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Foreword by Dean

Editorial Note

Thank you.

Chief Editor

The current volume of INNOVATE which is the fifth in 
the series is a successful annual effort of the Faculty of 
Engineering and Built Environment (FKAB), Universiti 
Kebangsaan Malaysia. In this issue of research bulletin 
an overview of current research in the FKAB, research 
groups activities, technical abstracts and abstracts of 
Ph.D thesis are presented. Like earlier published 
research bulletins it will help to know abaut the contri-
bution of faculty members and other researchers in 
current research

INNOVATE may be an encouragement for the new 
researchers. I would like to invite all new and expert 
reserachers of the Faculty of Engineering and Built 
Environment to contribute articles to make INNOVATE 
a dynamic means of communicating research outputs. 
The editorial committee reserves the right to select 
articles on information submitted for publication.

Comments and suggestions from the readers are also 
important for flawless future publications. Therefore, 
editorial committee is pleased to receive valuable 
comments and suggestions from the readers with a 
view to improving the quality of this research            
bulletin.

Finally, on behalf of the editorial committee, I would 
like to convey my sincere appreciation to all contribu-
tors and readers who help actively to make this 
research bulletin in its present status. Best wishes for 
of you.

Assalamualaikum W.b.t

Congratulations on the 
successful publication of the 
fifth edition of INNOVATE.

This is proving to be a very 
interesting journey on 

knowledge gathering and publication. The publication 
of this research bulletin is a veritable bridge to current 
research going on in the Faculty of Engineering & Built 
Environment (FKAB), Universiti Kebangsaan Malaysia 
(UKM). It is also a vehicle in promoting research 
knowledge within the country and without. INNOVATE 
represents the faculty’s image in research. It also 
reflects the skills of researchers and their duties and 
responsibilities in pioneering research and develop-
ment. In line with UKM’s push to be a research univer-
sity of considerable note, the faculty’s strength in 
research and publication is extremely crucial for the 
university’s well-being. INNOVATE is definitely on the 
right track in assisting the faculty in building a 
research culture.

The success of INNOVATE is not only the result of 
commitment shown by the editorial team but also the 
academicians of FKAB. Everyone in the faculty should 
work as one to meet the faculty’s research success. 
Due to this, ideas for improvement are solicited from 
the faculty’s denizens so as to assist the editor in 
upgrading the quality of the bulletin. On this note, I 
would like to record my deepest gratitude to the 
editorial team, researchers and readers on the 
commitment and support that has been given thus far.
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Very Low Frequency Remote Sensing of Ionospheric Disturbances Caused by 
Lightning Discharges

Very low frequency (VLF, 3-30 kHz) electromagnetic waves propagate sub-ionospherically by multiple 
reflections between the Earth’s surface and the lower boundary of the ionosphere (D-region, 60-100
km), owing to the fact that the Earth’s surface and the D-region act as good conductors at VLF 
frequencies. Low propagation loss (~2-3 dB/1000km) for VLF radio waves in this Earth-ionosphere 
waveguide enables them to travel considerable distances. Signals from powerful navy VLF 
transmitters are commonly utilized as probe signals to detect D-region conductivity changes. 
Observing perturbations on a VLF transmitter signal can provide information on the medium between 
the transmitter and receiver. The powerful electromagnetic pulses (EMPs) emitted by lightning 
discharges lead to heating and ionization of the D-region, creating localized conductivity 
enhancements. Lightning discharges generally cause short time scale perturbations (~100 s) on a 
VLF probe signal. These perturbations are generally identified by abrupt changes in the received 
amplitude and/or phase of the VLF transmitted signal followed by relatively slower ionization decay 
rate back to pre-event level. Ionospheric effects of lightning have been summarized in Figure 1. An 
AWESOME VLF receiver designed and manufactured by Stanford University is used to receive the 
VLF transmitted signal around the globe. This work is supported by UKM GUP research grant and the 
establishment of the Selangor VLF station was provided by the STAR Laboratory, Stanford University.

Figure 1. Lightning discharges produce localized disturbances due to ionosphere conductivity changes which strongly
influence the VLF radio waves.

For further correspondence kindly contact:

Associate Professor Ir. Dr. Mardina Abdullah / M. M. Salut (PHD Student)
Department of Electrical, Electronic and Systems Engineering / Institute of Space Sciences
Universiti Kebangsaan Malaysia
43600 UKM Bangi, Selangor, MALAYSIA
Tel: 603-89216304  Email: mardina@eng.ukm.my
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Compressed Natural Gas Direct Injection System to Improved Power 
and Fuel Efficiency in NGV

The compressed natural gas direct injection (CNGDI) high pressure fuel system is a 
system where the fuel is directly injected through an injector into combustion chamber 
at relatively high injection pressure (20 bar).  The pressure used in the DI system is 
much higher than the natural gas port injection/carbureted system which is about 5-8
bar.  The CNG is f il led into the tanks through receptacle at 200 bar.  When the engine 
switch is on, CNG flows through high pressure fuel l ine and enters pressure regulator 
where the pressure is reduced in two stages to 50 bar and then to 20 bar operating 
pressure.  The compressed natural gas (CNG) is directly injected into combustion 
chamber by specially designed injectors with correct injection timing and precise 
controlled amount of gas with the control of specially designed electronic control unit 
(ECU).  The combustion mixture are then ignited by dedicated ignition coil and long 
thread spark plug to ignite the fuel to generate higher engine power for the vehicle.  In 
this project of CNGDI demonstration car, the injectors and the fuel system together 
with the new cylinder head and dedicated ignit ion coils are designed by the UKM 
automotive research groups headed by Prof. Dr Yusoff Ali and Prof. Dr. Shahrir 
Abdullah.  The demonstration car was shown to the YB Datuk Mustafa Mohamad at 
Ministry of Higher Education (See Figure 1).

Figure 1. Datuk Mustafa Mohamad inspect ing CNGDI engine.

The advantages of this system are:
(i)  It gives better control and power of the engine compared to carbureted engine in 
NGV.
(ii) Gives better emissions of lower NOx and lower CO2.(as in Figure 2 a, b, c, d.)

(a) (b) (c) (d)
Figure 2. The Comparat ive results

For further correspondence kindly contact:

Professor Ir. Dr. Hj.  Yusoff Bin Ali
Department of Mechanical and Material Engineering
Faculty of Engineering and Built Environment
Universiti Kebangsaan Malaysia
43600 UKM Bangi, Selangor, MALAYSIA
Tel: 603-89216513 Email: yusoff@eng.ukm.my

Current  Res earch ,  Innovate  Vol  5

9



Grid Connected Photovoltaic Generation System with
Intelligent MPPT Controller 

An intelligent maximum power point tracking (MPPT) controller to be used with a transformer-less 
three phase photovoltaic (PV) inverter has been developed. To achieve maximum energy produced 
by a PV array, a high performance boost converter and an intelligent maximum power point tracking 
(MPPT) controller for PV system have been developed. The proposed boost converter implements a 
new soft switching technique by integrating passive and active regenerative snubber circuits to reduce 
the IGBT switching losses and increase the voltage gain. The high gain boost converter is useful for 
use in a transformer less three phase PV inverter which needs 700-900 V DC supply input to give 415 
V AC output. As for the intelligent MPPT controller, a novel MPPT algorithm is proposed in which 
fuzzy logic is integrated with the Hopfield neural network (HNN) to optimize the membership function 
of the fuzzy system. HNN is utilized to automatically tune the fuzzy logic membership functions based 
on convergence of the decreasing energy function. The HNN fuzzy logic controller (HFLC) based 
MPPT algorithm is  implemented  using the dSPACER DS1104 platform software on the DS1104 
board controller with a personal computer. The prototype of MPPT controller has been tested with the 
Agilent Solar Array Simulator and the 3 kW PV array in which the experimental set-up is shown in Fig. 
1. 

 
 

Experimental test results showed that the proposed boost converter produces stable step-up DC 
output voltages and gives better efficiency (95.4%) compared to the efficiency of the passive snubber 
boost converter (81%). The results of the fuzzy-HNN based MPPT controller are more accurate in 
finding the global MPP of a PV array compared to the other conventional MPPT methods, even under 
partial shading condition.  In terms of the time response for tracking the MPP of the PV panel, the 
proposed HFLC based MPPT method is 3.7 times faster than the perturbation and observation 
method and 1.5 times faster than the fuzzy logic controller based MPPT method. Experimental test 
results showed that the prototype MPPT controller is capable of tracking power from the 3 kW PV 
array about 2.05 times more than without using the MPPT controller as shown in Fig. 2. 

For further correspondence kindly contact:

Professor Dr. Azah Mohamed
Department of Electrical, Electronic and Systems Engineering
Faculty of Engineering and Built Environment 
Universiti Kebangsaan Malaysia
43600 UKM Bangi, Selangor, MALAYSIA
Tel: 603-89216006  Email: azah@eng.ukm.my

Fig.1. Prototype exper imental set-up Fig.2. Comparison hourly PV power with and 
without MPPT controller
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A Novel Adder-less Digital Matched Filter Utilizing Barker Code 

In Direct Sequence Spread Spectrum (DSSS) system, matched filter is used for signal 
acquisition, tracking and data demodulation and occupies a substantial amount of 
system resources. The matched fi lter design is major factor in how fast a system can 
acquire a signal and tolerate interference. Many structures and algorithms were 
proposed to reduce the hardware cost and power consumption. In a matched fi lter, 
incoming data are stored in a register and multiplied with a known sequence. The 
multiplication result is then added and compared with the threshold value and the 
result is obtained. So, a matched fi lter requires a large number of pre storage 
registers, large number of multiplications, adder circuit and a big chip area which 
increase both the static and dynamic power consumption. The proposed matched fi lter 
is an 11-bit Barker matched filter only with one multiplier and without pre storage code 
register and adder circuit. The incoming data are serially multiplied bit by bit with the 
generated Barker Code with a XOR gate. If the multiplication result is 1, only then it 
clocks a D f lip-f lop. For the threshold value, eight 1 is considered as a data value of 1 
and eight zero is considered as data 0. If the value is in between four and seven then 
data is considered invalid. Total eight D fl ip-f lops are used where the f irst one has a 
permanent 1 in its input and the rest seven are reset to zero to get a 0 at input by 
uti lizing the half clock cycle of the complete system at the beginning. At the end of 11 
bit multipliation, the outputs of the eight f lip-f lops are checked. If the output of the 
eighth bit is found one, then data is considered as 1. If a one is found on the third f l ip 
f lop and rest are found zero then the data is considered 0. For other results, data wil l 
be considered as invalid. The matched fi lter is designed by CEDEC standard library of 
Mentor Graphics tools in 0.18µm CMOS technology. The schematic diagram, a portion 
of the layout and simulation results are shown in Figure 1.

(a                                     (b)                               (c)

Figure 1. (a) Schematic diagram, (b) a part  of the layout and (c) s imulat ion result

The simulation results show that the multiplication result of 1 shifts the data 1 to the 
subsequent D fl ip f lops, but result 0 does not shift and the data is considered as 1.  
The proposed design offers an adder-less digital matched filter only by uti lizing one 
multiplier serially. Moreover, it does not store the incoming data in any register. As 
such, the design reduces number of gates and switching and thereby reduces power 
consumption and chip area. It is a novel and new approach to a digital matched fi lter.

For further correspondence kindly contact:

Associate Professor Dr. Md. Mamun Bin Ibne Reaz
Department of Electrical, Electronic and Systems Engineering 
Faculty of Engineering and Built Environment
Universiti Kebangsaan Malaysia
43600 UKM Bangi, Selangor, MALAYSIA
Tel: +603-89216311   Email: mamun.reaz@gmail.com
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Electrochemical Performance of LSCF-SDC Carbonate for Low Temperature 
Solid Oxide Fuel Cells (LT-SOFC) 

Solid oxide fuel cells (SOFC) generally operate at very high temperatures between 
800-1000˚C to attain suf f icient amount of power density i.e. P ≥ 0.3 W cm 2. However, 
to reduce material and fabrication costs, improve the stabil ity and durabil ity, and to 
increase the span of SOFC applications, the operating temperature needs to be 
reduced to 400-600̊ C . On the other hand, the overall cell performance decreases 
gradually with operating temperature. The overall cell performance of SOFC (figure 1) 
in an open circuit condit ion is dependent on the operating temperature, propert ies of 
individual components (cathode, anode, electrolyte and interconnects), oxygen partial 
pressure, as well as seal material and quality. 

Figure 1. Operat ing pr ic iple of sol id oxide fuel cel l  (SOFC)

The eff iciency of the operating temperature of SOFC is especially determined by the
conductivity and thickness of the electrolyte. Although thinner electrolytes attr ibute to 
lower operating temperature, the durabil ity and stability of the ultra-thin f i lm electrolyte 
along with fabrication costs are prime issues that need to be addressed. As such, 
various thin-fi lm fabrication processes have been proposed to facil itate cost effective 
bulk production of SOFCs that operate at low temperatures. The present work intends 
to develop a low temperature solid oxide fuel cell (LT-SOFC) via the synthesis of 
individual cell components and fabrication of a single anode supported SOFC cell. 
Sm0.2Ce0.8O1.9 (SDC) mixed with alkaline salts such as l ithium and sodium carbonate
as composite electrolyte has been adopted for this study. The thin electrolyte f ilm will 
be fabricated on the anode pellet using wet spray processing technique due to its low 
cost, easily controllable processing parameters and suitability for high volume 
manufacturing. Subsequently, the influence of the electrolyte thickness on the cell 
performance will be studied using electrochemical impedance spectroscopy (EIS). 

For further correspondence kindly contact:

Professor Dr. Andanastuti Muchtar
Fuel Cell Institute & Department of Mechanical and Materials Engineering 
Universiti Kebangsaan Malaysia
43600 UKM Bangi, Selangor, MALAYSIA
Tel: 603-89216520  Email: muchtar@eng.ukm.my
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Adaptive Heat Transfer and Aerodynamic Models for Integrated 
Engine Cooling and Vehicle Aerodynamic Simulation

The recent f luctuation in oil price has generated interests for fuel-eff icient vehicles to 
be designed. One aspect being considered by the automakers is aerodynamic profi le of 
the vehicle and literature indicated that turbulent wakes formed at the rear end of the 
vehicle have the major contribution in the vehicle drag. Hence, the aim of this study is 
to optimize the design of vehicle aerodynamic based on the Proton Gen-2 model using 
CFD applications, namely Star-CCM+ and OpenFoam. By optimising the design of front 
and rear vehicle shape, the drag coefficient can be reduced. For this purpose, the 
primary design of Gen-2 has been studied and analysed in order to optimize the 
current design based on its aerodynamic profi le and heat transfer in the engine 
compartment. In addit ion, in vehicle engine cooling, the thermal loads in the engine 
compartment are rejected to surrounding environment by using cooling airf low that is 
generated from the vehicle motion and suction produced by fan operation. The 
increasing of cooling f low will increase the heat dissipation capacity, but it wil l also 
contribute to overall aerodynamic drag which is also known as aerodynamic cool ing 
drag. Therefore, understanding convective and radiative heat transfer in underhood 
thermal management has become more important to ensure the engine is maintained at 
the most practical operating temperature and at the same time to reduce the 
aerodynamic drag.

    

Figure 1. Heat Transfer of the Engine and Ful l  Vehicle Aerodynamic Simulat ion

A vehicle aerodynamic study can be performed by first analyzing the flow over Ahmed 
body which has been a reference to the aerodynamic conceptual study of a car. A drag 
break down has revealed that almost 85% of body drag is pressure drag while, most of 
this drag is generated at the rear end. This article has analyzed the effect of body 
geometry on wake structure, pressure distr ibution and drag. Indeed the most attention 
has been focused on rear end geometry and wake structure. As a result, the 
aerodynamic and heat transfer code and algorithm have been develop to achieve the 
good results. In addition, the hot spot that occur under the hood also identif ied. 
Furthermore, optimizing all of the variables that caused reduction of drag coefficient
should be performed by linking CFD software with optimization software to achieve the 
best design.

For further correspondence kindly contact:

Professor Ir. Dr. Shahrir Abdullah
Department of Mechanical & Materials Engineering@Centre for Automotive 
Research
Faculty of Engineering and Built Environment
Universiti Kebangsaan Malaysia
43600 UKM Bangi, Selangor, MALAYSIA
Tel: 603-89215077  Email: shahrir@eng.ukm.my
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Digital Modulator and Demodulator IC for RFID Tag 
Employing DSSS and Barker Code

Radio frequency identif ication (RFID) is lagging behind due to vendor specif ic solutions 
and expensive implementation cost. In particular, the reader is the most expensive 
part. A WiFi compatible tag was proposed to use the Wireless Network Interface Card 
(WNIC) as an RFID reader. However, no specif ic modulator or demodulator was 
suggested for such a tag. IEEE 802.11 has various modulation and demodulation 
techniques which mainly depend on the data rate. Keeping the desired properties of an 
RFID system in considerations, various IEEE 802.11 standards and their modulation 
and coding techniques were analyzed and a digital modulator and demodulator for 
RFID tag in IEEE 802.11 protocol employing Direct Sequence Spread Spectrum (DSSS) 
and Barker coding is proposed. MOD-11 synchronous counter is designed to clock the 
11-bit encoder. D fl ip-f lop of the CEDEC standard library of Mentor Graphics is 
considered for the counter. Once the counter clocks the 11-bit encoder, it generates 
the desired Barker code. Data are multiplied with this Barker code to modulate the data 
and the received data are multiplied with the Barker code to demodulate the data. The 
modulator and demodulator are implemented by Mentor Graphics tools in 0.18µm 
CMOS technology. The schematic diagram, a portion of the layout and simulation result 
are shown in Figure 1.

(a)                                           (b)                                (c)

Figure 1. (a) Schematic diagram, (b) a part  of the layout and (c) s imulat ion result

The simulation results show the correct sequence of Barker code. It also show that 
1bit is spread to 11-bits by the modulator and 11-bits received data are demodulated 
to 1bit correctly. Instead of using 11 fl ip f lops by preloading for the 11-bit Barker code 
sequence, the four f l ip f lops with the combinational logic outputs the correct pattern of 
11-bit Barker code.  The proposed design is simple, resistant to multi-path fading and 
interference and offers the highest distance with the lowest BER for an RFID tag

For further correspondence kindly contact:

Associate Professor Dr. Md. Mamun Bin Ibne Reaz
Department of Electrical, Electronic and Systems Engineering
Faculty of Engineering and Built Environment
Universiti Kebangsaan Malaysia
43600 UKM Bangi, Selangor, MALAYSIA
Tel: +603-89216311   Email: mamun.reaz@gmail.com
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The Management of Recyling at the Universiti Kebangsaan Malaysia (UKM) In 
Progressing Towards a Zero-Waste Campus

Large amounts of solid waste produce negative impacts to the environment, thus 
effective solutions must be implemented. Separating waste at the source and recycling 
practices are the best options to ensure sustainabil ity. As a university that had just 
launched sustainable programs to educate the majority of the community, it would be 
undesirable if these teachings were not put into practice.A study has been conducted 
by Zero Waste Research Group to determine an effective method of recycling 
management at UKM in providing quality service that encouraged UKM’s community to 
recycle. The effectiveness of recycling programs is inf luenced by a number of factors 
such as proper service facil ities and good management system. The att itude among 
UKM’s community is crucial to achieving a zero-waste campus and making UKM 
sustainable. Four recycling components that play important parts in recycling 
management in UKM are: recycling centers, paper recycling boxes in each off ice, 2-
bins systems at strategic locations and systems for delivering information regarding the 
importance of recycling. UKM Recycling Center was built to incorporate the concept of 
a sustainable campus. and began operating on 29 Mac 2011. 

UKM Recycl ing Centre

Two waste separation systems were introduced at UKM: paper recycling boxes 
stationed in off ices and 2-bin systems stationed at various strategic locations inside 
the buildings throughout UKM. Awareness campaigns on recycling activit ies must be 
conducted occasionally to remind and inform the community about the activit ies being 
conducted at UKM. Early research has shown that the recycling level at UKM was low, 
at 1.93% (April 2010-September 2011). To achieve recycling rate above 20% requires 
continuous effort from the UKM community and must reflect a culture of education 
about sustainable practices at UKM.
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Integrated Electronic Nose and Electronic Eye Food Product Shelf Life 
Predictor

Shelf life is the period of time that food remains safe to be eaten, retains its essential sensory 
properties and complies with the label’s nutritional declarations. Sensory evaluation by humans is the 
most common approach to estimate the shelf life of perishable and semi-perishable foods such as 
milk, fruits and vegetables. This is highly prone to human errors. The instrumental methods cover a 
broad range of chemical, microbiological and physical tests. These are classified as destructive 
because they require the food product to be smashed, compressed or cooked. Another method to 
estimate shelf life is Accelerated Shelf Life Testing (ASLT). This refers to any method that is capable 
of evaluating product stability, based on data that is obtained in a significantly shorter period than the 
actual shelf life of the product. The ASLT is not applicable to all food products, as it requires a valid 
kinetic model of the food. 

The Integrated Electronic Nose and Electronic Eye Food Product Shelf Life Predictor is a new 
apparatus that can be used as an alternative to the conventional methods to estimate the shelf life of 
food products. Both odor and color of the food product are simultaneously evaluated over time and 
machine learning algorithms are used to estimate the remaining shelf life. The odor is extracted using 
an Electronic Nose constructed with chemical sensors while the color is extracted with an Electronic 
Eye consisting of a camera. To analyze the data, an expert system is used comprising of two machine 
learning algorithms: Support Vector Machine and Support Vector Regression. Figure 1 shows the 
prototype that has been developed at the Digital Signal Processing Laboratory, Faculty of Engineering 
and Built Environment, UKM.
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Microstructure Evolution of Electrophoretically Deposited Lanthanum 
Strontium Cobalt Ferrite (LSCF) Nano-Composite

The abil ity of controll ing microstructure in materials processing is fundamental in 
yielding products with the desired properties and performance. The microstructure can 
be controlled via the right practice of the selected fabrication technique. One 
processing technique that offers excellent potential in controll ing the microstructure of 
materials is the electrophoretic deposit ion (EPD) method. The EPD technique attracts 
wide interest in materials processing as it allows products with complex geometries 
and films of variable thicknesses to be developed in a simple setup at a low cost. 
Further, the EPD process is potentially able to provide better control of the 
microstructure of the deposited fi lms. The EPD is a type of colloidal process in 
ceramics production where fine particles are suspended in a liquid medium before 
being deposited onto an electrode under an applied DC electr ic f ield (Figure 1).  
Recently, the EPD has become one of the outstanding techniques in the fabrication of 
solid oxide fuel cell (SOFC) components.

Figure 1. Schematic i l lustrat ion of EPD technique

The present work intends to investigate the mechanisms involved during the evolution 
of microstructure of lanthanum strontium cobalt ite ferrite (LSCF) porous nano-
composite f i lms prepared via the electrophoretic deposition (EPD) technique. The 
capabil ity of this method in controll ing the microstructure of the deposited fi lms will be 
evaluated.  The influence of the EPD processing parameters on the microstructure and 
characteristics of the LSCF composite f i lms will also be investigated. It is expected that 
upon optimisation, the EPD process will produce the targeted microstructure and 
associated desired properties of the material. In this study, the LSCF porous composite 
f ilm may be developed as candidate material for use as durable cathode material in 
SOFC.
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A 2.45 GHz VCO for Active Reader-Less RFID Tag

Designing a compact, power eff icient voltage controlled oscil lator (VCO) for high 
frequency phase lock loop (PLL) in modern wireless communication system is 
decisively a challenging task. Notoriously designed VCOs for battery-powered devices 
such as active radio frequency identif ication (RFID) tags or wireless sensors cause 
huge degradation of overall communication system. This work presents a low power 
2.45 GHz VCO developed for active reader-less transponder compatible with IEEE 
802.11b protocol. For the ease of integration and implementing the circuit in small die 
area, a 3-stage, single loop, differential r ing oscil lator based architecture has been 
adopted. Moreover, small aspect ratio of transistor sizing is chosen for low power 
consumption. The proposed delay cell comprises of dual CMOS differential push-pull 
inverters as inputs with a pair of cross coupled PMOS to instigate fast switching speed 
due to posit ive feedback. For frequency tuning, in addition, a serially connected PMOS 
with a load capacitor is employed in parallel with each NMOS input. This combination 
of the circuit is preferred because (i) it alleviates necessity of tail current transistor 
caused fl icker noise; (i i) it improves output voltage stabil ity without redundant bias 
circuit occupied a large space in chip. Designed in 180 nm CMOS process, the tuning 
range of the proposed VCO is 2.2-2.7 GHz and it consumes only 11.25 mW with 1.8V 
power supply. Util ization of this VCO in reader-less tag definitely makes the RFID 
system simple, eff icient and inexpensive.

.

(a) (b)

(c)  (d) 

Figure 1. (a) Schematic of proposed delay stage, (b) Architecture of VCO 

(c) Layout of VCO and (d) Waveform of VCO
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Optimization of Photovoltaic Generating Systems for Malaysia 

The major impediment to a wider market penetration of photovoltaic (PV) is the high 
investment costs of the system compared to conventional energy sources. Currently, 
many research works are carried out focusing on optimization of PV systems in order 
to reduce the capital cost of the PV system without affecting its reliability.  The 
optimization of a PV system considers estimation of the sizing parameters such as 
number of PV modules, capacity of storage battery, capacity of inverter, PV array ti lt 
angle so as to achieve an optimal and economic PV system. In the case of hybrid PV 
systems, diesel generator and wind turbine capacit ies must also be optimized. Sizing 
and performance of PV systems strongly depend on metrological variables such as 
solar energy, ambient temperature and wind speed. In addit ion, optimization of PV 
systems is a location dependent process in which the optimum size of a PV system for 
a specif ic geographical location might not be applicable to another location with 
different geographical coordinates. Therefore, a special study of PV system 
optimization must be done for various geographical locations in Malaysia considering 
its weather prof ile and metrological variables.

        

Figure 1. A novel method for predict ing              Figure 2. A software tool for opt imizing standalone PV 
              solar energy using ANNs                                     system

Solar energy prediction and sizing of PV systems are important aspects in optimizing 
PV systems. Most of the recent solar energy prediction models use variables such as 
sunshine ratio, ambient temperature and relative humidity for predicting solar energy. 
However, these metrological variables cannot be found easily for a location. To 
overcome this obstacle, a novel method for meteorological variables prediction based 
on artif ic ial neural networks is developed. New methods for determining optimal sizing 
of various standalone, hybrid and grid-connected PV systems are also developed. A 
software tool with a user friendly interface is then developed to facil itate the use of the 
developed methods for optimal sizing of PV systems.  
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Fatigue Crack Growth Simulation of Cracked Structure  

The nature of surface crack propagation in engineering components is very complicated. Due to crack 
initiation and propagation, two surfaces on a structure can be found. The surfaces lead to sudden 
fracture of the structure. In addition, external loading as well drives the structure to the failure. This is 
due to fatigue load occurring in combination from the three basic fracture modes. Therefore, an 
analysis of the crack propagation is particularly essential in order to model the cracked structure 
subjected to fatigue load accurately and physically. Nowadays, Finite Element Analysis (FEA) has 
become an essential and relevance technique for modelling the crack propagation in a structure. In 
FEA, the crack shape needs to be remodel, in order to simulate the behaviours of 3-dimensional 
surface crack growth. Since the crack shape frequently changes by the fatigue crack growth, it is 
extremely essential to remodel the crack. Moreover, the finite element mesh needs to be 
reconstructed due to changing of crack shape. It is one of the major challenges in the computational 
analysis in order to solve the structure’s functions in complicated geometries. Implementation of 
fatigue load in the simulation is another challenge to the development of the numerical method in 
FEA. The overlay technique on the sub domain of finite element mesh was introduced and called as 
S-Version Finite Element Method (S-FEM). The main goal of this technique is to untie the 
unnecessary relation between the finite element mesh. Overlay technique is implemented in FEA for 
prediction of surface crack propagation and fatigue failure. The implementation of S-FEM begins with 
amendment of stress, strain and displacement function in virtual works equation. The S-FEM consists 
of global and local element formulation development. By the overlay, the local on global mesh as 
shown in the Figure, the time for remodel process can be reduced. Surface crack propagation can be 
modelled efficiently without distorted element with an evaluation of the stress intensity factors.

Figure :  S-FEM concept

This work is part Brain Gain Malaysia Fund. The proposed S-FEM considers i)
reduction of computational time and ii) accuracy by evaluating the stress intensity 
factors. It is anticipated that the use of S-FEM can signif icantly improve the eff iciency 
and robustness of conventional FEA.
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FEM of Crack Initiation and Propagation in Rail Track 
under Rolling Contact Loading

Recent development in rail transportation in Malaysia is made for high frequency and 
speedy commuter services. This is to fulf i l the demand of the increasing number of 
passengers. Heavy traff ics and loads lead to reduction in a rail track lifetime due to 
damages and cracks formed on the railhead surface. That is due to repeated roll ing 
contact between the wheel and rail. The problem is that engineers f ind it hard to 
predict the remaining lifetime of the damaged and cracked rail track based on the 
hair l ine cracks observed on the railhead surface. Therefore, this study is aims to 
identify the damages of rai lhead surface, and predict fatigue initiation l ife and crack 
propagation direction due to roll ing contact fatigue (RCF). Identif ication of damages 
and cracks was performed by sectioning, slicing and polishing the railhead crown of 
severely damaged Keretapi Tanah Melayu Berhad (KTMB) rail track before observing 
under an optical microscope. Three dimensional (3D) model using finite element 
method (FEM) code ANSYS was used to simulate the stress distr ibution and fatigue 
initiation l ife in the rail track at the straight, transit ion and curving track area under the 
roll ing contact loading of 70 to 140 kN as shown in Figure 1. 

