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Optimal Energy Scheduling Strategy for Smart
Grid using Wind Driven Optimization Approach
Background:

The power grid system is a multienergy system that integrates
conventional energy carriers such as
coal and petroleum with renewable
energy carriers such as photovoltaic
cells and battery energy storage.
Power sector is a major contributor
to the greenhouse gas (GHG)
emissions. Power generation which
highly dependence to conventional
energy carriers can lead to high
GHG emissions, which accelerate
the problem of global warming and
climate change. The location of the
power generating unit that far from
the load in the power grid causing
energy waste due to power loss,
resulting in higher generation costs. In
addressing of depleting fossil fuel, the
usage of conventional energy carriers
should be minimized.

Objectives:

The objective of this project is to
correlate the fitness function of
renewable energies cost with the
fitness function of greenhouse gas
emission in formulating an optimal
resource management strategy.
Additionally, this project will formulate
a new optimization approach based
on the concept and principle of
wind driven optimization (WDO).
The performance of the proposed
approach will be compared with
those obtained from evolutionary
programming (EP) and particle swarm
optimization (PSO) approaches.

Approach:

To reduce GHG emissions and generation
costs simultaneously, a dedicated power
scheduling system model to coordinate
and optimize the use of energy carriers is
needed. To formulate this energy scheduling
system, a successful approach to calculate
optimum energy scheduling needs to
be proposed. The new technique needs
to be faster than the existing methods
hence, must involve less mathematical
computations.

Expectation & Outcome:

This will prove that wind driven optimization
(WDO) algorithm is very effective in
estimating energy scheduling based on
resources management strategies for smart
grid. In addition, multi objective fitness
formulation by incorporating generation
cost and GHG emission is more efficient to
address energy scheduling issues than to
single fitness formulation.

Figure 1. Cherry, Gabe. “Diagram of the smart grid.”
Smart grid: $1.4M to model a year in the life of a power
grid. The Michigan Engineer News Center, 30 January
2016. news.engin.umich.edu/2016/01/smart-grid.
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Time Domain Microwave Signal Contrast Based
Algorithm for Stroke Detection System
Background:

This project is proposed to analyze the
performance of an algorithm, based
on signal contrast of microwave that
will be used to identify the position
and presence of damaged tissue
cell. Time-domain based numerical
analysis technique and a realistic
computational head model will
be adopted in the algorithm. The
presence and position of the affected
tissue will be detected based on
microwave signal contrast

Expectation & Outcome:

The application of the algorithm holds the
promise to improve the stroke detection
system and will contribute to the society to
a great extent in obtaining rapid medical
diagnosis results of presence, position, and
size of the affected brain tissue in a short
time.

Objectives:

To explore the performance of a new
microwave signal contrast based
algorithm for microwave imaging and
to identify the position and estimate
the size of damaged tissue using
the algorithm in a stroke detection
system.

Approach:

This project deals with a new
algorithm to identify the presence
and position of damaged tissue in
the human brain. The identification
process will be based on microwave
signal contrast. The scattered
microwave signals from a healthy
head phantom and a stroke affected
head phantom will be compared.
An array of unidirectional antennas
will be considered to implement
the algorithm. Multiple reference
antennas will be used in the
measurement system.
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Designing Green Best Practices under Collective
Extended Enterprise of Cold Chain Supply Networks
Background:

Malaysia continues to move towards
a high-value economy with strong
focus on the services (i.e. logistics),
manufacturing (i.e. cold chain),
innovation (i.e. green initiative) which
will be crucial to raise and support the
overall efficiency and productivity of
each sector in supply chain. Malaysia
is expected to see a rapid growth
in CO2/GHG emissions and proper
treatment of logistics implication
has become one of the most
pressing issues, and it is important
to understand how cold chain (in
particular) logistics challenges
should be designed with environment
concern and to effectively manage
within entire supply chain networks.
The exact structure of each cold
chain network varies significantly
depending on condition-sensitive
products (i.e. fresh food, processed
food, healthcare, chemicals), mode
of delivery, customer requirements
etc. Demand for food requiring
temperature-controlled environment
is most rapidly increasing in Malaysian
and ASEAN region and understanding
logistics network and food products
are a complex process (including
halal practices), and analysing this
process requires novel ways that
synthesise concepts and tools from
different parties in entire supply chain
networks.

•

Investigate the challenges, as well as contributing to
the development of best green practices model in
implementing cold chain networks.

Approach:

Based on research objectives, both “exploratory” and
“explanatory” researches are required, which consists of
mixed mode (qualitative and quantitative methods) and
ARENA simulation. The expected outcomes include the
findings will be used as a reference for the development
of cold chain logistics networks, support policy makers and
green best practices framework. This research significantly in
line with the 11th Malaysia Plan 2016-2020 and the
ASEAN-Japan Cold Chain Logistics Agenda 2017.

Expectation & Outcome:

Research will be closely aligned with industry demand and
private logistics sector and thus, it will be strengthening
collaboration across whole-society approach including
industry, academia and ASEAN communities. The potential
application includes the findings will be used as a reference
for the development of cold chain logistics networks by
Malaysian government as well as in the ASEAN region, and
therefore it is expected that the service level of Malaysian
logistics providers will be improved and related policies will
be developed along with infrastructure developments, i.e.
Malaysian logistics and transportation companies, including
their extended enterprises and other services provider. This
is also a significant study towards understanding the issue of
carbon footprint emissions and green activities in the entire
cold chain networks. The expected outcomes will be used
as a reference for the development of cold chain logistics
networks, support policy makers and green best practices
framework in this region.

