
ELECTRONICS AND COMPUTER ENGINEERING RESEARCH AREA 

 
Electronics and Computer Engineering research division include VLSI & Embedded Computing Architecture Design 
Research Group (VeCAD), Computational Nanoelectronics (CoNE), Biomedical and Instrumentation Electronics (BMIE) and 

Digital Signal and Image processing (DSIP). All the research groups are under School of Electrical Engineering. The CoNE 
research group carry out various types of research on advanced simulations and analysis, design, modelling and simulations 
of strained silicon-based devices, development of silicon and carbon-based materials, circuit level modelling, analog CMOS 
circuit design, biomolecular sensing, DNA chip, Single Photon Avalanche Diode (SPAD) as an imaging sensor, Graphene-based 
sensors, Zinc Oxide nanowire and thin film fabrication for sensor devices, Nanocrystalline graphite device for sensor 
applications. CoNE research activities also include advanced materials for the nano-electronics device comprises TCAD 
Simulation, fabrication and characterization of various sensing and memory applications. CoNE also has expertise in the field 
of reliability physics of Nano-Electronics Device. VeCAD Research Group is well-versed in techniques and tools that can help 
in optimizing real-time hardware software co-design and analysis of the system architectures. The group has also conducted 
research in the areas of Very Large Scale Integration (VLSI) design, Field Programmable Gate Array (FPGA) embedded 
systems, System-on-Chip design and verification for various applications such as biometrics, cryptography, driver drowsiness, 
convolutional neural networks, evolutionary algorithms and more. BioMedical Instrumentation and Electronics (BMIE) 
research is focused on four main areas aimed at transforming healthcare through technology and innovation. The group 
have a vast experience and knowledge in the areas of electronics and biomedical instrumentation, bio-sensors, biomedical 
signal and image processing and rehabilitation. The scope of the research for Digital Image and Signal processing covers two 
main areas: signal processing and image/video processing. Collaborators from the government and the industry include the 
Department of Civil Aviation, Marine Department of Peninsular Malaysia, Ministry of Defense, Ministry of Health, Keysight 
Technologies, SIRIM Test and Measurement, Advanced Air Traffic Systems and Intel Technologies. 

 

 

 

 



NICHE AREAS 

 

Fundamental Research  Application Areas 

 Design, modelling and simulations of strained silicon 
based devices 

 Compact physics-based modelling of nano-MOSFET  

 Development of silicon and carbon based materials 

 Circuit level modeling 

 Analog CMOS circuit design 

 Single Photon Avalanche Diode (SPAD)  

 Graphene based sensors 

 Zinc Oxide nanowire 

 Nanocrystalline graphite 

 CMOS/RF analog design 

 Modeling and detection of faults for IC testing 

 Design for test (DFT) 
 Embedded system design; FGPA prototype 

development 

 Software hardware co-design 

 VLSI design & System-on-Chip 

 Digital system & computer architecture 

 PLC design & implementation 

 Network algorithmic, Network-on-Chip,  
network processor architectures  

 Microprocessor and microcontroller system 
design 

 Engineering Education (active & cooperative 
learning)  

 Optical Tomography and Telemedicine. 

 Electronic Nose 

 Microfluidic 

 Speech Processing 

 Medical Image Processing 

 Electroencephalogram (EEG) Electromyogram (EMG) 
Electroocculogram (EOG) Electrocardiogram (ECG) 

 Brain Computer Interface (BCI), Computer Vision, 
Brain-Muscle Control, Human Computer Interface 

 Image Reconstruction 

 Assistive Technology  

 Speech Rehabilitation  

 Fall Risk Analysis  

 Technology & Healthcare  

 Diagnostic & Prosthetic Design 

 Gait Analysis, Signal theory, Signal processing for 
radar, navigation systems and communications 

 Air traffic surveillance, Security and surveillance 

 Pattern analysis and recognition 

 Sensor fusion, biometrics, video analytics 

 

