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EDITORIAL 
NOTES

ver two centuries ago, 
machines  began to 
replace men on the 
factory floor, bringing 
unprecedented scale 
and speed to the way we 

produce goods. Today, manufacturing is 
once more on the brink of a revolution: 
one defined by the interconnected flow 
of data between men and machines, and 
smart systems that can assess and adapt 
to fluctuating conditions.

In this issue’s cover story, ‘The 
future of manufacturing (p. 08)’, we 
look at ongoing efforts by A*STAR 
researchers and industry partners to 
develop the elements of 21st-century 
factories. Through advances in artificial 
intelligence, cloud networking and big 
data analytics, teams at SIMTech and 
ARTC are creating suites of innovative 
solutions to help bring efficiency, 
resilience and sustainability to Singapore’s 
manufacturing lines.

At a broader level, we are privileged 
in this issue to feature two A*STAR 
researchers who were recognised with 
national scientific awards in December 
2022. In our first feature, ‘In service to a 
scientific nation (p.18)’, President’s Science 

and Technology Award (PSTA) 
winner Wanjin Hong reflects 
on his 30-year career as both a 
pioneering molecular biologist 
within Singapore’s biomedical 
research ecosystem, and an 
advocate for its development.

In our second feature, ‘A 
north star in biophotonics 
(p. 28)’, Young Scientist 
Award (YSA) winner Renzhe 
Bi discusses his work in 
light-based technologies 
for noninvasive healthcare 
solutions, as well as the driving 
principles behind his research.

This issue also highlights exciting 
discoveries made by A*STAR researchers from 
across its myriad institutes, ranging from new 
targets for COVID-19 treatment to improved 
materials for energy generation. More on 
these developments can be found in ‘Secret 
spike pockets revealed (p. 04)’ and ‘A perfect 
pair to make sparks fly (p. 34)’.

For more of the latest developments 
from A*STAR researchers, visit our website 
at research.a-star.edu.sg. You can also stay 
up-to-date by following us on Twitter at  
@astar_research, LinkedIn at A*STAR 
Research and Telegram at A*STAR Research.

O

On the cover
A glimpse of the future 
factory floor showcases new 
technologies such as augmented 
reality, autonomous machines 
and interconnected systems.

For the latest on A*STAR’s COVID-19 research, please scan the QR code or visit:  
https://research.a-star.edu.sg/tag/covid-19/
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Secret spike  
pockets revealed
Molecular simulations uncover a new druggable pocket 
in SARS-CoV-2’s spike protein which could hold the key 
to blocking COVID-19 infections.

STRUCTURAL BIOLOGY

You can know a lot about a person from 
the contents of their pockets—perhaps 
car keys and a cell phone, or candies and 
wet wipes. It turns out that viruses have 
pockets too. Discovering the mysteries 
inside these so-called ‘cryptic pockets’ may 
provide clues on how to defeat the virus. 

“To date, cryptic pockets have typically 
been discovered serendipitously,” said 
Peter J. Bond, Senior Principal Investigator 
at the Multiscale Simulation, Modelling 
and Design (MSMD) group at A*STAR’s 
Bioinformatics Institute (BII). “When that 
happens, they become a major spur for 
drug development, as they provide novel 
sites to target on the virus.”

Until now, finding cryptic pockets 
in experimentally-determined viral 
structures has been tough: it’s difficult 
to identify them without a pocket-binding 
ligand, and those ligands are often blocked 
by large residues, called glycans, that shield 
the pocket’s opening.

Bond teamed up with scientists from 
the University of Oxford in the UK and 
Pennsylvania State University in the US 
to explore out-of-the-box approaches to 
locate novel cryptic pockets in the spike 
(S) protein of SARS-CoV-2. Conventional 
techniques such as X-ray crystallography 
aren’t ideal given the highly dynamic 
nature of glycans. Instead, Bond’s team 
used a molecular dynamics simulation 
with benzene probes to map the S protein.

With this method, the scientists 
discovered a never-before-seen cryptic 
pocket tucked under the 617-628 loop of 
the S protein, illuminating a new angle  
to fight COVID-19 infections. This 
particular pocket is located in a region 
thought to play a critical role in dialling 
up viral transmissibility.

“Our data show that this loop 
can adopt a bimodal conformation, 
transitioning between an unstructured 
loop and a stabilising alpha-helix,” said 
Bond, adding that drugs that bind to 
this cryptic pocket could potentially 
interfere with these loop dynamics, 
thereby stopping the virus from infecting 
human cells.

The newly discovered cryptic pocket 
is a hotspot for mutations which have 
been identified in the Alpha, Gamma and 

“Our data show 
that this loop can 
adopt a bimodal 
conformation, 
transitioning between 
an unstructured loop 
and a stabilising 
alpha-helix.”

S protein

Glycan
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Omicron variants, which Bond said could 
be a contributing factor in their extensive 
global spread. 

The study highlights how the benzene 
mapping approach could transform how 
we look for new COVID-19 vaccines and 
medicines. “Identifying cryptic pockets 
experimentally is labour-intensive,” 
explained Bond. Benzene probes mirror 

A full-length simulated model of the SARS-CoV-2 spike protein’s structure, showing the newly discovered cryptic pocket (inset) 
uncovered by a benzene probe.

small molecule drugs structurally, and 
when combined with molecular dynamics 
simulations, significantly speed up the 
hunt for druggable cryptic pockets.

The team is currently leveraging this 
technology to investigate two promising 
drug candidates which latch on to the 
617-628 loop, forcing it to unfold and 
destabilise the S protein. 

Benzene probeViral membrane

Researcher
Peter J. Bond, 
BII

1.   Zuzic, L., Samsudin, F., Shivgan, A.T., Raghuvamsi, 
P.V., Marzinek, J.K., et al. Uncovering cryptic pockets 
in the SARS-CoV-2 spike glycoprotein. Structure  
30 (8), 1062-1074.e4 (2022). 

IN BRIEF
Benzene mapping and molecular dynamics simulations 
reveal a pocket which helps stabilise the COVID-19 spike 
protein and boost viral transmissibility.

COVID-19
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Tiny packages bring 
(cytokine) storm relief

Tropical  storms form through a 
confluence of factors: sunlight warms 
humid ocean air, which strong winds 
whirl up to cooler altitudes, condensing 
the moisture into massive clouds that 
bring down torrential rainfall. 

Likewise, COVID-19 can at times trigger 
a storm of its own: some infections set off 
an exaggerated immune response known 
as a cytokine storm, where a cocktail of 
inflammatory molecules with potentially 
deadly consequences floods the body.

Clinical solutions to calm this cytokine 
storm in critically ill COVID-19 patients are 
limited and mostly address its symptoms, 
but not its root cause. Sai Kiang Lim, 
Research Director at A*STAR’s Institute 
of Molecular and Cell Biology (IMCB), 
discovered and continues to study the 
mesenchymal stem cell (MSC) exosomes 
currently in clinical trials for the treatment 
of severe COVID-19.

MSC exosomes are nanosized, 
membrane-bound packets of bioactive 
proteins and growth factors that have been 
shown to moderate overactive immune 
systems. However, how exactly exosomes 
work in the context of COVID-19 has 
remained unclear.

Lim’s group had previously discovered 
that exosomes could dampen immune 
activity in a skin condition called psoriasis 
by moderating how neutrophils secrete 
two immune factors: cytokines and 
complement proteins. Interestingly, 

IMMUNOLOGY

both factors have also been implicated as 
activators of COVID-19 cytokine storms.

“We postulated that exosomes could 
potentially modulate the dual problem of 
complements and neutrophils in severe 
COVID-19,” said Lim.

In collaboration with Kong-Peng 
Lam, Executive Director of A*STAR’s 
Singapore Immunology Network (SIgN), 
the team simulated infections in blood 
samples from healthy donors. They found 
that complements, activated by infection, 
caused neutrophils in the samples to release 
neutrophil extracellular traps (NETs)—
threads of DNA and antimicrobial 
proteins—and interleukin-17 (IL-17),  
a proinflammatory cytokine.

Adding MSC exosomes to the 
mix, however, put the brakes on 
this inflammatory cascade. The 
researchers found that a membrane 
protein on exosomes called CD59 

A*STAR scientists decipher how a stem cell-based 
treatment stops the uncontrolled inflammation 
associated with severe COVID-19 cases.
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blocked complement activation, NET 
formation and IL-17 release, providing 
valuable evidence on how exosome therapy 
might treat vulnerable COVID-19 patients.

Despite their potential, the development 
of MSC exosomes as an approved drug  
will require further R&D to overcome the 
technical and regulatory challenges of 
reproducing them on a large scale. Still, 
Lim is optimistic that the exosome research 
community will rise to meet these challenges.

“There are many hurdles, but the MSC 
exosome community around the world is 
working together to address them,” she said, 
adding that the Singapore-based Society 
for Clinical Research and Translation of 
Extracellular Vesicles Singapore (SOCRATES) 
is leading global efforts to bring exosome 
therapies to patients. 

1.   Loh, J.T., Zhang, B., Teo, J.K.H., Lai, R.C., Choo, 
A.B.H., et al. Mechanism for the attenuation of 
neutrophil and complement hyperactivity by MSC 
exosomes. Cytotherapy 24, 711–719 (2022). 

Researchers
Sai Kiang Lim, IMCB
and Kong-Peng Lam, SIgN

IN BRIEF
Mesenchymal stem cell exosome therapy, currently in 
clinical trials to treat severe COVID-19, inhibits neutrophil 
and complement activation via CD59.

“We postulated  
that exosomes could 
potentially modulate 
the dual problem  
of complements  
and neutrophils in 
severe COVID-19.”

COVID-19
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tool specifically developed to address the 
sluggish processing speeds and scalability 
issues of conventional ST algorithms.

The researchers tested SC-MEB in a 
series of comprehensive simulations using 
both human and mouse brain tissues. 
They found that SC-MEB outperformed 
its predecessors in terms of clustering 
accuracy and ran 200 times faster than 
BayesSpace. SC-MEB was also scalable, 
handling large datasets with ease without 
compromising accuracy.