          
Figure 1. Fatigue l i fe ini t iat ion damage and stress distr ibut ion at straight track

FORTRAN and Post2D software was then uti lized to predict the fatigue crack 
propagation trajectory as well as the stress intensity factors. The source code program 
language used is capable of modelling crack propagation in 2D under the mixed mode 
loading. Crack propagation analysis of the rail track model was modif ied from the four 
points bending model following the geometry, materials properties and loading 
provided by KTMB. The damage identif ication results showed that the length of cracks 
observed was about 1 to 4 mm and propagated incline into the subsurface at about 30° 
to the running surface of the railhead. The FEM simulation showed that the highest 
stress distribution regions were matched with the area of severely damage and highest 
hardness value obtained from the experiment. The higher the load and the smaller the 
curve radius, the shorter the fatigue init iation l ives of the rail track. In order to 
investigate the stress intensity factors values and crack length direction, the mixed 
mode loading analysis was carried out. It was found that mode I stress intensity factor, 
KI governing the propagation of crack with slight effect of mode II stress intensity 
factor, KII at the f irst few mm of crack propagation. The model developed is capable of 
simulate the stress distribution and predicts fatigue lifetime and crack propagation 
direction of the rail track.
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Detecting Subionospheric Early VLF Perturbations at Malaysia
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ABSTRACT

Observations of early VLF perturbations on the NWC (19.8 kHz) signal received in Selangor, Malaysia are 
presented. We examine the characteristics of both amplitude and phase signatures of early VLF perturbations 
on a great circle path (GCP) near equatorial regions. High resolution analysis of the received VLF signal shows 
the perturbations to occur immediately following the radio atmospheric of the causative lightning discharge, and 
lightning data identifies the most probable causative lightning discharges as occurring near the NWC-Selangor 
GCP. The average recovery time for the observed early VLF perturbations is ~160 s, with just a few cases 
possessing the longer decay time (~20 minutes) associated with gigantic blue jet observation. The distance 
between causative lightning discharge and transmitter-receiver GCP is calculated using lightning location data 
from World Wide Lightning Location Network (WWLLN) and Malaysian Meteorological Department (MMD) to 
examine the scattering pattern of early VLF perturbations. Unlike previous studies of early VLF events, an 
equal distribution of positive and negative amplitude changes are observed.

Keywords: Early VLF perturbation, Lightning, Earth-ionosphere waveguide, Ionospheric disturbances.

INTRODUCTION

The powerful electromagnetic pulses (EMPs) 
emitted by lightning discharges lead to heating and 
ionization of the D-region, creating localized 
conductivity enhancements.  Lightning discharges 
generally cause short time scale perturbations 
(~100 s) on a VLF probe signal. These 
perturbations are generally identified by abrupt 
changes in the received amplitude and/or phase of 
the VLF transmitted signal followed by relatively 
slower ionization decay rate back to pre-event 
level. Short time scale VLF perturbations are 
classified into two major groups according to their 
origin: direct and indirect VLF perturbations. The
electromagnetic energy released by lightning 
discharge is divided into two parts, which leads to 
the two classes of short time scale VLF 
perturbations. Most of the electromagnetic energy 
radiated by lightning remains trapped in the Earth-
ionosphere waveguide.  The resultant localized 
heating and ionization near the causative lightning 
stroke produces the direct VLF perturbations.  
However, a small part of the lightning’s radiated 
energy leaks upward and couples into the 
magnetosphere. There, it mostly travels along the 
Earth’s geomagnetic field lines with very low 
attenuation, eventually leading to the indirect VLF 
perturbations by inducing electron precipitation. 
The waves propagating in the whistler mode along 
the geomagnetic field lines can gyroresonate with 
particular energies of trapped energetic electrons, 
pitch-angle scattering the trapped particle 
population and inducing precipitation.  When the 
particles precipitate upon the upper atmosphere, 

the resultant secondary ionization produces the 
indirect VLF perturbations.

The indirect VLF perturbations associated with 
lightning discharges, referred to as lightning-
induced electron precipitation (LEP) events, were 
first observed by Helliwell et al. (1973). An LEP 
event causes secondary ionization that is spread 
over the local area of ~ 1000 km (Johnson et. al, 
1999).  This VLF perturbation is detectable via VLF 
remote sensing techniques.  The VLF perturbation 
is characterized by a sudden change in amplitude 
and/or phase of the VLF probe signal occurring 1-2
s after the causative lightning discharge, and has a 
relatively longer recovery time of ~10-100 s.

Transient VLF perturbations generated by the 
direct effect of lightning impulses were first reported 
by Armstrong (1983) and are referred to as 
“early/fast” VLF events. Early/fast VLF 
perturbations occur shortly after the sferic burst 
(<50 ms, ‘early’) radiated by the causative lightning 
EMP and have very ‘fast’ onset (<20 ms) followed 
by a slower ionization decay time ~60-180 s. 
Early/fast VLF events are produced by both 
positive and negative lightning discharges with a 
limited area of ±50 km off the GCP from the 
transmitter to receiver (Inan et. al, 1996). Moreover, 
early/fast VLF events are     consistent with heating 
and ionization, leading to forward scattering with a 
transverse extent of ~100-150 km. Inan et al. 1995 
first established correlation between early/fast VLF 
events and sprites. Sprites are transient luminous 
events (TLEs) occurring from 40-90 km altitude 
produced by the quasi-electrostatic (QE) fields 
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constructed after positive cloud to ground +CG 
discharges, and are able to produce extra 
ionization.

Lightning discharges produce localized 
disturbances due to ionosphere conductivity 
changes which strongly influence the VLF radio 
waves. The scope of this work is to present the 
early VLF perturbations received from NWC 
transmitter (21.8ºS, 114.1ºE, 1 MW, L=1.44, North-
West Cape, Australia) at Selangor VLF receiver at 
Institute of Space Science (ANGKASA) (2.55ºN, 
101.46ºE). 

RESULTS AND DISCUSSION

A powerful thunderstorm near the NWC-Selangor 
GCP correlates with several early VLF events. 
Figure shows a sequence of these VLF events 
which occurred during 2040-2125 UT. All event 
onsets, in the figure, coincide with causative 
lightning discharges and start by a large radio 
atmospheric in the narrowband data. The recorded 
lightning location data from WWLLN are plotted in 
Figure 1.b, with the ‘+’ marking the location of 
lightning discharges. All events except events K 
and L correlate with CG flashes within 50-100 km 
of the NWC-Selangor GCP, so the locations of the 
probable causative lightning discharges for these 
early VLF events are consistent with direct heating 
and ionization of the D-region by the EMP from 
lightning discharge as cause. 

The accuracy of 30 μs lightning data revealed that, 
typically, early VLF events mostly occur by 
multiplicity of lightning discharges. Based on our 
observations and previous works by Johnson et al. 
1999, it can be concluded that, the occurrence of 
early VLF events depends heavily on two 
fundamental factors: the lightning location distance 
from GCP and the intensity of the discharge. 

CONCLUSION

Early VLF events were eminently observed when 
the causative lightning discharges occur within 50-
100 km of the GCP from transmitter to receiver, 
conveying the narrow angle scattering pattern 
attributable to heating and ionization by lightning 
discharges. Statistics show that most of the early 
VLF events (~88%) have magnitude perturbations 
between -1 and +1 dB. Almost all phase 
perturbations were associated with positive polarity 
while just ~54% of the early events were related to 
positive amplitude perturbations. 

Fig. b) Illustration of two sequences of early VLF events 
during 2040-2125 UT b) Displays the GCP propagation path and 

location of the lightning discharges correspond with events. 
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ABSTRACT

An optimisation of a hybrid PV/diesel generator system for zero load rejection for Malaysia has been 
performed considering a loss-of-load probability of less than 0.01. The daily solar averages of solar 
energy for Malaysia and a mathematical model of a hybrid PV/diesel generator system are used in this 
optimisation.  The objective is to calculate the optimum capacities of a PV array and diesel generator, 
which investigate the minimum system cost. An optimisation problem in terms of system units’ cost is 
solved graphically in this study. The recommended configuration of a PV/diesel system located in 
Malaysia give the optimum sizes of PV array, diesel generator and battery of CA =1.2, CDG = 0.3 and CB 
= 0.1, respectively. The results of the optimisation showed that a PV/diesel generator choice is more 
feasible compared to a standalone PV system or diesel generator system because it reduces the system 
cost by 35%. 

Keywords: Hybrid PV/diesel system, optimization of PV system, PV system, diesel generator 

INTRODUCTION

Photovoltaic (PV) system installation has played 
an important role in the solar industry because 
PV systems are clean, environment friendly and 
secure energy sources. However, the drawback 
of PV systems is their high capital cost 
compared to that of conventional energy 
sources. Therefore, many research studies have 
focused on the optimisation of PV systems, such 
as hybrid PV/diesel generator systems, so that 
the number of PV modules and diesel generator 
capacities can be optimally selected.  Hybrid 
PV/diesel generator system size and 
performance strongly depend on available solar 
energy, and therefore, to optimise the system, 
extensive studies related to the solar energy at 
the site where the system is installed must be 
performed (Khatib, 2012).

An optimisation work for hybrid PV/diesel 
system for Malaysia can be found in 
(Christopher, 2003). Here, a techno feasibility 
study for applying such system in Sabah, 
Malaysia was conducted. The studied case was 
initially represented by a school load demand 
supplied by a 150-kW diesel generator and then 
a 35-kWp PV array was added to the existing 
diesel generator to reduce fuel cost and carbon 

emission. The PV system is supposed to supply 
about 30% of the demanded energy. However, it 
is noted that this combination is not optimal 
based on the results of the proposed method. 
The main objective of this paper is to determine 
the optimum configuration of a PV/diesel 
generator system for Malaysia. The optimum 
configuration indicates the optimum PV array 
and diesel generator capacities that lead to 
minimum system cost. A system cost 
comparison between hybrid PV/diesel system, 
standalone PV system and standalone diesel 
generator is discussed to highlight the feasibility 
of the proposed system. The daily averages of 
solar energy for Malaysia are used in the 
optimisation. These data were provided by the 
Solar Energy Research Center (SERI), Universiti 
Kebangsaan Malaysia.   

OPTIMISATION OF HYBRID PV/DIESEL 
GENERATOR SYSTEM

The proposed system consists of a PV array, 
battery, diesel generator, DC-DC and AC-DC 
converters. The main load of the proposed 
system is represented by a building that 
consumes 100 kWh/day with an 8.3-kW peak 
load demand. Meanwhile, the system is 
connected to the main grid to inject the excess 
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energy in case any exists. The system is 
supposed to have the PV array as a main 
source with a backup battery while the diesel 
generator is operated in deficit times. The deficit 
time is defined as the time in which the 
instantaneous produced energy form the PV 
array is not enough to cover the load demand. 

The optimisation algorithm starts by obtaining 
the PV module and diesel generator 
specifications which include the PV module 
conversion efficiency, PV module peak power, 
PV module area, PV module standard operation 
conditions, diesel generator fuel and oil 
consumption, diesel generator operation power 
factor and diesel generator. In the second phase 
of the optimisation, a time series of daily solar 
energy records for the targeted site is used for 
modelling the PV array based on the fact that 
the PV array output energy depends on the 
available solar energy. The proposed 
optimisation technique aims to find the cheapest 
configuration of PV array and diesel generator at 
loss of load probability (LLP) less than 0.01. 
Therefore, capacities of PV array, storage 
battery and diesel generator at certain LLPs are 
required. To do so, a range of diesel generator 
capacities is set with an initial value of zero 
(there is no diesel generator and load is being 
supplied by the PV array only) while the 
maximum value of the range is supposed to be 
equal to the load demand. When a diesel 
generator capacity value is set, then the PV 
array must cover the remaining load demand. 

After setting the diesel generator capacity and 
calculating the load which must be supplied by 
the PV array, an iterative loop is applied to 
calculate the LLP and battery capacity at 
different values of PV array area and diesel 
generator capacities. The range of PV array 
area is also set from zero to the capacity of PV 
area that can produce daily energy covering the 
daily load demand. However, during this loop 
only the values of PV array capacity which 
investigate LLP less than 0.01 are stored in an 
array. This iterative loop is repeated until 
reaching the maximum value of PV array area 
and then a new diesel generator capacity is set 
and the previous loop is repeated till the 
maximum value of diesel generator is reached. 
Eventually, the optimal choice can be found by a 
graphical solution for the resultant sizing curve 
as shown in Figure 1.

Fig. 1 Sizing curve of the hybrid PV/diesel 
system

Based on Figure 1, the optimum configuration of 
a PV/diesel system located in Malaysia is (CA= 
1.2, CDG = 0.3), while the optimum CB is 0.1 
where CA, CDG and CB stand for the capacity 
of the PV array, diesel generator and battery, 
respectively (Khatib, 2011).  

CONCLUSION 

An optimisation of a hybrid PV/diesel generator 
system was performed in this research. The 
results of the optimisation show that PV/diesel 
generator choice is more feasible than a 
standalone PV system or diesel generator. The 
recommended configuration of a PV/diesel 
system located in Malaysia is CA= 1.2, CDG = 
0.3 while the optimum CB is 0.1. 
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ABSTRACT

Lactic acid bacteria (LAB) are the predominant micro-organisms in tempoyak, a traditional Malaysian 
fermented condiment made from the pulp of the durian fruit (Durio zibethinus). In morphological test, it is 
showed that the isolated micro-organism a Gram positive, coccus in shape, non spore bacteria and 
negative to catalase test. The identification of the bacteria is carried out by using API 50 CH kit and DNA 
analysis technique. Universal primers (Primer F and R) targeting on 16S rDNA are used in the analysis. 
The sequencing result are compared with the NCBI and Sepsitest database which have identified the 
isolated bacteria as Leuconostoc mesenteroides subsp. mesenteroides (99.9%)so does the identification 
by API 50CH kit (99.8%). When grew in MRS medium with different pH, L. mesenteroides subsp. 
mesenteroides show its high growth at pH 7 medium. In antimicrobial activity test, L. mesenteroides 
subsp. mesenteroides exhibits its high antimicrobial activity on Straphylococcus aureus. While tested with 
antibiotic, it has high sensitivity to Amoxicillin.

Keywords: Durian, lactic acid bacteria, antimicrobes, antibiotic & probiotic. 

INTRODUCTION

Lactic acid bacteria (LAB) is one of the most 
important group of bacteria for food industry due 
to its health benefits and considered safe 
(Holzapnel et al, 2001). It is commonly used in 
producing flavor, texture and to preserve the 
quality of many fermented products as as 
cheese, youghurt, sausages, sour dough bread 
and silage (Wood, 1998). The recent approach 
to health by taking probiotic in maintaining 
health boost the interest in locally fermented 
products. Durian (Durio zebethino) is a seasonal 
fruits that majorly grow in South East Asia 
(Thailand, Malaysia & Indonesia) with sharp 
thorns at the outside and white yellowish soft 
flesh in the inside. It is considered as king of 
fruits in this region, though the smell is 
considered one of the worst. Normally, the fruits 
are eaten fresh but can also be fermented 
resulted in sourly-condiment locally known as 
"tempoyak" that being fond by many locals. The 
flesh content of durian is mainly sugar with 15-
20%(Ketsa & Daengkanit, 1996) making it 
suitable substrate for fermentation It is believed 
that a population of microbes (mainly lactic acid, 
acetic acid bacteria and fungi) are responsible
(Merican,1977; Steinkraus, 1996) for the 
production of this sourly condiment.

In this study, we identify and investigate some 
characteristics of the isolated LAB from 
fermented durian from Malaysia on its suitability 
as a health benifit bacteria. 

RESULTS AND DISCUSSION

Identification

The screening of microorganisms was done 
using MRS (Mann, Sharpe & Regose) agar and 
the isolated colonies (T1) were identified using 
the API kit (bioMerieux). The DNA of the 
colonies was also extracted (Promega extraction 
kit) and The DNA extracted was run against 
universal primer targeting on 16s rDNA as 
depicted in Figure 2 and then compared to 
databases (NCBI BLAST and Sepsitest BLAST)
for identification. We found that both API 
(99.8%) and DNA method (99.9%) identified T1 
as Leuconostoc mesenteroides subsp
mesenteroides as the species of the isolated 
colony. The colonies also give positive results 
on hydrogen peroxide test (catalase activity) 
proving it belongs to the LAB group. The cells 
were coccus in morphology and are Gram 
positives bacteria as shown Figure 1b. Growth 
at different pHs (2-9) indicated that the strain 
able to grow at pH4 to 9 with the highest growth 
obtained at pH7.
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a                                            b
Figure 1 a) Colonies of LAB using screening MRS agar b) 

Gram staining results

                              Figure 2

Antimicrobes activities 

The cells of T1 were grown in MRS media and 
harvested after 24 hours fermentation in shake 
flask (37oC, 150rpm). The supernatant collected 
was then used to investigate the antimicrobes 
activities. Figure 3 exhibits the effects of the 
supernatant on 3 different microorganism 
(Escherichia coli, Bacillus subtilis &
Staphylococcus aureus). The results clearly 
shown the antimicrobes activities upon all 3 
samples used with the highest activities on 
S.aureus.

Figure 3 Antimicrobial activities after 24 hours incubation 
(E.coli, B. subtilis & S. aureus)

Antibiotic resistances
The isolated strain was also grown onto the 
plates to study the effect using 3 antibiotics. 
Results of these tests are shown in Figure 4 
indicating that it cannot resist against these 
antibiotics with highes sensitivity towards 
amoxicilin.

Figure 4 Effects of antibiotics on strain ST1 isolated from 
fermented durian (amoxicilin, erytromycine etylsuccinate & 

tetracycline)

CONCLUSION
From the results, it can be conclude that there is 
LAB bacteria in fermented durian identified as 
Leuconostoc mesenteroides subsp 
mesenteroides. The isolated strain also showed 
antibiotic activities on samples bacteria and 
weak antibiotic resistances. The strain has 
potential to become a probiotic for healthy 
lifestyle.
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ABSTRACT

This paper presents the design and development of the UKM Perodua Eco-Challenge car, CARevo in terms of 
aesthetic design, new fabrication of car body and greater chassis design. The objective of the competition was 
to develop a fuel efficiency car which was competent to travel the longest distance using
0.5 litre of RON95 fuel with some rules and regulation verified by the Perodua to be followed. The UKM 
CARevo was powered by a 660cc fuel injection engine with manual 5-speed transmission with the total of car 
length is 3450 mm, wide is 1500 mm and height is1106 mm. Several design such as space frame chassis 
design, composite bodywork result from fiberglass, and aerodynamic design of car body are the key features 
that are discussed in this paper.

Keywords: design, car body, chassis, Perodua Eco-Challenge, car, computational fluid dynamic 

INTRODUCTION

Perodua Eco-Challenge (PEC) 2011 is an eco-
friendly automotive competition where 13 
institutions were given the engine and transmission 
system by Perodua to fabricate a car body and 
chassis, and develop the system that go for the 
longest distance with only 0.5 litre of RON95 fuel. 
The objectives of this competition is to create new 
challenge to engineering institution by utilizing their 
skills and innovation in producing fuel saving car 
that can contribute to Perodua’s corporate 
responsibility to nationwide. The prototype eco-car 
have been design and  fabricate called CARevo 
which is a combination of centre and word 
‘evolution’ which means the new generation of 
future car. The purpose of this paper is to discuss 
the design and development of UKM’s CARevo 
which will be emphasis on optimised body design 
with better aerodynamic, as well as aesthetic 
appears. In automotive design, modelling and 
technical surfacing are unique, yet interlinked, and 
require specific tools (Mattison, 2006 and 
Rosmaninho, 2005). The conceptual car design 
was designed by using CATIA v5 as shown in 
Figure 1 (a) and the fabricate car with the details 
specification are shown in Figure 1 (b) and Table 1. 
The design has low centre of gravity for better 
stability and lightweight body made from composite 
material.       

                                 

                      (a)                                            (b)                                           
Fig. 1 UKM’s CARevo (a) Model design (b) complete prototype 

of the car

Table 1 Main features of UKM’s CARevo
Model Specification
Engine type/ Fuel system EF-VE@ EFI, 659 cc
Fuel tank capacity 0.5 litre
Overall length (L), width 
(W) and height (H)

L:3450 mm, W:1500 mm 
&  H:1106 mm

Overall weight 437 kg
Wheelbase,  Gclearance W:2070 mm,Gc:110mm
Track Front (F), Rear (R) F:1323 mm,R:1300 mm
Seat capacity 1
Weight distribution (F)35 : (R)65 kg
Interior design Batik Malaysia

Since the 1980s, automobile industries have relied 
more and more on numerical methods for car 
design in order to reduce expensive experimental 
tests traditionally required for aerodynamic studies 
(Sieminski, 2004). In this paper, the design was 
analysed by using computational fluid dynamic 
(CFD) software called STAR-CCM++, and the 
strength was done by using SimDesigner V5R14.
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RESULTS AND DISCUSSION

Based on simulation results, is show that the 
pressure profile (Figure 2 (a)), has is high pressure 
intensity at the front bumper, wind shield and side 
panel due to sharp curves. Whereas for the other 
part the pressure is relatively moderate. Meanwhile 
for velocity profile (Figure 2 (b)), the velocity at the 
front of the body is high which is 26 m/s to 44 m/s, 
but at rear portion of the body has lower velocity 
profile which is around 0.1 to 18 m/s. 

(a)

(b)
Fig. 2 (a) Pressure contour and (b) velocity contour

In term of velocity streamline on body of CARevo 
as shown in Figure 3, it show most of the 
streamline flown very smoothly except there is 
some quake at the right and left side as well as rear 
side of the body. As for our discussion, we can say 
that the design of car body have a good 
aerodynamic because the drag coefficient of the 
car is relatively low which is 0.31. 

                                

                                  
Fig. 3 Streamline for air flow around the car

The chassis design also need to have good 
strength based on engineering constraints i.e. 
desired wheelbase, engine interface and driver 
dimensions [7]. The material used is mild steel 
which has yield strength of 250 MPa, ultimate 
tensile strength of 400 MPa and density of 
7.8 g/cm3. There are two main areas in this 
analysis which is stress and torsion analysis. 
Figure 4 show that Von Mises stress exerted by the 
chassis is 179 MPa and maximum displacement 
are 0.30 mm. The body torsion analysis as shown 
in Figure 5. 

The axis of torsional is located along the length of 
chasis and the point of torsional force starts from 
front chasis to rear chasis.  The maximum Von
Mises stress exerted is 163.5 MPa and 
displacement is 0.3637 mm. Based on teh results, 
we can conclude that the safety of chasis is good 
since the maximum stress and torsional force are 
still under yield strength limit.

(a)                                           (b)
Fig. 4 Stress analysis (a) Von Mises Stress (b) Displacement

(a)                                             (b)
Fig. 5 Torsion analysis a) Von Mises Stress b) Displacement

Conclusion

Basically, we managed to come out with the car 
that has following results. First, based on CFD 
simulation, we manage to get a better aerodynamic 
characteristics with Cd = 0.31. Second, for the 
chassis strength, we get maximum bending 
strength 179 MPa with maximum displacement of 
0.3088 mm. Maximum torsional strength is 163.5 
MPa with maximum displacement of 0.3637 mm.

Acknowledgment

The authors would like to give a huge gratitude to 
CAR and Departments of Mechanical & Materials 
Engineering for support in realising our ambition in 
this year competition. 

References

D. Mattison, 2006, Superior, Efficient, and 
Complete Automotive Concept Design,   
Autodesk®, Automotive Solutions

N. R., Rosmaninho and A., G., Lopes, 2005, 
Aerodynamic analysis with ANSYS CFX fine-
tunes the car shape, ANSYS Solution.

D., Sieminski, 2004, Formula 1 Race Car Design 
Takes Finite Element Analysis To the Next 
Level, Nastran Finite Element Analysis and 
Simulation.

Current  Res earch ,  Innovate  Vol  5

29



Design and Development of UKM Solar Car “TUAH” for Shell Eco-Marathon Asia 2011

Azli A., Mohd Faizal M.T., Mohd Anas M.S., Shahrum A., Azhari S.
Centre for Automotive Research, Faculty of Engineering and Built Environment, Universiti Kebangsaan 

Malaysia, 43600 UKM, Bangi, Selangor, MALAYSIA
Tel: 603-89216518   Email: azli@eng.ukm.my, shahrum@eng.ukm.my, azhari@eng.ukm.my

. ABSTRACT

This paper presents the development of the UKM solar cars named Tuah. Various numbers of solar race 
events organized around the world has propelled the continuous development of solar cars by different 
research teams and Shell Eco-Marathon Asia was one of them. The aim of the competition was to develop 
Asia’s most fuel-efficient cars built by the students. The vital aspects in designing a superior solar car are 
lightness and their aerodynamic behavior. The purpose for reducing the drag coefficient CD, especially in 
designing the shape of the car and material selection for car body are some of the crucial task to optimize the 
solar car performance. UKM car had choose an eye drop figure as the key design feature for aerodynamically 
and aesthetic intention. Composite reinforced with carbon fiber had been selected for the car body material 
because of its superior strength while given the lightest weight to produce the optimize selection combination. 
Both of these features will be discuss more on this paper.

Keywords: design, car body, Shell Eco-Marathon, aerodynamic, drag coefficient

INTRODUCTION

The Shell Eco-Marathon (SEM) is an annual 
competition sponsored by Shell Berhad, in which 
participants build special vehicles to achieve the 
highest possible fuel efficiency. The idea began in 
1939 at a Shell research laboratory in the United 
States as a friendly wager between scientists to 
see who could get the most miles per gallon from 
their vehicles. From these, the organized contests 
for fuel economy grow and moved to Europe. For 
the year of 2011 SEM Asia was taking place in 
Sepang International Circuit, Malaysia and has 
attracted more than 100 participants from various 
countries around Asia. 

UKM has participated in prototype category using 
solar with a car named Tuah. A team consist of 
engineering students, academician and technical 
staff have planned and built the car. This event was 
a tremendous venue for helping increasing soft-skill 
and technical skill for graduate student (Carroll 
2002, Storey 1994). The solar car is a name given 
to an electric car which uses a photovoltaic (PV) 
unit to charge its battery. The sunlight makes the 
PV electrons has higher state of energy and, thus 
creates direct current (DC) electricity, and stores it 
into a battery. The battery is used by a DC motor to 
generate the mechanical energy for the vehicle to 
move (Zahari 2005, Wellington 1996).

BODY DESIGN

The idea of the car design was adopted from the 
Bernoulli principal, where the shape of the car is 
basically in aerofoil. Figure 1 shows the solar car 
design and fabricated model during racing day. The 
small frontal area and smooth shape for front part 
of the car enables the lifting force that helps in 
reducing the frictional force in a moderate value 

between the tires and the track due to the size of 
the car. 

                                                 
                            (a)                                (b)                   (c)
Fig. 1 (a) UKM car’s TUAH during the race day (b) the shape of 

water drop (c) top view of the race car

The car consists of 3 simple layers which were 
base (lower part), body (middle part) and roof 
(upper part). The solar panel was placed on the top 
of the car to maximize the exposed surface area in 
absorbing the energy from the sunlight to give an 
optimum performance of the car. 

MATERIAL AND FABRICATION PROCESS

The material used for the body structure consists of 
fiberglass and carbon fiber. Fiberglass has a good 
acoustic quality when it comes to wind noise 
reduction. It tends to vibrate less compared to 
plastics and metals. Under severe mechanical and 
thermal stresses, fiberglass remains structurally 
stable because it encounters least contraction and 
expansion compared to metals. The modern 
fabrication technique was used to integrate 
between car chassis and body or so called body-
on-frame structure. Normally, this structure called 
monocoque. This structure helps to isolate the 
vibration motion and noise from the power train 
because the power train can be considered as the 
largest sub-single-part of the body. 

Figure 2 shows the mould used to fabricate the 
body, and presents the first outlook of the body 
shape after finish vacuum process. Some of the 
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parts were using carbon fiber instead of fibreglass 
such as bulk head because of its properties. 
Carbon fiber can produce much higher reliability 
especially to the area where more strength is 
needed for safety purpose.

                         (a)                                            (b)
Fig. 2 (a) Mould use to fabricate the body (b) the body shape 

after finish vacuum process.

RESULTS AND DICUSSION

The shape and appearance of solar cars has
altered quite dramatically as aerodynamic factor 
becomes a very strong influencing factor. Different 
vehicle shapes were experimented with in the early 
days, before the ‘cockroach’ shape was accepted 
as being the best to achieve optimum speed and 
aerodynamics characteristics (Hiroyuki 1998) Solar 
cars have a smaller amount of energy available 
compared to conventional, internal combustion 
engine passenger vehicles, and therefore, solar car 
aerodynamic drag must be reduced to a very low 
level in order to have the same performance as 
conventional vehicles (Ozawa 1997).

Speed also an important performance factor in a 
race, and therefore has to be increased. The 
balance between energy consumption and electric 
energy generated from solar cells, dictated in part 
by the running resistance, determines the travelling 
speed of a solar car. Among these factors, 
reduction in running resistance would be the most 
effective method. Running resistance consists of 
rolling resistance dictated by weight and tire factors 
and aerodynamic drag resulting from the body 
shape.

Aerodynamic simulation has been done using 
STAR CCM+ software and result showed that Tuah 
gave a good value of drag coefficient with 0.112. 
The value was relatively small and with the shape 
of water drop that gave a small frontal area too, the 
value of aerodynamic coefficient (Cd x A) produce a 
small value also.  The pressure distribution on the 
surrounding of the body of the solar car has been 
examined and presented in figure 3(a). The highest 
velocity appears at the tip front of the car as shown 
in figure 3(b). The good shape of solar car, gave a 
good air flow and result small value of drag 
coefficient.

                              

                            (a)                                               (b)

Fig. 3 (a) Simulation pressure through the body (b) simulation 
velocity magnitude through the body car

CONCLUSION

TUAH solar car was designed with an aerofoil 
shape that result good drag and lift coefficient to
ease the vehicle’s motion by enable it glide through 
strong winds and reduce the air drag. A low power 
electric motor was chosen to minimize the amount 
of consumed power. The monocoque structure 
which was the combination of body and chassis 
helps to isolate the vibrational motion and noise 
from the powertrain. Using material of fiberglass 
and carbon fiber, it will have a great aspect of 
behaviour, good value of strength, reliability and 
lightweight for the racing car.
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ABSTRACT

The critical conditions for incipient sediment motion induced by oscillating-grid generated turbulence interacting 
with a sediment layer were investigated experimentally. Near-spherical monodisperse sediments were used 
throughout with relative densities of 1.2 and 2.5 and mean diameters ranging between 80 and 1087µm. 
Interaction characteristics were analysed in terms of the critical Shields parameter ,defined using the peak 
root mean square (rms) horizontal velocity component in the near-bed region. The grid was aligned to be 
parallel to the bed surface, so that the oscillation direction is always normal to the bed surface. The measured 
values of on a horizontal sediment bed were comparable to the values reported in the traditional Shields 
diagram with seen to increase monotonically for hydraulically smooth bedforms and to be approximately 
constant for hydraulically rough bedforms. The similarity between the measured with the Shields parameter 
profile obtained in a steady turbulent channel flow is due to the statistically stationary flow employed.       