Objectives:
•

Investigate the critical structure
and system of cold chain
networks in a DIFOT system.
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Characterization of a New Ferrite Based Dielectric
Material for Mobile Communication
Background:

Mobile data traffic has been
dramatically increased and is
expected to continue its growth
in recent years. An improved
spectral efficiency, high frequency
bandwidth or dense cell distribution
are prerequisite to meet such
growing demand on mobile traffic.
A bandwidth shortage motivated
the exploration of the underutilized
high frequency spectrum for future
mobile communication (5G) networks
to provide high speed data rate.
However as the permittivity increases,
the frequency bandwidth of the
antenna gets reduced, leading to
limitations in size reduction and trade
off in performances. Addressing
this design challenges, a microwave
dielectric material of low dielectric

permittivity and low loss tangent are in
great demand.

Objectives:

To introduce and characterize a new
magneto dielectric material utilizing the
sol-gel method for high speed mobile
communication

Approach:

This research consists of four steps
including investigation of magneto dielectric
material, characterization of the magneto
dielectric material substrate and finally
the assessment and comparison of the
fabricated magneto dielectric material.

Expectation & Outcome:

A new ferrite based dielectric material will
be developed for future generation mobile
communication
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Formation Mechanism of Photoluminescent Carbon
Dots from Oil Palm Biomass via Microwaveassisted Synthesis
Background:

Photoluminescent carbon dots
has attracted great attention in
biomedical field (bio-imaging, drug
delivery, sensor and fluorescent
ink) due to its high biocompatibility
and ease of synthesis. However, the
formation mechanism of carbon
dots from biomass is not well
understood and this inhibits the largescale synthesis of carbon dots for
commercialization.

Objectives:

To synthesize photoluminescent
carbon dots from oil palm biomass via
microwave-assisted method and to
understand the carbon dots formation
mechanism for optimization.

Approach:

Oil palm biomass will be used as the low-cost and
easily available carbon feedstock for the synthesis of
photoluminescent carbon dots via microwave-assisted
method. The synthesis process is simple as the sample is only
required to be heated in a microwave before centrifuged for
purification. The effect of various parameters such as heating
power and period and the presence of doping agent on the
properties of carbon dots will be investigated. Carbon dots
will then be characterized and tested for its performance in
bio-imaging.

Expectation & Outcome:

Oil palm biomass will be a good (low-cost and easily
available) carbon feedstock for the synthesis of
photoluminescent carbon dots. Understanding about the
formation mechanism of carbon dots can help to optimize
the synthesis process, thus accelerating the large-scale
reproducibility of carbon dots from easily available and lowcost biomass in Malaysia. This can materialize the application
of carbon dots in various biomedical fields and bring benefits
to the humankind.

For further correspondence
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Characterisations on Wettability Properties of Laser
Textured Zno/ Tio2 Coatings for Pipeline
Antifouling Activities
Background:

Many techniques and control
strategies have been adopted by the
industries to prevent and mitigate
fouling in the pipeline. However,
there are disadvantages such as
it is involved a relatively high cost
and increases the complexity of oil
refining process and also it is found
that addition of biocides will produce
unwanted combustion by products
in the exhaust gases. A certain
surface roughness is required to
achieve these low wettability surface
properties. To date, researchers
have discovered that laser surface
texturing process able to produce the
textured surface with low wettability
properties. This type of surfaces has
special interest due to anti sticking,
anti-contamination and self-cleaning
properties.

Objectives:

To characterize the performance of
wettability properties of laser textured

ZnO/ TiO2 coatings with different wt% of
ZnO dopped into TiO2 coating.

Approach:

This project consists of laser surface
texturing process technology. The laser
surface texturing has been proven to be an
effective method to improve the surface
wettability by texturing morphology on the
substrate. It is a promising method due to
the excellent control surface morphology
from nano to micro scale, a single step
process under ambient condition and ability
to work with a large range of materials.

Expectation & Outcome:

It will be a new breakthrough to texture
through hard and brittle ceramic surface
by using lasers for self-cleaning surface
applications. Besides, with the existent of
TiO2 and ZnO will also eliminate the fouling
issue with the antibacterial effect that
prevent the bacteria growth in hydrocarbon
leads to the formation of deposit on internal
pipeline surfaces.
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Stress Response Characteristics in Vehicle Task and
Road Environment Complexity
Background:

The increase of a road accident has
risen awareness among the road
safety and transportation agency
to incorporate underlying factors
and determinant that affect driver’s
performance in vehicle control.
Particularly, vehicle task demand
and road environment have been
seen as important aspects in the
vehicle control. In the longer run, the
combination of these conditions, will
lead to stress and fatigue.

Objectives:

To identify underlying factors and
determinants related to vehicle task
and road environment complexity and
its impact on the driver’s well-being.

Approach:

Two main experimental condition will
be employed in two different field work
conditions by using mixed-methods;
subjective (self-assessment subjective forms
related to stress level rate) and objective
assessment (ecentroelegoraphy (EEG),
elektromyography (EMG), heart rate and
blood pulse. The project is in collaboration
with Malaysian Institute of Road Safety
Research (MIROS).

Expectation & Outcome:

The major factors related to vehicle task
and road environment and its impact to the
driver will be pointed out. The knowledge
will facilitate in the research’s contribution
towards developing safer driving practices
and road facilities.

