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RICES 2021 with its overarching theme of Humanising Innovation was a huge success and I am 
extremely pleased with its outcome. This beautiful and meaningful event will not be a success 
without the dedication, teamwork, creative mind-sets, and hard work by many of us in the 
Research, Industrial Collaborations and Engagement Division. I am certain that we will be able 
to continuously and successfully organise this event for many years to come.

I would also like to thank all the committee members for your relentless assistance for this 
event. The event that marks our DNA to profoundly rethink on ways we can compete in this
next-generation, more-human digital world, which is obviously an unclaimed territory. Your 
contributions are really valuable and precious for the new generations so called the digital 
natives.

With the help of your hand, we have had a strong 129 participations from various institutions, 
local and overseas. Personally, I believe this is a big movement to keep pushing and promoting 
digital, visionary innovation.   

To all participants, believe in the creative vibes in you. Continue to churn out new inventions 
and innovations, let RICES rise to its purpose in providing the stage for the researchers and 
innovators to freely express your ideas.   

Prof. Ir. Dr. Hairul Azhar Bin Abdul Rashid 
Vice President 
Research and Industrial Collaboration and Engagement 
Multimedia University
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FOREWORD

CHAIRPERSON OF RICES 2021

On behalf of the Committee, it is my pleasure to welcome you to the 5th Research Innovation,
Commercialisation and Entrepreneurship Showcase 2021 (RICES 2021) held virtually on 16
November 2021. RICES provides a platform for the participants to showcase their latest
inventions, innovations, and R&D commercialisation achievements. It also provides the 
opportunity for the participants to receive feedback and develop new partnerships with existing
and new collaborators and investors. We are pleased to present the proceedings of the
exhibition as its published record. 

There are two categories of showcase under RICES 2021 - Research Project Showcase and
Social Innovation Project Showcase. Despite the challenging COVID-19 pandemic situations,
we received 129 submissions from different countries, representing a slight increase compared 
to the submissions under these two categories for RICES 2020. 

This event is the result of the hard work of many people. We want to express our appreciation 
to the members of the Organising Committee and the external reviewers for their efforts in
evaluating the submissions. We also thank our event sponsor, Keenon Robotics and Prof. 
Fabian Kung (FOE, MMU), for sharing their robots with us for the opening ceremony. The
event would not be possible without the excellent inventions contributed by the participants. 
We thank all the inventors for their contributions and participation in RICES 2021!

We hope this event will further inspire technological innovations that will benefit humanity.  

Prof. Ir. Dr. Lim Heng Siong
CHAIRPERSON of RICES 2021
Deputy Director, Research Management Centre
Multimedia University
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I am delighted to write this foreword, not only because Research Innovation,
Commercialisation and Entrepreneurship Showcase 2021 (RICES 2021) has been successfully
documented in this special edition, but also because the quality of the research papers, various 
inventions, innovations, and R&D commercialisation achievements are of a high standard. 
Congratulations to all the participants, and may RICES become the platform for you to achieve
greater heights in the future.

It is our utmost hope that MMU Press mission will be an internationally recognised academic 
press. Its spirit is to connect Multimedia University (MMU) with the larger communities and
institutions through innovative and inspiring writings. I believe this book can help researchers, 
academics, students, and industry players to further develop a shared vision and understanding
of the digital world and what it offers. Kevin Colleran, one of Facebook’s earliest employees
who spoke about staying true to his entrepreneurial spirit says “If you can’t imagine a world
different from the one you see today; you will never be able to build a better one.”

I would like to humbly thank various people who made MMU Press publications a success
especially in its RICES 2021 publications. All these achievements are made possible due to 
strong commitment by all, especially the Coordinator of Special Publication – Dr. Tan Yi Fei,
chief editors, editorial team members and the project leaders, who have contributed to the
publication of RICES 2021. The engagement, dedication, commitment, and effort dedicated to 
this book are indeed beyond words. Thank you and let’s make MMU Press be the beacon of
knowledge.

Assoc. Prof. Dr. Tan Siow Hooi
Deputy Director, Research Management Centre (Head of MMU Press)
Multimedia University
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Project Leader: Ts. Dr. Ng Yin Hoe
Member: Dr. Tan Chee Keong
Graduate Research Assistant: Prabha Kumaresan
Funding: Multimedia University Graduate Research Assistant Scheme

Problem Statement
Non-orthogonal multiple access (NOMA) is an effective approach that has aroused great interest from
researchers due to its broad application prospects in fifth-generation (5G) networks. In conventional
user clustering techniques, the number of clusters and users for each of the clusters formed is fixed.
This results in poor throughput performance as the channel heterogeneity and diversity are not fully
exploited.

Objectives
1. To formulate a new user clustering problem for the downlink of NOMA systems.
2. To determine the optimum user clustering for throughput maximization in the downlink of 5G

NOMA systems.
3. To design scalable machine learning based user clustering techniques that can attain near-optimal

throughput performance.