Keywords: incipient sediment motion, oscillating-grid turbulence. 

INTRODUCTION

The characterisation of incipient sediment motion 
has long has been developed from bed shear 
stress data measured in a steady turbulent channel 
flow. In such flows, the flow near the bed is 
simplified by the fact that the statistical distribution 
of the turbulent fluctuations, which give rise to the 
hydrodynamic drag and lift forces that induce 
sediment motion, are scaled with the mean 
averaged velocity . Using similarity principles, 
Shields (1936) first established a framework of 
initial sediment movement and presented it as 
critical Shields parameter , defined as,

where is the critical bed shear stress, 
is the critical shear velocity, and are the 
sediment and fluid density, respectively, denotes 
the gravity and represents the sediment size.

His work provides a fundamental basis of 
determining as a function of a grain Reynolds 
number famously known as the 
Shields diagram. Note that denotes the water 
kinematic viscosity. However, recent studies found 
out that using obtained from the diagram often 
yields poor and inconsistent results when applied to 
real flows or in complex flows (Wu, 2008). This is 
due to the fact that in such flows where the 
simplifications of uniformity and stationary no 
longer hold, the intensity of turbulence fluctuations 
in the near-bed region can vary significantly with 
bed position and time. In such scenarios, the 
turbulent fluctuations near the bed no longer scale 

with the mean flow characteristics and the value 
obtained is rendered inaccurate.

This article describes the critical Shields profile 
over a varying sediment size and type when the 
sediment bed is made to interact with zero-mean 
turbulence generated from an oscillating grid. This 
is a turbulent flow which has an approximate zero 
mean fluid velocities, is isotropic and 
homogeneous. This isolates the mean flow 
component and produced dominant fluctuating 
velocity components, which are the dominant 
forces in incipient sediment motion. This method 
has been used previously to investigate 
geophysical phenomena including determining 
conditions for critical sediment motion (Bellinsky, 
2005). Note, however, that this study is not to 
improve or modify the Shields diagram, but to 
report a detailed set of data that will useful to the 
theoretical and numerical modellers when 
developing new models for the turbulence-
sediment interaction.

RESULTS AND DISCUSSION

The presence of the sediment bed changes the 
turbulence structure at the near-bed region, where 
the turbulence (within one integral length scale 
from the bed) experienced inhomogeneity. The 
kinematic boundary condition damped the rms 
vertical components and the rms horizontal 
component is amplified (Bodart, 2010). Hence, the 
critical velocity to characterise the incipient 
sediment motion is taken as the amplified rms 
horizontal velocity at the near bed region. The 
critical Shields parameter is calculated as;

(1)
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where is the amplified rms horizontal 
component at near bed region. 

Figure 1. Measured values of the critical Shields parameter 
against .

Although the reported in Figure 1 were not 
obtained using  as in the critical shear velocity 
in a steady turbulent channel flow, a number of 
qualitative consistencies can be identified. In 
particular, White (1970) classified bedforms, under 
threshold conditions, as hydraulically smooth and 
rough. For the experiments considered here, a 
hydraulically rough bedform corresponds to when 
the roughness length scale is comparable to (or 
larger than) the boundary layer depth and so the 
surface sediment grains are exposed to 
hydrodynamic drag and lift forces that 
are . For a hydraulically smooth bedform 

is significantly smaller than the boundary layer 
depth, allowing a laminar viscous sublayer to be 
established in the fluid immediately above the bed 
surface, within which viscous stresses act to 
significantly reduce the drag and lift forces acting 
on exposed surface sediment. That is, when is 
comparable to, or smaller than the viscous sublayer 
thickness, the surface sediment grains are exposed 
to velocities , and so the drag and lift 
forces are , where . The 
data reported by White (1970) and other studies 
(e.g. Lamb (2008)) suggest that hydraulically 
smooth bedforms correspond to (typically, 

m for natural sediments), in which 
case the critical Shields parameter is found to 
increase significantly with decreasing , due to 
the damping effect of the viscous sublayer (White, 
1970). Conversely, when , this viscous 
damping effect ceases to be evident and the critical 
Shields parameter is found to vary very little with 

[and is constant for , (i.e. mm

for natural sediments)] (Lamb, 2008). Despite 
general scatter, a similar pattern can be identified 
in the data reported in Figure 1. That is, for 

, the measured values of increase 
monotonically where as , for the 
larger grain size. This factor of eight differences is 
the same as that reported in White (1940) for 
comparable grain sizes. The profile obtained is 
qualitatively similar to the Shields diagram.

CONCLUSION

The main difference employed in this study is that 
the turbulence intensity level (in terms of the 
horizontal component) is , whereas in 
the developed traditional Shields diagram, the 
turbulence intensity level is The critical 
conditions that give rise to the incipient sediment 
motion thus is calculated using rms horizontal 
velocity. The effect of the fluctuating velocity 
components on the values over the range of 
sediment size and density discussed here 
produced a qualitative comparable profile with the 
traditional Shields diagram. The similarity of 
Shields parameter profile obtained is due to the 
statistically stationary flow characteristics of the 
oscillating-grid generated turbulence.
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Evaluation of a Solar Assisted Ejector Absorption Refrigeration System 
 

by 
Jasim Mohamad Abdulateef (P35288) 

Doctor of Philosophy in Mechanical and Materials Engineering (Ph.D) 

A new solar-assisted ejector absorption refrigeration system has been designed, fabricated and 
evaluated. The system has both absorption refrigeration system and ejector refrigeration system. The 
main components of the system were solar evacuated tube collector, generator, condenser, 
evaporator, absorber and ejector. The ejector consists of a nozzle, a mixing chamber and a diffuser. 
The ammonia-water solution in the generator was heated by the solar collectors, vaporized the 
refrigerant and separated from the solution. The vapour of refrigerant was condensed to deliver heat 
to cooling water. The condensed liquid flows through an expansion valve to the evaporator where 
refrigerant was evaporated to produce the cooling effect. The refrigerant vapour has been directed to 
the absorber where it was absorbed by high concentration solution coming from the generator and 
rejected heat to the cooling water. Finally, the low concentration solution was pumped to the 
generator and thus the cycle was completed. An ejector was integrated into the absorption 
refrigeration system to increase the refrigerant flow rate from the evaporator and raised the cooling 
capacity of the system. The system operated within three pressure levels and the ejector increased 
the pressure without consuming energy. A mathematical model of the entire system was developed 
and programmed using FORTRAN 90. An iterative solution procedure has been used. A computer 
technique was employed to determine the ejector geometry which was used to construct the actual 
ejector model to be tested experimentally. The effect of important performance parameters such as 
the generator, condenser, evaporator, and absorber temperatures and effectiveness of heat 
exchanger on the thermal loads of components, coefficients of performance, efficiency ratio and 
system thermal ratio were investigated. The parameters used to describe the performance of ejector 
were defined in terms of entrainment, driving and compression ratios. An experimental unit  has been 
designed, built, and tested to demonstrated the feasibility of the new combined system. The results 
indicated that, the system provided high COP in comparison with the current conventional absorption 
system. The COP values of the conventional cycle varied between 0.55 and 0.69 while the COP 
values of the new combined cycled varied between 0.63  and 0.80. When the compression ratio 
increased from 1.46 to 1.93, the maximum increased in COP values was about 19% greater than 
those in conventional absorption machine. The maximum increased in COP values was about 22% 
greater than those in absorption system when driving ratio increased from 5.1 to 7.02. Another 
interesting observation was the existence of an optimal temperature at which a maximum value of the 
COP was attained. An ejector operated at the given operating conditions with the highest entrainment 
ratio while maintaining the highest possible discharged pressure was considered to be the most 
desired ejector design. One severe restriction this new solar cooling system in general and the ejector 
system in particular, was the heat rejection temperature. Close agreement have been obtained for the 
experimental and theoretical results. Optimum capacity under the Malaysia’s climate conditions was 5 
kW (about 1.5 refrigeration ton) with evacuated tube solar collector of 35 m2 sloped at 15o.
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This research presents the development of intelligent traffic signal control method for multi junction 
traffic systems. At peak hours, it is frequently observed that the queue length in a particular junction 
was become over saturated, and will gives impact to the traffic flow in nearby signalized junction. This 
condition makes traffic problem become more complicated to be solved. In this situation, the best way 
to control the traffic is using manual control by human expert. Using his intuition, the expert can do a 
traffic signal control according to actual traffic condition and a timing Coordination for traffic light in 
each junction, so that the queue length can be reduced gradually. However, using manual 
computation, the expert would not be able to perform a quick decision with high precision. This will 
cause timing cumulative error that could reduce a control quality. To solve the problem, some 
intelligent traffic signal control system using expert system, Takagi-Sugeno-Kang (TSK) fuzzy 
modeling and genetic algorithms was proposed in this research. Expert system is used to get a 
control system that can do its job based on expert reasoning. Fuzzy modeling is used to develop 
continuous variable model in the traffic system while genetic algorithm is used to get an optimum 
inference system in the expert system. This method was called fuzzy-genetic expert systems. To split 
knowledge domain of the fuzzy genetic expert system, a subtractive clustering algorithms was also 
developed based on its general model. This fuzzy genetic expert system is unique; because it uses 
set of rules that were generated automatically based on the result of its learning data clustering. This 
makes the proposed fuzzy genetic expert systems has a high flexibility and adaptability in the 
dynamic traffic systems application. The parallel genetic algorithm make the expert system can do 
large scale optimization in its inference engine so that it can do a better learning process. The 50x5 
matrix data is used to examine learning ability of proposed expert system and its learning method 
gives 0.65 of MSE value. Based on graphically micro simulation of traffic land study, it shows that the 
proposed control system was able to reduce vehicles stopped by 40% compared to the fixed timing 
control system.
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A driver interacts directly with the car seat at all times. A comfortable car seat requires incorporation 
of ergonomic characteristics. However, most of the past researches had focused on either static or
dynamic condition only. In addition, research on car seat development is critically lacking although 
Malaysia herself manufactures its own car. Hence, this thesis integrates objective measurements and 
subjective evaluation to predict seat discomfort. The objective measurements consider both static and 
dynamic conditions. It is hoped that the findings will contribute to a more integrated approach from 
static and dynamic point of view apart from fulfilling the need of information for seat development. 
Steven’s psychophysics law has been used in which after expansion, it involves discomfort sensation 
parameter, static modality and dynamic modality. The subjects were local and the cars used were 
Malaysian made. For regression models and Steven’s law models, experiments were carried out in 
the compact car. First, an online survey was carried out regarding the perception of car drivers in 
Malaysia. Other than that, seat fit parameters have been identified from Malaysian anthropometry 
data. Next was static objective measurement which was the seat pressure distribution. The 
experiment was carried out on the driver seat in a real car with the engine turned off. The dynamic 
objective measurement was also carried out in a moving car on real roads. During pressure 
distribution and vibration transmissibility experiments, subjects were requested to evaluate discomfort 
using vehicle seat discomfort survey questionnaire together with body map diagram. The 
questionnaire was self-developed and proven to be valid and reliable. The questionnaire-based 
survey showed that for seat system, 60% respondents experienced upper back pain, 56% complaints 
about neck pain and 44% reported about lower back pain. Data analysis from Malaysian 
anthropometry produces the seat fit parameters and they are; backrest width must be wider than 
395mm (SD=44), backrest height between 325mm (SD=64) and 590mm (SD=57), cushion length not 
more than 360mm (SD=45) and cushion width more than 420mm (SD=70). From pressure distribution 
experiments, for subjects in the 50th percentile group, the average pressure under the buttock was 
132mmHg, under the thigh 47mmHg, at the lower back 44mmHg and upper back 57mmHg. 
Measurement on three Malaysian car segments showed that the weighted r.m.s. vibration (for z-axis) 
for two types of roads at 20km/h to 100km/h were between 0.137ms-2 and 2.022ms-2. Vibration 
transmissibility measurement on six body parts showed that the highest transmissibility value was 
from head in y-axis with resonance frequency less than 2Hz. From subjective evaluations, seat 
pressure and vibration dose values exponent for static modality α=1.51 and exponent for dynamic 
modalityβ=1.24 were produced. The curves produced from the equations showed better R-sq values 
(99%) when both static and dynamic modalities were considered together as compared to equation 
with single modality only (static or dynamic only R-Sq=95%). In conclusion, car seat discomfort 
prediction gives better result when seat ergonomic consider both static and dynamic modalities. 
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The requirements to reduce behind armour blunt trauma of body shield users seek a new material 
with high energy absorption, low density, flexibility and affordability. This research is to develop 
ENRAN as an impact energy absorber in body armour. ENRAN was prepared by melt compounding 
in an internal mixer with a typical formulation of 100 parts per hundred rubber (phr) ENR, 1.6 
phrsulphur, 2 phr zinc oxide, 1.5 phr stearic acid, 1.9 phrN-cyclohexylbenthiazylsulphenamide, 0.9 
phrTetramethylthiuram disulfide, 2 phr of N-(1,3-Dimethylbutyl)-N’-phenyl-p-phenylenediamine. The 
compound was vulcanised using a hot press at 150 °C. The processing parameters and formulation 
were optimised using Response Surface Methodology (RSM) with the assistance of Design Expert 
6.0.10 software. A regression model for response was selected from comparison between the actual 
data with predicted value by the software. The R2 value of more than 0.9000 from analysis of variance 
determined that the model is accurate to represent the actual system. The effect of filler loading (5, 
10, 20, 30, 40, 50, 60 and 100 phr) and chemical modification (3-aminopropyltriethoxysilane and 
maleic anhydride) on cure characteristics, physical, mechanical and thermal properties, morphology 
and structure transformation were studied. The studies were carried out through a 
Monsantorheometer analysis, tensile test, impact test, hardness test, swell measurement test, 
differential scanning calorimetry, scanning electron microscopy, quadrat analysis, transmission 
electron microscopy and Fourier transform infra-red spectroscopy. Alumina shows good compatibility 
with the ENR matrix due to the increment observed in cure characteristics, crosslink density, tensile 
modulus, hardness and glass transition temperature compared to unfilled vulcanisate. The alumina 
particles appear embedded in the ENR matrix and uniformly distributed with the ultimate particle size 
of ~ 11 μm. ENRAN underwent NIJ 0101.04 Ballistic Resistance Test against penetration of 9 x 19 
mm Full Metal Jacketed Round Nose bullet using a Prototypa universal testing gun. The ENRAN was 
incorporated with natural silk-polyester composite (NSP) and the experiment was carried out 
according to the RSM factorial level two design. The morphology ofENRAN and NSP was observed 
through optical microscopy and field emission scanning electron microscopy (FESEM). The ENRAN 
exhibit a dominant brittle fracture due to the mechanism of rubbery-glassy transition occurred at a 
very high shear rate. A failure model of ENRAN was built from the morphological observations. The 
increment in the thickness of ENRAN to ~ 3 cm improves the ballistic limit and the amount of energy 
absorbed by the test panel up to 60 percent of individual NSP ballistic panel. The value of trauma 
recorded by the test panel for ballistic limit of ~ 190 m/s was ~ 11 mm. In short, the ENRAN is capable 
to absorb a high amount of residual impact energy transferred from body armour besides decreasing 
the behind armour blunt trauma with retention in flexibility.
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Unitized regenerative fuel cell (URFC) is a device that operates both in the fuel cell and electrolyzer 
modes within the same unit. Normally, both units operate separately. Solar energy can be use to 
power the system resulting in continuous operation. The objectives of this thesis were to design, 
fabricate and evaluate a solar powered URFC unit. The main components of the system were 
photovoltaic modules, URFC unit and reactant storages. A single and seven cells URFC stack units 
have been fabricated. The single cell unit was used for membrane functionality verification and to 
determine the fuel cell as well as the electrolyzer mode parameters which were essential in the 
simulations studies. The performance of the seven cells stack was determined which reflects the 
operation on a more practical scale. The catalysts for the membrane electrode assembly for both units 
were Ru with loading rate of 1.25 mg/cm2 and for oxygen side was Pt with 1 mg/cm2 and the 
membrane was Nafion 117. Experimental results from the single cell URFC indicated that for the 
electrolyzer mode the performance was strongly affected by the cell operating temperature and the 
over potential voltage tend to decrease as the temperature increases. The difference between the
actual amount of hydrogen produced experimentally and the theoretical value was high at low 
operating current. The difference between the theoretical and experimental values tends to decrease 
with increasing current. The results obtained for fuel cell mode indicated that the oxidant 
concentration strongly affects the cell performance and better performance was observed at higher 
oxygen concentration. Increasing the operating cell temperature resulted in the increase of the URFC 
performance. The results also indicated the importance of humidification processes for URFC 
operating in the fuel cell mode. Consequently, better performance was observed at higher 
humidification level. Furthermore, the results showed that the hydrogen side humidification was the 
dominating factor. The effect of reactants pressure was also studied, although only short range of 
pressure was chosen, remarkable performance degradation was observed as the reactant pressure 
decreases. The stack temperature results showed the ability of the transient model to predict the 
stack temperature with average error of 2.5 % and the highest error observed when the cooling fan 
was in operation. For short term operation, four scenarios were chosen, namely low and high 
irradiation time, high solar irradiation with no load and load with no solar irradiation. The results 
showed the ability of the system to meet the hypothetical load under the Malaysian climate conditions. 
Close agreement between simulated and experimental data have been observed and were also used 
to predict the optimal operation and the control strategies for the system. The total system efficiency 
based on the total solar input and the load decreases as the solar irradiation increases and was 4.5 % 
and 3.4 % for lower and higher solar irradiation conditions respectively. The techno-economical 
evaluation for the system was conducted using HOMER software. The cost of the electricity (COE) 
produced by the system was 1.38 USD/kWh, while the cost of produced hydrogen was 44.7 USD/kg. 
Moreover, for a system of 2 kW, the COE was 0.75 USD/kWh and the cost of generated hydrogen 
was 22 USD/kg.
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In recent years the high interest on graphite based conductive polymer composite (CPC) materials, 
especially those which have high electrical conductivity and good flexural strength to be used as 
bipolar plates in the Polymer Exchange Membrane Fuel Cell (PEMFC). The US Department of Energy 
(DOE) requires that the bipolar plate to have electrical conductivity and flexural strength exceeding 
100 S/cm and 25 MPa respectively. It is more difficult for a single filler CPC to improve its electrical 
conductivity and flexural strength to achieve the DOE target compared to multi fillers CPC. 
Mechanical deformations by pressing and optimization factors on the forming process of CPC are 
seen as the alternative to achieve the DOE target. Forming process factors on multi-filler CPC such 
as temperature, compression load, preheating time and holding time during compression are 
optimized using the Taguchi Method of experimental design with octagonal array L9(34). Analysis of 
Variance (ANOVA) is used to evaluate the significant level and the contribution of each factor on the 
properties of CPC, especially its electrical conductivity and flexural strength. In the present study the 
conductive filler used is graphite (G); either natural graphite (NG) 2191 and 3243 grades or synthetic 
graphite (SG) 4012 and carbon black (CB) 5303, while thermoplastic polypropylene (PP) is used as 
the binder or matrix. The CPC production involves premixing process of fillers, mixing process using 
melting method and forming process by the compression moulding method. Mechanical deformation 
studies on single filler CPC NG 2191 of various particle sizes with thickness reduction (∆t) between 
25% and 75% has been conducted. The result shows that at ∆t of 25% the electrical conductivity has 
improved yet the value is too low to achieve DOE target. The multi filler of CPC (G/CB/PP) uses G as 
the main filler and CB as the second filler. The ratio of the filler materials to the binder is 80/20 
according to its weight percentage (wt. %). The CB loading was increased from 5% up to 30 wt. % of 
the total weight percentage of fillers which is at 80 wt. %. The electrical conductivity value for all G is 
found to improve with the increase of CB loading. The highest values are shown at 25 wt. % CB 
loading, which are 120 S/cm (NG 3243), 80 S/cm (SG 4012) and 36 S/cm (2191) respectively. 
Deformation of the multi-filler CPC of NG 3243 with CB loading 15 wt. % has shown that the electrical 
conductivity has improved to 82 S/cm at ∆t of 15%. On the other hand the sample with CB loading of 
more than 15 wt. % ruptured during deformation. Optimization of the forming process has improved 
the electrical conductivity with the highest value for NG 3243 at 240 S/cm and SG 4012 at 140 S/cm 
and the flexural strength value in the range of 20 up to 34 MPa for both G. The application of 
mechanical deformation has improved the electrical conductivity of CPC but limited to CB loading of 
below 15 wt.% only whereas the optimization of the forming process which improved the electrical 
conductivity and flexural strength with increasing CB loading. 
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This study focused on the development of chemically-modified thermoplastic PA6/lignocellulosic 
bagasse composites involving material formulation, examination of melt morphology and rheology. 
Composites prepared with alkalated bagasse were designated as PA6/ALC and that benzylated, 
PA6/BLC respectively. The size of bagasse particles prepared were 40 μm, 63 μm, 75 μm, 100 μm,
and 250 μm respectively. The bagasse particles were characterised for thermal properties using 
thermogravimetry (TGA) and differential scanning calorimetry (DSC). The chemical structure using 
Fourier transform infra redspectroscopy(FTIR) and crystalline structure using X-ray diffraction. 
PA6/ALC and PA6/BLC composites were melt compounded in compositions of wt% PA6/wt% 
bagasse particles as follows: 98/2, 95/5, 92.5/7.5, 90/10 and 87.5/12.5  using a twin-screw extruder at 
a temperature of 220 oC.  The rheological properties of the composites were evaluated using capillary 
rheometry at temperatures of 220 oC, 230oC, 240 oC, 250oC, and 260oC and at loads of 50N, 75N, 
100N, 150N and 200N respectively. The melt morphology of composites during processing were 
observed using scanning electron microscopy. The samples were observed in two directions i.e. the 
flow and the transverse directions. The flow morphology was also examined in the flow direction at 
three localities i.e at the wall, the intermediate and the core and in the transverse direction at two 
localities i.e at the wall and the core, in order to postulate a material model of flow. Results from both 
TGA and DSC showed the pure bagasse was thermally stable in the temperature range of 80 – 250oC
whilst for the alkalited bagasse , the range was 80 - 245oC and for benzylated bagasse, 80 – 240 oC. 
These values showed that at the temperature of processing of 220oC the bagasse were still stable 
Structural analysis of the bagasse using XRD were translated into values of crystallinity indices thus: 
60.6, 54.8 and 52 for the pure, alkalited and the benzylated bagasse respectively. The chemical 
modification of bagasse decreased the crystallinity index, showing greater amorphous behaviour, and 
hence less thermal stability. FTIR analysis showed that the removal of hydroxyl groups due to 
alkalination and benzylation resulted in bagasse being more hydrophobic than the pure bagasse . 
Analysis of energy dispersive analysis X-ray (EDAX) spectroscopy showed changes in chemical 
composition of bagasse particles, that is, an overall reduction of the bagasse with the inclusion of 
other elements in the modified.  The results of the rheological studies of the composites viscosity and 
shear rates show that at the same temperature and blends composition, the viscosity of blends 
increases with increase bagasse content and particle sizes. At  the same bagasse compositions, the 
viscosity of PA6/ALC was higher than PA6/BLC. It was also found to be temperature sensitive, the 
PA6/BLC showed higher temperature sensitivity then PA6/ALC at  higher bagasse content. The 
PA6/bagasse blends exhibited shear thinning which then allowed for the power law to be used to 
confirm pseudoplastic behaviour. The value of the power law index was in the range of 0.32-0.54 for 
the PA6/ALC and 0.32 – 0.53 for PA6.BLC composites, well within the range of pseudoplastic
behaviour. The material melt model is postulated to be a continuous matrix of PA6 with agglomerated 
bagasse particles dispersed primarily at the wall, regardless of the direction of observation, exhibiting 
pseudoplastic behaviour
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Automotive lower suspension arm durability, which is defined as the useful life of the component, is a 
high priority in design. Therefore, the incorporation of durability assessment into the finite element 
analysis (FEA) is considered to bring significant advantages to the designer, not least of all the ability 
to perform up-front fatigue calculations long before a prototype is produced. To effectively and 
economically address the issue, there is a need to increase the assessment accuracy and improve 
the confidence in the durability assessment while simultaneously reduces design time in FEA. The 
objective of this research is to develop a durability assessment computational approach based FEA 
associated with the effective strain damage (ESD) model due to its consideration the cyclic sequence 
effect that is not available in the selected fatigue-based FEA commercial software. A step for further 
time saving in FEA-based durability assessment has then been performed via a combination of the 
fatigue data editing (FDE) technique with FEA procedure. Moreover, an investigation was also 
performed on how accurately a fatigue time history can be edited. For this purpose, the road data 
histories have been collected using fatigue data acquisition system for three different road surfaces, 
i.e. the country road, pave, and highway. Fatigue lives have been obtained in time domain using three 
strain-life models, which are available in the FEA commercial software. Furthermore, fatigue life has 
been obtained using the ESD model calculated using the FORTRAN code. The FEA output strain 
data on the most damaging location in the lower suspension arm has been used as one of the main 
inputs for the ESD model. The analytical fatigue life results of pseudo static fatigue and the ESD 
model have been validated via experimental fatigue test under variable amplitude loading (VAL).  In 
order to predict the component life in the frequency domain, the dynamic characteristics of the 
component were analytically determined using FEA and validated using the experimental modal test. 
The fatigue analysis of the lower suspension arm material represented by alloy steel is then carried 
out in frequency domain and optimised to the SAE1045 steel since both of this types of steel are used 
in the fabrication of automobile components. It was concluded that different considerations of the 
used models to calculate fatigue life prediction, gave different results but the ESD model can be 
considered marginally safer in a component durability assessment compared to the experimental 
fatigue life results. The result of combination between FDE with FEA reduced the life prediction time 
almost by half, especially for the country road data. In terms of component durability, the SAE1045 
steel shows better behaviour compared to the alloy steel under VAL, which will give the priority for the 
SAE1045 steel as the fabrication material for the automotive lower suspension arm. Finally, the 
association of FEA output represented by strain data signal in the most damaging location of the 
component with the ESD model based on the FDE technique provides a novel approach for more 
accuracy in component durability assessment and also a significant reduction in time period of fatigue 
design. 
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Fatigue crack growth (FCG) in structures is a complex phenomenon as it is subjected to variable 
amplitude loading (VAL).  Analysing FCG rate is particularly important for the reliable life of 
engineering structures.  Nevertheless, it is difficult to correctly model all the parameters influencing 
FCG due to the random nature of VAL, as well as the number and complexity of the mechanisms 
involved in problems related to FCG.  Based on the literature review, it is found that no universal 
model has been developed to analyse the condition of crack growth under VAL.  In addition, 
researchers in the field have not agreed on any general understanding for any of the available 
models.  Therefore, the main objective of this work was to investigate the FCG under VAL, based on 
the FCG models.  For the purpose of evaluating the simulated FCG, the findings of this work were 
compared with the sets of data measured from the experiments.  At the beginning of this work, the 
stress life (S-N) curve of the material known as ASTM A533 was studied, and for this purpose, this 
particular material was extensively applied in fabricating pressure components due to its relatively 
excellent mechanical properties and moderately good weldability.  There is a need to analyse the S-
N curve in order to predict the fatigue lives at various stress amplitudes and mean stress 
combinations.  In addition, the role of surface finish, mean stress effects and treatment on the fatigue 
life were also investigated using the finite element.  The work also described some of the FCG models 
for predicting the fatigue lives and FCG rates.  For the simulation part of this study, which was done to 
predict the crack propagation under cyclic, both variable and random loading were used.  The results 
were based on the modified Forman, Austen and NASGRO models.  There are many factors affecting 
the FCG, which are shown to have great influence such as initial crack length, load sequence, aspect 
ratio and stress ratio.  An experimental program was also designed to collect the actual FCG data 
under different load conditions.  Meanwhile, three-point bend specimens were used for the simulation 
and experiments of ASTM A533, following the ASTM E647 standards.  The length of the crack was 
continuously recorded using the crack opening displacement technology, while all the cyclic tests 
were carried out using the servo-hydraulic test machine.  Initially, this study indicated that a higher 
value of the initial crack length or aspect ratio led to a lower number of cycles for crack growth, and 
that increasing stress ratio could also increase the rates of crack growth.  At a later stage, however, 
none of the models was found to have a fit for the fatigue crack growth rate data in a similar behaviour 
compared to the others.  Based on the experimental results, the Austen model was indicated to 
provide a closer fit than the modified Forman model.  Nevertheless, the NASGRO model provided the 
best fit to the fatigue crack growth rate data compared to the other two models and therefore, it was 
concluded that the results from the experiment gave the highest fatigue lives.  It is obvious that 
neglecting the effects of load sequence in the fatigue calculations under VAL could lead to invalid life 
predictions.  The assessment of the present results indicates that the simulation is highly reliable to 
evaluate the FCG rate.  Furthermore, the experimental results have also demonstrated the ability to 
predict fatigue life and FCG rate. Therefore, the results of the present work provide a better 
understanding of the FCG behaviour under VAL and the factors influencing it.  Finally, the findings 
reveal the importance of using VAL in producing accurate FCG.  Therefore, it is suggested that this 
analysis method is capable of demonstrating the FCG under VAL.
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Magnesium alloy is one of the best engineering structural materials for the purpose of weight 
reduction besides maintaining its strength due to its low density and high specific strength. Many
researchers have been done on determining the mechanical properties such as tensile strength and 
hardness, physical and chemical properties, and its fracture behavior. However, there are many cases 
reported the failure of magnesium alloy components used in automotive, aerospace and electronic 
industries during service. Insufficient strength, effect of machining process and rough surface that
promoted the initiation of fatigue crack and unavailability of fracture properties for design of 
magnesium alloy components were identified as the factor for failure. Therefore, the above factors 
must be investigated in detail to reduce the risk of failure during operation in particular under cyclic 
loading. The main objectives of this research are to determine the effect of solution heat treatment, 
wire-electrical discharge machining (Wire-EDM) method and sample thickness on fatigue strength and 
fracture behavior of AZ61 magnesium alloy. To achieve the objectives, heat treatment at temperature
of 400oC for 1 hour were applied to samples before comparison to fatigue strength of as-extruded 
samples was performed. The effect of surface roughness due to Wire-EDM process on fatigue 
strength was investigated and comparison to smooth samples was carried out. Further, plane strain 
fracture toughness KIC was determined using standard fracture toughness in accordance to the ASTM 
E366 test method. The experimental results show that fatigue strength for solution treated specimens
was increased by 20%. The tensile strength and hardness for solution treated specimens were also 
increased. Analyses on the fatigue crack propagation behavior show that the threshold stress 
intensity factor range ΔKth was not affected by the solution treatment but demonstrated lower fatigue 
crack propagation resistance. The fatigue limit of specimens machined by Wire-EDM reduced about
13% compared to smooth specimens.This is because the fatigue crack was easier to initiates from 
cutting pit that formed during the Wire-EDM process. Thickness of sample significantly influenced the 
value of fracture toughness KC. The thicker the sample the lower the KC value and it become relatively 
constant at thickness more than 8 mm. The plane strain fracture toughness KIC for AZ61 magnesium 
alloy was determined at13.0 MPa.√m. Solution treatment was then found increased the value of KIC to 
14.5 MPa.√m. As a conclusion, solution heat treatment can improve the tensile properties, fatigue 
strength and fracture parameter KIC. The finding of this study can be used as a basic reference for 
structure design to reduce the risk of failure of components during service.
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Impinging air jets have been widely used in many industrial applications for heating, cooling or drying 
in order to achieve enhanced convection heat transfer coefficients. The impinging air jet can be 
described as a phenomena in which the fluid exiting from a nozzle or orifice hits a wall or solid surface 
usually at normal angle. Previous studies on the effect of impinging pulse air jets have shown thatthe 
heat transfer coefficients can be increased by the presence of flow pulsations under certain flow 
conditions. However, almost no correlations exist to relate heat transfer to a particular pulse jet 
geometry and flow parameters. The first part of this thesis involves a study on fluid dynamics of 
steady and pulse air jet at at different Reynolds numbers and pulse frequencies while the second part 
study the effect of Reynolds numbers, pulse frequencies and radial distance on heat transfer 
enhancement. The results obtained from these experimental tests were used to develop correlations 
between the heat transfer and the relevant fluid parameters of the pulse impinging air jet. An accurate 
correlation of this nature will be of significant contribution to the field of heat transfer as it allows pulse 
jet impingement heating or cooling to be effectively applied to a wider range of industrial problems 
with benefits in terms of increasing heat transfer efficiency and reducing costs. Pulsation of the air jet 
was produced by a rotating cylinder valve mechanism that was designed and fabricated to obtain 
variable pulsating frequencies between 10 to 80 Hz using a highly pressurised air. The measurements 
were carried out at three different Reynolds numbers which was set at 16000, 23300 and 32000. Flow 
structures of the heated steady and pulse single circular axisymmetric air jet velocity are measured 
using a calibrated hot-wire anemometer while the heat flux of the heated pulse air jet impinging on the 
plate was measured using a Rdf heat flux microsensor at different radial positions. Results obtained 
for the velocity measurement at the nozzle exit were plotted using nondimensionalised parameters in 
order to make direct comparison of the velocity profile at different frequencies and Reynolds numbers. 
Results for heat transfer obtained show that the stagnation point heat transfer of the pulse jet was 
lower than the steady jet for the same frequency range but the averaged pulse jet Nusselt number 
was higher by up to a maximum of 40%  due to higher localised heat transfer. Local Nusselt number 
increases as the radial distance from the stagnation point increases. All the maximum increases are 
at the farthest distance of 12 cm from stagnation point where pulsating frequency of 80 Hz shows the 
highest increases of 75%. The higher Nusselt number obtained at localised radial positions can be 
due to higher turbulence intensities at these locations as shown in the fluid dynamics analysis. Tests 
were carried out to determine the correlations between percentage increases in local Nusselt 
numbers at different radial distance between steady and pulsating flows. Correlations between the 
local Nusselt and Reynolds numbers at different radial positions and pulsating frequencies are 
determined and presented in the form of Nu=CREmPrn.
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This research work is about the development of semi-solid metal processing using a cooling slope 
casting (CSC) method. It covers issues related to the problems in the production of Metal Matrix 
Composite (MMC) such as wettability, agglomeration, and particle distribution. The objective of this 
research is to utilise cooling slope casting process for MMC production and to investigate the 
differences in term of microstructures between cooling slope casting and conventional stir casting. 
The method developed in this work was a combination of stirring and cooling slope casting in order to 
produce spheroidal microstructure and minimise the common problems encountered in MMC 
production. Semi-solid zone of A356 alloy was obtained from JMatPro simulation and was verified 
experimentally by using a differential thermal analysis (DTA). Initial work has been carried out to 
optimise the cooling slope casting process to produce suitable feedstocks (A356 aluminum alloys) for
semi-solid metal processing. Optimum criterion here was the ability to produce materials with a 
maximum shape factor and minimum size of α-Al grain. The MMC manufacturing process was 
performed by using the optimum conditions obtained during the initial work. Melting process was 
carried out in a graphite crucible with 100 mm diameter and 250 mm height. Afterward, stirring was 
carried out using variable universal motor powered turbine-type stirrer (4 blades with 90º angle 
between blades). Stirring process was done at 580ºC with a stirring time of 15 minute and a speed 
range between 250-500 rpm. Al2O3 particles of different sizes (10, 25 and 50 μm) wrapped in different 
quantity (1, 2.5, and 5 vol%) were added during the stirring process (packet method). The modeling 
result showed the solidus line between 545ºC and 550ºC while the liquidus line is between 610ºC and 
618ºC. Analyses of CSC optimization gave the optimum length of the slope at 250 mm with 60º slope 
angle at the casting temperature of 620 ºC. MMC microstructure consisted of equiaxed α-Al grains 
distributed equally along the liquid matrix. The structure was obviously different compare to 
conventional stirring, in which the structure was mainly dendritic structure. Image analysis results 
showed that the minimum average grain size of α-Al phase was 51.69 μm (corresponded to shape 
factor of 0.76). The minimum average grain size was obtained from the combination of Al2O3 particles 
size of 50 μm at 2.5 % vol. However, it was also found that the size and the volume fraction of Al2O3

