
RESEARCH

FESTM
AY

 T
H

E 
BE

ST
 S

CI
EN

TI
ST

 W
IN

17 . 1 . 2019
PROGRAM CATALOGUE



Printable version of the booklet for the Research Fest 2019. More information about the
event can be found in https://postdocs.sutd.edu.sg/research-fest-2019/

https://postdocs.sutd.edu.sg/research-fest-2019/


Contents

About 4
Research Fest 2019 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
PostDoc Society . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Organizing committee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Timetable 6
Thursday, 17th of January . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

Invited Talks 7

List of Abstracts 10
Bio and Solid-State Physics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Design, Innovation and Manufacturing . . . . . . . . . . . . . . . . . . . . . . 33
Cyber Physical and Information Systems . . . . . . . . . . . . . . . . . . . . . 43

List of Participants 54

Useful Information 56

Partner Institutions and Sponsors 57
Sponsors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

3



About

Conference booklet created to distribute among Research Fest 2019 participants. All information
the conference can also be found at https://postdocs.sutd.edu.sg/research-fest-2019/.

Research Fest 2019

The conference Research Fest 2019 is an internal conference happening in Singapore
University of Technology and Design (SUTD), by the SUTD research community, and for
the SUTD research community. The aims are to gather as many researchers as possible
in a fun event, to have an additional stage for researchers to showcase their work, and to
learn from and interact with other researchers in the university.

Any topic of research covered in SUTD is welcomed to the Research Fest.

PostDoc Society

The Research Fest 2019 conference is organized by the PostDoc Society’s committee.
The PostDoc Society is the social and academic body that includes some 150 post
doctoral researchers working in SUTD. The PostDoc Society regularly organizes social
and academic events, in and off campus, always with the aim of improving the postdoc
experience in particular, and the SUTD environment in general.

Research Fest 2019 is the largest single event yet organized by the PostDoc Society. We
hope it will be successful enough so that we can make of it an annual event starting this
year!
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Organizing committee

PostDoc Society
Richard O’Rorke Georgios Koronis Narasimha Boddeti
Bradley Camburn Mikel Palmero Cyrille Jegourel
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Timetable

S1: Poster Session 1, S2: Poster Session 2, S3: Poster Session 3, IT: Invited Talk.

Thursday, 17th of January

9:30–9:45 Registration
9:45–10:00 Welcome remarks: Richard O’Rorke

10:00–10:40 IT
Christopher Magee

MIT
The Global R&D system: Types of
R&D and where they are performed

10:40–12:15 S1
Flash Talks 1
17 Flash talks

Bio and Solid State Physics

12:15–13:30 Lunch and Poster Session 1

13:30–14:10 IT
Sang-Gook Kim

MIT
Design Thinking

14:10–15:00 S2
Flash talks 2
10 Flash talks

Design, Innovation and
Manufacturing

15:00–15:30 Coffee and Poster Session 2

15:30–16:10 IT
Tommaso Demarie

Entropica Labs
Fireside Chat: From PhD to

Startup

16:10–17:00 S3
Flash talks 3
11 Flash talks

Cyber Physical and Information
Systems

17:00–17:30 Coffee and Poster Session 3
17:30–17:50 Prize Ceremony
17:50-18:00 Closing Remarks
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Invited Talks

The Global R&D system: Types of R&D and where they are per-
formed

Professor Christopher Magee, IT Massachusetts Institute of Technology

Bio: Christopher L. Magee is a Professor in the Institute for Data, Society and Statistics
(IDSS) in Mechanical Engineering and co-directs the SUTD/MIT International Design
Center. He has over 35 years of experience in Ford Motor Company, from the Scientific
Research Laboratory to Executive Director of Programs and Advanced Engineering.

Abstract: The talk will be based upon the presenter’s experience in different types of
R&D as well as his ongoing research in technological change:

Global R&D is the “production system” for technological change with enormous societal
impact. Therefore, it is not surprising that it is a large scale complex socio-technical
system with many parts. The overall scale is consistent with its perceived societal
importance: it is estimated to be funded at $1.7 trillion (∼ 2% of global GDP) and have
10’s of millions of participants. This “R&D system” has been described at a high level of
abstraction as consisting of fundamental research (science), applied research (invention)
and development (innovation or product development). The intensive interactions among
these three elements are not accurately described as planned coordination but perhaps as
a large scale “dance” among numerous changing partners. Further important differences
involve different technologies, different science categories and different industries: these
distinctions are again not simply fixed across the different types of R&D.
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Design Thinking

Professor Sang-Gook Kim, IT Massachusetts Institute of Technology

Bio: Sang-Gook Kim is a professor and Micro/Nano Area Head in the Department of
Mechanical Engineering at MIT, and previously directed the Central Research Institute of
Daewoo Corporation, Korea. His research has focused on the field of product realization
in both industry and academia.

Abstract: Our society faces many “wicked problems”: irreducibly interdisciplinary, with
multiple competing objectives, and of such large scale and complexity that solutions will
require iterative design process to deeply rely on human insights and power of computation.
Incorrect understanding of the problem at the early stage of design, however, would
significantly increase the likelihood of the system failure. Improper identification and
planning of the system configurations and framework would guarantee catastrophic results
if not very lucky. Many now emphasize the importance of THINKING at this early stage
system design. Is there a way we can learn/teach how to think for better design of
systems?
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Fireside Chat: From PhD to Startup

Dr. Tommaso Demarie, IT Entropica Labs

Bio: Formerly a post-doc at SUTD, Tommaso Demarie is a quantum information theorist
with more than 8 years experience and is the CEO and co-founder of Entropica Labs,
a startup building advanced computational tools to address the hardest problems in
molecular biology.

Abstract: Is it wise to leave academia for entrepreneurship? How does one turn deep
tech research into a startup with a global impact? Ex-SUTD postdoc fellow Tommaso
Demarie is a quantum information theorist-cum-entrepreneur, and will be sharing his
motivations and journey transitioning from a researcher to a startup founder. From
leveraging one’s expertise to finding a co-founder, he will also explain how certain key
elements can help scientists succeed at entrepreneurship. Thinking of starting up and
have a burning question? Come ask someone who’s done it.
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List of Abstracts

Bio and Solid-State Physics

Rapid Hydrodynamic Trapping device for Enrichment and Detection
of Exosomes

Mahnoush Tayebi, S1 EPD

Exosomes are nano-sized (50-150 nm) membrane-bound extracellular vesicles (EVs)
that contain lipids, proteins, microRNAs and mRNAs originating from their parental
cells. Exosomes are invaluable biomarkers in cancer diagnostic assessments due to
their essential functions not only in cell-cell communication but in causing the tumor
proliferation. Probing exosome compositions and functions can be used as a powerful
diagnosis, prognosis, and therapy tool. It is therefore crucial to selectively isolate them
based on their composition before any molecular characterization. In this work, we aim to
isolate and visualize the nanovesicles (NVs) by combining an affinity-based method and
hydrodynamic microfluidic particle trapping. Microbeads with 20 µm diameter, first are
functionalized with streptavidin and biotinylated antibody, then we immobilize NVs on the
surface of the beads by using antigen-antibody affinity binding. We designed a microarray
system to efficiently trap 20 µm functionalized microbeads by applying the particle parking
principle. We propose this approach to provide a rapid and straightforward capturing and
quantification method to analyze EVs based on the target biological application.
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Nature-inspired biopolymer hydrogel for tissue adhesive and hemo-
static functions

Naresh D Sanandiya, and Javier G Fernandez, S1 EPD

The development of adhesive materials for wet surfaces, including biological tissue, has
been an emerging topic in biomaterial science because of the many uses of these materials,
including in wound healing patches, tissue sealants, and hemostatic functions. However,
most adhesives are cytotoxic or exhibit poor adhesion to tissue and related surfaces
due to the presence of body fluid which create hydration barrier at solid-liquid interface.
In nature, a wide variety of organisms naturally produces unique adhesives to aid their
survival. Marine mussel is a case, which adhere strongly to virtually all types of surfaces
with help of unique proteinious (DOPA) substance -the key for fast solidification and
strong adhesion even in under water condition. On the other side, derived from chitin
-second most ubiquitous biopolymer on the Earth, chitosan is a unique biopolymer that
exhibits outstanding properties, besides biocompatibility and biodegradability and makes
it desired candidate in the field of biomaterials, especially for tissue engineering. We
are designing an adhesive combining these two aspects: mussel’s wet adhesion and
biocompatible biopolymers by chemical functionalization. The developed hydrogel showed
double adhesion strength than ‘Fibrin glue’ -commercially available surgical glue on pig
skin with excellent hemostatic function which may be useful in many areas of application,
including tissue adhesives and wound dressings.
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Host cell selection in Plasmodium: Towards understanding compo-
nents driving tropism