According to Yeong, what sets SC-MEB 
apart is its ability to classify cell types 
based on a ‘distance relationship’. “It’s a 
simple concept,” explained Yeong. “The 
neighbours of a tumour cell are highly 
likely to be other tumour cells.” This 
enables the algorithm to remain agile even 
while processing big datasets.

The team also performed an additional 
ST analysis in a tumour sample from 
a colorectal cancer patient who had 
COVID-19. They found three COVID-19 
gene signatures that were prevalent in 
immune cells within the colon tissue, 
but not in other cell types. This further 
reinforced SC-MEB’s ability to investigate 
the structural organisation of tissues using 
transcriptomic data.

Moving forward, the team is expanding 
the ST data analysis toolbox with more 
custom-built algorithms. “We put these 
algorithms together as a standard pipeline 
and are working with industry partners to 
provide a one-stop, hassle-free solution for 
analysing ST data,” said Yeong. 

Visualising gene expression provides us 
with a glimpse into the universe of a cell’s 
internal workings. However, cells exist in a 
multidimensional universe where their gene 
activity changes with environmental factors 
and the influence of neighbouring cells.

Traditional sequencing methods use 
processes that destroy some of these 
dimensions; they blend tissues into a uniform 
soup, or extract single cells which might vary 
from others in the sample. Thankfully, a new 
approach called spatial transcriptomics (ST) 
is on the rise: a molecular profiling method 
that allows scientists to track gene activity 
in intact tissue.

“ST provides much higher resolution 
of what’s happening in tissues such as the 
cancer microenvironment,” said Joe Yeong, 
a Group Leader at the Institute of Molecular 
and Cell Biology (IMCB). “That way, we 

can design better drugs that target the 
root cause of cancer or address treatment-
resistant tumours.” 

Analysing ST data requires the use 
of computational platforms that process 
expression patterns from groups of 
neighbouring cells, called clusters. 
However, current gold standard platforms, 
such as BayesSpace, can’t handle large 
volumes of samples or complex tissues with 
diverse clusters that create ‘noisy’ datasets. 

Yeong’s team came together with 
scientists from the Duke-NUS Medical 
School, Singapore; the National Cancer 
Centre, Singapore; and the East China 
Normal University, Shanghai, China to take 
ST computation to new heights. Together, 
they created SC-MEB (Spatial Clustering 
using the hidden Markov random field 
based on Empirical Bayes), a computational 

A new computational tool gives scientists a 3D view 
of the gene expression landscape in tissues to better 
track disease progression and design targeted drugs.

Cross-dimensional 
gene exploration 

GENETICS

1.   Yang, Y., Shi, X., Liu, W., Zhou, Q., Lau, M.C., et al. 
SC-MEB: spatial clustering with hidden Markov 
random field using empirical Bayes. Briefings in 
Bioinformatics 23 (1), 1-13 (2022).

Researcher
Joe Yeong, 
IMCB

IN BRIEF
SC-MEB is a computational tool built for spatial 
transcriptomics that provides greater speed, accuracy 
and scalability than current methods. 

COVID-19
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ncertainty looms over the global 
economic landscape of the 21st century. 
With wide-ranging disruptions—from 
an unprecedented pandemic to the 
ongoing political conflict in Ukraine—

already rippling through international supply chains, and 
a far-reaching recession on the horizon, manufacturers 
around the world are facing added pressures in their 
efforts to deliver reliable products into the hands of 
clients and consumers.

Almost three years after COVID-19 first hit headlines 
worldwide, delivery lead times for many products remain 
extremely long compared to pre-pandemic schedules; for 
some businesses, deliveries can’t be guaranteed at all if critical 
upstream parts, such as microchips and semiconductors, 
remain scarce from a shortage of raw materials.

In Singapore, the manufacturing industry accounted 
for an estimated 22 percent of the city-state’s total 
gross domestic product (GDP) in 2021, as reported by 
the Singapore Department of Statistics (DOS). With 
manufacturing being so integral to the nation’s economic 
output as well as that of its international trading partners, 
futureproofing the industry is vital.

“It is essential for Singapore’s manufacturing industry to 
become more agile and resilient in adapting to the challenges 
ahead so that we remain an important and relevant node 
in the global manufacturing supply chain,” explained Keng 
Hui Lim, Assistant Chief Executive of the Science and 

Engineering Research Council (SERC) at A*STAR. “The 
convergence of digitalisation and sustainability 

has also presented significant opportunities 
for Singapore-based companies to 

build new capabilities and 
position themselves for 

the future.”

U To that end, A*STAR 
has worked closely with 

industry partners across the 
board to help create highly digitalised, 

interconnected, autonomous and sustainable 
manufacturing systems. With innovative efforts 

that range from integrated artificial intelligence (AI) and 
machine learning in production processes, to wireless 
networks of smart tools and devices on factory floors; 
and from product hyper-personalisation for dynamic 
consumer demands, to sustainability training for 
businesses; A*STAR is pushing the boundaries that 
define the future of manufacturing.

MERGING THE DIGITAL AND 
PHYSICAL
One immediate challenge for manufacturers remains: the 
supply issue. As shown by the COVID-19 pandemic, in 
today’s highly globalised economy, disruptions in a single 
logistical route can have far-reaching effects on consumers 
and producers. With air and sea travel schedules no longer 
as predictable as before, many businesses, be they large 
multinational corporations or small local enterprises, 
have felt the pinch of stock shortages for production lines.

“Businesses are finding it increasingly difficult to keep 
production going as lead time and availability of materials 
cannot be guaranteed,” said Puay Siew Tan, Research 
Division Director of the Digital Manufacturing Division 
(DMD) at the Singapore Institute of Manufacturing 
Technology (SIMTech). Shipping delays and sudden 
shortages mean that businesses face increasing production 
costs which could cascade down to consumers, Tan added. 

Through its collaborations with industry 
partners, A*STAR is creating adaptable, efficient 
and resilient manufacturing systems that can 
withstand future uncertainties. 

Cover Story
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Faced with these prospects, researchers at SIMTech have 
begun looking at ways of mitigating or even eliminating 
these uncertainties for businesses through digitalisation. 
The Model Factory@SIMTech is a platform that serves as 
both a testbed and co-creative training centre that helps 
A*STAR’s industry partners in Singapore kickstart the 
digital transition of their current manufacturing processes. 

These transition efforts are part of the agency’s 
support for the nation’s larger goal of moving towards 
Industry 4.0—what experts describe as a new era of the 
Industrial Revolution, defined by a heavy emphasis on 
interconnectivity, automation, AI, machine learning and 
real-time data utilisation. 

At the Model Factory @SIMTech, Tan and her team 
have used AI, machine learning and data analytics to 
create a suite of advanced manufacturing technologies, 
such as the Cyber-Physical Production System (CPPS), 
which connect computing elements with live factory 
environments. This allows them to autonomously ‘Sense, 
Think, Adapt and Respond’ to changes throughout the 
manufacturing process. 

From there, SIMTech engineers developed 
the Manufacturing Control Tower™ 
(MCT™) platform, a cloud-enabled 
microservices platform to host those 
technologies. “The MCT™ concept is 
needed to enable seamless collaboration 
between the different applications. Through 
AI-enhanced algorithms and machine 

learning, they also provide users with real-time decision-
making support,” said Tan.

For example, inventory management is a crucial 
element in the current age of just-in-time manufacturing. 
While there must be sufficient materials on hand for 
production to continue, excess stock is undesirable as 
this promotes inefficiencies that ultimately increase costs. 

With the aid of the MCT™ and its technology suite, 
inventory stock can be measured, monitored and reported 
in real time to various departments such as purchasing 
and operations. Using AI-centric algorithms to guide 
policies, bottlenecks and disruptions can be identified 
and even predicted, with alternative recommendations 
where possible. 

Armed with the relevant data and analyses, these teams 
are able to make swift decisions to immediately correct any 
detected issues and thus optimise production. This could 
mean the dynamic adjustment of materials purchasing, or 
the speed of onsite manufacturing processes according to 
material availability, to create more resilient and efficient 

factory floors.
   Currently, a fully autonomous factory 

environment remains a far-future prospect 
due to cost and technical limitations, 
says Tan. However, she added that while 

building a fully autonomous system is 
difficult, SIMTech is already taking steps 

towards that goal. Other systems developed 
at the Model Factory @SIMTech have already 

Cover Story
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been adopted by A*STAR partners from industries ranging 
from electronic appliances to aerospace engineering. To 
date, SIMTech has worked to implement over 1,600 digital 
systems into the manufacturing processes of various local 
and multinational companies.

In addition to one day achieving fully autonomous 
manufacturing, Tan said that the team also hopes to explore 
the concept of ‘Manufacturing 2.0’ through networked, 
urban microfactories, rather than single centralised ones 
to create a distributed value chain.

A WEB OF SMART MACHINES
For any manufacturing system, communication between 
departments is key to ensuring smooth operations. A rapid 
flow of information between client-facing teams, such 
as sales and customer service, and backend ones, such 
as purchasing and quality assurance, allows businesses 
to quickly adapt their production outputs to changes in 
demand and supply. 

One new tool being used to enhance these 
communications is the Internet of Things (IoT). You may be 
familiar with IoT through ‘smart’ gadgets or appliances—
speakers, air conditioning, lights, doorbells—that can, 
through online connections, ‘talk’ with each other to 
create a highly integrated home ecosystem, helping users 
monitor goings-on and automate tasks at home.

The same concept is also being brought into factories, 
connecting various sensors, machinery and tools to 
communicate and share data through highly secure, 
wireless communication networks. Called the Industrial 
Internet of Things (IIoT), such connectivity features 
are being explored by A*STAR to move Singapore’s 
manufacturing industry towards highly digitalised, agile 
and autonomous systems.

“IIoT is the 
fundamental 
enabler of an 
autonomous 
manufacturing 
s y s t e m , ”  e x p l a i n s 
Sumei Sun, Deputy Executive 
Director (Research) and Head of the 
Communications and Networks Department 
at A*STAR’s Institute for Infocomm Research (I2R). 
“IIoT systems exploit real-time information from a 
range of sources to monitor, incorporate smart data 
analytics and AI for actionable real-time insights; and to 

control the operating conditions of its constituent systems 
within and between departments, as well as between 
[production] sites.”