particles have little effect on the shape factor and the size of α-Al grains. Semi-solid processing can 
increase the viscosity of the matrix to trap Al2O3 particles thus improved the wettability matrix and 
particles. The presence of Al2O3 particles in the MMC ingots was found to improve the hardness value 
and volume fraction of Al2O3 particles and influenced the hardness of MMC. Further analysis usinga 
Scanning Electron Microscopy/Energy Dispersive X-ray (SEM/EDX) technique has proven the 
existence of particles in the ingot, although some particles agglomeration were also seen. 
Microstructure evolution from dendritic structure (on conventional stirring) into more equiaxed 
structure occurred due to shear stress that was generated by cooling slope and hence has improved 
the particle distribution by breaking the Al2O3 particle agglomeration. The packet method used in this 
work has helped to prevent the particles from floating and hence improved the particles distribution in 
the matrix.
 
For further correspondence kindly contact:
Professor Dr. Mohd. Zaidi Omar (Main Supervisor) 
Department of Mechanical and Materials Engineering  
Faculty of Engineering and Built Environment 
Universiti Kebangsaan Malaysia 
43600 UKM Bangi, Selangor, MALAYSIA 
Tel: 603-89216116; Fax: 603-89259659; Email: zaidi@eng.ukm.my 

Abstract  of  PhD Theis ,  Innovate  Vol  5

45



 
Development of Woven Natural Silk Laminate Composite Plates for Light 

Weight Vehicle 
 

by 
Ude Albert Uchenna (P37166) 

Doctor of Philosophy in Mechanical and Materials Engineering (Ph.D) 
 
This study focused on the impact energy attenuation and damage characteristics of woven natural silk 
(WNS)/Epoxy laminated composite panels for light weight vehicles (LWV). The samples were 
prepared in two sets; the first samples were prepared in configurations of sandwich 
WNS/Epoxy/Honeycomb, WNS/Epoxy/Coremat, WNS/Epoxy/Foam and reinforced WNS/Epoxy 
(reference sample). The thickness of each sandwich samples was 7mm while that of the reference 
material was 3mm. The second samples were prepared as reinforced WNS/Epoxy in configurations of 
10, 15, 20, 25 and 30 WNS ply. The laminated panels were subjected to low velocity impact loading at 
energy levels of 32J, 48J and 64J respectively. The impact parameters measured were load–
deflection behaviour, load–time behaviour and absorbed energy–time behaviour for evaluating the 
impact performance in terms of load bearing capabilities, energy absorption and failure modes. 
Evaluation of the first samples results showed that WNS/Epoxy/Coremat had better load bearing 
capability qualities compared to other configurations. In terms of energy, the energy absorption 
decreases as impact energy increases in all composite samples. WNS/Epoxy/Foam proved to be a 
better energy absorber when compared to other samples. The damage areas increased with 
increasing energy while time to response decreased in all configurations. The morphologies of failure 
were examined using the scanning electron microscope. The micrographs show mode of failures as 
matrix crack, delamination and fibre breakage. The results of the second sets of samples revealed 
generally that as the number of plies increase, the better the absorption of energy and the load 
bearing capabilities. The sample configuration with 30 plies of WNS proved the above statement true 
by showing better results in terms of energy absorption and load bearing capabilities compared to 
others. The data obtained from the experiments formed the bases of fabrication and were configured 
in the design and fabrication of a full size light weight vehicle body (LWV) in form of a solar racing car 
body. The design considerations of the car body were; driver’s safety in event of impact/collusion, 
aerodynamic, minimization of drag force, maximum exposure to the sun and light weight. The 
aerodynamic effect on the body was performed using COMSOL software and the streamlines of the 
simulation were attached to the body. The total length of the car body was 3962mm and the height 
was 613mm. Hand lay-up method was employed to laminate the woven natural silk on the mould core 
of the car body which was milled out of a polyurethane foam core.
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The usage of cutting fluid can increase the cutting speed by up to 30% without effecting the tool life.
But the roles of cutting fluid is now being debated due to its effectiveness in high speed machining, 
not economic and negative effects to the environment and health.  The Minimum Quantity of Lubricant 
(MQL) is believe to be able to solve this problem.  The cutting fluid is applied to the cutting zone in 
form of mist.  The mist is believed to be able to penetrate into the cutting zone to give better lubricant 
and cooling effect.  The objective of this research is to study the effectiveness of MQL when 
machining Titanium Alloy Ti-6A1-4V.  The type of machining used in the research was end-milling and 
the tool used was PVD coated straight tungsten carbide (WC-Co).  The test was conducted at dry and 
near dry condition under various cutting parameters.  The effectiveness of mist coolant was studied at 
two different levels, 50 mL/H and 100 mL/H.  Three different cutting speeds were used in this 
experiment, 100 m/min, 135 m/min and 150 m/min.  Results obtained from this research show that 
there is an optimum quantity of coolant flow rate to be used.  This optimum quantity varies depending 
on the cutting speed applied.  This is due to the different centrifugal  force created at the rotating 
cutting tool, allowing different size of mist particle to penetrate into the cutting zone.  Smaller sized 
mist particles are needed at higher cutting speeds.  However, at lower cutting speeds, dry machining 
can give better tool life.  The role of cutting fluid applied in this experiment is acting more as a 
lubricant and not as a coolant.  This lubrication effect is shown by the decrease of cutting force when 
MQL is applied.  There is no significant effect of application of MQL to the surface roughness.  
Surface roughness values depend more or the feed rate and depth of cut used.  Higher feed rate and 
higher depth of cut results in higher cutting force.  This higher cutting force causes the machine to be 
less stable and generate more vibration and chatter which can affect the surface roughness.  The 
SEM images of some sample of machined surface show that the application of MQL can decrease the 
microstructure alteration on the layer beneath the machined surface.  The formation of plastically 
deformed layer underneath the machined surface is less when MQL is applied compared to dry 
machining.  The results on the microhardness beneath the machined surface also show that MQL can 
reduce the hardening and softening of machined surface.  From the analysis of wear mechanism on 
the cutting tools, besides wear, the cutting tools are also subject to severe chipping, flaking and built 
up edge.  The main cause or tools failure were attrition and diffusion wear which were directly 
associated with the high stress and high temperature at the contact area between cutting tool and 
work material.  Chemical reaction is also believed to contribute to the shorter tool life when MQL is 
applied.  Selection of type of cutting fluid is very crucial when dealing with titanium alloy.  Titanium 
alloy is highly reactive material and can react chemically with most materials used in machining.
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Corrosion inhibitor addition has been found to be one of the most effective methods in preventing 
corrosion. The aspects which this thesis concerns are the positive effects of six organic compounds in 
suppressing the corrosion of mild steel. The corrosion inhibition of mild steel in 2.5 M H2SO4 solution 
was achieved using following compounds as corrosion inhibitors, namely; 4,4-dimethyloxazolidine-2-
thione (DMT), 4,4-dimethyl-3-thiosemicarbazide (DTS), thiourea (TU),  4-amino-5-phenyl-4H-1,2,4-
triazole-3-thiol (APTT), 4-amino-5-methyl-4H-1,2,4-triazole-3-thiol (AMTT) and  4-amino-3-hydrazino-
5-mercapto-1,2,4-triazole, 4-amino-5-hydrazine-1,2,4-triazole-3-thiol (ATTT). The selection of these 
compounds was based on the molecular structure considerations; i.e., the molecules contain co-
ordinate and covalent groups that can form a protective film on the mild steel surface.The change in 
open circuit potential (OCP) with immersion time, potentiodynamic polarization and electrochemical 
impedance spectroscopy (EIS) measurements were used to study the effect of these compounds on 
the corrosion of mild steel. It was found that these compounds have very good inhibiting effect on the 
corrosion of mild steel and the inhibition efficiency of the inhibitors increases in the order: ATTT < 
DTS < THI <DMT<AMTT<APTT. A new model (MLR) based on quantum chemical parameters was 
developed to describe the quantitative structure-activity relationships (QSAR). The advantage of this 
model over the past models, its ability to count the temperature effects on the inhibition efficiency. The 
results indicate that the inhibition efficiencies increased with the concentration of inhibitors, but 
decreased with the increase in temperature. Potentiodynamic polarization curves show that these 
compounds are of mixed-type inhibitors. Changes in impedance parameters suggested that the 
adsorption mechanism has taken place on the mild steel surface. The inhibitors adsorption on the 
mild steel surface followed the Langmuir adsorption isotherm. The kinetic and thermodynamic 
parameters for the corrosion of mild steel and the adsorption of inhibitors were calculated. Based on 
the statistical analysis, APTT was found to be a promising corrosion inhibitor and was selected for 
further investigations. APTT was used as corrosion inhibitor for Al alloy in 2.5M H2SO4 solution and 
the results show that APTT can adsorb on the Al2024 surface and block the active sites decreasing 
the corrosion rate. APTT was also used as corrosion inhibitor for mild steel in 1.0 M HCl solution. 
APTT showed very good inhibition performance with efficiency of 90%. The kinetic behavior of the 
corrosion inhibition of mild steel in 1.0 M HCl by APTT was studied and described by an exponential 
kinetic equation of self-accelerating reactions in the absence of APTT and by an equation of a zero 
order in presence of APTT. Stability of layer forming for APTT on mild steel surface under 
hydrodynamic conditions was investigated in tow solutions namely, 0.5 M HCl and 2.5M H2SO4. It was 
found that the formation and the development of the inhibitor layer were depended on the flow 
velocity. The inhibition of galvanic corrosion by APTT was carried out in 2.5M H2SO4 solution at 30 
○C. Results show that the APTT inhibited the cathodic process of mild steel and anodic process of 
Al2024 in 2.5 M H2SO4 solution It was found that galvanic current decreased from 286 to 8.9 μAcm-2

while the potential shifted to positive direction in the presence of APTT. The formation of the adsorbed 
APTT film on the mild steel surface was confirmed by scanning electron microscopy (SEM) and 
Fourier transform infrared spectroscopy (FTIR). 
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Hydrogen is one of the alternative fuels to meet our energy requirements and its consumption as a 
fuel is completely deprived of carbon dioxide emissions as compared to conventional fuels. Hydrogen 
can be used as a clean transportation fuel as well as for electricity production via fuel cells. Hydrogen 
gas can be produced by some chemical process but the use of anaerobic microorganisms to produce 
hydrogen from biomass has been declared as innovative and promising biotechnology.  This study 
was designed to focus on the investigatory studies of some key environmental factors influencing the 
hydrogen yield during fermentation including initial substrate concentration, initial mediumpH, reaction 
temperature, sparging nitrogen and addition of Fe2+using Clostridium saccharoperbutylacetonicum
N1-4 (ATCC 13564; CSN1-4). This study was extended to a second stage anaerobic photo 
fermentation by autoclaving the effluent from dark fermentation to inactivate the CSN1-4 and 
subjecting the effluent to light fermentation in the presence of Rhodobactersphaeroides NCIMB 8253.
Applications of a mathematical model for hydrogen production in batch model culture using CSN1-4
were carried out. Box-Wilson Design (BWD) was used to optimize and find a useful relationship 
among three variables (initial substrate, initial medium pH and temperature) effecting on the hydrogen 
yield.Fermentative hydrogen production was carried out using CSN1-4 under different conditions of 
initial pH, temperature, and initial substrate concentration.  The optimized conditions to obtain 
maximum hydrogen yield 3.1mol (mol glucose)-1 can be described as, initial glucose concentration 10 
gL-1 and initial pH of 6.0 ± 0.2 at reaction temperature 37̊C. Addition of Fe +2 and sparging nitrogen 
were also recognized as enhancing parameters towards optimum hydrogen yield and bacterial 
growth. The light anaerobic fermentation produced hydrogen between 1.10-1.25 mol H2 (mol acetic 
acid)-1 at pH 6.8 ± 0.2 and 32°C making the total hydrogen yield 4.35mole. The mathematical model 
predicted the maximum hydrogen yield of 3.24 mol H2 (mol glucose)-1. The Monod model, with 
incorporation of substrate inhibition term, has also been used to determine the growth kinetic 
parameters for hydrogen production. The values of maximum specific growth rate µmax and substrate 
saturation constant Ks were 0.398h-1 and 5.509 g L-1, using glucose as a substrate. The experimental 
data collected was successively fitted to a second order polynomial mathematical model and 
predicted theoretically 80% of hydrogen yield. Artificial neural networks (ANN) model approach to 
simulate and predict the hydrogen yield in batch model using CSN1-4 was investigated. The results 
showed that the proposed ANN model could be trusted for a significant level of accuracy for hydrogen 
prediction with maximum error (10%). Furthermore, a comparative analysis of ANN with a traditional 
statistical Box-Wilson Design (BWD) has also been accomplished. The results showed that the 
proposed ANN model is an outperforming (BWD) approach and also overcome its limitation with 
respect to number of experimental runs.
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The natural clay, originally from Riau Province, is available in huge abundance and is still left unused.
This study has been conducted to determine the ability of the natural clay from Cengar village, Riau 
Province, Indonesia, to become an adsorbent of heavy metals in aqueous solutions. Results obtained
could be used as a basis to improve and add value to the mineral in Riau Province. The Cengar 
natural clay was treated by chemical modifiers, such as ammonium acetate, ammonium chloride, 
sodium chloride respectively and as well pillared by keggin ion polymer. Characterisations of the 
Cengar clay was carried out to ascertain the type of mineral, chemical composition, vibration of 
chemical bonding, surface morphology and cation exchange capacity of the clay. The adsorption 
ability of the clay was determined by adsorption of the heavy metals cation of Co(II), Cu(II) and Ni(II) 
in aqueous solution in a batch system. The adsorption behaviour of the cations on Cengar clay has 
been investigated by kinetic, equilibrium and thermodynamic concepts. The Cengar clay has been 
proven to consist of kaolinite and muscovite minerals, as well quartz mineral as a non clay 
component.  It was determined that the percentage  of oxides of the Cengar natural clay (%) is SiO2

