows that 
there are no significant correlation between high grade and low 
grade and it is a high correlation among compounds in similar 
grade. Three common compounds and highly correlated found 
in both grade and they are hexadecanoic acid, valencene and α-
guaiene.  

Keywords-correlation, high grade, low grade, Aquilaria 
malaccensis, agarwood oil 

I. INTRODUCTION 
The AM is one of the species of agarwood oil.  The 

agarwood oil is extracted from the highly valuable wood, 
agarwood or gaharu. The wood was found in Aquilaria 
species, also known as aloeswood, oudh, kanankoh or 
eaglewood [3-5]. In 2011, researchers found 15 species of 
agarwood [6]. The Aquilaria Malaccensis has a big 
population in Malaysia forest [7] and Aquilaria Agallocha 
Roxb is originately found in Japan [8]. In Japan, the wood is 
called according to their quality, Kanankoh for high quality 
and Jinkoh for low [8-10]. The agarwood oil is much 
appreciated in various application such as in medicine, 
religious prayer, as incense, perfumery and as a symbol of 
wealthy [5]. Thus, the market demand for agarwood oil is 
increasing [7, 11]. Not to be surprised if 1 tola (12cm3) of oil 
is cost RM400 to RM2000 [12]. 

Based on human sensory panel, conventionally the 
agarwood oil is graded according to its colour, lasting aroma, 
high fixative and consumer perception [2, 13]. However, 
standard agarwood oil quality is limited due to human nose 
cannot accept many samples in one time and easily get 
fatigues  especially when dealing with continuous production 
[14]. The human sensory panel also limited in terms of 
subjectivity, poor reproducibility, time consumption and 

large labor expense [15]. These  are constraining factors to 
increase agarwood oil trade and penetrate the market [6]. 

Laboratory technique, such as GC-MS analysis [6, 8, 10, 
14, 16, 17] was preffered to solve the conventional problems.  
GC-MS analysis identifies the significant existence of 
common compositions such as valerianol [2, 3], 
pentadecanoic, tetradecanoic, dodecanoic and hexadecanoic 
acid [3], elemol [2, 7, 13], β-agarofuran, α-agarofuran, epi-
�-eudesmol and agarospirol [2] and α-guaiene [8]. GC-MS 
discriminates the volatile compounds of agarwood oil [4, 5] 
to different quality and showing difference in oil 
compositions [5, 8]. For example, agarospirol and β-
agarofuran as Type A and α-agarofuran, 10- epi-�-eudesmol 
and oxo-agarospirol as Type B [18].  

The GC-MS helps to relate the compounds and odour 
based on odoriferous properties in agarwood oil [8, 16]. For 
example, (-)-guaia-1(10),11-dien-15-al has a pleasant β-
damascenone-like woody note with a touch of camphor and 
(-)-selina-3,11-dien-9-one has a fresh and sweet odour to 
represent gorgeous and elegant character of agarwood oil [8].  

Instead of represent on odour, GC-MS also described 
colour by its profiles.  Noteworthy, different colour 
corresponds to different quality of oil [8, 10, 17].  Both 
colour and odour has a complex mixture of sesquiterpenes 
and chromone derivatives, as indexed by GC-MS [19]. This 
analysis extracted major volatile components such as 
sesquiterpenes and it  is popular in market [9].  The studies 
on colour in oil volatile components has been carried out and 
they found that different colour has different chemical 
constituents [6, 14]. For example, GC-MS chromathographed 
that oxidoagarochromone as a pale yellow in oil component 
[19].   

In this study, Aquilaria Malaccensis identified using GC-
MS for analysis. Several statistical techniques were 
employed including boxplot and normality test which is 
consists of Shapiro-Wilk, standard deviation, skewness and 
kurtosis. Then the study was end up by correlation test 
between high grade and low grade, and among similar grade. 
Lastly, a conclusion is made.  
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II. METHODOLOGY 

A. Data preparation 
The GC-MS data is obtained by the seven selected 

Aquilaria Malaccensis from Forest Research Institute 
Malaysia (FRIM) [20]. The data comprises of seven different 
samples with 44 chemical compounds. GC-MS analysis was 
performed by referring the method in  [21]. Extending from 
the previous work [1], six significant compounds extracted 
using PCA were reported and will be used in this study. They 
are dihydro collumellarin, hexadecanoic acid, α-guaiene, 
elemol, valencene and thujopsenal. 

 

B. Data analysis 
A box plot is used to have an ideal/general impression on 

the data under study and represent the standard deviation for 
the entire sample under measurement [22]. From the box plot 
median, the skewness of sample can be defined by looking at 
the whiskers [23]. The skewness is relates to the distribution 
of the data either it is normal distribution or not. The outliers 
is defined as data points or scores that are different from the 
remainder of the scores [23]. Normality test is part of data 
pre-processing was performed to inspect the histograms of 
scores on each variables [24]. There are many ways that can 
be used to check the normality of data and four of them are 
Shapiro_Wilk, standard deviation, skewness and kurtosis. 
Shapiro-Wilk test is well known as an effective test to detect 
Gausian or Non-Gaussian of any signal [25]. The test proved 
that the result provide reasonable performance and well 
suggested for the normality test [25]. Standard deviation 
shows that the data deviation from the mean of sample [24]. 
Another method for normality test is skewness, it is 
measured by plus minus twice of its standard error. Skewness 
is applied to explain the scores of the histogram in a way 
such as positive skewness and negative skewness [24, 26]. 
The fourth normality technique is kurtosis. Kurtosis is used 
to know either the data distribution is fat-tailed or thin-tailed. 
Fat-tailed means the data scores in each tail has a greater than 
normal proportion and vice versa for the thin-tailed [27]. In 
other word, kurtosis is plus minus twice of its standard error. 
Kurtosis test was performed better in a study of pulsed-
sinusoidal radio frequency interference [25]. The 
performance of Shapiro-Wilk Normality test is measured if 
sig. (p-value) is greater than 0.05, then the data is Gauss 
(Normal) distributed. Otherwise, the data is not normal. 
Standard deviation, skewness and kurtosis are applied using 
the equation in (1), (2) and (3), respectively. The distribution 
is normal when the skewness and kurtosis are within the 
range of plus minus twice of their standard errors.  
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where, s is a standard deviation, N is number of scores in 

sample, x is sample mean, Σ is sum of .., G1 is skewness, and 
G2 is kurtosis.  

 
Data grading is done by separating six compounds to two 

grades, high grade and low grade. As in previous research 
published by Ali et. al [2],  four of seven samples are graded  
as high grade. The rest, the samples are graded as low grade. 

In this study, differences between 2 groups analysed using 
two assessments: 

i)  if the sig. (p-value) is equal or less than 0.05, there is a 
significant difference in the mean score between High quality 
and Non High quality, and 

ii) if the value is above 0.05, there is no significant difference 
between High quality and Non-High quality. 

Correlation test is used to explore the strength or the 
relationship between variables and groups. In a simple term, 
it will indicate whether the concerned groups or variables are 
correlate or not, and the degree of their correlation [28]. 

III. RESULT AND DISCUSSION 
Fig. 1 and Fig. 2 show the distribution for high grade and 

low grade compounds, respectively.  No outliers are detected 
in both figures. However, it is noticed that, every compound 
has different median, minimum and maximum values. For 
high grade, the median is the minimum value for three 
compounds such as hexadecanoic acid, elemol and 
valencene. For low grade, two compounds are identified to 
have same result i.e. the median is minimum value. The 
compounds are valencene and thujopsenal. Graphically, two 
different pattern of median value are detected between high 
grade and low grade. Their correlation is presented in Table 
III and will be explained later. 

. 
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Fig. 1Distribution for high grade compounds 

 

Fig. 2Distribution for low grade compounds 

Table 1 shows the normality test for on normalized GC-
MS data of AM using Shapiro-Wilk Normality test. The test 
resulted four compounds have sig. values greater than 0.05. 
The compounds are dihydro collumellarin, hexadecanoic 
acid, α-guaiene and elemol with 0.442, 0.553, 0.591 and 
0.014, respectively. The other two compounds are not normal 
distributed. 

TABLE I.   TEST OF NORMALITY 

 
 

Table II shows the descriptive statistic for six compounds 
involved of standard deviation, skewness and kurtosis value. 
Among all compounds, the most deviated compound was 
hexadecanoic acid with 2.69338 and the least deviated 
compound was α-guaiene with 0.30846. It was observed that 
three compounds has the value within the range ±1.588 (refer 
(1)) such as hexadecanoic acid, alpha guaiene and elemol 
with 0.062, 0.428 and 1.476, respectively. It means the 
skewness not seriously violated, and then the distribution for 
these compounds are normal distributed. From this 
technique, the other three compounds are not normal. For 
kurtosis, all compounds have the values in the range ±3.174 
(refer to kurtosis calculation in (2), except valencene. The 
value is not within the range, such as 3.769. From the 
kurtosis result, all the compounds are found to be normal 
distributed except valencene which is not normal distributed 
or leptokurtic. Generally, hexadecanoic acid, α-guaiene and 
elemol had passed both tests to qualify them as normal 
distributed. 

TABLE II.  THE DESCRIPTIVE ANALYSIS 

 

Table III shows the correlation between high grade and 
low grade. It is noticed that the correlation value is 0.567, 
which means high grade and low grade is not correlated. The 
sig. level (p-value) is 0.241, so, the correlation between high 
grade and low grade is not significant. 

TABLE III.  CORRELATION BETWEEN HIGH GRADE AND LOW GRADE 

Correlations

1 .567
.241

6 6
.567 1
.241

6 6

Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N

High grade median

Low grade median

High grade
median

Low grade
median

 
 

Table IV results the correlation among high grade 
compounds. Among all, hexadecanoic acid and valencene is 
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highly correlated, 0.923 (almost 1). The high correlate is also 
for α-guaiene and thujopsenal with the value of 0.880. 
However, no significant correlation is detected since all sig. 
levels are more than 0.05. Elemol is found not correlate with 
any compound since no variable (relative peak area is 0%) is 
detected. In general, four compounds are highly correlated 
and they are hexadecanoic acid, valencene, α-guaiene and 
thujopsenal. 

TABLE IV.  CORRELATION AMONG HIGH GRADE 

 Correlations 
 

Table V shows the correlation among low grade 
compounds.  Among all, hexadecanoic acid is high correlated 
with dihydro collumellarin (0.956) and valencene is high 
correlated with alpha guaiene (0.903).  Also for valencene 
and hexadecanoic acid, is high correlated with the value of 
0.915.  However, no significant correlation is detected since 
all sig. levels are more than 0.05. It is found that Thujopsenal 
has no correlation with any other compounds since no 
variable is detected i.e. relative peak area is 0%. The total 
compounds for high correlated compounds are hexadecanoic 
acid, valencene, α-guaiene and dihydro collumellarin 

 

 

 

 

 

TABLE V.  CORRELATION AMONG LOW GRADE 

 

Fig. 3 shows the comparison for the highly correlated 
compounds found in both high grade and low grade. The 
common compounds are hexadecanoic acid, valencene and 
α-guaiene. The result demonstrates that there are big 
different between high grade and low grade in term of 
compounds’ mean in hexadecanoic and valencene.   

Fig. 3 Comparison for highly correlated compounds in high grade and low 
grade 

IV. CONCLUSION 
This paper has presented a correlation analysis on selected 

Aquilaria Malaccensis. The result shows that there are no 
significant correlation between high grade and low grade.  
Among compounds in similar grade, there is a high 
correlation. Three common compounds and highly correlated 
found in both high grade and low grade. They are 
hexadecanoic acid, valencene and α-guaiene. The histogram 
for these compounds marked large differences for high grade 
and low grade in hexadecanoic acid and valencene.  
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Abstract— Steam temperature is well known as one 
significant parameter in process of extraction essential oil 
that can contribute to increase the output yield and quality 
of the product. In this study, induction heating system was 
adopted in steam distillation pot to replace the 
conventional heating element. Induction heating system 
was preferred is due to high efficient, clean and save 
energy. In term of temperature control, this study 
implemented hybrid fuzzy PD plus PID at steam 
distillation pot with induction heating system for essential 
oil extraction system. Initially, the system was modeled to 
represent the system using ARX structure with PRBS was 
triggered to the system as an input. The parameter 
estimation and tuning is derived by simulation for HFPP 
control scheme. The performance of HFPP with 25 and 49 
rules is compared by step response test. From experiment 
of real time control, demonstrate the proposed HFPP 
using 49 rules giving a better performance based on 
settling time, rise time, percent overshoot and RMSE 
value. 
 
Keywords— High efficient inductiom –based extraction essential 
oil , Hybrid Fuzzy PD and PID. 

I. INTRODUCTION 
Steam distillation column is a well known as process that 

steam produce to enhanced essential oil extraction process[1]. 
Steam produce in distillation column makes the fraction of 
hydrocarbons to be distilled at temperature at lower than their 
boiling point. Steam and the vaporized essential oil will be 
flow into condenser region and condense become water and 
pure essential oil. Since the steam continuously produces, the 
process will be repeated until end of the process. 

Nowadays, demand on essential oil increase and countless 
research efforts have been reported in improving the 
extraction techniques such as superheated water extraction[2-

4] , supercritical fluid extraction[3], supercritical Co2[5], 
soxhlet[6], subcritical water extraction[7], solid-phase micro 
extraction[7] and solvent extraction[7]. 

In term of quality of oil yield produced by steam distillation, 
several studies made to compare with other extraction 
methods. According to [8], a quality chemical composition of 
volatile compound obtained by steam distillation and 
subcritical water extraction (SWE) were relatively similar. 
Steam distillation also compared with supercritical fluid 
extraction (SFE) where both extracts were similar in terms of 
quality. [3]were determined that steam distillation was the 
most effective method compare with SFE and SWE. [5]stated 
that the distillation extraction technique produces more oils as 
compared with SFE supercritical Co2 extraction. Those 
methods were compared and the steam distillation method 
produced more yields and more economical to compare with 
others.  

Temperature plays an important rule to improve quality and 
rate of output yield. For that reason, temperature is chosen as 
a process variable to the proposed research. The prototype 
development is divided into two categories. They are the 
steam distillation pot itself and the induction heating system. 
The distillation pot development covers the setting up of plant 
with addition of induction heating system. Meanwhile, the 
induction heating system were be modified to covers the 
sensing system, software development and system interfacing.  

Conventional methods of steam distillation mostly are not 
control at all. Since the steam distillation are lacking in term 
of system robustness towards parameters change[9], some 
controller need to introduce to overcome these shortcoming 
and  improve the performance of steam distillation plant. In 
this study, HFPP control is proposed. Real time control was 
introduced to steam distillation plant by send the control 
signal to induction heating system by right to maintain the 
steam temperature inside distillation pot at set. From the 
experiment, controller is expected to execute and giving better 
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control of steam temperature during distillation process in 
order to promises the best quality and output yield. In this 
paper it demonstrated how HFPP control can be implemented 
at the steam distillation plant to control the steam temperature. 
Fuzzy logic controller associated with Propotional, Integral 
and Derivative is most popular among researcher to extend 
their work[10-17]. For temperature control, demonstrate 
Fuzzy plus P, I, and D give better performance which improve 
system response and uncertainties [12, 14]. Fuzzy logic 
controller has detected produces oscillations in the process 
response[14]. Implementation of adaptive and hybrid control 
schemes reduces severe oscillation and the hybrid control 
scheme enhance control precision. In the design of PID-fuzzy 
control[11],knowledge obtained from the process reaction 
curve procedure is employed to determine proper membership 
function[15, 16].  

The rest of this paper was organized as follows. Section II 
presented steam distillation pot and data collection in section 
III. Section IV is about modelling strategy, V Hybrid fuzzy 
PD plus PID, In section VI, real time HFPP implementation 
and finally, conclusion were included in section VII. 

II. STEAM DISTILLATION POT 
The steam distillation that was developed in this work is 

intended for extracting the essential oil by steam distillation 
technique. Nowadays, there are various extraction techniques 
implemented ranging from conventional to advanced methods 
for the purpose of achieving better quality and high quantity 
of essential oil. Even though steam distillation is considered as 
a conventional method, there are a few advantages associated 
with it such economical in terms of operational and 
maintenance, most oil extraction for botanical materials can 
be performed via steam distillation, resulting in cleaner 
production and easy to operate with considerably high 
production and quality as well 

The steam distillation pot that was developed in this work 
is intended for extracting the essential oil by steam distillation 
technique. Heating system for steam distillation usually use 
electrical heater and so on but for distillation pot the induction 
heating system was introduced. The steam pot actually has a 
special design using stainless still material to make it working 
well with induction heating system. Therefore, the pot is 
equipped with a material bed and attached to a condenser 
build from copper material and water oil separator. Steam 
produced in pot works as a transportation medium for enhance 
essence particles, containing oil when passing through the 
botanical material. Steam and oil mixture evaporate and 
condensed flow to condenser then produce a layer of oil and 
hydrosol (mixture of oil and water) at collecting container. 
Figure 1 show sketch of steam distillation pot with induction 
heating system and on figure 2 show the diagram of 
experiment setup for this system. 

 
Figure. 1 Distillation pot system prototype sketch 

Induction heating system with power range between 800W 
to 2000W was use in this system to heat the water in pot to 
produce steam for extraction essential oil purpose. An 
induction heating system is a powerful, high-frequency 
electromagnet, with the electromagnetism generated by 
sophisticated electronics in the "element" under the unit's 
ceramic surface. When a good-sized piece of magnetic 
material--such as, for example, a cast-iron skillet--is placed in 
the magnetic field that the element is generating, the field 
transfers ("induces") energy into that metal. That transferred 
energy causes the metal of pot become hot. By controlling the 
strength of the electromagnetic field, we can control the 
amount of heat being generated in the pot and we can change 
that amount instantaneously.Because of all induction heating 
criteria, it was choose as a new heating element in this study.    

Induction heating system will set in range power from 
800W to 2kW and the steam temperature will be measured by 
a resistive temperature detector (RTD PT100) with 
advantages such high accuracy, low drift, wide operating 
range and suitable for precision applications where that 
located upper material bed and conditioned by a signal 
conditioning circuit (SENECA K109PT) before send the 
signal to DAQ PC LabCard Advantech PCI-1716 through port 
AI1. Data gathered from plant will be stored at PC via Matlab 
programming for analysis purpose.  By using MatLab 
programming, sampling time was set one data per second. The 
dynamic is as anticipated since the system is not equipped 
with any cooling system.  

 

 
Figure. 2: Block diagram of steam distillation pot with 

induction heating system, computer and interface 
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III. DATA COLLECTION 
Data of steam temperature from steam distillation pot were 

carried out and transfer to DAQ PC LabCard Advantech PCI-
1716 to store in Matlab software. Using Matlab version 2009 
make the process of data collected become easier when it 
provide a sufficient tools that use for data acquisition purpose. 
The data stored in Matlab programming will display in 
workspace and use for analysis purpose. In this study, the 
steam temperature data was collected with pseudorandom 
binary sequence (PRBS) as the input signal. During 
experiment, the input signal PRBS was generated using 
matlab software with 0.2 proportional band. The PRBS was 
set 1, high and 0, low correspond 1200W and 0W of induction 
heating system. The measured output from system must be 
informative to ensure the model present is accurate.  Based on 
the PRBS triggering, the output steam response of steam 
temperature output is visualized in figure 3. 

The collected data 5000 (input-output samples) plant steam 
distillation pot are divided into two parts for estimation and 
validation by using interlacing technique where odd data for 
estimation and even data for validation.  

 
Figure. 3: PRBS input and measured temperature 

IV. MODELING STRATEGY 
A. Model structure selection ARX 

 
The linear system identification is obtained by use the data 

collected from the experiment that comprises s of input, 
output and disturbance. 
 
ARX model structure can be written as: 
    
 

Where the polynomials A(q) and B(q) defined by: 
 
      1  … . .  
      … . .  
 
 
Where A(q) and B(q) represent system dynamic  and q-1 
as time shift operator and this q description in equivalent to 
the Z-transform form[18]  
 

V. HYBRID FUZZY – PD PLUS PID CONTROLLER 
The hybrid fuzzy-PD plus PID controller is a combination 

of fuzzy-PD controller with PID control structure to 
improvised the performance of the system. Without the 
present of control scheme, the steam temperature response is 
originally very dynamic and uncertain therefore smoother 
output is required for temperature regulation. In hybrid fuzzy 
PD plus PID, there are eight gain parameters consists as 
shown in figure 4 that is Kp1, Kd1, Gf1, Gf2, and Gf3 for 
fuzzy-PD gains, whereas, Ge, Ki2 and Kd2 are PID gains. All 
parameter should be tuned to optimize the performance of 
controller before attempting real time application. To realize 
this process, simulation work should be done first in order to 
guarantee the system stability and get the appropriate value 
for each gain for HFPP.   

 

 
Figure 4 : Structure of hybrid Fuzzy-PD plus PID(HFPP) 

controller 

   The block diagram of HFPP as a control module was 
illustrate in figure 5 which gives a control signal to induction 
heating system. For robustness check, the system was 
introduced with load disturbance and set point tracking. 
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The algorithm of HFPP is stated as in equation (3) and (4). 
The control signal, u is calculated based on summation of all 
products from fuzzy components and PID components. 
Whereas n signal is derived from fuzzy operation, F {}, that 
consist of two inputs from error and differential error as in (4). 
The advantage of HFPP is that the output from fuzzy, n can 
have better fine tune of desired output as the presence of PID. 
If error occurred, the double controller (Fuzzy-PD and PID) is 
forced the response to minimize the error signal. If error is 
zero the controller setting will maintained at present condition. 
 |  .  .  .  . .  . .  
 
In control of steam temperature, fuzzy with 49 rules was 
employed by constructed from 7 conditions of membership 
function for input error and differential error. In this paper, 
fuzzy with 25 rules also executed to compare output steam 
response with fuzzy 49 rules. Figure 6, 7, and 8 shows input 
error controller, input change of error and output membership 
function respectively. 
 

 

 
Figure 6: Input error controller membership function 

 
 

 
Figure 7: Input change of Error membership function 

 

 
Figure 8: Output membership function 

 
 

VI.REAL TIME HYBRID FUZZY PD PLUS PID 
IMPLEMENTATION 

 
Some tuning can be applied by adjusting fuzzy rules, 
membership function and gain parameters. However, 
according to real time experience, adjusting the membership 
function and change rule not really gives much affect to the 
response if compared by adjusting the gain parameters. The 
heating process well known is a slow process[14]. Since the 
slow process, output response is supposedly to execute with 
no overshoot, rise time was reduced with minimizing steady 
state error[9]. The fluctuation at transient stage need to 
eliminate because during higher temperature(above boiling 
point) the response is highly dynamic and uncertain behaviour. 
Table 1 was tabulated of tuned parameter gains for HFPP. 
 

TABLE 1 HFPP controller parameters values 
 

HFPP Parameters Gains 
Kp1 1.0 
Kd1 -1.0 
Ge 6 
Ki2 0.2 
Kd2 2.0 
Gf1 0.1 
Gf2 0.1 
Gf3 1.0 

 
      
The design of HFPP controller for plant high efficient 
induction- based essential oil extraction system is to provide 
smooth control for steam temperature also robust to changes 
of operation condition during extraction process. The selection 
of fuzzy rule is very important in order to achieve smoother 
response and less oscillation at the steady state. In this study, 
fuzzy rules with 49 rules give a better performance compared 
to fuzzy 25 rules. Figure 9 and figure 10 shows the steam 
temperature response using HFPP with 25 and 49 rules. The 
performance of controller was measured based on rise time, 
settling time, percent of overshoot and RMSE value. Table 2 
was tabulated the summary of steam temperature response for 
HFPP 25 and 49 respectively. Figure 11 visualize the 

(3) 

(4) 
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comparison between output steam response with fuzy 25 and 
49 rules.  
 

 
 
Figure 9: Output temperature steam response using HFPP with 

25 rules  

 
Figure 10: Output temperature steam response using HFPP 

with 49 rules  

 
Fig 11Output Steam temperature response for HFPP using 

25 and 49 fuzzy rules 
 

Table 2 Summary of performance HFPP with fuzzy 25 and 
49 rules 

 
 Rise 

time(s) 
Settling 
Time(s) 

% 
Overshoot 

RMSE 
value 

HFPP 25 rules 381 2986 2.1142 0.4176 
HFPP 49 rules 318.76 536.2 0.4118 0.23 

 
VIII CONCLUSION 

     
     In this work, the proposed real time HFPP controller has 
been developing for control the steam temperature of high 
efficient induction- based extraction essential oil system. The 
aim of this study to implement HFPP in real time control was 
achieve when HFPP with fuzzy 49 rules gives a good 
performance in control the steam temperature at set point with 
small overshoot, fast rise time and shorter settling time. It 
proves that HFPP was capable in order to minimize the output 
error and eliminate the fluctuation of temperature response at 
transient state during higher temperature where the response is 
highly dynamic and uncertain behavior. 
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Abstract—This paper present the implementation of real 
time PID controller for hydro-diffusion steam distillation 
essential oil extraction system based on comparison of 
Gradient Descent (GD) and Ziegler Nichols (ZN) tuning 
methods. The first order of Auto Regressive Exogenous 
(ARX) model was used to describe the behavior of the 
temperature system and will be use in the controller 
design. A PID controller is expected to execute a robust 
response towards parameters changes and better control of 
steam temperature during distillation process. The system 
had been evaluated based on rise time, % overshoot, 
settling time and root mean square error (RMSE). The 
temperature control was achieved by controlling the 
voltage fed to the heater ranging from 0V to 5V via digital-
to-analogue converter (DAC). Robustness test of the PID 
controller are based on: i) introduce disturbance and ii) 
set-point tracking. From the result, the performance of PID 
controller using GD tuning method reveals that this 
controller can be adapt for the system because being 
sensitive to parameters changes and robust as the response 
can compensate the load disturbance and set point change. 
 
Keywords— Gradient descent, Ziegler Nichols, ARX model, 
hydro-diffusion, distillation process, set-point tracking.   

I. INTRODUCTION 
 

Essential oils (EO) can be defined as the volatile aromatic 
compound by extraction process which can be found mostly 
from plant’s flowers, bark, wood, leaves, root, seed or resin [1, 
2] and it stored in the pockets of the botanical material which 
can be extracted by either breaking, heating or stirring the 
pockets in boiling water[3]. The usage of essential oil covers 
in aromatherapy, food and beverages, perfume, antibacterial 
activity, and spa practices [2, 4, 5]. Generally, an analytical 
procedure for essentials oils can be categories into two steps: 
extraction process (such as steam distillation, hydro-distillation, 
simultaneous distillation-extraction and solvent extraction), 
and analysis process gas chromatography (GC), gas 

chromatography coupled to mass spectrometry (GC-MS) [1, 4-
6]. 

Steam distillation is the earliest and popular extraction 
technique for most botanical materials[7] compared to others 
techniques such as solvent extraction, expression and critical 
fluid extraction[1, 6]. The proportion of essential oils extracted 
by steam distillation is 93% compared to the remaining only 
7% of essential oil extracted[1]. Steam distillation usually 
applied on the fresh and dried material[8]. Based on the review 
above, the author already developed new system that uses 
steam which is hydro-diffusion steam distillation system.  

There are several factors affect the extraction yield such as 
temperature, pressure, distillation time, chemical composition 
and particle size [9]. This paper concentrating on steam 
temperature as a controlled variable since it is one of the 
significant factors in the extraction process. Controlling and 
maintaining the temperature at the desired is a bit challenging 
tasks due to various factors such as slow dynamic response 
and process have lag or time delay[10, 11]. In order to make 
sure the quality of essential oil, a good temperature controller 
is needed. The PID controller have been well developed for 
industrial and process control today [11, 12, 13] due to 
simplicity, ease of design, low cost and effectiveness for most 
linear systems [12]. The application of PID controller in 
hydro-diffusion steam distillation essential oil extraction 
system is expected to execute a robust response towards 
parameters changes and better control of steam temperature 
during distillation process. 

In later part of the paper is organized as follows: In section 
2, hardware set up and system configuration is presented. 
Section 3 describes the plant’s modeling and followed by PID 
controller design in section 4. The results of experimental 
evaluation of the proposed technique on the hydro-diffusion 
steam distillation are presented in Section 5, which is followed 
by the concluding remarks. 
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II. METHODOLOGY 
i. Hydro-diffusion steam distillation essential oil 

extraction system 
Hydro-diffusion steam distillation essential oil extraction 

system is visualized as in Figure 1 and installed at Distributed 
Control System Laboratory (DCS) in University Teknologi 
Mara, Malaysia. The distillation column with 10 litre water is 
heated by immersion heater to produce steam. Pressurized 
steam is supply from the top of the plant and passed through 
the botanical materials. Pressurized steam is used to vaporize 
the volatile oils in the plant material. The steam and oil vapor 
mixture is then going down through the small tube to the 
condenser. The implementation of heating process in pilot 
plant of essential oil extraction system is described in Figure 1.  

 

 
 

 
 Figure 1 The hydro-diffusion steam distillation essential oil extraction 

system 
 
ii. System  Configuration 

The system is divided into 3 main parts which is process 
plant, data acquisition using PCI-1711 card and control unit as 
in Figure 2 below. 

 
Figure 2 Block diagram of system configuration 

 

The system consists of three phase 240 Vac immersion 
type heater with a power rating of 1.5kW. The sensor is a 
platinum sensing element, PT-100 3 wires type placed in the 
material tray. PT100 connected with the signal conditioning 
circuit varies in terms of resistance value of 100ohm at 0 oC. 
The temperature control was achieved by controlling the 
voltage fed to the heater ranging from 0V to 5V via digital-to-
analogue converter (DAC). Computer was used as a control 
unit. PCI-1711 Advantech card was used to interface between 
hardware and control unit. Software for the system was 
developing using MATLAB programming to monitor the 
signal response and for real-time implementation, MATLAB 
Real Time Workshop (RTW) was employed.  

III. PLANT’S MODELING 
Modeling approach basically starts with the design of 

experiment to obtain  input and output data, followed by model 
structure selection, then model estimation and lastly is model 
validation. The Auto Regressive Exogenous (ARX) model was 
used to describe the behavior of the global model based on the 
relationship between input and output data. The system is 
perturbed with Pseudo Random Binary Sequence (PRBS) as 
an input and temperature as an output signal. The PRBS 
amplitude is selected to adhere at maximum of 100% from the 
full scale (5V) when PRBS signal is 1 and 50% of full scale 
(2.5V) when the PRBS signal at 0. The output of steam 
temperature response and PRBS input as in Figure 3. 
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Figure 3 Input-output data of heating process, (a) output, (b) input. 
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There are 5000 input-output data collected in this 
experiment. The PRBS signal is generated with PB=0.4 and 
clock period factor Nb=2.5 (Nb=1/PB). All data have been 
sampled at Ts=1. The initial temperature at steam tray is 70.8 
oC and was gradually increased up to 94.1 oC.  

 
i. ARX Modeling 

The fundamental of ARX model structure is given by 
equation (1) below [14] 
 

 
 
where the polynomials A(q) and B(q) are given by  
 
   
      
 
where q-1 is the delay operator and e(t) represent the white 
noise. 

The input-output data are divided equally into 2 sets: odd 
number samples data (1, 3, 5...) are used for estimation, the 
even number samples (2, 4, 6...) are used for validation 
purposed by using interlacing technique. The modeling is done 
by using model order 1. The obtained ARX model was 
employed as in equation (3) 

 
A(q) = 1 - q-1                                                                                                          

 
B(q) = 0.0082 q-1                               

 
In represent the system, good model should be 

representative in all condition of the system. The validation on 
ARX model shows the performance criteria using fitness, R2 is 
98.41%.The performance criteria based on RMSE and mean 
square error (MSE) are 0.1037 and 0.0108 respectively. This 
model accepted to perform further for controller design. 

IV. PID CONTROLLER DESIGN 
Figure 4 illustrates the block diagram of PID module for 

controlling steam temperature for hydro-diffusion steam 
distillation plant.  

 
             Figure 4 Block diagram of PID controller 

 
 

The PID controller is give in equation (4) where Kp, Ki, 
and Kd is the coefficients for proportional (P), integral (I) and 
derivative (D) respectively whereas e (t) is the error. 

 

 
 
There are three gain parameters consists in PID controller. 

In this study, GD and ZN tuning methods were applied to tune 
these parameters. The Ziegler-Nichols tuning method is well 
known and often forms the basis for tuning procedures used by 
control system vendors. In the ZN approach, simple formulas 
for PID controller settings are expressed in terms of ultimate 
gain Ku and ultimate period Tu of the process. The 
disadvantages of experimentally determining the critical 
parameters are that the system can be brought to a state of 
instability [15, 16]. To overcome these problems, gradient 
descent optimization is applied to tune these parameters and 
was done by simulation. Gradient descent is one of the 
optimization techniques to tune important parameter 
simultaneously. The method improves dynamic and steady 
state response and maintains the frequency at desired level [17, 
18].Gradient descent tuning algorithm requires no knowledge 
of the plant to be controlled. This makes the algorithm robust 
to changes in the plant. It also makes the algorithm universally 
applicable to linear and nonlinear plants, with or without noise, 
with or without time delay. The algorithm achieves the tuning 
objective by minimizing an error function [19].  

The PID parameters are tabulated in Table 1 for GD and 
Table II for ZN tuning method .The tuned parameters of PID 
controller that was done by simulation is tested on the real 
system. 

 
TABLE 1 

 
PID PARAMETERS USING GD 

Parameter  
Kp 17.22 
Ki 0.0000288 
Kd 0.0001583 

 
 

TABLE II 
 

PID PARAMETERS USING ZN 

Parameter  
Kp 26.8 
Ki 0.0002057 
Kd 16.575 

 

V. RESULT AND DISCUSSION 
 
i.  Real Time Implementation 
In this paper, PID controller is designed to control the steam 

temperature at the desired temperature.  

(1) 

(2) 

(3) 

(4) 
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Figure 5 PID controllers step response 
 
 

TABLE III 
 

STEP RESPONSE PERFORMANCE 

 
PID 

CONTROLLER 

Rise 
time 
(s) 

%OS Settling 
time (s) 

RMSE 

GD 345 0.6700 1993 0.4239 
ZN 658 0.9800 2667 0.6707 

 
Figure 5 and Table III shows the step response 

performance for real time PID controller using GD and ZN 
tuning method. In term of the rise time, GD gave faster 
response with 345 s compared with the ZN with 658 s. There 
is different approximately 0.31% deviation for overshoot 
between GD=0.67% and ZN= 0.98%. For a settling time 
criteria, GD reach the faster settling time with 1993 s 
compared with ZN= 2667 s. Meanwhile, the roots mean 
squared error (RMSE) showed that PID controller using GD 
tuning method outperformed PID controller using ZN with 
0.4239 and 0.6707 respectively.  

Robustness test of the PID controller are based on: i) 
introduce disturbance and ii) set-point tracking. The objective 
of the introduce disturbance is to test ability of the PID 
controller in comprising an abrupt disturbance during running 
process. The disturbance is cut off the power supply from 
1.5kW to 0W for 30 seconds and start at 1000 samples. 
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                      Figure 6 PID controllers response with disturbance 
 

       TABLE IV 
 

              DISTUREBANCE TEST PERFORMANCE 

PID CONTROLLER GD ZN 
Tmin 87.62 oC 87.42 oC 

Time taken to go back to 
the setpoint, (s) 

151 386 

 

From the result in Figure 6, after introduce the disturbance 
at sample 1000s, steam temperature decrease with Tmin= 
87.62oC and Tmin= 87.42oC for GD and ZN controller 
respectively. However, time taken to go back to the set point 
after introduce disturbance for GD controller is two times 
faster which is only 151s compared with ZN controller = 386s. 
Significant improvement can be spotted to GD  controller  
because provide fast and robust response in comprising an 
abrupt disturbance during running process.   

The PID controller also assessed based on the set point 
tracking where the actual response is expected to follow the 
reference signal, r(k): 

 
 
  80 oC; for 0 <k< 700 
  85 oC; for 701 <k< 1200 
           90 oC; for 1201 <k< 1700 
   

 

Without 
disturbance 

With 
 disturbance 

r(k) = 
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Figure 7 PID controllers with set-point tracking 

Figure 7 illustrates the comparison between GD and ZN 
performance in controlling the system using step change input. 
As can be seen, at higher temperature level, both controllers 
performed well in tracking the stipulated set point. Regardless 
of lower temperature, GD still showed a consistent and better 
control performance compared to ZN.  

VI. CONCLUSION 
This work demonstrates the implementation of real time 

PID controller using GD and ZN tuning method for hydro-
diffusion steam distillation essential oil extraction system. The 
performance of PID controller using GD tuning method 
reveals that this controller  can be adapt for the system because 
being sensitive to parameters changes and robust as the 
response can compensate the load disturbance and set point 
change . 
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Abstract - In this paper, a new approach is proposed for 

extracting feature from walking human based on the lower body. 

This approach utilized DCT to extract features followed by PCA 

as feature selection. Further ANN and PNN are utilised as 

classifiers.  All developed method is tested with 10 subjects from 

CASIA gait database. Initial findings showed that the proposed 

method is viable based on 90% recognition rate for ANN and 

80% for PNN.  

Keywords – gait recognition, averaged silhouette, discrete 

cosine transform, principal component analysis, artificial 

neural network, probabilistic neural network 

 
I. INTRODUCTION 

Currently, person verification based on ‘the way they 

walk’ is one of the promising biometric identification. It is 

well known that gait is an idiosyncratic feature of a person 

that is determined by, among other things, an individual’s 

weight, limb length, footwear, and posture combined with 

characteristic motion [1]. Human gait sequences are based 

on spatio-temporal periodic signal [17]. Gait is one special 

biometric which can be detected and measured at a 

distance based on low resolution images. Conversely, 

several challenges in gait analysis and recognition study 

include robustness of foreground segmentation of the 

walking subject from the background scene, changes in 

clothing of the subject, variations in the camera viewing 

angle with respect to the walking subjects as well as 

changes in gait as a result of mood or speed change, or as 

a result of carrying objects [1] that contributed to 

recognition accuracy via gait. Earlier, at the beginning of 

the gait recognition existence, marked-based techniques 

are used that required expensive specialized hardware [2]. 

However, nowadays, most recent approaches based on 

computer vision approach have attracted most researchers’ 

attention to utilised this approach for recognition of gait 

from videos as well as real time application.  This strong 

interest is driven by a variety of potential applications 

such as visual surveillance, covert security and access 

control [3]. 

Current approach for gait recognition can be 

classified into two categories that is appearance based [4] 

[5] [6] [7] & [8] that deals directly with image silhouettes 

which is obtained as a results of background subtraction to 

extract features. For instance, Boulgouris et al. [4] applied 

Radon transform on silhouette to extract the feature from 

each frame and employed Linear Discriminant Analysis 

(LDA) to reduce the dimension of accumulated feature 

vector of one period. Next, Hayder et al. [5] proposed a 

new combination between Radon Transform to extract 

feature along 0° and 180° and Principal Component 

Analysis (PCA) is used to reduce the dimension of feature 

followed by Euclidean distance for recognition purpose. 

Appearance based approach are lower computational cost 

and easier to be implemented [9].  

 Next, another category of gait recognition is model 

based [10] [11] & [12] which firstly model the image data 

followed by analysing the variation in its parameter for 

gait recognition.  As in [13], Chew et al. has proposed a 

new technique using coupled oscillator for the thigh and 

lower leg with fewer parameters. Recognition rate that 

achieved for walking was better than running recorded 

using k-nearest neighbour. Further, another approach was 

also introduced by Xiaxi et al. [14] based on combination 

of three discriminative features specifically area, gravity 

centre and orientation of each body component that 

improved performance for gait recognition. Also, Imed 

Bouchrika et al. [15] proposed a new baseline analysis 

that deployed for gait recognition using elliptic Fourier 

descriptor to parameterise motion of the joint ankle, knee 

and hip joint and achieved better recognition rate. 

Amongst the two approaches discussed above, normally 

model based will contribute to higher accuracy since this 

method is capable to combat noise effectively whilst 

model free based or appearance based approach will 

contribute to lower computational cost [16] [30].  

Figure 1 showed an example of gait cycle that is the 

time between successive foot contacts of the same limbs. 

One gait cycle took place once the reference foot is in 

contact with the ground and ends with subsequent floor 

contact of the same foot. As observed in Figure 1, 

variations between the feet and hand due to human 

walking could be extracted and utilised for recognition 

purpose.  However in this study we deemed further to 

investigate only the variations due to lower limb as 

features for gait recognition and compared with entire 

body features. The CASIA gait database will be used as 

our inputs with Discrete Cosine Transform (DCT) as 

feature extraction followed by PCA as feature selection. 

Next, feed forward neural network (NN) and probabilistic 

neural network (PNN) will be evaluated as classifiers for 

gait recognition.  
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II. PROPOSED METHODOLOGY 

Figure 2 depicted the general block diagram of the 

proposed methodology in gait recognition.  Firstly, the 

original gait sequences are pre processed to obtain sub 

body followed by DCT as feature extraction. To validate 

the effectiveness of sub body of gait silhouette as features, 

lower limb due to average gait silhouette will also be 

evaluated for comparison purpose. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A. Lower Limb  

As stated earlier, the lower limb will be used by 

extracting the variations as features for recognition. 

Firstly, the centroid point is determined. Then, the lower 

limb is cropped based on the centroid. Fig. 3 showed the 

entire body and example of lower limb.  

 

 

 

 

 

 

 

 

 

 

  
                   

 

 

B. Averaged silhouette 

Averaged silhouette of subject in one complete cycle is 

normally utilised since this can contribute to memory 

reduction as well as optimize computational time [28]. 

Moreover averaging the silhouette generated robust 

features that can reduce noise [29]. As the width and 

height of the silhouette image vary due to walking, 

averaged of a sequence of silhouette is computed based on 

centroid too. The averaged silhouette is defined as 

follows: 

 

                      (1) 

 

where n is the number of frames in single cycle, x and y 

are values in 2D image coordinates and i is the frame 

number in sequences. Figure 4 depicted example of 

average silhouette in gait sequences. 