An effective IIoT setup relies on collecting large amounts 
of timely data, processing it in real time, automating 
decisions and relaying instructions to actuators. Within 
closed-loop wireless networks at the Model Factory@
SIMTech, SIMTech and I2R researchers collaborate on 
the design, testing and implementation of various IIoT 
subsystems—such as communications, data analytics, 
control and management, and cybersecurity—to allow 
the team to model their interplay and optimise their 
performance-cost balance. 

“The solutions we’ve developed are integrated into 
an IIoT Edge Platform (IEP), which complies with 
standards set by the Industrial Internet Consortium (IIC) 
to ensure broad industry adoption,” said Sun. “The IEP 
supports multiple secure wired and wireless industrial 
communication protocols, edge AI computing, joint 
communication and computing co-optimisation as well 
as self-learning, self-adapting intelligence built in for 
optimal performance.”

Sun describes how various use cases for IIoT such as 
predictive maintenance, dynamic process scheduling, asset 
tracking, network anomaly detection and recovery have 
successfully been developed, validated and showcased 
to manufacturers keen to bring IIoT into their facilities. 

“Many IIoT solutions and technologies we’ve developed 
have been deployed by our industry partners,” Sun said, 
citing examples such as wireless communications for 
smart cranes in a local large enterprise (LLE) company; 
real-time track-and-trace solutions for personnel and assets 
in a marine engineering company; advanced anomaly 
detectors for a multinational semiconductor producer; 
and automated cargo allocators for a shipping company.

“IIoT is the fundamental 
enabler of an autonomous 
manufacturing system.”
—  Sumei Sun, Deputy Executive Director (Research) and  

Head of the Communications and Networks Department  
at A*STAR’s Institute for Infocomm Research (I2R)
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With IIoT deployed more widely in future, businesses 
of various sizes could make full use of its potential to create 
a single integrated network of smart machines, leading 
to more robust and efficient production lines.

HYPER-PERSONALISING  
PRODUCT LINES
In an age of social media and viral marketing, microtrends 
in clothing, food and other fast-moving consumer goods 
(FMCG) fade in and out at a dizzying pace, creating a 
class of customers constantly seeking new products. 
For businesses, especially small and medium enterprises 
(SMEs), this volatility has been increasingly challenging 
to address. 

At A*STAR’s Advanced Remanufacturing and 
Technology Centre (ARTC), a suite of advanced 
manufacturing technologies could transform the way 
established companies and growing SMEs in FMCG rapidly 
finetune and adapt products to suit consumer demands, 
opening the doors to hyper-personalisation. 

Meet the ARTC’s Next Generation Hyper-
Personalisation Line Programme (NGHPL). The 
programme focuses on developing various methods of 
finetuned product filling and order customisation through 
manufacturing plants or inhouse distribution centres 
equipped with digital connectivity capabilities. 

Through smart filling and dispensing solutions, 
the NGHPL gives manufacturers the ability to adjust 
ingredient amounts and formulations in real time based 
on customer demands. 

Flexible enough to accommodate a wide range of 
wet and dry products with low production volume, the 
NGHPL can also help prototype solutions in a controlled 
environment before implementing them in larger-scale 
manufacturing processes. 

Since the NGHPL’s inception, the programme has 
initiated collaborations with many A*STAR industry 
partners, such as global consultants McKinsey & Company, 
to develop industrial processes that bring more personalised 
products to consumers. 

“The NGHPL is an engine of support for test-bedding 
hyper-personalisation manufacturing technologies,” 
said Shan Qi, Digital Capability Centre Development 
Manager at McKinsey & Company. “Through NGHPL, 
we were exposed to new FMCG industry-applicable 

technologies such as laser surface treatments. We look 
forward to many years of future collaboration through 
the NGHPL platform.”

The programme aims to develop more collaborations 
with industry partners and deploy new concepts 
commercially. “With continuous trials and industry projects, 
we can expect more agile and robust manufacturing 
lines that can respond swiftly to ever-evolving customer 
demands,” said ARTC representatives.

TOWARDS GREENER FACTORIES 
Robustness and efficiency aren’t the only features of future 
manufacturing—with the increasing impacts of resource 
use on the environment, factory operations must also 
be sustainable. To that end, SIMTech has established 
the Net Zero Manufacturing initiative, a more holistic 
and sustainable approach to manufacturing that puts 
minimising greenhouse gas emissions (GHG) at the 
forefront of the process. 

“In the manufacturing context, a company is said to 
have achieved ‘net zero manufacturing’ when all GHG 
emissions along its entire value chain have been mitigated,” 
explained Jonathan S.C. Low, Coordinating Director 
(Research) at SIMTech. 

According to Low, companies can work towards that 
goal by implementing various measures to reduce direct 
and indirect GHG emissions. Such measures include 
deploying technologies that support carbon capture, 
utilisation and storage (CCUS) and the electrification 

“Green Compass can help 
companies understand 
their sustainability 
readiness and then build a 
suitable roadmap that gets 
them to their destination.”
—  Jonathan S.C. Low, Coordinating Director (Research)  

at A*STAR’s Singapore Institute of Manufacturing Technology (SIMTech)
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of currently fossil fuel-dependent processes; increasing 
the energy efficiency of factory operations; and reducing 
resource waste through sourcing, design, low-carbon 
materials and a circular economy. 

Digitalisation and autonomous systems would also 
be key enablers for sustainable factories as AI would 
“enable smarter optimisation of their systems to reduce 
energy, water and material consumption, as well as waste 
generation,” said Low.

To date, SIMTech collaborations with industry partners 
have led to the implementation of such measures in real 
manufacturing lines. One partnership saw improvements 
in energy efficiency at wooden pallet manufacturing 
company LHT Holdings through the deployment of 
SIMTech’s Energy Efficiency Monitoring and Analytics 
System (E2MAS) and the design of reusable pallets that 
incorporated recycled materials. 

SIMTech has also worked with Alpha Biofuels, a 
company that converts waste cooking oil into biodiesel, 
to improve their resource efficiency and circularity through 
Waste-to-Resource Reverse Logistics, which help optimise 
used cooking oil collection by the company.

Apart from Net Zero Manufacturing, SIMTech also 
supports businesses on all steps towards sustainability 
through Green Compass, a sustainability and strategic 
roadmapping tool which SIMTech provides training in.

“A company’s sustainability journey starts with the 
need to understand what sustainability means for them, 
where they are at in the journey, where they need to 
go and what they need to do to get there,” said Low. 
“Green Compass can help companies understand their 
sustainability readiness and then build a suitable roadmap 
that gets them to their destination.” 

According to Low, once a company gets started with 
Green Compass, they can then be introduced to science-
based tools such as Life Cycle Assessment (LCA) to measure 
and track their environmental impacts, as well as Life Cycle 
Costing (LCC) to assess the cost-benefits of mitigation 
measures they might use to address those issues.

“Based on our experience working with the 
manufacturing industry over the past 15 years, the 
most effective approach to help companies adopt new 
tools and technologies is to couple it with knowledge 
transfer, or in other words, training,” Low said, adding 
that Green Compass and LCA training are available to 
companies through government-subsidised courses under 
SkillsFuture Singapore (SSG).

A FUTURE OF RESILIENCE 
The last industrial revolution saw the automation of 
factory processes, reducing the manual labour required; 
the next will focus on connecting those processes with AI 
and big data, providing manufacturers with new insights 
and adaptive solutions to face global uncertainties. 

Through collaborations with industry stakeholders, 
A*STAR will continue to support the nation’s efforts to 
futureproof its factories, enabling them to rise to the 
challenges of the globalised century ahead. 
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polymer over time. This triggered the 
activation of a signalling pathway that 
blocks or prevents scar formation.

Poly(CEP) holds tremendous promise 
to boost postoperative healing, say the 
researchers. Not only can the clear 
polymer function as a vitreous substitute 
to help support the retina, but it can also 
simultaneously prevent scarring without 
the need for more medication. Beyond 
the eye, the polymer could also prevent 
scarring in other areas such as the joints 
or the skin.

Together, these breakthrough results 
change the view that synthetic polymers 
act only as inert carriers. Instead, Su and 
her team have demonstrated that polymers 
by themselves can change the way cells 
behave and function. 

“This provides an unprecedented 
opportunity to tailor specific cellular 
processes by modifying polymer properties,” 
said Su, adding that ongoing research efforts 
are focused on customising polymer ‘recipes’ 
to evoke specific healing responses.  

Polymers: more than 
meets the eye?

BIOMATERIALS

A new polymer gel may offer a drug-free solution  
to preventing retinal scarring after eye surgery.

Photo credit: B
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While any surgery has risks, some have 
potential complications that can undo 
their intended results. In patients 
recovering from retinal reattachment 
surgery, uncontrolled inflammation 
and overactive tissue regeneration can 
culminate in scarring in the eye, often 
leading—ironically—to vision loss.

Retinal scarring, also known as 
proliferative vitreoretinopathy (PVR), is 
notoriously difficult to treat due to its 
complexity. “Although many treatments 
targeting PVR’s many pathways have 
been explored, there is no effective 
pharmacologic agent to date for the 
prevention or reversal of the condition,” 
explained Xinyi Su, a Senior Principal 
Investigator at A*STAR’s Institute of 
Molecular and Cell Biology (IMCB).

Taking a different approach to the 
problem, Su teamed up with researchers 
at the Institute of Materials Research 

and Engineering (IMRE) to explore the 
possibility of using polymeric hydrogels 
to modulate the out-of-control healing 
pathways that lead to PVR.

The team developed a synthetic 
polymer using a mixture of biomaterials 
typically used as drug carriers. The new 
thermosensitive material, called poly(CEP), 
has a gel-like consistency and can gradually 
degrade once injected into the eye, where 
it then slowly releases anti-inflammatory 
polymer molecules.

According to Su, this slow release 
is what will make a difference for PVR 
patients. “PVR prevention requires 
sustained inhibition over a long period with 
the concurrent inhibition of the multiple 
initiating factors,” she explained.

When the  researchers  tested 
poly(CEP)’s potential in a rabbit model 
of PVR and cell cultures, they found 
that retinal cells in the eye absorbed the 

“This provides an 
unprecedented 
opportunity to tailor 
specific cellular 
processes by modifying 
polymer properties.”