77.95, Al2O3 14.7, K2O 2.4, Na2O 1.7, Fe2O3 1.0 and MgO 0.9. After modification, it was found that the 
oxides content was different, as well as the cation exchange capacity. The morphology of Cengar 
clays surface was shown to have the layers of regular plate wherein the particle sizes are 17-145 nm.
The Cengar clay which was modified by ammonium acetate (INC-AA) and sodium acetate (INC-SA), 
respectively has the highest adsorption capacity for Co(II) and Cu(II), whereas the Cengar natural clay 
has the highest adsorption capacity for Ni(II). The adsorption of these cations was higher at pH 4 and 
7. The adsorption rate of these cations was fitted to the pseudo second-order, whereas the
equilibrium of adsorption fitted the Langmuir isotherm. The thermodynamic study showed that the 
adsorption was exothermic, having decreases in entropy and increases in Gibbs energy of non 
spontaneous process.The pillared Cengar clay showed improvements in terms of basal spacing of 
0.98 Å, accompanied by the presence of smectite mineral and group of keggin-OH and keggin-
Al(IV)OOH. Al2O3 is as major component in SAK (pillaring the suspended clay in sodium acetate 
solution by keggin ion) and SiO2 in WK (pillaring the suspended clay in aqueous solution by keggin 
ion). Pillaring was also proven to have a significant effect in increasing the cation exchange capacity. 
Morphology of the pillared clay surface consisted of plates and agglomeration of granules on SAK, 
wherein WK has thin and regular plates, wherein the particle sizes are 17-30 nm. The uptake of Cu(II) 
cation on the pillared Cengar clay (SAK and WK) was more rapid than non pillared clay (INC-O and 
INC-SA) and the adsorption kinetic of the pillared clay fitted the pseudo second-order. Increase of the 
adsorbent weight showed increase alsoof the adsorption capacity of Cu(II) on the pillared clay. The 
adsorption equilibrium fits the Freundlich and Dubinin-Raduskevich isotherm well. Adsorption of Cu(II) 
on WK was found to be exothermic with negative entropy and increases in Gibbs energy of non 
spontaneous process, and on the other hand adsorption on SAK is endothermic showing the positive 
entropy and decreases in Gibbs energy of non spontaneous process. 
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One of the most important fundamental problems in linear feedback control system design is the 
selection of the closed loop poles. Classically, pole placement method as used in synthesizing the 
plant controller is a common method to select the desired closed loop poles based on transient 
response, damping factor, or phase/gain margin criteria. The over-parameterizing a controller's 
coefficients in its transfer function provides extra freedom to be used in Variance Reduction of the 
sensitivity functions that are related to the noise and disturbance applied to the system (e.g. nominal 
sensitivity, nominal input disturbance, or nominal control sensitivity). In this account, Linear Quadratic 
Gaussian (LQG) controller was introduced to overcome problems encounters in classical controllers 
such as Generalized Minimum Variance (GMV) and Minimum Variance (MV). However, LQG control 
scheme exhibits heavy calculation load and no guaranty to the conventional desired gain and phase 
margin. This study describes a new algorithm based on over-parametrization that calculates the 
controller’s coefficients for achieving minimum variance. The algorithm features simplicity and 
generalization if it is compared with the conventional controllers such as MV, GMV, or LQG. The 
approach adopted in the development implies the introduction of sub-optimal solution to prove that the 
optimal solution converges to minimum variance. The implementation is set into two folds; the first fold 
is implementing the controller in simulation and comparing it with previous work. A fuzzy logic 
controller is also incorporated in the design of an Automatic Variance Switching Controller, whose 
objective is to switch automatically to the smallest order controller that achieves minimum variance. 
The second fold is applying the controller on a real DC motor and measuring its output variance. 
Results of simulations compare the implementation of the new algorithm with a previous work show 
that while the new algorithm shows a variance reduction that reaches 90% of the initial variance 
before the implementation of the controller and attend minimum variance compared with its 
predecessor that fail to converge to minimum variance for a system that has its characteristic equation 
not equal to unity. In the real experiment, the linear time invariant model of the system is identified as 
an ARMAX model. Despite the uncertainties of the identified coefficients, the controller achieves a 
minimum variance after over-parametrizing its coefficients to a certain order. A second experiment is 
to let the controller to act in two degrees of freedom; reference tracking and variance reduction. The 
calculated controller shows a reduction of variance towards the minimum, whereas reference tracking 
is achieved by incorporating an integral to the over-parameterized term. The integral term ensures a 
zero steady-state error, but sacrifices slightly with the variance being reduced. Results demonstrate a 
trend that shows the output variance slightly increases above the reduced variance after forcing an 
integrator inside the controller, but less than the original variance of the system.  The result concludes 
that the proposed controller with a single degree of freedom performs dual objectives of variance 
reduction and reference tracking.
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The increasing demands of internet applications with mobility support give a great challenge in 
providing an efficient mechanism for mobile wireless access. The Internet Engineering Task Force 
(IETF) standardized the Mobile Internet Protocol (MIP) and MIP version 6 (MIPv6) to make the 
communication for the wireless access more efficient. However, the service quality of the MIPv6 
degraded because of extra signaling and long transmission due to latency resulted from excessive 
address translation. Then Hierarchical MIPv6 (HMIPv6) was introduced to achieve the best scalable 
solution for global mobility by dividing the world into domains. HMIPv6 regional registration adopted a 
Mobility Anchor Point (MAP) to control the visited Mobile Nodes (MN) in the domain to reduce the 
number of Location Updates (LU) in the home network. The MAP in the Foreign Agent (FA) area 
intercepts all the packets addressed to the MN and then tunnels them to the On-link Care of Address 
(LCoA) of the MN in the FA area. Nevertheless, HMIPv6 still unable to resolve the problem of 
scalability besides its high location updates cost, high packet delivery delay, large Lost Data Rate 
Ratio (LDRR) and large number of lost packets particularly when huge number of MNs visits the 
domain. The main objective of this thesis is to propose, analyze and evaluate an enhanced HMIPv6
called Smart Selection Hierarchical Mobile IPv6 (SSHMIPV6) to encounter those problems. 
SSHMIPV6 has a domain consisting of multiple MAPs using the same Regional Care of Address 
(RCoA) and each MAP in the domain is attached to an Access Router (AR). SSHMIPv6 environment 
have been simulated and used to evaluate the performance of SSHMIPv6 over HMIPv6 and to 
analyze the effect of adding multiple MAPs to serve each region using the Join Shortest Queue (JSQ) 
selection scheme. Then a load balancing strategy was introduced by ascendingly sorting the multiple 
MAPs having the same RCoA and attached with the same Access Routers in the SSHMIPV6 domains 
which adopt the HMIPv6 protocols. Simulation shows that SSHMIPv6 outperforms HMIPv6 in term of 
packet delay, lost packets, effective data rate, and location update cost. Using more MAPs in the 
same domain will reduce the Lost Data Rate Ratio (LDRR), thus the average percentage of reduction 
in LDRR of using two MAPs is 28 %. In terms of the average packet transfer delay the average 
percentage reduction between using one MAP and two MAPs is 51 %. Taking into consideration the 
lost packet ratio, an average percentage reduction of 20 % was observed between when using one 
MAP and two MAPs. Finally, an application of SSHMIPv6, a concept of incorporated domains is 
simulated that allows adjacent domains to be incorporated together while keeping their MAPs sharing 
the same RCoA. It is found out that about 30% to 60% reduction in the location update cost was 
achieved. From the results above, we can conclude that SSHMIPv6 can solve the scalability problem 
because more mobile nodes will be able to be handled and better served in the foreign domain.
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Test and diagnosis techniques play a major role in the advancement of semiconductor memory 
technologies. The challenge in failure detection has created intensive investigations on efficient 
testing and diagnosis algorithm for maximum fault coverage and diagnostic resolution. This thesis 
presents an implementation of three test algorithms to diagnose coupling faults (CFs) of SRAMs 
memories. For this purpose, we have designed a diagnosis controller (PMBISD) that can generate 
fault syndromes powerful enough to perform both the detection and diagnosis of the CFs. The 
Programmable Memory Built-in Self- test and Self-diagnosis (PMBISD) have march test algorithms 
(MTA), march like algorithm (MLA) and march distinguish algorithm (MDA) for identifying all the CFs. 
In order to generate specific fault syndromes that can detect and diagnose CFs, the Fault Syndrome 
Simulator (FSS) is proposed. Based-on the FSS, a set of fault syndrome has been generated to be 
similar to the march Cd 13N test algorithm. The march Cd algorithm has been in detection and 
diagnosis the CFs in the SRAM memories by the previous researchers. However, the algorithm is not 
capable enough to have full diagnosis due to 20% of the faults have same fault syndromes. It is due 
to the memory cell that cannot differentiate between write and state transition (aggressor) that made 
another cell (victim) going to undergo. Thus, after further investigation, additional 4N (MDA) has been 
generated to identify the identical fault syndromes which cannot be identified by the march Cd. Before 
generating the MDA, the 3N (MLA) is used to locate aggressor bits of CFs which to identify an 
aggressor causes the victim cell going to undergo. Therefore, the proposed test algorithms which 
(13N + 3N/4N) read/write operations for a bit-oriented SRAM with mCFs can achieve full diagnose 
and locate the aggressors successfully. Manual procedure and simulator results show that the 
proposed algorithms have improved diagnostic resolution and lower time complexity than previous 
approaches. After the functionality of the algorithms has been verified, the FPGA implementation 
using xilinx ISE is used to realize the testing and diagnosis into hardware design (PMBISD) which is 
written in verilog HDL. The PMBISD simulation results show that 100% fault coverage and 100% 
diagnostic resolution of the CFs have been achieved as same as the manual procedures and 
simulator results.  
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Long term fetal heart rate (FHR) monitoring has been proposed to ensure detection of any 
abnormality, which may appear at any time during pregnancy and labour. Although Doppler 
ultrasound device is currently used for FHR monitoring, it is not suitable for long term use due to its 
sensitivity to movement. Alternatively, non-invasive electrocardiography (ECG) has been used to 
obtain the FHR by processing signals from abdominal leads. However, the abdominal ECG (AECG) is 
always corrupted with power line interference, maternal ECG (MECG) and electromyogram (EMG) 
where its variability is influenced by the gestational age, position of the electrodes and the skin 
impedance. The objective of this thesis is to develop effective algorithms for real time FHR and 
maternal heart rate (MHR) detection from the AECG. Signals from three abdominal leads have been 
recorded with electrodes positioned such that one of the leads carry mainly signal form the maternal 
heart (called maternal lead) while the other two (called fetal leads) also contain signals from the fetus. 
The signals were made zero mean, and fed to a finite impulse response (FIR) band-pass filter with 
cut-off frequencies at 4 Hz and 40 Hz. After these preprocessing steps, two main algorithms are 
required for fetal signal extraction and fetal peak detection. The fetal signal extraction is based on the 
adaptive noise cancellation (ANC) technique, using recursive least squares (RLS), applied to the 
maternal lead signal and either of the fetal leads. A window signal is created using the maternal QRS 
complex (MQRS) window. Then the window signal is used to scale down the residual maternal peaks 
in the fetal extracted signal. A threshold free peak detection algorithm was then developed to 
measure both the FHR and MHR. The above algorithms have been implemented in Matlab 7.4 
(Matlab script) for off-line simulation and Matlab and simulink (Mathworks Inc.) for off-line and real-
time simulations. The extraction algorithm implemented using Matlab 7.4 is compared to another fetal 
signal extracting algorithm based on independent component analysis (ICA) to process 30 sets 5 
seconds each of recorded signals sampled at 1000 Hz. The average sensitivity and average positive 
predictivity of the FHR detection by the ANC based method are 87.23% and 72.09% respectively 
compared to 75.75% and 68.18% by the ICA based method. The FHR detection in this case was 
performed using previously developed algorithm.  The proposed detection algorithm in Matlab is 
tested off-line using 20 sets of 60 seconds recorded data resampled at 256 Hz. The average positive 
predictivity of the MHR detection is 99.79% and the average sensitivity is 99.05%. Then the overall 
detection algorithm in simulink for FHR was tested on 30 recorded signals of 60 seconds also 
sampled at 256 Hz. The average positive predictivity of the FHR detection is 79.76% and the average 
sensitivity is 77.49%. The FHR detection is also compared with measurements using ultrasound M-
mode and FHR detection achieved when ICA was used for fetal signal extraction. The performance of 
the proposed algorithm when compared to mean ultrasound value shows error values between 0 and 
4.9%. Finally, the proposed algorithms were applied on abdominal signals directly from pregnant 
women to demonstrate the capability of the system to detect FHR and MHR in real-time. The 
proposed algorithms can also be applied to multiple leads and two leads systems, as well as possibly, 
to a single lead system with the necessity to derive the reference maternal signal.
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To ensure maximum productivity of oil palm plantations, the main issues of eradicating and controlling 
weed manifestation need to be addressed efficiently. Currently, weed eradication and control are 
done manually which involve the use of human labor. This method is inefficient and in fact, poses 
other problems such as creating the high dependency on manual labor force, causing health threat to 
plantation workers who handle the weed herbicide etc. Without a good control strategy to eradicate 
weed, the palm oil plantation productivity can be affected. Therefore, a systematic and efficient weed 
eradication and control strategy is greatly needed. Hence, the main objective of this research is to 
develop an intelligent weed eradication system based on computer vision that is able to perform the 
herbicide spraying operation selectively and automatically. The implemented methodology involves 
the development of three main modules, namely the image preprocessing and enhancement module, 
the feature extraction module and the classification module. The scope of study is limited to a binary 
classification problem to identify the weed type as either grass or broad-leave weed since both types 
are the most common weed population found in the oil palm plantations. The image preprocessing 
and enhancement module is developed to deal with the diverse problems relating to variations of 
image sizes, lighting conditions, colors and in order to enhance the quality of the images. The feature 
extraction module, which is the main research focus, is developed to produce feature vectors that 
possess distinct and unique characteristic so as to be used as a robust and compact image 
representation. These involve the implementation of three texture based feature extraction techniques 
known as the grey level co-occurrence matrix (GLCM) technique, Gabor wavelet (GW) technique and 
gradient field distribution (GFD) technique. Additionally, this research has made used of the feature 
fusion technique in which the extracted GLCM, GW and GFD features are fused in pairs. Three pairs 
of the combined feature vectors are the GW-GFD, GFD-GLCM and GW-GLCM. An artificial neural 
network (ANN) classifier is used to test the individual performance of the extracted feature vectors of 
GLCM, GW and GFD and the effectiveness of the feature fusion technique. For testing and validation 
purpose, 800 weed images comprising of both grass and broad leaves weed types are used. Without 
the feature fusion technique, the classification performance using the GLCM feature vectors set is 
68% whereas the GW (87%) and GFD (90%). The classification performance showed an 
improvement when the fusion technique is employed with the GW-GFD pair producing the best results 
(97%) as compare to the GFD-GLCM (90%) and GW-GLCM pairs (53%). As such, a prototype of the 
intelligent weed eradication and control system has been developed using the GW-GFD feature 
vector pair along with the ANN classifier. In conclusion, this research has achieved its stated main 
goal which is to develop a weed classification system using computer vision that can perform the 
herbicide spraying selectively and automatically.
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EEG is the most important tool used in diagnosing epilepsy. Up till now, the common routine used by 
neurologist to produce diagnosis is through visual inspection process which is laborious, time 
consuming and costly. The matter gets worse with shortage of neurologist capable of producing the 
final diagnosis. As such, a computerize method is highly desired to eradicate such problem and used 
in facilitating preliminary diagnosis for patient screening. Therefore, this thesis deals with pattern 
recognition research whose main objective is to develop a computerized method that is able to 
produce preliminary diagnosis such as for screening epilepsy cases by processing, analyzing, 
classifying and detecting anomaly in EEG signals. To achieve the aforementioned objective, three 
important components in pattern classification method need to be developed namely the 
preprocessing, feature vector extraction and classification with emphasis placed on the development 
of the feature vector extraction component to extract the most unique and accurate feature vector to 
represent EEG signals in a pattern classification task. There are various feature extraction algorithms 
that can be used, however, in this research only the following algorithms were considered, namely 
fractal dimension, S-transform, unconstrained minimum average correlation energy filter (UMACE) 
and autoregressive (AR). For testing and validation purpose of the extracted feature vectors 
effectiveness, two different classifiers of ANN and SVM were implemented using two public databases 
namely the Bonn University EEG database and the Freiburg Seizure Prediction EEG Database 
(FSPEEG), Germany. Analysis using clean and non-continousiEEG data from Bonn University to 
discriminate between ictal and inter-ictal EEG signals showed very good classification results (100%) 
when features of AR is paired with SVM classifier (AR-SVM) and followed by other feature-classifier 
pairs results such as Strans-SVM (99.5%), AR-ANN(99.35%), Strans-ANN(99.0%), Higuchi-SVM 
(99.0%), Higuchi-ANN (98.9%), UMACE-SVM(97.5%), UMACE-ANN(94.4%) and Katz-ANN (90.1%). 
When tested using the FSPEEG database which consists of raw and continousiEEG signal, the 
classification results of the AR-ANN (85.6%) was the best compared to UMACE-ANN (85.5%), AR-
SVM (81%), UMACE-SVM (81%), ST-ANN (80%), Higuchi-ANN (76%), ST-SVM (75%), and Higuchi-
SVM (71%) feature-classifier pairs. In conclusion, the results obtained from this research proved that 
the AR feature vectors are the best feature set for analyzing, classifying and detecting anomaly in 
EEG data. In addition, it is recommended that SVM classifier be used for clean and non continuous 
data where as for raw and continuous data ANN be used as classifier
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The next generation of wireless communication systems necessitate higher data rates and network 
capacity, reliable high-speed multimedia services, and better Quality of Service (QoS). Multiple-Input 
Multiple-Output (MIMO) antenna accompanied by Multicarrier Code Division Multiple Access (MC-
CDMA) known as MMC systems are very promising candidates for such systems. However, current 
MMC detection algorithms suffer from a meaningful performance reduction and high computational 
complexity order, since the algorithms were originally developed in the unrealistic wireless MIMO 
channels. This thesis took these challenges by developing innovative and novel individual detection 
algorithms utilizing subspace and metaheuristic approaches for the MIMO MC-CDMA systems as a 
promising candidate for Fourth Generation (4G) and beyond wireless communication systems. The 
subspace-based detection algorithms called Subspace-based Sphere Decoder Evolution (SSDE), 
Detection after Desegregation Layer-Krylov Subspace Development (DADL-KSD), and Hybrid-EST-
Iterative-MMSE-MPASTD (HEIMM) were developed. Furthermore, metaheuristic-aided detection 
algorithms known as Hybrid GAMOPS-SLS (HGS), Bees algorithm-assisted MOP Solutions (BMS), 
and Hybrid EST-BMS (HEB) were developed. Both the detection algorithms are tested via a novel 
proposed single generic time-variant MIMO channel model for all the propagation environments 
named as UKM Channel Modelling (UKMCM). The UKMCM was modeled based on an innovative 
combination of stochastic and geometric approaches to generate the Gaussian and the Ricean 
coefficients. Simulation results shown that both proposed detection algorithms can improve Bit Error 
Rate (BER) performance up to 9.5 dB, and reducing of computational complexity order in terms of 
floating point operations (flops) by at least one order of magnitude at joint channel estimation and 
multiuser detection. The HEB algorithm produces most probable adaptive and scalable solution using 
less common control parameters. Consequently, these algorithms can be implemented in 
reconfigurable architecture for future wireless communication systems. 
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Image compression plays an important role in speeding up the transmission time and saving storage 
spaces. Most of medical images modalities are attractive for image compression techniques due to 
their huge storage requirements. Image compression can be classified into two categories: lossless 
and lossy. Lossless compression methods are reversible with relatively small compression ratio of 1-
3:1. Lossy compression methods are irreversible, allowing much higher compression ratio up 30-
100:1 but with lower quality compressed images. The aim of this research is to study and improve 
Lossy-Lossless compression methods using hybrid techniques for medical images. A set of Magnetic 
Resonance Imaging (MRI) and Computerized Tomography (CT) test images were used in this study, 
which is divided into three main stages. In the first stage, the test images were lossy compressed at 
different compression ratios to investigate the effect of the image data compression on the diagnostic 
and clinical information quality. The reconstructed images were evaluated objectively and subjectively. 
The objective evaluation was done by calculating some objective measures such as Mean Square 
Error (MSE), Maximum Absolute Error (MAE) , Signal-to-Noise Ratio (SNR), and Peak Signal-to-
Noise Ratio (PSNR), whereas the subjective evaluation was carried out by a group of evaluators from 
UniversitiKebangsaan Malaysia Medical Center (PPUKM). Based on the objective evaluation, the 
PSNR which measures the quality of the reconstructed images are 21.5 dB to 42.8 dB and from 23.9 
dB to 37.8 dB for MRI and CT images respectively. Meanwhile, based on the subjective evaluation, 
the compression ratio of 30:1 was acceptable for CT images whereas 40:1 was acceptable for MRI.  
In the second stage, two new compression techniques were developed, implemented and tested. The 
first technique was absolutely lossless; while the second technique was near lossless. The maximum 
compression ratios achieved using the proposed lossless technique are 4.5:1 and 4.1:1 for MRI and 
CT images respectively, which are more efficient than the other existing lossless techniques. This 
technique was modified to become near lossless in order to increase its performance while keeping 
the quality of the images as high as possible. The performance of the proposed near lossless 
technique could be increased whenever the value of n is increased but up to a certain limit called Just 
Noticeable Distortion  (JND) limit, which is n=16 in this work. This limit was assigned by specialists 
from the Department of Radiology, UKM Medical Center (PPUKM) who were involved in evaluating 
the results. In the third stage, a hybrid lossless-lossy compression technique was proposed using two 
different approaches. The first approach was based on Region of Interest (ROI), while the second one 
was based on difference image. In the ROI based method, two different ROI sizes representing 10% 
and 15% of the original image were tested. Once the ROI is extracted, it is compressed using the 
lossless proposed technique developed in stage two, while the background image is compressed 
lossly at high compression ratio using wavelet transform. The quality of the compressed images was 
100% in the diagnostically important region of interests with an overall image compression rates 
between 16:1 and 48:1 were achieved. In the second method, difference image was used based on 
statistical measurements which showed the compression capability of difference image. The original 
images were compressed lossly at high compression ratio using wavelet transform while the 
difference images were compressed using the proposed lossless technique developed in stage two. 
The two lossy and lossless images were recombined to reconstruct the original image. The results 
obtained from this method were very promising, and the performance was about two times better than 
other lossless methods.
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The future heterogeneous wireless systems network will be the integration of Wireless LAN (WLAN), 
WiMAX and Beyond Third Generation (B3G) cellular network infrastructure. In such network, to 
achieve seamless roaming across various access technologies, the interoperation of mobility 
management techniques is essential. Location registration and paging are two important aspects of 
mobility management that ensure the mobile users to receive service anywhere and anytime. In 
indoor environment that suffer severe multipath fading and non-line of sight (NLOS) propagation 
impairment, the location update and paging procedure consume most of the channel resources due to 
increase in the signalling cost resulted from more frequent registration and paging process.  Hence, 
there is a need for a simple and an efficient indoor location registration and paging algorithm.  The 
primary focus of the research is the development of Three-Dimensional (3-D) location registration and 
paging algorithm using Ray Tracing (RT) model for indoor heterogeneous wireless system.  The Ray 
Tracing model has been designed in such a way to minimize the number and orientation of the 
propagated rays from the transmitter that can still give an acceptable received signal prediction. This 
has been achieved by reducing the angle step between each two successive rays.  The ray tracing 
simulator has been verified by conducting a comparison between predicted and measured received 
signals for WLAN. The optimum number of three reflections was found at the minimum root mean 
square error (RMSE) of 2.96 dBm and standard deviation of 2.98 dBm within a single floor consists of 
three rooms. Furthermore, an Interpolation Prediction Method (IPM) has been proposed to predict the 
propagated signal in the blind areas by using the nearest neighbor interpolation algorithm. Simulation 
shows that IPM can reduce the total computational time of about 77 % using 5° angle step. The 
predicted signal strength data then has been used as a platform for the user mobility model in an 
office environment to determine the location registration status. Moreover, a new location registration 
and paging algorithm called RSS threshold-based with sequential paging has been implemented to 
overcome the overlapping of location registration and paging area and repeated registration process 
caused by the fluctuation of the received signals. It is shown that a quite significant reduction in 
number of registrations and paging of about 26% and 30% respectively over conventional indoor 
location registration with blanket paging algorithm can be achieved when using –50 dBm RSS 
threshold. The proposed algorithm also found to be suitable for high QoS applications.
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Customers now demand high electrical power quality for improved production output as well as for 
maintaining an optimal operating cost. As customers seek to increase efficient utilization of resources, 
power utilities need to better understand power quality disturbances affecting their customers. This 
has created a need for an online permanent power quality monitoring system (PQMS) which enables 
power utility to perform continuous monitoring of power systems in order to evaluate the level of 
electrical power quality. However, the amount of data recorded by the PQMS is vast and in general 
the data provide little information on the types, sources and causes of the power quality disturbances. 
To analyze these disturbances is a nontrivial task mainly due to the huge volume of disturbance 
records and scarcity of experienced engineers with sound knowledge on power quality. Therefore, to 
overcome these problems, an automated disturbance detection, classification and diagnosis of all the 
power quality data are required. In this research, the S-transform which is an advanced signal
processing technique and various computational intelligent techniques have been applied for  
automating the process of detection, classification and diagnosis of power quality  disturbances. The 
S-transform decomposed the power line signals into a set of time-frequency components in which 
feature extraction can be applied to recognize the patterns of both single and multiple disturbances. 
The S-transform features are then applied to the computational intelligent techniques for performing 
disturbance classification using the rule based technique, probabilistic neural network and support 
vector regression (SVR). The results for classification using SVR gave prediction accuracy of 96 % for 
the analyses of both single and multiple disturbances. A novel method for identifying the sources of 
voltage sags as to whether it is from upstream or downstream from the PQMS has been developed 
using an index named as the S-transform disturbance power (STDP). From the analyses done on 237 
samples of voltage sag data recorded in a distribution network in Malaysia, it is revealed that the 
STDP method perfectly (100%) identified the sources of both symmetrical and nonsymmetrical 
voltage sags. For diagnosis on the probable causes of voltage sags, two new indices from the S-
transform are derived and named as the S-transform magnitude-time voltage and S-transform 
frequency-time voltage. The causes of voltage sags are categorized as permanent and nonpermanent 
faults which are further categorized due to either incipient or transient faults. As for the power quality 
diagnosis results, the S-transform and SVR successfully predicted the causes of voltage sags as 
either permanent or nonpermanent faults with accuracies of 95% and 93.65%, respectively. Based on 
all these results, this new developed computational intelligent tool has the potential to be used in 
existing PQMS to expedite the diagnosis on the recorded voltage disturbances. 
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Wireless Sensor Network (WSN) is a network consists of hundreds or thousands of low-power and 
low cost sensor nodes deployed in unattended adversarial environment with no possibility of a global 
addressing. Due to energy, memory, and computational capabilities constraints on sensor node, 
security becomes a major concerned in WSN since existing security mechanisms such as 
cryptography and key management are not allowed to be fitted directly. Moreover, absence of a pre-
existing infrastructure in WSN network increases the vulnerabilities to a network layer particularly 
because the sensor needs to behave as a router to relay all messages to a destination. Thus, a 
secured routing becomes significantly concerned to ensure a high-quality communication. The 
objectives of this study are to propose and evaluate new secured and efficient routing protocol for 
WSN using a dynamic and adaptive collection window to defenses against routing attacks. The study 
focus on the routing disciplines implemented by Implicit Geographic Forwarding (IGF) only, that 
exposed to routing attacks such as blackhole, selective forwarding, Sybil, and denial of service 
attacks. As a result, two new routing protocols are proposed, namely Dynamic Windows Implicit 
Geographic Forwarding (DWSIGF), and adaptive DWSIGF. Both protocols inherit the main behaviors 
of IGF to ensure the protocols are secured from the other routing attacks includes wormholes, HELLO 
flood, sinkholes, and spoofing and altering of routing table attacks. The DWSIGF routing protocol 
uses dynamic collection windows method as opposed to the IGF and Secured Implicit Geographic 
Forwarding (SIGF) routing protocols which collected only one CTS respondent and implemented fixed 
window’s size respectively. Thorough analyses are performed on the protocols which are with priority 
and random selection, optimal and not an optimal relay, with and without CTS rushing attack, and 
single and multiple attackers. The dynamic method has promising a better protection against 
blackhole, selective forwarding, and Sybil attacks with minimum attacker selection and high 
performance in packet delivery ratio (PDR) as compared to the IGF and SIGF routing protocols even 
without inserting any security mechanism inside the routing protocol. However, the DWSIGF routing 
protocol not very efficient in PDR, message overhead, and end to end delay when no attack is 
present. Thus, the adaptive DWSIGF on the other hand, guaranteed a better performance on end to 
end delay even when no attack is performed. The protocol smartly accepts adequate number of CTS 
reply as opposed to the DWSIGF protocol that collected as many as CTS respondents within the 
collection window time. The study shown the 20% of forwarding candidates are enough to respond to 
the sender. Ideally in high density network, two to three nodes are considered sufficient to reply with 
the CTS packet. The protocol also provides outstanding defenses against the blackhole and selective 
forwarding attack even compared to the DWSIGF routing protocol. As a result, the proposed routing 
protocols are promising a dynamic, efficient, and secured routing protocol without placed-in any 
existing security mechanism inside. 
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Protective relay maloperation due to overload and power swing is believed to be one of the 
contributing factors in major blackouts in the world. Most of the problems are associated with relays 
tripping too many healthy lines which are due to inadequate real time diagnostic support for verifying 
the correctness of relay operation.  Therefore, there is a need for real-time monitoring tools equipped 
with new adaptive distance protection algorithms to help prevent relay maloperation during voltage 
collapse and power swings. The objectives of the research are to develop new techniques for 
preventing undesirable distance relay maloperation during voltage collapse and power swings in 
transmission grids.  The initial work carried out in this research focuses on the development of a 
mathematical model of the zone 3 distance relay with adaptive protection features. To prevent 
distance relay tripping during voltage collapse, a new adaptive algorithm has been developed by 
using indicators such as the rate of change of voltage (dv/dt) and the voltage stability index (VSI). 
Another new adaptive algorithm is also developed to block distance relay false tripping signals during 
power swings and unblocks the signals if a fault occurs during power swings. The derivative of line 
reactive power (dQline/dt) as seen by a relay is used as additional criteria in the proposed blocking 
scheme.  To address the need for fast detection of unstable power swings, a new scheme for 
detecting a fault, stable swing and unstable swing at transmission lines is proposed by using the S-
transform and the probabilistic neural network (PNN). Likewise, an intelligent approach is developed 
to discriminate a voltage collapse and a three phase fault for correct distance relay operation by using 
the under impedance fault detector and support vector machine (SVM). To illustrate the effectiveness 
of the proposed techniques, simulations were carried out on the IEEE 39 bus and a practical test 
system using the PSS/E and MATLAB software. Test results of adaptive setting of zone 3 distance 
relay show that the combined use of dv/dt and VSI is proven to effectively block the trip signals during 
voltage collapse compared to the use of only the dv/dt or dv/dt with the static system indicator.  The 
results of the algorithm for blocking distance relay tripping signals during power swings show that the 
dQLine/dt can effectively differentiate a fault, fault clearance and power swing unlike the conventional 
power swing detector which uses the rate of change of power angle. Test results show that the PNN 
gives an overall classification accuracy of 97.33% in which it performs better than the multi layer 
perceptron neural network in detecting and classifying unstable swing, stable swing, fault, fault 
clearance and post fault events. The performance of SVM in detecting and classifying three phase 
fault and voltage collapse is better than the PNN, in which the accuracy of the SVM is 99.05%. Such 
fast and accurate intelligent detection schemes are useful for preventing distance relay from tripping 
during voltage collapse and power swing.
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The polycrystalline CdTe based solar cells have shown good prospects for low cost and large scale 
solar PV energy source. This work investigates the feasibility of the ultrathin CdTe absorber layer with 
back surface field (BSF) for higher efficiency solar cells utilizing AMPS numerical simulation as the 
investigation tool. Among thin films, CdTe is the favorable choice due to its numerous material 
advantages for solar cell applications, such as optimum direct energy gap, higher absorption 
coefficient and its ability to keep good electronic properties at various low cost fabrication 
technologies. The entire research methodology has three main parts: numerical analysis by AMPS, 
fabrication by physical vapor deposition and cell evaluations. The main goal of this work is to enhance 
the performance of thin film CdTe solar cells with submicron absorbers, which could lead to significant 
reduction of production cost and wider commercial usage. Analysis shows that 1 μm CdTe absorber 
layer gives good performance and further reduction of absorber layer with BSF is proposed. The 
specific BSF materials selected to be investigated are ZnTe, Sb2Te3 and As2Te3. The best calculated 
ultrathin CdTe cell with a 100 nm of  ZnTe BSF layer should have an absorber layer thickness of 0.5 
μm (efficiency 20%), higher stability with a linear TC of -0.24%/°C and a competitive CdTe cell 
performance at a absorber thickness of 0.25 μm should be possible. The different layers of the 
ultrathin CdTe solar cells were fabricated by RF sputtering technique with an aim to establish a base 
line fabrication process. Evaluations such as XRD, AFM, SEM and IV characteristics have been 
performed. Further optimization of the fabrication process steps are needed to increase the cell 
efficiency. Preliminary experimental evidence has shown that CdTe cells with a BSF promises higher 
cell performance. Based on this research, good quality ultrathin CdTe solar cells are feasible with 
higher conversion efficiency. 
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Seismo-ionospheric coupling research has acclaimed specific attention from the scientific community 
due to the triggering of disastrous earthquakes that have claimed many lives and properties. 
However, due to the highly unpredictable behavior of the equatorial ionosphere as well as the lack of 
measurements over seismically active regions such as Sumatra, this research has often been a 
subject of debate. The advent of the Global Positioning System (GPS) sensing technology provides 
exciting prospects in seismology including detecting and analyzing signals in regions of seismic 
activity. The thesis aims to analyze the ionospheric disturbances during and prior to earthquake 
events in Sumatra. In order to achieve this objective, the thesis addresses several critical challenges 
in contributing to earthquake prediction research. First, to investigate the ionospheric disturbances 
during Sumatra earthquake events between 2004 and 2007 in the GPS TEC and geomagnetic field 
measurements and conduct a correlation between both measurements. Second, to analyze the 
characteristics of precursory signatures in the ionospheric Total Electron Content (TEC) prior to 
Sumatra earthquake events and validate them using CHAMP satellite electron density measurements. 
Finally, to perform a long-term statistical analysis of temporal and spatial correlation between irregular 
TEC and earthquake occurrence using the envelope, correlation and the TEC variability index 
techniques.Data between 2004 and 2007 obtained from ground-based GPS stations located 
surrounding the earthquake epicentre, CHAMP satellite electron density and ground-based 
magnetometer were employed in the analyses. The study of ionospheric disturbances during 
earthquakes showed TEC oscillations with horizontal propagation velocities of 900-1200 m/s about 
10-24 minutes after the events. The magnetic field measurements show rapid fluctuations of 4-5
seconds shortly after the earthquake, followed by magnetic pulsations about 8-11 minutes after the 
events. The GPS TEC disturbances and magnetic pulsations were well correlated, suggesting that the 
acoustic wave generated near the epicentre propagates upwards to ionospheric heights and induce 
disturbances in the ionosphere. The results prior to earthquakes showed significant TEC increases of 
up to 88% and decreases of up to 45% with respect to the upper and lower bound, respectively 
observed within few hours to six days before the earthquakes. These TEC anomalies were detected 
mostly during daytime and do not only depend on their distances from the epicentre but on their 
latitude positions in the equatorial anomaly region. This phenomenon is mainly due to the migration of 
ionospheric anomalies to the direction of meridional winds toward the equatorial anomaly crests and 
the ExB drift during the daytime. The validation of results showed that both GPS TEC and CHAMP 
electron density measurements exhibit similar tendencies. Apart from the significant variations in the 
local TEC, the precursory ionospheric signatures also appeared in the form of equatorial anomaly 
modification during a few days before the events. The statistical analysis of GPS TEC also showed a 
good correlation between anomalous signals and the Sumatra earthquakes. In general, these results 
have proven the efficiency of joint measurement techniques to detect possible seismo-ionospheric 
disturbances as well as enhancing the understanding of the physical processes involved prior and 
during earthquakes. Hence, they can further be used to improve the efficiency of future earthquake 
and tsunami warning systems. 
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Power system operation is currently becoming more complex due to financial and environmental 
constraints that limit the expansion of transmission networks.  Thus, power transmission networks 
become heavily loaded and a great importance has to be given to power system security assessment.  
Traditionally, power system security is assessed using deterministic approach in which power system 
operation is deemed to be secure if it operates within the pre-defined security margin. However, in the 
current competitive environment, there is a drawback with the deterministic approach because it does 
not reflect the stochastic or probabilistic nature of the system in terms of load profiles, component 
availability, failures and other uncertainties. To incorporate probabilistic or stochastic techniques, 
power system security assessment based on the concept of risk is required.  Risk assessment is an 
approach that quantitatively captures the factors that determine security level, namely likelihood and 
the severity of events.  The objective of this research is to develop a comprehensive and fast risk 
based security assessment in power systems which consider risk based static security assessment 
(RBSSA) that includes risk of low voltage (LV) and line overload (LO), and risk based voltage collapse 
assessment (RBVCA). The probability of transmission line outage is modeled using the Poisson 
distribution function. The non-sequential Monte Carlo simulation is also implemented and the result is 
compared with the Poisson distribution function so as to investigate its effectiveness in calculating the 
probability of contingency. To consider the effect of weather on the likelihood of outage, an improved 
failure rate model using the data pooling method is proposed. The outage history data obtained for six 
years period is used in the data pooling procedure.  Severity function is another important attribute in 
risk assessment and therefore three types of severity function are considered in the implementation of 
RBSSA.  For RBVCA, a new severity function utilizing a voltage collapse prediction index is 
considered. In order to develop fast and accurate RBSSA and RBVCA methods, two computational 
intelligent techniques based on support vector machine (SVM) and generalized regression neural
network (GRNN) are used because of their robustness and fast training time.  A feature extraction 
technique based on the principle component analysis is applied for the purpose of reducing the SVM 
and GRNN training times. The proposed techniques for RBSSA and RBVCA are implemented on the 
IEEE 24 bus test system and the 87 bus practical power system.  Simulations were carried out using 
the Power System Analysis Toolbox and the development of the computational intelligent techniques 
were implemented in the MATLAB version 7 environment.  Results showed that the GRNN give better 
risk prediction performance compared to SVM because it provides the lowest mean average error, 
mean square error and root mean square error (RMSE).  For low voltage RBSSA, line overload
RBSSA and RBVCA, the accuracy obtained using GRNN model in terms of RMSE are 0.0282, 0.029 
and 0.029, respectively.  
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Theoretical studies have shown that employing multiple antennas at both sides of the wireless link 
known as multiple-input multiple-output (MIMO) can greatly increase channel capacity and improve 
link reliability. Measurement campaigns, however, revealed that the performance of MIMO systems is 
highly determined by the statistical properties of the underlying environment and the spatial 
correlation among elements of transmit and receive arrays. Thus, for efficient and proper design as 
well as for evaluating the system performance before the actual deployment, it is essential to model 
the wireless propagation channel. Likewise, development of efficient and simple receiver detection 
algorithms is crucial to obtain high channel capacity and reliability. This thesis addresses these two 
problems by developing an analytical correlation-based channel model and proposing two simple and 
efficient receiver detection algorithms. The developed channel model uses two parameters only to 
describe the correlated channel’s eigenvalues. To evaluate the BER performance of the detection 
algorithms, the model is extended by multiplying the diagonal matrix of correlated eigenvalues by the 
eigenvectors of the uncorrelated channel. Moreover, the detection algorithms are based on the 
maximum likelihood detection algorithm (ML) and successive interference cancellation algorithm -
ordered/non-ordered- (SIC/OSIC). To validate the developed model and the proposed detection 
algorithms, extensive simulations were carried out. These simulations showed that the developed 
model can predict a channel capacity and a BER performance close to that predicted by Kronecker 
model. However, this model is simpler where only two parameters are needed instead 
of 2 2