 

 

              
      

 
 
 
C. DCT as Feature Extraction 

 

 

The two-dimensional DCT has the property that, for a 

typical image, most of the visually significant information 

about the image is concentrated in just a few coefficients 

of the DCT. For this reason, the DCT is often used in 

image compression applications. The equation involves 

are: 

 

 
 

 

where,  

 

 

 
 

 

These functions are called the basic functions of the DCT.  

Figure 1 Gait Cycle 

 

Figure 2:  Overview of the Proposed Methodology for Gait 

Recognition 

(a)             (a)                   (b)                    (c)                 (d) 

  
Figure 4: (a) Min. Width Silhouette (b) Max. Width Silhouette 

               (c) Min Width Silhouette (d) Resultant of Averaged 

                     Silhouette 

 

Figure 3: Entire body (Left) & Lower Limb (Right) 
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Then, the DCT coefficients, Bpq, can be regarded as the 

weights applied to each basis function. For this study,                     

8-by-8 matrices are applied then 64 basis functions is 

constructed as illustrated in Fig. 5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 illustrated that horizontal frequencies 

increased from left to right, and vertical frequencies 

increase from top to bottom. The constant-valued basis 

function at the upper left is known as the DC basis 

function, and the corresponding DCT coefficient B00 is 

called the DC coefficient. Because of the compressibility 

of the 2D-DCT, its low-frequency coefficients represent 

most information of the image. In this way, the 

characteristics of image can be efficiently extracted and 

the amount of data can be relatively reduced [21]. In this 

study, DCT is used as feature extraction. 

 

D. PCA as feature selection 

PCA is widely used in recognition field to reduce the 

dimensionality of the data. The goal of PCA is to reduce 

the dimensionality of the data while retaining as much as 

possible of the variations in the original dataset. PCA 

allows computation of linear transformation that maps 

data from a high dimensional space to a lower 

dimensional space [20] [32]. The strength of PCA as 

feature selection will be verified in this study. 

 

E. ANN as Classifier 

The pattern classifier (or recognizer) is one of the 

most important components in gait identification system 

[24]. Many approaches to analyze and recognize gait have 

been used especially k-nearest neighbours [26], neural 

networks [31] and SVM [27] [30]. T. Chau [25] stated that 

neural network facilitated gait analysis because of their 

highly flexible, inductive, non-linear modelling ability, 

unlike any other approaches. Hence we will continue to 

use ANN as classifier in this work. 

 

F. PNN as Classifier 

Besides ANN, PNN introduced by Specht [22] will 

also be investigated for classification task. PNN is a 

supervised NN that is widely used in the area of pattern 

recognition, nonlinear mapping, and estimation of the 

probability of class membership and likelihood ratios [23]. 

PNN is one of the classifiers that are relatively insensitive 

to outliers and generate accurate predicted target 

probability scores.  

 

 

III. EXPERIMENTAL ANALYSIS & 

DISCUSSION 

To validate the viability of the proposed method, 10 

subjects from the CASIA gait database is chosen as our 

database. Each person has 12 image sequences with 4 

sequences for direction of 90 degrees to the image plane. 

The length of each sequence is not identical for the 

variation of the walker's speed, but it must ranges from 37 

to 127. 

 

A. Lower limb 

Firstly, maximum stride of human walking is 

identified from the gait cycle to compute the lower limb. 

Dimension of the features extracted using DCT are                   

1650 x 10. Then the output features is reduced by PCA to 

5 x 10. The classification is done based DCT followed by 

PCA as feature selection.  

 

B. Average Silhouette 

On the other hand, averaged silhouette is computed 

from the sequence of silhouette images based on one 

cycle. Further, the dimension features extracted based on 

DCT is 3900x10. Same as the lower limb, to verify the 

effectiveness of DCT, PCA acted as feature selection that 

reduced the dimension of features to 7 x 10. 

 

C. Results and Discussion  

Here, the result from the classification stage will 

be elaborated. The architecture of NN used in this 

classifier consisted of two layers with hyperbolic tangent 

sigmoid as activation function for hidden layer and linear 

transfer function for output layer. Besides that, training 

function used is Levenberg-Marquardt backpropagation 

which is the fastest backpropagation algorithm and 

reduces memory requirements. This network is further 

trained with 190 epochs. As for the PNN,   the first layer 

has radial basis neurons with its weighted inputs using 

Euclidean distance function and its net input function 

using net product.  The second layer has competitive 

neurons transfer function with its weighted input using dot 

product and its net inputs using sum net.  

Experimental results obtained both lower limb and 

average silhouette with DCT solely as feature extraction 

followed by PCA as feature selection is tabulated in        

Table 1.  For lower limb gait silhouette, the result 

obtained for ANN as a result of DCT as feature extraction 

and PCA as feature selection contributed to highest 

recognition rate specifically 90% for ANN whilst PNN 

attained 60% accuracy.  As for average silhouette, once 

again ANN outperformed PNN based on recognition rate 

attained specifically 80% for ANN and 70% for PNN 

respectively. On the contrary, accuracy rate attained for 

both average silhouettes as well as lower limb based on 

DCT solely is poor as compared to implementation of 

PCA as feature selection that contributed to higher 

recognition rate for all cases. In addition, ANN as 

classifier surpassed PNN in all cases too.  

 

Figure 5:  64 Basis Functions from DCT 
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Table 1: Accuracy Rate (%) for ANN and PNN based 

on the proposed method 

 

 

Feature 

Vectors 

ANN PNN 

Average 

Silhouette 

Lower  

Limb 

DCT 60 60 60 50 

DCT & PCA 80 90 70 60 

 

 

IV. CONCLUSION 

This paper presented a new gait recognition method 

based on DCT as feature extraction and PCA as feature 

selection. Based on the accuracy rate attained, it was 

proven that PCA as feature selection contributed to higher 

recognition rate as compared to DCT as feature extraction 

solely. Also ANN as classifier also obtained better result 

using lower limb as compared to PNN. Future works 

includes verifying the proposed method in a larger 

database and other condition of subjects such as wearing 

shoe, jacket, and others in variation of angle.  
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Abstract--The aim of this study is to investigate the 

potential of Radon Transform and Regularized Principal 

Component Analysis as feature extraction for 

classification of human and non human. Several training 

algorithms are used for the neural network. The finding of 

the investigation shows that the best training algorithm is 

Lavenberg-Marquardt (LM). In addition, the execution 

time taken by LM is fastest among the training.The 

outcomes of the proposed method using LM are 0% False 

Rejection Rate (FRR) and 0% False Acceptance Rate 

(FAR)ona database of 100 images on each category. 

 
Keywords- Radon Transform, Principal Component 

Analysis, artificial neural network, training algorithm, 

classification rate, execution time. 

 

 

I INTRODUCTION 

 

Computer vision is one of important research area 

today. The applications of computer vision are widely 

used in our life based on their functions. Wang et al. [3] 

used a codebook which is created based on segment of 

a pedestrian image. The segmentations are analyzed 

using improved Shape Context feature in order to build 

a hypothesis. The hypothesis is then verified using 

False Positive Pruning procedure. Shape-based 

recognition and classification for common objects is 

used by Ku et al. [4]. This approach divides objects into 

4 different classes, which are human, four legs animal, 

vehicle and other object. The classification of the 

categories is conducted using Width to Height Ratio 

test followed by Base to Abdomen Ratio or Shape 

Boundary test. Sabzmeydani and Mori [5] implement 

Shapelet feature with Adaptive Boosting (AdaBoost) in 

categories pedestrian and non-pedestrian while Nguyen 

and Phung [6] used Convolutional Neural Network to 

do the same task. Object detection also can be analyzed 

using Principal Component Analysis (PCA). In [7, 8, 

9], the combination of PCA and Support Vector 

Machine (SVM) are used to enhanced the feature 

extraction process. In order to conduct a feature  

 

extraction on nonlinear image, Kernel PCA is used. The 

employment of AdaBoost is to discover the most 

suitable features of different classes [10]. This approach 

produced detection rates above 95% with minimal false 

alarm rates. Vehicle detection and tracking can also be 

conducted using either PCA or SVM. Alvarez et al. 

[11] investigated vehicle and pedestrian detection using 

SVM classifier in extracting the features from the 

candidates. Objects detection in this approach used 

inward motion, textures, horizontal edges, vertical 

symmetry and entropy. Since the subject involve with 

movement, Kalman filter is used for the final task 

which is tracking process. Chen and Su [12] used PCA 

for moving object tracking in video sequence. The 

object is correctly detected and the path of the object 

pass through is able trace exactly. Fernando et al. [13] 

combined the used of multiresolution analysis, neural 

network and PCA in detection and tracking vehicle. It 

used an onboard camera which it also moving in 

detecting vehicle. Akoz and Karsligil [14] explored a 

new function of object detection by implementing 

partial vehicle trajectories in video-based accident 

analysis. Monitoring the normal flow of vehicle at 

intersection is recorded therefore it is used in 

differentiating normal and abnormal event. 

Radon Transform (RT) was introduced by Johann 

Radon in 1917. It is an integral transform consisting of 

the integral of a function over straight line. Lin et al. 

[15] experimented RT, Multiwavelet and PCA in 

infrared face recognition. The first two methods are 

used to construct the low-frequency component while 

PCA functions as feature extraction. Motion blur will 

degrade the images used for analysis. Mohammadi et al. 

[16] and Sun et al. [17] propounded RT in dealing with 

this condition. In [16], Fourier Transform is used to 

extract the blur image and then implemented RT for 

extracting the motion direction in vehicle speed 

estimation while [17] estimated the parameter from 

image gradient in image restoration. Image recognition 

usually involve with respect to the shape of the object. 
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Mustaffa et al. [18] used Ridgelet Transform and RT in 

handling images of arbitrary size. Zhao and Liu [19] 

analyzed human activity by proposing adaptation of RT 

and edit distance matching scheme. Khan and Sohn 

[20] investigated human activity using PCA and RT. 

Training and recognition is done by Hidden Markov 

Model adaptation. RT also being used in gait 

recognition [21,22]. Zhang and Liu [21] presented Haar 

Wavelet and RT of binary silhouettes in gait 

representation and recognition by having feature 

database of gait. Guha and Ward [22] enhanced RT by 

producing Differential RT for gait recognition. 

In this paper, image identification using RT and 

PCA are presented. Input of the RT will be silhouette of 

moving objects which are vehiclesas non human and 

human. The output from the RT is fed to PCA. 

Artificial Neural Network (ANN) is used to as classifier 

[26]. Several training algorithms in the toolbox is 

simulated and compared for their performance and 

accuracy. The training algorithms tested are BFGS, BR, 

GDX, LM, RP and SCG. The remaining of this paper is 

organized as follows: in Section II, RT, PCA and ANN 

are introduced. While in section III, results are 

presented. Finally, we concluded and discussed on 

future work in section IV. 

 

 

II METHODOLOGY 

 

 

In this section the method proposed will be 

discussed. The overview of the proposed method is as 

shown in Figure1. 

 

Raw image

(car & Human)

Classification

(ANN)

Feature Extraction

Radon

Transform
PCA

 
Figure 1: Proposed Method 

 

 

 

 

A. Radon Transform 

Radon Transform of 2-D function ),( yxf is 

illustrated in Figure 2. The projection of the 2-D 

function ),( yxf  on the axis s of    direction 

produced a result of function ),( sg  which is the 

process of integration along the line with normal vector 

in  direction. Initial value of s  equal to zero is used 

for the integration so that it passes the origin of ),( yx -

coordinate in order to obtain the projection result of 

),0( g [23]. The points on this line satisfythe 

equation: 






sin

cos
)

2
tan(




x

y
 

 0sincos   yx  

 

 
Figure 2: The Radon Transform computation. 

 

The projection results in the integration of 

),( yxf  only at the points satisfying the previous 

equation. With the help of the Dirac “function” , 

),0( g is expressed as: 

  dxdyyxyxfg )sincos(),(),0(   

 

Therefore, the following equation representing the 

line with normal vector in   direction and distance s 

from the origin: 

0sin)sin(cos)cos(   sysx  

 0sincos  syx   

 

In general, the Radon transformation equation is 

as follows:  

 

In this paper, the RT is tested at four different θ 

which are 0°, 45°, 90° and 135° in order to get different 

view of the images as shown in Figure 3. The choice of 

θ is taken from the first two quadrants because the 

opposite angle of θ will produced the mirror of the 

graph as shown in Figure 4. Each of the images 

produces different size of matrices which are difficult to 

evaluate. Therefore, PCA is implemented in order to 

overcome the problem.  

  dxdysyxyxfsg )sincos(),(),( 
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Figure 3: Radon Transform output for non human and 

human with θ = 0°, 45°, 90° and 135° 

 

 

 

 
Figure 4: Radon Transform output sample of image for 

opposite angle: 90° and 270° (mirror) 

 

 

B. Principal Component Analysis 

In this study, the input vector (matrix) dimension 

is large and different for each of the images. However, 

the elements of the vectors are interrelated with each 

other. “This technique has three effects: it 

orthogonalizes the components of the input vectors (so 

that they are uncorrelated with each other); it orders the 

resulting orthogonal components (principal 

components) so that those with the largest variation 

come first, and it eliminates those components that 

contribute the least to the variation in the data set” [24].  

Principal components are the variables of a 

dataset. Each variables generated by PCA are the same 

as the original data with a coefficient representing the 

whole data. The rank of the coefficients depending on 

the level of principal components with the first 

principal component having the maximum coefficient 

for the variance and the second component will have 

the second most variance. The variance for each of the 

principal components is not interrelated and decreasing 

for the next principal component [27].  

The new data generated by the PCA acted as input 

to the ANN classifier. The conventional PCA is tested. 

However it produced low accuracy for test and training 

of ANN. The data is than tested using Regularized PCA 

(RPCA) [25]. This technique is suitable for data that 

have many variables as this study has 772 variables for 

each image.It extracts leading eigenvectors based on 

number of principal components selected, for example 

is 6 in this experiment. It also keeps tracks ofextracted 

eigenvalues and their sum of leading eigenvalues over 

the total sum of all eigenvalues. 

 

C. Artificial Neural Network Architecture 

Feedforward network is used in this study. It is set 

to have five hidden layers of sigmoid neurons (tansig) 

followed by an output layer of linear neurons of purelin. 

The maximum number of epoch used is 100. The 

training of the algorithm will stop if it reaches 100 even 

though the result is not satisfactory. 
There are two groups of images used in this study 

comprised of 50 images of vehicles and 50 images of 

humans in standing or walking position. Then, each 

group is divided into two sets which are the training set 

and testing set. Based on the distribution of the images, 

each of the training algorithms is simulated where the 

performance and accuracy of the classification is 

analyzedand compared.  

 

D. Performance Measures 

Three statistical indices are introduced specifically 

accuracy, sensitivity and specificity using the computed 

results from True Acceptance Rate (TAR), False 

Rejection Rate (FRR), True Rejection Rate (TRR) and 

False Acceptance Rate (FAR).The detail of TAR, FRR, 

TRR, FAR, Accuracy, Sensitivity and Specificity are as 

below: 

 

 TAR: Classifiers identify Human as Human 

 FRR: Classifiers identify Human as Vehicle 

 TRR: Classifiers identify Vehicle as Vehicle 

 FAR: Classifiers identify Vehicle as Human 

 Sensitivity: Classifiers ability to identify Human 

as Human 

 Specificity: Classifiers ability to identify Vehicle 

as Vehicle 

 

 
 

 
 

 
 

 

III EXPERIMENTAL RESULTS AND 

ANALYSIS 

In this section, the classification result will be 

discussed. In the first step of the experiments, each of 

the images is passed through a Radon Transform. It will 

create a matrix with four variables representing the 

degree angle of the RT at θ equal to 0°, 45°, 90° and 

135°. For recognition purpose, the target is ranged 

between -1 and 1. The vehicle group is representing               
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Figure 5: Result of ANN Performance Comparison 

for PCA and RPCA Test Accuracy 

 

by -1 and the human group representing by 1. Images 

that are correctly classified should fall between ±0.1 of 

the target values. Six training algorithms is evaluated as 

training algorithm namelyBroyden, Fletcher, Goldfarb, 

and Shanno (BFGS) quasi-Newton, Bayesian 

Regularization (BR), Gradient Descent with adaptive α 

and with momentum (GDX), Lavenberg-Marquardt 

(LM), Resilient Backpropagation (RP) and Scaled 

Conjugate Gradient (SCG).The result of the 

classification rate and execution time are shown in 

Figure 5 and Table 1. 

The result for RPCA displayed that BFGS and BR 

produce the best result followed by LM and RP. 

However, when the execution time is taken into 

consideration, LM executed the process in the fastest 

time compared to other training algorithms. It is three 

times faster than BFGS and nine times faster than BR. 

The classification rate of LM is also similarto BFGS 

and BR except on the classification rate of training in 

human group. Therefore, LM is the best training 

algorithms in terms of execution time with promising 

result in classification rate. 

 

 

 

The result for conventional PCA proved that LM 

has the highest test accuracy among the algorithms. The 

execution time in conventional PCA also is longer 

compared to RPCA as shown in Table 1.  

 

 

 

 

 

Table 2 illustrates the classification results based 

on the best training algorithm (LM) for conventional 

PCA and Regularize PCA. The relationship of columns 

and rows represented the value of TAR, FRR, TRR and 

FAR. TheLM classifications using Regularize PCA 

produce good results of 100% TAR, 0% FRR, 0% FAR 

and 100% FRR, while the conventional PCA results are 

68% TAR, 32% FRR, 28% FAR and 72% FRR. These 

result shows that the Regularize PCA outperformed the 

conventional PCA. 

Table 3 illustrates the Accuracy, Sensitivity and 

Specificityof LM for both PCA. Sensitivity and 

Specificity are correlated with each other. If the 

Sensitivity percentage is high and the Specificity 

percentage is low, this result in the system ability to 

classify human correctly but unable to do the same 

thing for non human and vice versa. In other words, the 

Sensitivity is the correctly classified rate for human and 

the Specificity is the correctly classified rate for 

vehicle. A good system should have high Sensitivity 

and Specificity values. 

 

Table 1: Result of ANN Performance Comparison for PCA 

and RPCA Execution Time 

Method conventional PCA (s) Regularize PCA (s) 

BFG 

BR 

GDX 

LM 

RP 

SGC 

460.66 

489.22 

0.81 

55.72 

0.81 

1.00 

2.56 

3.12 

1.97 

1.37 

1.87 

1.73 

Table 2: Classification results based on LM as training 

algorithm 

 Predicted 

Method 
Conventional PCA 

(%) 

Regularize PCA 

(%) 

Actual 

Human 

Human 

68 

Vehicle 

28 

Human 

100 

Vehicle 

0 

Vehicle 32 72 0 100 
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IV      CONCLUSION 

In conclusion, this study has evaluated the 

effectiveness of RT and RPCA as feature extraction and 

selection. Initial findings using ANN as classification 

technique showed that LM is the fastest execution time 

with good result in classification accuracy. Further 

work includes using other classifiers namely Support 

Vector Machine and as classifier and additional 

database of human and non human. 
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Table 3: Accuracy, Sensitivity, Specificity, TAR, FRR, TRR 

and FAR of LM 

Performance 

Measure 

Conventional  

PCA (%) 

Regularize 

PCA(%) 

TAR 68 100 

FRR 32 0 

FAR 72 100 

TRR 28 0 

Accuracy 70 100 

Sensitivity 68 100 

Specificity 72 100 
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Abstract This study proposed an algorithm to stabilize jittery 

videos directly without the need to estimate camera motion. A 

stable output video will be attained without the effect of jittery 

that caused by shaking the handheld camera during video 

recording. Firstly, salient points from each frame from the input 

video is identified and processed followed by optimizing and 

stabilize the video. Optimization includes the quality of the 

video stabilization and less unallied area after the process of 

stabilization. The output of using such method showed good 

result in terms of stabilization and discarded distortion from the 

output videos recorded in different circumstances. Initial results 

showed that the proposed technique is suitable to be used and 

provide great deal of stabilization. 

 

Keywords: image processing, video stabilization, point 

feature matching, salient points, image quality 

measurement 

 

I. INTRODUCTION 

Recently, the market of handheld camera has growth 

rapidly. However, video capturing by non-professional 

user normally will lead to unanticipated effects. Hence, 

many researchers study such drawbacks to enhance the 

quality of casual videos. Currently, hardware stabilizers 

are attached to the cameras as effective solution. On one 

hand, pre-processing techniques such as nonlinear filters 

is applied to discard the unwanted noise. On the other 

hand, using multi-stages for pre and post processing could 

aggravate the existing problems according to errors 

accumulative. However, there are shortcomings related to 

process the videos with complicated motion such as 

multiple moving foreground objects [1]. 

Generally the process of stabilization have to go 

through three phases namely motion estimation, motion 

smoothing and image composition [2]. For the first phase 

the purpose is to estimate the motion between frames. 

After that, the parameters of estimated motion which is 

obtained from the first phase will be sent to motion 

compensation, where removing the high-frequency 

distortion and calculating the global transformation, 

which is very important to stabilize the current frame. 

Next, warping will be done by image composition for the 

frame under processing [9] .This three-step frameworks 

are the essential steps in most of the video stabilization 

algorithms.  

 

II. MATERIALS AND METHOD 

This section will present the overview of the proposed 

methodology and implementation as depicted in Figure 1.  

                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 
 

 
 

 

 
Figure 1: Overview of the proposed method of video stabilization. 

 

 

Reading frames from video sequence 
recorded  

 

 Identify salient points from each frame 

 Perform Harris Corner Detection 

 

Start 

 Select Correspondences between points  

 Apply sum of squared differences SSD 

 Estimate transform from noisy 

correspondences 

 Find initial points of  two frames 

 

 Apply Gaussian filter 

 Color composite of affine and S-R-T 
transform output 

 Transform approximation and smoothing 

 Corrected frame sequence 

 

END       
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A.  Identification of salient points from each frame 

& Harris Corner Detection 

The main goal of this step is to correct the distortion 

between the two frames by finding a transformation that 

will be done by applying an object system which returns 

affine transform [3]. The input for this stage should 

supply the object with a set of point correspondences 

between the two frames [4]. Firstly, the wanted points 

from the two chosen frames have to be identified 

followed by selecting the common correspondence 

between the frames. At this point, the candidate points for 

each frame are identified but to make sure that these 

points will have corresponding points in the second 

frame, it is necessary to find points around salient image 

features, like corners. Thus, Corner Detector System 

Object is used to find corner values using Harris Corner 

Detection which is one of the fastest algorithms to find 

corner values. 

 

B. Select correspondences between points & SSD 

After the salient points from each frame are obtained 

the correspondence between the points that are identified 

previously need to be picked [4]. For each point, the 

matching of lowest cost between the points that existed in 

frame A and B are also needed to be found for all points. 

Hence, it is necessary to divide the sequence of frames 

image into 9×9 block. The matching cost means the 

distance between frame A and B measured in pixel. To 

find this cost, the technique of Sum of Squared 

Differences (SSD) can be used between the consecutive 

frame images. Each point in frame A is compared with 

the points in frame B to find the lowest matching cost or 

in other words the shortest distance between them 

measured in pixels. 

 

 

 

III. RESULTS AND DISCUSSION 

In this section, the results attained based on the 

proposed methodology will be discussed. Table I showed 

the basic characteristics of each video utilized as database 

in this study.  In addition, the values of the size and the 

number of bytes for the salient points existed in each 

video are also tabulated. 

 

A. Strong corners Detection  

Firstly, an algorithm is developed based on Harris 

and Stephens corner detection algorithm [2] to identify 

all salient points or strong corners from each frame. 

These points are considered as the anchor points as 

benchmark for points to be considered and vice versa. 

Sample of detected points obtained from two frames are 

as demonstrated in Figure 2. Furthermore, it is observed 

the total points covered are the same frame features for 

instance the salient points along the trees, corners of the 

sidewalk and the moving object.   

 

 
Figure 2: The detected strong corners from both frames where they 

marked with green dots. 

 

 

B. Corresponding points   

Next, the initial correspondences between the points that 

is identified from the previous step will be invoked. 

Correspondences between the invoked points have to be 

picked for each point, for that purpose a matrix of 9 x 9 

blocks will be extracted around each point from its 

consecutive image frames. The most important here is 

matching the cost between points by finding the Sum of 

Squared Differences (SSD) between the consecutive 

image regions of frames. Thus we have to find the lowest 

costs to consider them in the solution [8]. Figure 3 

showed the same positions for the green color points of 

the initial corresponding points existed in both frames.  

 

 

 
Figure 3: Corresponding points between frames. 

 

 

However, not all these correspondence points are correct, 

which means many of them are redundancy points, but at 

the same time there is a significant number of outlier 

points as well. This lack will be considered in the next 

step. SSD will ensure to find the minimum cost matching 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 283



 
 

point in points B with the aid of features, which resulted a 

loop over points A that search  for best matches in points 

B with features contribution.  

 

 

C.  Accurate correspondence  

As mentioned above, there are several incorrect point 

correspondences but strong estimation of geometric 

transform between the two image frames can be 

determined using the random sample consensus algorithm 

(RANSAC) [5][6]. This algorithm searched through the 

given set of point correspondences specifically valid 

linear correspondence as in Figure 4. 

 

 

 
Figure 4: Correct correspondences according to RANSAC. 

 

From Figure 4, the inliers correspondences consecrated in 

the image background, not in the foreground, which itself 

is not aligned; is observed. The reason stand behind this is 

the background features are far enough that act as if they 

were on an infinitely distant plane. We can assume that 

background plane is static and will not change 

dramatically between the first and second frame, instead, 

this transform is capturing the motion of the camera. Thus 

correcting process will stabilized the video. Furthermore, 

as long as the motion of the camera between frame A and 

frame B is minimize or the time of sampling the video is 

high enough, this condition is maintained. The RANSAC 

algorithm is repeated multiple times and at each run the 

cost of the result is calculated by projecting frame B onto 

frame A via Sum of Absolute Differences between the 

two image frames and the results attained is as in Table I. 

 

 

 

 

 

 

 

 

Firstly, the effect of the number of corners is influenced 

by the output as resulted in Vid1 with highest matching 

point values but least SSD followed by Vid3 and Vid2 

respectively. This indicated that Vid2 comprised of the 

maximum number of salient points to be handled since 

the SSD attained is the highest.  

 

D. Frames Correction  

Further, the raw mean video frames and the mean of 

corrected frame are computed as in Figure 5.   

 

Figure 6: Cod Figure 5:  Corrected frames 

 

The left image showed the mean of the raw input frames 

that resembled the distorted original video frame due to  

extreme jittery. On the right side is the mean of the 

corrected frames with less distortion. This proven that the 

stabilization algorithm worked well. Several more 

samples of corrected video frames are as depicted in 

Figure 6.  

 

E. Quality  

The output video quality is also measured based on 

the proposed methods. This is evaluated based on SVD 

based grayscale Image value and graphical measurement. 

 

i. SVD Based Grayscale Image Quality 

Singular value decomposition (SVD) is developed as a 

new measurement that can express the quality of distorted 

images either graphically that is in 2D measurement or 

numerically as a scalar measurement, both near and above 

the visual threshold. The experiments here utilized SVD 

based measurement that outperformed the normally used 

PSNR [10].  Equation 1 represented the computed value 

for this purpose:  
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where:  

Dmid represents the midpoint of the sorted DiS 

k is the image size  

n is the block size 

M –SVD  is  the measurement of Singular value   

decomposition 

 

 

An example for the output quality for Vid1 based on 

Equation 1 with k=8, n=1, Di and Dmid represented by 

256×256 matrix attained M-SVD of ≈ 22.20. Hence, the 

numerical quality obtained from the three sample videos 

are tabulated in Table 1. As visualize in Figure 6, it can be 

seen that Vid3 obtained the best quality based on the 

calculated value that is 40.50% followed by Vid2 with 

39.21% and Vid1 22.20%. This resembled that Vid1 has 

great distortion whilst Vid3 is least distorted.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

i. Graphical measurement   

The criteria of measuring graphical quality in any image 

or frame can be done as shown in Figure 7. Graphical 

measurement will indicate the condition of video due to 

distortion. As seen in the graphical results, Vid1 has the 

most size of blocks among all frames blocks to indicate 

that it is the worst video experienced distortion followed 

by Vid2 and Vid3. This result agreed with the SVD value 

calculated earlier.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

                          IV.    CONCLUSION 

 In conclusion, the video stabilization technique based 

on proposed method showed remarkable results in term of 

stabilizing high jittery videos suffered from distortion. 

Initial results also proven that due fusions of   RANSAC 

algorithm, Gaussian filter, Harris, Stephens’s and SAD  

efficiency stabilization process succeeded based on the 

output quality attained. Future work includes finding 

better feature detector and overcome the consequences of 

extreme shaking of handheld camera in feasible real time 

implementation for video stabilization.  
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Figure 6: Three input videos (Vid1, Vid2, Vid3) with different 
stabilization need to be done since recorded in different 

circumstances. 

 

Figure 7: Graphical measurement for each sample videos 

(Vid1, Vid2 & Vid3) as quality stabilization indication 
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Table I: Criteria of sample videos & Results (Type: RGB & Extension: AVI)  

Sample 1st Frame Sample 

Inputs 

 

Size 

 

Bytes 

No 

 

Frames # 

& 

Length 

SAD 

Value 

Computational 

Time (s) 

Quality 

Value   

(M -SVD) 

 

Vid1 2x139 1112 34 & 2 8.85e5 8.81 22.20 % 

 

Vid2 2x66 528 73 & 3 0.0824 9.18 39.21% 

 

Vid3 2x128 1024 132 & 4 3.553e3 9.28 40.50% 
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Abstract— Analytical processes is performed for 
calculating point distance using ultrasonic sensors, with the 
intention to resolve a low-altitude two-dimensional surface 
mapping using UAV. An experimental structure model was 
constructed to allow for dynamic one-dimensional 
movement of the sensor system in a horizontal plane. 
Sample experimental surfaces are chosen to be scanned by 
the sensor system and recreation of the two-dimensional 
profile was implemented using a 16-bit microcontroller 
unit. The recreated profiles are shown for comparison 
between the calculated and actual values, which proved to 
be nearly similar. 

Keywords-sonar; mathematical method;sonar mapping;  
height-measurement;low altitude; 

I.  INTRODUCTION  
Sonar-based sensors have been well established for distance 
and range measurement applications [1][2]. Additionally they 
are also used for area mapping purposes. They could easily 
fused with different types of sensors to produce better results 
[4]. Capability of the sonar sensor to adapt with any other 
model in the market is also a factor it is been use by many 
researcher [4].  Many researches were done indoor, where 
height and distance measurement were performed between 
laboratory walls, floor and ceiling. Quite often sample 
measurements were taken on known object sizes, inside the 
known indoor environment parameters. 

Construction array of the sensor are needed to get optimum 
mapped area [1]. Danilo et.al used sonar sensor for indoor 
mapping in long corridor and they used a rotary sensor which 
extracted feature in a 360⁰ [2] environment. The rotation 
mechanism produces unwanted delays which could increase 
error in the mapped data. The structure used is meant for 
straight line detection and measurement. Similarly, Vassilis 
Varveropoulos used 180⁰ sweep of sonar sensor which is 
updated at every 10⁰ incremental angle. The resulting errors 
can be as high as 20 cm [3].  

In high-altitude mapping application, Xiangming Xiao et.al 
performed mapping of paddy field by using Moderate 
Resolution Imaging Spectroradiometer (MODIS) sensor 
onboard the NASA EOS Terra satellite [5]. The area covered 
is relatively very large from very high altitude, without 
emphasizing the locality of the paddy field.  

Similarly for Kithsiri Perera et.al, they performed land 
mapping by using MODIS where the information facility is 
provided by NASA, for underlining changes in vegetation in 
Southeastern Sri Lanka that is vital for control of greenhouse 
gas [6]. The intention is not for measurement and mapping of 
the covered area. 

Some researchers used UAV as a means of transportation 
to perform mapping application because of its mobility [1]. 
Wang Feng et.al, performed research in UAV borne Real 
Time Road Mapping [7]. Wang Feng used an unmanned 
fixed-wing aircraft with double engine and double generator 
with flight altitude of 100 m to 4000 m for road mapping 
information. Wang Feng used camera as image sensor to 
measure the size of the road and it produced a large error of 
1.28 m as compared to the actual measurement [7].  

In sonar sensors application, the distance covered between 
the sensor and object is much smaller. It is important to get 
closer distance between transmitter and receiver to reduce 
error and increase accuracy [1]. The sensors described in this 
paper are similar as described in [1], namely the EZmax where 
transmitter and receiver are built-in together for greater 
accuracy [1]. Sonar sensor needs sufficient computational 
processes to produce accurate estimated distance of the 
measured height as described in this paper. 

The sonar sensor construction and assembly described in 
this paper is practically different as compared to other 
researches [2][3]. Two sonar sensors are arranged projecting 
from a common point outward at some angle. An analytical 
process is used to get estimation of the height of the surface 
plane. 

This paper focused on analytical process to measure actual 
height of a two-dimensional surface plane using ultrasonic 
sonar sensors that could be implemented in UAV for low 
altitude mapping purposes. Series of instantaneous points on 
the surface plane are measured dynamically with regards of 
their distance from the sonar sensor. The gathered points are 
used to create a proper two-dimensional map using an 
analytical process. The analytical process is meant to reduce 
the error and implemented in an embedded controller setup. A 
constructed structure model for the experimental setup is 
described. 
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II. PLATFORM SETUP 

A. The structure for sonar sensor  
An experimental structure setup is constructed as shown in 

Figure 1. Two vertical poles have a height of 155 cm and 
firmly hold a horizontal rail with a length of 160 cm. A set of 
two sonar sensors are placed on the horizontal rail.  

 
Figure 1.  The complete model structure 

The two sonar sensors are arranged inclined at about 30o 
with each other, projected towards the floor, as illustrated in 
Figure 2.  

 
Figure 2.  The sensors orientation 

The sensors are mounted together with the controller on a 
platform. A detail actual picture of the sensor on the platform 
is shown in Figure 3. The platform could freely move along 
the horizontal rail between the two vertical poles. It is fixed to 
a closed loop string which is pulled by a DC motor around two 
pulleys at both ends of the rail. The speed of the DC motor is 
controlled to produce a linear velocity of about 0.01 m/s for 
the sensor platform. During experiment the platform moves 
from left to right to scan the surface profile underneath it. 

 
Figure 3.  The sonar sensor mounted at the rail.  

B. Sonar sensor and controller 
The EZmax sonar sensors have the ability to measure a 

distance of up to 600 cm. In this paper we tested with a height 
measurement of up to 300 cm, as to enlarge the resolution of 
the digital controller. 

The sonar waves generated converges and scattered and it 
has a half-beam width angle of 15 degrees [1]. In a research by 
M. F. Misnan et.al [1], it is known that the size of the resulting 
wave from sonar sensors are scattered and the area of 
detection is equal to the arc of radius equal to the measured 
distance and angle is ± 15 degrees as shown in Figure 4. 

Figure 4.  The arc angle of the sonar reflected. 

A 16-bit PIC microcontroller (Figure 5) is used to control 
the DC motor and capturing data from the sensors. Outputs 
from the two sonar sensors are connected to the built-in ADC 
in the microcontroller. Equivalent digital values are recorded. 
Control software is developed using MPLAB IDE with 
MCC30 compiler. 

 
Figure 5.  Controller.  

III. IMPLEMENTATION AND RESULT 

A. Surface profile 
Several surface models with different heights are used to 

provide different height measurements for the mapping 
process. The test is done indoor. Data from the sonar sensors 
are recorded for processing and analysis. 

B. Controller setting 
The controller is programmed to run the sensor platform at 

a set rate from left to right. As the platform moves, the sonar 
sensors scan the surface profile underneath it at a fixed 
sampling rate. The built-in ADC produced equivalent digital 
values which are recorded and processed. Once the data are 
processed, they are wirelessly transmitted to a personal 
computer (PC). 

Controller 

Sensors 

Rail 
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Figure 6.  Block diagram of controller setup  

C. Mathematical model and process 
A mathematical process model is needed to obtain actual 

measurements of height and surface mapping used for mapping 
applications. 

Figure 7 shows the flow in processing the data from the 
sensors. They are converted to the size and actual height of the 
surface plane. The main process includes logging, digitizing, 
and converting the height and actual size of the surface plane. 

 
Figure 7.  The analytical and computational process 

The direct distance measured from the sensor has been 
shown and calculated by M. F. Misnan et. al. [1], which is the 
distance measured is equal to the distance from the sensor to 
the surface plane. As shown in equation (1) and equation (2), 
the digitized data from the controller to the height measured in 
inches and it was converted to the unit matrix. Therefore, the 
distance between the sonar and the surface is known. The 
height measurements are shown in figure 8. 

 
Figure 8.  Height measurement  

Calculated digitized height in inches,  

 
The calculated height,  converted into unit cm, is 

shown as in equation (2);  

 
To get the actual size of the heights and map the surface, 

the height of sonar sensors must be known. As mentioned 
earlier the sonar sensors are placed at 155 cm above the 
ground surface. After the direct distance between the sensor 
and surface plane  and elevation of the sonar  are 
known, the vertical height  of the surface plane could be 
calculated. 

By using Pythagorean Theorem, the actual height  of 
the sensor can be calculated and predicted based on equation 
(3). 

 
A mathematical process had been done to estimate the 

vertical height  as shown in equation (4). 

 
Therefore, to get the surface plane height , equation (5) 

is used and all data had been gathered to be analyzed and used 
for mapping. 

 
  

D. Height and distance 
The experimental structure is as set, with horizontal length 

(x-axis) of 155 cm and vertical height (y-axis) of 155 cm. The 
structure is as shown in Figure 9. 

(2) 

(1) 

(4) 
 

(3) 

(5) 
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Figure 9.  The x-axis and y-axis structure setup 

E. Data from experiments.  
Several different surface planes with different heights were 

tested using the experimental setup. They were placed under 
the structure for scanning by the sensors. The corresponding 
points along the horizontal plane axis were scanned by the 
sensors and the data gathered were analyzed. 

 The sensor platform is initially positioned at 0 cm on the 
horizontal axis (x-axis), which is at the leftmost of the 
structure. It moves to the right at a fixed speed, whereby points 
are sampled by the sensors at every 10 cm incremental position 
on the horizontal plane. The points are recorded appropriately 
for analytical process. 

The first sample surface for the test is a rectangular box 
having height of 10 cm and length of 50 cm. It is placed 60 cm 
from the left pole. The detail arrangement is shown in Figure 
10. The point values were scanned by the sensors and recorded 
by the controller, to be sent to the PC. Using the analytical 
method, the corresponding points were calculated and shown in 
a graph of height versus horizontal distance, which is shown in 
Figure 11.  

 

Figure 10.  The surface of an object with 10 cm height and 50 cm length 
which is place between 60 cm and 110 cm at the horizontal axis. 

 

Figure 11.  Graph for sonar sensor data on the surface of an object with 10 cm 
height and 50 cm length. 

Next test sample is a combination of three boxes arranged 
as shown in Figure 12(a) and 12(b). First box is the same box 
as in the first test with 10 by 50 cm dimension. The other two 
boxes have a height of 30 cm and length of 50 cm. The first 
edge of the box arrangement is placed 60 cm from the left pole. 
The recorded points are calculated using the analytical method 
and the result is shown in the graph in Figure 13. 

 
(a) Side view 

 
(b) Front view 

Figure 12.  Surface plane with 10 cm by 50 cm object 30 cm length and 50 cm 
objects placed left side after the center object.  
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Figure 13.  Graph for sonar sensor of the surface with object 10 cm height and 

50 cm length is placed at the center of the rail and the object with 30 cm 
length and 50 cm length placed left side after the center object. Both objects 

placed between 60 cm and 110 cm at the horizontal axis. 

From the two results, comparison can be made on the 
calculated measurements, especially the height, to the actual 
surface condition. The actual height of 10 cm is interpreted to 
an approximately about 15 cm by the calculation (graph 1 in 
Figure 11). For the second sample, the height of 30 cm is 
interpreted as almost 30 cm in the calculation (graph 2 in 
Figure 13). 

IV. CONCLUSION 
All data from the sensors had been gathered and processed 

by the analytical method which gave an estimation of the two-
dimensional measurement of the sample surface planes. The 
results have displayed a certain degree of errors, especially on 
the lower height surface. Nevertheless, the collected and 
processed points could able to reconstruct the two-dimensional 
surface plane to a certain degree of accuracy. The 5 cm error 
projected from the results possibly caused by the limitation in 
the sonar sensor sensitivity itself. In real application, this 
accurateness could still be applicable in many different UAV 
applications which have practical ranges may be up to more 
than 5 meters. Another aspect need to be observed is the ability 
of the system to resolve height at points of sharp edges with 
abrupt changes in height. This naturally is caused by the 
wedged profile of ultrasonic wave be projected and reflected 
back.  

With this in mind and further improvement on the system 
could be considered with the additional third-dimensional 

surface plane. Fusing sonar sensor with sensor types could 
possibly increase the sensitivity of height measurement. 
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Abstract — The peculiarity of Wireless Sensor Networks demands 
extra consideration during the design of the security protocol. 
One of the most challenging yet important security features in 
Wireless Sensor Network is in establishing trusted 
communication between sensor node and base station. While the 
term trusted has been widely used referring to valid nodes in the 
group, this paper discusses the term trusted based on the 
specifications of Trusted Computing Group (TCG) and presents 
an IBE-Trust security protocol utilizing well-known identity-
based encryption scheme. The protocol incorporates ideas from 
Trusted Computing Group and Identity-based cryptosystem by 
Boneh Franklin in ensuring trusted and secured communications 
between sender and receiver. The proposed protocols were then 
modeled using the high-level formal language HLPSL and 
verified using the model checking tool AVISPA. Analysis on the 
proposed protocols is presented at the end of this paper 

Keywords- Formal Analysis, WSN, Trusted Computing, 
Security 

I.  INTRODUCTION  
Based on the potential threats in WSNs and the growth of 

applications related to WSNs, demand for the security in 
WSNs should be considered at the very beginning of the 
development which is the design of the physical sensor. 
Furthermore, due to the eccentric characteristic of WSNs, the 
designer should also consider the following aspects in their 
security design; Constraints faced by the sensor node such as 
limited power, computational capabilities and memory size; 
High accessibility of nodes by anybody thus exposing them to 
intruders and attackers; Information exchanges are easily 
accessible due to public communication channel and finally 
difficulties to monitor the condition of the deployed sensor 
nodes which may be due to its location, mobility and 
environment.     