Renugah Naidu, S1 EPD

Plasmodia are host-specific, both at the level of organism and cell they choose to infect.
However, barriers of host selectivity are becoming attenuated, as exemplified by increasing
zoonosis and multi-species infections lately. During asexual development, plasmodium
infects cells of the erythroid lineage, with an overall preference to young reticulocytes
compared to terminally differentiated erythrocytes. This is evident in Plasmodium falci-
parum, the most lethal variant among human malaria parasites, which continues to remain
a massive health burden for the developing world. We show the different developmental
stages and features of Plasmodium falciparum in human reticulocytes, a domain minimally
investigated. My project demonstrates that there are notable differences in the patterns of
host invasion, host cell manipulation as well as response to drug exposure, when comparing
the parasites’ growth profile in young reticulocytes to mature normocytes.
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Microfabrication of 3D printed devices and directing growth of my-
ocardium by controlled mESC differentiation

Das Rupambika, S1 EPD

Cardiovascular diseases(CVD) in Singapore causes 30due to ischemic heart. Hence,
making CVD a major concern of mortality and morbidity. Myocardial infarction (also
known as cardiac arrest) is caused by improper blood supply to the heart, leading to
myocardial scar where in the cells gradually lose their synchronous beating ability. This
medical condition can be addressed by either heart transplant or injection of stem cells
encapsulated in hydrogels. Both these approaches have very low success rate due to
immune suppression by the host system and also stem cell injection do not produce
functional tissue due to the lack of organization. Therefore, due to the lack of natural
ability of the human heart to regenerate, it is of exceptional importance to advance on
the development of artificial myocardium. Here we propose a path to fabricate heart
tissue patches in-vitro, grown from engineered embryoid bodies with varying diameters
of 150 µm to 450 µm and directing them to differentiate on a decellularized porcine
heart tissue. This technique gives us a complete understanding of how space constraints
regulate the formation of 3D aggregate of embryonic stem cells and their differentiation
pattern into cardiac tissue. The geometrical constrains are produced by the use of a 3D
printing fabrication technology, to build precise size controlled devices for casting PDMS
to seed cells inside. Hence, the combination of tissue engineering and cell therapies is
a promising approach to repair heart muscle after myocardial infarction. We propose a
feasible and cost-effective approach for: 1) production of cardiac cells from pluripotent
cells by 3D confinement and 2) construction of cell laden patches of highly organized
cardiomyocytes for myocardium repair and drug screening.
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Electrical-Based Detection of Human Embryonic Stem Cells using
Two-Dimensional Materials

Sophia S. Y. Chan, Yaw Sing Tan, Kan-Xing Wu, Christine Cheung, Desmond K.

Loke, S1 Science and Math

As stem cell-based treatments gain momentum, it is increasingly important to monitor
and validate stem cells in real-time (e.g., monitoring pluripotent stem cells prior to
differentiation, validating the removed residual pluripotent stem cells after differentiation).
This will reduce the risk of unwanted teratoma formation. Current detection techniques
hinder real-time monitoring as they are destructive, expensive and time-consuming. Instead,
label-free techniques such as electrical-based detection (EBD) methods are promising
for real-time measurements. Here, we observed a unique bioelectric signal of human
embryonic stem cell using direct current-voltage measurements facilitated by few-layered
2D-MoS2 sheets. A 1.828 mA cell signal was achieved as well as multiple cell reading
cycles demonstrating I ∼ 1.9 mA. Native stem cell proliferation, viability and pluripotency
were preserved. Molecular dynamics simulations elucidated the origin of the 2D-MoS2
sheet-assisted increase in current flow. This paves the way for the development of a
broadly applicable, fast and damage-free stem cell detection method capable of identifying
pluripotency with virtually any complementary-metaloxide-semiconductor circuits.

References
Chan. S. S. Y.; Tan, Y. S.; Wu, K.-X.; Cheung, C.; Loke, D. K., Ultra-High Signal
Detection of Human Embryonic Stem Cells Driven by Two-Dimensional Materials. ACS
Appl. Bio Mater., 2018, 1, 210-215.
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Versatile Through-Hole Membranes with Ordered and Tuneable Pore
Geometry: From Design to Commercialisation

Him Cheng Wong, Virgile Viasnoff, and Hong Yee Low, S1 EPD

Through-hole membranes with spatially ordered, monodisperse pores and tuneable pore
geometry are attracting growing interests in academic studies and industrial processes. By
combining novel fabrication methods, numerical simulations and empirical characterization
in our research, we develop capabilities in membranes with ‘designer’ pore morphology
and architecture tailored for various desired applications. Our novel lithography methods
synergistically enable various membrane platforms without elaborate post-etching steps
and costly instrumentations, which are intrinsic fabrication limitations in existing methods.
The membrane platforms possess a myriad of greater membrane functions not easily
achieved through conventional membranes; especially in separation, cell biology and
biomedical applications which require exceptional size selectivity and unhindered flow
pathways. For example, membranes with through-hole microwells or ‘Membwell’ are
created as a biomimetic cell culture assays whose fabrication process has recently been
scaled up with a custom designed Roll-to-Roll (R2R) production unit. The ‘Membwell’
technology is currently being developed toward commercial products such as cell culture
consumables and particulate filters.
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Human Bioacoustics for Remote Diagnostic Screening

Balamurali B T, S1 ISTD

There is a clear rhythm to life - many cyclical bio-acoustic signals such as respiration
and heartbeat sounds are fundamentally associated with human health and well-being,
and are used in medical diagnosis critical assessments of the patient’s condition, quickly,
reliably and non-invasively. However, it takes years of specialized training and experience
for healthcare practitioners to be adept and confident at these diagnostic techniques.
Further, it requires that they be physically present with the patient as these sounds are
produced. With profound advances in mobile computing devices capable of collecting
and processing audio signals with increasing sophistication, the increasing ubiquity of
these devices, combined with greatly improved processing power capable of implementing
powerful and efficient artificial intelligence and data analytics, we are developing a tele-
medicine platform that allows disparate bio-acoustic signals to be collected, combined,
analyzed over the cloud and thereby offer the user (healthcare practitioner or patient or
health enthusiast) meaningful remote monitoring and diagnostic screening support.

In this research fest, I would like to update on two major outcomes from our research
group:

1) Prediction of asthma and bronchial reactivity in children based on voluntary cough
sounds.

2) Assessment of lower urinary tract symptoms from uroflow readings based on the
acoustic characteristics during voiding.

In the first investigation, a clinical database of voluntary cough sound was collected
from children with and without pathological respiratory conditions in collaboration with
KK Hospital Singapore. The sounds were recorded using a smartphone, which allows
us to develop high quality classification algorithm that can automatically differentiate
pathological coughs from normal-voluntary coughs in healthy children. In one of the
investigations, this new technique has resulted in very high accuracy in identifying asthmatic
coughs from normal voluntary cough. Such an audio screening when included with the
usual preoperative screening of health status would help in avoiding delay in treatment,
surgery cancellation on the day of operation or even perioperative pulmonary complications.
Further, a standalone cough identification app is in the process of development and we
hope this can serve as an ideal tool for health enthusiast in monitoring the cough types.