t rM M+ parameters needed by Kronecker model. Additionally, the model can predict keyhole 

channels, which is not possible by Kronecker model. Based on this model, channel capacity formulas 
including the keyhole channels were derived. After assuring the validity of the model, it was used to 
examine the effect of spatial correlation, channel knowledge at the transmitter and SNR on the 
channel’s eigenvalues, channel capacity, and power distribution among the channel’s eigenvalues. It 
was shown that channel knowledge has a great impact on the channel capacity in the low SNR, high 
correlations and large number of antennas, especially when the transmitter is equipped with more 
antennas than the receiver. It was also shown that the largest eigenvalue of a channel and hence its 
capacity increases with the correlation while other eigenvalues and their capacities decrease. At low 
SNRs, it was found that most of the transmit power is allocated to the largest eigenvalue while at high 
SNRs this power is divided equally among the eigenvalues. Furthermore, simulations showed that a 
good improvement in the BER performance compared to SIC/OSIC was achieved by the proposed 
algorithms. At   BER of 10-3 and for a (4,4) channel using BPSK constellation, MLZFSIC achieves 5 
dB gain compared to ZFSIC and MLMMSESIC achieves 4 dB compared to MMSESIC. Nevertheless, 
the computational complexity of the proposed algorithms is less than that of SIC/OSIC when the 
number of transmit antennas is less than eleven.
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Orthogonal Frequency Division Multiplexing (OFDM) is a technology used to compress a large 
amount of data into a small amount of bandwidth. Among challenges encounter by OFDM system is 
related to the selection of an appropriate modulation scheme for transmission in each subcarrier and 
mitigating the in-band distortion that caused by clipping process. Although Adaptive Modulation (AM) 
is a physical layer technique that can adjust modulation based on the channel condition, it is not a 
good solution to enhance the system throughput. At a constant Signal-to-Noise Ratio (SNR) value, it 
cannot utilize more than one modulation scheme to map the data onto carriers, and this leads to 
constant system throughput if the channel condition still without change. This thesis proposes two
novel models of modulation selection. The selection policy in the first model is controlled by the 
Symbol Error Rate (SER) value. In this model, all available modulation schemes are used to map the 
input data at low SNR values but with different percentage of usage based on the value of SER that 
can be calculated from the last successful OFDM symbol transmission. Meanwhile in the second 
model, the selection policy is controlled by the values of SNR and SER but limited to two modulation 
schemes only. Furthermore, these two selection policy models are then combined with the clipping 
technique to produce an algorithm called Adaptive Modulation and Clipping (AMCl). The clipping 
technique in this algorithm serves to reduce the Peak-to-Average Power Ratio (PAPR) and to control 
the selection policies by defining variant Clipping Ratios (CRs) depending on the modulation scheme 
order. The proposed recovery method can retrieve the original OFDM signal by copying the clipped 
part. The proposed models are tested and validated in three OFDM wireless systems; IEEE802.11g, 
802.16e, and 4G. Simulation results show the ability of the proposed models to improve the PAPR, 
enhance the data rate at all SNR values, and provide a good SER performance. For example, the 
OFDM-256QAM signal in IEEE802.16e at 10-3 improved by of 3.8 dB and 7 dB over conventional 
system in PAPR and SER respectively. The data rate is enhanced from 7.87 to 40.24 Mbps at SNR of 
5 dB. DVB-T suffers a high PAPR and is more susceptible to clipping noise due to using a large 
number of subcarriers. It is found out that the improvement in the SER and PAPR of the recovered 
OFDM-256QAM signal in DVB-T at 10-3 with CR of 1.2 is 4.3 dB, and 11.1 dB respectively compared 
to the conventional system. The EVM of the recovered signal is dropped from 20.5% to 9.9% at SNR 
of 5 dB.
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The Next Generation Cellular Network (NGCN) will be the combination of different wireless networks 
called as integrated heterogeneous network. In these heterogeneous networks, the network domains 
will be owned by different operators that may not be willing to provide registration with information 
about the access network. Hence, study on System Architecture Evolution (SAE) was done resulting 
from the need to support interworking between heterogeneous access networks of different operators. 
However, the standard does not provide much detail about the interaction between the Authentication, 
Authorization and Accounting (AAA) server and the Home Subscriber Server (HSS). The AAA 
server’s role is to act as an interworking unit between multiple heterogeneous access networks. It is 
compulsory to have a mobility solution that enables a preparation phase before the handoff in SAE. 
The standard does not specify how the handoff initiation procedure is determined. The main 
objectives of this study were to propose a new location registration and handoff initiation procedures 
for SAE heterogeneous network. The generalized equation for the signaling cost and latency were 
formulated for the location registration. Aside from that, the handoff performance that uses a fixed 
value of Received Signal Strength (RSS) to initiate the handoff process was analyzed. Through this 
analysis, the mathematical formulation for the length of the dynamic boundary area was derived which 
was dependent on the speed of the mobile and handoff signaling delay. An adaptive value for RSS 
was proposed using the estimation of the boundary area to initiate the handoff procedure. The value 
of adaptive RSS was applied in the traffic driven handoff management scheme. A dynamic simulator 
which was based entirely on MATLAB software was developed, using the designed scheme. 
Simulation results show that the proposed procedures are able to reduce the signaling cost up to 16% 
and 29% of location registration latency. Performance analysis shows that 90% reduction in handoff 
failure probability is achieved by incorporating value of speed and handoff signaling delay into 
adaptive RSS calculation. It is also indicated 20% lower false handoff initiation probability, therefore 
reduces the cost associated with the false handoff initiation. In heavy traffic load, the results show that 
the hotspot and adaptive RSS threshold should be carefully selected in order to initiate the 
appropriate time to perform the handoff in SAE heterogeneous network. The dynamic simulator is 
presented, which incorporates the effects of the adaptive and conventional handoff management 
schemes. It shows a decrease of 17% in the handoff drop call rate. 
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For many years Global Positioning System (GPS) has played a major role in determining ionospheric 
characteristics, including TEC and electron density profiles. The ionospheric effects in the propagation 
of GPS signal is one of the main sources of error in GPS precise positioning. The problem occurs in 
determining the GPS signal path from a particular satellite position to receiver (or vice versa) as the 
signals are not constant and depend on propagation medium. The difference in ionospheric delay 
between paths to the reference and mobile stations for differential GPS has been quantified for 
equatorial region. The influence of ionosphere is also one of the main problems in the real-time 
ambiguity resolution for the carrier phase GPS data in radio navigation.Among prominent factor why 
this study is being conducted is to obtain information about the characteristics of ionosphere in 
Malaysian geographical area especially on the value of TEC to develop an ionospheric delay model. 
This model has not been studied yet in Malaysia. The objectives of this research will focus on the 
development of a new ionospheric modeling system using modified Jones 3D ray tracing technique 
and then evaluate this model by using GPS reference networks observed under quiet ionospheric 
conditions over Malaysia. A new approach in determination of the differential (between spaced 
receivers) ionospheric error to sub-centimeter accuracy is described utilizing a developed model 
based on the ray tracing method. Very precise ray paths for both group and phase were determined 
utilizing a modified Jones 3-D ray tracing program, which includes the effect of the geomagnetic field 
together with a Nelder–Mead algorithm to home in precisely on the satellite to earth station path. The 
results from ray tracing program have been used to provide a method of modelling and correction of 
the ionospheric error. The model has been validated and it gives the differential (between spaced 
receivers) ionospheric error to sub-centimetre accuracy. Furthermore, using precise numerical Jones 
3D ray tracing, the results was found that the ionosphere-induced delay is not the same for closely 
spaced paths because one paths travel through the ionosphere on a slightly steeper than the other. 
The developed model is a function of elevation angle and TEC. It is therefore applicable at any 
location and only requires a single frequency receiver instead of commonly used geodetic dual 
frequency receivers to reduce the ionospheric error for accurate positioning. Findings show
improvements in the ambiguity resolution rate, and improved the quality of the differential positioning 
solution in terms of their variance ratio and reference variance. Significant improvement by more than 
50 % have been achieved by correcting the differential ionospheric delay in the measurements for the 
estimated position using this new method compared to standard measurements, uncorrected for 
difference ionospheric delay between paths to the mobile and reference receiver locations. 
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Adaptive noise cancellation systems using  subband processing are developed and analyzed in this 
thesis.  The main objectives of the thesis are to overcome problems of slow convergence and high 
computational complexity incorporated with the use of classical full band adaptive filters in acoustic 
noise cancellation systems. Critically sampled Quadrature Mirror Filter QMF banks are initially used to 
split the noisy signal and the noise itself into subbands and adapt each subband using the Least 
Mean Square LMS algorithm independently. Performances of the critically sampled (CS) noise 
canceller are examined under white and colored signals. It was observed that aliasing distortion 
becomes severe as the number of decompositions increased, and the performance of the noise 
canceller deteriorates. To overcome this problem, oversampled Discrete Fourier Transform DFT filter 
banks are used. These filter banks are designed using a single prototype filter that is optimized for a 
minimum distortion. Efficient implementation is obtained using polyphase representation and FFT 
transforms. A subband version of the Normalized LMS algorithm was used for adaptation. The 
oversampled noise canceller system (OS) showed improved performances compared to the previous 
critically sampled system (CS). However, the former scheme exhibited a degraded performance on 
steady state compared to the fullband NLMS version. This degradation is brought about by the small 
eigenvalues generated by the filter bank. To reduce this problem, two different prototype filters are 
used in the analysis and synthesis stages. Results showed superior performance compared to 
previous schemes. The amount of residual noise was reduced by 10-20 dB compared to the full band 
(FB) system. However, computational complexity of the latter scheme is still high. Therefore, a new 
scheme is proposed, with the aims of reducing computational complexity and retaining convergence 
to satisfactory levels. The new noise cancellation system is based on using polyphase allpass filters at 
the analysis such that an inherent phase correction is made at the synthesis stage. The proposed 
Low Complexity (LC) structure offers a substantial decrease in the number of multiplication operations 
per unit sample.   To suspend adaptation during speech periods, a Voice Activity Detector VAD is 
developed. Thresholds of two features are adjusted using residual output from the noise canceller. 
The VAD controlled noise canceller achieves a cleaner output in about 60% of the time required by 
the non controlled noise canceller. Finally a new feature extracting algorithm is proposed to improve 
speech recognition in the presence of environmental noise. The algorithm uses subband splitting and 
adaptive filtering in the noisiest part of the speech spectrum. The algorithm was named Octave Noise 
Canceller (OCNC). For most levels of signal to noise ratio used in the tests, the average total success 
rate of the OCNC is 95.10 compared to 93.63, 92.14 and 92.53 obtained with the conventional LPCC, 
MFCC and MELCEP methods respectively. 
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Mobility management plays an important role in wireless mobile networks in effectively delivering 
services to the mobile users. In cellular network, mobility management has allowed mobile 
subscribers to move freely across different networks while maintaining its quality of service for a 
variety of applications. Location management is one of the main tasks of mobility management which 
has two basic procedures: location update and paging, which is used to manage call delivery and to 
maintain connection while roaming in service area. The biggest challenge in location management 
research is to find the most favorable tradeoff between location update and paging. Many location 
management techniques have been explored to reduce signaling cost of the 2G and 3G wireless 
network such as location area design, database distribution, paging, static and dynamic location 
update schemes. The location management cost depends mainly on subscribers’ mobility behavior 
and its performance which is typically measured by the number of location update performed and the 
number of cells paged. The objective of this research is to propose, validate and evaluate the 
performance of location update scheme using fuzzy logic technique for cellular radio system. Two 
kinds of mobility model based on random-walk mobility and street-lane mobility are developed and 
then tested using balanced and un-balanced location area models. The service area in both models 
consists of 49 cells which are divided into seven clusters. The clusters of un-balanced model are not 
uniform in terms of the number of cells.  A population of mobile subscribers is generated and then 
used in the mobility models. A combination of distance, time, and movement scheme is used to 
evaluate location update cost. Evaluation with fuzzy logic technique uses residence time and speed of 
mobile subscriber as input parameters. The results of street-lane and four-direction random walk 
mobility models show that most mobile subscribers are distributed in the center cluster of simulated 
balanced and un-balanced location area. Meanwhile, eight-direction random-walk mobility model 
indicates that most of mobile subscribers is concentrated at certain edge-cluster of simulated service 
area of both balanced and unbalanced location area models. Based on the location update of 
combination schemes tested, an unbalanced model indicates slightly lower location update activities 
compared to balanced model. Additionally, this study shows that schemes using fuzzy logic technique 
have lower location update activities than and outperforms the conventional mechanism. These 
results prove that mobility management affects signaling activities in service area. 
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Macro diversity handover (MDHO) is the process by which the mobile station (MS) maintains 
connection with two or more access stations called a diversity set. In the downlink (DL) of the 
conventional MDHO, the MS receives only the simultaneous transmissions of the diversity set 
members whether the diversity set members are a base station (BS) and a relay station (RS), two 
RSs or two BSs. Hence, whenever the diversity set members of the MS are a BS and an RS, the 
signal transmitted by the BS in the first phase is not received by the MS even though the MS is idle in 
this phase. In the uplink (UL) of the conventional MDHO, the signal-to-interference-and-noise-ratio 
(SINR)-based selection combining (SC) among the received signals is performed. This SINR-based 
SC scheme does not necessarily achieve the best performance in multi-hop cellular networks. These 
raise the need to investigate more efficient DL and UL MDHO techniques for multi-hop cellular 
networks. The objectives of this research are to develop a topology-aware DL MDHO technique and 
to propose efficient selection and combining schemes for the UL MDHO technique for TDD-OFDMA-
based interference-limited multi-hop relay cellular networks. In the proposed DL MDHO, the MS 
receives all the data signals transmitted by the diversity members so that the topology of the diversity 
members is always fully exploited. In the proposed UL joint maximal ratio combining (MRC)-SC 
scheme, the signals received from the MS→BS and RS→BS links; or the signals received from two 
RSs, are combined at the BS to achieve higher spatial diversity in case of the intra-cell MDHO 
scenarios. However, in case of inter-cell MDHO scenarios, SC is performed. In the proposed UL end-
to-end (e2e) throughput-based SC scheme, the e2e throughput is used as the selection metric to 
decide on the appropriate link. Finally, in the proposed UL e2e BER-based SC scheme, the 
appropriate link is selected based on the e2e BER selection metric. It is assumed in this scheme that 
different modulation levels are used on each link. The superiority of the proposed MDHO techniques 
is validated using both mathematical and simulation results. The DL evaluation results show that the 
proposed MDHO significantly outperforms the conventional MDHO in terms of the average DL SINR, 
the average DL e2e BER, the average DL spectral efficiency and the service outage probability. Over 
the MDHO regions in which the diversity set members are a BS and an RS, the proposed MDHO 
achieves a SINR gain and a spectral efficiency gain up to 5.32 dB and 80% (1.07 to 1.92 bps/Hz) 
respectively compared with the conventional MDHO. Meanwhile, the UL evaluation results show that 
the proposed joint MRC-SC-based obtains a SINR gain up to 1.57 dB whereas the proposed e2e 
throughput-based SC achieves a spectral efficiency gain up to 42.86% (1.4 to 2 bps/Hz) compared 
with the SINR-based SC.
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Nowadays machine readable automated data acquisition systems are essential in many areas due to 
the needs to handle enormous amount of data and provide error free faster services. In these cases 
radio frequency identification (RFID) has a significant role to fulfill the demands of the systems. 
Typically an RFID reader of a magnetically coupled system produces a time varying magnetic field to 
a fixed direction to read the data from the tag. Due to this fixed magnetic field direction, the flux 
linkage between the reader antenna and tag antenna coils vary with their relative orientation. The 
voltage induced in the tag antenna coil changes when its orientation is altered and it can respond only 
within a limited angle. Moreover, there are two dead points (or blind spots) at ±90O

, where the voltage 
induced in the tag antenna coil is almost zero and the tag does not react at all. The objective of this 
thesis is to develop an RFID reader’s high frequency interface based on modified revolving magnetic 
fields, which is capable to produce a rotating magnetic field in space. This interface will overcome the 
angle related limitation and accordingly the automated data acquisition of the RFID system becomes 
faster. The proposed new model is developed mathematically to show that there exists a revolving 
magnetic field in the reader antenna coil. The suggested high frequency interface circuit’s individual 
functional block is designed and the input/output voltage and signal conditions are simulated by using 
Mentor Graphics and Microwind VLSI software. A planar inductive loop antenna for 13.56 MHz is also 
designed and simulated by using Sonnet Lite software. A prototype of the proposed system is also 
developed by using commercial discrete electronic components and its performance is verified for the 
13.56 MHz magnetically coupled RFID system. The result shows that the voltage induced in the tag 
antenna coil is almost constant within 0O to ± 180O rotation without any blind spot on a single plane 
around the z-axis on the xy-plane in the Cartesian coordinate system) and the tag is legible. This will 
enable the implementation of a tag antenna orientation independent RFID system. 
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Plastic is one of the materials that cannot be decomposed biologically and its long term use could 
lead to disposal problem which in turn will lead to a bigger problem involving landfill, if recycling is not 
practise. The most popular form of plastic solid waste is plastic bottles that come in various shapes 
and colors. To recycle solid waste materials such as plastic bottles, in a massive manner, is not an 
easy task due to various problems such as the variability of materials used to produce the bottles. 
Prior to the recycling process, all plastic bottles need to be sorted according to the type of materials 
used to produce them. In Malaysia, recycling activities are done manually and hence, limits the true 
capacity of plastic solid waste material that can be recycled. Consequently, an intelligent system for 
automated sorting is greatly needed to replace the manual sorting system. As such, this research will 
focus towards the development of an automatic plastic bottle sorting system that is based on the 
computer vision technology. The main research objective is to develop a software system for sorting 
that involves three main module, namely the image processing, feature extraction and classification 
modules. The research scope is restricted to a binary classification problem, that is to classify plastic 
bottles as either PET or NON-PET bottles. PET is the acronym for Polyethylene Terephthalate while 
NON-PET is combination of other types of bottles beside PET which are High Density Polyethylene 
(HDPE), Vinyl Polyvinyl Chloride (PVC) wtc. The image processing module is developed to overcome 
variability problems of lighting, object shapes, colors and object orientation. The feature vector 
extraction module is required in order to obtain unique, efficient and robust feature vectors that are 
later used as input for the classifer module. Next, an artificial neural network (ANN) and linear 
discriminant (LD) classifiers are used to test and determine the best feature vectors representation 
that can produce the most accurate classificationresults. The shape and color texture of plastic bottle, 
specifically transparent and opaque are the features extracted.  As a result, three feature extraction 
algorithms were considered in which two are based on shape which are chain-code algorithm and 
fraction erosion algorithm while glare colour texture analysis algorithm is based on color texture. A 
total of 500 plastic bottle images are used for   testing and validation. Additionally, feature fusion of 
the extracted feature vectors is implemented to further improve classification results. Our research 
findings showed that when single feature is used, the classification accuracies for both ANN and LD 
classifiers are slightly more than 80%. However, improved results (>90%) are observed when feature 
fusion is implemented and the results used as input to the ANN and LD classifiers. In conclusion, this 
research has successfully achieved its objective to develop an automatic sorting system using 
computer vision technology and produce a software system for it. 
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Speech recognition is a technique aimed at recognising spoken utterances and is used in many 
applications. Speech recognition is still far from a solved problem especially in noisy conditions. The 
main challenge in speech recognition is robustness. From previous research, excellent results have 
been achieved for quality clean speech by using Dynamic Time Warping (DTW), Hidden Markov Model 
(HMM) and Support Vector Machines (SVM), separately. However, in unmatched environment and 
noisy conditions the performance accuracy produced by the DTW, HMM, and SVM algorithms degrade 
drastically. Hence, robustness issues become key issues in speech recognition research. The main 
focus in this thesis is to improve the robustness of speech recognition in noisy environment. Therefore 
this thesis is focused on pattern recognition algorithms such as DTW, HMM and SVM, and supported 
by noise cancellation techniques such as recursive least square (RLS) and least mean square (LMS). 
At the front-end process, endpoint detection and feature extraction are used. As a result, two new end 
point and adaptive noise cancellation techniques are developed. The method used for endpoint 
detection is a combination of zero crossing, energy measuring, wavelet and feed forward neural 
networks. Meanwhile, for feature extraction, Mel frequency cepstral coefficient (MFCC) is used. For 
adaptive noise cancellation, an iterative technique is used to concurrently remove the additive 
background noise and the convolution distortions until it produces clean speech. At the back-end
process, DTW, HMM and SVM are used for pattern matching and recognition. There are two new 
algorithms developed. For the fusion of DTW and HMM, mean weight vector technique is used. And for 
the fusion of SVM and DTW, multivariate kernel algorithm was developed.  All methods are tested with 
a database of spoken words recorded under a variety of conditions to simulate real world scenario. 
Results for the individual process of DTW, HMM and SVM, show the accuracy of 91.4%, 94.2% and 
95.4%, respectively. Meanwhile, the fusion of DTW and HMM shows an increase of the accuracy to 
98.1 %. For the fusion of SVM and DTW, the accuracy is increased to 99.34%. It can be concluded that 
fusion techniques can be used to increase the accuracy of speech recognition systems.
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Intensive construction site activities for housing and new township development projects cause 
severe degradation to the quality of receiving water bodies due to high loads of pollutants. In order to 
reduce environmental pollution originating from construction activities, an expert system was 
developed, known as River Pollution Prevention Plan for Construction Activities, “RP3CA”. Expert 
system technology is part of artificial intelligence is being selected as a tool because it is capable of 
storing and disseminating human expertise to many remote areas at a cheaper cost. Furthermore, 
knowledge from experts in an expert system will remain forever and can be updated to suit the current 
technology. With these advantages, Microsoft Visual Basic 6 is used as the development tool. The 
recommendations for problem solutions are depending on Certainty Factor (CF). CF is the reliability of 
rules that are being applied for uncertain knowledge. It is a number to measure the expert’s belief that 
its maximum value is +1.0 (definitely true) and the minimum -1.0 (definitely false). To achieve an 
integrated approach in minimising river pollution, Expert Choice11 software is being applied 
simultaneously in the process where the research problems are classified into three levels of
hierarchy: objective, criteria and alternative. The objective of Expert Choice analysis is for the 
selection of the Best Management Practices (BMPs) technology. Four important aspects of BMPs are 
chosen as the criteria. They are technical expertise, efficiency, durability, and cost. The alternative 
options depends on the problem solution consist of runoff diversion (earth dike, diversion channel, 
and sandbag barrier), velocity reduction (check dam, and sandbag barrier), sediment trapping (silt 
fence, sandbag barrier, and rock filter). The inputs from the experts are collected for the pair-wise 
comparison matrix using Expert Choice 11 software. Inconsistency ratio is used to test the accuracy 
of the analysis where a value of 0.01 or less will be the requirement for the result being adopted; 
otherwise the process is re-evaluated. The BMPs technologies for a particular site are based on the 
site conditions which are proposed for the consultancy session. These BMPs cover the construction 
practices, material management, waste management, vehicle and equipment management, 
contractor training, site planning consideration, soil stabilisation, tracking control, diversion of runoff, 
velocity reduction, sediment trapping. The system provides recommendations on BMPs approach, 
preliminary design, maintenance and inspection. In addition, the system is able to provide advice on 
the locations of water quality monitoring; sampling frequency, training and equipment use, on-line 
reporting requirement, river water quality status by comparing the Water Quality Index from the 
Department of Environment, comparison of the monitored water quality data with water quality 
standard level, potential impact of these parameters on river water quality, pollution source according 
to the pollutant types when water quality monitoring parameter exceeds standard values.
Furthermore, the system provides suggestions on locations of site inspection, inspection frequency, 
and inspection and maintenance reports. The effectiveness of RP3CA has been evaluated for three 
case studies for three separate site locations A, B and C in Malaysia. RP3CA consultation session 
suggested BMPs technology, water quality monitoring requirement, program of site inspection and 
maintenance are based on the site conditions. The level of RP3CA effectiveness was evaluated by 
selected experts, test cases, and system developer that demonstrated satisfactory results. The 
primary targets end-users of the RP3CA are the consulting engineers, contractor engineers, 
construction engineers, water quality monitoring engineers, and decision-makers, who would use it as 
an aid to their decision making process. The system is able to be utilized for educating students and 
inexperienced practitioners in getting familiar with the development of new township projects and river 
water quality monitoring during construction activities. 
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Conventional bridge structures use expansion joint systems to accommodate the change in the bridge 
length induced by temperature variation. In Integral Bridges, expansion joints and bearings are 
eliminated and consequently the abutment walls and girders are built monolithically. These type of 
bridges reduce the construction and the maintenance costs significantly. Daily and seasonal 
temperature fluctuations cause longitudinal displacements in Integral Bridges. Since there is no 
expansion joint, the substructure system offers a restraint to the superstructure movement. As 
mentioned in foregoing researches, the biggest uncertainty in design and analysis of these bridges is 
the pressure induced by interaction of soil and abutment which is inherently nonlinear and depends 
on either the magnitude of wall movement or the number of thermal cycle. With this regard, the 
research objective is to study the soil lateral pressure along the abutment wall with the main emphasis 
on the passive mode of abutment movement against the backfill soil induced by temperature 
variation. Since the backfill soil behavior is dominated by the soil lateral pressure coefficient, 
formulation of this coefficient was taken under investigation. Thus, several theories such as Rankin, 
Coulomb, British Standard, Massachusetts, Canadians and Husain-Bagnaroil were studied. After 
reviewing these equations, it was seen that the thermal cycle effect was not considered. Therefore, it 
was decided to develop a new equation for the soil lateral pressure coefficient to include the thermal 
cycle effects based on British Standard equation and with the use of experimental results comprising 
of laboratory test and some monitored Integral Bridges recorded data. Accordingly, different 
mathematical functions such as linear, logarithmic, polynomial and power which should be added to 
British Standard equation were examined.  Eventually, it was observed that the power function was 
the best function suited for this coefficient. As analysis continued, using the lab test data conducted 
by England & Tsang (2001), new equation multipliers were indicated. To evaluate the integrity of the 
proposed equation, three monitored Integral Bridges were assigned as the research case studies and 
the corresponding results were compared with each other. In addition, all the other mentioned 
equations were also tested. As compared to the experimental data, the difference of the overall 
average to that obtained using the proposed equation is 28.93% overestimated, using the British 
Standard is 97.26%, using the Massachusetts is 112.37% and using the Husain-Bagnaroils is 
208.22%. Even though the Canadian equation overall average difference is 25.81% overestimated, it 
was seen that in some cases this equation gives underestimated results. Thus, it is concluded that the 
proposed equation gives the closest estimation of the soil lateral pressure coefficient compared to that 
of actual behavior. In addition, the proposed equation includes the effect of thermal cycle while in the 
other equations it is not considered. Since the other equations give the same results for different 
years of monitoring period, the proposed equation predicts better results as the number of thermal 
cycle increases. Finally, by derivation of the new equation for the soil lateral pressure coefficient, the 
backfill soil behavior was assessed more precisely.  
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Compaction characteristics and hydraulic conductivity of soil is important in earthwork constructions. 
The purpose of compacting earth fills such as earth dams and embankments (highways, railways, and 
canal) is to produce a soil mass that will satisfy the two basic criteria: reduction in settlement and 
increase in shear strength. Detailed study of the compaction and hydraulic conductivity for Malaysia 
residual soil with their model were done in this study. Compaction test was conducted using the five 
energy compaction namely Reduced British Standard Light (RBSL), British Standard Light (BSL), 
West African Standard (WAS), British Standard Heavy (BSH) and British Standard Very Heavy 
(BSVH). Two samples were tested: Lukut and UKM samples. Optimum moisture content results for 
Lukut is21.30 – 31.91% and UKM is 9.96 – 15.47%. While the maximum dry unit weight for the Lukut 
is 13.1 – 15.8 kN/m3 and UKM is 17.4 – 19.1 kN/m3. Apart from own data, data compaction results 
from previous researchers inside and outside the country are also collected for analysis. The analysis 
was done using MINITAB software. Predictive modeling is obtained, compared with model predictions 
of several earlier studies and references. This research has developed various models for woptwith at 
least one parameter of up to five specific parameters. Some researchers found that the PL has better 
correlation with the compaction characteristics compared with LL. However, regression analysis made 
in this study showed that the relationship wopt with LL is better than the PL. In addition, the LL is more 
appropriate to use because it provides a more consistent result than the PL. Flexible wall 
permeameter was used to test hydraulic conductivity. Specimens for hydraulic conductivity tests were 
prepared using all the said compaction energy and compacted at dry of optimum moisture content, 
optimum moisture content and wet of optimum moisture content. All hydraulic conductivity tests were 
carried out in saturated conditions and subjected to various cell pressure by maintaining the hydraulic 
gradient, i at 30. The range of hydraulic conductivity results for Lukut is 1.33x10-10 - 7.35x10-9 m/s and 
UKM is 2.34x10-11 – 2.97x10-7 m/s. Regression analysis of test results between hydraulic conductivity 
and cell pressure provides significant evidence that they have strong relationship. The study found 
that the model developed is able to provide good forecasts hydraulic conductivity,