For further correspondence
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Combinatorial Collinear and Triangle Equations for
Ovarian Ultrasound Image Segmentation to
identify Follicle
Background:

Polycystic Ovary Syndrome (PCOS)
is one such failure characterized by
the formation of numerous follicles
in the ovary. The disorder seriously
affects women’s health and it is
diagnosed by ultrasound imaging
which gives important information
on the follicles quantity and size. In
recent years, many researchers have
worked to automate PCOS detection
via follicle identification (PCOSDvFI).
The main challenges usually include
poor quality of images due to
speckle noise, lack of fully automated
recognition procedures particularly
for smaller follicles as well as follicles
that are close to each other and
complexity of existing algorithms.
Thus, the main aim of this research
is to study the effectiveness of using
collinear & triangle equations (CTE)
in the segmentation of ultrasound
images of the ovary for PCOS-DvFI.
It is anticipated that the proposed
segmentation method of combining
collinear & triangle equations can
effectively aid to identify follicles.
As such, the newly developed
segmentation algorithm could serve
as an effective segmentation method
and basis for the future development
of an automated diagnosis software
system for screening of cystic ovarian
diseases.

study the effectiveness of collinear and
triangle equations in the segmentation
of ovarian ultrasound images for follicle
identification with the following specific
objectives;
• To correlate the strength of collinear
equation and the strength of triangle
equation and consecutively, consolidate
weaknesses of each (if any) for effective
and accurate segmentation;
• To formulate a framework to combine the
collinear and triangle equations that can
deliver promising segmentation results;
• To investigate the effect of CCTE in
executing the segmentation task.

Approach:

Collinear and triangle equations can
be effectively used to segment ovarian
ultrasound images for follicle identification,
hence possibly be implemented to develop a
computer-assisted tool for diagnosing and
screening ovarian cyst or PCOS.

Expectation & Outcome:
•

•

A rapid and effective method to
identify, measure and analyze both
inter and intra follicles of PCOS images
characteristics;
An improved algorithm for monitoring
ovarian follicular via image processing.

Objectives:

The main aim of the research is to
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Multi-tiered radio access technologies for an
Intelligent Transportation System
Background:

Connected Cars are a reality. Future
Intelligent Transport Systems (ITS)
using vehicular communications bring
enhanced safety, traffic management,
infotainment and telematics features.
These safety features enable a high
reduction in casualties and fuel/time
efficiency of commuting by exchanging
and sharing information between the
vehicles. Efficient traffic management
applications include improved
navigation, driver assistance, policing
and enforcement, route and direction
optimisation, intelligent highway
functions, smart lanes, congestion
routing and parking spaces allocation
and reservation. Infotainment
applications include enhanced driving
experience and extended connectivity
using on-board Internet access, media
downloading, localised map updates
and e-commerce services. However,
vehicular communication suffers from

challenging channel model as well as highly
dynamic road and mobility topology that
reduces the performance of the network.

Objectives:

To design a multi-tiered network
architecture to improve the throughput and
efficiency of an intelligent transportation
system considering a number of scenarios in
a realistic Malaysian environment.

Approach:

An opportunistic selection of radio access
technologies to cater for varying vehicular
speeds, vehicular densities and ITS uses
cases.

Expectation & Outcome:

A scalable algorithm that utilises a
sustainable, advanced, open, smart, high
sensing and synergistic capabilities to
support various ITS use cases.

For further correspondence
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Derivation of Low Flow Curves with Drought
Severity Index
Background:

Drought is one of the most severe
effect of climate change besides
flood. It can give large impact to the
countries’ economics development,
ecosystem and environmental
aspects. Drought is defined as
below-normal water availability,
desertification or water shortage
Furthermore, the requirements of
treated water is becoming more
critical due to climate change, ElNino phenomenon and prolonged
hot-dry weather. These phenomena
will induce to low flow hence drought
and caused a shortage of water
resources in the rivers and dams, as
well as interfering with the production
quantities of treated water and
agricultural demands. Research
study in low flows is very important
in managing water resources for
uses such as irrigation, water supply,
navigation and hydroelectricity. Low
flow can be characterized by different
indices such as the mean annual
minimum discharge or a percentile
from the flow duration curve. When
low flow of a river is not sufficient
to meet the demand for water and
irrigation, vulnerability to the country
will increase. Upon the circumstance,
it is crucial for the country to secure
storage to fulfil those demands.

indexes and to understand the differences
in characteristics of low flow in Peninsular
Malaysia when compared to other countries.

Approach:

Development of magnitude and frequency
of low flow curves based on 1948-2018
data of 65 streamflow stations in Peninsular
Malaysia. From the data, drought severity
indexes will be derived.

Expectation & Outcome:

The low flow curve will help in giving a
quick estimation for feasibility studies
and in cases where time, facilities and
data constraints do not permit a more
detailed analysis. Drought severity indexes
in Peninsular Malaysia is important to
determine the severity of the low flows in the
current climate. These indexes can then be
compared with those of other countries and
Peninsular Malaysia will represent countries
in equator climate.

Objectives:

The objectives of this research are to
develop magnitude and frequency
of low flow curves for Peninsular
Malaysia, to quantify drought severity

Figure 1. Example of low flow vs return period for
streamflow stations at Selangor region.
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Mathematical Formulation for Analysing Hybrid
Nanofluid Heat Transfer Performance in
Jet Impingement
Background:

The introduction of nanofluids as
a coolant used in impingement
jet provides enhancement of
heat transfer, as proven by
many researchers. Recently, the
continuation of nanofluids research,
the researchers have also tried
to use hybrid nanofluid which is
engineered by suspending dissimilar
nanofluids particles either in mixture
or composite form. Researchers found
that proper hybridization may make
the hybrid nanofluids very promising
for heat transfer enhancement.

Objectives:

This study is to obtain the heat
transfer correlation with consideration
of the hybrid nanofluids in jet

impingement by various volume fractions
including temperature and flow parameter.