Contributions
Three novel adaptive user clustering (AUC) techniques have been devised. Specifically, a B-FS strategy
is proposed to find the optimum user clustering. Next, to support scalable number of users machine
learning based UC schemes that leverage on deep neural network (DNN) to attain near optimal
throughput performance and extreme learning machine (ELM) with fast speed of learning are
developed.

Publications – Journal Papers
The techniques proposed have been published in the following journals:
1. S. P. Kumaresan, C. K. Tan and Y. H. Ng, “Extreme learning machine for fast user clustering in

downlink non-orthogonal multiple access (NOMA) 5G networks”, IEEE Access, vol. 9, pp. 130884 -
130894, Sep 2021.

2. S. P. Kumaresan, C. K. Tan and Y. H. Ng , “Deep Neural Network (DNN) for Efficient User Clustering
and Power Allocation in Downlink Non-Orthogonal Multiple Access (NOMA) 5G Networks “, MDPI
Symmetry, vol. 13, 1507, Aug 2021.

3. S. P. Kumaresan, C. K. Tan, C. K. Lee, and Y. H. Ng, “Adaptive User Clustering for Downlink Non-
Orthogonal Multiple Access (NOMA) based 5G Systems Using Brute Force Search”, vol. 31, ETT,
Aug.
2020.

Proposed clustering techniques

Results

Energy-Efficient Resource Allocation With Interference Mitigation for 
Cognitive Heterogeneous Cloud Radio Access Network (CH-CRAN)

Proposed DNN based UC Proposed ELM based UC
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Mean Gain, Excess Noise and Response Time in GaN/4H-SiC Thin 
Heterojunction Avalanche Photodiodes

P. L. Cheang, E. K. Wong and L. L. Teo

Fig. 1. (a) Electron-initiated impact ionization and (b) hole-initiated
impact ionization with dead space and band edge discontinuity at
junction in GaN/4H-SiC APDs.

Fig. 2. Electron- (filled symbol) and hole- (open symbol) initiated multiplication gain as a function of reverse-biased
voltage in GaN/4H-SiC APDs with 0.1w GaN and 0.9w 4H-SiC in w = 0.05 µm (diamond), 0.1 µm (up triangle), 0.2 µm
(square), 0.3 µm (circle) and 0.48 µm (down triangle).

Fig. 3. Electron- (filled symbols) and hole- (open symbols) initiated excess noise factor as a function of mean
multiplication gain in GaN/4H-SiC APDs with 0.1w GaN and 0.9w 4H-SiC in w = 0.05 µm (diamond), 0.1 µm (up
triangle), 0.2 µm (square), 0.3 µm (circle) and 0.48 µm (down triangle).

It is noticed that hole-initiated impact
ionization generates lower noise than
the electron-initiated impact
ionization, compared to 0.2 < k < 0.4
calculated from McIntyre’s theory
(McIntyre 1966) even at higher gain. In
electron-initiated device, most
electrons just traverse through the
0.1w GaN with few impact ionizations.

It is shown that hole-initiated process
gives higher multiplication gain than
that of electron-initiated at the same
applied voltage, at increasing
multiplication width.

Objective:
To simulate mean multiplication gain, excess noise factor and response time for both electron- and hole-
initiated multiplication of various multiplication widths GaN/SiC heterojunction avalanche photodiodes (APDs)
incorporating the dead space effect and hetero-interface effects.

Research Methodology:
Monte Carlo (MC) method is employed to develop a model using random
ionization path lengths to simulate the carrier transport properties such as
drift velocity, energy, occupancy and the impact ionization coefficients of
holes () and electrons () in GaN and 4H-SiC under high electric field.
The model is used to study the avalanche characteristics of GaN/4H-SiC
and 4H-SiC/GaN heterojunction APDs for different multiplication width
ratio of GaN to 4H-SiC in the multiplication region incorporating the dead
space and hetero-interface effects.

MMU Internal Fund

n+-GaN

50-480 nm n-GaN

50-480 nm p-4H-SiC
p+-4H-SiC

4H-SiC substrate

Commercial and Civilian Applications: Sensing ozone for environment, detecting
radiation, flames in harsh environment, astronomical studies etc.

Fig. 4. Distribution of carriers versus time for (a) electron- and (b) hole-
initiated multiplication in GaN/4H-SiC APDs of 0.10 µm with <M> = 20
incorporating of dead space.

Hole-initiated GaN/4H-SiC heterojunction APDs has
shorter response time than that of the electron-
initiated GaN/4H-SiC heterojunction APDs and also
GaN and 4H-SiC homojunction APDs due to the
restriction of most holes in 0.50w 4H-SiC layer.

Conclusion:
The hole-initiated GaN/4H-SiC heterojunction APDs demonstrate higher gain, lower excess noise factor and
shorter response time than that of the GaN and 4H-SiC homojunction APDs.
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