In the second investigation, an uroflowmetry system, used as an important tool for the
routine assessment of lower urinary tract symptoms, was developed based on the acoustic
voiding characteristics. A clinical database of uroflow readings and audio recordings
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were captured from a number of voiding sessions in collaboration with Singapore general
hospital. Using this captured data, a machine learning system was developed that was
able to predict average flow rate, maximum flow rate, voided volumes and flow time. It
was found that predicted measurement was highly correlated with that of the current
standard equipment. Such an audio-uroflow app facilitated with a smartphone could
replace the current standard procedure. The latter is a time intensive process and needs
to be performed on hospital site. This new technique can therefore avoid long waiting
time in a busy clinic, help in producing repeat measurements when the voided volumes are
inadequate and can reduce the situational stress to the patient while taking uroflowmetry
in hospital.
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A portable image-based cytometer for rapid malaria detection and
quantification

Gowtham Subramanian, S1 EPD

Increasing resistance by malaria parasites to currently used antimalarials across the
developing world warrants timely detection and classification, so that appropriate drug
combinations can be administered before clinical complications arise. However, this is
often challenged by low levels of infection (referred to as parasitemia) and presence
of predominantly young parasitic forms in the patients’ peripheral blood. Herein, we
developed a simple, inexpensive and portable image-based cytometer that detects and
numerically counts Plasmodium falciparum infected red blood cells (iRBCs) from Giemsa-
stained smears derived from infected blood. Our cytometer is able to classify all parasitic
subpopulations by quantifying the area occupied by the parasites within iRBCs, with
high specificity, sensitivity and negligible false positives (∼ 0.0025%). Moreover, we
demonstrate the application of our image-based cytometer in testing anti-malarial efficacy
against a commercial flow cytometer and demonstrate comparable results between the
two methods. Collectively, these results highlight the possibility to use our image-based
cytometer as a cheap, rapid and accurate alternative for antimalarial testing without
compromising on efficiency and minimal processing time. With appropriate filters applied
into the algorithm, to rule out leukocytes and reticulocytes, our cytometer may also be
used for field diagnosis of malaria.
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Error Correction for DNA-based Data Storage

Wentu Song, S1 Science and Math

Demand for data storage is growing exponentially, but the capacity of existing storage
media is not keeping up. DNA-based data storage is an attractive possibility and has
been progressing rapidly in recent years. Compared to traditional magnetic and optical
media, DNA storage has competing advantages including extreme high density, long
durability, and low energy consumption. A DNA sequence is mathematically represented
by a sequence of the symbols A (adenine), C (cytosine), G (guanine) and T (thymine).
In a DNA-based storage system, the original binary data is first encoded to a set of DNA
sequences. Then the corresponding DNA nucleotide sequences (oligos) are synthesized
and stored. To retrieve the original data, the stored oligos are sequenced to generate a
set of quaternary sequences, which then are decoded to the original binary data. The
process of DNA synthesizing, storing and sequencing can be mathematically modelled
as a communication channel, called the DNA storage channel. The inputs and outputs
of the DNA storage channel are sets of unordered DNA sequences. The output of the
DNA storage channel may be distorted by five types of errors, i.e., sequence deletion,
sequence insertion, symbol deletion, symbol insertion, and symbol substitution. In this
work, we design error-correcting codes for DNA-based data storage from the following two
aspects. 1). It has been found that the homopolymer run (i.e., the repetition of the same
nucleotide) and GC-content of a DNA sequence (i.e., the ratio of the number of G and
C symbols to the length of the sequence) are two major factors affecting the synthesis
and sequencing errors. We propose a coding method to transform binary sequences into
DNA base sequences (codewords), namely sequences of the symbols A, T, C and G, that
satisfy the following two properties

• Run-length constraint: The maximum run-length of each symbol in each codeword
is at most three;

• GC-content constraint: The GC-content of each codeword is close to 0.5, say
between 0.4 and 0.6.

Existing literature either achieve code rates not greater than 1.78 bits per nucleotide
or lead to severe error propagation. Our method achieves a rate of 1.9 bits per DNA
base with low encoding/decoding complexity and limited error propagation. 2). We
introduced a new metric, termed the sequence-subset distance, which generalizes the
Hamming distance to a distance function defined between any two sets of unordered
vectors and helps to establish a uniform framework to design error correcting codes for
DNA storage channel. We further introduce a family of error correcting codes, referred to
as sequence-subset codes, for DNA storage and show that the error-correcting ability of
such codes is completely determined by their minimum distance. We derive some upper
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bounds on the size of the sequence-subset codes including a Singleton-like bound and a
Plotkin-like bound. We also propose some constructions, which imply lower bounds on
the size of such codes.
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One Law to Rule them All: Universal theory of carrier injection across
two-dimensional material Schottky contact

Ang Yee Sin, S1 EPD

Schottky diode is composed of a metal in contact with a semiconductor. Despite
its simple construction, Schottky diode is a tremendously useful component and is
omnipresent in modern electronics. Schottky diode fabricated using two-dimensional
(2D) materials have attracted major research spotlight in recent years due to their great
promises in applications such as transistors, rectifiers, radio frequency generators, logic
gates, solar cells, chemical sensors, photodetectors, flexible electronics and so on. The
understanding of 2D material-based Schottky diode is, however, plagued by multiple
confusions. Several theoretical models have co-existed in the literatures and a model
is often selected a priori without rigorous justifications. It is not uncommon to see a
model, whose underlying physics fundamentally contradicts with the physical properties
of 2D materials, being deployed to analyse a 2D material Schottky diode. In this work,
we construct a generalized theory to explain the carrier transport in 2D-material-based
Schottky diode. We show that the reversed saturation current (J) scales universally with
temperature (T ) as log(J/T β)α− 1/T with β = 3/2for lateral Schottky heterostructures
and β = 1 for vertical Schottky heterostructures, over a wide range of 2D systems
including nonrelativistic electron gas, Rashba spintronic system, single and few-layer
graphene, transition metal dichalcogenides and thin-films of topological solids. Our theory
resolves some of the conflicting results from prior works and is in excellent agreement
with recent experiments. Our findings signal the breakdown of the classic diode model
widely-used over the past 60 years, and shall provide a simple tool for the extraction of
important physical parameters in 2D-material-based electrical contact, thus paving the
way for both fundamental understanding of nanoscale interface physics and applied device
engineering.
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Neural Network-Based Dynamic Threshold Detection for Non-Volatile
Memories

Mei Zhen, S1 Science and Math

In recent years, the solid-state non-volatile memory (NVM) technologies have been
developed rapidly. The current NVM market is dominated by the flash memories, while
emerging NVM technologies such as the spin-torque transfer magnetic random access
memory (STT-MRAM) and resistive random-access memory (RRAM) are being actively
explored to be the next generation NVMs, due to their superior performance of the
write/read speed, energy consumption, endurance, and scalability.

Among various noises and interferences that affect the reliability of NVMs, the memory
physics induced unknown offset of the channel is a critical and difficult issue to be tackled
for many NVMs. For example, in the flash memory, the charges stored in the memory
cell leak away from the floating gate over time, causing a decrease of the memory cell
threshold voltage and hence the data retention noise. In the recently commercialized
STT-MRAM, with the increase of temperature, the low resistance of the STT-MRAM
cell hardly changes, but the high resistance decreases, thus leading to more overlapping
of the memory resistance distributions. The corresponding deviations from the nominal
values of memory readback signals, called offsets, are unknown to the channel detector,
and hence will degrade its error performance.

To mitigate the unknown offset of the NVM channels, the typical techniques proposed in
the literature are to estimate the NVM channel periodically or when the error correction
code (ECC) decoder fails, based on which the memory sensing thresholds are adjusted
accordingly. However, these techniques either require a well-predicated NVM channel
model, which are difficult to be derived due to the complication of memory physics, or
they assume Gaussian distribution of the memory cell readback signal, which can be
non-Gaussian in practice. Reference cells, which are redundant cells with known stored
data, are also widely applied in NVMs to estimate the unknown offset of the channel. A
frequent insertion of reference cells may improve the accuracy of the detection threshold,
which, however, comes at the cost of higher redundancy and thus decreasing the storage
efficiency.

In this work, we propose novel neural network (NN) detectors by using the multilayer
perceptron (MLP) network and the recurrent neural network (RNN), which can effectively
tackle the unknown offset of the channel. However, compared with the conventional
threshold detector, the NN detectors will incur a significant delay of the read latency
and more power consumption. Therefore, we further propose a novel dynamic threshold
detector (DTD), whose detection threshold can be derived based on the outputs of the
proposed NN detectors. In this way, the NN-based detection only needs to be invoked when
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the ECC decoder fails, or periodically when the system is in the idle state. Thereafter, the
threshold detector will still be adopted by using the adjusted detection threshold derived
base on the outputs of the NN detector, until a further adjustment of the detection
threshold is needed. Simulation results demonstrate that the proposed DTD based on
the RNN detection can achieve the error performance of the optimum detector, without
the prior knowledge of the channel.
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Bragg soliton pulse compression and fission on a CMOS-compatible
photonic circuit platform

Ezgi Sahin, S1 EPD

Optical signal processing in ultra-compact chips promises low cost, speed and power
efficiency in data transmission and processing compared to the electronic counterparts.
It has also proved to be extremely useful for physical sensors and harnessing quantum
states.

All-optical information processing can be made possible via utilizing the nonlinear interac-
tions of high intensity light and the material [1]. Through nonlinear optics, key applications
including wavelength conversion [2], supercontinuum generation [3], pulse compression
[4], optical oscilloscope [5], auto-correlation [6] and spectroscopy [7] have been realized,
validating the large extend of fully integrated all-optical chip functionality.