While majority of the works done in WSN security have 
focused on the security of the network [1], our proposed works 
not only consider the physical design of the sensor node to 
protect important keys but also software aspects and the 
design aspects in establishing trusted communication between 
sensor node and base station with minimum communication 
overhead [2]. While the first induce extra efforts to thwart 
physical attacks the second will ensure authenticity, 
confidentiality and integrity of the data and networks. Besides, 
our proposed scheme guarantees only trusted sensor nodes can 
exist in the network. 

At this stage, the authors believe that embedding the 
security parameters in the processor is the most suitable 
technique for securing wireless sensor node. This technique is 
believed to be capable of reducing the size of the sensor node, 
and processing time and preventing software and physical 
attacks as well as providing other benefits. Johann et al. in his 
paper [3] also concluded that hardware based security features 
need to be integrated into the processor to avoid vulnerabilities 
such as those which exist in today’s personal computer. 
Besides secure implementation, the node also should 
communicate in a trusted environment. Tiago and Don [4] 
mentioned that the demand in trusted computing is driven by 
the potentially severe economic consequences due to 
unsecured embedded applications.   
 
      The following section is organized as follows. Section 2 
discussed on physical design of the sensor node. Section 3 
briefly discussed the identity based key agreement scheme. 
Section 4 introduces the proposed security framework 
followed by validation of the proposed protocol using 
AVISPA. Section 5 presents the significant benefits in 
memory utilization for the scheme and finally forming the 
conclusion in section 6. 

II. PHYSICAL DESIGN OF THE SENSOR NODE 
According to TCG documents [3], trust is defined as an 

entity that always behave in the expected manner for the 
intended purpose. In addition, from the TCG definitions, 
identity of the entity is equal to measurement. Therefore, for 
base station to “trust” the sensors that exist in its networks, the 
sensor nodes need to measure the entities in its platform, 
produce a measurement value and report the value to the base 
station. If the value reported is equal with the value measured 
before deployment, the base station will add the sensor node 
identity (ID) in the trust list thus enable the sensor node to 
participate in the networks.   

 
In this process, the Root of Trust (ROT) which is an entity 

that must be trusted is located in the on-SoC ROM of the 
ARM11 processor. The integrity (I) of the image that is loaded 
into it which is the 1st Boot loader is assumed to be 
unmodifiable and therefore is always TRUE. The sensor node 
will only be able to complete the secure boot process only 
when the integrity in each level is true. The integrity of each 
level of operating system is evaluated by a set of equations. 
The final level secure boot equation takes into accounts the  
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Fig. 1: Secure boot process 

 
integrity of each layer below it, as shown in (1) and presented 
in Fig. 1. Finally the value generated from the secure boot 
process will then be used to establish trust relationship with 
the base station. Details on the secure boot process can be 
found in [5]. 

 I = 1 if (I0 & I1 & I2) = 1            (1) 

The main reason for having a secure boot process and 
secure memory devices is to protect the node from physical 
type of attacks such as false code injection. While the secure 
boot process confirms the integrity of the images running in 
the nodes, the following section discuss communication 
procedure in confirming secured communication between 
sensors and base station. 

III. ID-BASED KEY AGREEMENT SCHEME 
ID based key agreement scheme is based on an Elliptic 

Curve Cryptography (ECC) type algorithm. IBE was proposed 
by Adi Shamir in 1984 and only in 2001, Boneh and Franklin 
[6] has successfully come out with a fully functional identity-
based encryption scheme. IBE has simplified the certificate 
based public key encryption scheme by using publicly known 
unique identifiers to derive public keys and eliminate the 
needs of certificate authority.     

In IBE, an arbitrary string is used as a public key. Public 
key can be calculated from any string such as email, project 
name or any other string.  According to RFC 5408 [7], an IBE 
public key can be calculated by anyone who has the essential 
public while a cryptographic secret (master key) is needed to 
calculate an IBE private key, and the calculation can only be 
performed by a trusted server that has this secret. In WSN, the 
trusted authority or trusted entities is the base station which 
has to be placed in the most secure place and controlled 
directly by the network proprietor. Besides that, the existence 
of pre-deployment stage has offer better security and control 
environment for the key distribution phase. This criterion does 
not exist in other PKC infrastructure. Another characteristic 
that differentiates IBE from other server-based cryptography is 
that no communication is required with the server during 
encryption operation whereby the sender only needs to know 
the recipient’s ID for it to encrypt the message. Moreover, IBE 
implementation also consumes less memory for storing public 
keys of the other nodes. 

 

IV. PROPOSED IBE-TRUST SECURITY FRAMEWORK 

The following section will briefly discuss proposed 
identity based authentication scheme to establish the security 
goals discussed earlier. The proposed scheme is motivated by 
trusted platform basic functions that measure and report the 
integrity of the platform which in this case is the base station 
[8]. With the nature of WSNs such as distributed, 
unsupervised and physically exposed, the need for a trusted 
platform is a must. By integrating trusted platform technique 
in the proposed security framework, base station can rely on 
the data it received from the sensor node.  

Two basic trusted platform functions that is integrate into 
the security framework are: Protected capabilities that grant 
the user issuing the access command to protected locations 
such as in memory and register and Integrity measurement and 
reporting: Process of obtaining metrics of the platform 
characteristic (hash management value) and reporting to base 
station. 

Simplified version of the protocol is best viewed in Fig. 2. 
Following section will discuss IBE_Trust protocol and verify 
the protocol using AVISPA tools. Noted that trusted is 
established through two different processes which are secure 
boot and reporting the generated value to base station. 
Following sections present two cases that we consider in the 
development of the IBE_Trust protocol followed by the 
analysis of the protocol using AVISPA tools. 

Case 1: Sensor node reports its trust value to base station. 

Throughout this analysis we will consider that before 
deployment, a node public key and common parameters have 
been saved in each sensor node. Base station also has a list of 
sensor node’s ID and its Hm_A value (value generated after 
secure boot process before deployment).We also adopt the 
only intruder model in AVISPA which is Dolev-Yao that is 
able to perform overhear, intercept, alter or inject any message 
into the radio communication channel.  

Fig. 2 depicts the IBE_Trust model for the Case 1. This 
process happens immediately upon node deployment at the 
intended location. The successfully boot up node will report its 
measurement value (Hm_A) to the trusted authority which in 
this case in the base station. Processes number 2 and 3 
happened in the sensor node and base station will authenticate 
the sender with the newly Hm_A value. 

The protocol using AVISPA syntax is as follows: 
 
A  BS : Snd(A.BS{Na’.Hm_A’}_Kbs) 
A: Request BS to authenticate on Hm value 
BS : Rcv(A.BS.{Na’.Hm_A’}_Kbs) in (A.Hm_A, trustmap)  
 
** BS compare the received Hm value with the value in 
trustmap list. 
 
BS A: Snd({Na’.Nb’}_Ka) 
 
** BS Request A to authenticate on Nb Value 
 
A: Rcv ({Na.Nb’}_Ka) 
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A  BS: Snd ({Nb’})_Ks 
A: Request server to authenticate on Na value 

 

Table 1 describes the notations used in the proposed scheme. 
 

Table 1: Notations used in the proposed scheme 
Symbol Description 

IDA Identifier of sensor node A 

PvKA Private key of sensor node A 

A.S Sender ID.Receiver ID 

Hm_A’ New trust value (DY) stage 

Hm_A Trust value at PDP stage 

Na’,Nb’ Random Nonce 

Ks , KA Public key BS and A 

Snd Send packet 

 _Ks Encrypted packet with KS public key 

M Message 

d(Hm_A) Decrypt(Hm_A) 

 
 

As mentioned earlier, our protocol is based on IBE concept 
and therefore all the packets sent are encrypted with public 
key of the receiver which is the hash of the receiver ID. In this 
case, the sensor node, only needs to store the ID of the BS. To 
confirm confidentiality of the Hm_A value, the packet is 
encrypted with BS public key. Therefore only BS can decrypt 
the packet and compare the received value with the value in 
the list. 

Unfortunately, the above processes produce attack on the 
authentication of the Hm_A value. Instead of BS send the start 
signal to A, the intruder has initiated the communication and 
asks A to send the Hm_A value to intruder. Although the 
secrecy of Hm_A value is not compromised, we have 
modified the protocol to prevent intruder from initiating the 
communication. 

 

 

 

 

 

 

 

 

 
 

Fig. 2: IBE-Trust Model 

Modified version: 
 
A  BS : Snd(A.BS.{Na’.Hm_A’}_Kbs) 
BS : Rcv(A.BS.{Na’.Hm_A’}_Kbs) in (A.Hm_A, trustmap)  

 
**BS compare the receive Hm_A value with the value in 
trustmap list. 
 
BS A: Snd({Na’.Nb’}_Ka) 
 
**BS: Request A to authenticate on Nb Value 
 
A: Rcv ({Na.Nb’}_Ka) 
A  BS: Snd ({Nb’})_Ks 
A: Request server to authenticate on Hm value. 
 

In the modified protocol, BS will only authenticate on the 
Hm_A value once the authentication on Na and Nb are 
successful. This protocol reported no intruder attacks and the 
goal of the protocol which are authentication on Hm_A and 
secrecy of Hm_A value is accomplished.  

Upon successful authentication, BS will generate a new list 
contain trusted node’s identity. This new list, which is smaller 
than the trust list can be distributed to sensors in its network or 
stored in base station for faster verification process. Nodes 
will only communicate with the nodes which its ID exist in the 
new list. Trusted nodes in the networks remain to be in trusted 
condition as long as it remains in the ON state. Once reboot or 
shutdown due to any reason, the nodes will need to re-
authenticate with BS. Failure to authenticate will lead to node 
termination process where the node’s ID will be removed from 
the trust list.  All new nodes have to go through the same 
process before joining the group.  Case 2 describes 
communication between sensor nodes. 

Case 2: Communication with immediate neighboring node 
or Base Station 

Two slightly different methods are discussed: The first 
method performs authentication by letting the sensor node 
keeps a list of all trusted node IDs in its memory while in the 
second method receivers checks the authenticity of the sender 
with the BS. The first leads to extra memory requirement in 
sensor node and add extra security entities (item need to be 
protected) and the latter contributes to extra communication 
overhead. 

The packet sent by sender will include the source and 
destination address, its ID (IDx, nonce value and encrypted 
data (encrypt with BS public key).  Receiver then verifies the 
IDx with the list of ID in his trustlist. If the ID is not valid, the 
packet will be discarded. In the later technique, instead of 
checking the trustlist in its memory, receiver will verify the 
validity of sender ID with the base station. BS will reply to 
receiver on the status and proceed to the next stage depending 
on the BS report. The nonce value is used to avoid replay 
attack in the network. Above protocol using AVISPA syntax 
is as follows: 

(The HLPSL codes are simplified to reduce space).  

1st technique: 
A: Snd(A.B.IdA{Data.Na’}_Kb 
B:Rcv(A.B.IdA{Data.Na’}_Kb/\ in (A.IdA,trustlist)     
B:Snd(B.A.Ok) 
A: proceed with next packet  
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2nd technique: 
A: Snd(A.B.IdA{Data.Na’}_Kb  
B:Rcv(A.B.IdA{Data.Na’}_Kb 
    Snd(B.S.A.IdA) 
BS:Rcv(Snd(B.S.A.IdA) /\ in (A.IdA,trustlist) =|> 
      Snd(S.B.Ok) 
B:Rcv(S.B.Ok) =|> Snd(B.A.Ok) 
 
A: proceed with next packet 
 

It is clear that the 1st technique consumes less 
communication overhead compared to the 2nd techniques. Both 
techniques report no attacks on data secrecy and 
authentication. Further studies on energy and memory 
utilization are needed to confirm which technique performs 
better.  

V. ANALYSIS ON MEMORY REQUIREMENTS 
In this section, we evaluate the memory utilization for 

storing keys of our IBE-based key management scheme. The 
key pre-distribution scheme proposed by Eschenauer and 
Gligor[9], Du et.al[10, 11],  and TinyIBE[12] is used for 
comparison. Although the WSN architecture presented above 
is between sensor node and base station only, our scheme is 
flexible to be implemented in hierarchal structure that may 
consist of base station, sensor node and cluster head.  

Terminology used: 

M = Number High end sensor (H) which is usually the 
cluster head 

N = Number of Low end sensor (L) 

In IBE-Trust scheme, each L and H sensors is preloaded 
with its private key, ID and equation to derive public key 
based on the ID. Thus H and L sensor is pre-loaded with a 
single key only. The total number of pre-loaded keys is: 

 Μ + Ν  (2) (1)  α  + β  = χ. (1) (1) 

In the E-G scheme, each sensor is pre-loaded with m keys. 
The total number of pre-loaded keys in a network with M+N 
sensors is: 

 m*(M+N)            (3) 

In the Du et.al scheme (Asymmetric Pre-Distribution), 
total number of pre-loaded keys is:  Where m = number of pre-
loaded keys in sensors. 

  xM + yN where xy=m2           (4) 

Latest, Du et al. presented a routing driven key-
management scheme and the total number of pre-loaded keys 
is: 

 M(N+3) + 2N           (5) 

Finally, the TinyIBE total number of keys is fixed at: 

 3M            (6) 

From the above equations, the E-G and A-P scheme have “m” 
numbers of pre-loaded keys in each sensor node. Therefore, 
total numbers of keys in the networks increased linearly with 
the number of sensor nodes (H and L). This does not happen 
in IBE implementation where the numbers of keys mainly 
depends on the number of H and L sensors only. Fig. 3 present 
the comparison between the describe schemes.  The 
parameters were set as: M = 30, m = 100, x = 500, y = 20. The 
resulting graph shows that our IBE-Trust scheme gracefully 
scales with the number of nodes in the network. However, 
TinyIBE scheme produces a constant number of keys because 
no private key is stored in the sensor node. Instead they use a 
session key for communications with primary cluster head and 
they assume the cluster head to have more battery power 
compared to L sensors for generating numbers of session key 
for each L sensor. 

We can also see that, the routing driven scheme (ECC) 
proposed by [11] increase almost the same as the A-P scheme 
and at L=1500, total number of keys in ECC exceed A-P 
scheme (not shown in graph). This suggests the need for 
proper key management or key distribution scheme in IBE 
implementation to avoid linear increase in total number of 
keys in the networks.    

  
Fig.3: Pre-Loaded Keys in Networks 

VI. CONCLUSION 
This work proposed a security framework for WSN 
applications that that need high security features. This might 
include applications such as in body sensor networks, oil and 
gas, crucial financial information, un-critical military 
communications, medical data, and others. This paper focuses 
on: confirming the integrity of images on the platform through 
secure boot process, establishing trusted platform status by 
reporting the hash management value to base station, and 
finally presenting an analysis of the IBE-Trust framework 
using AVISPA tool to confirm message confidentiality and 
secure authentication between sensor node and base station 
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and between sensors.  The trusted authentication mechanism 
proposed in the IBE_Trust framework will ensure the integrity 
of the data received in the data centric environment. Future 
work will be focused on real implementation of IBE_Trust 
framework and its performance analysis in real environment. 

REFERENCES 
[1] W. Hu, P. Corke, W. C. Shih et al., "SecFleck: A public key 

technology platform for wireless sensor networks," Lecture Notes 
in Computer Science (including subseries Lecture Notes in 
Artificial Intelligence and Lecture Notes in Bioinformatics), 
Springer Verlag, 2009, pp. 296-311. 

[2] Y. M. Yussoff, and H. Hashim, “Trusted Wireless Sensor Node 
Platform,” in Proceedings of The World Congress on Engineering 
2010 London, United Kingdom, 2010, pp. pp774-779. 

[3] J. Grobschadl, T. Vejda, and D. Page, "Reassassing the TCG 
Specifications for Trusted Computing in Mobile Embedded 
Systems." pp. 84-90. 

[4] T. Alves, D. Felton, and ARM, "TrustZone: Integrated Hardware 
and Software Security," Technology in-Depth, 3, 2004]. 

[5] H. Hashim, Y. M. Yussoff, and L. H. Adnan, "Secure Boot Process 
for Wireless Sensor Node." 

[6] D. Boneh, and M. Franklin, “Idenetity-based encryption from weil 
pairing,” Advance in cryptology-crypto, vol. 2139, pp. 29, 2001. 

[7] L. Martin, G. Appenzeller, and M. Schertler, "RFC5408 - Identity-
Based Encryption Architecture and Supporting," Network working 
Group, 2009. 

[8] D. Challener, K. Yoder, R. Catherman et al., A practical Guide to 
Trusted Computing: IBM Press, 2008. 

[9] L. Eschenauer, and V. D. Gligor, “A key-management scheme for 
distributed sensor networks,” in Proceedings of the 9th ACM 
conference on Computer and communications security, 
Washington, DC, USA, 2002. 

[10] X. Du, Y. Xiao, M. Guizani et al., “An effective key management 
scheme for heterogeneous sensor networks,” Ad Hoc Networks, 
vol. 5, no. 1, pp. 24-34, 2007. 

[11] D. Xiaojiang, X. Yang, C. Song et al., "A Routing-Driven Key 
Management Scheme for Heterogeneous Sensor Networks." pp. 
3407-3412. 

[12] P. Szczechowiak, and M. Collier, "TinyIBE: Identity-based 
encryption for heterogeneous sensor networks." pp. 319-354. 

 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 296



Brainwave Sub-band Power Ratio Characteristics in 
Intelligence Assessment 

 

A. H. Jahidin, M. N. Taib, N. Md Tahir, M. S. A. Megat Ali, S. Lias, N. Fuad, and W. R. W. Omar 
Faculty of Electrical Engineering 

Universiti Teknologi MARA 
Shah Alam, Malaysia 
aisyah23@gmail.com 

 
 

Abstract—This paper discusses on the brainwave sub-band 
characteristics for different intelligence groups based on 
electroencephalogram (EEG) power ratio technique. The EEG 
datasets have been collected from 50 healthy subjects for two 
sessions; at relaxed, closed eye (CE) state as reference and at 
cognitively-stimulated state. In the stimulated state, subjects need 
to answer the intelligence quotient (IQ) test based on Raven’s 
Standard Progressive Matrices (RPM). Sub-band power ratio 
from the two sessions were calculated and further analyzed to 
observe the pattern among different IQ groups. The results show 
that by implementing power ratio technique, the pattern of IQ 
groups, especially in the relaxed state can be clearly observed. It 
can be concluded that the value for alpha ratio is higher for high 
IQ group compared to low IQ group. In contrast to beta and 
theta ratio where high IQ groups have lower value compared to 
the low IQ group. This indicates that the ESD ratios can 
discriminate the characteristic of brainwaves for intelligence 
assessment. 

Keywords-human intelligence; EEG; intelligence quotient; 
energy spectral density; power ratio 

I.  INTRODUCTION 
EEG is a neurophysiological measurement of electrical 

activities of the brain [1]. EEG recorded in the absence of an 
external stimulus is called spontaneous EEG; EEG generated as 
a response to external or internal stimulus is called an event-
related potential (ERP). The amplitude of a normal subject in 
the awake state recorded with the scalp electrodes is 10-100 µV 
[2]. In general, brain waves are commonly sinusoidal [3]. The 
distinguishable features that can be observed with specific 
activities or phenomenon manifesting itself in the form of 
varying amplitudes and frequencies range [4]. EEG frequencies 
can be categorized into four major bands, which include delta-δ 
(0.5–4 Hz), theta-θ (4–8 Hz), alpha-α (8–13 Hz) and beta-β 
(13–30 Hz) [5]. Recent studies have proven that at specific 
brain states, certain frequency bands may become more 
dominant [6]. 

Individual differences in intelligence are usually measured 
using psychometric tests such as intelligence quotient (IQ), 
mental rotation test and many others. These tests cover 
cognitive domains such as reasoning, processing speed, 
executive function, memory and spatial ability. Although 
cognitive domains are sometimes considered to be 

independent, differential psychology has firmly established that 
they are not: people who perform well in one domain also tend 
to perform well in the others. This is recognized in the term 
‘general intelligence’, which is usually designated ‘g’ [7]. 
Some individual tests — such as Raven’s Progressive Matrices 
(RPM) test, which is used to assess non-verbal reasoning [7], 
Binet-Simon scale and Spearman’s g-factor [8-9]. The score 
from the test will be calculate and rank into several IQ level or 
groups in the specific participant distribution. However this 
approach has it drawback which is not culture-free [10]. Thus, 
there are ongoing studies to measure the human intelligence 
which relates on IQ by using and electroencephalogram (EEG) 
[11-15]. 

Higher alpha power which is less mental activity and more 
cooperation between brain areas are found in high intelligent 
persons (gifted and intelligent) compared to the average 
intelligent persons (creative and average) when solving closed 
problems [16]. Less intelligent subjects have a larger degree of 
anxiety while solving IQ tests that could affect the results. 
Positive emotions related to the activation of left hemisphere, 
while negative emotions related to the activation of right 
hemisphere. It indicates that larger activation of the brain of the 
less intelligent subjects cause a larger state of anxiety which 
source of high arousability [17].  

Hence, this paper proposes to study the brainwave 
characteristics of different IQ groups using power ratio 
technique. The study focuses on the alpha, beta and theta band 
waves. The pattern distribution will be analyzed among and 
within the high, medium and low IQ groups.  

II. METHODOLOGY 

A. Subjects and Data Collection 
The EEG data collection involved 50 volunteers and has 

been done at Faculty of Electrical Engineering, Universiti  
Teknologi MARA. The flow diagram of the methods that have 
been carried out for this research is shown in Fig 1. It consists 
of review on the related topic of EEG and human intelligence, 
EEG data collection, pre-processing, feature extraction analysis 
on brainwave sub-band characteristics.  
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EEG data were recorded in two sessions. The subjects need 
to relax with eyes closed for 3 min during the first session. 
Subsequently in the second session, the EEG will be recorded 
with the brain stimulated with IQ test for 10 min. In order to 
reduce body actions, logical thinking and non-verbal task 
performance based on RPM was employed. The subjects need 
to answer the IQ test through user-friendly graphical user 
interface (GUI). The range of the IQ test score is in between 0 
to 150. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Flow diagram of methodology 

EEG signal will be recorded from two paired bipolar 
recording at prefrontal area of brain region. Channel 1 is 
connected to the right hand side (RHS), Fp2, while Channel 2 is 
connected to the left hand side (LHS) forehead, Fp1. The 
reference is placed at the center of forehead, FpZ and both ear 
lobes in agreement with International 10/20 EEG electrode 
placement standard with sampling rate; 256 Hz. The recorded 
EEG signals will be processed to obtain the most suitable 
features as the inputs to the model structure later. The 
experimental setup for EEG recording is shown in Fig. 2. 

Figure 2.  Experiment setup 

B. EEG Analysis 
In pre-processing stage, EEG raw data were analyzed 

offline to remove the artifact such as the baseline noise, 

powerline interference and eye blink contamination. Initially, 
non-EEG signals having voltage characteristics of more than 
100 µV were removed by deleting the sampled data in all 
channels [18]. Then it will be filtered into four basic sub-bands; 
δ, θ, α, and β band. Then, the power spectrum density (PSD) 
was calculated using Welch technique and Hamming 
windowing function. The length, NFFT was selected at 1024 
with a window size of 256. The window overlaps at 50%. 

PSD detects the highest power or energy at peak frequency. 
On the other hand, energy spectral density (ESD) covers entire 
energy distribution for each range of the frequency band. 
Hence ESD has been selected as feature instead of PSD.  ESD 
can be obtained by computing the area of PSD curve, specific 
to the frequency range of the bands. The ESD versus frequency 
band can be plotted to validate the power spectrum of ESD.  

Power ratio formula as shown by (1), (2) and (3) have been 
applied to the ESD data. The graphs for two sessions, left and 
right side of the brain had been plotted. Then, the normality 
were tested in Statistical Package for Social Science (SPSS) 
software using Shapiro-Wilk technique. Shapiro-Wilk has been 
selected due to the small size of samples. In Shapiro-Wilk test, 
if p-value is less than 0.05 (p < 0.05), the data is said 
significant but not normal distribution.  

                        
βα

α
+

= ratio Alpha  (1) 

 
βα

β
+

= ratio Beta  (2) 

 
θα

θ
+

= ratio Theta  (3) 

III. RESULTS AND DISCUSSION 

A. IQ Groups 
The IQ scores from the main data were analyzed offline. It 

has been grouped into three IQ groups based on the mean and 
standard deviation calculation. The IQ score’s average is 96.9 
with standard deviation (SD), 24.8.  

Table 1 shows the respective of IQ groups and their range 
of IQ score. Results show that 78% of the sample were grouped 
under Index 2 (medium IQ), 12% were grouped under Index 3 
(high IQ), and 10% is grouped under Index 1 (low IQ). 

TABLE I.  IQ GROUP WITH RANGE OF IQ SCORE 

IQ group/index Range of score Subjects 

Low - 1 IQ score < 72 5 

Medium - 2 72.10<= IQ score <=121.70 
(mean – SD and mean + SD) 39 

High - 3 IQ score > 121.8 6 

Review on EEG and human intelligence 

Pre-processing 
(Artifact removal and filter) 

Data collection  
(EEG raw data) 

Feature extraction 
(ESD and power ratio) 

Analysis 
(Brainwave sub-band characteristics) 
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(a) Closed eye session 

 
(b) During IQ test session 

 

B. Distinct Characteristic of CE and during IQ Test 
The mean of α, β and θ ratios for (a) closed eye and (b) 

during IQ test sessions both for left and right side of brain is 
shown in Fig. 3. In general, mean of α, β and θ ratios gives 
similar pattern for LHS and RHS side of the brain for the three 
IQ groups.  

In Fig. 3 (a), it is clearly shows that the mean of α ratio 
decreased from high IQ followed by medium IQ to low IQ 
groups. In contrast, β and θ ratios gradually increases from 
high IQ to medium IQ and followed by low IQ groups.  

Figure 3.  Mean of alpha, beta and theta ratio for two sessions (a) closed eye 
and (b) during IQ test sessions 

During IQ test session, the pattern of ratio is not consistent 
for three power ratios as shown in Fig. 3 (b). For α ratio, 
medium group is the highest followed by low IQ group and 
lastly high IQ group. In contrast for β ratio, highest value is 
observed in high IQ group and lowest value in medium IQ 
group. For theta ratio, high IQ group obtained the lowest value, 
while the results for medium and low IQ groups look quite 
similar.   

It can also be observed that in CE session, mean for α is the 
highest followed by θ and then β ratio for three IQ groups as 
shown in Fig. 3 (a). Fig. 3 (b) shows the mean for θ is highest 
and β is the lowest. 

C. Comparison between CE and during IQ Test Sessions 
Fig. 4 shows comparison for mean values of α, β and θ 

ratios for CE and during IQ test sessions. Comparison between 
the two sessions on the LHS of the brain indicates that α ratio 
decreases, while β and θ increase when the subject is doing the 
IQ test. Similar trend can be observed on the RHS of the brain.  

Figure 4.  Mean of alpha, beta and theta ratio for two sessions 

Table II summarizes the change in cognitive states for each 
sub-band power ratio. It shows that α ratio for CE is bigger 
compare to when subject answering IQ test. Yet, β and θ were 
smaller in CE session compare to during IQ test session. 

TABLE II.  SUMMARY OF CHANGES IN COGNITIVE STATES FOR EACH  
POWER RATIO 

Mean of power ratio (LHS & RHS) 
α-ratio ß-ratio θ-ratio 

Closed eye 
> 

During IQ test 

Closed eye 
< 

During IQ test 

Closed eye 
< 

During IQ test 

 
 

D. Normality Test with Shapiro-Wilk Technique  
The confidence interval (significant level, p) for mean is 

95%. The null hypothesis of the test is that the population is 
normally distributed (if p > 0.05), and the alternative 
hypothesis is that it is not normally distributed (if p < 0.05).  

Table III shows Shapiro-Wilk normality test of the 
dependent variables which is sub-band power ratios data for 
each IQ group, both LHS and RHS in CE session. It can be 
seen that p < 0.05 for sub-band α and β ratios in medium IQ 
group, therefore these variables are not normally distributed. 
These are true for both left and right side of the brain. The 
other dependent variables show p > 0.05 which means that the 
data is normally distributed. 

The results for the Shapiro-Wilk normality test during IQ 
test session are shown in Table IV. The dependent variables are 
sub-band power ratios for LHS and RHS of each IQ group. Yet 
again, it indicates that the distribution is not normal for 
medium IQ group in all sub-band power ratios for LHS and 
RHS where p < 0.05. The other dependent variables are 
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normally distributed since p > 0.05. The pattern of distribution 
could be caused by the presence of outliers and the data needs 
to be further analyzed. 

TABLE III.  SHAPIRO-WILK TEST OF POWER RATIO BAND FOR EACH IQ 
GROUP – CLOSED EYE SESSION 

Closed eye session Shapiro-Wilk 
Power ratio band IQ group Statistic Sig. 

Alpha ratio - left 
low 
medium 
high 

.826 

.903 

.874 

.130 

.003 

.244 

Alpha ratio - right 
low 
medium 
high 

.848 

.809 

.968 

.187 

.000 

.878 

Beta ratio - left 
low 
medium 
high 

.826 

.903 

.874 

.130 

.003 

.244 

Beta ratio - right 
low 
medium 
high 

.848 

.809 

.968 

.187 

.000 

.878 

Theta ratio - left 
low 
medium 
high 

.813 

.957 

.928 

.878 

.102 

.147 

Theta ratio - right 
low 
medium 
high 

.859 

.979 

.988 

.565 

.680 

.983 

TABLE IV.  SHAPIRO-WILK TEST OF POWER RATIO BAND FOR EACH IQ 
GROUP – DURING IQ TEST SESSION 

During IQ test session Shapiro-Wilk 
Power ratio band IQ group Statistic Sig. 

Alpha ratio - left 
low 
medium 
high 

.907 

.846 

.901 

.448 

.000 

.382 

Alpha ratio - right 
low 
medium 
high 

 .975 
.787 
.948 

.448 

.000 

.382 

Beta ratio - left 
low 
medium 
high 

.907 

.846 

.901 

.448 

.000 

.382 

Beta ratio - right 
low 
medium 
high 

.975 

.787 

.948 

.904 

.000 

.723 

Theta ratio - left 
low 
medium 
high 

.918 

.880 

.852 

.514 

.001 

.164 

Theta ratio - right 
low 
medium 
high 

.989 

.885 

.976 

.976 

.001 

.929 
 

IV. CONCLUSION 
Experimental results revealed that power ratio can be 

applied as a form of feature to recognize the pattern of IQ 
groups. The value for α ratio is higher for high IQ group 
compared to low IQ group. In contrast for β and θ ratio which 
high IQ group has lower value compared to the low IQ group.  

The distribution of data shows that some of the dependent 
variables are not normally distributed which caused by the 
outliers. Thus, the data would be further analyzed on the 
statistical part as future work. A few parameters should be 
check in normality test. This would include removal of outliers 

to obtain better correlation. This part should be considered 
before can proceed to further analysis to get the best significant 
result. This is important in order to establish significant pattern 
unique to specific intelligence (IQ) bands.   
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Abstract — This paper present the result of a study the behaviour 

of asymmetrical annular two-phase gas-liquid flow at different 

gas and liquid flow rate by using several thresholding techniques.  

The behaviour of annular flow is analysed base on liquid film 

thickness which is calculated after thresholding process. 

Thresholding techniques are applied on the images which are 

captured by Electrical Capacitance Tomography (ECT) in 

vertical upward flow. The results at the end of this report show 

which thresholding techniques that able to yield good 

thresholding images and show the liquid film thickness of 

annular two-phase flow at different gas and liquid flow rate. 

Keywords - thresholding; electrical capacitance tomography; 

annular flow; two-phase flow 

I. INTRODUCTION 

Study of two-phase flow is applicable to wide range of 
applications such as in industrial plant, reactor and others. 
Two-phase flow in particular gas-liquid is usually discussed [1-
2] because by controlling or monitoring gas-liquid flow in 
pipelines will improve the online measurement, increase 
quality control and for safety purpose. The flow patterns that 
can be occurred in vertical upward flow are bubble, slug, 
churn, wispy annular and annular [3].One of the most common 
gas-liquid flow patterns is annular flow [4-5]. It is 
characterized by a thin film of liquid form around the pipe’s 
wall and gas core form at the centre of pipe.  

 
One of the technologies that are capable of examining the 

liquid in annular flow is electrical capacitance tomography 
(ECT) [6-9]. ECT is based on non-invasive visualization 
technique which is capable of obtaining cross-sectional images 
from dynamic industrial process. Dyakowski et al. [8] and 
Ismail et al. [6] conclude that, ECT is preferred because it is 
flow regime independent, non-intrusive, low cost and minimal 
maintenance. ECT is developed to reconstruct the dielectric 
properties after the measurement of electrical capacitance taken 
between all possible pairs of electrode are done [8]. ECT will 
produce reconstructed images which contain ofliquid and gas 
components. The measurement of liquid such as liquid film 
thickness from those images is complex due to spatial 
resolution error and non-linearity in the image reconstruction 
techniques. One of the methods used is thresholding 
techniques. 

 

In image reconstruction, thresholding technique is needed in 
order to separate between gas and liquid to two different 
phases. Thresholding algorithm will change the grey-scale of 
images which are taken by ECT to binary scale. In binary 
mode, two different components which are gas and liquid will 
be separated at the phase border. Previously, Ismail et al. used 
Otsu’s threshold method for separating between gas and water 
[10]. 
 

Many thresholding techniques have been developed from 
last decade until now. In 1978, Ridler and Calvard [11] 
developed a thresholding algorithm by using iterative 
technique for choosing the threshold value. The iteration is 
continued until the difference of threshold’s value between 
present and past is small. Besides that, Otsu [10] calculated the 
optimal threshold value based on the minimization of the 
weighted sum of the object and background pixels within-class 
variances. In 1986, Kittler and Illingworth [12] developed 
another thresholding technique named as minimum error 
thresholding. They assumed the images can be characterized by 
mixture distribution of objects and background pixels. Jawahar 
et al. [13] proposed a thresholding method based on fuzzy 
clustering and Kapur et al. [14] developed a method by 
applying the concept of entropy to thresholding. 

 
In general, the threshold techniques are divided to two 

parts: global thresholding and local thresholding. In 1995, Trier 
and Jain [15] did a review among the thresholding techniques 
and conclude that the best global thresholding technique is 
Otsu’s method [10] and the best local threshold technique is 
Niblack’s method [16]. In 2004, Sezgin and Sankur [17] also 
realized that Otsu’s method [10] is the best method for global 
thresholding. 

Global thresholding like Otsu’s method will show noise if 
the images have complex background. Then, the better way to 
solve the problems is to use the local thresholding techniques 
such as Niblack’s method [16]. Niblack’s method is a 
technique that based on the local mean and variance but 
produced some noise at the image’s background. Then, 
Sauvola et al. [18] suggested a factor of R that shown in Eq. (9) 
to solve Niblack’s problem [18]. Sauvola’s method is capable 
of reducing the noise. 
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TABLE I. SUMMARY OF SEVERAL THRESHOLDING TECHNIQUES 

 
 
After that, Gorman [20] and Liu et al. [21] proposed a new 

technique by combining both global and local thresholding 
which is called as hybrid thresholding. The algorithm was done 
in order to improve and solve the problems that are occurred in 
global and local thresholding. In 2010, Kuo et al. [19] also 
proposed the hybrid thresholding technique for grey-scale 
images.  

 
Table 1 is a summary of thresholding techniques that are 

used in this report. These thresholding techniques are applied 
to asymmetrical annular two-phase flow image. Then, 
thresholding techniques that are capable of showing good 
threshold image are used to calculate liquid film thickness in 
order to study of behaviour of liquid and gas at different gas 
and liquid flow rate 

II. THRESHOLDING ALGORITHM 

A. Otsu’s Method 

Otsu’s method [10] is a global thresholding and histogram-
based technique. Otsu chose the value of threshold by 
minimising the value of within-class variance,   

  of the whole 
image. Let, the level of image’s grey-scale denoted by 
          and the number of pixels at the level   is represented 
by    . Therefore, the total pixels in the images will be equal to 
            .  

 
The probabilities of histogram of the images will be: 

   
  

 ⁄  (1) 

where               and ∑    

 

   

  

 
Now, the image is divided to two classes; object,    and 

background,    at the level,  . Therefore,    are the pixels that 
have value of level         and    is the pixels that have 
value of level         . The total probabilities for each 
class are represented in (2) and (3). Then, the class mean for 
both classes are represented in (4) and (5): 

   ∑   

 

   

 (2) 

   ∑   

 

     

 (3) 

   ∑
   

  
⁄
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   ∑
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 (5) 

 
The classes’ variances are given by: 

  
  ∑

      
   

  

 

   

 (6) 

  
  ∑

      
   

  

 

     

 (7) 

 
The value of class probabilities,  , class mean,   and class 

variance,    changed when the level   was changed. 
Therefore, Otsu find the level   that make the within-class 
variance,   

  is minimize by using (8): 
 

  
            

             
     (8) 

 

B. Sauvola’s Method 

Sauvola’s method [18] improved and modified Niblack’s 
method by adding a factor of R where R is maximum value of 
standard deviation,   in the image. The equation is used in 
Sauvola’s method shown in Eq. (9): 

 

              [   (
      

 
  )] (9) 

 
where   is a bias factor between 0 and 1 and the value of   in 
this report is 0.8. 

 

Method Otsu[10] Niblack[16] Sauvola[18] Kuo (hybrid)[19] 

Classification 
Techniques 

histogram histogram histogram histogram 

Performance 
Quality 

Global Local Local Global + Local 

Advantages Faster algorithm 
Improve Otsu’s 

method 
Improve Niblack’s 

method 

Improve Otsu’s, 
Niblack’s and 

Sauvola’s methods 

Drawbacks 
Noise for complex 

background 
Noise at the 

background 
Lost some data Slower algorithm 

Complexity Moderate Moderate Moderate High 
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C. Hybrid Algorithm 

Hybrid’s thresholding was proposed by Gorman [20] and 
Liu et al. [21] by combining the advantages of global and local 
thresholding. In 2010, Kuo et al. [19] combined Otsu’s method 
which is global thresholding with Niblack and Sauvola’s 
methods which are local thresholding. The objective of this 
algorithm is to retain the picture information after binarization. 

 
Firstly, hybrid’s method will obtain the threshold value from 

global thresholding which is denoted by        . Then, the 

value of         will be used in local thresholding. The image is 

divided to sub-images or window,   by using size    . 
Then number of pixels that have grey value less than         in 

  is represented as  . Then, the method choose another value 
from image’s histogram and denoted by   where value of    is 
less than         and the selection of   is to make the number 

of pixels falling between   and         be a quarter of  . 

 
Thus, the target pixel,   in window   will be threshold by 

using (10): 
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Local thresholding in (10) is used when the grey level of the 

pixels,      within  is between         and  . Local 

thresholding algorithm in (11) will calculate       : 
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(11.2) 

 
Where   is a preset constant,        is the average grey value 

of all pixels in window,   and   is local standard deviation of 
the grey value of pixels in window,  . Note that, equation 
(11.1) and (11.2) are Niblack’s and Sauvola’s method 
respectively. The local standard deviation equation is 
calculated by using (12): 
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Once the value of local threshold,        is obtained, 

thresholding is using (13): 
 

     {
 

 

            

            

 (13) 

 

III. EXPERIMENTAL PROCESS 

All the algorithms were programmed in MATLAB and a 
Graphical User Interface (GUI) was built in order to run the 
experiment process. The experiment will be run at different 
locations in the pipeline, different thresholding method, 
different gas flow rate and different liquid flow rate. The 
annular two-phase images were captured at four different 
locations; inlet, outlet, throat1 and throat2 as shown in Figure 1 
and Table II. Gas and liquid flow rate are used in this 
experiment are shown in Table III. 

 

Figure 1. Four locations at pipe for image capturing 

 
TABLE II. INNER DIAMETERS FOR EACH LOCATION IN PIPE 

Location Diameter (mm) 

Inlet 32 

Outlet 32 

Throat1 16 

Throat2 16 

 

 

TABLE III.GAS AND LIQUID FLOW RATE USED IN EXPERIMENT 

Gas Volume Flow 

Rate (   ) 

Liquid Volume Flow Rate (   ) 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

550    X X X X X X 

600   X X X X X X X 

650  X X X X X X X X 

700 X X X X X X X X X 
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Firstly, choose an image at certain conditions and examples 

of images is shown in Figure 2. After that, threshold method 

will be chosen for the next process. Then, the chosen image 

will be threshold by using chosen methods and produce 

threshold images like show in Figure 3 and 4. Then, liquid 

film thickness will be calculated. The thickness will be 

calculated based on the average thickness at 8 locations in the 

threshold images like shown in Figure 5. 

 

 
Figure 2. Sample of annular two-phase image 

 

 
Figure 3. Sample of threshold image in inlet or outlet 

 

 

Figure 4. Sample of threshold image in throat 1 and throat 2 

 

 

Figure 5. Eight locations for averaging of liquid thickness 

IV. RESULTS AND DISCUSSION 

After all thresholding techniques which are Niblack’s, 

Sauvola’s, Otsu’s and Kuo’s methods are applied on the 

annular two-phase images, they produce different threshold 

images. Figure 6 show the threshold images from Niblack, 

Otsu, Sauvola and Kuo. 