 Nano-MOSFET structure  

 Sensing devices  

 Biomolecular sensing 

 DNA sensing 

 Flash Memory 

 Non-volatile memory 

 Biometrics 

 Cryptography 

 Convolutional neural networks 

 Evolutionary algorithms 

 Data encryption 

 Image recognition 

 Quantum Computing 

 Fault modeling 

 Image processing 

 Electronics and Biomedical Instrumentation 

 Bio-sensors 

 Biomedical Signal and Image Processing 

 Rehabilitation 

 

 



RELATED ENTITIES 

 

Research Groups  Research Centers 

 Micro-Nano Systems Engineering (MNSE) Research 
Group 

 Advanced Devices and Materials Engineering (ADME) 
Research Group 

 Process Tomography & Instrumentation Research 
Group  (PROTOM-i) 

 Micro-Nano Systems Engineering (MNSE)- (RA-MD) 

 Digital Signal & Image Processing (DSIP) 

 Biosignal Processing Research Group 
 

 Centre For Sustainable Nanomaterials  
Ibnu Sina Institute for Scientific and 
Industrial Research 

 IJN-UTM Cardiovascular Engineering Centre 
Sport and Innovation Technology Centre 

 
 

RESEARCH PROJECTS 

 
 

Reliability Physics of Nano-Electronics Device 
 
Nano-reliability is extremely important due to the fact that the scale of electronic devices continues to decrease. The 
research focuses on predicting lifetime of nano-electronic devices which require a deep understanding of the reliability 
physics. The focus is on the reliability concerns in material, interface and specific devices. The research also aims in 
understanding the failure mechanisms which will ensure that there are no surprises lurking in nano-electronic device to 
cause premature failure. 
 

 

 

 

 
 
 

Fabrication and characterization of nanostructure thin film materials for various sensing applications 
 
The research focuses on the novel sensing behaviour of these devices (devices based on new materials – graphene, ZnO 
nanowire) that will create new opportunities in solid state sensing and it is expected to accelerate the realization of the 
development of a prototype for human benefits. The focus is on experimental setup for humidity and gas sensing, 
nanostructure material for device sensing, probe the I-V with different solutions and characterize the sensing behavior 
characteristics. 
 

 

  



 

 
 
 

Sr-90 beta-ray irradiation on electrical characteristics of carbon nanoparticles 
 
This is a collaboration work with Urmia University, Iran. This research is focused on the low cost fabrication of carbon 
nanoparticles (CNPs), and its application to beta ray detection. The structural and morphological properties of the CNPs were 
obtained by spectral and microscopy techniques. A system based on CNPs application in the metal-semiconductor-metal 
(MSM) junction platform, which acts as a beta-ray (β-ray) sensor, is fabricated. The prototype is characterised by modelling, 
Monte Carlo simulation, and electrical investigations. Changes to the electrical behaviour of the proposed MSM system due 
to β-ray irradiation are validated by experimental results in both Ohmic and non-Ohmic (Schottky) contacts. 

 

  

 
 

 

 

 
 

 
 

 

 
 
 

Processors and FPGAs (Field-Programmable Gate Arrays) are the 
hardworking cores of most embedded systems. Integrating the high-level 
management functionality of processors and the stringent, real-time 
operating, extreme data processing or interface functions of an FPGA into a 
single device forms with powerful embedded computing platform. SoC FPGA 
devices integrate both processor and FPGA architectures into a single device. 
Consequently, they provide higher integration, lower power, smaller board 
size, and higher bandwidth communication between the processor and FPGA. 
They also include a rich set of peripherals, on-chip memory, an FPGA-style 
logic array, and high speed transceivers. 
 
 

Hardware accelerated face detection system using skin color 
segmentation method on FPGA is proposed. The image pre-
processing, skin segmentation, filtering and connected 
component labeling processes were designed using stream-
oriented hardware architecture. To gauge the performance of 
the system in terms of execution speed, the algorithm is also 
implemented in full software executed by the NIOS II 
embedded soft-core processor of the Cyclone IV FPGA. The 
hardware design achieved a speed-up of 250 times compared 
to software implementation when processing a RGB video 
frame of 800×600 pixel size. 
 