1.  Parikh, B.H., Liu, Z., Blakeley, P., Lin, Q., Singh, M.,  
et al. A bio-functional polymer that prevents retinal 
scarring through modulation of NRF2 signalling 
pathway. Nature Communications 13, 2796 (2022). 

Researcher
Xinyi Su, 
IMCB

IN BRIEF
Poly(CEP), a biodegradable polymer, can inhibit aberrant 
wound healing pathways associated with retinal scarring.
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SERS is a molecular fingerprint technique 
that can rapidly and simultaneously identify 
multiple proteins in complex biological 
systems. The team configured the SERS-
based sensors in their dressing to pick up a 
panel of biomarkers known to be associated 
with impaired wound healing, including 
matrix metalloproteinase-9 (MMP-9) and 
interleukins (IL).

“We know that after a few weeks, non-
healing wounds exhibit higher MMP-9 
concentrations compared to healing 
wounds,” Perumal said, with IL1-α and IL-
1β also displaying a similar relationship. In 
their proof-of-concept study, the scientists 
found that their CF SERS dressing was 
highly accurate and sensitive, detecting 
even trace amounts of biomarker proteins 
in wound fluid.

CF SERS dressings could one day 
be used as a cheap, comfortable, non-
invasive, continuous monitoring system 
for chronic non-healing wounds. Efforts to 
commercialise the technology are already 
underway, and the team recently wrapped 
up a clinical trial to test CF SERS in a cohort 
of about 30 chronic wound patients. 

“We are exploring the possibility of 
doing a large-scale clinical trial to validate 
biomarkers that differentiate healing from 
non-healing wounds,” concluded Perumal. 

“We are exploring  
the possibility of 
doing a large-scale 
clinical trial to 
validate biomarkers 
that differentiate 
healing from non-
healing wounds.”

They say time heals all wounds, but in 
reality, skin healing requires more than 
just time. Like a finely honed symphony, 
a myriad of factors—immune chemicals, 
growth factors, skin cells and other 
structural elements of the skin tissue 
microenvironment—must converge to 
drive a sequence of physiological events 
that repair breaches to the skin barrier. 

However, for some people, this process 
can come to a halt and stall proper healing, 
resulting in chronic wounds: a serious and 
costly health concern.

“Wound management is stretching 
the limits of health systems globally, 
challenging clinicians to evaluate the 
effectiveness of their treatments and 
deliver appropriate care to their patients,” 
said Jayakumar Perumal from A*STAR’s 
Institute of Bioengineering and Bioimaging 
(IBB), a Senior Scientist in the laboratory of 
Malini Olivo, Deputy Executive Director of 
IBB, a Distinguished Institute Fellow and 
Director of the Translational Biophotonics 
Laboratory (TBL) in IBB. 

Perumal explained that current 
methods for monitoring chronic wounds 
are unsophisticated and inaccurate, and 
often rely on subjective visual inspections 

and manual measurements. Furthermore, 
these methods capture only the tip of the 
iceberg—they do not consider the dynamic 
biochemical activity happening beneath 
the skin’s surface, making it difficult to 
personalise treatment strategies.

Olivo and Perumal led a team that 
developed a next-generation dressing that 
can ‘read’ biomarkers to provide valuable 
information on a wound’s healing status. 
Their innovation uses cellulose fibres 
(CF) with silver nanoparticles to wick 
wound fluid from the skin and make it 
perceptible to surface-enhanced Raman 
spectroscopy (SERS).

Advanced biosensors integrated into dressings 
capture molecular information to monitor whether 
wounds are healing. 

Sensor-equipped 
smart dressings signal 
when healing stalls

MOLECULAR MEDICINE

1.   Perumal, J., Lim, H.Q., Attia, A.B.E., Raziq, R., 
Leavesley, D.I., et al. Novel cellulose fibre-based 
flexible plasmonic membrane for point-of-care 
SERS biomarker detection in chronic wound 
healing. International Journal of Nanomedicine 16, 
5869–5878 (2021). 

Researchers
Malini Olivo and Jayakumar Perumal, 
IBB

IN BRIEF
The dressings use surface-enhanced Raman spectroscopy 
to detect traces of biomarkers present in wound fluid to 
improve the management of chronic wounds.
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Hitting the 
antibody 
manufacturing 
sweet spot
Scientists create a 
platform for reliably 
customising antibody 
molecular structures, 
opening the door to more 
potent and effective 
antibody medicines.

IMMUNOLOGY

Antibodies aren’t just the cornerstone 
of the human immune response: 
scientists have used them to create 
medicines against many diseases such 
as cancer and COVID-19, thanks to 
their intricate molecular structures that 
can be customised to enhance or tailor 
therapeutic effects. For example, studding 
the surface of antibodies with chains of 
sugars called N-glycans can make antibody 
treatments more potent, or help them stick 
around in the patient longer.

However, mass-producing antibody 
medicines is no easy feat, given that they 
must be created in living cells. Currently, 
the pharmaceutical industry uses 
specialised cell cultures to manufacture 
antibodies, which experts say are 
unreliable when it comes to making the 
antibodies’ N-glycan ‘coats’.

“To improve N-glycan processing in 
these cells, genes encoding for glycan-
modifying enzymes are traditionally 
overexpressed via random integration 

Photo credit: cottonbro studio / Pexels
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“To improve N-glycan 
processing in 
these cells, genes 
encoding for glycan-
modifying enzymes 
are traditionally 
overexpressed via 
random integration 
technology.”

technology,” explained Yuan Sheng 
Yang, a Principal Scientist at A*STAR’s 
Bioprocessing Technology Institute (BTI). 
This technique results in highly diverse 
batches of antibodies which can lead to 
inconsistencies in how these treatments 
work in patients.

Seeking to optimise this process, 
Yang led a group of researchers who 
developed a targeted gene integration 
technology. This novel platform uses an 
enzyme called recombinase which snips 
two predetermined sites in the genomes 
of antibody-expressing cells, before 
swapping this section out for a specific 
gene sequence. 

Yang’s team used targeted integration 
as a tool to study the mechanisms by which 
sugars are attached to antibodies during 
production. They studied a panel of 42 
human genes linked to sugar synthesis, sugar 
transport and N-glycan chain extension.

Their experiments revealed that 
turning on a gene called B4GalT1 helped 
produce antibodies with thick coatings of 
galactosyl, an N-glycan known to boost 
the therapeutic function of antibodies. 
Moreover, the team showed that increasing 
the expression of a second gene, ST6Gal1, 
produced highly-sialylated antibodies, 
which prevents antibodies from being 
cleared from the body too quickly. 

Using targeted integration tools, Yang’s team identified 
several human genes that, when expressed, created 
more diverse antibody N-glycan structures, unlocking 
new potential therapeutic agents.

“Targeted integration technology can 
produce antibodies carrying a diverse 
range of glycan structures to suit different 
therapeutic needs,” Yang said, adding that 
the team still needs to figure out how to 
boost antibody production yields using 
the new technique.

“We hope to further improve the 
current platform to reach the production 
titre of industry standards for clinical or 
commercial use,” Yang commented. Future 
studies will also dive deeper into how 
various glycan profiles affect the function 
of therapeutic antibodies. 

Researchers
Yuan Sheng Yang and Nguyen Tran Bich Ngan, 
BTI

1.   Nguyen, N.T.B., Lin, J., Tay, S.J., Mariati, Yeo, J., et al. 
Multiplexed engineering glycosyltransferase genes 
in CHO cells via targeted integration for producing 
antibodies with diverse complex-type N-glycans. 
Scientific Reports 11, 12969 (2021). 

IN BRIEF
Targeted gene integration helps create a wider range of 
antibodies with diverse N-glycan structures to explore for 
new therapeutic options.
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After three decades as one of Singapore’s 
biomedical research pioneers, PSTA 2022 
medallist Wanjin Hong reflects on his seminal 
work in the molecular biology of cancers, as well 
as the country’s evolving research landscape.

ust as cells are the building blocks of 
life, research institutes are the building 
blocks of scientific networks. For 
Wanjin Hong, Executive Director of 
A*STAR’s Institute of Molecular and 
Cell Biology (IMCB) and Professor at 

the National University of Singapore (NUS), his journey 
that contributed towards the building of Singapore’s 
thriving landscape of biomedical research began in 1989 
when he joined IMCB, the first institute devoted towards 
the field in Singapore.

For his years of dedication to cutting-edge molecular 
and cell biology research at IMCB; his nurturing of 
local scientific talents; and his critical efforts to forge 
collaborative partnerships with higher learning institutes, 
hospitals and industry partners across the country’s 
biomedical research ecosystem, Hong was recently 
conferred the 2022 President’s Science and Technology 
Medal, one of three awards from the President’s Science 
and Technology Awards (PSTA). 

Since 2009, the PSTA have represented the highest 
national honours conferrable on exceptional scientists or 
engineers in Singapore. The awards recognise individuals 
or teams who have made invaluable contributions to the 
country’s vibrant R&D landscape. 

On the global stage, research by Hong’s team has 
contributed significantly to new understandings of 
cellular transport pathways, and the role of the Hippo 
signalling pathway in human cancers. Hong also oversaw 
IMCB’s development of diagnostics across two historic 
pandemics: SARS in 2003, and COVID-19 in 2020.

In this interview with A*STAR Research, Hong 
discusses his team’s work in the molecular development  
of cancers; IMCB and A*STAR’s growth as key contributors 
to Singapore’s global excellence in biomedical science; 
and his advice for young talents in STEM on creating 
impactful research.

J

WHAT SPARKED YOUR 
INTEREST IN CANCER 
SIGNALLING PATHWAYS?

Simply put, if you can understand the molecular 
mechanisms behind how and why cancers develop, you 
can look for targets in those mechanisms that might, if 
drugged, stop those cancers.

When I first came to Singapore, I spent the first 
20 years mainly exploring cell structure and function, 
particularly the mechanics of the secretory pathway. 
Understanding its components and their interactions, 
and how proteins are made and transported within 
and beyond the pathway, helped build our basic 
understanding of what makes healthy cells tick.