Optical solitons in nonlinear, periodic media has attracted much attention due to its
fascinating physics. Higher-order soliton dynamics in nonlinear material platforms, underpin
crucial applications in ultrafast optics, sensing, communications and signal processing.
However, the strong nonlinear loss and the low-optical nonlinearities of the widespread
CMOS-compatible platforms hindered the observation of these dynamics on chip. Here
we present the first demonstration of CMOS compatible, on-chip Bragg solitons, with
the largest soliton-effect pulse compression to date with a factor of ×5.7, along with
first time-resolved measurements of soliton fission on a CMOS-compatible photonic
circuit platform [8]. These observations were enabled by the combination of cladding-
modulated Bragg grating designs [9] and the high nonlinearity and negligible nonlinear loss
of compositionally engineered ultra-silicon-rich nitride (USRN: Si7N3) platform [10].

References

[1] J. Leuthold, C. Koos, and W. Freude. Nonlinear silicon photonics. Nature Photonics,
4(8):535-544, 2010.

[2] Ezgi Sahin, Kelvin J. A. Ooi, Ju Won Choi, Doris K. T. Ng, C. E. Png, and Dawn T. H.
Tan. Efficient four-wave mixing using cmos-compatible ultra-silicon-rich nitride photonic
crystal waveguides. In CLEO Pacific Rim Conference 2018, page W2B.4. Optical Society
of America, 2018.

[3] Ting Wang, Doris K.T. Ng, Siu Kit Ng, Yeow Teck Toh, A. K.L. Chee, George
F.R. Chen, Qian Wang, and Dawn T.H. Tan. Supercontinuum generation in bandgap
engineered, back-end CMOS compatible silicon rich nitride waveguides. Laser and
Photonics Reviews, 9(5):498-506, 2015.

24



[4] Andrea Blanco-Redondo, Daniel Eades, Juntao Li, Simon Lefrancois, Thomas F.
Krauss, Benjamin J. Eggleton, and Chad Husko. Controlling free-carrier temporal effects
in silicon by dispersion engineering. Optica, 1(5):299, 2014.

[5] Mark A. Foster, Reza Salem, David F. Geraghty, Amy C. Turner-Foster, Michal
Lipson, and Alexander L. Gaeta. Silicon-chip-based ultrafast optical oscilloscope. Nature,
456(7218):81-84, 2008.

[6] Christelle Monat, Christian Grillet, Matthew Collins, Alex Clark, Jochen Schroeder,
Chunle Xiong, Juntao Li, Liam O’Faolain, Thomas F. Krauss, Benjamin J. Eggleton, and
David J. Moss. Integrated optical autocorrelator based on third-harmonic generation in a
silicon photonic crystal waveguide. Nature Communications, 5:1-8, 2014.

[7] Mengjie Yu, Yoshitomo Okawachi, Austin G. Griffith, Nathalie Picqué, Michal Lipson,
and Alexander L. Gaeta. Silicon-chip-based mid-infrared dual-comb spectroscopy. Nature
Communications, 9(1):6-11, 2018.

[8] Ezgi Sahin, Andrea Blanco-Redondo, Peng Xing, Doris K. T. Ng, Ching E. Png, Dawn
T. H. Tan, and Benjamin J. Eggleton. Bragg solitons in cmoscompatible platform. In
CLEO Pacific Rim Conference 2018, page Th5A.7. Optical Society of America, 2018.

[9] E. Sahin, K. J.A. Ooi, C. E. Png, and D. T.H. Tan. Large, scalable dispersion
engineering using cladding-modulated Bragg gratings on a silicon chip. Applied Physics
Letters, 110(16), 2017.

[10] K. J. A. Ooi, T. Wang D. K. T. Ng, A. K. L. Chee, Q. Wang S. K. Ng, L. K. Ang,
A. M. Agarwal, L. C. Kimerling, and D. T. H. Tan. Cmoscompatible multiple-wavelength
oscillator for on-chip optical interconnects. Nat. Commun., 8(13878), Jan 2017.

25



Design of Protograph LDPC codes for Spin-Torque Transfer Mag-
netic Random Access Memory (STT-MRAM)

Zhong Xingwei, S1 Science and Math

Thanks to its superior features of non-volatility, fast read/write speed, high endurance,
and low power consumption, spin-torque transfer magnetic random access memory (STT-
MRAM) has become a promising candidate for the storage class memory (SCM). However,
due to process variation and thermal fluctuation, the reliability of data stored in STT-
MRAM cells is affected by both the write errors and read errors. Due to the memory
process imperfection, there also exists a diversity of the raw bit error rate (BER) among
different dies of STT-MRAM.

To maintain the fast read/write speed of STT-MRAM for applications such as the SCMs,
the error correction code (ECC) adopted should have a high code rate with a short
codeword length. In the literature, a (71,64) single-error-correction Hamming code is
adopted by Everspin’s 16Mb MRAM. To further improve the storage capacity, Bose-
Chaudhuri-Hoquenghem (BCH) codes with double error correction capabilities are applied
to STT-MRAM. Thereafter, a comprehensive model for STT-MRAM, the cascaded
binary asymmetric channel - Gaussian mixture channel (BAC-GMC) model, is proposed.
Moreover, a Euclidean Geometry (EG) LDPC code with a reliability-based min-sum
(RB-MS) decoder, is also proposed. However, all these codes are fixed-rate codes which
have to be designed for the worst case channel raw BER, thus leading to a waste of
memory storage density.

In the recent few years, the protograph LDPC codes have shown superior performance for
the additive white Gaussian noise (AWGN) channel and the multi-level-cell flash memory
channel. The codes possess a readily parallelizable decoder structure, which guarantees a
low implementation complexity. The rate-compatible protograph LDPC (RCP-LDPC)
codes are investigated for the AWGN channel. However, so far no work has been reported
for designing the RCP-LDPC codes for SCMs such as STT-MRAM.

In this work, novel RCP-LDPC codes have been proposed that can effectively correct
both the write errors and read errors of STT-MRAM. Since the rate-compatible property
the codes possess can mitigate the raw BER diversity of STT-MRAM, they provide
great advantage over the prior art fixed-rate BCH codes and the EG LDPC code. More
specifically, as the STT-MRAM channel is non-Gaussian and asymmetric by nature, we first
proposed a modified protograph extrinsic information transfer (P-EXIT) algorithm, which
can measure the waterfall region performance of the codes, for the non-gaussian symmetric
channel. We use the additive white symmetric alpha-stable noise (AWS-SN) channel as
an example to test the proposed algorithm. After that, we adopted an independent and
identically distributed (i.i.d.) channel adapter to force the channel to be symmetric. This
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enables the application of the modified P-EXIT algorithm for the asymmetric channel
such as the STT-MRAM channel. We then applied a combined guideline, including the
modified P-EXIT algorithm, the asymptotic weight enumerator (AWE) analysis, as well
as the actual error rate performance to construct effective RCP-LDPC codes with short
codeword lengths for the STT-MRAM channel. Simulation results demonstrate that
our proposed RCP-LDPC codes outperform the AR4JA codes, which are well known
RCP-LDPC codes in the literature due to their superior performance over the AWGN
channel.
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Superior initial Coulombic efficiency through graphene quantum dot
decorated on MoS2

Glenn Sim, S1 EPD

Molybdenum disulfide (MoS2) nanoflower was grown onto 3D graphene (3DG) by a
simple hydrothermal method. Subsequently, Nitrogen doped graphene quantum dots
(NGQDs) were decorated on the surface of MoS2 to further enhance the electrochemical
performance through a one-step electrodeposition method. The NGQDs decorated MoS2
on 3DG (NGQDs@MoS2/3DG) is further employed directly as a binder free anode of
sodium ion batteries (SIBs). NGQD@MoS2/3DG nanoarchitecture delivers a specific
capacity of 638 mAhg−1 at 50 mAg−1, and an ultra-high first cycle Coulombic efficiency
of 85.4%. The outstanding Na+ storage properties of NGQD@MoS2/3DG was attributed
to the synergistic effect among the conductive 3DG carbon matrix, MoS2 nanoflowers and
decorated NGQDs. These results obtained potentially unveil a path for the development
of excellent electrochemical performance with high initial Coulombic efficiency of SIBs.
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Micro-Optics component fabrication using mask projection stereolithog-
raphy

Mohammad Mahdi Emami, and David W. Rosen, S1 DManD

Fabrication of optical components has always been challenging, time-consuming and
expensive due to the tight precision and accuracy requirements. However, it is hoped that
new additive manufacturing methods increase capabilities to overcome some of these
limitations.