3σ
k (effect of cell 

pressure) for the residual soil studied by using flexible wall permeameter. Based on previous studies 
on accepted zone criteria, Lukut samples falls within this zone better compared with the sample of 
UKM.  
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In view of fact that transportation supply strategies alone could not solve urban congestion, many cities 
around the globe have adopted Transport Demand Management (TDM) strategies as part of their 
congestion mitigation plan. Selecting and determining suitable TDM strategies for a particular 
congestion mitigation goal can be a complex task; thus requires expertise. A prototype of Expert 
Advisory System for Selection of Implementation of Strategy in Transport Demand Management (E-
ASSIST) has been developed to help the transport planner and decision maker to determine the most 
suitable TDM strategies that can be implemented effectively based on the domain expert. The E-
ASSIST prototype was developed through the process of organising the available knowledge of TDM 
strategies, as well as the process leading to the selection of one or more strategy advice. It consists of 
nine main strategy modules, namely Congestion Reduction, Energy Conservation, Health and Fitness, 
Improving Equity, Liveability Strategy, Parking Solution, Rural Community, Safety Strategy, and 
Transport Affordability. The knowledge base of the E-ASSIST consist expertise that was acquired from 
many sources such as text books, journals, encyclopedia, technical report and human experts. The 
acquired knowledge and expertise were presented in the form of production rules (IF-THEN) and frame. 
It was encoded in the knowledge based developed for the purpose by using Shell Expert System Kappa 
PC version 2.4 which adopted Object Oriented Approach and High Resolution Graphical User Interface. 
The advice given from the working system was evaluated and validated by comparing the output of the 
system against the recommendations made by transportation professionals. The prototype evaluations 
indicated favourable results for the system and results were found to be satisfactory with average more 
than 60% matches with the decision from evaluator who also transport experts. This expert advisory 
system suggests a process for TDM development and implementation, and offers guidance and advice 
on the selection of effective TDM strategies. It will help to give specific description to choose a more 
effective TDM program in less time and less frustration. Finally, the system (E-ASSIST) was successful 
to assist the user by providing them the three advice strategies with significant results in Travel Impact, 
Benefit and Equity Impact.
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Numerical Investigations on Lateral Response of Single and Group Piles 
Subjected To Combined Axial and Lateral Loads 

 
by 

Jasim M Abbas (P38391) 
Doctor of Philosophy in Civil and Structural Engineering (Ph.D) 

Pile-soil interaction has been a subject of interest to many earlier researchers. However, not much 
work has been done on the effects of structural response of single piles and pile groups subjected to 
different combination of axial and lateral loads and hence the respective pile-soil interaction. The main 
objectives of this thesis are to assess the influence of axial load intensities on the lateral single 
isolated pile response in both time dependent and drained conditions, as well as, the effect of load 
combination on lateral pile group action. The finite element technique is used which includes 2D finite 
element simulation to assess the time dependent behavior of singe pile and 3D finite element 
simulation to analyse single pile and pile group in drained condition. The finite element modeling, the 
elasto-plastic cohesionless and cohesive soil constitutive model are used in order to investigate the 
single and group piles lateral behavior performance under different types of soil. The time dependent 
lateral pile response analysed in this assessment considered both lateral pile displacement and lateral 
soil resistance with time. As a result, a modified p-y curve for lateral single pile response with time 
was improved with respect to the influence of axial load increase in intensities. These results were 
used to assess the lateral response during the construction and service period (i.e. for short and long 
term conditions) when the piles are subjected to both axial and lateral loads. It was found that the 
presence of vertical loads increase the lateral load capacity by as much as 80% depending on the 
level of axial load. In addition, about 70% from the lateral pile capacity occurred in the primary time of 
loading. The drained response of single and group of piles are analysed using a 3D finite element 
approach for the actual representation of pile-soil interaction in single piles and for the pile-soil-pile 
interaction in group piles. The lateral single and group piles response in this assessment considered 
both lateral pile displacement and lateral soil resistance in drained condition. As a result, modified p-y
curves for lateral single pile response under drained condition were improved with respect to the 
influence of increasing axial load intensities. The improved plots can be used for lateral loaded pile 
design and also to produce the group action design p-multiplier curves and equations. The effect of 
load combination on the lateral pile group response was performed on three pile group configurations 
(i.e. 2x1, 2x2 and 3x2) with four pile spacings (i.e. s=2D, 4D, 6D and 8D). As a result, design curves 
were developed and applied on the actual case studies and similar expected cases for assessment of 
pile group behavior using improved p-multiplier. A design equation was derived from predicted design 
curves to be used in the evaluation of the lateral pile group action taking into account the effect of 
axial load intensities. Additionally, it can also be used to evaluate the lateral pile capacity within the 
group where only results of single isolated pile are available. It was found that the group interaction 
effect led to reduced lateral resistance for the pile in the group relative to that for the single pile in 
case of pure lateral load. While, in case of combined load, large axial load capacities (i.e. more than 
6H, where H is lateral load values) will have an increase in p-multiplier by approximately 100% and 
will consequently contribute to greater group piles capacities. 
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Potential of Light Weight Foamed Concrete as Sustainable Construction 
Material by Optimization and Utilization of Waste Materials 

 
by 

Suhad M. Abd (P38392) 
Doctor of Philosophy in Civil and Structural Engineering (Ph.D) 

 
This study was conducted in response to the need for improved concrete in cost effective and 
ecological manner while maintaining the existing goal toward creating sustainable building materials. 
Foamed concrete was investigated in this study as a lightweight building material that can be of
significant importance if the strength is optimized and the cost is minimized. This work consists of 
three stages. The first stage include trial mixes for light weight foamed concrete (LFC).These trial 
mixes comprise on studying the effect of number of variables such as water to binder ratio, sand to 
cementitious materials ratio, types of sand and utilization of different waste materials for different 
densities in the range of 1200-1800 kg/m3. Waste materials were investigated to improve economics 
associated with the use of LFC in construction without compromising the performance and 
sustainability goals. These materials were added to the mix as partial replacement of Ordinary 
Portland Cement with different percentages in order to determine their effects and to specify the 
optimum content for higher strength for each material. Trial mixes were done with silica fume 5-15 %, 
fly ash 20-40 % while ground granulated blast furnace slag was in range of 15-25 % by weight of 
cement. These mixes were tested in the laboratory for a number of performance criteria such as fresh 
density, dry density and compressive strength at different ages. It was found that these materials 
improve workability and strength development for LFC. To get the most suitable mix for the designed 
LFC panels, optimization of LWF mix design was carried out in the second stage. First, optimum 
content for each material was specified then all these materials were used to perform mixes with 
densities in the range of 1200-1600 Kg/m3.Fibers were introduced in this study to optimize the LFC 
mix and to improve the behaviour and properties. Polypropylene fibers and steel fibers were used in 
the range of 0.25-0.5% by volume of mix. Results revealed that steel fibers contribute more than
polypropylene fibers to the strength of LFC in term of compression and tension. Superplasticizers 
(SP) were investigated with different amounts to enhance properties of LFC mix. It was found that the 
use of SP is crucial for LFC but with extensive care during the production process. The hardened 
LFCs were tested for compressive strength, splitting tensile strength and flexural strength to study the 
mechanical properties of LFC. In this stage, two types of curing were performed to determine the 
effect of curing regime on strength development. Also, non-destructive ultrasonic pulse velocity test 
was performed in this stage. Last stage was the utilization of optimized LFC mix for the designed 
panels with different densities. Numbers of tests were conducted on these panels to investigate their 
behaviour and suitability for building construction. Based on the results obtained, light weight foamed 
concrete with desired density 1200-1600 Kg/m3 and compressive strength of 15-34 MPa respectively 
was produced for the first time through utilization of waste materials and optimization of mix design 
including the use of fibers. It can be concluded that this study has met its objectives via achieving the 
goal of sustainability and the goal of potential application of LFC to produce lightweight structural 
elements.
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Development of Quality Indicators for Housing Design (QIHD) in Karachi 
Pakistan 

 
by 

Afaq Hyder Chohan (P43849) 
Doctor of Philosophy in Architecture (Ph.D) 

This research considers that low quality design is abundant in housing architecture of Karachi 
Pakistan, whereas low quality design results in shape of defects and tax of maintenance. Quality 
Indicators for Housing Design (QIHD) can play their role to accomplish the conceived housing quality. 
This research has developed the relation between housing design quality, performance, user’s 
satisfaction, and implicative design defects. Based on this relation this study has worked out the 
quality indicators for better affordable housing in Karachi Pakistan. In order to get hold of research 
aim, this research has encompassed various factors of good and low quality design and particularly 
housing design. During the itinerary to study globally available models of design quality have also 
been taken into account.  This practice had provided the framework and base for development of 
Quality Indicators for Housing Design (QIHD). The research is amalgamation of five objectives that 
could be demonstrating as, to ascertain the significance of research through developing a QIHD 
model to appraise the quality of design at post occupational stage. In order to achieve the aim of this 
research, research methodology has been planned in lieu of following three major principles, first is to
encompass the theoretical framework of research through intense literature review and making 
analysis of available model of design quality standards, second is to evaluate the housing blocks at 
various locations through determined design quality indicators by user’s participation, and third is to 
check the validity of same design quality determinants through respondents such as 
architects/engineers/construction managers (A/E/C), for purpose of formulating QIHD model for 
affordable private housing in Karachi Pakistan. The findings of study show that, there is a significant 
difference of response between professional and user respondent toward quality indicators for 
housing quality. There is a large difference among professional and user for each design quality 
indicators. The difference of opining clearly demonstrated that users are not satisfied about existence 
design quality attributes; however the professional group of respondents considers the same 
attributes as an essential entity for quality indicators model. Based on this difference of opinion 
among users and professional this study has charted out the list of 47 design quality indicators. These 
47 quality indicators represent the following 7 aspects of housing design, namely site and layout, 
architectural design, structure and construction, building services, users comfort, maintenance and 
sustainability.  
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AWARDS 2011

Malaysia Technology Expo (MTE 2011) 
17th -19th February 2011, Kuala Lumpur Convention Centre (KLCC)

No. Researchers Research Title Award

1. Mohamad Hanif Md Saad  
Prof. Dr. Aini Hussain    
Khatijah Md Saad  
Wan Noor Aziezan 
Baharuddin  

ezUrus – Integrated Project and 
Business Management System 
for Small and Medium Industries 
  

Gold 

2. Kamarulzaman Mat    
Assoc. Prof. Dr. Mohd 
Syuhaimi   Ab Rahman 
Mastang   

A Real – Time Monitoring and 
Protection System for Optical   
Signal Distribution in Fiber to the 
Home   

Gold 

3. Prof. Dr. Che Husna Azhari  
Prof. Dr. Andanastuti Muchtar  
Assoc. Prof. Dr. Mariyam 
Jameelah Ghazali  
Noraiham Mohamad   
Lylia Arif Elias   

ENTRAP: Ergonomic Solution for 
Ballistic Protection   

Silver 

4. Prof. Dr. Siti Kartom 
Kamarudin 
(In collaboration with the Fuel 
Cell Research  Institute) 

Engineering Education for 
Renewable Energy: Direct 
Methanol Fuel Cell Tool Kits 

Silver 

5. Prof. Dr. Kamaruzzaman 
Sopian 
Mohd Yusuf Sulaiman 
Suhaila Sepeai 
Dr. Azimin Tazilan 
Assoc. Prof. Dr. Nowshad 
Amin 
Saleem H.Zaidi 
Mohd Huzmin Mohammed 
Salleh 
Khairymazalee Yusri 
Cheow Siu Leong 
Khairunnaz Mat Desa 
(In collaboration with the Solar 
Energy Research  Institute) 

Bi-POWERScreen TM: Hybrid 
Approach to Fabrication of 
Bifacial Silicon Solar Cells 

 
Silver 

6. Assoc. Prof. Dr. Norbahiah 
Misran 
Rezaul Azim  
Mohammad Tariqul Islam 
Ahmed Toaha Mobashsher  
Kamarulzaman Mat  
Prof. Dr. Mohd Alauddin 
Mohd Ali  
(In collaboration with the Space 
Science Institute) 

Compact Wideband Planar 
Antenna with New Bandwidth 
Enhancement Technique for 
Medical Application   

 
Bronze 
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7. Prof. Ir. Dr. Zamri Chik 
S.M. Taohidul Islam  
Prof. Ir. Dr. Mohd Marzuki 
Mustafa 
Hilmi Sanusi  
Prof. Dr. Mohd Raihan Taha  
Sri Atmaja Putera   

Faster Tomography System of 
Surface Wave Method for 
Geotechnical Investigations  
  

Bronze 

8. Assoc. Prof. Dr. Mohammad 
Syuhaimi Ab-Rahman 
Hadi Guna   
Mohd Hazwan Harun   

Green WDM – POF Technology 
for In – Car Interior Infotainment 
System   

Bronze 

9. Assoc. Prof. Dr. Siti 
Rozaimah Sheikh Abdullah  
Prof. Dr. Zahira Yaacob 
Tarig Elshaarani Mohamed 
Ali  Khairul Zaman Mohd 
Dahan  

Renewable Biocomposite from 
Jatropha Cake   Bronze 

10. Prof. Dr. Mahamod Ismail  
Prof. Dr. Kasmiran Jumari  
Kamarulzaman Mat   
Ahmed Mubarak  
Omar Mostafa A.Eshanta  

Network Connection and 
Automatic Switching for 
Heterogeneous Mobile Terminal 
  

Bronze 

Pameran Persidangan dan Ekspo Ciptaan Institut Pengajian Tinggi Antarabangsa 
(PECIPTA 2011)
13 – 15 September 2011, Kuala Lumpur Convention Center (KLCC)

No. Researchers Research Title Award

1. Prof. Dato’ Dr. 
Kamaruzzaman Sopian 
Prof. Dr. Mohd Yusof 
Sulaiman 
Dr. Muhammad Yahya 
Dr. Salwan S. Dihrab 
(In collaboration with the Solar 
Energy Research  Institute) 

Continuous Solar Powered 
Unitized Regenerative Fuel Cell 
System 

Gold 

2. Prof. Dato’ Dr. Kamaruzzman 
Sopian 
Dr. Muhammad Yahya  
Prof. Madya Dr. Mohammad 
Al-Ghoul 
Dr. Mustaffa Ibrahim Fadhel 
(In collaboration with the Solar 
Energy Research  Institute) 

Solar Assisted Chemical Heat 
Pump Drying System for 
Agricultural Produce 

Gold 
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3. Dr. Nowshad Amin  
Prof. Dato’ Dr. 
Kamaruzzaman Sopian 
(In collaboration with the Solar 
Energy Research  Institute) 

Greenfinity Solar Charger for 
Ubiquitous Application 

Silver 

4. Assoc. Prof. Dr. Mohd 
Syuhaimi Ab Rahman 
Mastang 
Kamarulzaman Mat 

Wireless Optical Sensor Network 
(wOSN) for Smart Monitoring in 
Optical Network 

Bronze 
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RESEARCH PROJECTS 2011

ScienceFund
Funded by Ministry of Science, Technology and Innovation (MOSTI)

No. Researcher Research Code/Project Title Amount 
Approved (RM)

1. Prof. Dr. Ahmad Kamal 
Ariffin Bin Mohd Ihsan

03-01-02-SF0722
Boundary Element Analysis Of Metal 
Corrosion Using Polarization Curve

192,232.00

2. Prof. Dr. Zahira Binti 
Yaakob 

03-01-02-SF0696
Development of Hydrogen Production 
System by Ethanol Steam Reforming Over 
Mixed Oxide Catalyst

186,400.00

3. Prof. Dr. Mohd. Alauddin 
Bin Mohd. Ali

03-01-02-SF0703
System Development for Endothelial and
Erectile Dysfunction Diagnosis Based on
Pulse Wave Velocity Characterization

200,000.00

4. Prof. Ir. Dr. Mohd Sobri 
Takriff

03-01-02-SF0710
Scale-Up Of Oscillatory Flow Bioreactor

268,000.00

5. Prof. Dr. Muhammad Fauzi 
Bin Mohd. Zain

03-01-02-SF0736
A Smart Wireless Sensor Network for 
Microcrack Detection and Monitoring in 
Common Building and Bridge Structures

95,000.00

National Biotechnology Directorate (NBD) Fund
Funded by Ministry of Science, Technology and Innovation (MOSTI)

No. Researcher Research Code/Project Title Amount
Approved (RM)

1. Assoc. Prof. Dr. Nurina Bt. 
Anuar

09-05-MGI-GMB002/1
Application of Novel Matrix Attachment 
Region (MAR) Elements for The 
Development of High Expression System 
in Mammalian Cells for Production of
Complex Recombinant Production

73,000.00

Long Term Research Grant Scheme (LRGS)
Funded by Ministry of Higher Education (MOHE)

No. Researcher Research Code/Project Title Amount
Approved (RM)

1. Prof. Dr. Abu Bakar Bin 
Mohamad

LRGS/TD/2011/UKM/PG/02

Land Use Land Cover Change

346,519.00
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2. Prof. Dr. Mahamod Bin 
Ismail

LRGS/TD/2011/UKM/ICT/02

Ensemble Mobile Platform and Security Tools 
for Innovative Digital Economy Environment

615,167.00

3. Prof. Dato' Dr. 
Kamaruzzaman Sopian

LRGS/TD/2011/USM-UKM/KTA/03

Nanostructured Silicon-Germanium Ultra-Thin 
Film Solar Cells

500,000.00

4. Prof. Dr. Muhammad Fauzi 
Bin Mohd. Zain

LRGS/TD/2011/UMS/PG/03

Global Warming: Impacts, Vulnerability and 
Risks: Towards Development of Adaptation 
Policy

869,681.00

5. Prof. Ir. Dr. Mohd Sobri Bin 
Takriff

LRGS/TD/2011/UMP/PG/04

Zero Waste Processing

660,999.00

6. Assoc. Prof. Dr. Md. 
Mamun Bin Ibne Reaz

LRGS/TD/2011/UKM/ICT/03/03

Predictive Decision Support Algorithm And 
Corresponding Intelligent Controller To 
Predict Inhabitants Behavior

369,408.00

7. Assoc. Prof. Dr. M A 
Hannan

LRGS/TD/2011/UKM/ICT/04/01

Solid Waste Monitoring And Management 
System For Smart city/Smart Village Towards 
Maintaining A Sustainable Innovative Digital 
Economy

293,247.00

8. Prof. Dr. Aini Bt. Hussain LRGS/TD/2011/UKM/ICT/04/02

An Intelligent Patrol Robot For Ensuring Safe 
And Secure Environment for Smart city/ 
Smart Village Towards Sustainable 
Innovative Digital Economy

350,744.00

9. Prof. Dr. Mahamod Bin 
Ismail

LRGS/TD/2011/UKM/ICT/02/02

Ensemble Mobile Platform for Innovative 
Digital Economy Environment - Enhancing 
Protocol Fpeer To Peer And Peer To 
Multipoint Communications

623,520.00

Fundamental Research Grant Scheme (FRGS)
Funded by Ministry of Higher Education

No. Researcher Research Code/Project Title Amount
Approved (RM)

1. Dr. Abu Bakar Sulong FRGS/1/2011/TK/UKM/02/20
Effect of Metal Injection Molding (MIM) 
Processing Parameters on the Intra 
Networking Phase of Novel Hybrid Materials

165,200.00
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2. Prof. Dr. Norhamidi 
Muhamad

FRGS/1/2011/TK/UKM/01/6
Effect of Vanadium Carbide (VC) on the 
Properties and Microstructure of Ultrafine 
Tungsten Carbide (WC-10C0) Component

196,400.00

3. Dr. Maslina Jamil FRGS/1/2011/TK/UKM/02/15
Novel Synthesis Mechanism of New 
Synthetic Nanoengineered Green Cement for 
Performance Enhancer and Cement

151,020.00

4. Ar. Mastor Surat FRGS/1/2011/STWN/UKM/03/1
Mengenalpasti Tahap "Kehijauan" Rumah 
Warisan Melayu Melalui Pendekatan Green 
Building Index, Simulasi dan Cerakinan Iklim 
Dalaman

50,000.00

5. Dr. Ramizi Mohamed FRGS/1/2011/TK/UKM/02/18
Thermoelectric Energy Harvesting Module for 
Powering Autonomous Sensors in 
Transformer Condition Monitoring

91,000.00

6. Dr. Roszilah Hamid FRGS/1/2011/TK/UKM/02/16
Mekanisma Penyerapan Radiasi Nuetron 
Konkrit Tetulang Gentian Prestasi Tinggi 
dengan Boron Karbida Untuk Aplikasi Loji

175,500.00

7. Dr. Rozli Zulkifli FRGS/1/2011/TK/UKM/02/22
Fundamental Studies on Multiple Steady and 
Pulse Jet Impingement Heat Transfer

171,200.00

8. Dr. Siti Aminah Osman FRGS/1/2011/TK/UKM/02/13
The Dynamic Characterization of A New 
Complex Rubber-Based Passive Control 
System for Cable Stayed Bridges

82,000.00

9. Dr. Wan Mohd Faizal Bin 
Wan Mahmood

FRGS/1/2011/SG/UKM/01/1
Numerical and Experimental Investigations 
on the Flow and Convective heat Transfer 
Characteristics of Biometallic Nanofluids in 
Fully developed laminar Flow Regime

85,000.00

10. Prof. Dr. Sahbudin Bin 
Shaari

FRGS/1/2011/TK/UKM/01/17

Broadband Source Generation Utilizing Four 
Wave Mixing Phenomenon Through the 
Application of Photonic Crystal Fibre

162,000.00

11. Prof. Ir. Dr. Yusoff Bin Ali FRGS/1/2011/TK/UKM/01/25

The Study on Heat Transfer Effect on 
Vaporisation of Ammonia Sprayed Over Tube 
Bundles in Evaporator for Absorption Air-
Conditioning System

143,000.00
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Exploratory Research Grant Scheme (ERGS)
Funded by Ministry of Higher Education

No. Researcher Research Code/Project Title Amount
Approved (RM)

1. Prof. Dr. Salina Abdul 
Samad

ERGS/1/2011/TK/UKM/01/10
Speech Intelligibility Improvement Using 
Intelligent Noise Cancellation Technique

62,000.00

2. Assoc. Prof. Dr. Mohd. 
Sahaid Bin Kalil

ERGS/1/2011/STWN/UKM/02/5
Preparation and Characterisation of A 
Multipurpose Industrial Coagulant/Flocculant
from Waste Activated Bleaching Earth 
(WABE) for Waste Water Treatment and 
Cells Biomass Recovery

88,000.00

3. Prof. Ir. Dr. Mohd. Marzuki 
Bin Mustafa 

ERGS/1/2011/TK/UKM/01/3
New Robust Motion Properties for Accurate 
Cardiac Abnormality Detection

99,000.00

4. Prof. Dr. Norhamidi Bin 
Muhamad

ERGS/1/2011/TK/UKM/01/8
Characterisation and Evaluation of the Effect 
of Nano Powders in the Metal Injection 
Molding Process

106,000.00

5. Ir. Anuar Bin Kasa ERGS/1/2011/TK/UKM/02/19
Earthquake Base Isolator for Low Rise 
Building

52,000.00

6. Assoc. Prof. Dr. Zainuddin 
Bin Sajuri

ERGS/1/2011/TK/UKM/02/9
Effect of Strain rate on fracture Toughness 
and Damage Mechanisms of Magnesium 
Alloy

81,000.00

7. Assoc. Prof. Dr. Siti 
Rozaimah Bt. Sheikh 
Abdullah  

ERGS/1/2011/TK/UKM/02/24
Pphytoremediation Technology for the 
Treatment of Hydrocarbon in Industrial 
Wastewater and Sludge

106,000.00

8. Assoc. Prof. Dr. Jamaliah 
Binti Md Jahim

ERGS/1/2011/TK/UKM/02/23
Aqueous Two-Phase Extraction System as 
an Alternative Large Scale Technique to 
Isolate Biomolecules from Complex Protein 
Mixture

75,000.00

9. Dr. Maslina Binti Jamil ERGS/1/2011/TK/UKM/02/10

Mechanism of A New Eco-Cementitious
Materials for Total Replacement of Cement in 
Sustainable Concrete

149,000.00

10. Prof. Dr. Nik Abdullah Bin 
Nik Mohamed

ERGS/1/2011/TK/UKM/01/2
Characterization and Peridynamic Modeling 
of Shape Memory Alloy-Based Self-Healing 
Composite Aerospace

225,000.00
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11. Prof. Dr. Ja`afar Bin Sahari 
@ Shaari

ERGS/1/2011/TK/UKM/01/20

Electrically Conducting Polymer Composites 
for Fuel Cell Bipolar Plate

108,000.00

12. Assoc. Prof.  Dr. Siti 
Masrinda Bt. Tasirin

ERGS/1/2011/TK/UKM/03/19

Potential of Palladium-Alumina Ceramic 
Composite Membrane Reactor for 
Sustainable Ultra-Pure Hydrogen Production

93,200.00

Prototype Research Grant Scheme (PRGS)
Funded by Ministry of Higher Education

No. Researcher Research Code/Project Title Amount 
Approved (RM)

1. Prof. Dr. Mohd. Alauddin 
Bin Mohd. Ali

PRGS/1/11/TK/UKM/01/1

NIVAR; A Screening Tools for Vascular Risk 
Assessment And Management

200,000.00

2. Dr. Norhana Binti Arsad PRGS/1/11/TK/UKM/03/1
Innovative In-Vehicle Entertainment And 
House Networking Application Via Low Cost 
Wavelength Divition Multiplexing System 
Over Plastic Optical F

134,000.00

3. Dr. Azimin Samsul Bin 
Mohd Tazilan

PRGS/1/2011/TD-KPT/02/1
Development of an Integrated Green 
Residential Building For Malaysia: Utilising 
Solar & Wind Powered Cooling, Advanced 
Daylighting & Natural

500,000.00

4. Assoc Prof. Dr. Mohd 
Syuhaimi Bin Ab Rahman

PRGS/1/2011/TD-KPT/02/2
VIBRATIVE: Gadget Chargers That Hamess 
Kinetic Energy for a Clean Recharge

451,888.00

Innovation Grant (Research University Grant)
Funded by Ministry of Higher Education (MOHE)

No. Researcher Research Code/Project Title Amount 
Approved (RM)

1. Prof. Ir. Dr. Abdul Wahab 
Bin Mohammad

Inovasi-2011-002

Novel Intensified Process for Production of 
Hydrolysed Collagen from Talapia Fish Scale

98,500

2. Prof. Dr. Siti Kartom Binti 
Kamarudin 

Inovasi-2011-007

Production of Direct Methanol Fuel Cell 
Education Kits (DMFC Kits)

99,200
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3. Prof. Dato' Ir. Dr. Hassan 
Basri

Inovasi-2011-019

Prototype Implementation of Automatic 
Recyclable Objects Sorting System

94,000

4. Assoc. Prof. Dr. Mohd. 
Sahaid Bin Kalil

INOVASI-2011-014

Preparation of A Multipurpose Industrial 
Coagulant/Flocculant from Waste Activated 
Bleaching Earth (wABE) for Waste Water 
Treatment and Cells Biomass Recovery

100,000

Arus Perdana (Research University Grant)
Funded by Ministry of Higher Education (MOHE)

No. Researcher Research Code/Project Title Amount 
Approved (RM)

1. Prof. Dr. Che Hassan Bin 
Che Haron

UKM-AP-2011-04
Advanced Value Added Manufacturing

100,00.00

2. Prof. Dr. Shahrum Bin 
Abdullah

UKM-AP-2011-13
Development of Future Vehicle Safety 
Systems

100,00.00

3. Assoc. Prof. Dr. Hafizah Bt. 
Husain

UKM-AP-2011-14
Highly Reconfigurable, On-The Fly Power 
Adaptable Programmable Baseband for 
Short Range Communication Baseband 
Applications

100,00.00

4. Prof. Dr. Sahbudin Bin 
Shaari
(In collaboration with the
Institute of Microengineering 
and Nanoelectronics)

UKM-AP-2011-15
Development of Nanophotonics Sensing 
Technology Using Nanomaterial-Coated 
Waveguide

100,00.00

5. Assoc. Prof. Dr. Nowshad 
Amin (In collaboration with 
the Solar Energy Research  
Institute)

UKM-AP-2011-25
Clean and Sustainable Energy Harvesting 
from Sun with Solar Energy Technology of 
4th Generation & Beyond

100,00.00

6. Prof. Ir. Dr. Wan Ramli Bin 
Wan Daud (In collaboration 
with the Fuel Cell Research  
Institute)

UKM-AP-2011-02
Clean Energy for Tomorrow: Towards Zero 
Emission and Carbon Free Future

100,00.00
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GUP (Research University Grant)
Funded by Ministry of Higher Education (MOHE)

No. Researcher Research Code/Project Title Amount 
Approved (RM)

1. Prof. Dr. Muhammad Fauzi 
Bin Mohd. Zain

UKM-GUP-2011-023

The Strategic and Framework Studies of 
Malaysian Critical Infrastructure Protection

30,000.00

2. Assoc. Prof. Dr. Fatihah 
Binti Suja`

UKM-GUP-2011-024

Field Effect Property of Thin-Film for 
Screening of Dichlorvos in In Vitri Toxicity 
Assessment of Surface Water Samples

30,000.00

3. Assoc. Prof. Dr. Noor Ezlin 
Bt. Ahmad Basri

UKM-GUP-2011-025

leachate Generation and Characteristics 
Modeling for Malaysian Landfills Using 
Artificial Neural Network (ANN)

30,000.00

4. Prof. Ir. Dr. Othman Bin A. 
Karim

UKM-GUP-2011-026

Kajian Kriteria Berbilang Parameter Dengan 
Menggunakan GIS Untuk Aplikasi Tenaga 
Ombak

30,000.00

5. Prof. Ir. Dr. Zamri Bin Chik UKM-GUP-2011-027

Study of Fundamental Mechanism of 
Ettringite Formation for Concrete Foundation 
in Contaminated Soil

30,000.00

6. Dr. Muhammad Mukhlisin UKM-GUP-2011-028

Physical and Numerical Modelling of Water 
Quality and Surface Runoff Prediction as 
Effect of Construction Activities

30,000.00

7. Dr. Nangkula Utaberta UKM-GUP-2011-029

Kajian Awal dan Pelestarian Ornamentasi 
Rumah Tradisional Melayu Kebangsaan 
Malaysia (Kajian, Dokumentasi dan 
Klasifikasi Terhadap Ornamentasi Rumah 
Tradisiol