Later, my colleagues and I developed an interest 
in figuring out how cancer overcomes those ordinary 
functions in a cell, causing it to proliferate aggressively. 
We started by looking at the structure of β-catenin—a 
protein often mutated in liver cancers—and found it 
had a certain motif that only occurred in its mutated 
form. We went looking for other proteins which had the 
same motif. This led to us finding more proteins and 
genes that, when mutated, are likely to trigger cancers. 

Those components—genes like WWTR1, and proteins 
like TAZ, YAP and TEADS—are all part of the Hippo 
signalling pathway, which regulates how cells multiply 
or self-destruct. The Hippo pathway is an increasingly 
fascinating area of study not only because it’s a point 
of convergence for so many other signalling pathways, 
but it also seems to play a role in drug resistance. We’ve 
been researching this pathway for the last 15 years, 
uncovering things like YAP’s crystal structure and the 
TAZ-TEADS complex.

One of our biggest findings was a druggable 
hydrophobic pocket in the structure of TEAD proteins. 
Since then, there’s been a wave of translational research 
by academic institutes, biotech and pharma into small 
molecules that might bind that pocket and inhibit TEAD, 
which could lead to new cancer treatments. A few such 
candidates are already in phase 1 clinical trials.

Q:
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THROUGHOUT YOUR CAREER, 
WHAT CHALLENGES HAVE 
STOOD OUT?

One would be the increasing level of talent competition. 
When IMCB was initially established, it was the only 
biomedical institute in Singapore for 15 years. Since 
then, the national research ecosystem has grown and 
matured tremendously. It now includes autonomous 
universities, academic medical centres, clinical research 
centres, corporate labs and startups. 

Regardless, A*STAR today is well connected and has 
strong collaborations within this ecosystem. We hope 
to attract international STEM talent to Singapore to 
complement our talent base. Through this exchange 
of knowledge and expertise, we aim to create impactful 
scientific outcomes for the nation.

“We hope to attract 
international STEM 
talent to Singapore to 
complement our talent 
base. Through this 
exchange of knowledge 
and expertise, we aim to 
create impactful scientific 
outcomes for the nation.”
—  Wanjin Hong, Executive Director of A*STAR’s Institute of Molecular 

and Cell Biology (IMCB)

Q:

Wanjin Hong

President’s Science and Technology Medal, 2022

Executive Director, A*STAR Institute of Molecular 
and Cell Biology (IMCB)
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WHAT ADVICE DO YOU HAVE 
FOR YOUNG RESEARCHERS 
IN THE FIELD?

Depending on your interests and where you are in your 
career, you have to shift your mindset towards how the 
research you are passionate about can be harnessed for 
greater outcome and impact, and applied to real-world 
challenges. It’s important to consider how your work fits 
into A*STAR’s mission, which is to enhance economic 
growth and improve lives. Whether within yourself 
or among the people you work with, that change in 
mindset can be challenging, but it’s possible through 
proactive collaboration.

Basic research continues to be important because of 
the foundation it provides us to build on when we tackle 
big ideas and challenges. Few are approachable by a single 
team’s efforts; it’s important to cultivate a collaborative 
spirit with your fellow scientists, as well as experts from 
other institutes and industries, which will bring together 
the different skills needed to transform your research 
into actionable results and tangible solutions. 

HAVING BEEN 
WITH A*STAR 
(FORMERLY NSTB) 
SINCE 1989, HOW 
HAS YOUR RESEARCH 
APPROACH CHANGED?

In the early days of the biomedical field in Singapore, 
the emphasis was on conducting research. When IMCB 
first started at the National University of Singapore 
(NUS) in 1985, there was a very strong focus on basic 
research. Our main goals were to put Singapore’s 
academic research on the global map and to train more 
young talents in the field. 

As Singapore’s needs evolved, A*STAR, including 
IMCB, reviewed how our strong foundation in basic 
research could be better applied and translated into 
real-world applications. A*STAR was also no longer 
the only ‘kid on the block’ when it came to biomedical 
research; new institutes such as the Research Centres 
of Excellence, Duke-NUS Medical School and the Lee 
Kong Chian School of Medicine began building up their 
capacities. It was therefore key to understand our clinical 
partners and work closely with them to translate our 
upstream discoveries to benefit patients.

WITH YOUNG TALENTS, 
HOW DO YOU APPROACH 
MENTORSHIP?

I do my best to create a conducive environment for my 
students. I want to provide them with an environment 
where they feel free to explore their interests and 
research ideas with my strategic direction yet without 
my direct intervention. I hope to train my students to 
be independent researchers. 

Giving them this independence empowers them to 
become more confident in their abilities as academics and 
researchers. It also allows them to freely collaborate with 
other colleagues and institutes who can share different 
perspectives and skills, helping them improve both their 
basic research and its transition toward application. 

Q:

Q:

Q:
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the corresponding author in this study. 
“Being able to accurately predict properties 
will allow us to screen through a sea of 
candidates without having to synthesise 
them in the first place.”

Based on their findings, the team 
formulated a set of five key performance 
indicators to track the contribution of ML-
powered workflows to the discovery of 
new materials. One such indicator is the 
acceleration factor, which refers to the ratio 
of new materials that are synthesised and 
characterised per unit of time with ML 
compared to traditional methods. 

Other indicators include the number 
of new materials which exceed a baseline 
performance threshold; the performance of 
the best material over time; the repeatability 
and reproducibility of new materials; and 
the human cost of the accelerating ML 
platform itself.

“Many research papers have reported 
that ML can speed up the discovery of new 
materials, and these indicators help us and 
the field measure the difference compared 
to traditional methods,” said Seh.

Until then, the researchers are doing 
their bit towards the clean energy revolution 
by developing state-of-the-art ML 
frameworks that can support the discovery 
of materials to make new and improved 
catalysts and batteries, Seh shared.  

Photo credit: A
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AI in the clean energy 
game plan

ARTIFICIAL INTELLIGENCE

Artificial intelligence could help speed up the discovery 
and development of materials towards a greener future. 

Against a backdrop of climate change caused 
by skyrocketing carbon dioxide emissions, 
countries everywhere are racing to fund 
research into the development of clean 
energy sources. However, energy researchers 
say that the data tell a different story—the 
fraction of energy produced from renewables 
has remained relatively constant over the 
past two decades, substantially outpaced by 
exploding global energy demands.

Finding the right materials to build 
renewable energy infrastructures lies at the 
core of achieving Singapore’s sustainability 
goals and helping energy supply match 
demand, explained Yanwei Lum, a Scientist 
at A*STAR’s Institute of Materials Research 
and Engineering (IMRE). 

“These materials must fulfil many strict 
criteria and undergo many rounds of testing 

before they can be commercialised and 
adopted by industry partners,” Lum said. “It’s 
a challenging task, as potential candidates 
not only have to perform better than existing 
materials but should also be durable, non-
toxic and affordable.” 

In collaboration with a team of experts 
from the University of Toronto and Shanghai 
Jiao Tong University, Lum analysed recent 
progress in the application of machine 
learning (ML) towards the discovery of 
new materials, devices and systems that 
can harvest, store and convert clean energy. 

They found that ML’s predictive 
powers could be a major boon to the field. 
“Currently, the discovery of materials is 
largely through trial and error, which 
is slow and costly,” explained Zhi Wei 
Seh, a Senior Scientist at IMRE who is 

1.  Yao, Z., Lum, Y., Johnston, A., Mejia-Mendoza, L.M., 
Zhou, X., et al. Machine learning for a sustainable 
energy future. Nature Reviews Materials (2022). 

Researchers
Yanwei Lum and Zhi Wei Seh, 
IMRE

IN BRIEF
A*STAR researchers have identified five performance 
indicators to assess the contributions of machine learning 
to sustainable materials research.
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mistakenly correlated with the fundamentals 
of the system being studied, thereby 
generating artifacts that impact accuracy.

The researchers propose a hybrid 
approach to help overcome existing AI/ML 
pitfalls. According to this method, biologists 
leverage mechanistic information derived 
from experimental research to inform 
and update AI/ML models, whenever it is 
practical to do so.

“[Hybrid models] require less data 
to achieve the same predictive power 
by providing meaningful mechanistic 
constraints in lieu of more data,” said Yeo, 
adding that this approach can also mitigate 
the effects of unavoidable biases during 
biological data generation. 

Selvarajoo and Yeo are currently building 
two complementary in silico AI platforms 
with applications in biotechnology. The 
first, a hybrid AI/ML model, optimises 
synthetic pathways in host cells to produce 
novel or valuable biomolecules. “The 
second AI platform will cater to complex 
systems that cannot be easily understood 
or modelled,” Selvarajoo said, giving the 
effect of temperature, pH and aeration on 
biomolecule production as examples.

The research group plans to team up 
with biomanufacturing researchers in the 
near future to apply and commercialise 
their platforms for industrial applications. 

State-of-the-art machine learning challenges one  
of the toughest problems in systems biology. 

Artificial intelligence (AI) has enabled 
researchers to address problems that 
would otherwise remain intractable 
through traditional experimental and 
analytical approaches. Machine learning 
(ML) is particularly suited to handling large 
experimental datasets, being a class of AI 
designed to build models, offer predictions 
or make decisions. 

For example, AI/ML has the potential 
to connect the dots within and across 
various layers of networks, such as the 
genes, biochemical reactions, and clinical 
observations involved in systems biology, 
a holistic research approach. AI/ML is 
also believed to be capable of elucidating 
complex behaviours that arise from such 
network interactions.

Despite the considerable hype in the 
field, however, scientists are still figuring out 
whether today’s AI/ML platforms are ready 
to shake the foundations of systems biology.

Providing their perspective in a critical 
analysis of the field, Kumar Selvarajoo 
and Hock Chuan Yeo, computational 
biologists from A*STAR’s Bioinformatics 
Institute (BII), argued that AI/ML may be 

still too green to accurately make sense 
of nature’s complexity. 

They explain that for AI/ML to be 
effective, it requires large volumes of high-
quality data from thoughtfully designed 
experimental setups. This can be difficult 
to implement especially for modelling new 
systems, as the ‘right’ amount of training 
data to yield accurate predictions can be 
hard to define. 

Even after acquiring big datasets, AI/
ML may struggle to make sense of systems 
that rely on chance events such as gene 
expression in single cells, or ultrasensitive 
(chaotic) systems. 

