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ABSTRACT

Steam distillation technique is a common method being used in essential oil
productionfrom botanical plants. The process depends on the pressurized steam and
temperature that circulates through the materials inside a container. Some of the
material is sensitive to high temperature where it could harm or alter the compound of
the oil and it will decrease the therapeutic value of the essential oil. A proper
temperature control technique is needed in order to maintain the suitable steam
temperature to avoid an overheating of the material. This study proposes a Model
Predictive Control (MPC) controller for steam distillation essential oil extraction
process. MPC is a model based control algorithm which applied a model to predict for
the future output over a prediction horizon. An ARX model was estimated based on
the input and output data using system identification method as a prediction model for
MPC. The PID controller was designed based on the Ziegler-Nichols tuning method
for the benchmarking purpose.Both controllers design were restricted with an input
voltage boundary and the ideal temperature was set as 90°C. They were evaluated with
noise disturbance test and reference tracking capability. The results illustrated that
MPC can provide a better control solution with better step response performance
smaller deviation from the set point was recorded in term of IAE and RMSE. Apart
from that, MPC shows a good tracking capability with minimal energy consumption
compared to PID which required more energy in order to compensate the disturbances.

il



ACKNOWLEDGEMENTS

Alhamdulillah, all praises be to Allah S.W.T for His guidance and blessing for me to
finish this research.

I would like to express my sincere appreciation and gratitude to my supervisor,
Professor Dr. MohdNasirTaiband my co-supervisor Dr. MohdHezrifor their
enthusiastic guidance, invaluable help, encouragement and attention throughout this
study.

Last but not least, my deepest gratitude to my husband for his encouragement
intellectually and morally and also my beloved sons Muhammad Hafiy and
Muhammad Faheem. Having both of you is the most precious gift and blessing from
Him. Not to forget my parents and family member for their concern and support
through this journey.

Finally, I would like to thank all the ASPRG members and friends for the information
sharing and fruitful discussion related to my research work.

v



TABLE OF CONTENTS

Page

AUTHOR’S DECLARATION ii
ABSTRACT iii
ACKNOWLEDGEMENTS iv
TABLE OF CONTENTS \%
LIST OF TABLES ix
LIST OF FIGURES X
LIST OF SYMBOLS xiii
LIST OF ABBREVIATIONS xiv
CHAPTER ONE: INTRODUCTION
1.1 Thesis background 1
1.2 Problem Statement 3
1.3 Thesis Objectives 3
1.4 Scopes of Study 4
1.5 Thesis Layout 4
CHAPTER TWO: LITERATURE REVIEW
2.1 Introduction 6
2.2 Essential Oils and Its Application 6
23 Essential Oil Extraction Technique 7

2.3.1 Temperature Effect on Steam Distillation Extraction 8

Process
2.4 Process Model 9

2.4.1 Analytical Model Of Steam Distillation Process System 10



	ABSTRACT
	TABLE OF CONTENTS
	CHAPTER ONE: INTRODUCTION
	1.1 THESIS BACKGROUND
	1.3 THESIS OBJECTIVES
	1.4 SCOPES OF STUDY
	1.5 THESIS LAYOUT

	CHAPTER TWO: LITERATURE REVIEW
	2.1 INTRODUCTION
	2.2 ESSENTIAL OILS AND ITS APPLICATION
	2.3 ESSENTIAL OIL EXTRACTION TECHNIQUES
	2.3.1 Temperature Effect on Steam Distillation Extraction Process

	2.4 Process Model
	2.4.1 Analytical Model of Steam Distillation Process System Identification

	2.5 SYSTEM IDENTIFICATION
	2.5.1 Experiment and Data Collection
	2.5.2 Model Structure Selection
	2.5.3 Parameter Estimation
	2.5.4 Model Validation

	2.6 ADVANCED PROCESS CONTROL
	2.6.1 Steam Distillation Process Control.

	2.7 HISTORY OF MODEL PREDICTIVE CONTROL (MPC)
	2.8 MPC DESIGN TECHNIQUE
	2.8.1 Prediction Model
	2.8.2 Tuning Parameters
	2.8.3 MPC Tuning Guidelines

	2.9 PROPORTIONAL, INTEGRAL AND DERIVATIVE (PID) CONTROLLER
	2.10 CONTROLLER'S PERFORMANCE ASSESSMENT
	2.11 CHAPTER SUMMARY

	CHAPTER THREE: THEORETICAL BACKGROUND
	3.1 INTRODUCTION
	3.2 DEVELOPMENT OF PROCESS MODEL
	3.2.1 Data Collection and Data Preparation
	3.2.2 Auto Regressive Exogenous (ARX) Model Structure
	3.2.3 ARX Parameter Estimation
	3.2.4 Model Validation

	3.3 LINEAR MODEL PREDICTIVE CONTROL (MPC)
	3.3.1 General Concept of MPC

	3.4 PARAMETER TUNING
	3.4.1 Prediction Horizon, p
	3.4.2 Control Horizon, m
	3.4.3 Control Weighting

	3.5 PROPORTIONAL, INTEGRAL AND DERIVATIVE (PID) CONTROL
	3.6 PERFORMANCE EVALUATION
	3.7 CHAPTER SUMMARY

	CHAPTER FOUR: METHODOLOGY
	4.1 INTRODUCTION
	4.2 PLANT DESCRIPTION
	4.3 EXPERIMENTAL SETUP AND DATA COLLECTION
	4.4 DEVELOPMENT OF PROCESS MODEL
	4.4.1 Data Collection and Analysis
	4.4.2 ARX Model Estimation
	4.4.3 Model Validation

	4.5 MPC DESIGN
	4.5.1 Parameter Tuning
	4.5.2 Closed-Loop Simulation Study

	4.6 PID CONTROLLER DESIGN
	4.7 CONTROLLER'S PERFORMANCE ASSESSMENT
	4.7.1 Introduction of Noise into the System
	4.7.2 Set Point Tracking

	4.8 CHAPTER SUMMARY

	CHAPTER FIVE: RESULTS AND DISCUSSION
	5.1 INTRODUCTION
	5.2 DATA COLLECTION AND DATA PRE-PROCESSING
	5.2.1 Step Test
	5.2.2 Magnitude Scaling
	5.2.3 Data Separation

	5.3 ARX MODEL ESTIMATION
	5.3.1 Model Validation

	5.4 MPC DESIGN
	5.5 PID CONTROLLER
	5.6 STEP RESPONSE ANALYSIS
	5.7 INTRODUCTION OF NOISE INTO THE SYSTEM
	5.8 SET POINT TRACKING
	5.9 CHAPTER SUMMARY

	CHAPTER SIX: CONCLUSION &  RECOMMENDATIONS FOR FUTURE WORK
	6.1 CONCLUSION
	6.2 FUTURE RECOMMENDATIONS

	REFERENCES
	APPENDICES