This project outlines a digital fabrication technique which utilizing grayscale projection
stereolithography in conjunction with a high-fidelity finite element analysis (FEA) model
of photopolymerization to create polymer-on-glass components, such as specialty lenses,
prisms, and µ-lens arrays as well as µ-molds for high volume production in a precise and
controllable manner.

Utilizing the FEA model has made our approach superior to the current methods in terms
of flexibility, speed and cost. Our technology provides a unique opportunity in the low to
mid volume customized optics fabrication market.

The need for a high-fidelity model is the main challenging part of this approach. The
modeling purpose is to accurately predict cured part shapes and dimensions based on a given
radiation intensity distribution. Stereolithography and vat polymerization are Multiphysics
processes including photochemical reactions, light propagation, heat generation, heat
transfer, and shrinkage. Without such a high-fidelity model, the accuracy requirements
are not achievable.

The following tasks describe some of the important aspects of this project:

1. Designing, building and calibrating a customized stereolithography machine with a
high-power and high-resolution light engine for dynamic mask exposure.

2. Characterization of chemical and physical properties of photopolymers used as raw
material for the fabrication of micro-optic components.

3. Development of a high-fidelity model to simulate, predict and optimize the grayscale
projection micro-stereolithography process and finally produce a suitable process
plan. Calibration of the high-fidelity model and system parameters.

4. Creating a software platform to perform the process planning by transferring the
digital masks and sequences to the hardware controller.
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5. Building some demonstration samples including complex aspherical lenses.

6. Designing a methodology for characterization and inspection of the build part
including but not limited to roughness, geometrical and dimensional metrology.
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A Numerical Study of Moisture Diffusion in PV Modules in a Tropical
Climate and its Implications on the Standard Damp Heat Test

W. J. R. Song, S1 EPD

Moisture has been known to significantly degrade the performance of PV modules. As
ambient humidity in a tropical climate is high, it would be expected to be a more serious
reliability concern in the tropics than in other climates. In order to study the effects
of moisture in PV modules, it is important to know how moisture diffuses into a PV
module and its distribution within the module throughout the year. This paper reports on
a numerical study of moisture diffusion in wafer-based PV modules in Singapore. The
average hourly ambient temperature, humidity and wind speed for each month of a whole
year for Singapore were used. The moisture diffusion coefficients of the PV materials
used were considered to be functions of temperature. Simulation of moisture diffusion in
the PV modules were carried out over a continuous period of one year using Singapore
weather data. It was found that the moisture concentration at the bottom and edges of
the solar cells reach a steady, periodic variation after about 3 months, those at the centre
of the top surface of the cell was monotonically rising and did not reach a steady value
even after one year. The simulated moisture concentration levels in outdoor testing were
compared with those obtained in the numerical simulation of the standard Damp Heat
Test (DHT). It was found that the moisture concentration provided by the standard DHT
was comparable to that of simulated field testing in Singapore after just a year This may
have some implications on the adequacy of the standard DHT for tropical climates.
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Stress and Fracture of Crystalline Silicon Cells in Solar Photovoltaic
Modules - Evaluation and Concepts to Control

Sasi Kumar, S1 EPD

Fracture of crystalline silicon solar cells in photovoltaic modules is a big concern to the
photovoltaics (PV) industry. Cell cracks cause performance degradation and warranty
issues to the manufacturers and hence, they are a limiting factor to the applicability
of silicon PV as a main stream power source with high long-term reliability. In such a
scenario, it is important to evaluate and quantify the fracture of the crystalline silicon
cells to address it. The roots of the cell cracking process lie in the manufacturing and
integration process of the cells and modules as they go through a series of elevated
temperature and pressure processes, involving bonding of dissimilar materials, causing
thermomechanical stresses, thus leading to cell fractures. Evaluation of the mechanics
of these thermomechanical stresses and the role of different materials and processes in
a sequential manner is highly essential to quantify these stresses and optimize the PV
modules to address them and hence, the cell fractures. We present a novel synchrotron
X-ray microdiffraction based techniques combined with finite element modelling to evaluate
and characterize the stress and fracture in the crystalline silicon PV modules. Our results
show that the thermomechanical stress builds up over the module integration processes
such as soldering and encapsulation. We show the detailed stress evolution at each
step of the lamination process, using the finite element simulations, validated by the
synchrotron X-ray microdiffraction results. We further show the effects of the material
and process parameters which affect the cell stress and thus, could be used to reduce
the cell fractures and pave the way for the next generation crystalline silicon solar PV
modules with enhanced fracture resistance.
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Design, Innovation and Manufacturing

Graded Textile Shaping - Design of Knitted Textile Preforms for man-
ufacturing curved composite panels

Ying Yi Tan, S2 ASD

Our research introduces Graded Textile Shaping, a fabrication strategy to create curved
glass fiber reinforced polymer (GFRP) building cladding panels from textile reinforced
composites. This workflow first involves the design and manufacture of a customised
textile preform knitted from glass fiber yarns. Next, we insert bending-active carbon-fiber
strips into tubular sleeves along the textile’s edges to flex the planar surface into the
desired geometry. Once shaped, we spray polyester resin onto the surface to solidify the
textile into a composite panel.

This proposed method offers a sustainable alternative to existing mould-making and wet
lay-up processes used in practice. It aims to alleviate the need for significant amounts
of mould material and manpower consumed during the fabrication of such curved GFRP
panels.

Our work investigates the use of CNC-knitting technology to design textile preforms
which are suitable for the latter shaping and lamination procedures. In this case, we
develop several stitch patterns which are: (i) inherently thick to minimise the need for
further lay-up processes; (ii) elastic to accommodate regions of high curvatures within the
geometry. These patterns capitalise on the inter-meshed loop structure of knits and the
viscoelasticity of E-glass fiber yarns to create preforms with the two above characteristics.
We further explore how local gradations of elasticity can be implemented by assigning
different stitch patterns and densities within the textile itself.

Additionally, we shape these knits upon a bending-active shaping mechanism to produce a
series of doubly-curved orthogonal geometries. These are laminated with polyester resin
to manufacture several small-scale curved composite panel prototypes.
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Computational Design Framework for Functional Textiles

Oliver Weeger, Georges Nader, Quang Huy Do, Tan Ying Yi, Quek Yu Han, Chia
Pei Zhi, Lee Tat Lin, S2 DManD

Three-dimensionally knitted technical textiles are spreading into various applications in
aerospace, automotive, construction, fashion, marine and defence, due to their versatile,
tuneable properties.

The objective of this project is to develop computational design, optimization, and
fabrication tools for 3D technical textiles utilizing 3D, whole garment CNC-knitting
technology, which will allow designers and engineers to gain greater control over functional
characteristics of textiles and enable optimization of their geometric, structural and
functional performances on fiber-yarn- and fabric levels by customizing yarn materials,
knit patterns and geometric shapes.

The computational design framework is combining (a) multi-scale simulation and opti-
mization, with (b) performance-based geometric mapping and processing methods, (c)
knit programming data generation to interface with CNC knitting machines, and (d) a
range of technical textiles prototypes to illustrate the capabilities of the tools.
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Graded Textile Design: Introducing Elasticity Variations within a Sin-
gle Textile through Stitch Pattern Mapping

Quek Yu Han, Chia Pei Zhi, Tan Ying Yi, S2 DManD

Our research explores the design and manufacture of knitted textiles with graded elasticity
to influence the geometric output of tensegrity structures.

Tensegrity structures feature continuous membranes tensioned by modular compression
struts. These systems derive their geometries from a non-trivial force-form interaction
between its components (Ingber & Landau, 2012). However, the challenge comes from
creating variations in the geometry. This entails altering the stiffness/elasticity of the
textile surface to change how it is being loaded as a tensioned surface.

In this work, we propose the use of custom-designed knitted textiles as the membrane
element. We employ CNC knitting technology to introduce localised variations of stiff-
ness/elasticity by changing the textile’s internal structure. This focuses on using different
stitch patterns which have been documented to offer significant changes in a textile’s
stiffness/elasticity (Semnani, 2013).

As such, we have developed a script to map stitch patterns to designated regions of
the textile via an input image file. The script then develops this mapping to machine
instructions, which can be read directly by the knitting machine. We demonstrate this
application by knitting small-scale prototype membranes with graded elasticity, and then
evaluate the effect of the textile’s stitch architecture on the resultant geometry of the
tensegrity structure.