“Some known examples are energy 
metabolism, certain synthetic biochemical 
networks, and cell fate decisions or 
transitions, where their ultrasensitive 
behaviours will be difficult for AI to 
model, due to challenges associated with 
collecting high quality experimental data,” 
said Selvarajoo.

To further complicate the problem, AI/
ML models are prone to a phenomenon 
known as data leakage, which occurs 
when irrelevant information ends up being 

Machine learning tackles 
biological data

MACHINE LEARNING

1.   Yeo, H.C. and Selvarajoo, K. Machine learning 
alternative to systems biology should not solely 
depend on data. Briefings in Bioinformatics  
23 (6), bbac436 (2022). 

Researchers
Kumar Selvarajoo and Hock Chuan Yeo, 
BII

IN BRIEF
A deep dive by A*STAR researchers reveals the practical 
pitfalls of using AI/ML to decipher the behaviour of 
biological networks and proposes a hybrid approach as 
a possible solution.
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Polymer idea sparks 
super biosensors
Researchers develop a polymer-based bioelectronic 
transistor that could power tomorrow’s point-of-care 
diagnostic devices.

ADVANCED MATERIALS

The worlds of biological systems and 
electronics have collided, giving rise to a 
new class of technology that is an inspiring 
game-changing innovation. Today, 
bioelectronic devices are already making 
waves in applications from brain-inspired 
computing to ultrasensitive diagnostics.

Organic electrochemical transistors 
(OECTs) are a prime example. These thin-
film transistors are semiconductors that 
act as amplifiers to detect trace amounts 
of biomarkers such as ions, metabolites 
and DNA. According to experts, OECTs 

can be the stepping stones into a future of 
personalised medicine; one with compact 
wearable devices to track health, diagnose 
diseases and administer medication.

Dexter Tam, a Scientist from A*STAR’s 
Institute of Sustainability for Chemicals, 
Energy and Environment (ISCE2), said that 
the challenge lies in making OECTs more 
flexible and multifunctional to facilitate 
their adoption in different medical devices.

“Like any other transistor-based 
devices, both p- and n-type semiconductors 
are needed for high device performance.  

A dream material would be ambipolar as it 
will greatly simplify the device architecture 
and thus lowering cost,” Tam explained.

 However, ambipolar semiconductors 
are hard to come by as they must fulfil 
certain conditions: they must have 
suitable highest occupied molecular 
orbital (HOMO) and lowest unoccupied 
molecular orbital (LUMO) levels, as well 
as high charge carrier mobilities.

While in graduate school, Tam worked 
on bulk heterojunction (BHJ) organic 
solar cells where both p- and n-type 
semiconductors are mixed to form a blend 
film that is ambipolar.

“It occurred to me that the same 
idea can be applied in OECTs to achieve 
ambipolarity since the new ladder-type 
conjugated polymers (LCPs) I am working 
on form nanoporous fibrillar networks, 
which could be an important ingredient in 
forming ambipolar BHJ OECTs,” he added.

In collaboration with colleagues from 
A*STAR’s Institute of Materials Research 
and Engineering (IMRE); Nanyang 
Technological University, Singapore; 
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“I am also keen to 
develop more novel 
LCPs to be used in 
electrocatalysis, 
energy harvesting and 
storage applications.”

the National University of Singapore; 
and Princeton University in the US, Tam 
put his LCP idea to the test by fabricating 
the first BHJ-based OECTs.

Results from their study disproved 
some common misconceptions in the 
field, including that glycolated side chains 
are necessary for effective ion transport. 
Instead, nanostructures in the LCPs serve a 

similar function, which the team validated 
in a real-world medical application. They 
also integrated their OECT into a device 
that measures minute changes in voltage 
during eye movements.

“Overall, the BHJ complementary 
inverter shows outstanding performance 
in tracking eye movement, highlighting 
its great potential as a signal amplifier in 
wearable integrated systems,” Tam said.

The team’s BHJ OECTs possess a suite 
of favourable properties—they are highly 
sensitive, stable, easy-to-manufacture and 
non-toxic, to name a few. “This could 
usher in affordable and durable point-
of-care diagnostics, making advanced 
healthcare more accessible to the general 
population,” said Tam, whose team is 
currently laying the foundations to 
commercialise the technology.

“I am also keen to develop more novel 
LCPs to be used in electrocatalysis, energy 
harvesting and storage applications,” 
Tam added. 

An organic electrochemical transistor (OECT) device with a bulk heterojunction (BHJ) made from a blended ambipolar polymer.

1.   Wu, X., Tam, T.L.D., Chen, S., Salim, T., Zhao, X., 
et al. All-Polymer Bulk-Heterojunction Organic 
Electrochemical Transistors with Balanced Ionic 
and Electronic Transport. Advanced Materials  
34 (42), 2206118 (2022).

IN BRIEF
A polymer typically used in solar cells can be used to create 
sensitive, powerful and easy-to-manufacture organic 
electrochemical transistors for medical devices.

Researcher
Dexter Tam,
ISCE2
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hypothesised that parallel processes were 
still key to boosting CNN processing times 
in next-generation NMS approaches. 

The researchers focused on enhancing 
MaxPoolNMS, a parallelisable algorithm 
they had previously developed. The result, 
dubbed PSRR-MaxpoolNMS, was a new 
variant that outperformed its predecessors 
in speed and detection accuracy while being 
versatile enough to use in any CNN-based 
object detector. 

The team’s new NMS was improved 
by its ability to combine overlapping 
ghost objects and process them in 
batches, thereby rapidly eliminating false 
objects from detection windows. PSRR-
MaxpoolNMS also assigns labels differently 
compared to its predecessors by drawing 
boxes directly over target objects. As the 
algorithm processes the images, boxes move 
or shrink as ghost objects are identified. 

“Compared to previous versions, PSRR-
MaxpoolNMS has a reduced number 
of checking points for relatively large 
checking windows or anchor boxes,” Zhao 
said, adding that this supports faster and 
smoother CNN runs. The team is currently 
working on reducing the hardware 
overhead of a proposed Parallel Maxpool 
for PSRR-MaxpoolNMS.  

Ghost-buster algorithm 
keeps watch

COMPUTER VISION

Computer scientists develop an algorithm that tracks 
moving objects faster and more accurately than 
current platforms.

You’re waiting to meet a friend in a mall 
during the busy lunch hour. Scanning the 
crowds, you spot them walking towards you 
and wave. Visually identifying and tracking 
moving objects comes almost effortlessly 
to us, but it’s far more complicated for 
computer vision platforms, which aim to 
help computers ‘see’ the world as we do.

When fed with visual data such as photos 
or videos, such platforms use algorithms to 
group clusters of pixels and identify them as 
a single object. However, following moving 
objects in real-world settings is a formidable 
task—an object’s shape and size may shift as 
it moves, and its colours may vary depending 
on lighting conditions. 

To keep up, computer vision algorithms 
must not only be fast enough to keep 
up with real-time video framerates, but 
accurate enough to lock the right target 
within their crosshairs.

Some advanced computer vision 
platforms use convolutional neural 
networks (CNNs) for object detection. 
These networks use three-dimensional 
neural patterns modelled after the visual 
cortex in animals, allowing them to pick out 
multiple identifying features to recognise 
and track a given object. However, CNNs 

are so powerful that they can start seeing 
things, sometimes mistakenly labelling 
‘ghost’ objects that don’t exist. 

To fix this, CNNs use non-maximal 
suppression (NMS) algorithms that double-
check these labels. Unfortunately, that 
added post-processing layer can significantly 
slow down the whole process. 

Computer scientists have proposed 
parallelisation—running multiple processes 
simultaneously—as a potential solution, 
although they say it’s not a perfect fix. 
“When processes are running parallel, they 
can greatly save execution time at the cost 
of hardware resources,” said Bin Zhao, a 
Senior Research Engineer at A*STAR’s 
Institute of Microelectronics (IME). “The 
question is how to reduce those costs.” 

Nonetheless, Zhao together with Jie Lin,  
a Principal Investigator at A*STAR’s Institute 
for Infocomm Research (I2R) and colleagues 

1.  Zhang, T., Lin, J., Hu, P., Zhao, B. and Aly, M.M.S. 
PSRR-MaxpoolNMS: Pyramid Shifted MaxpoolNMS 
with Relationship Recovery. 2021 IEEE/CVF 
Conference on Computer Vision and Pattern 
Recognition (CVPR), 15835-15843 (2021).

Researcher
Bin Zhao, 
IME

IN BRIEF
The P5RR-MaxPoolNMS algorithm helps computer vision 
platforms quickly remove ‘ghost’ objects tracked on real-
time footage through parallel processing.
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“Privacy-preserving deep neural networks 
present a reliable technical solution to the 
confidentiality concerns of working with 
sensitive data on the cloud,” said Meftah, 
adding that DOReN could fill a niche in 
the manufacturing, video monitoring and 
cybersecurity sectors, among many others.

As a next step, the team is exploring 
ways of optimising DOReN to handle 
the demands of high-performance 
computation. They’ve already reported 
promising results: newer iterations 
of DOReN provided a huge boost for 
processing large image datasets. “To 
our knowledge, this may be a first fully 
encrypted ImageNet architecture with 
no approximations or extrapolation on  
a CPU,” said Meftah. 

We rely heavily on artificial intelligence to 
crack our toughest big data problems, but 
some industries are hesitant to dive right in, 
first asking, “How well can it keep a secret?” 
Banks, government bodies, hospitals 
and the military all deal with highly 
sensitive and confidential data for which 
computational security is paramount.

Cloud computing has gained popularity 
as a cheaper, more reliable, hardware-free 
alternative for running computationally 
intensive platforms. However, it comes with 
some safety concerns. For instance, most 
cloud-based artificial neural networks first 
decrypt protected data before processing it, 
creating an opening in the security armour 
and exposing the sensitive underbelly to 
online attackers.

According to experts, fully homomorphic 
encryption (FHE) could act as a security 
bulldog to enable safer cloud computing. “By 
maintaining cryptographic security for data 
at every state, FHE enables collaborators to 
apply common data analysis tools to protect 
the most valuable information and mitigate 
risks,” notes Souhail Meftah, a Research 
Scholar previously with A*STAR’s Institute 
for Infocomm Research (I2R). 