 

 
(a) Niblack 

 
(b) Otsu 

 
(c) Sauvola 

 
(d) Kuo 

Figure 6. Threshold image for four different threshold 

methods. The image was taken at 550L/m and 0.5 L/m 

 

Based on Figure 6(a), Niblack method shows the noise in 

the image. Therefore, Niblack’s method is not acceptable and 

Otsu’s, Sauvola’s and Kuo’s methods will be used for 

thresholding of annular two-phase images and benchmarking 

evaluation.  
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Based on the experiment, liquid film thickness is increasing 

when liquid flow rate is increased at a constant gas flow rate. 

This behaviour gives same results either at inlet, outlet, throat 

1 or throat 2 and similar results for all threshold methods. An 

example of distribution liquid film thickness is shown in 

Figure 7. 

 

 
Figure 7. Liquid Film Thickness at 550 L/m of gas flow rate in 

Throat 1 

 

For the case of constant liquid flow rate, the liquid film 

thickness is decreasing when gas flow rate increased. Similar 

behaviour can be observed at inlet, outlet, throat 1 or throat 2 

and for all threshold methods. An example of distribution 

liquid film thickness is shown in Figure 8. 

 

 
Figure 8. Liquid Film Thickness at 0.6 L/m of liquid flow rate 

in Inlet 

 

From the same image 7 and 8, we also observed that, the 

liquid film thickness in throat are greater that liquid thickness 

in inlet or outlet. It is due to the liquid enters the converging 

section, there will be more resistance to the flow and it will 

cause liquid flooding at the inlet. 

 

 
Figure 9. Liquid Film Thickness at 550 L/m of gas flow rate in 

Outlet 

 

V. CONCLUSION 

Asymmetrical annular flow images were captured by using 

Electrical Capacitance Tomography (ECT) and were analysed 

by using thresholding techniques which are Niblack’s, Otsu’s, 

Sauvola’s and Kuo’s method. Based on the chosen 

thresholding techniques, Niblack’s method is unable to 

produce an acceptable post-threshold image. From Figure 6, 

the Niblack’s method will produce noise and inaccurate 

image. Although the objective is to benchmark Otsu’s 

performance with the more recent techniques, there are 

minimal differences between the three techniques. Based on 

the liquid film thickness trending, the film thickness will 

increase when as the liquid flow rate increased at constant gas 

flow rate but liquid film thickness will decrease when gas flow 

rate be increased. This is validated against the observed liquid 

film thickness during the experiment. Thus Otsu’s with a 

simpler algorithm and implement would be a preferred 

technique for ECT image thresholding. 
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Abstract—Deterioration of structure and function of heart muscle 
is indicative of a degenerative disease known as cardiomyopathy. 
As a result, the hypertrophic condition of the heart often revealed 
itself in the form of abnormal sinus rhythm that can be detected 
via an electrocardiogram (ECG). In order to reduce the risk of 
misinterpretation by cardiologists, a variety of computational 
methods have been suggested for automated classification of 
arrhythmias. This paper proposes to explore Elman neural 
network for detecting cardiomyopathy. A total of 600 ECG beat 
samples were acquired from an established online database. 
Initially, the signals were filtered to eliminate high-frequency 
interference and perform baseline rectification. Nine time-based 
descriptors from leads I, II and III were used for training, testing 
and validation of the network structures. A total of five hidden-
node node structures were tested with four different learning 
algorithms. Results show that all the network structure managed 
to achieve more than 90% classification accuracy. The fastest 
convergence was achieved with the Levenberg-Marquardt 
algorithm with an average of 16 epochs. 

Keywords-cardiomyopathy; Elman neural network; accuracy; 
sensitivity; convergence rate 

I.  INTRODUCTION 
Cardiomyopathy is a degenerative disease which leads to 

progressive deterioration in the structure and function of the 
cardiac muscle. The impairment caused by continued use of 
damaged and stretching of the hypertrophic heart muscle will 
lead to arrhythmic conditions, which can be observed through 
the electrocardiogram. The electrocardiogram is a specialized 
diagnostic tool that assists cardiologists in interpreting the heart 
condition. The electrical signal is representative of the 
myocardial activities throughout the cardiac cycle [1]. Hence, 
any abnormalities can then be benchmarked with the standard 
tracing. In the event of cardiac disease or abnormalities, the 
lead system allows cardiologists to locate the exact site of 
damage. Therefore enabling localized treatment and improving 
efficiency. However, visual observation by cardiologists 
imposes a risk of misinterpretation from the electrical tracings. 
Hence to overcome the problem, a more accurate and 
computerized approach would be highly desired [2]. 

Various techniques have been tested in designing an 
automated system for classifying cardiac diseases such as the 
premature ventricular contractions (PVC) [3] and bundle 

branch block arrhythmias [4]. Classification techniques ranging 
from the simple yet effective linear discriminant classifiers and 
k-nearest neighbour approach [5], to complex techniques such 
as the artificial neural network has been employed. Neural 
network have received continuous attention with the 
feedforward architecture being the most conventional form 
being used as performance benchmark [6-8]. Advancements in 
artificial intelligent techniques has garnered renewed interest in 
the field with the introduction of innovative concepts such as 
the radial basis function (RBF) neural network [6], self-
organizing maps (SOM) [9], probability neural network (PNN) 
[6], recurrent neural network (RNN) [10], and support vector 
machines (SVM) [11]. In addition, combination with other 
forms of intelligent theory result in hybrid structures such as 
the neuro-fuzzy approach [12]. 

The study aims to investigate the performance of Elman 
neural network for detection of cardiomyopathy. Variations in 
the number of hidden nodes and learning algorithm 
implementations have also been observed. The performance of 
the proposed network is compared with the conventional 
feedforward neural network. Parameters such as classification 
accuracy, sensitivity, positive predictivity and training speed 
have been employed for benchmarking purposes. 

The paper is organized in five distinct sections. Section II 
describes on the signal processing approach adopted for high-
frequency noise removal and baseline correction, as well as 
feature extraction. Section III explains on the theoretical 
aspects of the Elman neural network topology. Section IV 
highlights on the learning algorithms. Then Section V explains 
on the performance indices. The results obtained for the 
different network structures and algorithm implementations are 
discussed in Section VI. Finally, Section VII concludes the 
finding of the study. 

II. SIGNAL PREPROCESSING 

A. Noise Removal 
ECG signals for healthy, cardiomyopathy and a 

combination of other arrhythmic conditions were acquired from 
the online PTB Diagnostic ECG Database. The signals have 
been sampled at a frequency of 1 kHz. All signal processing 
work and intelligent classification tasks were carried out using 
MATLAB 2010b. At the initial stage of the study, the signals 
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which are prone to external interference has to be filtered from 
noises from electromyogram and motion artifacts, 50 Hz 
powerline interference, as well as baseline wander [13]. 

High-frequency noise removal was carried out in two 
stages. The first stage involves application of median filter to 
remove the high-frequency content. A filter order of 21 was 
selected since it provides the best noise reduction effect on the 
entire signal. The median filter is particularly effective in 
removing sharp overshoots which resulted from motion 
artifacts. The second stage uses a 10th-order moving average 
filter to enhance the smoothening effect. The median and 
moving average filters can each be represented by (1) and (2) 

 { }NiiNim yyyy +−= ,...,,...,median . (1) 

 ∑
−

=

=
1

0

1 M

m
ma y

M
y . (2) 

where 2N + 1 represents the order of the median filter, while M, 
represents the order of the moving average filter. 

Figure 1.  (a) Original 10 s data segment (b) Pre-processed waveform. 

The last stage of the preprocessing involves rectification of 
the wandering ECG baseline using the two-stage polynomial 
fitting approach. Initially, a 4th-order polynomial was 
approximated and fitted to the entire signal, which reduces the 
baseline difference. Then the data were divided into segments 
of 10 s data. 2nd-stage approximation was performed for every 
smaller section of the data to obtain the 2nd-order polynomials. 
The solutions were then fitted to further eliminate the 
difference between the central tendencies of the signal to the 
zero-baseline. Fig. 1 shows the raw ECG and the preprocessed 
signal. 

B. ECG Descriptors 
200 ECG beat samples each have been obtained for healthy, 

cardiomyopathy and other arrhythmias. The study emphasizes 
on implementation of time-based descriptors as input to the 
network structure. Hence, the duration of P-wave, QRS-
complex, and T-wave were measured from all bipolar limb 
leads using the median limit technique. The algorithm sets the 
output for any amplitude value exceeding the median threshold. 
Meanwhile, any amplitude value that is lower than the median 
is being reset. The resultant wave duration can then be obtained 
through a point-to-point inspection. 

III. ELMAN NEURAL NETWORK 
The study sets out to investigate Elman neural network for 

detecting cardiomyopathy. The network is built up of an input 
and output layer, as well as hidden layers. The number of 
hidden layers may vary according to different applications. 
However, one hidden layer should be adequate for function 
approximation up to an acceptable accuracy [14]. The defining 
feature of the Elman neural network is the existence of a 
context layer [10]. The additional layer allows the current state 
of the hidden vector variables to be returned as a delayed input 
element to the ensuing cycle of feedforward mapping process. 
The modified feedforward architecture in the Elman neural 
network is as shown in Fig. 2. 

Figure 2.  Elman neural network architecture. 

The descriptors form an input vector, while the target 
vector functions as the learning outcomes. The descriptors will 
be mapped to a set of hidden variables uj, by an activation 

The study is financially supported by Universiti Teknologi MARA under
the UiTM Excellence Fund (600-RMI/ST/DANA 5/3/Dst (175/2011)). 
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function, φ1. By considering the presence of the context layer, 
the intermediate variable uj of the jth hidden node can be 
represented by (3) where wij is the weighted connection 
between the ith input node to the jth hidden node, and uj’ is the 
delayed input from the previous forward propagation iteration. 
The biases in the hidden layer are represented by θj. 
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The hidden variables, uj are then mapped to the output 
variables, yk via an activation, φ2 function through a similar 
transformation process. Forward propagation of information 
from the hidden layer to the output can be expressed by (4), 
where wjk is the weighted connection between the jth hidden 
node to the kth output node. θk represents the bias in the output 
layer. For the purpose of the study, hyperbolic tangent has been 
selected as the activation functions φ1 and φ2. 
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The error-connection learning rule is formed via feedback 
connections from the output to the hidden layer, and from the 
hidden to the input layer. In network learning, the weight of the 
connections is adjusted based on the error, e which is the 
difference obtained between the resultant output and the target 
vector. e can be defined by (5), where yt is the target and yk is 
the obtained output [15]. The error is then integrated with the 
learning algorithm to perform the backpropagation weight 
correction procedure. 

 kt yye −= . (5) 

The study aims to classify ECG waveforms for three 
different health conditions. Hence, the target output is 
described by unique binary sequences. The ECG conditions 
and its corresponding target are as presented in Table I. 

TABLE I.  ECG CONDITIONS AND TARGET OUTPUT 

ECG Conditions Target Output 

Healthy 1 0 0 

Cardiomyopathy  0 1 0 

Others 0 0 1 

 

IV. LEARNING TECHNIQUES 
Learning algorithms play an important role in the training 

of any artificial neural network. Implementation of suitable 
algorithms will speed up convergence rate with better 
classification accuracy. For the purpose study, four algorithms 
with different computational approach will be implemented. 

These include the gradient descent and the conjugate gradient 
methods, as well as the Newton and Hessian matrix 
approximation approach. 

The most basic approach in the weight correction procedure 
is the gradient descent approach. The algorithm can be 
represented by (6) where wn represents the weight and biases, 
while gn and an each represents the gradient and learning rate at 
the current iteration. The discovery of an adaptive momentum 
training approach helps to increase the convergence rate by 
maintaining a steady balance between network stability with a 
fast learning rate [15]. 

 nnnn gaww −=+1 . (6) 

In order to enhance network training and speed up the 
learning process is proposed via the conjugate gradient method. 
As shown by (7), the algorithm searches for the optimum step 
size with the performance function minimized. 

 nnnn paww +=+1 . (7) 

The ensuing searching trend will be conjugate to the preceding 
iterations. The search procedure is as shown by (8), where 
several computational variants exist for βn. 

 11 −+ +−= nnnn pgp β . (8) 

The Fletcher-Reeves update defines the parameter, βn as a ratio 
of the norm squared of the current gradient to the preceding 
ones. The expression is as presented by (9). 
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An alternative to the conjugate gradient approach have been 
developed through the Newton’s method. The algorithm can be 
expressed by (10) where A-1 is the Hessian matrix of the 
performance index at present weights and biases. 

 nnnn gAww 1
1

−
+ −= . (10) 

The algorithm however is computationally expensive since it 
would require second-order derivatives of the performance 
indices to obtain the Hessian matrix. The proposed method has 
been most successful with the Broyden-Fletcher-Goldfarb-
Shanno update procedure. 

In order to overcome the computational complexity of the 
Newton’s method, an approximation to the Hessian matrix has 
been simplified through the Levenberg-Marquardt approach. 
The algorithm is as shown by (11) 

 ( ) eJIJJww TT
nn

1
1

−
+ +−= μ . (11) 
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where e is the vector of network errors, J represents the 
Jacobian matrix, and μ is a constant. 

Table II shows summarizes the abbreviation used to denote 
the learning algorithms used in the study, each representing the 
gradient descent and conjugate gradient techniques, Newton 
computational method and the Hessian matrix approximation 
approach. 

TABLE II.  LEARNING ALGORITHMS 

Learning Technique Acronym 

Gradient descent with variable learning rate algorithm GDX 

Fletcher-Reeves conjugate gradient algorithm CGF 

Broyden-Fletcher-Goldfarb-Shanno algorithm BFGS 

Levenberg-Marquardt algorithm LM 

 

V. PERFORMANCE METRICS 
In order to evaluate the classification performance of the 

Elman neural network, three performance indices will be used. 
These include sensitivity (Se), positive predictivity (Pp), and 
classification accuracy (Acc). The parameters can each be 
represented by (12), (13) and (14) 

 100×
+

=
NP

P

FT
TSe . (12) 

 100×
+

=
PP

P

FT
TPp . (13) 

 100×−=
T

ET

N
NNAcc . (14) 

where variable TP denotes the number of correctly classified 
sample beats, while FN represents the falsely classified ones. NT 
represents the total number of beats, while NE is the total 
number of errors. 

VI. RESULTS AND DISCUSSION 
70% from the 600 ECG beat samples have been allocated 

for training purpose, while another 30% for testing and 
validation tasks. The network performance for different 
learning algorithm implementations is as shown in Table III, 
IV, V and VI. The convergence rate is also indicated as a 
number of epochs. 

Results show that the overall performance of the Elman 
neural network with different implementation in the number of 
hidden nodes and learning algorithms are acceptable, with all 
tests achieving more than 90% classification accuracy. Similar 
results can also be observed for sensitivity and positive 
predictivity. As for performance comparison, network training 

using the Levenberg-Marquardt algorithm achieves the best 
results at an average of 99.2% classification accuracy, followed 
by Broyden-Fletcher-Goldfarb-Shanno algorithm at an average 
of 97.9%. Both the gradient descent and conjugate gradient 
algorithms managed to achieve an average classification 
accuracy of 96.9%. 

TABLE III.  NETWORK PERFORMANCE WITH GDX ALGORITHM 

Node 
Healthy CM Others 

Acc Epoch 
Se Pp Se Pp Se Pp 

10 99.5 99.0 98.5 99.5 98.5 98.0 98.8 217 

20 100 97.1 99.0 98.5 95.5 99.0 98.2 195 

30 100 93.0 99.5 95.2 87.5 99.4 95.7 123 

40 100 93.9 99.5 94.8 88.0 99.4 95.8 127 

50 100 93.5 99.5 96.1 89.0 99.4 96.2 115 

TABLE IV.  NETWORK PERFORMANCE WITH CGF ALGORITHM 

Node 
Healthy CM Others 

Acc Epoch 
Se Pp Se Pp Se Pp 

10 99.5 97.5 99.0 99.0 96.5 98.5 98.3 26 

20 97.5 98.5 82.5 89.7 91.5 83.9 90.5 63 

30 100 97.1 99.0 98.5 95.5 99.0 98.2 25 

40 99.5 97.1 99.5 98.5 95.5 99.0 98.2 7 

50 99.5 98.5 100 99.5 98.0 99.5 99.2 40 

TABLE V.  NETWORK PERFORMANCE WITH BFGS ALGORITHM 

Node 
Healthy CM Others 

Acc Epoch 
Se Pp Se Pp Se Pp 

10 99.0 98.0 99.5 98.0 96.0 98.5 98.2 39 

20 97.5 99.0 99.0 98.5 97.5 96.5 98.0 31 

30 100 96.6 99.0 99.5 96.0 99.0 98.3 25 

40 100 96.2 99.5 95.7 91.5 99.5 97.0 26 

50 99.0 98.0 98.5 99.0 97.0 97.5 98.2 39 

TABLE VI.  NETWORK PERFORMANCE WITH LM ALGORITHM 

Node 
Healthy CM Others 

Acc Epoch 
Se Pp Se Pp Se Pp 

10 98.5 98.5 99.0 98.0 97.0 98.0 98.2 24 

20 100 97.6 100 99.5 97.0 100 99.0 13 

30 100 100 100 99.5 99.5 100 99.8 15 

40 99.5 99.5 100 99.5 99.0 99.5 99.5 19 

50 100 99.0 100 99.5 98.5 100 99.5 11 

 

A distinguishable difference however, can be observed in 
the rate of convergence. Results using the Levenberg-
Marquardt algorithm converge the fastest an average of 16 
epochs, followed by the Broyden-Fletcher-Goldfarb-Shanno 
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and the conjugate gradient algorithms, both at 32 and 77 
epochs respectively. Trainings using the gradient descent 
method converge the slowest at an average of 155 epochs. 

VII. CONCLUSION 
Results show that the Elman neural network has the 

capability to be implemented for detecting cardiomyopathy. 
Five hidden-node and four learning algorithm implementations 
have been successfully tested with more than 90% 
classification accuracy. However, results also indicate that the 
Levenberg-Marquardt computational algorithm is the more 
efficient learning method through its fast convergence rate with 
excellent classification capabilities. 

Future work involving the study on Elman neural network 
will also cover classification of other types of cardiac 
arrhythmia with a larger variety of features for network 
training. Performance benchmarking will also be conducted 
with other prospective neural network classifiers such as the 
conventional feedforward neural network and the hybrid 
multilayered perceptron network. 
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Abstract—This paper to mitigate the Ionospheric Scintillation 
effect during solar flare happen on 7th June 2011.  This 
scintillation data recorded by dual-frequency GPS Receiver, GPS 
ionospheric scintillation and TEC monitored (GISTM) at UKM, 
Malaysia (2.55˚N, 101.46˚E). Parameters on this study will focus 
on the amplitude scintillation in between 18:00 LT until 00:00 
LT; 06:00 pm to 12:00 am.  Observation showed that after the 
post sunset until midnight, the scintillation index in strong 
scintillation level, S4 ≥ 0.4.  

Keywords-component:  Ionospheric Scintillation; GPS-Receiver 

I.  INTRODUCTION  
 

There are many disturbance in Ionosphere such as 
scintillation, travel ionosphere disturbance (TID), Plasma 
bubble etc. Plasma density depletion region which appears in 
the equatorial ionosphere is generated in the bottom side of the 
F region after the sunset of the ionosphere through plasma 
instability [1]. Accompanying electron density irregularities 
are formed in the post-sunset period at low magnetic latitudes 
is inherently unstable due to the gravitational Rayleigh-Taylor 
(RT) instability processes operating on the steep upward 
gradient in the bottom side F-region [2]. 

 
The low latitude ionosphere suffers due to ionospheric 

scintillation [3]. This ionospheric scintillation happen from the 
irregularities arises in the F-layer ionosphere after the late 
evening and will last for several hours. Scintillation gives rapid 
amplitude and phase fluctuation for the single and dual 
frequency GPS receiver. Amplitude scintillation gives more 
significant effect to phase scintillation over equatorial region.  
Higher scintillation gives challenge to signal performance and 
effect degradation to the signal received by the GPS receiver 
[4].  

For the GPS receiver, signal deterioration occurs because of 
several factors such as by natural, man-made like obstruction 
from building, Doppler shift, ionospheric scintillation 
multipath, jamming, evil waveforms and also antenna effects 
[5]. This degradation of signal performance will impact to the 
total loss of signal tracking errors. This partial of signal loss in 

tracking results in geometry degradation which effect to 
position accuracy [6].   

Ionospheric scintillation gives serious threat to the 
performance of GPS receiver. Therefore, it is a significant 
mitigation to study the characteristic of the scintillation and 
consider the factor that effect to the ionospheric scintillation in 
order to overcome the problem such as signal loss and tracking 
errors. Several studies before also determine that ionospheric 
scintillation over the equatorial region varies with the season, 
local time, geomagnetic activity and the also the 11-year solar 
cycle. The maximum of solar activity estimate to be reached 
mid-2013. Adds of energetic particles, solar materials and 
gravity waves will disrupt the ionosphere region; where this 
additional energy striking to the magnetosphere and entering 
the upper atmosphere. Changes of these irregularities are rapid 
and significant.  

The GNSS receivers that used as an ionospheric model no 
longer compute the reality position, while resulting in biased 
position estimated. Other solar cycle effects are damage to 
satellite electronics and increased drag on spacecraft, altering 
their orbits. This energetic wind also affects the Earth’s 
magnetic field and can cause significant DC ground currents, 
potentially disrupting local power grids. During the solar 
maximum of solar cycle 22 (1989), the Hydro-Quebec electric 
power system failed, resulting in 6 million people in the US 
and Canada being without power for 9 hours [7]. 

In this research, the GPS data taken by using GPS 
Ionospheric and Scintillation Monitor in NovAtel binary 
format which being observed by Universiti Kebangsaan 
Malaysia (UKM) station in order mitigate the Ionospheric 
Scintillation effect during solar flare happen on 7th June 2011 

II. IONOSPHERE 
 

The ionosphere is made up with the ionized and uppermost 
part of the atmosphere and primarily depends on the Sun 
activity, as reflected by the 11-year solar cycle. Ionosphere 
ranges from the 50-1000km above the surface of the earth and 
generally classified into four regions, D, E, F1 and F2 as 
illustrated in the Fig.1 below. The D region typically extends 
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from 50-90 km and has a negligible effect on GPS 
frequencies. The E region typically extends from 90- 140 km 
and is produced by solar soft x rays and also has a negligible 
effect on GPS frequencies. The region F1 typically extends 
from 140-210 km and has a significant impact on GPS 
frequencies. The regions D, E, and F1 are associated with the 
daytime ultra violet (UV) ionization and not present at night. 
The F2 region typically extends from 210-1000 km. F2 region 
also is the most active region and its give influence to GPS 
frequencies in maximum level. During the evening hours the 
lower bound of the ionosphere rises to 200 km above the 
surface as the magnetosphere turns away from the Sun and 
fewer solar particles interact with the atmosphere. Radio 
signals from satellites pass through the ionosphere and 
experience a propagation delay or a travel time that is different 
than would occur in a vacuum, due to the presence of free 
electrons. Most of the electrons are concentrated in the F-
layer, at a height of about 400 km. 

 
 

 
Figure 1. The Ionosphere 

 

 

III. DATA AND METHODOLOGY 
This analysis motivated to mitigate the amplitude scintillation 
by classified the amplitude scintillation index in group level 
when the solar flare occurred. 

 

A. Data Source 
 

In this research, the data recorded by the dual frequency 
GPS receiver (GISTM) at UKM, Malaysia during solar flare 
event on 7th June 2011, auroras on 8, 9th June 2011 and 2 days 
before solar flare, 5, 6th June 2011 in between 18:00 LT to 
00:00 LT; 06:00 pm to 12:00 am. The amplitude scintillation 
computes by their S4 value, which is defined as the standard 
deviation of the signal intensity (SI) that is received from 
satellites and is divided by its mean value [8] 

Parameters on this study will focus on the amplitude 
scintillation value captured when the solar flare happen and 
figured out the scintillation index depend on the geographic 
satellite location extracted from the GPS Ionospheric 
Scintillation and TEC Monitoring (GISTM) Malaysia data. 
Amplitude scintillation, S4 is extracted from GPS receivers 
and being plot in graph direct from simulation results.  

 

B. Procedure Process 
 

In this analysis flowchart as shown in Fig. 2 below, the 
data collected by the GISTM system, then classified into 
required period. Data only focused in between 18:00 LT until 
06:00 LT, whereby, most of the previous study determined 
that over the equatorial region, the ionospheric scintillation 
strongly happened after the sunset and last for the several 
hours until dawn.  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

Figure 2.  Flowchart in investigate Amplitude Scintillation 

 
The amplitude scintillation can be monitored traditionally 

accomplished by computing the S4 index. Sampling rate of 
amplitude scintillation is 50 Hz and is recorded over 60-
second intervals. The GPS receiver also computes two 
parameters of S4, which are the total S4 (S4t) and correction of 
S4 (S4cor). The total S4 (S4t) includes the effect of ambient 
noise. In the analysis, the corrected S4 index excluding their 
influence of ambient noise is computed by using Eq. 1 as 
below: 

 

S4 = ( S4t
2 - S4cor

2)½                         (1) 

 
The result value of S4 can be categorized into four 

categories as Table 1 below.  
 

 

 

Table 1: Scintillation Index 

Collect Data GPS (GISTM Data) 

Classification Data 
(18:00 LT – 06:00 LT) 

Analyze Scintillation Value, S4 

Compute the Scintillation index in group 
level 
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Scintillation Index Types of Scintillation 

(0.2 ≤ S4 < 0.3) Weak scintillation 

0.3 ≤ S4 < 0.4 Moderate scintillation 

S4 ≥ 0.4 Strong scintillation 

S4 < 0.2 negligible 

 
 

IV. RESULTS AND DISCUSSIONS 
 

This study selected for time recorded by GPS Ionospheric 
Scintillation & TEC Monitoring (GISTM) data monitored at 
Institute of Space Science (ANGKASA), University 
Kebangsaan Malaysia (UKM) station, Malaysia. The 
scintillation of the GPS signals comparing the amplitude 
scintillation between the data separated into three conditions 
which is data during Solar flare event, on 7th June 2011 and 
Auroras on 8th June 2011. 
 

The measured data are first recorded and then converted 
from binary to ASCII format by specially designed software 
called ParseIsmr. Then, analyze the data and computation of 
scintillation indices among amplitude scintillation level. All 
the data taken from GPS signal will be transferred using 
Matlab graph to analyze the higher value of amplitude 
scintillation. From the analyzed of amplitude scintillation 
value, it will be determine each of amplitude scintillation level 
either in strong, moderate, weak or negligible level. Below is 
the case study on the amplitude scintillation analysis at all the 
categories mentioned above. 

 

A. Amplitude Scintillation on 7th June 2011 
For the Solar Flare event, data was recorded on 7th June 

2011 every minute for the whole day.  This analyzed only 
focuses after the post-sunset which is from 18:00 LT until 
00:00 LT; 06:00 pm to 12:00 am. Amplitude scintillation was 
analyzed for the different Satellite ID, PRN 20 and PRN 13 for 
time 18:00 LT till 00:00 LT. 

 
 

 
Figure 3. The S4 at (a) PRN 13, (b) PRN 20 on 7 June 2011 

 
 

Figure 3 shows graph for the amplitude scintillation 
during solar flare event recorded by Satellite ID PRN 13 and 
PRN 20. For the graph (a), we can see that in the beginning of 
18:00 LT (6:00 pm) to 21:00 LT (09:00 pm), the scintillation 
value in range lower than 0.2, which is neglected, or consider 
no scintillation occurred. After time 21:45 LT (09:45 pm) to 
23:02 LT (11:02 pm), the scintillation value increased up to 
0.4, which is in strong level. From the graph (b), we can see 
that in the beginning of evening, 18:00 LT (06:00 pm), 
amplitude scintillation in range 0.1 to 0.2 which is in weak 
scintillation level. After late in the night, time 22:30 LT (10:30 
pm), the scintillation value increase to range up to 0.4 until 
time 23:13 LT (11:13 pm). Both of these graph show that after 
the highest amplitude scintillation occurred, data is loss. 
Summary amplitude scintillation value shows in Table 2. 
 
 

Table 2: The summary of amplitude scintillation value on 

7thJune 2011 

Satellite 
number 
(PRN) 

Amplitude 
Scintillation 

(S4) 
Time (LT) Category 

 
13 
 

0.629829 23.02  
 

Strong 

 
20 
 

0.460381 23.13  
 

Strong 
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The highest amplitude scintillation recorded by PRN 13 
which is S4 value is 0.629829 at 23:02 LT, 7th June 2011, and 
followed by PRN20, scintillation value is 0.460381 at 23:13 
LT. 

 
 This value shows that during solar flare event, amplitude 

scintillation in strong scintillation level, which is S4 ≥ 0.4. 
From this simulation also shows that the scintillation happens 
strongly in midnight and the next factor to consider is solar 
activity. Solar activities tend to suppress the occurrence of 
bubbles before local midnight and enhance their occurrence 
after local midnight. During solar maximum and during the 
peak season, bubbles may occur on 70-80% of the nights.  
 

B. Amplitude Scintillation on 8th June 2011 
 

     For the amplitude scintillation on auroras, 8th June 2011, the 
data focus between time 00:00 LT to 06:00 Lt; 00:00am to 
06:00 am. This data recorded to determine the effect of the 
amplitude scintillation last after solar flare happen recorded by 
Satellite ID PRN 9 and PRN 27. 
 

 
Figure 4. The S4 at (a) PRN 9, (b) PRN 27 on 8 June 2011 

 

Table 3: The summary of amplitude scintillation value on 

7, 8 June 2011 

Satellite 
number (PRN) 

Amplitude 
Scintillation (S4) 

Time (LT) 

 
27 

 
0.563017 00.20  

 
9 
 

0.350211 00.22  

 
 

According to the figure 4, graph show the amplitude 
scintillation recorded by PRN 9 and PRN 27. Both of the 
graphs show that, in the beginning of 00:00 LT (00:00 am), 
the amplitude scintillation in highest value, since the 
ionospheric scintillation strongly happen in mid-night and last 
after the several hours. For the graph (a), the amplitude 
scintillation last after 03:00 LT and for the graph (b), the 
signal lost in between time 00:20 LT until 01:00 LT and after 
that the amplitude scintillation value is neglected. This is 
because; system satellite for this PRN is still cannot capture 
the exact value. During this time also, it can assume that, the 
data has been provide by this PRN inaccurate. The summary 
of amplitude scintillation value on 7, 8 June 2011 shows in 
Table 3. 
 

V. CONCLUSION 
 

This study shows about the amplitude scintillation 
analysis. It shows that higher S4 happen with value of 
0.629829 at 23:02 LT recorded by PRN 13 during solar flare 
event, on 7th June 2011. Analysis of amplitude scintillation 
also show that after the sunset, post in midnight mostly all the 
data recorded with different Satellite ID in strong scintillation 
level, S4 ≥ 0.4. Higher S4 remain for several hours in post 
midnight and data is loss when the higher amplitude 
scintillation occured. The objective of this project to 
investigate effect of solar activity to amplitude scintillation 
achieved since the value of S4 gives worst case for the GPS 
signal.  
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Abstract—The paper proposes a ‘smart basket’ system as an 
alternative solution to optimize management of electrical and 
water consumption in domestic laundry activities. The device acts 
as a microcontroller-based digital weighing system, and weighs 
unwashed clothes prior to the laundry stage. In principle, the 
weights are measured through the use of force sensitive resistance 
(FSR) sensor, where the results are being displayed on liquid 
crystal display (LCD). The system is designed with a keypad to 
enable user selection of weights. Buzzer is used to alert users in 
case where the basket has reached the selected weight threshold. 
Results using the ‘smart basket’ system were compared with data 
from Tenaga Nasional Berhad (TNB) and Syarikat Bekalan Air 
Selangor (SYABAS), indicating that resource consumption can 
be reduced by as much as 33%.  

Keywords-smart basket; laundry activities; optimized resources; 
microcontroller-based; digital weighing system 

I.  INTRODUCTION 
In recent years, more sophisticated technologies have been 

designed to assist in daily living. Although having limitations, 
the advancements in terms of application have become more 
rapid [1]. A digital weighing scale is a device designed to 
measure weight of any living or non-living matter such as sand, 
water, flour, and many others. As a standard system, the digital 
weighing scale would comprise of input, mathematical model 
and an output. A sensing unit would feed the weight 
information as input, then being translated by the transfer 
function into a measureable unit that is finally being displayed 
as an output. Various types of sensors can be implemented for 
weight measurements which include load cell, pressure sensor, 
strain gauge, etc. 

The research sets out with the objective to develop digital 
weighing system using force sensitive resistance (FSR) sensor.  
FSR sensor works on the principle where its resistance value 
changes with the applied pressure or force onto a surface area. 
The sensor is capable of measuring weight within a range of 10 
g to 10 kg. The sensor is integrated with a microcontroller unit 
to translate the weight information into outputs on liquid 
crystal display (LCD) and alert buzzer. The analogue 
information from the FSR sensor is interfaced with the 
microcontroller unit through the analogue-to-digital converter 
(ADC). Since the research aims to conserve the necessary 
resources, the system is designed as a ‘smart basket’. 

The paper is organized in four distinct sections. Section II 
details out the methodology on material selection and design 
approach used in the research. Section III discusses on the 
results pertaining the performance of the FSR sensor and 
system output. A comparative brief comparative study is also 
conducted on the effect of the device usage on resource 
consumption. Lastly, the findings are concluded in Section IV. 

II. METHODOLOGY 

A. Design Overview 
The design of the ‘smart basket’ system is based on the 

concept of digital weighing scale. The scope of research covers 
both the software and hardware development aspects. The flow 
of research methodology on prototype development is as 
shown in Fig. 1. 

Figure 1.  Flow of research methodology on prototype development. 

Initially, a preliminary study was conducted on the 
currently existing digital weighing scales. In this stage, 
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approaches on concepts of weight measurement using 
microcontrollers have been reviewed. Then the development 
stage is split into the programming and hardware development. 
Selection of suitable sensors and microcontroller units are vital 
to fulfill the design requirements. Prototype testing follows 
soon after the completion of both programming and hardware 
elements. Continual improvement is then performed through 
functional tests and troubleshooting tasks.  

Figure 2.  Block diagram of proposed system. 

Fig. 2 shows the general block diagram of the proposed 
system. All the related components have been considered based 
on the interaction between the input and output elements. 
Components involved in the system set-up include the FSR 
sensor, keypad unit, buzzer and LCD output. For the purpose of 
the study, PIC16F886 microcontroller has been selected as the 
information processing unit. 

Figure 3.  Mechanical design of ‘smart basket’ system. 

Fig. 3 illustrates the mechanical design aspects of the 
device. The FSR sensor is placed in the middle of the basket 
unit with a screw supporting it from collapsing when load is 
being applied.  

B. Force Sensitive Resistance Sensor 
In essence, the FSR sensor is basically a resistor which 

changes its resistance value, in accordance with pressure that is 
being applied [2]. The resistance decreases with increasing 
pressure. The sensor is comprised of two polymer films, one is 
a conducting surface while the other one is an electrode with a 
printed surface. Both of the surfaces are separated by a spacer. 
These surfaces come into contact with each other when force is 
being applied, resulting in short circuit to the electrode on the 

printed surface. Hence the resistance of the FSR sensor is 
reduced. Fig. 4 shows the three distinct layers of active area, 
plastic spacer, and conductive film that build up the FSR 
sensor. 

Figure 4.  FSR sensor layout. 

C. Microcontroller Unit 
The PIC16F886 microcontroller is a device that has internal 

memory. In order to control the ‘smart basket’ system, the 
microcontroller acts as the central processing unit. The model 
was selected due to special features which include the 
capability to control the designed system. There are 28 I/O 
pins, and an internal oscillator with frequency range of 8MHz 
to 31 KHz. In addition, PIC16F886 has 368 bytes of RAM, 256 
bytes of EEPROM, 10-bit ADC, 16-bit enhanced capture, 
comparator, 10-bit PWM (10-bit), and an In-Circuit Serial 
Programming (ICSP) capability [4]. The pin diagram is as 
shown in Fig. 5. 

Figure 5.  Pin diagram for PIC16F886 microcontroller. 

D. Firmware and Interfacing 
The designed system measures the weight via the FSR 

sensor and displays the value on LCD. Initially, users can select 
the weight limit. As load is being increased, the FSR sensor 
will feed the analogue information into the microcontroller unit 
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via the ADC. When the measured weight exceeds the limit 
setting, the buzzer will be triggered to alert the user. The 
firmware was written in MPLAB IDE. Fig. 6 shows the 
flowchart for the control firmware. 

Figure 6.  Flowchart of the control firmware. 

In order to provide stable supply voltage to the system, the 
voltage regulator were used to regulate the voltages between 9 
V to 12 V directly from the source. The LM7805 were selected 
to maintain the voltage output at 5 V. The overall circuit 
connection is as shown in Fig. 7. 

Figure 7.  Circuit connections. 

III. RESULTS AND DISCUSSION 

A. Voltage Drop for Different Weights 
Voltage drops were compared for different weights that 

were measured between 1 kg to 8 kg using multimeter and 
theoretical calculation as expressed by (1). Data and analysis of 
the voltage drops are as shown in Table I and Fig. 8. 

 
MFSR

InFSR
Out RR

VR
V

+
= . (1) 

Table 1 shows the relation between weight and voltage 
drop. The values between the weight and voltages are inversely 
proportional. An increase in the weight will result in decrease 
of voltage. The difference between calculated and measured 
voltage varies by as much as 11.8%. The variation may be 
induced by external factors imposed by crude fabrication 
method on the device assembly. 

TABLE I.  THEORETICAL AND MEASURED VOLTAGE DROP 

Weight 
(kg) 

Voltage (V) Difference  
(%) Theoretical Measured 

1 0.53 0.47 11.3 

2 0.34 0.30 11.8 

3 0.25 0.22 12 

4 0.21 0.20 4.7 

5 0.19 0.18 5.3 

6 0.17 0.16 5.9 

7 0.15 0.15 0 

8 0.14 0.13 7.1 

 

Figure 8.  Comparison between theoretical and measured voltage. 

B. Reliability and Functionality Test 
In order to test the reliability of the ‘smart basket’, the fixed 

weight is measured for five times. From this experiment, the 
functionality of the buzzer, voltage detection and the LCD was 
also tested. The test results are as outlined in Table II 
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TABLE II.  . RELIABILITY AND FUNCTIONALITY TESTS 

Weight (kg) Voltage (V) Buzzer LCD (kg) 

1 

1st 0.48 On 1 

2nd 0.48 On 1 

3rd 0.48 On 1 

4th 0.54 Off 0 

5th 0.49 On 1 

2 

1st 0.31 On 2 

2nd 0.31 On 2 

3rd 0.31 On 2 

4th 0.31 On 2 

5th 0.48 Off 1 

3 

1st 0.23 On 3 

2nd 0.27 Off 2 

3rd 0.23 On 3 

4th 0.23 On 3 

5th 0.23 On 3 

4 

1st 0.19 On 4 

2nd 0.19 On 4 

3rd 0.19 On 4 

4th 0.19 On 4 

5th 0.19 On 4 

5 

1st 0.17 On 5 

2nd 0.17 On 5 

3rd 0.17 On 5 

4th 0.17 On 5 

5th 0.17 On 5 

6 

1st 0.16 On 6 

2nd 0.16 On 6 

3rd 0.16 On 6 

4th 0.16 On 6 

5th 0.15 On 7 

7 

1st 0.15 On 7 

2nd 0.15 On 7 

3rd 0.15 On 7 

4th 0.15 On 7 

5th 0.15 On 7 

8 

1st 0.13 On 8 

2nd 0.13 On 8 

3rd 0.13 On 8 

4th 0.13 On 8 

5th 0.13 On 8 

 
The aim of the reliability and functionality test is to observe 

the system whether it is functions according to intended design 
specifications. This can be observed for fixed weight 
measurement of 1 kg, 2 kg, 3 kg, and 6 kg loads. The disparity 
may most likely be caused by the crude mechanical fabrication 
of the device that affects load distribution on the surface area, 
excessive surface bending and the sensor performance itself.  

C. Comparative Study on Resource Consumption 
A comparative study was conducted on the effectiveness of 

‘smart basket’ system on frequency of laundry activity, as well 
as reducing water and electricity consumption. A study 
conducted by Qingdao Smad Electric Appliances [6] 
discovered that for a 7 kg washing machine, the consumption 
of water and electric usage is 59.7 l and 1.031 kW per cycle. In 
general, a person would spend three times per week for laundry 
activities [7]. Based on estimation for one standard family size 
of four, the weight would increase to 14 kg per week. 
Implementation of the ‘smart basket’ system shows that the 
user can efficiently reduce the need for laundry activities to 
twice per week. Hence, the electrical and water consumption 
would be reduced. Table III shows the effect of the system on 
the frequency of laundry activities and resource usage. 

TABLE III.  EFFECTIVENESS OF ‘SMART BASKET’ SYSTEM 

Parameters Conventional 
method 

‘Smart basket’ 
system 

Frequency per week (times) 3 2 

Water consumption (l) 179.1 119.4 

Electric consumption (kW) 3.093 2.062 

 

With reference to Syarikat Bekalan Air Selangor 
(SYABAS), the water tariff for 1m3 is RM 0.57 [8]. 
Meanwhile, the tariff set by Tenaga Nasional Berhad (TNB) 
for domestic electric consumption is RM 0.218 per kW [9]. 
The effectiveness of the device on optimizing the cost of 
resource consumption is shown in Table IV. Calculation shows 
that the use of ‘smart basket’ system is capable of reducing the 
monthly cost spent on laundry activities by as much as 33%. 