Approach:

The experimental works will be performed
at UKM laboratory with existing equipment
such as particle image velocimetry (PIV)
and infrared (IR) thermography will be used
to characterize flow and thermal behavior,
respectively. The simulation works will
employ ANSYS CFX which can handle fine
mesh needed to properly get the converged
results.

Expectation & Outcome:

Understanding of the hybrid nanofluids
technologies with different volume fraction
including temperature and flow parameter
could provide the guidelines or solution in
increasing the efficiency of cooling/heating
system for various applications.

For further correspondence
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The Microbial Community of Biofilm in Sewerage Pipes
and Sewer Sediment for Self-Nutrient Treatment
Background:

The sustainable management of
sewerage pipes is essential for the
benefits of economy, environmental
safety and human health. The
possibility of in-sewer self-treatment
process is exciting, with the main
focus on lowering the wastewater
strength into the Sewerage Treatment
Plant (STP). This study proposes to
investigate the characteristics of
biofilm microbial community formed
within the sewerage networks on
sewer pipes and sediment. This
proposal attempts to investigate
the possibility of self-treatment
process by looking into the microbial
community available in the Malaysia
sewerage pipes. The community varies
based on the pipe materials and on
deposited sediment (which seeped
through infiltration). Tropical climate
with constant high temperature, high
humidity promotes the formation of
biofilm on the sewer sediment and
on the wall pipes. It is a paramount
importance to evaluate these
biological processes and examine the
potential of in-sewer self-treatment
utilizing the existing microbial
community in the sewerage pipes.

Approach:

The quantification of biofilm formed on
sewer sediment and pipe walls, taken from
Malaysian sewerage network and in a
controlled environment of lab-scale reactor.

Expectation & Outcome:

New datasets of the microbial community in
biofilm formed in Malaysian sewerage pipes
and exploratory evaluation of the feasibility
of self-treatment for Malaysian domestic
wastewater.

Objectives:

To identify the microbial community in
biofilm formed on sewer sediment and
sewerage pipe walls.
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Electrochemical Behaviors of 3-chloropropane-1,
2-diol at Boron-Doped Graphene Presence in Palm
Oil-Water Emulsion
Background:

Recently, European move to ban
palm oil has become a heat argument
among our palm oil stakeholders. The
partially influence on this decision are
related to the quality and process
contaminants in refined, bleached and
deodorized palm oil. The presence of
3-chloropropane-1,2-diol (3-MCPD)
is likely occurs after refining of palm
oil, although a negligible amount of
3-MCPD even existed at the earlier
stage.

Objectives:

To investigate the sensitivity
characteristic of electrochemical
behaviors of 3-MCPD presence in
palm oil by boron-doped graphene in
high shear dispersibility of palm oilwater emulsion.

Approach:

Briefly, oil palm mesocarp fruitlet will
be extracted by aqueous solvent and
emulsified by shearing process for higher
dispersibility between oil-water molecules.
The electrochemical behaviors of 3-MCPD
is analyses at different characterization of
cyclic and differential pulse voltammetry
using carbon-graphite based electrode.

Expectation & Outcome:

This project is expected to unlock valuable
information on electrochemical behaviors of
palm oil mixture with carcinogen chemicals.
The sensitivity between 3-MCPD with
the aqueous extracted palm oil can be
capable as state-of-the-art method in
determination of carcinogen chemicals in
the palm oil industry.
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Dynamic Characterization of Concrete Waste with
Polystyrene Filled Double-Skinned Flat SteelSheet Composite Walls (DFSCWs) with Opening
Strengthened by Diagonal Stiffeners
Background:

In recent years, a more efficient
composite wall called Doubleskinned Composite Wall (DSCW)
was introduced and used in modern,
sustainable and lightweight building
structures. This system could easily
replace the traditional reinforced
concrete shear walls in which allows
for fast, clean and green construction,
much lighter and reduces the gravity
loads as well as construction costs.
Previously used of Steel Plate Shear
Walls (SPSWs) have experienced
local buckling of the steel plate,
steel-concrete connection, fasten
screw punching and overall buckling.
This study suggests on using new
components (steel sheet, diagonal
steel stiffeners, and waste concrete
with polystyrene) to reduce buckling
and bolts arrangement in certain
location as to improve the steelconcrete connection. In view of
current seismic activities around
the country with advantages of fast
manufacturing, easy to erect and
solution provider to concrete problem,
the need to determine dynamic
characteristics of the system for
further used in construction industry
either as a replacement for traditional
SPSWs in high-rise buildings or
possible retrofit system seems to be a
promising way.

Objectives:

To investigate the potential use of Double-skinned
Flat Steel Sheets Composite Walls (DFSCWs) infill
with concrete waste material with polystyrene
under cyclic loads.

Approach:

The study involves experimentally and numerically
on DFSCW panel with opening for passing utilities,
architectural purposes, and/or structural reasons
and supported with diagonal cold-formed steel
stiffeners. The concrete core from light weight selfcompacted concrete (LWSCC) using polystyrene
and concrete waste will be poured in between
the steel plates. The dynamic characteristic of
the DFSCW will also be determined through
experimental and simulation study from ABAQUS.

Expectation & Outcome:

DFSCW panel can be used as one of the earthquake
resistance system for IBS construction method. At
the same time the use of this DFSCW would provide
clean and green construction simultaneously save
the construction time as well as the labor cost.
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Preparation of Molecularly Imprinted Polymer
Nanoparticles for Extraction of Parabens in
Water Samples
Background:

As the usage of parabens are growing
fast, many adverse effects are also
identified. There are many methods
was developed to detect parabens in
water samples but many drawbacks.
Magnetic nanoparticles (MNPs) has
been used for the preconcentration
and extraction of dyes, pesticides,
polycyclic aromatic hydrocarbon,
metal ions, protein and DNA, etc.
Despite their large versatility, they
are subjected to certain limitations.
Molecularly imprinted polymer (MIP)
used to improve classic extraction
methods.