Traditional FHEs have a reputation for 
being slow, memory-guzzling protocols—
recent reports indicate that processing 
a basic dataset with FHE could take 
several months, with a single encrypted 
image requiring upwards of 8 gigabytes 
of memory.

Meftah and colleagues set about 
developing an industry-ready next-
generation design using a threefold 
optimisation approach. 

First, they introduced a single 
instruction, multiple data (SIMD) encoding 
technique encoding technique to the 
circuit which slashed the number of heavy 
computational FHE processes required. 
They also made network-level tweaks to 
maximise the performance of running 
multiple evaluations in parallel. Finally, they 
weaved in a transformation step between 
each calculation layer to keep the data in 
a readable format without decrypting it, 
thereby safeguarding the information.

In this way, DOReN was born—the first 
FHE-powered deep neural network that 
can efficiently run on a CPU. DOReN hit 
the ground running with validation test 
results yielding a twentyfold improvement 
in processing speed over the previous gold 
standard developed in 2019. 

It’s not just DOReN’s speed that has 
the researchers excited, but its potential 
to fundamentally change how we use 
cloud computing to process sensitive data. 

A new cloud-based 
machine learning 
framework processes 
sensitive encrypted data 
20 times faster than its 
predecessors.

Keeping 
secrets in 
the cloud

INFORMATION SYSTEMS

1.   Meftah, S., Tan, B.H.M., Mun, C.F., Aung, K.M.M., 
Veeravalli, B., et al. DOReN: Toward Efficient  
Deep Convolutional Neural Networks with Fully 
Homomorphic Encryption. IEEE Transactions  
on Information Forensics and Security 16,  
3740-3752 (2021). 

Researcher
Souhail Meftah, 
I2R

IN BRIEF
DOReN, a deep neural network with fully homomorphic 
encryption, uses a novel approach to process large volumes 
of sensitive data safely and efficiently on the cloud.
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A NORTH STAR 
IN BIOPHOTONICS
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Harnessing the different properties of light 
could help researchers and clinicians develop 
bio-optical medical innovations, says A*STAR 
Senior Scientist Renzhe Bi.

enzhe Bi, a Senior Scientist at 
A*STAR’s Institute of Bioengineering 
and Bioimaging (IBB) and a recipient 
of the 2022 Young Scientist Award in 
the Biological & Biomedical Sciences 
Category, believes in the power of 

curiosity, courage and compassion.
For Bi, the first step to doing good research is to be 

curious. His journey in biophotonics—or the application 
of light-based technologies in medicine and life sciences—
began with him being intrigued at how light can help us 
monitor brain activity. From there, his curiosity led him 
to study other ways bio-optical technologies can be used 
in the lab and the clinic—from monitoring blood flow 
through capillary networks, to measuring the potential 
long-term health risks among patients with COVID-19.

R
WHAT FIRST SPARKED YOUR 
INTEREST IN BIOPHOTONICS? 

During my undergraduate degree, I interned at the 
Britton Chance Center for Biomedical Photonics 
in Wuhan’s Huazhong University of Science and 
Technology. There, a professor explained to us how to 
use light to monitor brain activity, and it piqued my 
interest. When I received a PhD offer from Nanyang 
Technological University Singapore, I decided to look 
for a group that worked on bio-optical research, which 
is how I found Professor Kijoon Lee.

After I joined his lab, I discovered that I deeply 
enjoyed bio-optical research, and I knew that I had made 
the right choice. We went on to collaborate with Tan Tock 
Seng Hospital clinicians on blood perfusion monitoring. 
Seeing my technology being used and appreciated by 
surgeons gave me a great sense of accomplishment.

Q:

The second component of good research is courage, 
Bi says. He recounts having to overcome many obstacles 
and go through rounds of trial and error in his efforts 
to translate his laboratory findings into biomedical 
applications. To date, Bi has 11 patent applications and 
counting, with three granted patents already assigned 
or licensed to Singapore-based medtech companies. 
Having the determination to reach the finish line may 
be important, but it also takes courage to figure out 
whether it is time to stop and refocus one’s efforts on 
other projects, Bi notes.

The third and last component is compassion—for both 
patients and collaborators. Bi highlights its importance 
when translating biophotonics technology from bench 
to bedside, as it allows researchers to best meet patients’ 
needs while also solving real-world challenges faced by 
the healthcare professionals caring for them. For instance, 
in a collaboration with the National University Hospital, 
Bi is working with oncologists and radiologists to test 
a hybrid system for breast-cancer risk clarification. 
His invention, which combines photoacoustic and 
ultrasound imaging, aims to significantly reduce false 
positive diagnoses.

In this interview with A*STAR Research, Bi talks about 
developing novel spectroscopy systems, overcoming 
challenges in translational research, and following one’s 
guiding values as a researcher.
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HOW DO YOU OVERCOME 
CHALLENGES IN DESIGNING 
BIOMEDICAL DEVICES FOR 
COMMERCIAL USE?

I have three patented inventions, which have all been 
assigned or licensed to Singapore-based medtech 
companies and tested on patients globally. Along the 
way, my team met various challenges.

For example, some ideas may work well in a lab but 
cannot be translated into medical devices easily, such 
as high-power lasers. We had to find alternative ways to 
reduce the optical power requirements while maintaining 
the same performance. Some designs might also be too 
sophisticated to work outside of the lab, so we had to 
design simpler and more robust approaches. These types 
of challenges are overcome by a lot of trial and error.

However, some challenges cannot be overcome. In 
those cases, we need to make the difficult decision of 
whether to continue commercial development or refocus 
our efforts towards something more feasible.

WHAT IS THE PROCESS 
OF DEVELOPING NEW 
SPECTROSCOPY SYSTEMS 
LIKE? 

Developing an optical spectroscopy system starts 
with knowing your purpose—it helps you identify the 
specifications you will need, which can be tricky because 
some requirements are not compatible with each other. 
For example, it is hard to achieve both high resolution 
and deep penetration in one system, so you will need 
to decide which critical parameters to prioritise. From 
there, you will need to simulate and test sub-modules, 
which you can assemble into an optimised full system.

The entire process involves optical design, mechanical 
design and a lot of experience in system integration. 
Normally, it would take three to four iterations to build 
a reliable system.

HOW CAN YOUR WORK 
IMPACT HOW SKIN 
DISORDERS AND DISEASES 
ARE TREATED? 

I developed a non-invasive device that measures 
chemical components in the skin through optical 
spectroscopy. By using different properties of light 
to measure the concentration of different chemical 
components, we can derive an index to quantify 
skin barrier function—quantitative and objective 
information that can help clinicians make accurate 
diagnostic and treatment decisions.

Q:

Q:

Q:

www.research.a-star.edu.sgA*STAR Research30

Features



CAN YOU TELL US ABOUT AN 
EXCITING PROJECT YOUR LAB 
IS WORKING ON NOW? WHY IS 
COLLABORATION IMPORTANT 
IN HEALTHCARE RESEARCH? 

We are developing medical-grade wearable devices that 
can be used to assess lower-limb vein health. These 
devices will help patients with chronic venous problems 
improve their quality of life.

For projects like these, collaboration is important 
as we work with clinicians and healthcare providers 
to better understand real-world problems and find 
solutions for them. If our research cannot be used by 
healthcare professionals, then our efforts—and a lot 
of resources—would be wasted.

WHAT DO AWARDS LIKE THE 
YOUNG SCIENTIST AWARD 
MEAN TO YOU? HOW DO  
SUCH ACCOLADES BENEFIT 
YOU AND YOUR LAB? 

I feel greatly honoured to receive this award. There are 
many talented young researchers in Singapore, and I 
consider myself to be a very lucky one. 

Currently, I am working at the Translational 
Biophotonics Laboratory in A*STAR, which provides 
a fantastic environment and lots of support for my 
research. Singapore’s investment in laboratories like 
this and researchers like me shows that the country is 
serious about supporting clinical translational research. 
This recognition encourages me to continue working 
towards improving healthcare outcomes, and hopefully 
start more collaborations with other labs and clinicians.

WHAT ADVICE DO YOU HAVE 
FOR STUDENTS INTERESTED 
IN STEM? 

Good research starts with curiosity, moves forward with 
courage and always involves compassion for others. It 
is important for us as researchers to be driven, to care 
for people and to be generous with our knowledge. 
Outcomes are rarely immediate, but if we keep doing 
good work, we’ll eventually make a meaningful impact. 

Q:

Q:

Q:

“Developing an optical 
spectroscopy system 
starts with knowing your 
purpose—it helps you 
identify the specifications 
you will need, which can 
be tricky because some 
requirements are not 
compatible with each other.”
—  Renzhe Bi, Senior Scientist at A*STAR’s Institute of Bioengineering 

and Bioimaging (IBB)

Renzhe Bi

Young Scientist Award  
(Biological & Biomedical  
Sciences), 2022

Senior Scientist, A*STAR  
Institute of Bioengineering  
and Bioimaging (IBB)
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programming (QIP),” said Guo. “Next, 
our system modifies the QIP problem to 
introduce more efficient algorithms that 
could help find an optimal solution.”

Finally, the modified QIP problem 
is solved using an elementary path 
enumeration algorithm, which calculates 
the distance of each possible path to map 
the shortest and most efficient route.

When applied to various real-world 
transportation networks such as those in 
Anaheim, Chicago, Barcelona and Chengdu, 
the team’s GP3-powered platform was 
found to be both more accurate and faster 
than existing state-of-the-art algorithms.

“Compared to standard algorithms 
for RSP problems, our formulation can 
guide users to their destinations via the 
shortest route possible without straying too 
far from the estimated arrival time,” said 
Guo. “To the best of our knowledge, this 
is the first study that demonstrates a path-
planning solution that is both accurate and 
efficient—crucial hallmarks of a reliable 
and intelligent navigation system.”

Guo is optimistic that navigation apps 
will soon get more efficient as GP3 can 
theoretically be integrated into some of the 
most popular ones, such as Google Maps.

To that end, the research team is 
currently working towards commercialising 
their GP3 model by adapting it for 
compatibility with popular navigation 
systems. “We will explore how GP3 could 
work hand-in-hand with other existing 
models in Google Maps and investigate 
what conditions favour which models best,” 
concluded Guo. 