TABLE IV.  COST OF MONTHLY RESOURCE CONSUMPTION 

Parameters Conventional 
method 

‘Smart basket’ 
system 

Weekly water consumption RM 0.102 RM 0.068 

Weekly electric consumption RM 0.674 RM 0.450 

Monthly cost RM 3.32 RM 2.22 

 

IV. CONCLUSION 
The research has successfully designed and developed the 

‘smart basket’ system. Studies have demonstrated the 
practicality of the device as a control mechanism in reducing 
electrical and water consumption, as well as the monthly cost 
incurred through the laundry activities. Reliability and 
functionality tests indicate the further improvement is still 
needed on sensor selection, and mechanical design aspects. 
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Abstract— this research devoted to reduce the labor cost as well 
as develop better pellet dispense system. Subsequently, this 
research was proposed to design an automatic fish feeder system 
using PIC microcontroller application. The device developed 
combines mechanical and electrical system in controlling fish 
feeding activity. This device, basically consists of pellet storage, 
former, stand, DC motor and microcontroller. The pellets 
controlled by DC motor which located under the pellet storage. A 
control system was then attached to this device allowing the fish 
to be fed at the right cycle time as required or predefined by user. 
Timer was employed in this device to control the motor rotation 
attached to sphere former, which dispense the pellets into the 
water. The pellets dispensed into the marking area of the pond 
based solely on the rotation speed of the motor itself. The 
controller came with a keypad giving user more option in 
determining the suitable speed for the motor depends on their 
cattle. In short, the pellets in the automatic fish feeder system will 
be controlled by the rotation speed of DC motor.  

Keyword-PIC Microcontroller; Animal feeder; fish feeder  

I. INTRODUCTION 
An automatic fish feeder is an electronic gadget or device 

that has been designed to dispense the right amount of pellets 
at a particular time. In addition, such system also 
demonstrated the capability in repeating the task daily and 
accurately, hence promising efficiency and productivity in fish 
farming field in long run. In general, two basic concepts which 
are fixed and mobile conceived the automatic fish feeder [1]. 
This device fed fish following the right schedule and amount 
pre-defined by user, therefore avoiding the issue of 
overfeeding. To date, many of the fish farmers still stick with 
the manual feeding system. By utilizing the traditional manual 
feeding system, it means that more work forces would be 
needed by owner of fish farm in handling certain jobs, 
particularly in cleaning the feeder, refilling the pellet and even 
repair or maintenance procedure. All these process consumed 
considerably more time and energy compare to the automatic 
fish feeding system. Moreover, the benefits automatic fish 
feeding system emerged as the areas of the farm increased. For 
larger area, the manual feeding system users will certainly 
face difficulty in managing the entire feeding schedule. 

Based on previous research, there were some efforts taken 
in order to replace the inefficient and unproductive manual 
feeding system. For instance, the Simple Automatic Fish 

Feeder which employed the timer in dispensing the pellets. 
However, this system was limited by the ability of dispensing 
pellets at a constant speed. Next, it was the Automatic feeder 
for marine mammals [3]. This feeder was found to be highly 
reliable with a very low rate of breakdowns. Unfortunately, 
these feeders were not specifically to handle [3]. In addition, 
this system caused unbalance growth of fish as the dispensed 
pellets focused at one part only [3]. 

Discovering the shortcoming of current automatic feeding 
systems had motivated the research to develop a system which 
overcome previous systems’ flaw, hence giving more 
advantages and benefits to the owner and workers. As a 
remedy of dispensing pellets solely at one part, the new 
system was able to dispense pellets into the desire area based 
on the rotation speed of the motor, combined with suitable 
cycle time. The system resulted in more systematic feeding 
schedule which certainly, will directly decrease the labor cost. 
This new automatic system was also designed in such a way 
that it can replace of human activity. This “Automatic Fish 
Feeder Using PIC Microcontroller Application” offered the 
user control feeding time up to 24 daily feeding cycles 
depending on the timer employed in the system and the 
optional reset time on the feeder. Also, the amount of pellets 
dispensed depended on the length of the feeding cycle 
adjusted on the feeder itself [2].  

The rotation speed in new developed system will determine 
the travel distance of pellets before they landed at the desire 
area. Resistance was strung in the rotor circuit or adjusts the 
voltages of electrical machinery circuit is one of the traditional 
method of control speed [4] due to the fact that this method 
was easily set up, however some shortcomings come with such 
easy method. Consequently, a new kind of speed control 
method known as PWM (pulse width modulation) was 
considered in the new feeding system. Today, such speed 
regulating system has been widely used in the motor control 
speed. The power energy can be fully utilized and the circuit 
efficient is very high with the broad usage of PWM 
technological [5]. 

II. METHODOLOGY 
There are several ideas and methods required in order to 

target the research’s main objectives. The Figure 1 below 
aimed to aid researcher in explaining the methodologies of 
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designing and implementing automatic fish feeder using PIC 
microcontroller application which encompassed system 
design, hardware and software development as well as the 
circuit design. 

 
Figure 1: Methodologies of designing Automatic Fish Feeder System. 

Figure 1 depicted the flowchart of the procedure conducted. 
Firstly, the literature review involved studies and collecting 
information, particularly from previous research. Researcher 
then reviewed the current issue or development state of 
automatic feeding system, and made comparison among the 
researches to identify the flaw of existing systems. Problems or 
shortcomings were identified and remedies were proposed in in 
hardware and software development stage. In integration stage, 
all circuit developed will be combined and integrated with the 
programming code to initiate the system. The data was 
initialized and processed by microcontroller on the program 
with the user interface. Later, the data processed by 
microcontroller was then sent to device as output of this system 
akin to user demanded or ordered. The output for this system 
would be the speed and the torque, generated by the DC motor 
and control by the microcontroller. Once the system started or 
failure occurred, researcher proceeds to testing and validating 
stage. As a result, data collected form system, especially output 
voltage drop and the distance of the pellet travelled will be 
discussed in system discussion stage. 

 
 
 

A. System Design 
The design of this Automatic fish feeder comprised of four 

main parts, namely main controller, pellet storage, stand and 
spreader. The controller of this system, a 4x4 Keypad 
functioned as input device which provided the user abilities to 
set timer and motor speed to spread the pellet into the water. 
Apart from that, LCD display played an important role in 
illustrating the data entered by the user before DC motor start 
to operate. PIC 16F886 controller was employed as main 
controller output of DC motor. In order to control the speed 
rotation of DC motor, L293D motor driver which work by 
PWM (Pulse Width Modulation) technique was utilized. As for 
the software design, programming of PIC16F886 was done 
with the aid of C language. The conceptual diagram as shown 
in figure 2 where the major components are included: 

 
• PIC16F886 Microcontroller 
• 4x4 Keypad 
• 2x16 LCD (Liquid Cristal Display) 
• L293D (Motor Driver) 
• DC Motor 
• LM7805 (Voltage Regulator) 
• Power Supply 

 
Figure 2: Conceptual diagram of the system. 

B. Mechanical Design 

All appropriate components used in hardware design stage 
were assembled to set up the feeding device. This system was 
simple in construction and operation, also relatively 
inexpensive, as well as reliable in the period of system 
operation. The storage that attached at the top stored the pellets 
and the amount decreased across the time as the motor start 
running. Pellets in the sphere former will be dispensed at target 
area based on the motor speed. The shape of the former was 
designed corresponding to sphere shape ensuring the spreading 
process more efficient compare to the other shape, especially 
on the amount of pellets stored. It was proven by math that 
given the same surface area, sphere outperformed other shape 
in terms of their volume. Meanwhile, during the operation of 
dc motor, there were several holes that allowed the pellet to be 
dispensed into the water. Figure 3 below shows the mechanical 
design of Automatic Fish feeder. 
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Figure 3: Mechanical Design of the system. 

C. L293D motor driver for controlling motor 

L293D is designed to provide bidirectional drive current of 
up to 600mA at voltage from 4.5V to 36V. It is to drive 
inductive load such as relays, solenoid, DC and bipolar 
stepping motor as well as other high current or high voltage 
loads in positive supply application. Each pair of channels is 
equipped with an enable input to simplify use as two bridges. 
This device is suitable for the use in switching applications at 
frequencies up to 5 kHz. For this research, L293D was applied 
to control the motor speed rotation. Without this component, 
the motor will not operate as programmed. 

 

Figure 4: Flow of the system interface. 

During the operation, the system would display 
information as in figure above and ready for the next 
operation. The speed option screen requested user to set the 
speed that suitable corresponding to the size or area of the 
pond itself. There are different speeds of choices depend on 
the PWM (Pulse Width Modulation) that had been 
programmed in the microcontroller at the development stage. 
The motor speed directly proportional to the distance travelled 
by pellet, hence increasing the motor speed will result in 
longer travel distance. In the timer case, two types of timers 
employed in this research. Timer 1 responds to the time 
entered by user and controls for the feeding time.  

This timer will activate the motor at specific time 
requested by user. Timer 1 came with 2 options that allowed 
the user to set the time second (s) or minute (m).  In the other 
hand, Timer 2 received the desired time delay after each 
feeding process entered by user. Timer 1 will be activated and 
repeated each time Timer 2 finished its calculation, and this 
process will continue until the system shut down. Once input 
parameters had been completely set up by the user, the motor 
will start to operate and activate the feeding mechanism, in 
which pellets dispensed into the pond according to the 
predefined rotation speed of the motor. Finally, the pellets 
will be shot into the marked area of the water surface. Figure 
4 below shows the flows of the system interface. 

 
Figure 5: Operation of the system. 
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III. RESULT AND DISCUSSION 
A. Voltage drop at DC motor output 

The study of designing Automatic Fish Feeder using PIC 
microcontroller is to find out the way of rotation speed of 
motor base on the percentage of PWM value set. 

TABLE I.  TABLE OF AVERAGE VOLTAGE WITH PWM VALUE SET TYPE 
STYLES 

 
 
Table 1 above shows the voltage drop at the output DC 

motor depending on the percentage of the PWM use. Base 
on the result, the DC motor do not function or operate during 
the PWM are set to 10% and 20%. The voltage drop are too 
low and effect the rotation speed of the DC motor. This 
system is reliable since the other PWM percentage will run 
the DC motor smoothly. This result also shows that the DC 
motor will be run properly when the voltages are in between 
6V until 11V.  Figure 6 below shows the graph of PWM 
value set versus the voltage drop at DC motor output. 

 

Figure 6: Graph of PWM value set versus the voltage drop at DC motor 
output 

 

 

 

 

 

B. Analysis of the pellets distance 

TABLE II.  TABLE OF MAXIMUM AND MINIMUM PELLET DISTANCE 

 
Table 2 above shows the data of maximum and minimum 

distance of the pellet spread and the marking area of the pellet 
distance. From the observation, the pellet that has been spread 
into the water has different distance depending on PWM value 
set. Therefore, the user has their own choice to feed their fish 
based on the size of the pond itself. Basically, the small of 
PWM value set is suitable for small fish feeding because the 
small fish did not have to compete each other in order to get 
the pellet compare with the big fish fed. The distance of the 
pellet spread play an important role to ensure that the good 
and efficient of the fish growth. 

 

 

 

 

 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 325



C. The pellet usage deal with timer 

TABLE III.  TABLE OF MAXIMUM AND MINIMUM PELLET DISTANCE 

 
 

 
 

Figure 7: Graph type of pellet usage versus spreading time 

Figure 7 above shows the analysis of the type of pellet 
usage with the spreading time. The maximum speed (90% 
PWM value set) has been use for this analysis. The size of 
the pellet will be effect to the pellet usage in this system. 
From the observation, the small pellet will be dispensing 
faster than the big pellet.  The dispensing rate for small 
pellet is around 250g/m and this is 100g/m for the large 
pellets.  

IV. CONCLUSION 
This research is one of the alternative and easy ways to 

feed the fish at the right cycle time. Nowadays, the entire 
fish farmer has to hire more labor cost to handle any kind of 
work dealing with the feeding fish. So this research can 
reduce the owner to hire more workers and also reduce the 
time needed. The objectives of this research were 
successfully achieved through the 3 analysis that have been 
done. The speed rotation of the motor have been controlled 
by PWM technique and the different voltage drop at the DC 
motor output will determine the suitable speed that should 
be use.  

Next, the analysis of the pellet distance which allows the 
user to choose the suitable marking area based on their 
cattle. The analysis of the pellet usage will make the pellet 
use to fed the fish more reliable and avoid the pellet usage 
waste.  The main purpose of this research is to create and 
develop an innovation which is useful to overcome some of 
the problems that occurred nowadays. PIC microcontroller 
has been used for monitoring the present control system. 
The aim of this research is to be able to control the DC 
motor by using microcontroller application. Therefore, this 
system allows the owner to adjust the cycle time and 
dispensing time as required. 

 This research can be modified for more advance in it 
operation. One of the modifications is to control the pellet 
flow from the pellet storage into the sphere former. By doing 
so, the research can be more efficient in form of pellet flow 
control. Another modification is tried to make some 
modification of sphere former by having a gate to open or 
close when the system is running. 
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Abstract— This paper is about The Development of Self-service 
Restaurant Ordering System (SROS). The manual restaurant 
ordering system is relies on a lot of manpower to handle all the 
process from taking order from customers, placing order, tidy up 
the table and cleaning the dishes. Therefore this system is 
developed to reduce the number of manpower in ordering task 
and at the same time reduce the monthly cost for the restaurant. 
Customer can make their order through the system and directly 
stored to the database. The system is designed using Microsoft 
Visual Studio 2008 and Microsoft Office Access 2007 to give a 
better solution for the manual system. A preliminary testing 
suggested that the SROS has a potential to replace the manual 
restaurant ordering system. 

Keywords-component; food ordering system, interactive user 
interface 

I.  INTRODUCTION  
Nowadays, most of the restaurant around the world using 

the manual ordering system. This system is using a waiters and 
waitress to take an order from the customers. This system relies 
on large numbers of manpower to handle customer reservation, 
inquiry, ordering food, placing order, reminding dishes [1].  

This typical method is kind of wasting of time and energy 
when there are a lot of costumers at that time. Moreover it may 
be cause a misunderstanding between the customer and waiter. 
However, if there are too many waiters are hired, it may be 
waste of resource during non-peak hour [2]. It also will give an 
extra-work to the cashier to record all the transaction. 

There are some early efforts have been made to replace this 
manual ordering process, for example is a PDA-based wireless 
food ordering system. However this system is only replacing 
paper and pen used by the waiter to take an order [3]. A 
miscommunication still can occur since customers have to 
order through the waiter. Another early system is A 
Customizable Wireless Food Ordering System with Real time 
Customer Feedback (CWOS-RTF) [4]. This system requires 
the customer to make an order through their smart phone using 
web based application. However, not all the customer has a 
smart phone and its gives a problem if they do not have one. 
Another system is Restaurant Waiter Paging System [4]. This 
system allows customers to call for a waiter but it is still using 
manual ordering process.  

Therefore, the research has been done to develop a system 
which will give a lot more benefit to both restaurant owner and 
customers. The system will improve all the lack from the 
previous systems. Customer can directly make an order from 
the system and misunderstanding between customers and 
waiters can be reduced to minimal [4]. Moreover, it also will 
improve the data collection since order make by the customer 
is directly sent to the database. It will reduce time waiting by 
the customer and restaurant owner can reduce the expenses on 
manpower. 

The Self-Service Restaurant Ordering System (SROS) 
developed a Graphical User Interface (GUI) using a Microsoft 
Visual Studio 2008 and Microsoft Office Access 2007 for the 
database. It is requiring customer to order via touch screen 
device that placed on each table in the restaurant. Customers 
are able to view the menu, price and make an order directly 
using the system. Then, their order will be sent to the database 
in restaurant and will be view on the computer screen at the 
kitchen for food preparation.  

II. METHODOLOGY 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Work flow for the SROS  

Start 

Customer read the information at homepage. 

Customer view and make an order from the menu list 
and the total cost can be view automatically. 

Confirm order? 

Order sent to the database. 

Customers wait for the food and make the payment. 

End 

No

Yes 
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The work flow for developed the SROS as shown in Figure 
1. When customers enter the system, the home page of the 
system will be appearing. This page contains the information of 
the restaurant and the promotion price when available. Then, 
customers will navigate to the menu page to view the entire 
menu and then can be proceed to make their order. They can 
simply add and remove their desired menu and the total cost is 
automatically counted.  

 

Figure 2.  SROS functional correlation  

The SROS functional correlation as shown in Figure 2. The 
connection between users and server is connected by the router 
through the LAN cable for a better connection [6]. The order 
will be saved into the database in the admin computer. This 
order can be also viewed by the kitchen computer for the food 
preparation [7]. 

A. Login Form 
This login form is requiring the password for user to enter 

the system. The admin can change the password anytime for 
the security purpose. 

 

Figure 3.  Login GUI form  

 

Figure 4.  Password changer option  

B. Home page form 
It is a main page which is the user see after they access 

from the login form. This page is showing a restaurant banner, 
picture and information for promotion purposes. 

 

Figure 5.  Home page for SROS  

C. Menu ordering form 
This is a most important page of the system. This page is 

used by the customers to make their orders as shown in Figure 
6. It is showing a menu pictures, names and prices. Customers 
has to choose their desired menu by clicking the on the button 
which is contain the menu picture. Customer can see their 
selected menu on the table beside this tab. Meanwhile the total 
price is automatically calculated every time customer chooses 
their order. However customer can remove their unwanted 
menu by clicking remove button below the table. If they 
satisfied with their order they must clicked the confirm button 
below the table. This order then sent to the database for data 
collection and food preparation. The admin are not going to 
print the receipts in order to limit the used of the paper. 

 

Figure 6.  Menu ordering form  

D. Table number editing form 
This form is used by the admin to update the table number. 

It is including add table and remove table. This table 
information is very useful to differentiate the order from the 
customers. 

 

Figure 7.  Table number editing form  

 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 328



 
 

 
Figure 8.  List of  restaurant table 

E. Menu updating form 
This is an items manager used by the admin to updates the 

menu. It is including add menu, remove menu and edit menu. 
This updated menu then saved in the database and can be view 
in items tab. The menu information is including an items 
barcode, menu name, buy price, selling price and picture. 

 

 
Figure 9.  Menu updating form 

 

Figure 10.  Example of menu list 

F. Restaurant profit data form 
It is a fast tool used by the admin to view the profit of the 

restaurant in a certain period. It is containing overall profit, 
total profit between two dates, total profit and item for all time 
and total profit and item between two dates. It is one of the best 
features offered by this system compare to others. 
 

 
Figure 11.  Profit data form 

G. SROS database 
This is a very important part of the system. It is used to 

restore all the items information that save by the admin 
including its barcode, name, buy price, selling price and 
picture. It is also used to save the password of the system and 
the table number information. Moreover it is very important 
because all the transaction of the restaurant will saved in this 
database and will be used for future revision.  

 

 
Figure 12.  Example of SROS database 

 

 

 

 

 

 

Figure 13.  SROS ordering database relationship 

In Figure 13, restaurant table database show a list of a table 
in the restaurant. Inside this table is containing a receipt table.  
It is a place where the order saved in form of receipt ID, receipt 
date and total cost.  The last one is a receipt details table. It is a 
place where order saved in form of barcode, quantity of the 
menu, item buy price which is mean that the cost of the menu 
and the last one is an item sell price. The kitchen attendant can 
close this last table each time the order is done and mark the 
last column. 

III. RESULT AND DISCUSSION 
There are several testing and evaluations have been done to 

check the performance of the system. The first test is to check 
the functionality of the system whether it is work as expected 
result. The result of the test can be seeing in Table 1 below. 

TABLE I.  SROS ANALYSIS RESULTS 

Test Module Expected Result Actual 
Result 

Initialize the system 
by adding all items to 
the database. 

All items can be viewed 
in database and ready to 
use in GUI. 

Success

Update the password. Admin login with 
updated password. 

Success

Add and remove 
desired items to the 
table. (before 

List of items and 
quantity selected can be 
viewed beside the order 

Success

Restaurant table 

Receipt 

Receipt details 
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confirmation) form. 

Run calculation on 
input read from 
interface. 

Total cost is 
automatically calculated 
once users add an item. 

Success

Send confirmed order 
to the database. 

Database record all the 
transaction that have 
been made. 

Success

Report generation. The profit in certain 
period can be easily 
viewed from the system. 

Success

Performance. All interfaces are fully 
displayed within less 
than 2 seconds. 

Success

 

Initialization the system by add all the menus and tables is a 
procedure taken by the admin to fill in the selling the offered 
menu in the menu adder form as shown in Figure 14. The 
example of menu offered database as shown in Figure 15.  

 

Figure 14.  Menu adder form 

 

Figure 15.  Example of menu list database 

The initial password given is a ‘password’. However, 
admin can change the password anytime to secure the system.  

 

Figure 16.  Password changer form 

Menu page is a GUI where the customers have to deal with. 
They can simply adding their desired menu to the list by 
clicking the button. The quantities of the menu selected are 
counted by how many times the button clicked. Meanwhile 
customers can remove the items before confirmation. 

The total cost is calculated automatically each time 
customer add the items. This customer will give a benefit to the 
customer to control their expenses. The purposes of the list of 
items selected and total cost is to prevent the receipt printing as 
a way to control the used of paper. 

 

Figure 17.  Menu selection including total cost 

Once the confirmation button is clicked, this order is send 
to the database for the record. This record is easy to review by 
the admin as it is differentiate by sections. 

 

Figure 18.  Menu ordered database 

SROS profit database as shown in Figure 19 is a fast tool 
used by the admin to monitor the restaurant profit. From this 
section, admin can review which menu is most ordered and 
which one is not. So that, admin can easily budget the expenses 
on the materials. 

 

Figure 19.  SROS profit database 

There are some analysis have been done to compare the 
SROS with the manual system. The Table II and calculation 
below show the different in manpower cost and time for both 
methods. 
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TABLE II.  COMPARISON BETWEEN SROS AND MANUAL SYSTEM COST 
AND TIME  

Analysis SROS Manual Reduce

Manpower cost RM6400 RM8800 27.3%

Servicing time 20 minutes 27 minutes 29.5%

 

A. Cost for manpower 
One of the objectives of the system is to reduce the number 

of manpower since ordering process is replace by the system. 
From the observation, the average salary and number of 
workers is taken from the restaurants around Section 7, Shah 
Alam, Selangor.  

1) Manual/Existing system 
 
 
 
 
 
 
 
 
 
 
 

2) Self-service Restaurant Ordering System (SROS) 
 
 
 
 
 
 
 
 
 
 
 

The calculation below show the percentage of cost can be 
saved by the restaurant. Large numbers reduction can give 
more profit to the restaurant. So that owner of the restaurant 
can use this cost to upgrade the restaurant to make the 
customer more comfortable or expense on promotion. 

  
  
  

 
 
 
 

B. Servicing Time 
Since the system are replacing a lot of task that done by the 

human before, so it is reduced a lot of times. The calculation 
below show the different of using time between existing 
system and SROS for each order made. The data is the average 

time during peak time in restaurants around Section 7, Shah 
Alam, Selangor. 

1) Manual/Existing ordering system 
 
 
 
 

 
 

Figure 20.  Manual ordering system flow 

 
 
  

 
 
 
 
 
 

2)   Self-service Restaurant Ordering System (SROS) 
 

 
 
 
 
 

Figure 21.   SROS ordering system flow 

 
 
 
 
 
 
 

Figure 20 and 21 show the manual and SROS ordering 
system flow. From the calculation for total service time, it is 
show a reduction of ordering time for SROS compares to the 
manual ordering system. The different total service time 
between manual and SROS ordering system is 7 minutes 
which is about 25.9%.   

 
 
 
  
 
 
 

C. Customer satisfaction 
The automatic system is giving a lot of benefit to both 

restaurant owner and customers. There is a study have been 
done the see the customers satisfaction between automatic 
ordering system and manual ordering system on a few criteria 
to 43 respondents [4].  

 

Customer Waiter 

Cashier Chef 

Customer 

Cashier Chef 

Waiting  =   5 min 
Order time =   5 min 
Record menu =   2 min 
Food preparation =   15 min 
 
Total service time =   5 + 5 + 2 + 15 

 =   27 minutes 
Cost =   Salary x No. of workers 
Waiter =   RM1200 x 4 
 =   RM4800 
 
Chef =   RM2000 x 2 
 =   RM4000 
 
Total =   RM4800 + RM4000 
 =   RM8800 

Cost =   Salary x No. of workers 
Waiter =   RM1200 x 2 
 =   RM2400 
 
Chef =   RM2000 x 2 
 =   RM4000 
 
Total =   RM2400 + RM4000 
 =   RM6400 

Percentage of man power cost (%) 
= [(Manual – SROS) / Manual] x 100% 
= [(RM8800 – RM6400) / RM8800] x 100% 
= [RM2400 / RM8800] x 100% 
= 27.3%   

Waiting  =   0 min 
Order time =   5 min 
Record  =   0 min 
Food preparation =   15 min 
  
Total service time =   5 + 0 + 0 + 15 

= 20 minutes

Percentage of total service time (%) 
=   [(Manual – SROS) / Manual] x 100% 
=   [(27 – 20) / 27] x 100% 
=   [7 / 27] x 100% 
=   25.9% 
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• User friendly  

• Successful in sending order 

• Save times 

• Easy to understand/communicate 

From the analysis, about 91% of the respondent preferred 
automatic ordering system than manual system. This result 
show that the acceptance of the system among the customers.  

The system is really easy to use by the customers to make 
an order. It saved a lot of times and the misunderstanding 
between customer and waiter can be avoided since the order is 
directly send to the database at the counter.  

The design of the system is also user friendly and easy to 
understand by the customer to make their first move.  

IV. CONCLUSION 
In this paper, the Self-Service Restaurant Ordering System 

(SROS) has been designed to replace the manual system. The 
system served a lot of benefit to both customer and restaurant 
owner. 

Microsoft Visual Studio 2008 is chosen to develop this 
system since it is easily used to edit the graphical interface. 
Meanwhile MS Access is sufficient to accommodate storage 
and queries of data. 

Since a lot of task is replace by the system, the owner of the 
restaurant can reduce the number of manpower and reduce the 
cost of monthly expenses. For customer, the system will 
reduce the time waiting and misunderstanding can be reduced 
to minimal. This is really important thing during peak hour to 
make sure the customer satisfy with the service. 

Some element can be added to the system in the future to 
make it more interactive and user friendly. One of the 
elements is to add the entertainment page such as games, 
movies or music. The customer can used this application 
during food preparation and prevent from bored of waiting 
during peak hour. Another addition is the system can be 
connected with web based application. Is it used by the 
customer to make a reservation or pre-order before enter the 

restaurant. In conclusion, the system is very suitable in a real-
time to give more benefit to the business. 
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Figure 1: Location of right and left hemisphere in 
cerebrum of brain 
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Abstract—This paper studies on the characteristics of 
electroencephalogram (EEG) which generated from writing using 
right and left hand. The EEG signals were recorded from 4 
channels, C3, C4, P3 and P4 and processed using band pass filter 
(8-30Hz). Two method of analysis were performed; Fast Fourier 
transform and power spectral density. The results showed that 
Power Spectral Density can be used to distinguish right and left 
hand writing movements from EEG signals. 

Keywords-component; Electroencephalogram; writing, Fast 
Fourier Transform, Power Spectral Density 

I.  INTRODUCTION  
Electroencephalogram (EEG) is used in Brain Computer 

Interface (BCI) to convert mere reflections of central nervous 
system (CNS) activity into messages that act on the world [1]. 
BCI has been used to control instruments using signal from 
human or animal brain which is recorded either invasively or 
noninvasively [2, 3]. It is a communication system that allows 
interaction between human and external devices. 

There are 4 main components of brain; cerebrum, 
cerebellum, the brain stem and the thalamus [4]. The largest 
part of the brain is cerebrum. Its function is to give us 
information on what happen around us and how to respond 
with it. It is divided into two modules that is right and left 
hemisphere as shown in Figure 1.  Muscles of our right body 
are controlled by the left hemisphere and the left body muscles 
are controlled by the right hemisphere. 

Numerous investigations have studied EEG signals from 
right and left hand movements. Zhang et al [5] extracted 
features of EEG signal obtained from imagined right and hand 
movements using power spectral entropy. Cincotti et al [6] 
studied EEG signals from imagined right and left finger 
movements. However, none of the researchers investigates the 
EEG signal characteristics obtained from right and left hand 
writing movements. 

This paper discusses the analysis of EEG signals generated 
from right and left handed writing activities. Fast Fourier 
Transform and Power Spectral Density were used to 
distinguish between the left and right hand writing movements.  

II. BACKGROUND THEORY 
EEG signal has unique pattern which can be revealed from 

Fourier Transform analysis. This signal can be recorded by 
placing multiple electrodes on the cortex, under the skull or 
certain locations on the scalp. Applying Fourier transform on 
the signal allows the frequency content to be extracted. There 
are 5 major brain wave types can be identified; delta (0.5-4Hz), 
theta (4 – 7.5Hz), Alpha (8 -13 Hz), Beta (14 – 26Hz) and 
Gamma (above 30Hz, mainly up to 45Hz) [7]. 

Fast Fourier Transforms (FFTs) is an algorithm that will 
compute discrete Fourier transform (DFT) and it’s inverse. 
Equation (1) above is the equation defined the DFT of an N-
length. To examine the frequency of the signal generated, 
frequency analysis done due to the types of EEG signal in time 
domain [8]. 

 

 X k x n exp N x n W N --(1)   

 

X[k] is evaluated for 0 ≤ k ≤ (N-1) 

  is a periodic functions with a limited number of 
distinct values. 

 

 

2012 IEEE Control and System Graduate Research Colloquium, July 16 - 17, UiTM, Shah Alam, Malaysia

978-1-4673-2034-4 ©2012 IEEE 333



 

Figure 2: Location of electrode placements. 

A. Power Spectral Density(PSD) 
Power spectral density has been used to investigate the 

EEG signal power for various cases. These includes in the 
study of human brain changes after consuming alcohol [9] and 
validation of neural mass model [10].  The power spectral 
density (PSD) indicates how the sequence’s power or energy is 
distributed in the frequency domain, and is widely-used to 
measure the random signals and noise.  

 

The general PSD equation is given by Equation (2), 

 

 Øxx m exp jXm   -----(2) 

  is related to the spectral power distribution of a 
digital sequence [6]. 

 Power spectral density function (PSD) shows the strength 
of the variations energy as a function of frequency. PSD shows 
at which frequency variations are strong and at which 
frequency variations are weak. 

III. METHODS 

A. EEG Recording  
The EEG datasets used in this study was collected from 

right and left-handed subjects. Four channels have been used to 
record EEG data that is C3, C4, P3 and P4. However, in this 
study, EEG obtained from C3 and C4 channels was used since 
these channels associate with activities produced from right 
and left hands. 

 

 

 

 

 

 

 

 

 

In EEG recording stage, subjects were asked to write a 
passage for 3 trials. In each trial, EEG was recorded in 120 

seconds as shown in Table 1. Before a new trial was 
conducted, the subjects were asked to relax in 20s and then 
focus on the task. 

B. Data pre-processing 
The recorded EEG signals consist of artifacts which 

interfere with the embedded information and need to be 
removed. Mehrdad Fatourechi et al [11] has reported that this 
artifacts are eye movements, known as electrooculogram 
(EOG) and muscle movements, known as electromyogram 
(EMG) in the context of BCI systems. In order to remove the 
artifacts, a band-pass filter with frequency of 8-30Hz was used. 
EOG and EMG has a wide frequency range with EOG has 
frequency below 4Hz meanwhile EMG with frequency higher 
than 20Hz – 300Hz [11, 12]. 

C. Frequency Analysis 
The EEG signals from the left and right handed subjects 

were first analysed using Fast Fourier Transform. After 
frequency analysis, power spectral density (PSD) was then 
computed. Here, Welch's method was used to calculate the 
power spectral density. Welch’s method has been used by 
Meng Hu et al to classify normal and hypoxia EEG since it 
enables the basic information of how power distributes as a 
functions of frequency to be revealed [13]. 

IV. RESULTS AND DISCUSSIONS 
Frequency spectrum and power spectral density of EEG 

signals obtained from the right handed and left handed writers 
are shown in Figure 3 to Figure 6. It is obvious that there are 
different pattern of frequency spectrum produced from right 
and left handed writers.  This shows that electrode C3 and C4 
are suitable electrode placement to clearly differentiate EEG 
signals obtained from right and left- handed writers.  

Figure 3 and Figure 4 show the frequency spectrum of EEG 
signal from male and female subjects that perform writing 
using right hand. From the frequency spectrum, it can be seen 
that writing activities are more apparent from EEG signals 
recorded at electrode C3 compared to C4. The PSD results also 
give the same indication where the maximum PSD at electrode 
C3 for right handed subject is more (3.917 db/Hz) than that 
obtained at electrode C4 (2.647 db/Hz).  

Meanwhile, the frequency spectrum of EEG signals from 
left hand writing movements obtained at electrode C3 in figure 
5 and Figure 6 is similar to that obtained at electrode C4. 
However, the maximum PSD of EEG recorded at electrode C3 
is more than that obtained at electrode C4, which clearly shows 
that C4 gives more indication of left hand writing movements.   

 

 

 

 

TABLE I.  TIME SEQUENCE OF ONE TRIAL OF WRITING ACTIVITY 

 
20s 10s 90s 

Relax Start writing  Writing the passage 
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(a) (b) 
Figure 3:Frequency  spectrum and  power specral density of EEG signal 
obtained from right handed male writer at (a) C3 and (b) C4  
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(a) (b) 
Figure 4 : Frequency spectrum and power spectral density of  EEG 
signal obtained from right handed female writer at electrode (a) C3 
and (b) C4  
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(a) (b)
Figure 5: Frequency spectrum and power spectral density of EEG 
signal obtained from left handed male writer at electrode (a) C3 
and (b) C4 
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(a) (b)
Figure 6:  Frequency spectrum and power spectral density of  EEG 
signal obtained from leftt handed female writer at electrode (a) C3 
and (b) C4. 
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TABLE II.   THE MAXIMUM POWER (DB/HZ) OF EEG FROM 
RIGHT-HANDED WRITING ACTIVITY  

Subject Max.Power at 
Electrode  
C3(db/Hz) 

Max.Power at 
Electrode 
C4(db/Hz) 

1 3.917 2.647 

2 1.416 -3.093 

Average 2.6665 -0.223 

 
 

TABLE III. THE MAXIMUM POWER (DB/HZ) OF EEG FROM 
RIGHT-HANDED WRITING ACTIVITY  

 

Subject Max.Power at 
Electrode  C3 

(db/Hz) 

Max.Power at 
Electrode C4 

(db/Hz) 

3 -0.8233 -0.5883 

4 0.8305 1.6 

Average 0.0036 0.50585 

 

 

Figure 7: Average power spectral density for right-
handed subject. 
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Figure 8: Average power spectral density for left-
handed subject. 
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The detail maximum power (db/Hz) of EEG signal at each 
electrode for right and left handed writers is shown in Table II 
and Table III. 

 

Figure 7 and Figure 8 show the dominant electrode 
placement for left and right handed writer based on the power 
spectral density plot. It is obvious that for right-handed writer, 
the power of EEG signal from electrode C3 is more than that 
produced from electrode C4. Meanwhile for left-handed writer, 
the EEG signal power spectral density is larger than that 
obtained from electrode C3.This is because for right-handed 
person, the EEG signal is activated at left-hemisphere in the 
brain meanwhile for left-handed person, the signal is activated 
at right-hemisphere in the brain.  

The results obtained from this study are in agreement with 
that reported by Zhang et al [5].  They have found that power 
spectral entropy of EEG signal from imagined right hand is 
dominant at channel C3 [5]. Thus, channel C3 and C4 can be 
used to record EEG signals for imagined right and left hand 
movements. Since this method is suitable for imagined 
movement, it is also good for actual hand movement either for 
right and left-handed writer. 

In another study, Yang has discovered that there are some 
differences between the EEG waveforms from the two sides of 
brain, left and right [6]. They found that EEG waveform from 
C4 location was more suppressed than that from C3 when 

movements from left hand were imagined [6]. This means that 
the left and right hand movements may produce different 
characteristics of EEG signals.  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. CONCLUSION 
EEG signal from right-handed and left-handed writing have 

been analysed using frequency analysis and power spectral 
density are discussed in this paper. Four electrodes were used 
to acquire the EEG signals, however only EEG signals from 
electrode C3 and C4 were analysed. It was found that the 
power spectral density of EEG signal from right-handed and 
left-handed writing is different.  EEG signal obtained from 
right handed writing produced higher power spectral density 
(PSD) in the signal is recorded at electrode C3. For left-handed 
writing, the suitable electrode placement is C4.   
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Abstract— This paper presents the realization of Adaptive feed-
forward Zero Phase Error Tracking Control (ZPETC) for real-
time XY table application. A minimum and non-minimum phase 
mathematical models were obtained from input-output 
experimental data using different sampling times to represent the 
true plant of XY table via Matlab system identification toolbox. 
These two models were used to test the effectiveness of designed 
controller. In this paper, ZPETC without factorization of zero 
polynomials is utilized and the gain compensation filter is 
replaced by Finite Impulse Response (FIR) filter.  The gain 
adaptation mechanism is done using Recursive Least Square 
(RLS) algorithm. The contour error was used as indicator for 
effective tracking performance. Real-time application results 
show that the designed controller can effectively enhance the 
tracking performance of the system and provide superior two 
dimensional contour plots for the XY table. 

Keywords— Adaptive ZPETC; Real-Time Control; System 
Identification; Motion Control 

I. INTRODUCTION 
The XY table has been widely used in electronic 

manufacturing, laser cutting, wire cutting and CNC 
machining. For these types of application, precision is very 
important. In order to achieve high precision positioning 
tracking system, the tracking error for each axis must be 
minimal. This would lead to great challenge to the researchers. 
The tracking controls for the individual axis can indirectly 
reduce the contour error [1]. According to Wang et al. [2] the 
x-y plane contour accuracy is dominated by position and 
tracking error of each axis. Satisfying the accuracy 
requirement is very important particularly for direct input used 
as reference for a servo motor. This kind of system usually 
represented by a non-minimum phase (NMP) system due to 
fast sampling-time used during modeling to avoid the lost of 
plant dynamic characteristics. A non-minimum phase system 
will have internal stability problem when the inverse closed-
loop transfer function is used directly as feed-forward 
controller. A discrete-time non-minimum phase model posses 
one or more zeros outside the unit circle. However, using slow 
sampling-time during data acquisition process, the minimum 
phase plant model can be acquired.  

The feed-forward Zero Phase Error Tracking Control 
introduced by Tomizuka [3] is effective and has been used 
widely in solving unstable system as in [4]–[7]. This technique 
is suitable only for low frequency. Many researchers have 
modified this technique to achieve better control performance 
[8] – [11]. 

The main objective in feedforward ZPETC is to find the 
optimum gain filter so that the overall gain is close to unity. 
To avoid the unwanted phase error, Yeh and Hsu [12], 
Mustafa [13] and Adnan et al. [14] used ZPETC without 
factorization of zeros polynomial. In this method, gain filter is 
proposed as FIR filter. The filter coefficient can be solved 
using comparing coefficient method as presented in [15] and 
Laurent series expansion method [16]. To obtain the optimum 
coefficients values, adaptive control technique proposed by 
Adnan et al. [14] is considered. Further improvement is 
presented in this paper by adding model reference as the 
excitation signal to find the optimum value of the coefficients.  

The plant mathematical models were identified from ac 
servo XY table. To avoid the mechanical complexity and 
application of physic laws, system identification technique is 
used.  This technique used input/output data performed in time 
domain to derive the model transfer function. In this part, 
sampling-time is varied from 45ms to 60ms to change the zero 
location from outside to inside the unit circle. For the purpose 
of results analysis, contour error is measured for each testing. 
Contour error is described as the minimum distance from point 
to point to a prescribed contour. For a constant radius circular 
contour, the error calculation is simple [17]. 

The rest of the paper is organized as follows: Section II 
discussed on XY table plant setup and mathematical 
modeling; Section III discussed the design of Adaptive feed-
forward ZPETC; Section IV is on results and discussion; and 
finally, Section V is the concluding remark.  

This research was carried out at Faculty of Electrical Engineering (UiTM), 
with financial support from UiTM Excellence Fund 600-RMI-ST-DANA-
5/3/Dst(439/2011). 
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II. HARDWARE SETUP AND MODEL IDENTIFICATION 

A. Hardware Setup 
The XY table used in this paper consists of a servomotor 

connected to a roller shaft for each axis, two servo drivers, two 
displacement precision sensors, Advantech PCI 1240 motion 
card, Advantech PCI 1716 data acquisition (DAQ) card and a 
host PC set. The displacement sensor resolution is 1 µm. The 
minimum movement of the motor is 1µm. The hardware setup 
for the whole system is given in Figure 1. Microsoft Visual 
C++ 6.0 programming language was used for system control 
and interfacing. For model identification, Matlab system 
identification toolbox was used. For data and results analysis, 
Matlab software was also utilized.  

The control algorithm and system interfacing is embedded 
in a developed C++ program. The reference input is given in 
the form of a mathematical equation in the program. The 
program is linked to DAQ and motion card for the 
input/output interfacing. The controlled signal will generate 
output voltage from DAQ card to the motor driver to control 
the servomotor. To have a precise measurement, the output 
from a precision displacement sensor is acquired instead of the 
displacement output from the servomotor encoder. Motion 
card retrieves data and sends them to the program. The 
constraint of the system is that the controlled signal voltage is 
saturated at ±10V. This will limit the speed of the motor. 

 

 
Figure 1.  Hardware Setup 

B. Model Identification 
To acquire the system mathematical model transfer 

functions, system identification technique was applied. This 
technique models a system based on the input-output data.  
Data collection for input-output open-loop test of the plant 
was done using developed Visual C++ console programming 

and data acquisition were done through Advantech PCI-1716 
interface card and Advantech motion card. The input signal 
for both axes was generated using three different frequencies 
that based on Equation (1). 

∑
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ai : amplitude 
ωi : frequency (rad) 
ts : sampling time (sec) 
k: integer 

For model identification, a third-order ARX331 model is 
selected to represent the nearest model of true plant. This 
selection will produce satisfactory third-order transfer function. 
To test the performance of the controller, a minimum and non-
minimum phase models will be used. The models were 
obtained from Open-loop input/output data response collection 
using sampling-time of 45ms and 60ms. Reducing the 
sampling time will make the zero be placed outside the unit 
circle. Open-loop input/output data response collection for the 
x and y axis is done simultaneously to achieve a perfect XY 
table system and to avoid dynamic miss-matching between X 
axis and Y axis problem [18].  