Objectives:
•

•
•

To synthesis and characterize the
magnetic nanoparticles (MNPs)
modified with molecular imprinted
polymer (MIP)
To optimize the parameter of
MNPs modified with MIP to extract
parabens
To validate the performance of
MNPs modified with MIP to extract
parabens in water samples

Approach:

This project consist of usage of MNPs
combine with MIP to extract parabens
from water samples. In addition, usage of
x-ray diffraction (XRD), fourier transform
infrared spectroscopy (FTIR), scanning
electron microscope (SEM), vibrating sample
magnometer (VSM) and energy dispersive
x-ray spectroscopy (EDX) in characterization
of MNP@MIP and high performance
liquid chromatography with ultra violet
detector (HPLC) for analysis of extraction
performance. This project is in collaboration
with ALS Technichem (M) Sdn Bhd.

Expectation & Outcome:

A new finding on the interaction and
mechanism of magnetic nanoparticles
(MNPs) combine with molecular imprinted
polymer (MIP) will be obtained. It will
bring advantages in advanced material
technology significantly. It also can
contributed to the use of materials with
green chemistry approach to extract organic
pollutants from environmental samples. In
line with government plan, this proposed
project swiftly by planning the strategies
to strengthen the structure of research
operations to achieve the vision and
mission to promote the green sustainable
environment.

Figure 1.
MNP Product
Figure 2.
MNP synthesis
process
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Economic Dispatch of Multi-Microgrids Considering
Renewable Energy Intermittency Using Imperialist
Competitive Algorithm
Background:

Electrification program remains the
biggest challenge for rural areas
with limited infrastructures and
accessibility due to impracticality of
central grid connection. Therefore,
utilizing microgrids with renewable
energy sources for rural electrification
can overcome the problems
associated with high transmission
cost and power losses. However,
intermittency of the renewable energy
sources in the microgrids system
causes difficulties in providing reliable
and economical electricity supply. The
intermittent characteristics must be
carefully considered in the planning
stage to optimize the overall energy
management and operational cost of
the microgrids system.

Objectives:

This study aims to design an optimal
economic power dispatch model for
multiple microgrids with renewable
energy sources using imperialist
competitive algorithm (ICA).

Approach:

The economic dispatch model will be
formulated to determine the most effective
generation scheduling and minimum
generation cost of the multiple microgrids
while satisfying the system operational
constraints. The performance of the ICAbased optimal power dispatch model will
then be validated by comparison with
genetic algorithms and particle swarm
optimization methods.

Expectation & Outcome:

This study is expected to successfully
implement an optimal economic dispatch
model for multiple microgrids system
considering uncertainties in renewable
energy intermittency, electrical loads and
electricity cost. The proposed model will
be useful for planning and operation of
multiple microgrids systems with high
reliability and cost-effective, particularly
for rural electrification program. Therefore,
the dependency on stand-alone diesel
generators for rural areas can be reduced.

Microgrid System
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New Control Strategy Formulation to Enhance
Efficiency Of Single-phase System
Background:

A nonlinear load connected to the
single-phase power system causes
a harmonic current distortion and
draws a reactive power which reduces
the system power factor significantly.
As a result, the efficiency drops
and increases the power losses
which will burden the utility and
customer. Therefore, to overcome
the problem, a new control strategy
using an active power filter (APF)
circuit to compensate the harmonic
current and reactive power without
disconnected the nonlinear load is
proposed. A simple formulation of
control strategy is developed so that
the control structure is simple and
the development cost of the APF
controller can be reduced. Therefore,
it will enhance the power system
efficiency and increases the system
reliability as well as reducing the
customer’s electrical bill payment.
Moreover, it also reduces the energy
waste and the environmental pollution
via the reduction of burning fossil fuel,
while preserving the energy resources
as well as encourages the use of
green technology.

Objectives:

The objective of the proposed study is to
design, develop and employ the APF with
a simple control strategy formulation so
that the single-phase system efficiency will
enhance.

Approach:

Formulate a simple control strategy for the
APF. Design and model the APF circuit using
a MATLAB Simulink tool. Develop the APF
prototype and test its performance in the
laboratory. Analyses the results and reports
the findings.

Expectation & Outcome:

The power system is efficient and reliable
since the power factor is unity and no
harmonic current distortion exists. The
developed APF circuit is the key enabler to
achieve the purpose.
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Fatigue Behaviour of Precast Fibre Reinforced High –
Volume Fly Ash Concrete Beams and Slabs
under High-Cyclic Load
Background:

Structures that are subjected to
repetitive cyclic loads may results in a
steady decrease in its stiffness, which
may eventually lead to fatigue failure.
The understanding of fatigue failure in
fibre reinforced concrete (FRC) is still
lacking.

Objectives:

To determine the performance,
develop stress level (S)-fatigue life
(N) relationship between plain normal
concrete (OPC) and High Volume Fly
Ash Nanosilica (HVFANS) FRC and
model the mode of failure of different
FRC under high-cycle fatigue loading
(10×106 cycles).

Approach:

Newly modified steel and polypropylene
fibres at 1% volume fraction are included in
mixes of OPC and HVFANS concrete and
tested under 10×106 cycles load.

Expectation & Outcome:

The compressive and flexural fatigue
performance of FRC under 10×106 cycles.
The stress level (S)-fatigue life (N)
relationship of both OPC FRC and HVFANS
FRC are to be developed. The mode of
failure of different FRC under high-cycle
fatigue loading (10×106 cycles) are to be
modelled.