 
 

 

 

 

 
    

 
 
 

 

   
 
 

 
 

 

 
 

Hardware Transactional Memory (HTM) targeted for embedded 
applications is proposed which is able to adapt its version management 
based on application behaviour at runtime. It is prototyped and analysed 
on Altera Cyclone IV platform. Random requests at different contention 
levels and different transaction sizes are used to verify the performance 
of the proposed HTM. Lazy version management is able to obtain up to 
12.82% speed-up compared to eager version management at high 
contention level. Meanwhile, eager version management obtains up to 
37.84% speed-up compared to lazy version management at low 
contention. The adaptive mechanism is able to switch configuration at 
runtime based on applications behaviour for maximum performance. 

 

 

Heterogeneous Multiprocessor System-on-Chip Prototyping 
refers to systems that uses more than one kind of processor or cores. 
Current heterogeneous applications such as multimedia, digital signal 
processing, network processing, and wireless communication require 
ever-growing amount of resources and speed for data processing and 
storage, which can no longer be satisfied by uniprocessor systems. This 
trend has led to the need for concurrent task processing on embedded 
multiprocessor systems. Multiprocessor SoC (MPSoC) systems have 
emerged as a viable alternative solution. However, achieving high 
performance computing on MPSoC is limited by the efficiency of parallel 
programming. 
 

MINI HEARTCATCHER: Conventional medical grade Holter 
is too expensive and returns the assessment results after 
days. Due to the price, patients will rent it from hospital and 
most of the time, patients are unable to record any 
abnormal signal during the rental period and thus, 
cardiologists are unable to make any diagnosis. We 
developed a heart recorder that transmits the data 
wirelessly to a mobile phone and the internet. Heart rhythm 
can be analysed immediately and users will be alerted if an 
abnormal signal is detected. The Mini Heartcatcher is aimed 
to provide an affordable option to monitor and screen for 
possible heart problems, so that patients can receive early 
treatment, prevent stroke and reduce healthcare delivery 
costs.  
 
 



 

 
 

 
 
  

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ASIC DESIGN OF SUDDEN CARDIAC ARREST MONITORING: 
The product is based on project that developed a system 
which could classify cardiac arrhythmias segments 
accurately. The complete prototype can track the behaviour 
of ECG signals that is useful for cardiac monitoring either in 
real-time or off-line. The developed system allows for more 
efficient monitoring of patients in which it can determine 
the onset of occurrence of ventricular arrhythmia by 
studying the alteration behaviour patterns of ECG signals. 
Product features include hardware design of which the 
extracted features are to be monitored. Additionally, 
patients can maintain their regular activities with increased 
mobility and their stress is reduced because their data can 
be wirelessly transmitted to the medical system, thus 
allowing immediate analysis, lower cost, and easier 
monitoring. 
 
 

 

CHESS FOR DISABLED AND BLIND: Expert and beginner chess players 
are hypothesized to employ different brain functional networks when 
involved in episodes of critical decision making upon playing chess. In 
helping chess coaching activities, the brain functional networks for 
different levels of chess players are analyzed and compared between 
normal and blind chess players. The analysis is done by 
Electroencephalography (EEG) data recorded during chess match or 
solving puzzles. Spinal Muscular Atrophy (SMA) chess player is one of 
our focus subject that has difficulties to move the chess pieces during 
the chess match. To assist the player, we developed an interactive 
game for picking and moving the objects using virtual reality (VR) 
technology. VR is a novel adjunctive therapy in neuro-rehabilitation 
which in future will be one of the therapy session for the SMA chess 
players. 

 

 

 
 

FINE MOTOR TRAINING FOR SPECIAL CHILDREN: The Ministry of 
Education Malaysia has come out with Malaysia Education Blueprint 
2013-2025 and in the blueprint, has address students with specific 
needs Autism Spectrum Disorder (ASD), Attention Deficit and 
Hyperactivity Disorder (ADHD) and Dyspraxia to have the opportunity 
to get a high quality education that is relevant to their needs. In line 
with the blueprint, this project focuses on ASD children who are at 
special education school and those who join Special Education 
Integration Programme (SEIP). These children have certain attributes 
such as limited concentration, left unfinished tasks and sensitive to 
sensory stimulation. One of the skills these children have delayed 
development is fine motor skills. For better fine motor skills therapy 
performances, we are developing fine motor therapy device that 
attains longer attention from these children, hence, complete 
exercise session without fail. 
 