How to get around 
in a jiffy

When you’re rushing to the airport to 
catch a flight, the last thing you want is 
to get stuck in a traffic jam. Thankfully, 
navigation apps like Waze or Google Maps 
can suggest the fastest routes by analysing 
traffic patterns in real-time throughout 
your journey.

While we’ve become somewhat reliant 
on these apps, we can’t always fully trust 
their recommendations. This is because 
current navigation algorithms don’t take 
into account other factors such as rush 
hour traffic fluctuations, unanticipated 
road conditions or abrupt weather changes 
—a complication that Hongliang Guo, a 
Research Scientist at A*STAR’s Institute for 
Infocomm Research (I2R), seeks to resolve.

Collaborating with researchers 
from A*STAR’s Singapore Institute of 
Manufacturing Technology (SIMTech); 
the University of Electronic Science 
and Technology of China; and Nanyang 
Technological University, Singapore, Guo 
set out to build better algorithms that 
help travellers get to their destinations 
on time, every time.

The team proposed a Gaussian process 
path planning (GP3) algorithm as a more 

TRANSPORTATION

reliable solution to the reliable shortest 
path (RSP) problem, an exercise that 
aims to find a path from one location to 
another using the least resources. Unlike 
today’s navigational algorithms, GP3 uses a 
three-step pathway to take more dynamic, 
real-world factors into account for more 
dependable wayfinding.

“In the first step, GP3 transforms the 
initial difficult-to-solve RSP problem into a 
much simpler one called quadratic integer 

Researchers have built a navigation algorithm that 
leverages multidimensional real-world data to map  
faster and more efficient traffic routes.

“To the best of our 
knowledge, this is 
the first study that 
demonstrates a path-
planning solution 
that is both accurate 
and efficient—crucial 
hallmarks of a reliable 
and intelligent 
navigation system.” 

1.   Guo, H., Hou, X., Cao, Z. and Zhang, J. GP3: Gaussian 
Process Path Planning for Reliable Shortest Path 
in Transportation Networks. IEEE Transactions on 
Intelligent Transportation Systems 23, 1-16 (2021).

Researcher
Hongliang Guo, 
I2R

IN BRIEF
The GP3 navigational algorithm could improve travel 
times by accounting for dynamic, real-world fluctuations 
in rush hour traffic, road conditions and weather changes.
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“Our goal in this work was to classify 
defect locations using the signals from 
non-destructive electrical measurements 
through an online ML approach,” 
explained Senthilnath. 

The team combined activation 
functions in a deep neural network with 
leaky-ReLU membership functions in 
a neuro-fuzzy system. These features 
gave their algorithm the flexibility to 
distinguish between different defect 
types while simultaneously reducing the 
number of learning parameters needed 
to maintain accuracy. 

“Defect detection can be achieved 
on-the-fly with less human involvement 
and retraining the model to recognise 
new defects,” said Senthilnath, adding 
that when tested, their ML framework 
outshone existing models, boasting 
classification rate improvements between 
1.1 percent and 65.9 percent. 

The online learning mechanism 
and evolving architecture of the team’s 
proposed algorithm could be just what 
the industry needs to create high-quality 
semiconductors at even smaller scales. 
To this end, Senthilnath said that the 
team has begun developing their defect-
detecting ML platform for testing nano-
scaled devices such as fin field-effect 
transistors (FinFETs).

“We started with device-level defect 
detection,” said Senthilnath. “Currently, 
we’re focusing on atomistic-level  
defect detection.” 

Imagine peeling off the packaging on  
your brand-new smartphone only to 
find a small crack in the screen. After a 
simple visual inspection, the device would 
immediately be returned or exchanged. 
Now, imagine your smartphone came with 
defects in its internal electronic parts. 
These defects are much more difficult 
to detect and can ultimately result in 
electronic failures. 

Semiconductors  are  essential 
components of electronic circuits and can 
be prone to non-visual defects that arise 
during manufacturing. This challenge 
is exacerbated by the ever-increasing 
complexity of electronic systems that are 
housed in smaller devices.

Luckily, machine learning (ML) 
algorithms have been developed to help 
manufacturers address the problem 
by nabbing defective parts coming off 

production lines. Automated processes 
can bypass traditionally slow and labour-
intensive quality control measures such as 
examining parts using electron microscopy. 

However, training ML platforms to 
recognise subtle nano-scale structural 
anomalies is no small feat. Non-visual 
defects are so rare that it is difficult to 
gather enough data to build robust training 
models. Additionally, real-world data 
streams in sequentially rather than in 
large batches, which isn’t ideal for training 
reliable and responsive ML models. 

J.  Senthilnath,  who leads the 
Autonomous Scientific Discovery group 
at A*STAR’s Institute for Infocomm 
Research (I2R), collaborated with teams 
from the National University of Singapore 
to create an online ML model to accurately 
catch transistor defects, even with existing 
training data limitations. 

Technology for finding non-visual defects in 
semiconductors leaps forward thanks to an online 
machine learning algorithm that learns on the fly.

Lessons in fault finding
ADVANCED MANUFACTURING

1.   Ferdaus, M.M., Zhou, B., Wei, Y.J., Low, K.L., Pan, 
J., et al. Significance of activation functions in 
developing an online classifier for semiconductor 
defect detection. Knowledge-Based Systems 248, 
108818 (2022). 

Researcher
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I2R

IN BRIEF
Researchers combine an evolving neuro-fuzzy system with a 
leaky-ReLU membership function to process real-time data 
from production lines and catch rare nano-scaled glitches.
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Thermoelectric generators are already 
a common feature on NASA spacecrafts, 
but you’re less likely to find them in 
use on Earth. This is because making 
thermoelectric generators for such 
terrestrial applications isn’t easy, said 
Ady Suwardi, a Principal Investigator at 
A*STAR’s Institute of Materials Research 
and Engineering (IMRE). 

A perfect pair to make 
sparks fly

ENERGY

When we think of clean energy sources, we 
easily associate them with gushing rivers, 
gusty winds, novel biofuels and even 
nuclear power. One less-explored clean 
energy source you may have missed out on 
is temperature. Specifically, thermoelectric 
generators, which utilise the waste heat 
arising from the temperature difference 
between two surfaces to create electricity. 

Researchers match materials to create a high-
efficiency thermoelectric generator that turns 
waste heat into electricity.

“Some thermoelectric materials 
perform well at low temperatures, some 
perform well at higher temperatures,” 
Suwardi explained, adding that efficient 
generators require materials that pair 
well together—what’s known as the 
compatibility factor.

Along with scientists from A*STAR’s 
I n s t i t u t e  o f  H i g h  Pe r fo r m a n c e 
Computing (IHPC); A*STAR’s Institute 
of Sustainability for Chemicals, Energy 
and Environment (ISCE2); Nanyang 
Technological University; National 
University of Singapore; and Tokyo 
Institute of Technology, Japan, Suwardi 
sought to find the perfect pair of materials 
to construct a thermoelectric generator 
for harvesting waste heat. 

They first designed a generator with 
‘segmented’ leg structures made of two 
compatible thermoelectric materials. They 
narrowed down compatible materials 

Photo credit: Johannes Plenio / Pexels
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A segmented thermoelectric leg made from two different yet compatible alloys. Each alloy optimally converts heat to electricity at high (GeTe) or low (BST) temperatures.

“By carefully designing 
the combination of 
materials to achieve 
optimal compatibility 
factor, we essentially 
achieved optimal 
electrical and heat 
conduction.”

to GeTe and Bi0.5Sb1.5Te3
 (BST), and also 

optimised the lengths of each leg to 
achieve the highest possible performance. 

“By carefully designing the combination 
of materials to achieve optimal compatibility 
factor, we essentially achieved optimal 
electrical and heat conduction,” Suwardi 
said, adding that their design reached an 
extremely high power conversion efficiency 

of 13.6 percent over a wider temperature 
range than its predecessors. 

These exciting results are helping 
to break barriers to implementing 
thermoelectric technology towards a 
sustainable, circular economy, according 
to Suwardi. The team is optimistic that 
their thermoelectric generator design could 
be a robust clean energy solution as the 
devices require virtually no maintenance 
and last a long time.

Spurred on by their success, the team 
is working towards commercialising 
their technology with an ambitious goal 
of seeing their generators capture waste 
heat in real-world settings within the 
next 3 to 5 years. An example is garbage 
incinerators—heat from burning landfill 
waste can be transformed into electricity 
to power homes.

“This will bring about double benefits: 
reducing waste heat in the environment, and 
generating free electricity,” said Suwardi. 
“Both of these are good for the planet.” 

The team is also working on developing 
a method for turning old solar panels into 
thermoelectric devices. 
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1.   Cao, J., Tan, X.Y., Jia, N., Zheng, J., Chien, S.W., 
et al. Designing good compatibility factor in 
segmented Bi0.5Sb1.5Te3 – GeTe thermoelectrics for 
high power conversion efficiency. Nano Energy 
96, 107148 (2022).
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IN BRIEF
A thermoelectric generator that combines GeTe and 
Bi0.5Sb1.5Te3 efficiently harvests heat across a wider 
temperature range than previous designs.
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Here’s a sneak peek of the material covered 
in the next issue of A*STAR ResearchNEXT ISSUE

MICROBIOLOGY
GENETIC TOOL UNVEILS 
TB BACTERIA’S 
‘MALWARE’
Using a new genome analysis 
technology, A*STAR scientists 
discover never-before-seen  
immune responses in 
tuberculosis infections.

CHEMISTRY
SHRINKING CATALYSTS 
TO QUICKEN TRICKY 
REACTIONS
Researchers tune the distance 
between atoms in single-
atom catalysts, allowing 
them to speed up complex 
chemical reactions.

MATERIALS SCIENCE
SMART SENSORS SHIFT 
TARGETS ON DEMAND
An innovation from A*STAR
materials scientists does the
job of multiple sensor devices
through its ability to change
detection targets.

ONCOLOGY
RADIOACTIVE MOLECULES 
PREDICT LIVER CANCER 
OUTCOMES
Imaging experts discover 
a non-invasive method to 
identify which patients with 
liver cancer are most likely to 
respond to immunotherapy.
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