Figure 1. Morphology of a) plain normal concrete (OPC) and b)
high volume fly ash nano silica (HVFANS) concrete
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The Needs for Establishing Expert System in
Reliability Design Based Optimisation Using
Design Ideation
Background:

The appropriate technique
applications in engineering design
need creative solutions approach and
a more specific engineering analysis,
particularly related to durability
Experimental techniques using strain
gauges and accelerometers has
been widely used over recent years in
reliability and risk assessment.

Objectives:

To establish an educational design
ideation expert system in reliability
based design optimization for
automotive components based on
random vibration loads.

Approach:

The proposed method of reliability
based design optimisation provides a
more fundamental approach using the
engineering concepts of product design
specification by integrating design ideation
and uncertainties (material, design and
loading) using TRIZ. Hence, providing an
important element in revealing the patterns
Most Probable Point for assessing failure
based on the First and Second Order
Reliability Method.

Expectation & Outcome:

To design and develop expert system in
reliability based design optimization for
real-time monitoring of reliability and
risk analysis. Hence, this will enhance the
process of optimization design ideation in
characterising the components or structures
life cycle under various strain loads in
reliability and risk assessment.
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Airborne IoT Network (AIN) for Rural Water
Quality Monitoring
Background:

Focus of this project is in the area
of water quality and environment
protection of a UNESCO biosphere
reserved water basin, known as Tasik
Chini in Pahang. Establishing a reliable
wireless link in Tasik Chini biosphere
is becoming extremely difficult due
to thick vegetation and hilly terrain
profile. This has hampered the
scientist from performing their duties
with ease.

Objectives:

To establish a reliable wireless
transmission via high altitude wireless
M2M platform in a remote location.

Approach:

This project consists of; high altitude
platform, wireless M2M network, sensors
technologies and big data analytic platform.
The project is in collaboration with NICT
(Japan) and Wireless Innovation from
MIMOS Berhad.

Expectation & Outcome:

To replace the current cellular network
monitoring system that is limited by the
coverage. The outcome from the project is
useful for the environmental preservation
as well as living organisms around the Chini
Lake.
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High-Strength Thin-Shelled Ferrocomposite System
for Retrofitting of Deteriorated Concrete
Structural Elements
Background:

Resilience of infrastructure is
becoming an essential part of
construction economy as constructed
facilities often suffer deterioration
due to loading, environmental and
other deterioration factors. Effective
and constructible techniques and
materials are required to enable
retrofitting activities to be undertaken
effectively. This study focusses on the
development of an innovative highstrength thin-shelled ferrocomposite
based strengthening system as a
rehabilitation solution for deteriorated
concrete structures.

Expectation & Outcome:

The final outcome of the project is envisaged
to result in a constructible strengthening
system to retrofit deteriorated concrete
structural elements in order to restore and
increase their load carrying capacity, and to
enhance the resilience and life-cycle of the
overall structure.

Objectives:

To synthesise and develop a
practical and constructible structural
retrofitting system using selfflowing high-strength thin-shelled
ferrocomposite jacketing system for
deteriorated concrete structures.

Approach:

The project will be undertaken through
comprehensive experimental and
analytical investigation programmes
to analyse and characterise the
effectiveness, reliability and the
confining mechanism of the selfflowing high-strength cementitious
composite based thin-shelled
structural strengthening system.
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Fractionation Lignin and Nanocellulose from
Lignocellulosic Biomass as Compatible Reinforced
Stereolithography Materials
Background:

Despite the essential role of
nanocellulose in the next-generation
of polymer nanocomposite, our
industry is yet to be fully equipped
with suitable technology in the largescale fractionation of nanocellulose
from our underutilized biomass. This
complication was highly associated
with the limited yield of nanocellulose,
under-utilized byproducts and
highly selective on water dispersible
polymer matrices. The inability
to disperse nanocellulose and
lignin after fractionation process
is a major drawback of converting
biopolymer from biomass completely.
Whereas, the typical utilization of
nanocellulose as reinforcing nanofiller
for the synthetic polymer is mostly
required high temperature during
polymerization.

Objectives:

catalytic oxidation and mechanical
methods. The isolated nanocellulose
will be modified by acetylation process
in the interest of chemical compatibility
with the nonwater-based polymer. While
modification of lignin will be performed by
acrylic acid and a crosslinking agent for
photo-initiator polymerization. Eventually,
the compatibility of the lignin acrylate and
acetylated nanocellulose as reinforced
stereolithography materials will be tested
through series of chemical, physical and
mechanical testing through the standard
fabricated sample.

Expectation & Outcome:

This project is expected to expand the
new mechanism on the reconstruction
of nanocellulose and lignin fraction as
regenerated biopolymer. Additionally, the
dual polymerization kinetics by photoinitiator/thermal curing can be capable
of state-of-the-art knowledge on rapid
stereolithography polymerization.

To analyses the interaction
mechanism between a modified lignin
and nanocellulose from a continuous
chemical fractionation of oil palm
biomass. The in-depth polymerization
behavior will be assisted by photoinitiator for the reinforcement of
stereolithography materials.

Approach:

Briefly, fractionation process of
nanocellulose and lignin will undergo
modification method of organosolv,
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Many-Objective Evolutionary Algorithm for Robot
Morphology Design Framework
Background:

Evolutionary algorithms (EA) are
superior in solving multi-objective
optimization problems up to three
objectives, but inferior when dealing
with many-objective optimization
problems (MaOPs) with large
objective dimensionality. This curse
of dimensionality problem is caused
by the lost of selection pressure and
noisy fitness function. There is a
need to investigate the issue of both
fundamental EA problems namely in
selecting pressure and noisy function
for the optimization of many-objective
robot morphology design framework
for plantation crops.

