


* (MS) = Main Supervisor       (CS) = Co Supervisor
25

U n i v e r s i t i  T e k n o l o g i  M A R A  ( U i T M )

Name  :  Mustafa Jabbar Hayyawi

Title  :  Design and Implemtation of a Real-Time Adaptive Learning 
  Algorithm Controller for a 3-DOF Parallel Manipulator

Supervisor  :   Associate Prof. Dr. Ahmad Azlan Mat Isa (MS)

        Prof. Ir. Dr. Hj. Ahmed Jaafar (CS)  

   Prof. Ir. Dr. Abdul Rahman Omar (CS) 

Name  :  Syamimi Shamsuddin

Title  :  Development of Human-Robot Interaction (HRI) Methodology for 
  Autism Rehabilitation using Humanoid Robot with a Telerehabilitation  
  Platform

Supervisor  :   Associate Prof. Dr. Hanafiah Yussof (MS)

         Dr. Salina Mohamed (CS)

   Dr. Fazah Akhtar Hanapiah (CS)

A parallel manipulator is a closed loop mechanism which consists of a 
moving platform that is connected to a fixed base by at least two kinematic 
chains in parallel. Parallel manipulators can provide several advantages, 
such as high stiffness, high accuracy, and low inertia but also have some 
disadvantages, such as small workspace, complicated structures, a high 
cost, and also pose a major challenge to their analysis and control. To 
overcome the above shortcomings, progress on the development of parallel 
manipulators with less than 6-DOF has been accelerated. In this thesis, a 
new parallel manipulator with three degrees of freedom DOF is designed. 
Kinematic of the manipulator including inverse kinematic, Jacobian matrix 
and velocity equation are analyzed. Performance indices such as workspace, 
dexterity and stiffness, of the parallel manipulator are studied. The parallel 
manipulator is optimized based on the performance indices to obtain on 
the optimal design parameters for achieved maximum performance of 
the parallel manipulator. A prototype was fabricated to demonstrate the 
manipulator. An electronic board, transistor relay driver circuit, is designed 
for the purpose of establishing communication interface between the 
computer, adaptive learning algorithm and the actuator mechanism. Design 
and development an adaptive learning algorithm controller ALAC of 
position the actuators is presented in real time parallel manipulator based 
on artificial neural network ANN. The control of a parallel manipulator 
based on joint space control is implemented by determine the lengths of 
the electrohydraulic actuators EHA individually. EHA are known to have 

Advances in technologies and improvements in diagnostic procedures have 
contributed to the rising number of autism detection worldwide. Autism is a 
brain disorder that affects behaviour, communication and social interaction. 
The use of intelligent robots to rehabilitate children with autism hosts great 
untapped potential. Robots offer rehabilitation applications that are accurate, 
motivating and repetitive. However, validity and access to such intervention 
are still scarce. This research investigates the potential use of a humanoid 
robot as an adjunct rehabilitation tool to assist children with autism. The focus 
is also on developing a single, web-based platform that enables stakeholders 
in autism rehabilitation to gain access to robotic applications. A robot in 
human shape has great potential to generalize the skills learnt during human-
robot interaction to human-human interaction scenarios. The humanoid robot 
used in this study is NAO. It has moderate degree of likeness to human. 
Children with autism prefer robots with simplified features. NAO is also the 
most widely used humanoid platform by engineering and clinical researchers 
in autism research. The first objective analyses the behaviour response of 
children with autism when exposed to a humanoid robot for the first time. 
The pilot experiment took place at NASOM Titiwangsa, a special school for 
children with autism. A 24-items behaviour score sheet was developed as 
an observation instrument to measure the children’s responses. Qualitative 
results from video evaluations showed that for the subscale of stereotyped 
behaviour and communication, 10 children responded positively with 
reduced autistic behaviour when the robot was present. For social interaction 
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nonlinear parameters and dynamic factors such as frictions, load variations 
and leakage. These effects, if not controlled, would lead to large scale 
oscillations that would damage system components. System identification 
is a prerequisite to analysis of a dynamic system. It is performed using 
neural network Auto Regressive with eXogenous (NNARX) model based 
on the input/ output experimental data. There some criteria such as loss 
function, Aikeke’s Information Criterion, goodness of fit and correlation 
analysis of the residual are analyzed to determine the adequate model 
for representing the EHA. The real time ALAC is coded in MATLAB 
/ SIMULINK and consists of two inverse ANN, feed forward neural 
network ANN1 and feedback network ANN2, and proportional feedback 
controller (P). The ANN2 is used to update the weights and biases online 
while ANN1 is used to implement the controller. Pcontroller is designed 
to improve the controller system and ensure the stability. The updated 
weights and biases of the ANN1 are same set obtained ANN2. The results 
of the proposed controller were compared with direct inverse neural 
controller DINC. It was found from experimentation that the ALAC 
was able to improve the position control of the parallel manipulator 
and adjusted the weights according to changing condition and control 
the system without any changes in the controlling algorithm. It is still 
effective with few overshoot compared with DINC.

subscale, 7 children showed encouraging responses. In addition, children 
with higher IQs (more than 80) responded better to robotic interaction. 
Next is the assessment study of the quality of the behaviour score sheet. 
Based on the expert opinion method, the instrument was found to have good 
validity. More than 67% of all experts scored at least 3 on the 5-point Likert 
scale. In reliability; high internal consistency was seen with a Cronbach’s 
alpha of 0.872 for the whole tool. As a continuation from the pilot study, 
more interaction contents involving child and robot are in need. New robot 
scenarios that are socially engaging based on the pre-school curriculum 
for children with special needs by the Ministry of Education Malaysia 
and the Applied Behavioural Analysis (ABA) technique were developed. 
This resulted with six new programs choreographed with body movements 
and interaction dialogues to fit the purpose of the robot as a learning tool. 
The interaction scenarios were co-developed with experts from the special 
education and medical fields. In the final stage, a telerehabilitation platform 
was developed and tested for its usability by therapists. The RoBIn website 
enables access of robotic technology to a larger population regardless of 
location. Survey results show that RoBIn provides an acceptable usability 
level based on System Usability Scale (SUS) scores. In addition, 80% 
therapists agree that their overall first-time experience in using RoBIn’s 
website was good. This study was the first of its kind in Malaysia to develop 
a rehabilitation system involving robots to aid the autism population via the 
telecommunications technology.