References
Ingber, D. E., & Landau, M. (2012). Tensegrity. Retrieved December 12, 2018, from
http://www.scholarpedia.org/article/Tensegrity
Semnani, D. (2013). Mechanical Properties of Weft Knitted Fabrics in Fully Stretched Sta-
tus along Courses Direction: Geometrical Model Aspect. Universal Journal of Mechanical
Engineering1(2), 1(2), 6267. https://doi.org/10.13189/ujme.2013.010205
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Simulation of Droplet Impingement on a Solid Surface by the Level
Set Method

Wang Qiang, S2 DManD

We used the finite element method (FEM) to simulate and understand the wetting process
on polymer surface. An axisymmetric model of the domain of interest was developed
using Comsol Multiphysics 5.3a software. Wetting behavior of a water droplet impinging
onto a polymer substrate was studied using the conservative Level Set method, because
of its ability to capture surface tension effects. The fluid flow is incompressible and
laminar. The governing equations for the fluid flow are time-dependent incompressible
Navier-Stokes equations for conservation of mass and momentum formulated. The droplet
wetting process was presented to show the droplet shape and velocity field evolution during
the spreading on polymer surface. The static water contact angle on different polymer
materials were evaluate, from predicted droplet shape. The FEM simulations showed
good correlation with the experimental results. This result highlighted the competence of
FEM to model the wetting process.
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Prototyping of Chitosan-Based Shape-Changing Structures

Sachin Sean Gupta, Dhileep Kumar J, and Kenneth Tracy, S2 ASD

In the man-made built environment, the typical means of achieving responsive changes
in the physical features of a structure is through energy-intensive actuation mechanisms
that contradicts the intended goal of energy-efficient performance. Nature offers several
alternative energy-free examples of achieving large-scale shape change through passive
actuation mechanisms, such as the intrinsic response of water-absorbing (hygroscopic)
materials to humidity fluctuations. We utilize this principle of passive actuation in the
context of chitosan biopolymer, a material demonstrating coupled mechanical strength
and hygroscopic potential that enables it to serve for both load-bearing and actuation
purposes. By inserting bio composite films of chitosan as dynamic tensile members into
a space truss, a structural system is constructed whose variable structural performance
is manipulated and expressed as a large-scale, programmable, and fast-acting shape
change. We present a method for rationalizing this responsive structural system as an
assembly using a combination of materials engineering, digital design and fabrication. As a
proof-of-concept of this materialization methodology and the passively-actuated system’s
capabilities, a two-meter-long fiber-reinforced cantilevering truss prototype was designed
and fabricated which transformed in minutes from one shape that creates shelter from
rain to another that acted as an air foil to provide increased ventilation.
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Improving Cognition of the Elderly by Design

Attila Victor Achenbach, S2 IDC

Background & Motivation

“Dementia is a syndrome in which there is deterioration in memory, thinking, behaviour
and the ability to perform everyday activities. [...] Dementia is one of the major causes of
disability and dependency among older people worldwide [and] has a physical, psychological,
social, and economical impact, not only on people with dementia, but also on their carers,
families and society at large.” (Source: WHO Fact Sheet on Dementia, 12 Dec 2017,
http://www.who.int/news-room/fact-sheets/detail/dementia)

Past behavioural and imaging studies indicated that bilingualism provides a neural and
cognitive reserve that protects against the effects of ageing. Importantly, bilinguals
showed delayed onset of dementia by an average of 4.5 years. (Source: Abutalebi et al.,
2014; Alladi et al., 2013; Bialystok, Craik & Freedman, 2007; Luk et al., 2011)

Mission Statement

Improving Cognition of the Elderly by Design (ICED) is part of a larger project, emphA
novel touch-based bilingual intervention to stave off cognitive decline in the elderly: The
Dual-language Intervention in Semantic memory - Computerised (DISC). Project DISC
is working to develop a novel, scalable, elderly-friendly, dual-language based cognitive
intervention program to delay the onset of and slow down the cognitive decline of healthy
seniors as well as seniors with dementia.

Project ICED contributes by researching, developing, and testing design guidelines for the
aforementioned type of interventions. The results of project ICED will also be applicable
for other touch-interface-based intervention programs for seniors with cognitive decline.
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Absolute Position and Orientation Estimation of a Stair Cleaning
Robot using Staircase Geometry and Minimal Onboard Sensors

Muhammad Ilyas, Vinu Sivanantham, Manojkumar Devarassu, Balakrishnan Ra-

malingam, Mohan Rajesh Elara, S2 EPD

The sTetro (stair Tetro) is a stair cleaning robot developed at RoAR Lab, SUTD, which
can climb the staircase autonomous with its shape-shifting capabilities. As this robot
is intended to traverse multi-story environment autonomously, hence its positioning/
localization information is an essential component of the overall system. Usually, the
indoor mobile robots rely on some external system for localization information, e.g. WiFi,
UWB, vision, RFID signals, or other indoor pseudo GPS-like systems. This requires the
installation of additional hardware and/or modification of the working environment for
precise positioning information of the mobile platform. As the dimensions of the staircase
are usually known a priori, this knowledge can be used to localize the sTetro robot on the
stairs. In this article, the geometry of the staircase has been exploited to estimate the
position of the robot in 3D space with measurements from the onboard time-of-flight
(ToF ) range sensors only. The heading angle of the robot is also estimated with two ToF
sensors installed in front of the sTetro robot. Results achieved by conducting experiments
on different types of the staircase with real robot prove the efficacy of the proposed
technique.
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Improving the Design Innovation Process, Methods, and Principles

Carlye Lauff, S2 IDC

Design is necessary to solve the worlds’ complex problems and grand challenges. Designers
can benefit from leveraging conceptual tools like process models, methods, and principles
to solve these challenges. Design Innovation (DI) is one process to problem solving that
integrates design thinking, business design, design engineering, and systems engineering.
The DI process emphasizes gaining empathy for users (Discover), reframing problems
into opportunities (Define), developing creative and innovative concepts (Develop), and
rapidly prototyping and testing solutions (Deliver).

As a Postdoctoral Design Research Fellow, I am tasked with finding ways to improve the
DI process, along with the methods and principles that support this process. Currently, I
am working on two projects related to this task. The first is called “Design Signatures”,
which is a stage-based map of innovation activity based on a polar coordinate system.
A Design Signature is a visual mapping of the design process for a specific project
that chronologically identifies design activities and when “leaps” and “iterations” occur.
We propose Design Signatures as a strategic tool for design practitioners, managers,
researchers, and educators. The wealth of information and actionable insights that can
be extracted from these maps reveals its enormous capacity to increase the efficacy of
design innovation.

The second project is the development of a strategic prototyping method that guides
designers to build the simplest prototype possible to answer critical assumptions or ques-
tions about their design, entitled the “Prototyping Canvas”. This tool was systematically
developed from surveying prototyping literature and distilling three key principles related
to prototyping purpose, resources, and strategy. The canvas was also inspired by two
popular business tools, the Business Model Canvas and the Lean Startup methodology.
The Prototyping Canvas acts as a roadmap to guide designers through identifying their
assumptions and questions around the desirability, feasibility, and viability of aspects
related to their opportunity or concept; then, the canvas lists all the “key ingredients”
necessary to plan for building that minimal viable prototype, including the resources,
strategies, prototyping principles, and testing plan. The Prototyping Canvas effectively
guides designers through creating a prototyping plan, and it also facilitates a common
prototyping language amongst teams.
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Prognostic Health Management: Remaining Useful Life prediction of
system based on lubricating oil degradation

Monika Tanwar, Nagarajan Raghavan, S2 EPD

System degradation under random effects evolves as a continuous time process. Lubrica-
tion oil analysis has been a health indicator of degrading systems since WWII. Advancement
of sensors and analytical methods led to development of Prognostic Health Management
(PHM) based on lube oil so that decision can be made on diagnostic and prediction ability.
Complexity in lube oil-based prediction arises with its twin role for an operating system
unlike other degradation indicators with single mission to indicate system state. Lube
oil is just not an information source for system health, it also inherits the degradation
nature similar to other components in a system. Frequent toping-up to maintain oil
quantity in system, and regular replenishments of degraded oil add complexity to system
state prediction. The inter-dependence of lube oil degradation and system degradation
generates need of an integrated methodology under PHM for system Remaining Useful
Life (RUL) prediction based on lube oil degradation. For this analytical model is being
developed using continuous time stochastic process i.e. Wiener Process for degradation
modeling and Multi-State-System approach for PHM.
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Analysis of Urban Leisure Walking Behavior by using Fitness Tracking
Applications

Ozgun Balaban, S2 ASD

Physical inactivity is one of the most critical health problems that threatens the wellbeing
of many city dwellers. Humans need physical activity, and the easiest way to incorporate it
is to have regular recreational walks. Urban environments around people should be walkable
such that this routine of leisure walking behavior can be maintained. However, to ensure
urban environments support leisure walking activity, urban planners need explicit evidence-
based knowledge on how various urban features affect leisure walking. This evidence can
be gathered by using the multiple data sources and applying new methodologies on this
data.