Objectives:

To establish an effective EA technique
that can solve many conflicting design
objectives for the robot to carry out
multiple plantation crops tasks.

Approach:

This research introduces a novel population
reproduction and fitness evaluation with
noise adaptation. Two genetic operators are
highlighted in this research which are the
selection and reproduction operators. Study
on selection operator is mainly to examine
the effect of noise in fitness evaluation,
while analysis on reproduction operator
is important for maintaining feasible
population of solutions.

Expectation & Outcome:

minimal design cost. The outcome of this
research will strengthen the usage of
modern technology and mechanization by
providing automatic design procedure using
a novel EA technique to develop a multi-task
service robot.
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A Real Time EMG Signal Measurement System using
Capacitive Biosensor
Background:

People diagnose with Musculoskeletal
disease (MSDs) often require
extended healthcare services.
Innovative monitoring and treatment
methods are essential to transform
the public healthcare services
from intramural to extramural.
An ambulant device that able to
continuously monitor biosignals in a
subject’s natural environment is vitally
important.

Objectives:

Approach:

This project consists of a capacitive sensing
circuitry that insulated by wearable
material, multi-stage analog filter, and an
analog-to-digital converter. These modules
are integrated to construct a wearable and
portable EMG monitoring system.

Expectation & Outcome:

A portable capacitive EMG measurement
system that capable of providing realtime data update for remote healthcare
applications.

To design a real-time capacitive EMG
measurement system for remote
healthcare monitoring applications.
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Drag-Control Feature over a Boat Hull
Background:

This research is inspired by the
concerns over global warming
phenomenon and atmospheric
pollution, which is directly related
to the burning of fuels, emission,
and rising fuel cost, especially over
the last decades. This becomes the
central issue in the transport policy
including automotive, maritime and
aerospace. As a result, research
in these areas has received much
attention in recent years, focusing
on green transportation to create
a friendly environment. The fuel
consumption is highly correlated to
the skin friction drag between the
flow and body. This is due to the
interactions of the shear-region in
the turbulent boundary layer over
the body surface. The main challenge
here is to overcome this resistance
and reduce the skin friction drag,
where the viscous drag causes almost
50% of the total drag, in streamlined
bodies like aeroplanes and ships.
The integration of researches on the
turbulent boundary layer interaction
and the development of flow control
technology could potentially reduce
more than 40% of the viscous drag,
which is equivalent to about 15% of
the total drag. Hence, significant
implications for fuel consumption are
possible. Even a small ratio of this
amount can be translated to saving of
billions of dollars and promotes active
recovery of the environment and
aquatic life.
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Objectives:

The main goal of this research is to investigate
the potential effect of riblets surface, Figure 1 (a),
shark-skin inspired anti-fouling riblets that can
control flow structure in fluid flow and evaluate
the turbulence characteristics with riblets on a
full-scale ship hull. The proposed riblets surface
will be applied on the underneath of the boat
hull. Figure 1(b) - yellow regions, in a different
arrangements.

Approach:

This engineering application is crucial on a boat
or ship’s hull. Many engineering applications such
as cars, aircrafts’ wings, and pipes inherently
generate unwanted secondary flows/vortices,
whereby the latter promote an increase in the
frictional drag. The frictional drag and fouling
on some hull types could account for up to
70 - 90% of total drag. By controlling such
unwanted vortices, the reduction in drag forces
improves their performance and overcomes the
skin friction drag over the hull. The cut in fuel
consumption and emission is directly proportional
to this efficiency initiative. The worse the fouling,
the slower the ship will sail. In other words,
more power will be required to keep the ship
cruising at a given speed. This results in more
fuel consumption and emission. This proposed
technique reduces energy requirements, thereby
reducing the greenhouse gas emission. Such
passive drag reduction device of riblets, are
made of triangular microgrooves aligned in the
flow direction could reduce the turbulent skinfriction drag by up to 8%. The riblet in streamwise,
converging and diverging arrangement will be
applied on a boat hull to perform actual fullscale measurements in-situ in an actual lake and
sea. The UKM turbulence team has purchased
an aluminium-based boat (Figure 1 (b)). A hotfilm sensor will be used to collect the turbulent
boundary layer characteristics, and the threedimensional vectrino sensors will be used to
measure the fluctuation velocity over the riblets
surface and the boundary layer growth. The
turbulence characteristic of the riblets effect will
be analysed, particularly the reduction of drag
forces.

CURRENT RESEARCH

Expectation & Outcome:

Preliminary result performed by the turbulence group on the NACA
0026 airfoil showed a high ability of riblets to modify the turbulence
characteristics in the boundary layer. A breakdown of large-scale
20δ turbulence structures (where δ is the boundary layer thickness)
into smaller scales 3-4δ is feasible which contributes in reducing
the energy around the wing. This reduces the power consumption.
The subject on greenhouse gases emissions and ship propeller
performance are very important and sometimes sensitive due to
the complexity of the turbulent boundary layer and the challenging
skin-friction reduction targets. These large propellers need to have
low skin friction because it overcomes load and are used for very
long lives. Hence this riblets features may keep the propeller running
at high performance due to the ability of riblet to overcome the skin
friction drag. In short, it improves the environment and economic
issue. The riblets project, if implemented, will reduce the friction
between these large ships’ bodies with the seawater, therefore
contributing to improve surrounding quality of air and save the sea
life.