30,000.00

8. Dr. Norhana Binti Arsad UKM-GUP-2011-030

Carbon Dioxide and Methane Gases 
Monitoring Using Photo-Acoustic 
Spectroscopy

30,000.00

9. Assoc. Prof. Dr. Huda Binti 
Abdullah

UKM-GUP-2011-031

Synthesis and Fabrication of the Novel 
Nanophotonic Crystals for Antenna Design to 
Detect Tsunami and Earthquake Signals

30,000.00
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10. Assoc. Prof. Dr. Nurina Bt. 
Anuar

UKM-GUP-2011-032

Efficient Mammalian Cell Cultivation System 
for Cell-Based And Protein Therapeutics
Applications

30,000.00

11. Prof. Ir. Dr. Abdul Wahab 
Bin Mohammad

UKM-GUP-2011-033

Nanoparticle-Based Membranes and 
Membranes Reactor for Water and 
Wastewater Treatment

30,000.00

12. Assoc. Prof. Dr. Ahmed 
Hussein Kamel Ahmed 
Nasser Elshafie

UKM-GUP-2011-034

Performance Enhancement of MEMS Based 
INS/GPS Integration for Low Cost Navigation 
Applications

30,000.00

13. Dr. Ahmed Yaqdhan Musa UKM-GUP-2011-035

Composite Anti-Corrosion Coatings for 
Pipelines Applications

30,000.00

14. Prof. Dr. Aini Bt. Hussain UKM-GUP-2011-036

Fusion of Biomechanics and Invariant Image 
Features for People Re-Identification

30,000.00

15. Prof. Dr. Amiruddin Ismail UKM-GUP-2011-037

Finite Element Analysis and Enhancement
on Modified Asphalt Mixture By Nano-
Particles and Polymer Materials

30,000.00

16. Prof. Dr. Azah Binti 
Mohamed

UKM-GUP-2011-038

New Control and Protection Algorithms for 
Integrating Renewable Energy Based 
Distributed Generators in Microgrid Power 
Systems

30,000.00

17. Assoc. Prof. Dr. Baba Bin 
Md Deros

UKM-GUP-2011-039

Design of an Ergonomics Car Driver's Seat 
Using Malaysian Anthropometrics Data

30,000.00

18. Prof. Dr. Che Husna Bt. 
Azhari

UKM-GUP-2011-040

Development of Wear Model of Semi-
Metallic Friction Materials

30,000.00

19. Assoc. Prof. Dr. Dzuraidah 
Binti Abd. Wahab

UKM-GUP-2011-041

Modularity Metrics for Predicting Design 
Obsolescence in End-Of-Life Automotive
Components for Recovery Purposes

30,000.00

20. Ms. Fazida Hanim Binti 
Hashim

UKM-GUP-2011-042

Exploration of FPGA Approach of 
Electroencephalogram (EEG) Signal 
Analyzer using Wavelet Transform and HOS 
to Remove Artifacts from Brain Signal and 
Detect Bra

30,000.00
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21. Assoc. Prof. Dr. Hafizah 
Bt. Husain

UKM-GUP-2011-043

A Novel Sequence Prediction Algorithm in 
Ubiquitous Environment Using Time, Event 
and Location Agent Modeling

30,000.00

22. Prof. Dato' Ir. Dr. Hassan 
Basri

UKM-GUP-2011-0
New Algorithms for Expert System for Solid 
Waste Monitoring and Management using 
Vision and Communication Technologies

30,000.00

23. Assoc. Prof. Dr. Jaharah 
Bt. A Ghani

UKM-GUP-2011-045 Modelling of Monitoring 
Machining Condition Based on Expert 
System Using Wireless Pizzo Sensor 
System

30,000.00

24. Mr. Kamarudin Bin Abu 
Taib

UKM-GUP-2011-046

Kaedah Baru Dalam Pengoptimuman Rasuk 
dan Gelegar Lengkung Mengufuk bagi 
Sistem Bangunan Berindustri (IBS)

30,000.00

25. Prof. Dr. Kasmiran Bin 
Jumari

UKM-GUP-2011-047

Exploration of Characteristics of Green 
Wavelength Division Multiplexing System 
Over Plastic Optical Fiber (WDM-POF) 
Technology for High Vapacity Short Haul 
Data Communication

30,000.00

26. Mr. Khairul Anuar Bin 
Ishak

UKM-GUP-2011-048

The Study on Effectiveness of Plastic Optical 
Fiber Sensor for Ammonia Detection

30,000.00

27. Assoc. Prof. Dr. M A 
Hannan

UKM-GUP-2011-049

New Algorithms for Inter-Vehicle 
Communication System Though Smart 
Windscreen For Safety Applications

30,000.0

28. Assoc. Prof. Dr. Mariyam 
Jameelah Binti Ghazali

UKM-GUP-2011-050

Potentials and Characteristics of Rubber
Seed Oil As Drilling Base Fluids

30,000.00

29. Assoc. Prof. Ir. Dr. 
Masturah Binti Markom

UKM-GUP-2011-051 

Determination of mechanism and Rate-
Controlling Step For The Synthesis of 
Ferromagnetic-Doped Nanoparticles Using 
The Tunable Properties of Supercritical Anti-
Solvent

30,000.00

30. Assoc. Prof. Dr. Mohd 
Nizam Bin Ab Rahman

UKM-GUP-2011-053

Exploration and Integrating The Value of 
Lean and Green Supply Chain Practice in 
Halal Manufacturing Sectors

30,000.00
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31. Prof. Dr. Mohd. Raihan Bin 
Taha

UKM-GUP-2011-054 

Fundamental Aspects of Remediation of 
Organics in Contaminated Soil Using 
Nanomaterials

30,000.00

32. Assoc. Prof. Dr. Md. 
Mamun Bin Ibne Reaz

UKM-GUP-2011-052

Exploration of FPGA Approach of Smart 
EMG Signal Analyzer to Identity 
Neuromuscular Diseases and Muscle 
Fatigue using Higher Order Statistics 
Algorithm

30,000.00

33. Prof. Ir. Dr. Mohd Sobri Bin 
Takriff

UKM-GUP-2011-055

Dynamics Behavior of Multiphase Flow

30,000.00

34. Assoc. Prof. Dr. Mohd 
Syuhaimi Bin Ab Rahman

UKM-GUP-2011-056

Exploring the Future Customer Access 
Network For Urban and Rural Area -
Towards Actual Installation in Malaysia

30,000.00

35. Assoc. Prof. Dr. Mohd. 
Zaidi Bin Omar

UKM-GUP-2011-057

Study on Joining Technique for Metallic 
Alloys Via Semi-Solid Route

30,000.00

36. Assoc. Prof. Dr. Mohd. 
Yusoff Bin Jamaluddin

UKM-GUP-2011-058

An Investigation and Model Development of 
an Effectiveness and Optimized Non-
Correlated Key Performance Indicators for 
the Operators of an Engineering-Based 
Organization

30,000.00

37. Prof. Dr. Nandivaram 
Elumalai Shanmugam

UKM-GUP-2011-059

Cyclic Behaviour of Composite Joints With 
Partial Shear Connection

30,000.00

38. Dr. Nasharuddin Bin Zainal UKM-GUP-2011-060

A New and Enhanced Framework of 
Deblocking Filter Algorithm based on the 
H.264/MPEG-4 AVC Video Processing 
Technique

30,000.00

39. Dr. Nizaroyani Binti 
Saibani

UKM-GUP-2011-061

Supply and Demand of Life-Cycle Extension 
for By-Products of Food Industries and 
Agriculture in Malaysia

30,000.00

40. Mr. Noorhisham Bin Tan 
Kofli

UKM-GUP-2011-062

Immobilised Local Yeast Cell Bioreactor for 
Bioethanol Production

30,000.00
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41. Dr. Othman Bin Jaafar UKM-GUP-2011-063

Investigating Global Warming Influences on 
River Basin Health; Monitoring, Assessment
and Modeling Program

30,000.00

42. Dr. Rizauddin Bin Ramli UKM-GUP-2011-064

Ambulatorial Stability of Reciprocating Gait 
Orthosis for Paraplegics Rehabilitation

30,000.00

43. Dr. Rosdiadee Bin Nordin UKM-GUP-2011-065

Joint Resource Allocation in a Multiuser-
MIMO Downlink Transmission for Green 
Radio Network

30,000.00

44. Dr. Sawal Hamid Bin Md 
Ali

UKM-GUP-2011-066

A System on Chip (SoC) Design of High 
Performance Direct Digital Frequency 
Synthesizer

30,000.00

45. Dr. Shahrizan Bin 
Baharom

UKM-GUP-2011-067

Shear Stud Enhancing Device Made From 
Fiber

30,000.00

46. Ms. Shahrom Binti Md Zain UKM-GUP-2011-068

Kinetik Asas Pertumbuhan Bakteria Penjana 
Elektrik dan Pemindahan Jisim Sel Dalam 
Proses Rawatan Air Sisa

30,000.00

47. Prof. Dr. Shahrum Bin 
Abdullah

UKM-GUP-2011-069

Development of Signal Processing-Based 
Fatigue Failure Index (FPI) for Automobile
Components

30,000.00

48. Assoc. Prof. Dr. Syarif 
Junaidi Bin Sjarifuddin 
Djalil

UKM-GUP-2011-070

Mechanism of Austenitic Nucleation and 
Grain Growth in Multiple Carbides 
Containing Martensitic Stainless Steel: 
Enhancing Grain Refinement and Improving 
Toughness

30,000.00

49. Prof. Ir. Dr. Wan Hamidon 
Bin Wan Badaruzzaman

UKM-GUP-2011-071

The Behavior Concrete-Filed Steel 
Composite Columns

30,000.00

50. Prof. Ir. Dr. Zahira Binti 
Yaakob

UKM-GUP-2011-072

Studies of Activated Carbon Derived From 
Jatropha Seed Hull As Adsorbent

30,000.00

51. Assoc. Prof. Dr. Zulkifli Bin 
Mohd Nopiah

UKM-GUP-2011-073

The Optimisation of Crude Glycerin 
Production Using Hybrid Response Surface 
Genetic Algorithm Technique

30,000.00
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52. Dr. Manal Binti Ismail UKM-GUP-2011-289

Synthesis and Characterization Of Metal 
Oxide On Cordierite Ceramic Type Monolith 
Structured Packing Catalyst Support For 
Biodiesel Derivative Production

30,000.00

53. Dr. Azimin Samsul Bin 
Mohd Tazilan

UKM-GUP-2011-290

Green Technology Application on Street 
Microarchitecture Base Unit in Malaysia

30,000.00

54. Dr. Norngainy Binti Mohd 
Tawil

UKM-GUP-2011-277

Constructing Formulation of Affordable 
Green Home for Middle Income Group

30,000.00

55. Assoc. Prof. Dr. Nowshad 
Amin

UKM-GUP-2011-280

Fundamental Investigation On Photovoltaic 
Properties Of Molecular Beam Epitaxy 
Grown Cooper-Zinc-Tin-Sulphide, 
Cu2ZnSnS4

30,000.00

56. Ms. Alina Marie Binti Hasbi UKM-GUP-2011-348

Investigation of Atmospheric Disturbances 
Due to Tsunami and Earthquake Using 
Satellite and Ground Based Remote Sensing 
Techniques

30,000.00

57. Assoc. Prof. Ir. Dr. Mardina 
Bt. Abdullah

UKM-GUP-2011-349

Investigation of The Ionospheric Response 
to Lightning Using Very Low Frequency 
(VLF) Remote Sensing

30,000.00

58. Prof. Dr. Mohd. Alauddin 
Bin Mohd. Ali

UKM-GUP-2011-350

Exploration of FPGA Approach of A Smart 
Home Controller Using Agent Modelling and 
Task Distribution

30,000.00

59. Assoc. Prof. Dr. Norbahiah 
Binti Misran

UKM-GUP-2011-353

Integrating Reflect Array Antennas with Solar 
Panels for Terrestrial and Satellite 
Applications

30,000.00

60. Prof. Ir. Dr. Wan Ramli Bin 
Wan Daud

UKM-GUP-2011-368

Fluid Dynamic and Product Deposition in 
Spray Dryers

30,000.00

61. Prof. Dr. Siti Kartom Binti 
Kamarudin

UKM-GUP-2011-372

Study On The Mass Transfer Effect In The 
Nano Fiber Catalyst Layer In Membrane 
Less Direct Methanol Fuel Cell (DMFC)

30,000.00

62. Dr. Mohd Shahbudin Bin 
Mastar @ Masdar

UKM-GUP-2011-373

Study On Electrostructure Layer For Formic 
Acid Cell As A Fuel To Generate Electricity

30,000.00
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Geran Galakan Penyelidikan Muda (Research University Grant)
Funded by Ministry of Higher Education (MOHE)

No. Researcher Research Code/Project Title Amount 
Approved (RM)

1. Dr. Nizaroyani Binti 
Saibani

UKM-GGPM-PLW-017-2011

Reverse Supply Chain - Malaysia's 
Perspective

50,000.00

2. Dr. Mohd Shahbudin Bin 
Mastar @ Masdar

UKM-GGPM-TK-020-2011

Study on Vapor Feed Direct Methanol Fuel 
Cell (DMFC) for Improving The Cell 
Performance

50,000.00

3. Dr. Shahrizan Bin 
Baharom

UKM-GGPM-NBT-029-2011

Development of Special Headed Shear Stud 
Enhancing Device Made From Steel Fiber

50,000.00

4. Dr. Rosdiadee Bin Nordin UKM-GGPM-ICT-032-2011

Adaptive Spatial Multiplexing Downlink 
Transmission Scheme in An Interference 
Limited Channel Environment

50,000.00

5. Dr. Ahmed Yaqdhan Musa UKM-GGPM-NBT-037-2011

2-Amino-6-methyl-4-pyririmidinol as 
Corrosion Inhibitor for Mild Steel in Acid 
Media

50,000.00

6. Dr. Wan Mohd Faizal Bin 
Wan Mahmood

GGPM-2011-055

Kajian Berkomputer Pergerakan Partikel 
Partikel Jelaga Dan Perubahan Saiz Partikel 
Jelaga dalam Sebuah Enjin Diesel Suntuk

47,000.00

7. Dr. Ramizi Bin Mohamed GGPM-2011-073

Permodelan Arus Tinggi Fana dalam 
Pendawaian Pengubah Berasaskan Prinsip 
Duhamel

50,000.00

8. Ms. Norinah Binti Abd. 
Rahman

GGPM-2011-069

Advancement Of Spectral Analysis Of 
Surface Wave Technique For Non Flat 
Geotechnical Site Investigation

44,000.00

9. Ir. Dr. Mohd Zamri Bin Che 
Wanik

GGPM-2011-071

New Control Algorithm And New 
Management Strategy Of Grid Connected 
Renewable Energy System

50,000.00

10. Dr. Siti Fatin Binti Mohd 
Razali

GGPM-2011-070

Three Dimensional Analysis On Vortex-
Induced Vibration (VIV) Using Helical
Strakes And Vortex Generators Devices

40,000.00
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11. Dr. Afida Binti Ayob GGPM-2011-072

Pembangunan Pengawal Caj MPPT Bagi 
Sistem Fotovoltaik Mandiri

50,000.00

Geran Galakan Penyelidikan Universiti-Komuniti (Research University Grant)
Funded by Ministry of Higher Education (MOHE)

No. Researcher Research Code/Project Title Amount 
Approved (RM)

1. Assoc. Prof.  Ir. Dr. 
Mardina Bt. Abdullah

Komuniti-2011-014
Pembelajaran Sains Angkasa melalui 
Pemantauan Cuaca Angkasa kepada 
Pelajar Sekolah Menengah

25,000.00

2. Assoc. Prof.  Dr. Md. 
Mamun Bin Ibne Reaz

Komuniti-2011-026

Pilot Program for early Detection of 
Genoderma Disease in Oil Palm Field in 
Sepang, Malaysia

25,000.00

3. Dr. Nangkula Utaberta Komuniti-2011-034

Pembangunan Model Pengurusan Ruang 
Masijd di Kuala Lumpur, Malaysia

25,000.00

4. Assoc. Prof.  Dr. Noor 
Ezlin Bt. Ahmad Basri

Komuniti-2011-010

Alam Sekitar dengan Menggabungkan 
Unsur-unsur Tanggungjawab Terhadap 
Yang Maha Pencipta: Kajian Kes Penuntut 
Kolej Komunikasi

25,000.00

Geran Galakan Penyelidikan Universiti-Industri (Research University Grant)
Funded by Ministry of Higher Education (MOHE)

No. Researcher Research Code/Project Title Amount 
Approved (RM)

1. Assoc. Prof.  Dr. Fatihah 
Binti Suja`

INDUSTRI-01-2011

Pencemaran Marin Northport (Malaysia) 
Berhad

25,000.00

2. Assoc. Prof.  Dr. Mohd 
Nizam Bin Ab Rahman

INDUSTRI-2011-036

Peningkatan Kualiti Operasi di Sektor 
Pembuatan Berdasarkan Sistem 
Pengeluaran Lean dan Pengurusan Kualiti

28,200.00
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3. Prof. Dr. Azah Binti 
Mohamed

INDUSTRI-2011-041

Premium Power for Malaysia using 
Renewable Energy and Custom Power 
Devices Towards Power Quality 
Enhancement

25,000.00

4. Mr. Noorhisham Bin Tan 
Kofli

INDUSTRI-2011-029

Penggunaan Semula Enapcemar Alum dari 
Loji Rawatan Air Minuman Sebagai Bahan 
Binaan

25,000.00

5. Prof. Dr. Shahrum Bin 
Abdullah

INDUSTRI-2011-018

Kajian Kebolehtahanan Struktur dan 
Pengoptimuman Reka Bentuk Rangka 
Motosikal Berprestasi Tinggi

25,000.00

6. Prof. Dr. Sahbudin Bin 
Shaari (Imen)

INDUSTRI-2011-015

Development of Silicon-on-Insulator Optical 
Phase Modular Based on Microring
Resonator (MRR)

26,500.00

7. Prof. Dr. Rakmi Bt. Abd. 
Rahman

INDUSTRI-2011-005

Biofertiliser Nutrient Enhancement using 
Nitrogen Fixing Bacteria (NFB)

41,000.00

8. Prof. Ir. Dr. Abdul Wahab 
Bin Mohammad

INDUSTRI-2011-010

Water re-use using Membrane Technology 
for Palm Oil Mill effluent Secondary 
Treatment

50,000.00

9. Assoc. Prof.  Dr. Mohd. 
Sahaid Bin Kalil

INDUSTRI-2011-011

Production of Astaxanthin from Algae using 
Glycerol as the Organic Carbon Source for 
Growth

25,000.00

10. Ms. Shuhaida Binti Harun INDUSTRI-2011-017

Characterisation and Comparison of 
Carbohydrate Components in Untreated and 
Treated Palm Oil Empty Fruit Bunch: The 
Effect of Biomass Pretreatment

34,800.00

11. Assoc. Prof. Dr. Jamaliah 
Binti Md Jahim

INDUSTRI-2011-024

Acclimastisation and Characterisation of 
Thermophillic hydrogen Producer from 
Anaerobic Digester Sludge

35,000.00

12. Assoc. Prof.  Dr. Md. 
Mamun Bin Ibne Reaz

INDUSTRI-2011-032

Hardware prototyping on an Intelligent 
Controller Utilizing Distributed 
Spatiotemporal Prediction

25,000.00
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13. Assoc. Prof. Ir. Dr. 
Masturah Binti Markom

INDUSTRI-2011-040

Encapsulation of Active Compounds by 
Solution-Enhanced Dispersion by 
Supercritical Fluids

25,000.00

14. Assoc. Prof.  Dr. 
Norbahiah Binti Misran 

INDUSTRI-2011-043

Prototyping of Wideband Planar Antenna for 
Marketable Product

25,000.00

15. Prof. Ir. Dr. Mohd Sobri Bin 
Takriff

INDUSTRI-2011-046

Algae CO2 Sequestration of Palm Oil Mill 
Emission

36,200.00

16. Dr. Maslina Binti Jamil INDUSTRI-2011-053

Development of Matrix and Guidelines for 
Utilization of Sustainable Materials & 
Implementation of Green Practice for 
Sustainability Industry

25,000.00

Geran Penyelidikan Tindakan Strategik (Research University Grant)
Funded by Ministry of Higher Education

No. Researcher Research Code/Project Title Amount 
Approved (RM)

1. Prof. Dr. Andanastuti 
Muchtar

PTS-2011-152

Ke Arah Pemerkasaan Agenda 
Pengantarabangsaan UKM dengan 
Meningkatkan Bilangan Pelajar 
Antarabangsa Yang Berasal dari Negara 
Maju dalam Kampus UKM

100,000.00

2. Prof. Dr. Muhammad Fauzi 
Bin Mohd. Zain

PTS-2011-151

Cabaran & Peluang bagi penyelidikan 
Rentas Disiplin dalam Ruang Lingkup UKM 
sebagai Universiti Penyelidikan

35,000.00

3.

Prof. Dr. Azah Binti 
Mohamed

PTS-2011-150

Penambahbaikan Perkhidamatan Sokongan, 
Pemilihan & Penilaian Pelajar untuk 
Pemantapan Program Pengajian Siswazah 
di FKAB

35,000.00

4.

Prof. Ir. Dr. Mohd Sobri Bin 
Takriff

PTS-2011-149

Strategi Menghasilkan Graduan 
Kejuruteraan Yang Memenuhi Kehendak 
Pasaran Kerja Nasional & Global

35,000.00
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5. Prof. Ir. Dr. Wan Hamidon 
Bin Wan Badaruzzaman

PTS-2011-144

Pembangunan Perisian Bagi Kepentingan 
Dokumentasi Akreditasi untuk Keseluruhan 
Program Kejuruteraan dan Alam Bina

70,000.00

6. Ms. Irfana Binti Kabir 
Ahmad

PTS-2011-148

Development of A Prototype Automated 
Sorting System for Municipal Solid Waste 
using Electrical Capacitance Volume 
Tomography System (ECVT)

40,000.00

7. Ms. Shahrom Binti Md Zain PTS-2011-147

Pengkomposan Sisa Taman UKM 
Menggunakan Kaedah Timbunan Statik

35,000.00

8. Prof. Dr. Azami Bin 
Zaharim  

PTS-2011-001 

Pengukuran Hasil Pembelajaran 
Menggunakan Model Rasch bagi Kursus 
Asas Jabatan di FKAB          

180,000.00

9. Assoc. Prof.  Dr. Noor 
Ezlin Bt. Ahmad Basri    

PTS-2011-073

Cost & Environmental Impacts Modelling of 
Solid Waste management at UKM by Life 
Cycle Assessment

35,000.00

10. Dr. Norngainy Binti Mohd 
Tawil

PTS-2011-022

P&P dalam Kursus Statistik kejuruteraan 
dengan pengaplikasian e-pembelajaran

13,000.00

11. Assoc. Prof.  Dr. Zulkifli Bin 
Mohd Nopiah

PTS-2011-021

The Assessment of Case Study Evaluation 
for PBL Method in Engineering Mathematics

14,000.00

12. Ms. Izamarlina Binti 
Asshaari

PTS-2011-020

Cooperative learning: Analysis on Jigsaw 
Technique in Mathematics Engineering 
Courses at faculty of Engineering & Built 
environment, UKM

13,000.00

13. Prof. Ir. Dr. Zamri Bin Chik PTS-2011-019

Kebolehpasaran graduan JKAS dalam trend 
pasaran pekerjaan bagi memenuhi 
keperluan-keperluan OBE & Akreditasi untuk 
Program-Program Kejuruteraan Awam

10,000.00

14. Dr. Roszilah Binti Hamid PTS-2011-018

Development of Sustainable & economical 
Methods for Hands on laboratory Work in 
Materials technology Course

10,000.00
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15. Dr. Siti Aminah Bt. Osman PTS-2011-017

Pelan tindakan Ke Arah penambahbaikan 
kefahaman pelajar ke atas Kursus Asas 
kejuruteraan Struktur

10,000.00

16. Mr. Ishak Bin Arshad PTS-2011-016

Pengukuran Objektif Pengajaran program 
(PEO) bagi program Kejuruteraan Awam & 
Struktur & Pengukuran objektif Kursus (CO)

10,000.00

17. Assoc. Prof. Dr. Dzuraidah 
Binti Abd. Wahab

PTS-2011-015

Rangka Kerja bagi peningkatan Pencapaian 
Hasil pembelajaran program terfokus pelajar

10,000.00

18. Dr. Nizaroyani Binti 
Saibani 

PTS-2011-014

Saling Hubungkait Antara markah tahap 
kepintaran emosi (EQ) dengan Pencapaian 
Akademik Di Kalangan Pelajar-pelajar 
Kejuruteraan

40,000.00

19. Prof. Dr. Aini Bt. Hussain PTS-2011-011

menyemai Budaya Pemikiran Kreatif & 
inovatif melalui Pendekatan Pendidikan 
secara Experiental

10,000.00

20. Dr. Nangkula Utaberta PTS-2011-013

Evaluating & Developing A framework & 
assessment guideline for critique session in 
architecture education

15,000.00

21. Ar. Nurakmal Abdullah @ 
Goh Tuo Ho

PTS-2011-012

Analisis Kualiti Persekitaran ruang dalaman 
(IEQ) studio senibina UKM dalam 
Mewujudkan suasana pembelajaran yang 
berkesan

15,000.00

22. Dr. Ahmad Ashrif Bin A 
Bakar

PTS-2011-010

Keberkesanan pelaksanaan program 
penindikan ceramah & lawatan teknikal 
kursus ke atas kualiti pembelajaran 
berasaskan hasil

11,000.00

23. Dr. Norhana Binti Arsad PTS-2011-009

Mahasiswa Dinamik: Pengukuran prestasi 
pelajar di awal pengajian sebagai tanda aras 
pemantauan pembangunan pelajar

7,700.00

24. Assoc. Prof. Dr. Norbahiah 
Binti Misran

PTS-2011-008

Faktor-faktor Yang Mempengaruhi pelajar 
JKEES dalam memilih universiti & program 
pengajian siswazah

7,000.00
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25. Assoc. Prof. Dr. Hafizah 
Bt. Husain 

PTS-2011-007

Modul pembelajaran berpusatkan pelajar & 
strategi penilaian untuk pembelajaran 
berkesan

14,300.00

26. Assoc. Prof. Dr. Siti 
Rozaimah Bt. Sheikh 
Abdullah

PTS-2011-006

Kelestarian Amalan Kejuruteraan Kimia & 
Biokimia melalui PB

20,000.00

27. Mr. Noorhisham Bin Tan 
Kofli

PTS-2011-005

laboratory Courses as a tool Incalculating 
Communication Skills amongst 
Chemical?biochemical Engineering Students

20,000.00

28. Dr. Mohd Shahbudin Bin 
Mastar @ Masdar

PTS-2011-004

Pemupukan Sifat Inovasi & Kreativiti melalui 
Aktiviti luar Pelajar

5,000.00

29. Prof. Dr. Ahmad Kamal 
Ariffin Bin Mohd Ihsan

PTS-2011-003

Beban Nasional Ahli Akademik & Sokongan 
terhadap proses dan Kualiti Pengajaran & 
pembelajaran dan penyelidikan

20,000.00

30. Assoc. Prof. Dr. Mohd. 
Zaidi Bin Omar

PTS-2011-002

Pengukuran Hasil Kursus Berdasarkan
Penilaian oleh Industri bagi Kursus latihan 
industry

55,250.00

Geran Pemacu (Research University Grant)
Funded by Ministry of Higher Education

No. Researcher Research Code/Project Title Amount 
Approved (RM)

1. Prof. Ir. Dr. Shahrir Bin 
Abdullah

GPP-2011-007
Pembangunan Kod Amalan Proses 
Dalaman Universiti Untuk Pencapaian 
Indeks Prestasi Utama Universiti 
Penyelidikan

70,000.00

2. Assoc. Prof. Dr. Mohd
Nizam Bin Ab Rahman

GPP-2011-008

Pembangunan Kerangka Kerja Pelaksanaan 
dan Penilaian Berterusan Pengamalan 
Pengurusan Kualiti dalam Penyampaian 
Latihan dan Kemahiran di UKM

70,000.00

3. Prof. Dr. Aini Hussain GPP-2011-018

Meningkatkan KPI Kualiti Siswazah – GOT

150,000.00
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Funded by External Agencies or Internal Funds

No. Researcher Research Code/Project 
Title

Source of 
Funding

Amount 
Approved (RM)

1. Assoc. Prof. Dr. 
Zainuddin Sajuri

PKT1/2011
Material and Mechanical 
Properties Characterization 
of Bi-Metal Copper-
Aluminium Tubes

O.Y.L Research & 
Development 
Centre Sdn. Bhd.

24,000.00

2. Dr. Othman Jaafar ZF-2011-001
Remediation of Pollution from 
Large Point Sources for 
Sungai Hiliran-One State, 
One River Program, 
Terengganu

Department of 
Irrigation and 
Drainage, Malaysia

1,186,780.00

3. Prof. Ir. Dr. Mohd 
Marzuki Mustafa

Kursi Kelestarian Teknologi 
Sisa Sifar Universiti 
Kebangsaan Malaysia –
Yayasan Sime Darby

Yayasan Sime 
Darby

15,000,000.00

4. Assoc. Prof. Dr. Huda 
Abdullah

PKT2/2011

Dev. Of Nano-Channel 
Mesoporous Oxides to 
Improve Photovoltaic 
Performance of Dye 
Sensitized Solar Cell for the 
Green Tech.

TWAS 31,834.17

5. Assoc. Prof. Dr. 
Norbahiah Misran
(In collaboration with 
the Space Science 
Institute)

LL-2011-004

Dev. Of MultiBand Antenna 
Array System for Seismo 
Ionopheric Coupling Studies

ISESCO 30,446.12

6. Prof. Dr. Abu Bakar 
Mohamad

Fellowship Fund Institute of 
International  
Education’s Scholar 
Rescue Fund’s Iraq 
Project (SRF)

98,475.76
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