     The obtained non-minimum phase model using 45ms 
sampling-time is given by Equation (2) for x axis and 
Equation (3) for y axis.  
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The pole and zero plots are shown in Figure 2 below. 

 
X-Axis Y-Axis 

Figure 2.  Zero-pole plot for x and y axis for 45ms sampling time 

For the minimum phase model using 60ms sampling time, the 
best fits for x-axis is 93.62% and for y-axis is 96.28%. The 
plant x-axis mathematical model in the form of discrete-time 
open-loop transfer function is given by Equation (4) and for y 
axis is by Equation (5). The pole and zero plots are shown in 
Fig. 3. 
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X-Axis Y-Axis 

Figure 3.  Zero-pole plot for x and y axis for 60ms sampling time 

III. CONTROLLER DESIGN 
This section describes the development and 

implementation of the controller design. Feedback and 
Adaptive feed-forward ZPETC controller are applied to the 
system. Feedback control has always come with the feed-
forward control for 2DOF control. The control system block 
diagram is given in Figure 4. 

 
 

                       
 
 
 
 

Figure 4.  Control System Block Diagram 

Figure 5 describes the feedback control system using pole- 
placement method. The pole-placement controller enables all 
closed-loop poles of the system to be placed at desired 
location. This will produce stable output performance.  
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Figure 5.  Pole placement feedback control system block diagram 

Generally, for the feedback control, we need to know the 
poles location.  A pole position which is inside the unity circle 
is considered for the controller. Other poles cancelled each 
others. The range of considered pole-placement controller is 
between 0 to 1. For slow response, pole position is set large 
and for fast response it is set small. Details for pole placement 
feedback control and how to find equation F (z-1) and G (z-1) 
can be obtained from [16].   

For the Adaptive feedforward ZPETC, let the closed-loop 
transfer function of the feedback system be presented by:  
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The ZPETC structure without factorization of zeros 
polynomial based on [13] is used in this paper. The control 
structure is shown in Figure 6. 

 
 
 
 
 
 

 

Figure 6.  ZPETC without factorization of zeros polynomial 

The same approach as applied in [12], [13] and [14] is 
followed to avoid phase error. Finite Impulse Response (FIR) 
symmetry filter is used.  The filter can be represented by 
Equation (7).   
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The cost function to represent the error between desired and 
actual frequency response is given by Equation (8). 
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The objective here is to find a set of αk so that can minimized 
the cost function. By minimizing the cost function of Equation 
(8) close to zero, the equation can be transformed to be: 
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The optimal set of αk is estimated using the recursive least 
square (RLS) parameter estimation algorithm. This system can 
be represented by the block diagram given in Figure 7. 
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Figure 7.  ZPETC without factorization of zeros 

Based on [14], in ensuring the generated signal ξ will always 
persistently exciting, a low level noise signal which its 
frequency spectrums close to the reference signal frequency 
spectrums is superimposed to the reference signal. The noise 
addition will not affect the system as it will not pass through 
the tracking system. It is used only for parameter estimation. 
To improve this parameter estimation part, this paper proposes 
model reference signal to be used instead of reference signal.  
The complete block diagram of the system utilizing this 
method is given in Figure 8.  
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Figure 8.  ZPETC without factorization of zeros 

The implementation of the proposed structure was done on 
real-time experiment using Visual C++ console programming. 
The forgetting factor used was 0.95. 

IV. RESULT AND DISCUSSION 
The results for real-time experiments are analyzed to show 

the effectiveness of the proposed controller for both minimum 
and non-minimum phase systems. The reference input, rk for 
x-axis is a sine function and for y-axis, a cosine function is 
used to produce circular contour in x-y plane. The equations of 
the input signal are given by Equation (11) for x-axis and 
Equation (12) for y-axis. 

rk= 40sin(0.015t)                                                      (11) 
rk= 40cos(0.015t)                                                     (12) 

               
Experiments were conducted using same inputs to the two 

types of model namely, minimum phase and non-minimum 
phase as stated in Section II (B). This is to test the effectiveness 
of the controller for different types of system model. The gain 
compensation filter order, nα (N) used in the experiments were 
2,5,10 and 15. The root mean squared of the contour errors for 
all testing are summarized in Table I. 

TABLE I.  CONTOUR RMSE SUMMARY FOR ADAPTIVE  FEEDFORWARD 
ZPETC 

Adaptive ZPETC 
Filter Order (N) 

Root Mean Squared Error (mm) 
Non-Minimum 
Phase Model 

Minimum Phase 
Model 

2 0.1399 0.1136 
5 0.1389 0.1125 
10 0.1379 0.1115 
15 0.1377 0.1111 

 
From the summarized contour root mean squared error given in 
Table I, the error is very small for both types of systems. The 
minimum phase tracking performance shows better results due 
to zero location away from unity circle. This imply that the 
proposed ZPETC controller can be applied to both types of 
system and much better as compared to Tomizuka [3] ZPETC 
that can only be use for non-minimum phase system only. The 
contour error difference is about 25 µm. By increasing the filter 
order, the contour error is reduced about 1 µm. These results 
show that the proposed controller can significantly control the 
XY table irrespective of system types. Since the contour error 
differences between the filter order is so small, only one plot 
for each model are presented. Both plots are for 15th order filter 
and are given in Figure 9 and Figure 10. 
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Figure 9.  Experimental results using 15th order filter for non-minimum phase 
model 
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Figure 10.  Experimental result  using 15th order filter for minimum phase 
model 

The real-time experimental results for both models show 
impressive tracking performance achieved using the proposed 
controller. Good tracking for each axis will indirectly improve 
the contour performance. Better tracking performance can also 
be achieved by raising the filter order so that the controller will 
have more degree of freedom to approximate the overall 
transfer function to unity.  Simulation results on the effect of 
filter order can be referred to [19]. However, for real-time 
application, the voltage saturation has limited the tracking 
performance.      

V. CONCLUSION 
Trajectory adaptive ZPETC was successfully developed and 

implemented to the XY table. The proposed controller shows 
that it can provide impressive tracking performance for both 
minimum phase and non-minimum phase systems. Reducing 
the tracking error will indirectly lead to better contour. The 
contour error for both cases are very small and minimum 
phase system gives slightly better performance compared to 
non-minimum phase system due to zero distance from the 
unity circle. As a conclusion, the paper verifies that by real-
time experiments, the proposed controller has showed 
impressive tracking performance for both types of discrete-
time systems.  
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Abstract—This study defines the sustainable and suitable route 
planning for transmission line by using Analytic Hierarchy 
Process (AHP) based on Geographical Information System 
(GIS) approached. The criteria needed to be taken into account 
to define the route of the transmission line were evaluated with 
expert who doing this business in the available system for this 
study. For determine of the suitable route, many factors which 
affect the route should be considered all together. Some of 
these factors are (i) technical factors (ii) environmental factors 
(iii) social-economic factors. Each of these factors basically 
corresponds to a spatial dataset. Routes defined with AHP 
(Analytical Hierarchy Process) to minimize economic, 
environmental and time cost and depending on the quality of 
data used.    

Keywords-Transmission line route; AHP (Analytical 
Hierarchy Process); GIS (Geographical Information System). 

I. INTRODUCTION 
Tenaga Nasional Berhad (TNB) is a private body that has 

tasked by the government to deliver electricity to consumers 
especially in Peninsular Malaysia with a low rate of 
disturbance possible on the system used. Transmission line 
is a medium to transmit total power electricity from other 
stations and is regarded as a project that is important in the 
energy business.[1] If the transmission line is not completed 
the electrical energy cannot be transmitted to the user. 
Disruption transmission line system can also affect the 
growth economy where investors would dispute the ability 
of the energy system this power if investors want to invest. 

The rapid development of the country in the industrial, 
housing, telecommunications, information technology and 
infrastructure to give effect to the high electricity demand. 
[2] Factor increase in the construction technology, high 
population density, land prices are rising, modern technology 
and saving space, cost and energy led to a new era in the 
planning of electricity transmission in the present and future. 
[3] Such a case, a lot of power transmission lines route have 
been proposed to follow up the consumers demand or to 
connect a new power station. But due to the rapid 
development of rural delivery routes electrical difficulty for 
difficult for selection site new transmission line route to 
works carried out. There are several others such as the 

awareness of landowners, increasing of construction costs 
and optimum path finding [4].  

Transmission line is a complex process which involves 
local, state and federal agencies. The route of the line has to 
approve by the agencies and then another agencies. The 
transmission line routing process a highly complex, as 
transmission lines are not suitable, and the public are 
concerned about health issues like electromagnetic field.  

The optimal goal in proposed new transmission line is 
effectively to avoid the negative impacts on community (e.g., 
neighborhood and historic site), environment (e.g., wetland 
and floodplains), and engineering (e.g., slope and access) 
while ensuring reliability, safety, and cost saving for utility. 
[5]. In general, the process of the planning and design of 
transmission line consists of the following 5 phases such as 
planning, survey basic route, detailed route and route for 
implementation. [4]  

Existing standards are subject to agreement with Tenaga 
Nasional Berhad to consider the following factors: [1] 

1) Capabilities and requirements of the electricity sub-
station  for certain planning zones. 

2) How to electricity distribution and type of channel. 
3) The cost of supply and maintenance. 
A GIS system for analysis was favored because it can 

perform optimal route predictions based selection by 
incorporating multiple influence factors into its analysis. The 
critical factors to address are the perspectives of society, the 
environment and engineering capabilities in determining the 
most suitable transmission line routes. GIS can be effectively 
used for transmission line route managing electricity 
distribution facilities. It has the ability to improve upon 
traditional practices and hence today it has become an 
important aspect in power delivery [6]. 

The type of data requires for GIS application on 
transmission line such as: [5] 

1) Landuse map and landcover map. 
2) Locations of transformers. 
3) Dynamic data associated with invidual transformers. 
4) Distribution of high tension wires line map. 
5) Utility and network analysis based on terrain 

features. 
6) To investigate every site per the requipment. 
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In environment GIS applications, generating surfaces is a 
frequently imposed requirement in the early stage of 
analyses. The importances of generating the surfaces are 
used as the basic information to perform further spatial 
analyses in various applications including site suitability of 
transmission line.  

GIS is very suitable for use in the transmission line route 
as a technical tool. The planning the construction of a route 
involving public, this may be make a delayed decision in the 
approval line. Therefore, GIS is used to increase public 
involvement in the process of selection route and decrease 
in involved in the approval line. This technique can avoid 
public resistance to the planning and design. [7]  

The AHP can be used in determining the suitability GIS-
based landuse. [8] AHP decision making planning a variety 
of methods can be combined in each case, when a decision 
must be made by selecting between alternative and effective 
solution, this approach is used in solving a variety of 
different situations in which the goal is to make decision in 
various fields such as government, private, environmental, 
economic, health and education.  

 

II. AIM AND OBJECTIVE 
The aim of this study is to find the suitable route for 
transmission line by using AHP in GIS approach. The 
objectives for this research study are:  

1) To explore the application of GIS in transmission 
line route under TNB operation. 

2) To determine and establish susceptible routes is 
applied to minimize the cost function to be taken 
into consideration for locating the transmission line 
tower. . 

3) To determine the criteria to be taken into 
consideration for locating the transmission line 
tower.  

 

III. PROBLEM STATEMENT  
In recent years, the problems faced by the government 

and private bodies in the driving force and require a lot of 
the time to plan and suitability of any infrastructure on site, 
especially if the project involved is large. Traditional way, 
not only requires time even long hike up the cost of project. 
The process of construction of transmission line towers can 
be divided in three main phases of the planning phase, 
tender phase and construction phase. There is a 
communication gap or do not understand each other, 
inaccurate data compilation, storage and collection of 
information is between the identified factors contribution to 
the delay transmission line construction project. In this 
sector of information and data storage in a database and 
graphics are the most suitable for realizing the project and 
obtain accurate results. 

 

IV. TRANSMISSION LINE ROUTING 
A typical best-practice process for route selection of a 

transmission line is decided from the following main 
considerations. [9]  

1) Shortest length, hence least capital cost. 
2) Ease during construction and ease in maintenance of 

the line. 
3) Requipment of future loads ( substations) near the 

proposed route so that the line can be easily 
connected. 

4) Required separation distance from parallel 
communication. 

5) Avoiding of forest areas as well as wild life 
sanctuaries. 

6) Cost of securing and clearing right of way (ROW). 
7) Maintaining statutory distance from airports. 
The areas to be avoided as far as possible while selecting 

the route of the line are as follows. [18] 
1) Tough inaccessible areas where approach is difficult. 
2) Towns and villages, leaving sufficient margin for 

their growth. 
3) Areas subject to floods gushing nalas during rainy 

seasons, tanks, ponds, lakes and natural hazards. 
4) Wooded areas with high trees or fruits bearing trees 

involving payment of heavy compensations for 
cutting of the trees. 

5) Swamps and shallow land subject to flood, marshy 
areas, low lying lands, rivers beds, and earth slip 
zones, involving risk to stability to foundations. 

6) High hillocks/ hilly areas/ sand dunes and areas 
involving abrupt changes in levels and requiring too 
many long spans. 

7) Series of irrigation wells. 
8) Rifle shooting areas and other protected areas such as 

army/ defence installation and ammunition depots. 
9) Areas which involve risk to human life, damage to 

public & private properties, religious places, 
cremation  grounds, quarry sites and underground 
mines, and gardens, orchards and plantations. 

10) Areas which will create problems of right of way and 
way leaves. 

11) Building/storages areas for explosives or 
inflammable materials, bulk oil storage tanks, oil or 
gas pipelines. 

The evaluation process has been classified into three 
categories such as natural, social and technical. Each of 
those categories includes the following layers. [5] 

• Natural Environment 
‐ Habitats  
‐ National park. 

• Social Environment 
‐ Cultural assets 
‐ Temples 
‐ Agricultural  
‐ Forest area 
‐ District for urban planning and Airports. 
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• Technical Environment 
‐ Dangerous district  
‐ Snowfall, Salty breeze, Thunderstorm and 

Wind pressure. 
 

 
Table 1: Evaluation Criteria for Appropriate point [8] 

 

 
 
A transmission line is a complex system. It relates 

closely to geographic location, environment, geological 
condition and many other factors. It can defined in many 
difference data, diagrams, figures, files and other 
information, which are difficult to use and update them 
together and effective on each step of transmission line 
route planning, construction, operations and management by 
manual method. So, there is a need to raster datasets for GIS 
based route determining. In the process, the most important 
step is database design. After this, optimum route are 
generated via intermediate processes and produced data. 
The conceptual models is composed (Fig 1) [9] 

 

 
 

Fig 1: A conceptual model for optimum transmission line 
route [9]. 

GIS data can derived based on the funneled approach of 
the analysis phase (Fig 2). These data can give physical 
barriers or assumed start and end location of the route. The 
dataset included landuse, building density, landslide, soil, 
slope, linear infrastructures, flora/fauna, protected area and 
lakes are composed. [1] 

    
Fig 2: Funneled Approach [9]. 

 
The steps for find to optimum transmission line route are 

as follows: [Table 2] 
1) Factor selection and raster conversion: to define the 

factors and factor weights that effect the transmission 
line route. 

2) Pixel-based calculation and weight surface: to 
classified raster data layers and transmission line 
route cost can be show. 

3) Absolute/relative barriers: the areas absolutely 
impossible to be passed thought and the area with 
high passage costs can be modeled as “barriers” on 
the surface. 

4) Source/destination/stops: source and targets points 
5) Optimal routing: the final result for route is obtained. 

 
 

Table 2: Factors and Sub-factors Weight [9] 
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V. ANALYTIC HIERARCHY PROCESS (AHP) 

A. An  overview  of Analytic Hierarchy Process (AHP)  
Analytic Hierarchy Process (AHP) is a multi criteria 

decision and structured techniques for organizing and 
analyzing complex decision. This method has been 
developed by Saaty (1980) and has been widely studied and 
refined them. More applications in AHP and it can use 
around the world for a wide variety of results in areas such as 
government, business, industry, health care, and education 
[10] [11].  The steps in the AHP method are as follows [8]: 

1) Defines the problem and determines the desired 
solution. 

2) Create a hierarchical structure, which begins with a 
general purpose, followed by a sub-criteria, criteria 
and possible alternatives at the lowest level criteria. 

3) Make paired comparison matrix that reflects the 
influence of the relative contribution each element of 
each single purpose criteria above. Comparison based 
on "judgment" of the decision to assess their level of 
an element than other elements. 

4) Doing so obtained judgment paired comparison of all 
nx [(n-1) / 4] 

5) Calculate the eigenvalues and test the consistency, if 
not consistent then the data acquisition repeated. 

6) Repeat steps 3, 4 and 5 for the entire hierarchy level. 
7) Calculating the eigenvectors of each matrix of paired 

comparisons.The eigenvectors is the weight of each 
element. This measure is to synthesize the judgment 
in the determination priority of the elements at the 
lowest hierarchical level until the achievement of 
goals. 

8) Check the consistency of the hierarchy. If a value 
greater than 10% of the data evaluation judgment 
should improved. 

Decision-making process is basically the best to choose 
an alternative. As do the structuring of the problem, 
determination of alternatives, determination of possible 
values for the setting the value, preference statement to 
time, and the specification of preferences over risk. 
However the widening alternative that can be specified as 
well as the possibility assessment, the limitations that still 
surrounds the base of comparison in the form of a single 
criterion. 

The main equipment Analytical Hierarchy Process 
(AHP) is to choose a functional hierarchy of the main input 
of human perception. The hierarchy, a complex and 
unstructured problems solved in groups. Then the groups 
are arranged into a hierarchical form. AHP compared with 
the other advantages are: [12] 

1) Hierarchy structure, as a consequence of the 
selected criteria, to the deepest sub-criteria. 

2) Into account the tolerance limit of validity up to the 
inconsistency of the various criteria and the 
alternative chosen by decision makers 

3) Into account the endurance or resistance output 
sensitivity analysis of decision making. 
In addition, the AHP has the ability to solve 

problems that multi-objective and multi-criteria 
based on a comparison of the preferences of each 
element in the hierarchy.  

Thus, this model is a comprehensive model of 
decision making. Rationale principle of AHP 
in solving problems with logical analysis explicit, there are 
three principles that underlie the AHP thinking, namely: the 
principle of preparing the hierarchy, the principle of setting 
priorities, and the principle of logical consistency.  

The principle of hierarchy is set to illustrate and 
describe the hierarchy, by breaking the problem into 
elements separated. How to break down knowledge, our 
complex thoughts into the basic elements, then this section 
is broken down into its parts, and so on in a hierarchical 
manner. Elaboration of a lower hierarchical goal basically is 
aimed to obtain a measurable criterion. In certain cases, may 
be more advantageous to use a goal at a higher hierarchy in 
the analysis process. The lower in describing a goal, the 
easier it will determine the size of the objective criteria-
criteria. However, there are times when the decision 
analysis process does not require a translation that is too 
detailed. [13] 

  

B. The basic principles of the AHP 
How does the role of the matrix in determining 

priorities and how to establish consistency. Set the priority 
of the elements by making paired comparisons, with the 
scale set by Saaty appeal. 

 
 

Table 3: The Saaty Rating Scale [10]. 
Intensity of 
importance 

Definition Explanation 

1 Equal 
importance 

Two factors contribute equally to the 
objective. 

3 Somewhat 
more 
importance 

Experience and judgment strongly 
favour one over the other. 

5 Much more 
importance 

Experience and judgment strongly 
favour one over the other. 

7 Very much 
more 
importance 

Experience and judgment strongly 
favour one over the other. Its 
importance is demonstrated in 
practice. 

9 Absolutely 
more 
importance 

The evince favouring one over the 
other is of the highest possible 
validity. 

2,4,6,8 Intermediate 
values 

When compromise is needed. 

 
Weighting matrix obtained from the comparison in pairs, 

must have cardinal and ordinal relations, as follows: [14] 
 
Cardinal Relationships: aij. AJK = aik 
Ordinal Relations: Ai> Aj, Aj> Ak, then Ai> Ak 
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Relationship can be express from above in two terms as 
follows: [10] 

1) By looking at the multiplicative preferences, such as 
when apples better than oranges 4 times and 2 times 
more delicious juice from the melon, apples better 
than 8 times that of the melon. 

2) By looking at transitive preferences, such as apples 
better than oranges, grapefruit and melon better than, 
the more delicious apples from the melon. 

In the real situation will be some deviation from the 
relationship, so that the matrix is not perfectly consistent. 
This happens because of inconsistencies in a person's 
preferences. To model the AHP, comparison matrix is 
acceptable if the value of consistency ratio ≤ 0.1. CR value 
≤ 0.1 represents the value of a good level of consistency and 
accountability. Thus the value of CR is a measure of the 
consistency of a comparative matrix in pairs in the opinion. 
If the index of consistency is quite high, it can be revised 
judgment, that the RMS deviation of the line sought (aij, 
and Wi / wj) and revise judgment on the line that has the 
greatest priority. It is difficult to obtain perfectly consistent, 
in life, such as in a variety of specific life circumstances 
often affect the preferences that are subject to change. If 
apples are preferable to orange juice and bananas are 
preferable, but the same people can be more like bananas 
than apples, depending on time, season, and others. But to 
some degree of consistency in setting priorities for each 
element is necessary to obtain valid results in the real world.  
The inconsistency ratio of maximum tolerable 10%. 
 

VI. GEOGRAPHIC INFORMATION SYSTEM (GIS) 
GIS is a computer-based tool for the storage, 

manipulation and analysis of geographical referenced 
information. A geographic information system (GIS) 
integrates hardware, software, and data for capturing, 
managing, analyzing, and displaying all forms of 
geographically referenced information. GIS allows us to 
view, understand, question, interpret, and visualize data in 
many ways that reveal relationships, patterns, and trends in 
the form of maps, globes, reports, and charts. [15]  

The main components of GIS are computer systems, and 
geospatial data users. System for GIS consists of computer 
hardware and software and design procedures for 
procurement support and data entry, processing, analysis 
and display of spatial data. GIS data sources are from digit 
maps, aerial photographs, satellite images, statistical tables 
and other related documents. [16]. Geospatial data can be 
classified into graphic data (geometric data) and data 
attributes (thematic data). Graphic data has three elements, 
namely the point (node), line (sculpture) and area (polygon) 
either in the form of a vector or raster topographic 
geometry, size, shape, position and orientation. 

  

 
Fig 3: The components of GIS [16]. 

 
GIS provides the facility to address data needs for the 

functions discussed above. The GIS capability to handle 
both digital cartographic data and attribute information 
database related to a plan or map. GIS can store coordinate 
map for the location of point, linear features and areas. 

These features are characteristics that must be stored in a 
database. When all these data are stored, both digital map 
information and database attributes can be processed 
simultaneously.  

This ability is a key function in most applications that 
require space planning and environmental .GIS variety of 
physical data is expected to overcome the problem of spatial 
data processing. When it is done of advantages in terms of: 
[17] 

1) Storage of spatial data efficiently and in a specific 
format that is easy to use. 

2) Facilitate the updating and review information.  
3) Geospatial data and information easily reproduced, 

analyzed and displayed.  
4) The end result of value-added.  
5) Geospatial data can be shared and exchanged 

freely. 
6) Increase staff productivity.  
7) Saving time and costs. 
8) The increase in development decisions. 

In generally use GIS to overcome the problems of 
treatment and management of geospatial data.  In addition, 
analysis using this system can be used to improve and 
achieve development results and management more efficient 
and effective.  

 

VII. CONCLUSION 

The analytical hierarchy process (AHP), which was 
developed by Thomas Saaty in the 1970s, has been 
successfully used for organizing and analyzing complex 
decision. It also applied in many other problems solving 
such as in project planning, route selection and construction 
works. AHP has also been integrated into a decision-support 
system with geographic information system (GIS) for route 
selection.  GIS approach allows viewing many of the data 
used to report summary. Other than that it also allows the 
decision about the identity or the information which is 
disclosed to clear through graphical displays in producing 
intermediate and final results. Besides able to display 
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information on transmission line tower project management, 
system is also capable and will assist if there are any 
problems in determining the exact location. GIS technology 
used in utility sectors is emerging as an efficient planning 
and decision making tools. The ability of GIS to integrate 
common database operations such as query and statistical 
analysis make it different from other traditional systems. 
Therefore it is valuable in planning strategies for 
transmission line route suitability and sustainability. 
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Abstract - This paper present a study on the comparison of 
human body Electromagnetic radiation of Down Syndrome and 
Non Down Syndrome persons. Frequency data were recorded 
using human body radiation detector from 15 persons from 
National Association of Down Syndrome Malaysia and 15 persons 
from Universiti Teknologi MARA, Shah Alam with age range 
between 6-28 years old. The body Electromagnetic radiation was 
analyzed based on three analyses which are brain analysis, 
chakra analysis and energy field stability score analysis. The data 
was analyzed using software by converting the frequency into 
color and categorized the human aura. From these findings, 
Brain Analysis indicated that Non Down Syndrome persons were 
slightly relax and creative by 93.33% as compared to Down 
Syndrome persons by 80%. For Chakra Analysis, Non Down 
Syndrome persons are better in communication, handling stress 
and their mind rather than person with Down Syndrome by 80%. 
For the Energy Field Stability Score Analysis, results 
demonstrated that 26.67% of Non Down Syndrome persons 
having a stable personality while 20% persons for Down 
Syndrome persons. Additionally, 80% of Down Syndrome 
persons have dynamic personalities while 73.33% for Non Down 
Syndrome persons. By completing this research, it can be 
concluded that the human body radiation detector can identify 
the human body Electromagnetic radiation or aura between 
Down Syndrome and Non Down Syndrome person. 
 

Keyword: Electromagnetic, Human Body Radiation Detector, 
Down Syndrome, Chakra 

I. INTRODUCTION  
Down Syndrome is most common referring to chromosomal 
condition associated with mental retardation [1]. This 
condition is caused by the existence of all or part of an extra 
21st chromosome. By through chorionic villus sampling or 
amniocentesis during pregnancy or in a baby at birth, a down 
syndrome can be identified in a fetus. Chorionic villus 
sampling (CVS) is prenatal diagnosis to verify chromosomal 
or genetic disorder in the fetus [2] .The chromosomal disorder 
occurs in every 1 in 650 live births [1]. Regularly Down 
Syndrome is related with a few impairment of cognitive ability 
and physical growth and a particular set of facial 
characteristics [3,4]. Individuals with Down Syndrome usually 

have a low intelligence, ranging from mild to moderate 
disabilities.  
 
Aura is the electromagnetic energy field that exists around the 
human body, plants and animals [5]. Every living organism 
has their own radiation whereby everyone has different 
frequencies among their body. The radiation field encloses the 
human as a sphere of radiation [6,7] and depicted as 
endogenous energy fields generated by and contained within 
the body. By the biological system, this phenomenon has been 
described to be electromagnetic (EM) field generated [8,9].  
 
Human body radiation detector is a technology which gives 
information and objective interpretations for all auras and 
identifies the type and function present in specific regions of 
human body. Human body radiation detector accurately 
identifies and interprets 15 colors of bioenergy which measure 
the frequency at human body at various points and distances 
and it is basically measures in megahertz (MHz) [5].  
 
In this research, the analysis interpretations of human body 
Electromagnetic radiation were divided into three parts which 
are Brain Analysis (point 40), Chakra Analysis (point 35-40) 
and the Energy Field Stability Score Analysis (point 1-40). 
Figure 1 shows the standard of the human body levels that was 
analyzed 
 

 
 

Figure 1. Standard human body level 
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Table I shows the colors and frequencies identified by human 
body radiation detector in order to analysis the human body 
Electromagnetic radiation. 
 

TABLE I.  THE COLORS AND FREQUENCIES IDENTIFIED BY 
HUMAN BODY RADIATION DETECTOR [10] 

 
 

II. LITERATURE REVIEW 
A research done by Husna Abdul Rahman et.al [5] studied the 
analysis of correlation between body mass index and human 
physical condition using Resonant Field Imaging system 
(RFI). The objective is to investigate the relationship of 
different health condition with different BMI category such as 
underweight, normal, overweight and obese. This research 
have shows that aura is highly characterized and affected by 
the emotional and physical condition of the person. Besides 
that, aura is the electromagnetic energy field that exists around 
the human body, plants and animals. From the findings, it can 
be concluded that the samples with normal BMI are generally 
healthier. This shows that there is a clear and direct 
psychosomatic connection to the area of bioenergy and implies 
that pure and high frequency electro field energy is projected 
from parts of the body. 
 
According to a research done by Gregorij Kurillo, Barbara 
Bajd [11] which is studied about grip force control in healthy 
children and children with Down Syndrome. The purpose of 
this study was to assess the difference in the grip force control 
between 10-year old healthy children and children with Down 
Syndrome. The research indicated that finger movements are 
controlled by the central nervous system which regulates the 
movement of the hand and arm muscles to act in synergy. In 
addition that, the central nervous system receives dynamic 
feedback information from visual sensors as well as from other 
body sensors placed in the skin, muscles and joints while 
regulating the motor output. The participants performed three 
diverse tracking tasks with the aim to obtain more information 
on their sensory-motor control associated to grasping. This 
research indicated that the children with Down Syndrome can 

develop their performance throughout tedious practice. It also 
shows that children with Down Syndrome lack many of the 
fundamental skills related to grasping such as precision of 
movement, coordination of force, speed and reduced 
efficiency in performance as compared to the healthy children. 
 
A research done by American Academy of Pediatrics [12] 
studied the Health supervision for children with Down 
Syndrome. The purpose of this research is to study about 
health for children with Down Syndrome. This finding 
indicates that most of the Down Syndrome persons have 
intellectual disability in the mild which IQ 50-70 to moderate 
IQ 35-50 range. It also the hearing and vision impairment that 
would slow the performance of the person with Down 
Syndrome. 
 
A study on a communication skill in children with Down 
Syndrome is done by L.Kumin [14]. The objective of this 
study is to analyze speech, language and communication for 
person with Down Syndrome. The findings indicated that 
children with Down Syndrome are usually good 
communicators. They are able to interact socially right from 
immaturity but they have specific difficulty with learning 
grammar as well as with developing clear speech. In the other 
words, those Down Syndrome children having a speech and 
language delay. 
 
Another research by Roberts, JE et.al [15] studied on the 
language and communication development in Down 
Syndrome. This research indicated that persons with Down 
Syndrome having a different language and communication 
skills. The research has focused on the effectiveness of 
communications intervention strategies due to ear problems 
and hearing loss, low gain hearing aids or other amplification 
devices can be useful for language learning. The aid 
communication that often used is pointing, body language, 
object as well as graphics. 

III. SIGNIFICANCE OF RESEARCH 
Nowadays, all resources had discussed about the meaning of 
Down Syndrome, the contributing factors to this disease, their 
symptoms and characteristics. However, the research on 
human body Electromagnetic radiation of Down Syndrome 
person has not been done yet.  
 
A theoretical study had shown that each human has a different 
vibration of Electromagnetic radiation. The Electromagnetic 
radiation gives information about human physical health, 
emotional and psychological condition. By having this study, 
it is very useful in determining the health condition of Down 
Syndrome and Non Down Syndrome persons. They will also 
lead to know the relationship between Down Syndrome and 
Non Down Syndrome characteristics and their aura category. 
Hence, the vibration of the human Electromagnetic radiation 
can be measured using very sensitive frequency detector and 
the human health condition can be identified based on the aura 
colors [10]. 
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IV. METHODOLOGY 
This research mainly concern on analyzing the results for the 
human body Electromagnetic radiation for Down Syndrome 
and Non Down Syndrome persons.  Frequency data were 
recorded using human body radiation detector for 15 persons 
from National Association of Down Syndrome Malaysia and 
15 persons from Universiti Teknologi MARA, Shah Alam 
with age range between 6-28 years old. After collecting all the 
data, it was then transferred into a program which to get the 
interpretation of the colors of human body aura and data were 
analyzed. Lastly, a conclusion had been made.  

 
Three types of analysis were done which were brain analysis, 
chakra analysis and the energy field stability score analysis. 
While taking the readings, a control environment needs to be 
constructed in order to avoid any influenced by environment.  
Hence, it must be taken at the same location, same detector 
used and also stand in the open place. Figure 2 shows during 
the frequency measurement. 

 

 
Figure 2. During frequency measurement 

 

V. RESULT AND DISCUSSION 
Below show some of the results that were obtained from the 
measurement. All the results were interpreted based on [10]. It 
was divided into three types of analysis. 

A. Brain Analysis 
B. Chakra Analysis 
C. Energy Field Stability Score Analysis 
 

A. Results From Brain Analysis 
Brain Analysis was done to determine the predominant brain 
state of the persons. All the interpretations involved were 
referred to [10] as shown in table II. The following results 
were analyzed based on the frequency that is present at the 
Third Eye Chakra (Point 40) and their respective color was 
referred on table I. 
 

TABLE II.  THE MEANING FOR EACH BRAIN STATE [10] 
Brain State Meaning 
Beta Normal waking consciousness 
Alpha Moderate and relax condition 
Theta Deep sleep 
Delta Very deep sleep 

 
 

Figure 3 shows the results of the Brain Analysis according to 
the type of brain states located. From the findings, it was 
obviously shows that both of the Down Syndrome and Non 
Down Syndrome persons fall in the Alpha brain state. 
According to [10], those persons who were in the Alpha brain 
state are meant that their brain state was usually related with 
the moderate and relax condition. Based on the result, the Non 
Down Syndrome persons were slightly higher compared to 
person with Down Syndrome due to Alpha Brain State. This 
research has been shown that although one brain state may 
predominant at any given time, it actually depending on the 
activity level of the person. The remaining brain states were 
present in the mix of brain state at all times. In the simple 
situation, while somebody is an alpha state, there were also 
exists in that persons brain a component of beta, theta and 
delta. 

 
Figure 3. Brain analysis 

 

B. Results From Chakra Analysis 
There are six points of Chakra categories involved in this 
research which are Base Chakra (point 35), Sacral Chakra 
(point 36), Solar Plexus Chakra (point 37), Heart Chakra 
(point 38), Throat Chakra (point 39) and Third Eye Chakra 
(point 40). For Chakra analysis, there are detailed 
interpretations of color for each chakra points as provided in 
[10]. 
 
Table III and IV demonstrated the number of distribution 
persons due to each categories and colors for Down Syndrome 
and Non Down Syndrome persons respectively.  
 

TABLE III.   DOWN SYNDROME PERSONS DUE TO EACH 
CATEGORIES AND COLORS 
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TABLE IV.   NON DOWN SYNDROME PERSONS DUE TO EACH 
CATEGORIES AND COLORS 

 
 

Figure 4 demonstrated the comparison of the Down Syndrome 
and Non Down Syndrome persons at the Base Chakra.  It 
shows that most of the Down Syndrome persons were falls 
into the moderate category with 60% and the rest goes into 
excellent and poor categories with both 20% respectively. 
According to [10], base chakra was concerning the sexuality, 
self-identity and predominant physical or material focus in the 
person’s life. 
 

 
Figure 4. Comparison of Down Syndrome and Non Down Syndrome at Base 

Chakra 
 

Referring to figure 5, most of the Down Syndrome and Non 
Down Syndrome persons were goes to the moderate category 
at Sacral Chakra analysis. According to [10], this category 
demonstrated that the persons has more related to jubilance or 
physical vitality and healing. It means that if they are happy, 
nervousness or else, it can seem and detected based on their 
emotional and personality and it was supported by [11]. 
However, the Non Down Syndrome persons were higher 
rather than person with Down Syndrome where 80% delegate 
for Non Down Syndrome whereas 60% for Down Syndrome. 
It means that the Non Down Syndrome persons having a better 
of physical vitality and healing compared to person with Down 
Syndrome. These seem agreed with [11-12]. It said that those 
peoples were always being rational and intellectual thinking in 
their life as well as in their relationship also as compared to 
Down Syndrome persons.  
 

 
Figure 5. Comparison of Down Syndrome and Non Down Syndrome at Sacral 

Chakra 
 

Figure 6 shows the comparison between the Down Syndrome 
and Non Down Syndrome persons at Solar Plexus Chakra. It 
shows that the majority of Down Syndrome and Non Down 
Syndrome persons were falls into the moderate category. 
According to [10], Solar Plexus Chakra is referring to 
calmness or nervousness of person. From this finding, it was 
shows that 80% of Non Down Syndrome persons were goes to 
the moderate category while 66.67% for Down Syndrome 
persons. It seems to agree that the Non Down Syndrome 
persons have a better in handling their calmness or 
nervousness as compared to Down Syndrome persons as 
supported based on [11].  
 

 
Figure 6. Comparison of Down Syndrome and Non Down Syndrome at Solar 

Plexus Chakra 
 

For Heart Chakra analysis as shown in figure 7, most of the 
Down Syndrome and Non Down Syndrome persons were goes 
into the moderate category with 60% and 80% respectively. 
According to [10], moderate category demonstrated that the 
person seeks to be seriousness in their communication in their 
everyday life. They were also able to be open in their 
expression and communication of emotion. 
 

 
Figure 7. Comparison of Down Syndrome and Non Down Syndrome at Heart 

Chakra 
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Referring to figure 8, it was obviously shown that 80% of Non 
Down Syndrome persons were falls into moderate category at 
Throat Chakra. According to [10], the moderate category 
shown that those person that referring to this type of category 
means that they were jubilance in their communication in a 
joyful ways, despite of their sentiment as well as their feeling 
also at the time and it was supported by [13-15].   
 

 
Figure 8. Comparison of Down Syndrome and Non Down Syndrome at Throat 

Chakra 
 
 

Figure 9 demonstrated the comparison of Down Syndrome and 
Non Down Syndrome persons at Third Eye Chakra. From the 
findings, it was indicated that most of the Down Syndrome 
and Non Down Syndrome persons were falls into moderate 
category with 73.33% and 66.67% respectively.  From [10], it 
was described that the third eye chakra was more about the 
clairvoyance, sensitivity, intuition and intellectual activity also 
the predominant mental activity as agreed in [11-12]. 
However, it was shown that there were none of the Non Down 
Syndrome persons that fall into excellent category at the third 
eye chakra. 
 

 
Figure 9: Comparison of Down syndrome and Non Down Syndrome at Third 

Eye Chakra 
 

Based on the figure 10 and figure 11, most of the Down 
Syndrome and Non Down Syndrome persons were falls into 
moderate category. Regarding to the moderate category at 
Throat Chakra (point 39), it shows that Non Down Syndrome 
persons were higher than persons from Down Syndrome. This 
supported by [10,14-16] that Non Down Syndrome persons 
have a better in communication, handling stress and their mind 
as compared to Down Syndrome persons. 

 
Figure 10. Comparison of Down Syndrome persons for each 6 chakra 

points 

 

 

Figure 11. Comparison of Non Down Syndrome persons for each 6 chakra 
points 

 

C. Results From Energy Field Stability Score Analysis 
 

For the Energy Field Stability Score Analysis, all the 40 points 
in the standard human body point have been measured to 
produce score of sub-ranges as shown in table V.  It was 
analyzed in order to know how stable or how dynamic a 
person energy field is. 
 

TABLE V.   THE DESCRIPTIONS OF THE SUB-RANGE SCORE 
Score of sub-ranges Descriptions 

0-50 A person has a dynamic (changing) 
personality 

60-100 A person has a stable personality 
 
Figure 12 determined the comparison of the Energy Field 
Stability Score between Down Syndrome and Non Down 
Syndrome persons. These findings indicated that most of the 
Down Syndrome persons fall in sub-ranges 0-50. According to 
[10], for those persons, their energy field exhibits a dynamic 
personality at this time. Based on the results, it shows that as 
much 80% of Down Syndrome persons were having a 
dynamic personality while 73.33% for Non Down Syndrome 
persons. However, a number of Non Down Syndrome person 
were falls in sub-ranges 60-100 were higher rather than 
persons from Down Syndrome with 26.67% for Non Down 
Syndrome and 20% for Down Syndrome person. It supported 
by [10] that the personality of Non Down Syndrome persons 
were generally more stable as compared to Down Syndrome 
persons. Person with Down Syndrome shows more difficulties 
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in the processing of facial expressions of emotions as 
compared to person from Non Down Syndrome. It seem to 
agree with the finding from [9,16-17], for this sub-ranges, the 
personally of persons generally shown in stable. 
 

 
Figure 12. The comparison of the Energy Field Stability Score between Down 

Syndrome and Non Down Syndrome persons 
 

VI. CONCLUSION 
From these findings, Brain Analysis indicated that Non Down 
Syndrome persons were slightly relax and creative by 93.33% 
as compared to Down Syndrome persons by 80%. For Chakra 
Analysis, Non Down Syndrome persons having a better in 
communication, handling stress and their mind rather than 
person with Down Syndrome by 80%. For the Energy Field 
Stability Score Analysis, results demonstrated that 26.67% of 
Non Down Syndrome persons having a stable personality 
while 20% persons for Down Syndrome persons. Where as 
much 80% of Down Syndrome persons were having a 
dynamic personality while 73.33% for Non Down Syndrome 
persons. By completing this research, it can be concluded that 
the human body radiation detector can identify the human 
body Electromagnetic radiation or aura comparison between 
Down Syndrome and Non Down Syndrome person. 
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Abstract—Hydraulic actuator has been widely used in industrial 
applications because of it properties exhibiting linear movements, 
fast response, smooth reversal and accurate positioning of heavy 
load. The integration of electronic and hydraulic technology has 
becoming increasingly common for precision positioning. 
Reducing the position tracking error of the hydraulic actuator is 
a challenging task but advances in control strategies have 
resulted in cylinders that transmit high forces with a high degree 
of positioning accuracy. This paper presented the design of 
ZPETC parameters using comparing coefficients method and 
studies the effects of zero locations to tracking performance. The 
plant model used was approximated from input-output 
experimental data using Matlab system identification toolbox.  In 
order to have 2 plant models with different zero locations, 2 
different sampling times were used. The studies show that 
tracking performance is good when the zero is far from the unity 
circle. 