(b)

(b)
(a)
(a)

Figure 1. (a) The proposed riblets structure fabricated by the UKM turbulence group.
(b) Actual UKM boat under renovation and installation of awning and riblet
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Establishing Educational-based Design Optimisation
using Lattice Structure Integration for Cooled-Turbine
Blade Design
Background:

The turbine blade is a work extraction
device that requires aerodynamics,
structural life, materials properties
and thermal efficiency consideration.
It is important to optimize the
turbine design by considering those
requirements in order to have a high
performance and long life structure.
The turbine rotor unbalances which
then influence to the vibration failure
is also one of the main causes of
failure in current turbine application.

Objectives:

Present study is to establish
an educational-based design
optimization for turbine blade.

Lattice Structure for lightweight

Approach:

The study is based on real-time vibration
fatigue features using fault tree analysis
for light weight solid and lattice structures
based on the mechanical properties. Then
the cooling performance of the proposed
design will be investigated in order to meet
most important requirement that need for
the turbine design

Expectation & Outcome:

New design with light weight structure for
improving structural design potentially
reduces the rotor unbalance consequently
based on the fault tree analysis diagram.
The finding of the study could provide
important information for future turbine
blade design.

Turbine blade Structure
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Optimal Control of FACTS Devices in Power System
Using WDO Technique for Stability Improvement
Background:

The implementation of devices to the
power system is necessary so that the
stability of the system can be restored
or improved. However, the use of only
conventional Power System Stabilizer
(PSS) may not provide sufficient
damping for inter-area oscillations.
Hence, PSS and a technology called
flexible AC transmission system
(FACTS) devices need to be smartly
coordinate to ensure a harmonious
interaction that improve angle
stability.

Objectives:

To propose and formulate a new
optimization algorithm to determine
optimal tuning of PSS and FACTS
devices in power system.

Approach:

A new optimization algorithm based on
wind-driven optimization (WDO) method
will be developed. Multi objective fitness
formulation based on damping ratio and
damping factor will be designed. The
proposed model and approach will be
validated in selected power system models.
A comparative analysis of the proposed
optimization approach with existing
techniques will be conducted.

Expectation & Outcome:

WDO method is more efficient than other
existing techniques in improving angle
stability of the system. The results of the
research will be a new approach that
will benefit the power engineers and
computational intelligent scientists.
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Enhancing Motorcycle Sensory Conspicuity in
Malaysia Road Traffic
Background:

One of the main factors associated
with the high crash rates among
motorcyclists is conspicuity issue.
Usually observer is able see
motorcycle clearly if the vehicle is
expected to appear from certain
direction. However, the characteristic
of motorcycle riding without dedicated
lane has diminished anticipation by
other road users especially from
peripheral visual field. These issues
need to be investigated further.

Objectives:

To establish the optimum strategy
related to motorcycle conspicuity in
Malaysia road traffic.

Approach:

Semi-structured questionnaire and
observation approach will be used to
investigate the effects of safety features
towards the road user by implementing
different configurations. The project is in
collaboration with Malaysian Institute of
Road Safety Research (MIROS).

Expectation & Outcome:

To reduce the severity of the injuries among
the road user by providing optimum solution
related to road safety. The outcome from
the project is useful for the road users by
considering the sensory conspicuity as one
of its aspect and support the Road Safety
Plan of Malaysia (2014-2020).
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Optimum Design of 3D Planar Sensor for Electrical
Capacitance Volume Tomography (ECVT)
Background:

A tomography system based on
capacitance measurement attempts
to map dielectric permittivity of
materials. The measured capacitance
of the pair between source and
detector is dependent to surface area
enclosing detector electrode. Imaging
a three-dimensional object requires
a sensitivity matrix with threedimensional variation, especially in
axial (z-axis) direction to differentiate
the depth along the sensor length.
Therefore, the fundamental concept of
electrical capacitance sensor design
for 3-D volume imaging is to distribute
equally electrical field intensity all
over three-dimensional space. In
this project, 3-D sensitivity matrix
for 4 different geometry of electrode
for planar sensors will be designed
and analyzed. The comparisons of
sensitivity distribution will show which
sensor gives more uniform sensitivity
variation in the radial and axial
directions.

Objectives:
•

Design and analyze the 3-D
sensitivity matrix for 4 different
geometry of electrode for planar
sensors which is hexagonal,

•

rectangular, trapezoid and triangular.
Analyze the 3D sensitivity matrix of each
sensor with different type electrode
geometry by comparing a cone and a
sphere-shaped simulated object.

Approach:

In this project, we will design and analyze
several different 3D sensors shapes to
obtain the most optimum design sensors
that are able to obtain a homogeneous
sensitivity in the axial and radial axis.
This study is based on a simulation
experiment that uses a finite element.
To obtain an electric field distribution,
finite element models were implemented
by using commercial product COMSOL
MULTIPHYSICS v3.5and MATLAB R2009a.
Reconstructed images for each sensor
will be provided to compare the ability of
each sensor performance. This project is
in collaboration with Ctech Labs Edwar
Technology, Indonesia.

Expectation & Outcome:

This is the first time to attempt Electrical
Capacitive Volumetric Tomography (ECVT) in
the solid waste management area especially
in sorting the recyclable material like
papers and plastics based on capacitance
properties.

For further correspondence
kindly contact:
Dr. Irfana Binti Kabir Ahmad
GGPM-2018-029
Smart & Sustainable Township Research Centre (SUTRA)
Faculty of Engineering and Built Environment
Universiti Kebangsaan Malaysia
43600 UKM Bangi, Selangor, MALAYSIA
Tel: 603-89216420 Email: irfana@ukm.edu.my

INNOVATE

Faculty of Engineering & Built Environment

Vol 11
43