In this research, we looked at specific features of streets and how people used them
during their leisure walks. Features considered were greenness, road typology, land use,
transportation, etc. Visualizations about the features and effect on leisure walks will be
presented.
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Cyber Physical and Information Systems

Secure delegated quantum computing

Atul Mantri, S3 EPD

It is widely believed that quantum computers will solve important problems faster that
seems intractable today by exploiting the effects like interference and entanglement.
Over the past few years, quantum computers are being developed, built and studied in
organisations ranging from universities and national laboratories to start-ups and large
corporations such as Google, IBM, Rigetti, and Microsoft. It is very likely that large
quantum servers would take a role similar to that occupied by massive supercomputers
today. They would be available as important components in large information processing
clouds, remotely accessed by users through their home-based simple devices. While
delegating computations to remote servers have an enormous economic and practical
motivation, the privacy of the client’s data and the integrity of the computation is of the
utmost priority. How will a user with no quantum resource interact with such a quantum
computer securely? In this project, we build a protocol that shows any common user
can delegate computation to a remote quantum cloud-based service in a secure manner.
Moreover, we extend the existing scheme to multiple users who can collaborate together
for secure delegation of quantum computation.
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Neural Network Aided Detection for Non-Orthogonal CDMA with
Channel Perturbation

Guanghui Song, Yuto Ichiki, and Kui Cai, S3 Science and Math

Non-orthogonal code division multiple access (CDMA), which can support multiple users
to communicate with a common base station (BS) using the same time-frequency
resource, is shown to be a promising technology for the fifth generation (5G) of cellular
mobile communications. Due to the signal non-orthogonality, much more users can be
accommodated in the system than the conventional orthogonal CDMA schemes. At the
transmitters, all the users’ data is encoded and transmitted over the same channel and
the BS receives a superposition of these signals with Gaussian noise. A joint multi-user
detection is performed to recover all the users’ signals.

Conventional multi-user detection algorithms, such as the maximum likelihood (ML)
and belief-propagation (BP) detections, have high computation complexities. Moreover,
they are channel-specific detection schemes, which are sensitive to the channel state.
More robust detection scheme with lower complexity is demanded for a practical CDMA
system.

In this work, we propose a neural network aided multi-user detection (NNMD) scheme for
non-orthogonal CDMA. After a large quantity of data training, the neural network can
produce a perfect estimation for each user’s signal. Detection error rate simulation shows
that NNMD is more robust to channel perturbation than conventional detection schemes
and only has half of their computation complexity.

Note: This work is previously presented at The International Symposium on Infor-
mation Theory and Its Applications (ISITA), Singapore, Oct. 28-31, 2018.
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Attacker Model and Attack Detection in Cyber Physical Systems

Adepu Sridhar, S3 ISTD

A Cyber Physical System (CPS) consists of a physical process controlled by a computation
and communications infrastructure. Public utilities, such as a power grid or a water
treatment plant are CPS. The computation and communications infrastructure is also
referred to as an Industrial Control System (ICS). An attacker model is proposed for CPS.
The attack models derived from the attacker model are used to generate parameterized
attack procedures and functions that target a specific CPS. The proposed models capture
both physical and cyber attacks and unify a number of existing attack models into a
common framework useful for researchers in the experimental assessment of attack
detection techniques. The generality of the models is shown by mapping a broad variety
of existing attack models to the models proposed here, as well as generating attacks that
are not found in the CPS design literature. The models have been used extensively in
understanding the impact of cyber attacks on a water treatment system and in the design
and assessment of detection mechanisms.

The rise in attempted and successful attacks on critical infrastructure, such as power grid
and water treatment plants, has led to an urgent need for the creation and adoption of
methods for detecting such attacks often launched either by insiders or state actors. This
work focuses on one such method that aims at the detection of attacks that compromise
one or more actuators and sensors in a plant either through successful intrusion in the
plant?s communication network or directly through the plant computers. The method,
labelled as Distributed Attack Detection (DAD), detects attacks in real-time by identifying
anomalies in the behavior of the physical process in the plant. Anomalies are identified
by using monitors that are implementations of invariants derived from the plant design.
Each invariant must hold either throughout the plant operation, or when the plant is in
a given state. The effectiveness of DAD was assessed experimentally on an operational
water treatment plant named SWaT that is a near-replica of commercially available large
treatment plants. The method used in DAD was found to be effective in detecting stealthy
and coordinated attacks.

A hackfest named SWaT Security Showdown (S3) has been organized consecutively for
two years. In S3 independent attack teams (industry, academia) design and launch attacks
on SWaT while defence teams (industry, academia) protect the plant passively and raise
alarms upon attack detection. Attack teams are scored according to how successful
they are in performing attacks based on specific intents while the defense teams are
scored based on the effectiveness of their methods to detect the attacks. In the first
two instances of S3 Distributed Attack Detection (DAD) was exposed to independent
attackers. It was found that DAD was effective in detecting attacks in the S3 events.
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NoisePrint: Attack Detection Using Sensor and Process Noise Fin-
gerprint in Cyber Physical Systems

Chuadhry Mujeeb Ahmed, S3 ISTD

An attack detection scheme is proposed to detect data integrity attacks on sensors in
Cyber-Physical Systems (CPSs). A combined fingerprint for sensor and process noise
is created during the normal operation of the system. Under sensor spoofing attack,
noise pattern deviates from the fingerprinted pattern enabling the proposed scheme to
detect attacks. To extract the noise (difference between expected and observed value) a
representative model of the system is derived. A Kalman filter is used for the purpose
of state estimation. By subtracting the state estimates from the real system states,
a residual vector is obtained. It is shown that in steady state the residual vector is a
function of process and sensor noise. A set of time domain and frequency domain features
is extracted from the residual vector. Feature set is provided to a machine learning
algorithm to identify the sensor and process. Experiments are performed on two testbeds,
a real-world water treatment (SWaT) facility and a water distribution (WADI) testbed. A
class of zero-alarm attacks, designed for statistical detectors on SWaT are detected by
the proposed scheme. It is shown that a multitude of sensors can be uniquely identified
with accuracy higher than 90% based on the noise fingerprint.
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Adversarial Sample Detection for Deep Neural Network through Model
Mutation Testing

Jingyi Wang, S3 ISTD

Deep neural networks (DNN) have been shown to be useful in a wide range of applications.
However, they are also known to be vulnerable to adversarial samples. By transforming a
normal sample with some carefully crafted human non-perceptible perturbations, even
highly accurate DNN makes wrong decisions. Multiple defense mechanisms have been
proposed which aim to hinder the generation of such adversarial samples. However,
a recent work show that most of them are ineffective. In this work, we propose an
alternative approach to detect adversarial samples at runtime. Our main observation
is that adversarial samples are much more sensitive than normal samples if we impose
random mutations on the DNN. We thus first propose a measure of ‘sensitivity’ and show
empirically that normal samples and adversarial samples have distinguishable sensitivity.
We then integrate statistical hypothesis testing and model mutation to check whether an
input sample is likely to be normal or adversarial at runtime by measuring its sensitivity.
We evaluated our approach on the MNIST and CIFAR10 dataset. The results show that
our approach detects adversarial samples generated by state-of-art attacking methods
efficiently and accurately.
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Incentive Analysis of Blockchain Protocols

Daniël Reijsbergen, Stefanos Leonardos, and Georgios Piliouras, S3 iTrust

Blockchain technology provides a secure, yet transparent way for parties that do not
necessarily trust each other to maintain a shared database. It is promising for a range of
applications (e.g., financial, IoT) - however, there are obstacles that prevent its broad
adoption. One is the large energy consumption of the major platforms. For example,
the worldwide Bitcoin network consumes roughly as much electricity as all of Singapore
put together, yet allows for only about 3 transactions per second. Most of this energy
is consumed by the miners who compete for the right to add data to the blockchain by
expending computational power. If successful, they are rewarded using the blockchain’s
native currency (e.g., bitcoin). For a blockchain protocol to be secure, it is important
that the rewards incentivise the miners to follow the rules.