Keywords - Feed-forward Control; ZPETC; Real-Time Control; 
Pole-Placement; Digital Tracking Control 

I INTRODUCTION 
In tracking control system, achieving a perfect tracking is 

what it is all about. Zero tracking error is the objective of a 
perfect tracking control (PTC) system and one of the methods 
in achieving this is by using a feed-forward controller. PTC 
can only be implemented to minimum phase system but not to 
the non-minimum phase system due to unstable zero 
conditions. The objective of tracking control design for non-
minimum phase system is such that the plant will follow a 
desired path as closely as possible. This requires unity gain 
and zero-phase for the overall system in the relevant frequency 
band. 

The natural nonlinear property of hydraulic cylinder had 
challenge researchers in designing suitable controller for 
motion control or tracking control. In the past few years, 
researchers have investigated the use of digital feed-forward 
controller to improve the performance of servo system[1]. The 
feed-forward controller is capable of cancelling all the poles 
and zeros, hence, creating a unity overall transfer function but 

in most real-world process, it is difficult to get this type of 
perfect system. A plant zeros located on or outside the unity 
circle will cause the system to be unstable and to overcome 
this problem, many methods have been introduced. One of the 
method is called Stable Phase-Zero Cancelling (SPZC) which 
was proposed by Tomizuka [2] but this method was unable to 
eliminate the phase error and the gain error left by the zero 
outside the unity circle. Realizing this, Tomizuka [2] proposed 
another method that has the ability to cancel not only all the 
poles and zeros but it is also capable of eliminating the phase 
error left by the SPZC hence increasing the controller’s 
performance and this new method is called the Zero Phase 
Error Tracking Control (ZPETC). On such designs, the zero 
phase error tracking controller (ZPETC) cancels the closed-
loop poles and cancellable zeros, at the same time, eliminates 
phase error induced by non-cancellable zeros.  

The ZPETC can provide the overall system with frequency 
characteristics such that phase is zero for all frequencies and 
the gain is unity at only zero frequency. To avoid the 
unwanted phase error, Yeh and Hsu [3], Mustafa [4] and 
Adnan et al.[5] used ZPETC without factorization of zeros. 

This paper discussed the design of ZPETC parameters 
using comparing coefficients method and studies the tracking 
performance due to the effect of non-minimum phase zero 
locations. The plant model used was approximated from input-
output experimental data using Matlab system identification 
toolbox.  In order to have 2 plant models with different zero 
locations, 2 different sampling times were used. 

The rest of the sections were organized as follows: Section 
II discussed the Zero Phase Error Tracking Control; Section 
III presenting the plant models; Section IV discussed the 
controller design using comparing coefficients method; 
Section V discussed the real-time control and simulation 
studies; Section VI is on results and discussion; and finally, 
Section VII is the conclusion.  
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II ZERO PHASE ERROR TRACKING CONTROL 
Tomizuka [6] proposed a tracking control system as shown 

in Figure 1 with two-degrees-of-freedom (2-DOF) controller. 
  

Feedforward
Controller

Feedback
Controller Plant

+

_

ku
kr ky

 
Figure 1. Tomizuka 2-DOF Controller 

Without the feed-forward controller, the reference signal 
continuously varying and mixed with the closed-loop system 
dynamics, which keeps the tracking error inside the system 
without trying to eliminte it. The feed-forward controller is 
needed so that the reference signal can be pre-shaped by the 
feed-forward controller, so that more emphasis to the 
frequency components that were not properly taken care off by 
the feedback system can be provided [7]. 

The closed-loop system transfer function, Gcl without 
feedforward controller can be given in terms of discrete-time 
model: 

)(
)()( 1

1
1

−

−−
− =

zA
zBzzG

c

c
d

cl  (1) 

 
a

a

n
nc zazazazA −−−− ++++= 2

2
1

1
1 1)(  

b
b

n
nc zbzbzbbzB −−−− ++++= 2

2
1

10
1)(  

 
where na  ≥  nb and d is a time delay. The factor B( z-1 ) can be 
factorised into minimum and non-minimum phase factors. 

)()()( 111 −−−+− = zBzBzB ccc  (2) 
 

where Bc
+ (z-1) represents the minimum phase factor and 

)( 1−− zBc represents the non-minimum phase factor. The 
ZPETC that proposed by Tomizuka [6] has three blocks as 
shown in Figure 2. 
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Figure 2.  Conventional ZPETC Block Diagram 

The improved version of ZPETC that used and implemented 
as feed-forward controller in this paper is shown in Figure 3.  
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Figure 3.  ZPETC without factorization of zeros 

The same with any others ZPETC, the controller design 
mainly focused on the selection of appropriate gains 
compensation filter to ensure that the overall gain is unity. 

The same approached that taken by Yeh and Hsu [3], 
Mustafa [4] and Adnan et al. [5] was used to ensure that the 
gain compensation filter, Fg of Eq. (3) does not introduce any 
phase error that might jeopardize the whole objective of this 
study.  
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The cost function to represent the error between the 
desired and actual frequency response is given by: 
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The design objective here is to find a set of αk  so that the cost 
function of Eq. (4) is minimized. For finite αk, the cost 
function cannot be made zero for all frequencies. Thus, 
minimizing Eq. (4) will yield the following equation: 
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The optimal set of αk can be obtained by expanding Eq. (5) to 
polynomial of positive and negative power of z, and then 
compare the coefficients of the same power. 

III PLANT MODEL 
The plant used in this studies is an electro-hydraulic 

actuator that is used for quater-car system. The plant is shown 
in Figure 4. Using Matlab system identification toolbox, the 
ARX331 model can be obtained from input-output 
experimental data of open-loop test. In this studies, two model 
were approximated from two set of data with different 
sampling-time. The first model was approximated from 
experimental data of 40ms sampling time, whereas the second 
model was from data of 50ms sampling-time.  
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Figure 4. Electro-Hydraulic Actuator 

The obtained plant models are as follows: 
 
Model 1: 
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Eq. (6) can be simplified as follows: 
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The pole-zero plot of Eq. (7) is given in Figure 5. 
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Figure 5.  Pole-zero plot of Model 1 

From the plot, one zero is located outside and far away from 
the unity circle, but, another zero which is inside the unit 
circle is quite near to the circle. Thus, the model obtained is a 
non-minimum phase model. 
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The poles-zeros plot of Model 2 is given in Figure 6. 
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Figure 6. Pole-zero plot of Model 2 

From the plot, one zero is located outside but not that far away 
from the unity circle as Model 1. Another zero which is inside 
the unit circle also is quite distance from the circle. Thus, the 
model obtained is also a non-minimum phase model. 

Various zero position for plant model can be obtained by 
varying the sampling-time. A minimum phase model can be 
obtained using bigger sampling time whereas the non-
minimum phase model can be obtained using smaller sampling 
time [8]. The reason why these two plant models were used in 
this study is to check whether the position of zero outside the 
unity circle affects the performance of obtaining the desired 
output. 

IV CONTROLLER DESIGN USING COMPARING COEFFICIENTS 
METHOD 

From Eq. (7), the optimal set of αk  for the 10th order gain 
compensation filter is obtained as follows: 
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From Eq. (5) and Eq. (9), the following equation is derived: 
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By expanding Eq. (10) to polynomial of positive and negative 
power of z and compare the coefficients of the same power, 
the following equation  is obtained: 
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Solving Eq. (11) will give the values of optimum α. The 
values obtained are listed in Table I. 

TABLE I.   Optimal set of αk for 10th order gain compensation filter 
for Model 1 and Model 2 

k Model 1 Model 2 
αk αk 

0 0.3579 0.5666 
1 0.3776 0.0362 
2 0.4692 0.7405 
3 0.3097 0.0310 
4 0.3157 0.4782 
5 0.2284 0.0238 
6 0.2078 0.3001 
7 0.1497 0.0160 
8 0.1243 0.1749 
9 0.0753 0.0081 

10 0.0559 0.0803 
 

The same procedure was used to obtain the optimun values 
of α from Eq. (8) for Model 2. From Table I, it can be 
observed that the values of α are converging to zero as the 
filter order, k increased.  

V REAL-TIME CONTROL AND SIMULATION STUDIES 

A. Real-Time Control 
The tracking control structure that used for real-time 

studies is shown in Figure 7. The structure is divided into two 
parts: feed-forward control; and feedback control. The feed-
forward control block is using the trajectory ZPETC where the 
controller parameters are determine using the proposed 
comparing coefficients method. The controller parameters as 
given in Table I are used in the trajectory ZPETC structure. 
The feedback control block is using pole-placement method to 
determine its controller parameters. The controllers parameters 
used are as follows: 
 
 
 

Model 1: 
t1= 1 - 0.87z-1 
Kf = 96.59 
F(z-1)=1 + 0.9366z-1 + 0.4823z-2 
G(z-1)=24.5043 + 74.5365z- 1 - 2.9675z-2 

 
Model 2:  
t1= 1 - 0.82z-1 
Kf = 50.63 
F(z-1)=1 + 0.21896z- 1 -0.2165z-2 
G(z-1)=62.1614 – 6.9397z- 1- 4.5606z- 
 
The literature on calculating the given parameters is available 
in [9,10,11]. 
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Figure 7. Tracking structure for real-time control 

A. Simulation Studies 
The trajectory zero phase error tracking control without 

factorisation of zeros is shown in Figure 8. Due to the effect of 
poles-zeros cancellation, the control structure was simplified 
as given in Figure 9. It can be seen that only the zero 
polynomial equation of the plant model is needed. 
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Figure 9. Tracking control structure for simulation studies 
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VI RESULTS AND DISCUSSION 
In order to determine the correct filter order to be used in 

the trajectory ZPETC, the frequency response of the ZPETC 
given in Figure 8 are plotted using the transfer functions of 
Model 1 and Model 2. The resulting frequency responses are 
given in Figure 10 and Figure 11. From Figure 10, it can be 
observed that an approximate overall unity gain can be 
achieved when using filter order, N≥30.   
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Figure 10.  Frequency response of 10th,20th,30th and 50th filter order  

ZPETC using to Model 1 

 
Figure 11.  Frequency response of 10th,20th,30th and 50th filter order  

ZPETC using Model 2 
 
 

From Figure 11, it can be observed that an approximate 
overall unity gain can be achieved when using filter order, 
N≥20. Thus, the degree of difficulty is harder for Model 1.   

The real-time experimental results for Model 1 are shown 
in Figure 12 and Figure 13. Figure 12 is using filter order 
N=20 which yield tracking rmse of 0.1954in. Figure 13 is 
using filter order N=50 which yield tracking rmse of 0.1414in. 
The improve tracking performance can be expected from the 
frequency response of Figure 10. 
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Figure 12.  Real-time tracking control for Model 1 using  

filter order N=20 with rmse 0.1954 in 
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Figure 13. Real-time tracking control for Model 1 using  

filter order N=50 with rmse 0.1414 in 
 

The real-time experimental results for Model 2 are shown 
in Figure 14 and Figure 15. Figure 14 is using filter order 
N=20 which yield tracking rmse of 0.1149in. Figure 15 is 
using filter order N=50 which yield tracking rmse of 0.0953in. 
The improve tracking performance can be expected from the 
frequency response of Figure 11. 
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Figure 14.  Real-time tracking control for Model 2 using  

filter order N=20 with rmse 0.1149 in 
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Figure 15.  Real-time tracking control for Model 2 using  
filter order N=50 with rmse 0.0953 in 

 
 

VII  CONCLUSION 
The studies on the effect of zero locations to tracking 

performance of trajectory ZPETC that was designed using 
comparing coefficients method has been presented. Results 
show that when there is zero, whether minimum phase or non-
minimum phase, when it is near to unit circle, the design 
controller could not achieved good tracking performance when 
low order filter is used. Low order filter could not approximate 
overall unity gain for the tracking system due to small degree 
of freedom. Higher order filter provides more degree of 
freedom in approximating overall unity gain for the tracking 
system   
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Abstract - This paper presented a statistical approach for 
recognition of orchid diseases using RGB color analysis. As for 
features, the scale infection and black leaf spot disease of the 
orchid have been chosen in this study. Orchid plant with these 
two category disease samples were taken from a local home 
orchid collector and captured using digital camera in a controlled 
environment. The RGB components are extracted as features and 
statistical analysis specifically error plot and T-Test are utilized 
for differentiation between orchid either with scale or black leaf 
spot disease. Initial findings showed that the proposed method is 
capable to differentiate these two category diseases.  
 

Keywords- RGB color, statistical approach, orchid diseases, 
image, signature. 

 
I. INTRODUCTION  

Plant diseases are among the factors that can affect the 
healthy growth of the plant and further reduce the farm output. 
In addition, plant diseases will also contribute to additional 
budget in order to combat these diseases. However, 
identification of plant diseases is done manually using the 
naked eye of farmers. Farmers with vast knowledge will be the 
expert based on their experience whilst farmer with lesser 
exposure or familiarity in plant disease will prone to make 
mistake in identifying the type of plant diseases. Hence this 
method of identification is not optimal and will also cause an 
incorrect use of pesticides or fungicides during disease 
treatment [1].  

As for our study, we have chosen orchid plant diseases to 
be experimented and analysed. This is due to the orchid nature 
as the second largest plant population in the world also having 
numerous diseases that need to be managed by the orchid 
farmers for optimum farm output. The orchid diseases include 
virus infection, bacteria and fungus [2, 3] that may infect the 
leaf, stem or root of orchids plant. Every disease infection can 
be differentiated through the sign occurred at the infected area. 
Hence, early accurate identification of disease signature is 
critical to prevent the major damage in farm by giving accurate 
treatment. 

Amongst the type of diseases in orchid, there are 
possibilities of two different diseases with similar sign 
symptom or same signature. This situation may result in 
mistaken identification especially by new orchid planters. 
Moreover, there are also the possibility occurred between the 
signature of the disease infection with the signature of nutrients 

deficiency or cultural mistake [3]. Also, image processing 
technique is one of the popular methods for disease analysis 
and classification to identify the plant diseases [4, 6]. 

Hence, in this study development of technique for orchid 
disease identification is implemented. We used the statistical 
approach using RGB color to differentiate between black leaf 
spot disease and scale infection on Vanda orchid leaf. Even 
though these two diseases can be differentiated by naked eye, 
this study will contribute as an initial effort in development of 
vision system for disease identification in orchid. 

 
 
 
 

II. METHODOLOGY 
 

Figure 1 shows the research work flow. There are five 
phases that include sample preparation, equipment calibration, 
image acquisition in controlled environment, data extraction 
and experimental and analysis.  

 
 
 

 
 
 

Figure 1: Research flowchart  
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A. Sample preparation 
As mentioned earlier, a total of 119 infected leaves are 

collected from home gardener. The infected leaves are 
separated based on the two diseases to be tested which are leaf 
spots and scales infection. The samples are divided into two 
sections and resize to 10cm each. 

 
 
B. Equipment calibration 

The camera height is set at 41” and perpendicular to 
the sample being captured. The optimum distance from lens of 
camera to the sample is 12”. If the distance is more than 12”, 
the image of sample will reduce and inappropriate since the 
distance is not within tripod limitation. Spotlight is placed at 
36” from the sample with the height of 64” and facing 450 to 
the sample. This position is able to offer the optimal coverage 
of uniform lighting and no shadows as well. The amount of 
light is calibration at 2363±41.877 lux.  

 
 

C. Image Acquisition 
This session is done in the Advanced Signal Processing 

(ASP) lab, Faculty of Electrical Engineering, UiTM, Shah 
Alam. The session is done in the morning. Images are 
captured under surrounding light monitored by the data 
logging light meter, Extech HD450. This equipment acted as 
the medium to store data of light value measured during photo 
session in lux unit. Further, the plant image is captured by 
Canon EOS 600D with 100 ISO speed, and 34mm focal 
length. The aperture is set at F4.5 and shutter speed used is 
1/50 sec fixed at 5184x3456 pixels. The amount of light for 
image capturing session is 2371±29.789lux.  

To ensure that calibration and image capturing session are 
viable, error plot is used. Results obtained showed that image 
capturing session and calibration almost overlap which mean 
only small differences between each other. Thus, it is 
concluded that the work can proceed to the next phase since 
the quality of images in this session is maintained as 
calibrated. 

 
 
D. Data extraction 

Next, the RGB color features are extracted after completion 
of the photo session. The sum of each color component (Red, 
Green, and Blue) was computed for every pixel lesion area to 
get the mean value. MATLAB program is used to extract 
images. Figure 2 shows the step for data extraction using 
MATLAB program. Firstly, the image resized from original 
5184x3456 pixels to 500x500 pixels. This step is to assured 
that all the images’ size is same. Then, RGB component is 
filtered using median filter to remove noise. Median filter can 
overcome edge blurred and protecting edge of image [6].  

 
 

 
 
 

Figure 2: Procedure for feature extraction using MATLAB 
program. 

 
 
Next, the lesion of infected area is cropped as much as the 

disease occurs in image. The lesion of infected area is called 
region of interest (ROI) which re sized to 15x15 since the 
lesion is too small and need precisely select. The size can 
assure that the selected region is ROI. Lastly, RGB mean, 
variant, and standard deviation saved in RGB files that have 
directed in the program. The data converted to Microsoft Excel 
program which is used to analyze in SPSS program. RGB 
mean is the interest data used to conduct analyses which are 
error bar plot and t test. 
 
 

E. Statistical Analysis 
Error plot is one of the available methods for 

demonstrating variability of data graphically. This plot can be 
used to indicate errors or uncertainty within the extracted 
features. Moreover, error plot can point out level of 
measurement accuracy might be [8] & [9].  Also, error plots 
can be used to visually compare between two quantities 
whether differences are statistically significant or otherwise. 
With error plot, it could also reveal how accurate a statistical 
fit the data involved in the experiment to a given function.  

On the other hand, a T-test is a standard technique for 
measuring the statistical significance of two set of independent 
variables. It takes a single feature and the class associated with 
the data samples and measures the  significance of the class 
variables in predicting the means of the feature [7]. The 
measure that T-test produces is the p-value for the feature set. 
With T-test, a conclusion that there is evidence that the two 
group means or otherwise as a basis to accept or reject the null 
hypothesis [10].  

In this study, the SPSS software is used to perform the 
statistical analysis based on the features extracted from the R, 
G, B color component for categorization of the two disease 
type.  
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Figure 3: Error plot for RGB color of leaf spot (bs)         
and scale (sc) 

III. RESULTS AND DISCUSSIONS 
 In this section, the experimental results attained based on the 
extracted features as well as verification of identification is 
viable based on statistical approach will be discussed. 
 

A. Error Plot 
Based on graph in Figure 3, it can be seen that the two 

diseases are clearly discriminated between each other with 
significant difference of 54, 43.3 and 22.8 for R, G and B 
color model respectively as indicated by the rounded dash 
lines. The most left is in the round dash lines is to demonstrate 
the significant difference between ‘Red’ Component of the 
two disease whilst the extreme right rounded dash lines is to 
indicate that there is a significant difference of the two disease 
under investigation based on ‘Blue’ Component as features.  

Additionally, the two plots excluded from those two 
rounded shape represent the ‘Green’ component and it is 
clearly seen the ‘green’ feature vectors too contributed to 
significant differences. To further support this finding, 
inference which is t-test reinforces is implemented.  
 
 
B. T- Test 

Next, results based on implementation of T-test to confirm 
that there is a significant difference between the two category 
diseases will be elaborated as in Figure 4. Firstly, the mean 
difference is significant at level 0.05 and let: 

 
• H0= There are no significant differences between leaf 

spot s disease and scale disease’s mean; 
• H1= There are significant differences between leaf 

spots disease and scale disease’s mean. 

Figure 4: Inferential statistic for t-test output 
 

 
Figure 4 shows an inferential statistic for t test output in 
SPSS.The last column labeled "Sig. (2-tailed)" gives the two-
tailed p value associated with the test which is the interest 
value to accept or reject the null hyphotesis. Firstly, at  p value 
of 0.000,  if p ≤ α, where p is equal to Sig. (2-tailed) and α, 
value is set to 0.05,then H0 can be rejected.   

In this analysis, the p value is less than 0.05 and hence null 
hyphotesis Ho is rejected and alternative hyphotesis is accpeted 
to confirm that there is a significant difference between these 
two diseases under experiment. Hence, the paired samples t test 
successfully revealed that statistically approach is capable to 
differentiate between   mean of:  

 
• pair 1:  t (172) = 20.429, p = 0.000,  α = 0.05;  
• pair 2:  t(172) = 16.281,  p = 0.000,  α = 0.05; 
• pair 3:  t(172) = 8.623,    p = 0 .000, α =0.05.  

 
This implies that there are significant differences between 
leaf spots disease and scale disease’s mean. 
 

IV. CONCLUSION 
 In conclusion, the proposed feature extraction can be used 

to classify the diseases by RGB color analysis. Moreover, 
identification method based on statistical approach namely 
error plots and T Test analysis showed that the two diseases can 
be distinguished significantly with color components as feature 
vectors. Future work includes testing more orchid leaf diseases 
as sample to confirm the robustness of the proposed method in 
this research. Also, there are other orchid diseases that show 
similarities physically such as blackened leaf, yellow leaf and 
many more but due to different disease as well as dissimilar 
root cause. Finally, the proposed method will need to be 
evaluated in field testing or uncontrolled environment.  
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Abstract— Flood is one of the natural disaster usually take 
place that in the southern states of Malaysia such as Johor, 
Pahang and Malacca during rainy season. The number of 
area affected from this event has increase over the past 
years. This paper describes a study made to explore the 
application of GIS and Remote Sensing in flood risk 
assessment for Bandar Segamat sustainability. The objective 
is to explore and understand the flood risk assessment 
characteristics, Remote Sensing (RS) and Geographic 
Information System (GIS). Open source software such as 
QuantimGIS and Infoworks RS is used as tools in processing 
the data. The result show a significant movement of water in 
Segamat city which causing such loss in terms of property 
damages and lives. A simulation of flood risk and 
sustainability at Bandar Segamat was developed which 
indicate the most, moderate and less affected area in 
Segamat. The main contribution of the study was to prove 
that anyone that involved directly or indirectly in GIS or RS 
field are able to perform the similar study without the need 
of high cost, great experience and with basic knowledge of 
the field study.  
 

Key Words: ASTER, LiDAR, DEM, Remote 
Sensing, Geographic Information System, Flood 
simulation model, Infoworks RS, QuantumGIS. 

I. INTRODUCTION 

Flooding is one of the natural disasters that usually 
occur in Malaysia.  It usually occurs due to monsoon 
season or the heavy rainfall. Every year government has 
to spend huge amount money when dealing with flood 
disaster. During the flooding events in the past few years, 
Bandar Segamat has being reported as one of the 
tremendously affected areas in Johor when it comes to 
heavy rainfall. The flooding event on December 2006 has 
given negatives impact and great loss to the residents of 
Bandar Segamat district [3]. These flooding events 
resulted in significant losses not only to the residents but 

also to the government in terms of wealth, money and risk 
their lives. The residents have to prepare themselves 
physically and mentally in order to deal with these flood 
events every time monsoon season.   

 Segamat River is 23km in length with average of 
40m width and 14m above mean sea level. There are 13 
river networks along Bandar Segamat River include 
Rangla Rver, Medoi River, Kedondong River, Temangar 
River, Anak Kemelah River, Juasseh River, Panting 
River, Temalek River, Tugal River, Peta River, Tenang 
River, Kenawar River and Jenalin River which act as 
water supplier when drought or rainy season [3]. 

In 2008, a 3D flood modelling on “A Real Time 
Simulation and Modeling of Flood Hazard” in Kuala 
Lumpur has been developed by Jasrul Nizam Ghazali and 
Amiruddin Kamsin [4] from Universiti Malaya. As a 
result, a prototype of a flood system is developed. It has 
verified the usability of 3D computer graphics and fluid 
simulation particle. This study however is focusing on the 
essential and the ability of computer graphic in modeling 
the flood.  

In this research study, the main objective is to 
explore the application of GIS and Remote Sensing in 
flood risk assessment for Bandar Segamat sustainability 
which indicates the most, moderate and low affected area 
due to flooding events. The suitability and capability of 
the open source techniques such as QuantumGIS in terms 
of conducting the environmental issue also highlighted in 
this study. By using both GIS and RS techniques and 
approaches, a flood risk simulation is generated. The PCI 
Geomatica, Infoworks River Simulation and QuantumGIS 
are used as a tool in generating the model. The data used 
are topography map, Remote Sensing (RS) imagery, 
Advanced Spaceborne Thermal Emission and Reflection 
Radiometer (ASTER) and Geographic Information 
System (GIS) data such as Light Detection and Ranging 
(LiDAR) and Digital Elevation Model (DEM). 
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II. AIM AND OBJECTIVES 
 

The aim of the research study is to explore the 
application of GIS and Remote Sensing in flood risk 
assessment for Bandar Segamat sustainability. The 
objectives for this research study are: 

1) To explore and understand the flood risk 
assessment characteristics, Remote Sensing (RS) 
and Geographic Information System (GIS). 

2) To develop a simulation of flood risk and 
sustainability at Bandar Segamat. 

3) To assess, evaluate and analyze the flood risk 
and sustainability of Bandar Segamat. 

 
III. PROBLEM STATEMENT 

 
Every year, the southern states of Malaysia such as 

Johor, Pahang and Malacca would be preparing 
themselves of having possible major floods. On 
December 2006, it is reported that a total of nearly 60 000 
residents had being moved from their residence to a safer 
location. In Johor, the affected areas are Segamat, Batu 
Pahat, Kluang and Kota Tinggi. Some of the residents 
claim that the flood events on December 2006 and 
January 2007 are one of the worst flooding event occurred 
at their residential area. Each year the damage estimated 
due to the flood disaster was around RM 1 billion. 
Nowadays, RS and GIS technologies usually used as a 
tool when dealing with environmental studies. By using 
the technologies, a simulation of flood risk and 
sustainability at Bandar Segamat can be developed. In the 
study area will highlighted the area which will be fully, 
partially or not covered with flood at a certain level of 
elevation. It will provide better visualization which area is 
affected the most by the flood disaster. 

 
IV. FLOOD AS A NATURAL DISASTER 

 
Flood is a natural disaster that takes place in many 

countries all around the world. It is a disaster 
phenomenon that occur when the water level arise more 
than it is usual state, mainly during rainy season. Flood 
can be defined as an area which is suddenly covered by 
water at a temporary time [14]. It usually occurs on a dry 
place where it is not regularly drown by water on its 
surface. According to Federal Emergency Management 
Agency [18], flood can be described as a temporary 
condition of a dry land area to be partially or completely 
covered by water. The water may come from overflow of 
rivers, mountain torrents, due to rainy season and flood 
from the sea in the coastal area.  

Flood is a disaster that cannot be control. The time 
taken for an area to be flooded maybe differ depends on 
what are the reasons and how this flood happened. Some 
flood events that occur may take hours or even more than 
a day to develop. The residents may have ample time in 
preparing themselves to deal with the flood and evacuate 
to a safer place. However, some flood events may develop 
a lot faster than the other [17]. These flash flood events 
are very dangerous where it may cause the lost of lives. 
The wave may have the force in sweeping any huge 
object that is in its pathway such as trees and cars.  

There are increasing numbers of area affected by 
flood disaster in these recent years. In order to cope with 
flood disaster, many governments agencies from all 
around the world and researchers have make use of 
technology to come out safety framework. Geographic 
Information System (GIS) and Remote Sensing (RS) are 
some of the technology that has being used for the past 
decades when dealing with natural disaster. According to 
Hassan [5] when it comes to environmental studies, 
Geographical Information System (GIS) technique and 
Remote Sensing (RS) imagery is very useful. Hassan [5] 
also stated that by using GIS and RS approach, the 3D 
view technology can be generated thus providing much 
better and clearer observation and realistic visualization 
of the flooding event.   
 
A.   Flood Hazard in Malaysia 

Malaysia is located in South-East of Asia and 
situated near the equator line. Malaysia’s climate is 
categorized as equatorial, being hot and humid throughout 
the year. Every time monsoon season arrived, the East 
Coast country of Malaysia such as Kelantan and 
Terengganu would be preparing themselves of having 
possible major floods that may occur in some parts of area 
of the states. The Southern countries of Malaysia will be 
facing the flooding event due to the heavy rainfall that 
occurs every year.  

Even though Malaysia is free from natural disasters 
such as volcanic eruption, typhoon and earth quake, the 
citizens of Malaysia however need to be prepare in the 
possibility of facing the major flooding. On December 
2006, it is reported that a total of nearly 60 000 residents 
had being moved to the temporary relief centers which 
have been provided by the government to accommodate 
all the flood victims. However the number increasing to 
almost 100 000 residents have to evacuate their house on 
January 2007 due to the second wave of flood occurred. 
Figure 3 shows flooding in Bandar Segamat on December 
2007.   
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Figure 3 Flood in Bandar Segamat on December 2007 
[21] 

 
In Johor, the affected areas are Bandar Segamat, Batu 

Pahat, Kluang and Kota Tinggi. Some of the residents 
claim that the flood events on December 2006 and 
January 2007 are one of the worst flooding event occurred 
at their residential area. It has affected their economic 
contributor activities such as industrial and agriculture 
sectors. These flooding events that often occur during 
monsoon season resulted in significant losses not only to 
the residents but also to the government in terms of 
wealth, money and risk their lives. The residents have to 
prepare themselves physically and mentally in order to 
deal with these flood events every time during monsoon 
season.  Two common floods that usually occur are 
monsoon flood and flash flood Monsoon flood usually 
occur due to the monsoon season mainly from November 
to March Monsoon season also affected east coast of the 
Peninsular of Malaysia, Northern part of Sabah and the 
Southern part of Sarawak which contributed to heavy 
rainfall [5]. 

According to Gasim [3], there are many factors that 
contribute to arising of flooding events in the country 
which can be divided into, nature and human activities.  
Nature factors include the monsoon season, the increasing 
of heavy rainfall due to climate change, the shallow river 
and urban area which is defined with saturated sediments 
which not allowing water to enter the sediments. The 
human activities factor includes the growth of 
unorganized squatter settlements with poor drainage [3]. 
The flood events may occur due to the poor drainage and 
the unorganized development [7]. Ghazali [4] stated that 
few studies shown that rapid urbanization in major cities 
as the main cause. Typhoon Utor was blamed for 
contributing the heavy rain in four states in southern of 

Malaysia which include Johor, Malacca, Pahang and 
Negeri Sembilan [15].  Every year, Malaysia government 
has to spend RM 1 billion due to flooding event [8]. 

 According to National Security Council [13], the 
flooding event on 2006 and 2007 was one of the costliest 
flooding events that take place in the country which have 
cost almost RM1.1 billion. It was reported by BBC 
NEWS [16] that on January 2007 more than 100000 
residents were evacuated from their home due to heavy 
flooding. There are more than 300 relief centers were set 
up in order to accommodate the flood victims. The flood 
disaster has result in damaging the economic growth of 
the affected area and causing the residents loss their 
property and belongings [4].  The disaster leads to 
massive destructions to the buildings, transportations, 
houses, landscapes and plants. Figure 4 shows the 
distribution of flood prone areas in Peninsular Malaysia.  
 
 
 

 
 

Figure 4 Distribution of flood prone areas in Peninsular 
Malaysia [5] 
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V. REMOTE SENSING (RS) AND GEOGRAPHIC 
INFORMATION SYSTEM (GIS) APPROACH 

IN FLOODING EVENTS APPLICATION 
 

Most of the environmental studies data came from 
Geographic Information System (GIS) and Remote 
Sensing (RS) [4]. It is widely used nowadays when 
dealing with natural disaster such as flooding and land 
slide. Geographical data such as Light Detection and 
Ranging (LiDAR) and Digital Elevation Model (DEM) 
and remote sensing imagery are some of the substantial 
data that can be used when it comes to environmental 
studies.  

Light Detection and Ranging (LiDAR) can be used in 
many applications which include in flood plane mapping. 
It has become one of the major sources of digital terrain 
information [9]. By using GPS methods, LiDAR data is 
collected with reference to the ground data control points 
[1]. Raber [9] added that LiDAR has being widely used in 
the application of determine and acquiring the elevation 
data for trees, shrubs, buildings and Earth’s surface. It 
acts as one of the Geographic Information System (GIS) 
data that can be used to generate Digital Elevation Model 
(DEM). In order to implement a hydrodynamic model, the 
most important information is roughness or surface data, 
topographic and terrain data. According to Tarekegn [12], 
in representing the river terrain geometry and floodplain 
topography, the topographic data is usually posed by 
Digital Elevation Model (DEM). Figure 5 shows the 
digital elevation model DEM. 

 

 
Figure 5 Digital Elevation Model (DEM) [19] 

 
 

Chang [2] defined Digital Elevation Model (DEM) as 
the representation of elevation points in a regular array. 
Satelite imagery, radar data and LiDAR data are some of 
the alternatives sources of DEM that can be found [2]. 
Two stages are involve in generating the Digital Elevation 
Model (DEM) which include the production of 3-
Dimensional Triangular Irregular Network (TIN) and 
digital terrain model in a rectangular block of cells, GRID 
[10]. Ghazali [4] also added that there was a research 
done by University of Texas proves that thirty two out of 
fifty state highway agencies that are related to hydrology 
and highway work responded on implementing GIS for 
mapping and data management. Ghazali [4] stated that 
environmental experts have agreed that GIS technology 
played such an important role in generating real-time 
simulation.  

Remote sensing has become one of the substantial 
tools in dealing with flooding events as GIS. Most 
researchers found that remote sensing data provide a real 
time data which allowing the preparation of maps on 
limited time [6].  Aerial photograph is likely the most 
reliable source of remotely sensed flood area data. Due to 
the highly cost associated with airborne acquisitions the 
researchers are always tried to find the alternative ways 
for flood monitoring and management [11]. According to 
Sanyal [10], Landsat Multi Spectral Scanner (MSS) with 
80 m resolution was the earliest data available for satellite 
imagery. The main investigation on the field was 
concentrated on flood prone area of United States of 
America (USA). In these past years, it can be seen that the 
researches started to try new alternatives of satellite 
imagery data for flooding event. One of the data that is 
frequently used nowadays in studying the flooding events 
is Spaceborne Thermal Emission and Reflection 
Radiometer (ASTER) which is developed by National 
Aeronautics and Space Administration (NASA) and Japan 
government. According to Terekegn [12], DEMs of 
ASTER are well known as having high accuracy in near-
flat regions and smoothly sloped areas.  

 
 

VI. RESEARCH METHODOLOGY 
 

The research methodology for this research study is 
organized into five main stages which includes stage 1: 
project planning, stage 2: literature review, stage 3: data 
acquisition, stage 4: data processing, and stage 5: data 
analysis and representation. In stage 1 (project planning), 
it is started by stating the aim, objectives and the problem 
statement of the research study. At this stage, the 
selection of the study area is made. Bandar Segamat is 
selected as the study area due to the flooding events that 
gradually occurred for the past few years. Stage 2 
(literature review) is where all the relevant journals, 
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articles and any references is collected act as reviews to 
the previous papers that has been studied. Stage 3 is 
where the data acquisition process being highlighted. The 
data used are LiDAR, ASTER satellite image and 
topography map of Bandar Segamat. Stage 4 explained on 
the results of the sata processing. PCI Geomatica and 
QuantumGIS software is used as tools in processing the 
data. The results of the research study will be analyze and 
being represented in the form of map and simulation of 
flood risk model. Figure 6 shows the flowchart data 
processing steps used in this research study.  
 

 
 

Figure 6 Data Processing Steps 
 
 

VII.  CONCLUSION 
 

Flooding is the most common natural disaster occurs 
in Malaysia. Every year the government need to spend 
almost a billion Ringgit due to flood event all over the 
country. There are studies done by researches on how to 
decrease the effect of the flooding event through flood 
risk management, mapping and flood modelling. The 
usage of GIS and RS technologies in natural disaster are 
increasing for the past few years. This can be proof by the 

growth in number of studies in flood hazard modeling in 
Malaysia that are using the GIS and RS application. In 
this research, it is focusing on the suitability and 
effectiveness of GIS and RS tools in order to be 
implemented in environmental studies. Due to the 
development of technologies nowadays, it is not possible 
for the integration of GIS and RS technologies to be 
extended to more users that may come from different field 
of study. With basic knowledge on the field of study, with 
appropriate tools being used and low cost spend when 
conducting the application, every one who came from 
different background of study can exploring them selves 
in this field. The main contribution of the study was to 
prove that anyone that involved directly or indirectly in 
GIS or RS field are able to perform the similar study 
without the need of high cost, basic knowledge and great 
experience.   
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Abstract:  An automated image processing system has the 
potential to aid ophthalmologist in diagnosing eye retinopathy 
diseases by presenting changes of retina features. One of the 
algorithms involved in the process is blood vessels 
segmentation. This paper proposes development of a Graphical 
User Interface (GUI) system that produces enhancement of 
blood vessels segmentation in digital fundus images. The 
system can help ophthalmologist in improving morphological 
procedures by observing significant features in the processed 
images for early diagnosis. The process of GUI creation is by 
using Qt Creator software while blood vessels segmentation 
methods utilize Canny and other morphology-based techniques. 
The outcome is a better processed image that can be the basis 
for further image enhancement so that eventually a diagnostic 
tool for diabetic retinopathy can be produced.    
 
Keywords: digital fundus image, blood vessels, image processing, 
Graphical User Interface. 
 

I. Introduction 

Diabetes is one of the chronic diseases that have no 
cure. According to Malaysian Diabetes Association, in 2007 
nearly 1.2 million people in Malaysia have diabetes. 
Regrettably, more than half of them did not aware they have 
the disease [1]. Due to diabetes, patients are likely to have 
other complications such as skin disorder, nerve damage, or 
even eye damage known as diabetic retinopathy (DR). 

In Malaysia, DR is the commonest cause of vision lost 
in adult of working age [2]. It is a disease which occurs due 
to excess glucose in the bloodstream. The excess glucose 
weakens the tiny blood vessel in the retina, resulted the 
blood vessel to swell and bleed. This can affect eyesight, 
which can ultimately lead to blindness. Therefore, early 
detection of DR is very important as it can aid in controlling 
severity of diabetes thus preventing blindness. Current 
practice in Malaysia for DR screening is using direct 
ophthalmoscopy [2].  Such method is labor intensive and 
time consuming. However in ophthalmology, digital fundus 
camera provides fundus image data which can be used for 
computerized detection of DR. By combining with an 
advanced image processing technique, a quick and effective 
mass screening for DR would be highly possible. 

In order to aid ophthalmologist to diagnose eye 
retinopathy diseases better, graphical user interfaces (GUI) 
software system is proposed in this work. This research 
delineates a step along the path to providing a user friendly 
diagnostic support tools for the early detection of DR. We 

focus on the blood vessel in the retinal fundus image that is 
affected by diabetes. The proposed GUI is created using the 
Qt Software Development Kit.  

II. Background 

There are several features of DR such as  exudates, 
blood vessels, haemorrhages and microaneurysms. Among 
other structures, retinal blood vessels are the most 
significant structures in fundus images [3]. They contain 
information which can offer lot of useful parameters for the 
diagnosis systemic diseases. However, fundus images 
generally needed to be pre-processed in order to correct the 
problems occur from nonuniform illumination and the 
existence of noise. Lili Xu et. al. [3] and Youssef et. al. [4] 
proved that in RGB image, the green component has the 
highest contrast between the blood vessels and the 
background compared to the blue and red components 
image. Furthermore, green component is less noisy 
compared to other two thus, it contains significant 
information that can be extracted from the fundus image. 
Due to this advantage, each sample was later transformed 
into greyscale image for further segmentation of blood 
vessels. As a result, the blood vessels appear darker in the 
grayscale image. This fact is strongly supported when the 
authors in [5] used green channel of RGB components in 
their wavelet analysis because it displayed the best vessels 
or background contrast. 

There were many techniques being proposed in image 
pre-processing process. The authors in [4] pre-processed the 
images using median filtering followed by contrast 
enhancement using top-hat morphological operations to 
eliminate noise. Cornforth, et. al. [5] used mean filter of 
sized 5x5 pixels for pre-processing input images in order to 
reduce noise effects.  

After the images had undergone pre-processing phase, 
blood vessels extraction was done through application of 
segmentation technique. There are several segmnentation 
methods used in the detection of retinal blood vessels. The 
most common are Canny and Morphology edge detection. 
Both methods were proposed by many authors in this related 
work. In [4], a simple morphological closing operations was 
described to extract the blood vessel tree. By subtracting 
two morphological closing with different sizes structering 
elements has resulted in brighter areas of blood vessels and 
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darker background with contrast higher than that of the 
original image. Meanwhile Kumari et. al. [6] have extracted 
blood vessel of various thicknesses using morphological 
opening and closing operations. The authors proposed that 
subtraction of closed images across two different sizes disk 
shaped structuring element has resulted in the blood vessel 
segmentation of image.  

Canny edge detector is the most widely used compared 
to morphological matched filter as applied by Xiaolin et. al. 
[7]. However, the authors suggested to use bilateral filter 
rather than Gaussian filter to enhance the Canny edge 
detector’s performance. Bilateral filter does not only 
compute weight of distances between pixel locations, but 
also considered the differences between gray values of the 
center pixel and its neighborhood pixels. Thus the Gaussian 
noises and the vessels background noises can be eliminated 
using the bilateral filter. 

Nowadays, there are many types of equipment used to 
aid ophthalmologists in their medical work. Therefore, lot of 
methods was also being proposed by researcher in order to 
detect diseases such as DR. However, GUI vision system is 
still scarce; particularly a system that can compiles all 
methods together and embedded in such that it can be more 
users friendly. Vision system that is based on Web-
telescreening platform and called as DrishtiCare was 
proposed by Joshi GD et. al. [8] This platform integrated a 
variety of value-added fundus image analysis components 
and the service offered as a Web-based platform so that it 
can be more cost-effective, easy to use, and scalable. The 
authors designed a practical interface which enabled with 
new visualization features that helped in examination cases 
by experts. 

In addition, VAMPIRE system was proposed by Perez-
Rovira et. al. [9]. This software allows user to load a set of 
images of various random sizes. Through its interface, the 
user can modified the results efficiently, corrected any 
wrong measurements or neglect any images. All 
measurements and results about the images can be saved in 
Excel files for further numerical analysis. With VAMPIRE, 
user could detect features of the vasculature such as vessel 
width, branching angles, and vessel tortuosity. 

III. Materials & Methods 

A. Image Acquisition 

For blood vessels segmentation, digital fundus images 
were taken from the DRIVE database [10]. DRIVE is a 
database from the internet that is valid to be used by any 
researchers globally for their research work in this area. It 
consists of 40 samples of fundus images, together with 
manual segmentations of the vessels. The 40 images have 
been divided into two set, 20 for training and 20 for test. 
The entire images have been manually segmented by an 

ophthalmologist. All the images in this DRIVE are captured 
using Canon CR5 non-mydriatic 3CCD camera at 45◦ field 
of view (FOV). The images are in standardize size of 
768×584 pixels, 8 bits channel and have a FOV of 
approximately 540 pixels in diameter. The images are 
compressed in JPEG-format. 

B. Blood Vessels Segmentation 

1) Canny’s Algorithm 

 Canny algorithm was applied in the detection of blood 
vessels in this work. The smoothing filter using Gaussian 
filter is the first step needed in canny edge detection as 
described in Fig. 1. After the image has been convolved 
with a symmetric Gaussian, the edge direction is estimated 
from the gradient of the smoothed image intensity surface 
[11].  Then the gradient magnitude is non-maximum 
suppressed in that direction. Thresholds were set based on 
local estimates of image noise using that algorithm. It makes 
use of two thresholds which were upper threshold and lower 
threshold [12]. When a pixel has a value above the upper 
threshold, then it is set as an edge pixel. Meanwhile a pixel 
that has a value more than the lower threshold and also was 
the neighbor of an edge pixel, it is set as an edge pixel as 
well. A pixel is not set as an edge pixel when the pixel’s 
value is below the lower threshold or above the lower 
threshold but not the neighbor of an edge pixel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Steps taken in Canny algorithm 

2) Morphology’s Method 

 To detect blood vessels we used morphology opening 
and closing operations because they can extract the blood 
vessel of various thicknesses. Since green component was 
recommended to be used [4], higher contrast of blood 
vessels that appears as dark regions in brighter background 
were narrowed further by morphological dilation. Fig 2 
shows the fundus image being transformed into the 
respective RGB color components. The very small dark area 
should be eliminated from the image if the dilated image is 
then eroded using the same structuring element while the 
larger region returns to their initial size [4].  
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Fig. 2: (a) original image, (b) green component, (c) blue component, (d) red 
component 

 Morphological closing is defined as dilation followed 
by erosion. A disk shaped structuring element is applied in 
this method. The dilation and erosion of A by B is defined 
as [4]:  

      ( )),(),(max),(1 jiBjyixAyxABA +−−==⊕       (1)             

( )),(),(min),(2 jiBjyixAyxAB  A +−−==Θ       (2) 

      Bji   where ∈,  
 

The vessels have disappeared when closing by larger 
element. Thus, the subtraction of closed images against two 
diverse sizes has resulted in brighter areas of blood vessels 
and darker background with contrast higher than that of the 
original image. The result is the segmented blood vessel of 
the image [6]. The subtraction operation is as follows: 

( ) ( )
1122

' B  BAB  BAC Θ⊕Θ⊕ −=                            (3) 

 
To segment the entire blood vessel, the difference 

between the two structuring elements is set at 4 pixels. The 
image C’ was later thresholded and by using Laplacian and 
Gaussian (log) operator for significant edge detection. After 
that, morphological thinning (erode) was performed to 
obtain the skeleton of blood vessel. 

 
C. Additional function in GUI system 
 

A user friendly GUI application using Qt software was 
used to provide a friendlier platform. This user friendly may 
help the medicine’s people in their work to do the research 
on the DR. Moreover, through this software, each channels 
of the input images for red, green and blue component 
conversion is provided in a button or menu form. Besides 
noise filtering buttons, additional feature such as histogram 
is also provided. From the histogram, values of mean, 
median, mode, variance, and standard deviation can be 
displayed for numerical investigation in further future work.  

IV. Result 

 
Fig 3: Vision system in this project 

Fig. 3 shows the concept of the vision system 
developed in this project so that to make sure that system is 
arranged consistently and can be run smoothly without any 
problem. 

Fig 4: The “Main Window’ 

 

Fig. 5: Input image appeared after clicked the “OPEN IMAGE” 
button. 

After running the application, a window appears as 
shown in Figure 4. Before user can upload an image, all 
other buttons except “open image” button are disabled. 
These buttons are enabled only after the selected image is 
uploaded as in Fig. 5. The next stage involves options given 
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for users to choose the various type of image enhancement. 
They can either choose median filter, Gaussian filter or 
contrast. 

In this project, median filter was set to a 3x3 
neighbourhood sized. This is the default parameter setting. 
As for the Gaussian, the neighbourhood size was set to 5x5. 
For contrast enhancement, the default multiplication value 
setting was set to 2. Basically contrast enhancement works 
by multiplying each pixel in the image with the set 
parameter. 

Histogram equalization was proposed as an alternate 
method to increase the image contrast. The images 
displayed are as in Fig. 6. In addition, there are buttons 
which allow user to select the color channel of image as 
their choice. There are 4 buttons available which one of it 
set for red, green, blue and grey color. One button is created 
to reset the image.  

 
(a) (b) 

Fig 6:  (a) Grayscale image, (b) grayscale image after histogram 
equalization 

Besides, user also able to choose the histogram 
displayed as their extra information. There are 3 buttons 
available which one of its present red color channel 
histogram, blue color channel histogram and green color 
channel histogram. The images displayed are as in Fig. 7 
below. 

(a) 

(b) 

(c) 
Fig 7. Histogram displayed (a) red channel histogram, (b) blue channel 

histogram, and (c) green channel histogram 

 User can now observed the processed image by 
superimpose it with the original fundus image. The resultant 
image is depicted in Fig. 8, where all the significant 
segmented blood vessels are clearly visible outcome from 
the applied proposed method.  

(a) 

(b) 
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(c) 
Fig 8. (a) Original image, (b) Blood vessel segmentation using Canny’s 

method, (c) Blood vessel segmentation using Morphology method 
 

V. Conclusion 

This research work has successfully developed a simple 
and friendly graphical user interfaces (GUI) that provides 
enhancement of blood vessels segmentation in retinal 
fundus images.  The GUI can aid users to perform blood 
vessels segmentation easily in the retinopathy images. 
Canny and morphology edge detection algorithm were 
proposed in order to extract any blood vessel features.  
Several image enhancements’ method such as median 
filtering, Gaussian filtering, histogram equalization, contrast 
and bright was added in this system to improve the 
displayed image before it was being segmented for 
significant features information. The system would help 
ophthalmologist to perform the appropriate morphological 
procedures by observing the required processed images for 
early diagnosis. 

As far as the objective of this work, the system’s 
application is able only to detect the blood vessels in the 
retinal images. Detection of other features of DR (exudates, 
haemorrhages and microaneurysms) and classification 
whether the patient has eye diseases such as DR or not will 
be proposed as extension of this initiative work. Besides, the 
ability for user to dynamically set the various parameter  
values (iteration, threshold, etc) also set as future 
development.  
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Abstract - Malaysia has been well enough qualified in 
order to operate own nuclear power plant for the long 
term energy needs preparation in electricity demands. 
The government has taking a step forward in order to 
reduce the reliance on gas. In this study, the role of 
AHP and GIS in determining the optimum location of 
nuclear power plant is explained, criteria for the site 
selection are outlined and the results for finding the 
optimum location of nuclear power plant are included. 
Raub District in Pahang was selected as a study site 
due to its topography meeting most of the investigated 
criteria. Seven criteria are considered in this analysis 
such as low population density, residential area, the 
access of the river, topography, land use, electricity 
infrastructure and land ownership. Moreover, the 
following steps are performed such as represent the 
criteria in GIS layers, undergo the GIS analysis in 
order to get the several propose sites and classify the 
criteria according to the weight value. The site 
suitability map is effective for assessing and reveals the 
rates of suitability for the nuclear power plant. The 
results of the site suitability assessment showed 
that Site E located at Ulu Dong was the most  
suitable area for locating the nuclear power 
plant, with covers an area of 10063.86 acres or 38 
% of the total area Furthermore, the map provides 
the foundation for decision makers in develop the 
nuclear power plant location.  
                                                                                                                                                                                                                                               
Keywords: Analytical Hierarchy Process, Nuclear Power 
Plants, Multi-Criteria 
 

I. INTRODUCTION 

 
Global energy consumption is significantly increase 
as increase in the population. An estimation being 
made by International Energy Agency, a 53% 
increase in global energy consumption is foreseen 
by 2030 [1].  Currently, Malaysia started to explore 
the benefit of the nuclear power plant for current 
and future generation. It is important for every 
Malaysian to comprehend that nuclear is not just an 
element to create explosive but also create power to 
generate electricity. As a fast industrializing 
country, the demand for electricity will continue to 
rise and keep to the same trend as GDP [2]. 
Malaysia source of energy is highly dependent on 

crude oil, natural gas, hydropower, coal and coke 
(Table 1).     
 
 

TABLE 1. PRIMARY ENERGY SUPPLY SHARE IN 
MALAYSIA [3] 

 
Primary energy 
supply 

Amount (ktoe)  Share (%) 
1990 2008  1990 2008 

Crude oil 12,434 24,494  61.1 38.2 
Natural gas 5,690 27,800  27.9 43.4 
Coal and coke 1,326 9,782  6.5 15.3 
Hydropower 915 1,964  4.5 3.1 
Total 20,365 64,040  100 100 
 
 
According to Malaysian Atomic Energy Licensing 
Board (AELB), Malaysia is well enough qualified in 
order to operate own nuclear power plant for long 
term energy needs in electricity demands. It is 
because of the full rely on coal and gas for getting 
their electricity power is no longer can adapt with 
the future demands. Subsequently, the proposal of 
finding the suitable site for a nuclear power plant 
has been held in order to overcome these issues.          
Analytical Hierarchy Process (AHP) is a multi-
criteria decision making method proposed by T.L. 
Saaty [4]. AHP has been widely applied for site 
selection, evaluation of projects, selection of power 
plants, demand site management and electric load 
forecasting [5][6][7][8].  AHP method is a 
structured approach for dealing with multi-criteria 
decision problems where the decision process are 
defined hierarchy [4]. AHP technique can divided 
into three-step procedure. First, create judgment 
matrix by pair wisely comparing all the factors at 
one level of the hierarchy with respect to each factor 
in the immediate level. Then, compute the 
eigenvector of judgment matrix corresponding to 
largest eigenvalue. Finally, calculate the composite 
priority vector from the local priorities associated 
with each judgment matrix. 
 

The main objective of this study is to determine 
the optimum site for nuclear power plant according 
to criteria of sustainable development including 
safety and environmental issues. AHP has been 
proposed as a systematic approach to set priorities 
and to determine the weight of each criteria. The 
ranking analysis to select the most suitable site with 
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regard to the potential criteria in constructing a 
nuclear power plant is also been investigated.  

 
 
 
 

II. STUDY SITE AND BUILDING AHP 
MODEL  

The study site was Raub, Pahang which covers an 
area of 2,271 km², situated between Titiwangsa 
Range  and Benom Mountain Range at west of 
Pahang (3º 48’ 00”N, 101º 52’ 00” E).  Raub district 
consist of seven(7) sub-district, namely Batu Talam, 
Sega, Semantan Ulu, Dong, Ulu Dong, Gali and 
Tras.  

AHP has been an effective tool in structuring and 
modeling muti-objective problems which can assist 
decision makers to evaluate a problem through a 
series of pairwise comparison of relative criteria [7].  
The decision regarding the selection of optimum 
area for nuclear power plant in Raub was evaluated 
according to the safety and environmental issues. 
For the purpose of this study, it is recommended to 
follow the criteria according to the Regulatory 
Guide of General Site Suitability Criteria for 
Nuclear Power Plant by Office of Nuclear 
Regulatory Research from U.S Nuclear Regulatory 
Commission (1998). Besides, the criteria discuss are 
used only in the initial stage of site selection 
because it does not provide the detailed information 
on the relevant factors. Besides, there are many 
criteria of importance to point in this issue such as 
criteria from Malaysian Nuclear Agency (2008) and 
Siting Nuclear Power Plant in Australia (2007). The 
criteria involved are  

i. Residential area  the population area 
that 8km radius away from the proposed 
site. 

ii. Topography flat land or land with a 
slope of less than 20º. 

iii. Land ownership government or private 
land. 

iv. Land use  forest area or open land. 
v. Near to water sources  site near a river or 

along coastline. 
vi. Population density  low population 

density. 
vii. Electricity infrastructure  appropriate 

existing electricity infrastructure 
 
 

III. GIS DATA PREPARATION  

Followings are the criteria needed for GIS data 
preparation and priorities of each of the criteria;  
 

i. Residential Area 

The preferred sites are most influence at the 
area that away from the residential area. 
The probable area must be located around 8 
kilometers radial distance. The population 
area of 8 km radius away from the 
proposed site will be given the higher 
weight value. 

ii. Topography 

Contour data are needed to acquire a land 
that has a slope of less than 20º. In order to 
get display of surface, Triangular Irregular 
Network (TIN) must be done first using 
ArcMap 3D Analyst. The areas that have 
been categorized as a flat land and have a 
slope less than 20º are to be considered as a 
suitable site for the purpose of installing the 
nuclear power plant.  

iii. Land ownership 

Land ownership that belongs to the 
government would be more preferred. But, 
if there are the private owned lands, it will 
be considered. Reserve land will be 
excluded. Government land of the proposed 
sites will be given the higher weight value. 

iv. Land use 

Land use involved in selection of nuclear 
power plant are in area of Raub are forest, 
residential, open land and reserve land. 
Forest area of the proposed sites will be 
given the higher weight value. 

v.  Proximity to water sources 

To evaluate the suitability of sites, there 
should be the availability of water in the 
quantities needed for nuclear power plant 
for the purpose of cooling system. Luckily, 
the area of Raub has several flow of river 
on it. Site near a river or along coastline of 
the proposed sites will be given the higher 
weight value. 

vi. Population density 

According to the Nuclear Regulatory 
Research from U.S Nuclear Regulatory 
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Commission (1998), the nuclear power 
plant should be far away from the densely 
populated area. The areas that have a low 
population density are more preferred. This 
is for the purpose of reducing the potential 
of property damage in any type of accident 
and plan for the emergency planning. Low 
population density of the proposed sites 
will be given the higher weight value. 

vii. Sub district 

The sub district data which is in the line 
features is use to separate the suitable area 
for the use of classification process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Methodology of GIS Analysis 

 

 

 

 

 

 

 

 

 

viii. Electricity Infrastructure 

Electricity system loses energy as 
electricity is transported through the 
transmission and distribution of network. 
To reduce the transmission losses, the 
nuclear power plant would prefer to be 
sited near the main centers of demand. 
Appropriate existing electricity 
infrastructure of proposed sites given the 
higher weight value 
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A. Site Verification 

In order to obtain the optimum site for the nuclear 
power plant in Raub, Pahang, the intergrating of 
Analytical Hierarchy Process (AHP) with the 
Geographical Information System (GIS) has been done. 
Before proceed to the AHP approach, all the results 
obtained by using the Geographic Information System 
GIS) will be reviewed by visiting the proposed site. The 
aim of this process is to ensure that the results obtained 
are valid and can be used without any obstacles, cost 
and time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Classification according to weight value 

Determination of the criteria’s weight was depending on 
the importance of each criteria in comparison with the 
others in the same factor group. The weight value 
obtained will be use in calculating the final analysis in 
order to determine the optimum site for nuclear power 
plant. The weights value may be applicable if the 
consistency ratio is less than 0.1. If the consistency ratio 
is exceeding 0.1, the Analytical Hierarchy Approach 
(AHP) process needs to be done again. The purposes of 
this application are to facilitate users in computation and 
obtain results more quickly. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
CRITERIA 

 
SITE A 

 
SITE B 

 
SITE C 

 
SITE D 

 
SITE E 

Low population 
density Low Low Low Moderate Low 

Residential Area 
(radius 8 km) Yes Yes Yes Yes Yes 

Near to water 
sources Yes Yes Yes Yes Yes 

Topography 
(Slope less than 

20º) 
Flat land Flat and hilly 

area 
Flat and hilly 

area Flat area Flat area 

Land use of 
forest or open 

land area 

Forest 
(watershed 

area) 

Forest 
(watershed 

area) 

Forest 
(watershed 

area) 

Forest and 
open land 
(watershed 

area) 

Forest 
(watershed 

area) 

Appropriate 
existing 

electricity 
infrastructure 

No No No No No 

Land ownership Government Government Government Private Government 

TABLE 2. RESULTS FROM SITE VERIFICATION 
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Figure. 2. The flow of weight calculation. 

 

 

TABLE 3. THE CLASSIFICATION OF PROPOSED SITE  
ACCORDING TO WEIGHT VALUE 

 

 

 

 

 

 

IV. RESULTS AND DISCUSSION 

 

 There are five(5) suitable sites were 
determined using AHP.  The sites are Site A, Site B, 
Site C, Site D, Site E (Fig. 3).  The results of the site 
suitability assessment showed that Site E located at Ulu 
Dong was the most  suitable area for locating the 
nuclear power plant, with covers an area of 10063.86 
acres or 38 % of the total area. Land use of this area is 
mainly forest that has very low population density and 
situated away from the residential area. There is high 
water sources contribute by the Sungai Dong as a 
primary river for the purpose of cooling process for the 
plant. Besides, it is an advantage for the Site E because 
this land is owned by the government. Thus, it is 
possible to proceed with the nuclear power plant due to 
the government owned land. 
 
  The less suitable area for installing the nuclear 
power plant is located at Site D (Gali 2 sub-district). 
This site covers an area of 9270.54 acres. This  region  
has low water sources for the cooling purpose and 
situated on the open land that currently developed. 
Therefore, population density of this area is a bit higher 
than others and was given low weight value. Besides, 
Site D is owned by private owner which needs a lot of 
time and procedure in land acquisition. This make a 
reason why the government owned land is more 
preferred. 

 

 

 

 

 

 

 

 

 

 

Figure. 3. Optimum site for nuclear power plants 

Proposed 
Site 

Weight 
Value Percentage (%) Rank 

Site A 0.197 20 2 
Site B 0.166 17 3 
Site C 0.135 14 4 
Site D 0.124 12 5 
Site E 0.377 38 1 
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V. CONCLUDING REMARKS 

A GIS-based assessment of the site suitability for 
nuclear power plant can help decision makers to identify  
the optimum areas while promoting the security and 
preservation of environmental areas. The suitability map 
obtained from this study can provide the decision 
makers with useful information to determine the trends 
and spatial distribution of suitability classes for the 
whole area of Raub, Pahang.  

The AHP approach was successfully approve as a 
systematic tool for site suitability assessment which 
integrates with GIS. 
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Abstract— The Sludge Drying Plant (SDP) is the final processing 
facility of Effluent Treatment System (ETS) that produces bio-
sludge cake before it is sent out for final disposal. Due to the 
process disturbances the amount dry solid is reduced 
tremendously. The principal objective of this study is to perform 
a parameter optimization for the SDP through identification on 
the current performance through actual process data analysis 
and identification of the subsystems for optimization. On 
disposal, Kualiti Alam will charge the dried cake sludge based on 
the weight, not on the content; therefore it is only sensible to 
export the dried cake at maximum dryness. Optimized controls 
for the SDP ensures a maximum weight percent solution (wt%) is 
squeezed out through complex computing  from available process 
parameters .  

Keywords-Sludge Drying Plant; process design; parameter 
optimization; effluent treatment system 

I.  INTRODUCTION 
The end product of a typical oil and gas processing plant is 

normally sent to the Effluent Treatment System (ETS), or some 
similar industries may refer it as Water Treatment Facility, to 
be treated before they are being disposed in already made 
available methods, be it dispersing the treated liquid into the 
sea, unused sludge as landfill or through a government 
controlled body for disposal [1]. In most cases of an oil 
refinery, the output of the ETS, also referred as bio-sludge is 
sent to the Sludge Drying Plant (SDP) in which it will perform 
the final processing batch of a wet sludge to produce a cake 
like product, is sent for disposal through the government 
controlled body with a cost on the industry. The main purpose 
of the SDP is to treat the bio-sludge generated from the existing 
ETS or Wastewater Treatment Plant to a suitable dryness for 
ease of disposal. However, the problem faced by some specific 
Oil & Gas Processing Plant is the inability to sustain the low 
processing cost for dry solid disposal and in turn reflect the un-
optimized processing equipment and high financial 
implication. The dryness of the processed bio-sludge is 
measured in weight percent solution (wt%), in which the 
efficiency is considered high when the wt% is high. In an ideal 
case with all the series of processes are at optimum level of 
operating, the wt% may reach as high as 90 wt%. Lacking of 
control due to process disturbances will reduced the amount of 
dry solid tremendously. A number of industries have already 
applied parameter optimization and have significantly showed 

a high impact on finance [3]. For parameter optimization, data 
collection is based on normal actual operating parameters such 
as flow rate, percentage of dry solid and solid weight, each 
taken on random intervals to increase the chances of 
identifying the different bio-sludge properties per process 
batch. Picture 1 is a typical setup of a Sludge Drying Plant. 

 

 

Picture 1.       A typical installation of a Sludge Drying Plant on an Oil and 
Gas Processing Plant.   

 

II. PARAMETER OPTIMIZATION 
System optimization requires understanding on the type of 

process and medium and the sensors that the system is 
managing for each of the main components and also the 
equipment capability to deliver at optimum level. For a 
successful parameter optimization on a complex process as the 
SDP, as much data is required to assess the current 
performance. Data collection for parameter optimization is 
summarized in Table I. Optimization on the sensors may 
include defining the best measurement range. Each of the 
sensors and equipment is analyzed and compared with the 
targeted operating parameter to reach 90wt% optimization.  
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TABLE I.  DATA COLLECTION FOR PARAMETER OPTIMIZATION 

Item Optimization description 

Flow rate and pressure Data analysis to determine the process 
bahaviour. 

Chemical consumption Data collection on the volume usage per 
batch process 

Pump operation and 
lubricant oil level 

Capture pump’s efficiency through abnormal 
noise and vibration during operation. 

Mixer operation Observation on abnormal noise and 
vibration during operation. 

Polymer feeder 
operation Leak test at injection facility.  

Filter press system Inspection for abnormal noise and vibration. 
Leak inspection during feeding mode. 

Diaphragm pump 
operation Pressure test, leak test 

Programmable logic 
controller Data collection on PLC cycle time 

 

III. DATA ANALYSIS 
A pilot study on data collection to estimate the current 

deviation from target is shown in Table II. These data are taken 
on random intervals to ensure variation on the sample 
properties during normal operation. Efficiency deviation of the 
sensors and the equipment from the targeted optimized level 
are treated as disturbance.  The observed dry solid, solid weight 
and flow rate are benchmarked against the desired output. 
Based on the pilot study results, the calculated deviation from 
the target ranges from 45.7% to 52.7%. On this normal process 
the percentage of dry solid only reaches up to 35% dry solid 
compared to a target of 90% dry solid. 

 

TABLE II.  DATA COLLETION ON PILOT STUDY 

Dry Solid 
(%) 

Solid weight 
(Ton) Flow rate (m3/hr) Deviation from 

target (%) 

25 0.47 2.4 52.3 

27 0.45 2.7 48.7 

30 0.44 2.1 52.3 

29 0.46 2.2 50.7 

35 0.45 2.6 45.7 

a. Only showing a few number of data for paper reference. 

 

 

 

 

Figure 1.         A representation of a simple 3 layer artificial neural network 
with one output. 

IV. RESULT AND DISCUSSION 
Pilot study showed there is correlation between amount of 

dry solid and flow rate. Analysis also showed that the current 
efficiency of the overall system is only 50% efficient. Results 
from the pilot study showed that this process is indeed 
nonlinear. To close the gap of 40% optimization, a model 
based control strategy can be implemented as this nonlinear 
process can be optimized through Artificial Neural Network 
(ANN) [2]. To perform such optimization on SDP’s complex 
process, the processes executed has been distinguished and 
treated as separate subsystem during performance gap 
identification but treated as a whole during ANN 
implementation. The identified subsystems on the SDP are the 
main programmable logic controller (PLC) that controls the 
overall process sequence, the chemical dosing system as the 
coagulate agent, and the non-fuel dryer system. On parameter 
optimization for all these subsystems, the SDP will produce up 
to 90wt% solid content. Due to process nonlinearity and 
inconsistent repeatability, the process optimization can be 
visualized through ANN shown in Figure 1 [4].   

 

The parameters on the input layer of the neural network 
must be a crisp representative of the processes in order to 
achieve the desired output. To implement ANN, the 
optimization on the identified three major subsystems is treated 
separately. To prevent too many hidden layer on the ANN, the 
development of ANN is implemented separately on each 
subsystems. The outputs of these subsystems will then be an 
input to the overall ANN, as a complete system. Figure 2 is 
visualization on the ANN to be implemented.  
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Figure 2.         A brief visualization of the ANN implementation on there 
subsystems’ output as an input on another hidden layer.  

 

In producing the algorithm, mathematically, ANN function 
(i.e. )  is defined as a composition of other functions 
(i.e.  ). In which this can further be defined as a 
composition of other different functions. Putting this together, 
this can be represented as a network structure, with arrows 
depicting the dependencies between variables, as shown in 
Figure 2.  

 

In ANN, a widely used type of composition is the nonlinear 
weighted sum, where: 

 

,  

 

where , also commonly referred to as the activation 
function, is some predefined function. 

 

Training a neural network model simply means selecting 
one model from the set of allowed models that minimizes the 
cost criterion, similarly as stated in a Bayesian framework, 
whereby, determining a distribution over the set of allowed 
models. A few numbers of algorithms are available for training 
neural network models, in which they can be viewed as a 
straightforward application for optimization and as statistical 
estimation. 

 

For the ANN on the SDP to be implemented with the 
ability to learn, a different set of task must be implemented. For 
example, given a specific task for an ANN to solve, and 
a class of functions, (i.e. ), learning means using a set 
of observations to find  which solves the task in the most 
logical and optimal sense. 

 

The process is further elaborated on the defining a cost 
function: 

 

 ,  

in such that, for the most logical and  optimal solution, that 
is defined by  , the logic must be within:  

 

    

 

In a logical sense, no solution has a cost less than the cost 
of the optimal solution. 

 

The cost function (i.e. ) is an important concept in ANN 
learning. The measurement of how far away a particular 
solution from the desired solution is determined through the 
cost function. This learning algorithms search on the solution 
space to find the most suitable function that has the smallest 
possible cost. 

 

For Sludge Drying Plant application, where the solution is 
highly dependent on some data attained from sensors, the cost 
must necessarily be a function of the observed value (i.e. 
Process Value (PV)), otherwise the ANN will not be modeled 
in relation to the data. This can be defined as a statistical 
calculation to which approximations can be made. To further 
elaborate this application on the SDP, consider the problem of 
a subsystem optimization via the model , which minimizes 

 

 ,  

for data pairs (i.e. ) extracted from a distribution 
(i.e. ). 

 

In a practical situation, we would only have  samples 
from distribution  and thus, we would only minimize 

 

.  

 

This would then cause the cost to be minimized over a 
sample of the data rather than the entire data set. 

 

As for real time learning, where  some other form 
of machine learning must be used, where the cost is minimized 
as each new sample is seen.  
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V. CONCLUSION 
Pilot study showed a nonlinear process and utilizing 

conventional controls is not enough for optimization. With 
current performance, the SDP is only capable of performing up 
to an average of 50% efficiency. Converting the SDP’s current 
performance into money value, the industry is losing up to 
RM1.3 million annually on normal operation due to un-
optimized system. To close the 40% gap from the targeted 
performance, this study has identified three major subsystems 
namely the main PLC, the chemical dosing system and the 
non-fuel dryer system, that each requires fine tuning. For future 
study to ensure reliability, repeatability and efficiency of the 
SDP, an ANN must be implemented. This would increase the 
output cake up to 90wt% solid content. To further increase the 
SDP capability and efficiency, more analog sensors, equipped 
with Line Monitoring system must be installed, with 
diagnostics features. There are many different methods today 
to implement ANN with learning capability and merging the 
hardware redundancy controller would increase the uptime of 

the system and comparative block would ensure the calculation 
is done two ways and compared for deviation. 
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Abstract— An active power filter with single phase matrix 
converter topology is presented to reduce the THD of the input 
current, output current and output voltage of the system which is 
the main analysis in this paper. AC-AC converter topology 
switching strategy is used in the SPMC which is controlled by the 
current control closed-loop circuit or also known as active current 
wave-shaping technique. In order the AC-AC SPMC to operate and 
synthesize as an active power filter, the input supply current is 
being compensated by current control closed-loop circuit to 
produce the SPWM signal to be injected to the switches used which 
are the IGBTs. The work has been done using Matlab/Simulink 
simulation and the results are being compared to the same 
simulation done in open-loop method without using the active 
current wave-shaping technique. 

Index Terms—Insulated Gate Bipolar Transistor (IGBT), Single 
Phase Matrix Converter (SPMC),Sinusoidal Pulse Width 
Modulation (SPWM), Active Power Filter. 

I.  INTRODUCTION 

The matrix converter has received considerable attention in 
recent years because of some appealing operational characters. 
Namely, sinusoidal input and output waveforms, bidirectional 
power flow, controllable input power factor, absence of energy 
storage reactive elements, and compact size[1]. 

Direct ac–ac converters have a number of advantages 
compared to dc link converters. In such converters, power is 
converted from ac fixed-frequency fixed-voltage to ac variable-
frequency variable-voltage without any intermediate dc link[2]. 
These converters are becoming popular due to the availability of 
better switching devices. The matrix converter introduced by 
Venturini and Alesina in 1979 is the most general converter-type 
in the family of ac–ac direct converters. Its topology was first 
proposed by Gyugyi in 1976. The converter offers an all-silicon 
solution for ac–ac power conversion[3]. The single phase 
version named single phase matrix converter was first 
introduced by Zuckerberger[4]. Other SPMC topology was 
studied by S.H. Hoseini[5] and Abdullah Khoei[6].  

However, the application of matrix converter may contribute 
high harmonic distortion that could affect the utility system and 
the electricity distribution. It does not only disturb the utility 

system, many other problems might occur due to the harmonic 
distortion. Thus, filtering circuit is required in order to attenuate 
the total harmonic distortion produced. Filtering is a method to 
reduce harmonics in an industrial plant when the harmonic 
distortion has been gradually increased or as a total solution in a 
new plant. There are two basic ways to achieve harmonics 
cancellation or reactive power compensation and improve the 
power quality of a power system. They are passive filtering and 
active filtering [5]. 

This paper represents the implementation of current control 
closed-loop circuit to perform as harmonic filtering method in 
AC-AC single phase matrix converter by using Matlab/ 
Simulink in order to improve the total harmonic distortion of the 
input current, the output voltage and output current. A 
comparison procedure is carried out between a simulation of 
SPMC with open loop operation and SPMC with current control 
closed-loop circuit.  

II.  SINGLE PHASE MATRIX CONVERTER 

The Single-Phase Matrix Converter consists of a matrix of 
input and output lines with four bidirectional switches 
connecting the single-phase input to the single-phase output at 
the intersections[4]. It comprises of four ideal switches S1, S2, 
S3 and S4 capable of switching between states without any 
delays, conducting current in both directions, blocking forward 
and reverse voltages (symmetrical devices)[2]. Figure 1 shows a 
single-phase matrix converter. 

 
Figure 1:  Representation of a Single-Phase Matrix Converter 
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Figure 2: SPMC circuit configuration 

 
Nowadays, there is no bidirectional switch semiconductor 

that has the capability of blocking voltage and conducting 
current in both directions available in the market that is required 
for the application of the matrix converter[7]. However, as in 
Figure 3, in order to fulfill the requirement, two IGBTs are used 
back to back that functions as bidirectional switch for the matrix 
converter. It is common emitter anti-parallel IGBTs with diode 
pair. Diodes are used to provide reverse blocking capability of 
the switch itself[3]. The IGBT is popularly used since its high 
speed switching capabilities and high current carrying capacity 
desirable amongst researchers for high power application. In 
SPMC, there would be four bidirectional switches required.  

 
Figure 3: IGBT module 

 
In this paper, the analysis on the SPMC would be for ac-ac 

converter. The frequency been used is 50Hz.  

 
Figure 4: Sinusoidal input and synthesized output 

 
The input and output voltage is given by (1) and (2) 

respectively while loads represented in (3). 

 
Subscript i denote input, whilst o denotes output. 

III.  SWITCHING STRATEGY 

The switching strategy used in these studies is based on 
implementation of SPWM as proposed in[3]. Power switches 
comprising IGBTs in the SPMC circuit are controlled where the 
switching angles, of the 4 bi-directional switches uses the form S 
(i = 1,2,3,4 and j = a,b), where 'a' and 'b' represent drivers one 
and two respectively. The switching pattern is based on TABLE 
1[8]; 

• At any time’t’, only two switches Sij (i = 1,4 and j =a) will 
be ON state and conduct the current flow during the positive 
cycle of input source (state 1), with S2b turn ON for 
commutation purpose. 

• At any time’t’ only two switches Sij (i = 1,4 and j = b) will 
be in 'ON' state and conduct the current flow during negative 
cycle of input source (state 2), with S2a ON for commutation 
purpose. 

TABLE 1: SEQUENCE OF SWITCHING CONTROL 
Operation 

Switches Positive cycle 
(State 1) 

Negative cycle (State 
2) 

S1a ON OFF 

S1b OFF ON 

S2a OFF ON 

S2b ON OFF 

S3a OFF OFF 

S3b OFF OFF 

S4a OFF OFF 

S4b SPWM SPWM 
 

 
Figure 5: State 1 (positive cycle) 

 
Figure 6: State 2 (negative cycle) 

 

For the SPMC switching algorithm in this paper, the input 
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frequency is 50Hz and the output frequency will also be 50Hz. 
So that, state 1(for positive cycle) and state 2 (for negative 
cycle) are used for the switching strategy in this paper.   

During positive cycle of the input source, S1a and S2b is 
maintained in ON state. Here, S4a is the controlling switch to 
synthesize the SPWM pattern. S1a acts to complete the loop for 
the SPWM return and acts in conjunction with S2b to provide 
freewheeling operation whenever S4a is turned OFF. Due to the 
turn-off IGBT characteristic, where the tailing-off of the 
collector current will create a short circuit with the next switch 
turned on, this is impossible for the SPMC switching sequence 
to be instantaneous and simultaneous. As a solution, the nature 
of operation of the commutation period has to be extended over 
the dead time period to allow for the energy to dissipate and 
hence the current reversals due the inductive loads are 
eliminated[2].  

During negative cycle of the input source, S1b and S2a are 
maintained at continuously ON state while S1b to complete the 
loop for the SPWM return and act in conjunction with S2a to 
provide freewheel operation whenever S4b in turned OFF. Here, 
S4b is the controlling switch to synthesize the SPWM pattern. 

IV.  HARMONIC ATTENUATION 

Conventionally, passive filter is used widely in the industry 
application in solving the harmonics pollution problem due to its 
low cost and high efficiency[9]. However, there are also 
disadvantages of using a passive filter. The resonance may occur 
between power impedances and passive filter. Moreover, the 
effect of harmonics suppression is highly influenced by 
impedance and its own parameters[10]. Then, the solution of the 
harmonics suppression has been discovered by developing an 
active filter[10]. Active filter is another effective way of 
providing harmonic attenuation and reactive power 
compensation. High power active components are becoming 
cheaper and offering improved performance as the power 
electronics technology has been developing and expanding 
power electronics industry. These filters can be applied as a 
controller for harmonic current or voltage elimination, terminal 
voltage regulation, neutral current compensation, reactive power 
compensation, voltage balance improvement and voltage flicker 
suppression. On the other hand, it still has the drawbacks. As in 
series connected active filter, it only compensate voltage 
harmonics and also for the short circuit at the load end due the 
short circuit current pass through the series transformer winding 
thus may overload the transformer[11]. 

As in previous studies,[9] shunt hybrid active power filter 
was used to attenuate different order harmonic components 
applied in three phase system that is connected to non-linear 
loads. Same goes with [10], three phase system with shunt 
hybrid active filter was studied to prove that it could improve the 
performance of the passive filter. Differently with [12], the 
analysis of classification and characteristics of active filter has 
been done. The review has contributes loads of aid in analyzing 

and evaluating the various technique in a subjective fashion of 
the active filters. A study on single switch parallel active filter in 
a single phase hybrid active filter  has been done in [13] that 
focusing on the application of shunt active power filter in 
conjunction with a passive filter. 

 In this paper, passive filter and series active power filter are 
used in the simulation in order to compare the results obtained 
from each type of filter application. The active power filter 
operation that is applied to the project is based on the studies in 
[14-16]. However, the application of those previous papers was 
done to a rectifier single phase matrix converter topology in 
order to compensate the supply current. Meanwhile, in this paper 
AC-AC single phase matrix converter topology is utilized for the 
current control closed-loop circuit operation to reduce the ripple 
current on the other hand improving the THD and the output 
voltage of the system. 

V.  SIMULATION AND PROPOSED CURRENT CONTROL 
CLOSED-LOOP CIRCUIT 

As in previous study, a controlled rectifier using SPMC 
topology incorporating active power filter was done to ensure 
that the supply current is continuous, sinusoidal and in phase 
with the voltage[14-16]. In classical rectifier with DC capacitor 
filter, a discontinuous supply current is drawn which contained 
high harmonic distortion level affecting the quality of the power 
supply system.  

 However, by applying direct AC-AC converter using 
SPMC topology, different switching strategy is used as 
mentioned above in chapter 3. The supply current produced 
contains ripple current that contributes to high total harmonic 
distortion level. Other than that, the output voltage of the AC-
AC SPMC is a bit lower than the supply voltage 150V (peak).  

 In order to solve the problems occurred; a supply current 
control closed-loop circuit is implemented to the AC-AC SPMC 
to produce the sinusoidal pulse width modulation (SPWM) to 
control the operation of the SPMC switches. In the proposed 
technique, low pass RL filter (R=10ohm, L= 0.1mH) is used in 
conjunction with the current control closed-loop circuit in order 
to mitigate the ripple of the supply current. High frequency 
harmonic content is being rejected and passes through the lower 
frequency. As for the current control closed loop circuit, the 
supply current is being tapped from input supply before the low 
pass filter using a current sensor and being compared to the 
reference signal. The compared signal then is corrected using 
peripheral integral controller. The corrected signal is compared 
with the triangular repeating sequence to produce the SPWM. 
The SPWM signal is then injected to the IGBTs’ gate to control 
the switching sequence. A switching frequency of 6 kHz is 
proposed in this paper in order to generate instantaneous 
switching that is required for the SPMC.  
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VI.  RESULTS AND DISCUSSION 

The single-phase matrix converter has been simulated using 
SimPower system block in Matlab/Simulink software program. 
The operation of ac-ac converter is applied according to the 
switching strategy as mentioned above. The SPMC is modeled 
with 50Hz frequency AC single phase supplies at 150V (rms) 
and was loaded by passive R-L load. At the first stage, the 
simulation has been done using open loop method with a 
constant of 0.7 modulation index without using the PI controller 
to produce the SPWM signal to be injected into the switches 
involved. With the passive filter attached in between the input 
supply and the switches, the input current ripples is being 
reduced with 13.35% THD. The input current amplitude is 
18.15A (peak) or 12.83A (rms). The output current measured is 
2.847A (peak) or 2.013A (rms) with 3.21% THD. The output 
voltage recorded as 142.4V (peak) or 100.7V (rms).  All the 
waveforms obtained also have been captured and recorded.  

Then, the next similar simulation using the same SPMC 
topology with a passive RL filter insertion in conjunction with 
current control closed-loop circuit is done as shown in figure 8. 
PI controller is used to do the correction for the error compared 
between the input current tapped from the input supply with the 
reference current signal. With that, the input current is corrected 
by reducing the ripples. The input current measured is 24.41A 
(peak), 17.26A (rms) with 3.86% THD while the output current 
measured is 5.088A (peak), 3.598A (rms) with 3.24% THD and 
the output voltage is 179.9V (rms) or 254.4 V (peak).  

From the simulation result recorded, it is shown that the 
output voltage has been stepped up from 142.4V (peak) to 
254.4V (peak) which contribute to 78.65% of percentage 
increase. Meanwhile, the input current is 34.49% increased and 
the output current has 78.71% of percentage increase. On the 
other hand, the input current THD has been reduced from 
13.35% to 3.86% makes it 9.49% of reduction.  

 
Figure 7: Single Phase Matrix Converter with Current Control Closed-loop 

circuit 

Figure 8:  Current Control Closed-loop Circuit 
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Figure 9: Supply voltage 
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Figure 10: Supply current; a)Before compensation b) After compensation 
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Figure 11: Input signal; a) before compensation b) after compensation 
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Figure 12: Output voltage; a) Before compensation b) After compensation 
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Figure 13: Output current; a) Before compensation b) After compensation 
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Figure 14: Output signal; a) Before compensation b) After compensation 
 
TABLE 2: COMPILATION OF RESULT 

 

Signal 
Analysis 

 

Before 
compensation 

After 
compensation 

 

 

Input 

Fund. 
component 

 
18.15(peak) 24.41(peak) 
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current  

THD 
13.35% 3.86% 

Output 
current 

Fund. 
component 2.847(peak) 5.088(peak) 

THD 3.21% 3.24%

 

VII.  CONCLUSION 

In this paper, a study on the simulation of a direct AC-AC 
converter using single phase matrix converter topology in 
conjunction with the application of the active power filter 
operation has been implemented. It is proven from the result 
obtained that by using the current control closed-loop circuit, the 
AC-AC SPMC operation itself could be improved in terms of 
the THD reduction of supply current and also the output voltage 
of the system.  
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