Ethereum, the world’s second-largest blockchain platform, also uses mining and consumes
about 25% of the energy use of Bitcoin. Unlike Bitcoin, Ethereum has the ambition to
reduce its energy footprint by moving away from mining through a new protocol called
Casper. Casper is expected to decimate Ethereum’s energy consumption, cutting it by
99%.1 In our work, we have evaluated the security of Casper’s novel reward mechanism
using simulation and game-theoretic analysis. We use the PRESTO framework, which
stands for persistence, robustness, efficiency, stability, and optimality. Our research shows
that Casper offers major advantages not only in terms of its energy efficiency, but also its
resilience to serious attacks (robustness) and its ability to recover (persistence). This
research was done as part of the NRF-sponsored BLOCKTEST project, and is joint work
with the Ethereum Foundation.

1https://spectrum.ieee.org/computing/networks/ethereum-plans-to-cut-its-absurd-energy-
consumption-by-99-percent
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Exploiting Partial Correlations in Distributionally Robust Optimiza-
tion

Divya Padmanabhan, S3 ESD

Distributionally robust optimization (DRO) looks at solving optimization problems when
there is uncertainty in the objective or constraints. The probability densities of the
underlying random variables are not known fully whereas some partial information is
available. In this work we consider distributionally robust mixed integer linear programs
where the uncertainty lies in the objective co-efficients and the means and covariances
of the uncertain quantities are known. However under complete covariance matrix
constraints, solving for the worst-case expected objective value is known to be hard. We
study the scenario where the means and partial covariance matrix entries restricted to
blockdiagonal patterns are only known. We develop exact semi-definite formulations
and identify polynomial time solvable instances in applications such as (1) Appointment
Scheduling (2) Project Evaluation and Review Technique (PERT) networks (3) Linear
assignment problems. To the best of our knowledge, this is the first example of a
distributionally robust optimization formulation for appointment scheduling that permits
a tight polynomial-time solvable semidefinite programming reformulation which explicitly
captures partially known correlation information between uncertain processing times of
the jobs to be scheduled.
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Mixed Reality in Critical Cyber-Physical Systems

Siddhant Shrivastava, S3 iTrust

VVateR is a virtual 3-dimensional world for visualizing Cyber-Physical Systems such as a
Water Treatment and Distribution plant. It can also visualize the possible attacks and
defence measures for such a plant. We have developed a Virtual Reality application for
our Secure Water Treatment (SWaT) facility. It is accessed by wearing an Oculus Rift
headset where the user/gamer can move about and interact with the plant in the virtual
space. It is also connected to the real physical plant in real-time thereby making the plant
operable remotely. This allows us to do a lot of things that are infeasible in a physical
testbed scenario, such as

– Visualising dangerous scenarios such as floods, explosions that are possible conse-
quences of Cyber-Physical attacks.

– Being telepresent and teleoperating the plant remotely from anywhere in the world.

– Attacking the real plant and visualising the path of attacks which is helpful during
incident analysis.

– Visualising the defense mechanism that kicks in when attacks are detected.

– Redesigning and evaluating the architecture of future plants for better security by
design.

– Training Plant Operators before accessing the real plant through gamified challenges.

The demonstrations illustrate these scenarios and prove the effectiveness of mixed reality
technology in Industrial Control Systems. It makes for a lively demonstration and has
been already presented to and commended by the President of Chile, Singapore Ministry
of Defence, and the US Navy Head of Research. Here’s a demo video link if this abstract
piques your curiosity.
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Automated Directed Fairness Testing

Sakshi Udeshi, S3 ISTD

Fairness is a critical trait in decision making. As machine-learning models are increasingly
being used in sensitive application domains (e.g. education and employment) for decision
making, it is crucial that the decisions computed by such models are free of unintended
bias. But how can we automatically validate the fairness of arbitrary machine-learning
models? For a given machine-learning model and a set of sensitive input parameters, our
AEQUITAS approach automatically discovers discriminatory inputs that highlight fairness
violation. At the core of AEQUITAS are three novel strategies to employ probabilistic
search over the input space with the objective of uncovering fairness violation. Our
AEQUITAS approach leverages inherent robustness property in common machine-learning
models to design and implement scalable test generation methodologies. An appealing
feature of our generated test inputs is that they can be systematically added to the
training set of the underlying model and improve its fairness. To this end, we design
a fully automated module that guarantees to improve the fairness of the underlying
model. We implemented AEQUITAS and we have evaluated it on six stateof-the-art
classifiers, including a classifier that was designed with fairness constraints. We show
that AEQUITAS efectively generates inputs to uncover fairness violation in all the subject
classifiers and systematically improves the fairness of the respective models using the
generated test inputs. In our evaluation, AEQUITAS generates up to 70% discriminatory
inputs (w.r.t. the total number of inputs generated) and leverages these inputs to improve
the fairness up to 94%.
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River flow history in the Asian Monsoon region

Nguyen Tan Thai Hung, Sean Turner, and Stefano Galelli, S3 ESD

Streamflow reconstruction is the studies of rivers in the distant past. These studies have
improved hydrologic understanding in many places of the world. Yet, few such studies
have been conducted in Asia. The region’s large population, its many trans-boundary
basins, and its heavy reliance on water resources call for better understanding of long-term
and large-scale hydrologic variability. Here, we produce the first large-scale streamflow
reconstruction throughout the Asian Monsoon region using a novel linear dynamical
systems approach combined with climate information. Results detail four centuries of
streamflow variability. We find that many rivers went through a history of regime shifts
with prolonged droughts exceeding the lengths of those found in instrumental records.
We complement this gauge-based reconstruction by applying the same methodology to
the outputs of a global hydrological model (FLO1K). This gridded reconstruction enables
spatial analyses that are otherwise difficult with the limited gauge network and reveals
several regional variation patterns. Furthermore, the comparable skills between the two
reconstructions suggest that the gridded reconstruction can be an indicator of potential
skills for future reconstruction works. This result also indicates whether streamflow at
any grid point is strongly influenced by the monsoon. This work thus may serve to guide
future reconstruction efforts. Overall, the findings presented advance understanding of
regional hydrologic variability and can help improve water resource management practice
in many countries.
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Coupling Hydrologic and Network Constrained Unit Commitment
Models to Understand the Water-Energy Nexus in Laos

AFM Kamal Chowdhury, Thanh Duc Dang, and Stefano Galelli, S3 ESD

Laos, with the aim to become the “Battery of Asia”, has been rapidly expanding its
hydropower system by installing dozens of dams in the Mekong River basin to gain
revenue from export of excess energy to the neighboring countries (e.g., Thailand, China,
Vietnam, and Cambodia). While this expansion is controversial for its potential impacts
on the ecosystem and livelihood around the river, the optimal operation of the installed
hydropower system is also challenged by multiple, interconnected factors. The available
hydropower generally varies with the monsoon-driven streamflow availability, while the
actual hydropower production depends on the national (and regional) energy demand, the
generationconstraints of thermopower plants, and the power transmission facilities. As the
water availability and energy demand fluctuate, the system is thus subject to an alternating
risk of shortfall and oversupply (or curtailment). To understand how these factors affect
energy security in Laos, we developed a Network Constrained Unit Commitment (NCUC)
model and coupled it with the VIC hydrologic model. The NCUC model includes 32
hydropower plants, a coal-based thermopower plant, and the high-voltage transmission
network-namely all power supply and transmission infrastructures built and operated by
the year 2016. The main input to the NCUC model is the available hydropower, which is
estimated by VIC on the basis of the main hydrologic processes occurring within the basin.
The NCUC model schedules the hourly energy production of each dam and thermopower
plant so as to satisfy the national demand (and exports) at a minimum cost, while
considering the ramping and start-up constraints of the thermopower plant as well as
the constraints characterizing the power transmission facilities. The model satisfactorily
reproduces the 2016 energy production data, and it can be used to examine how different
operating approaches, generation and demand scenarios, and drought episodes may affect
energy security within the region.
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Useful Information

Flash Talks will be held at the Lecture Theatre 2 (1.203). It can be accessed from the
second or third floors of building 1.

Posters and refreshments will be placed in the Sparks staff lounge and in Think Tanks
7 and 8 respectively. This whole area will be opened in the event day so that anyone can
just walk around the posters while enjoying a coffee and some cakes. This area is situated
only 1 level above the Lecture Theatre where the flash talks will be carried.

56



Partner Institutions and Sponsors

The Research Fest is graciously sponsored by a number of partners. The SUTD-MIT
International Design Centre (IDC) is sponsoring a first prize, for the overall best project.
Entrepreneur First (EF) sponsors a second prize. Engineering Product Development

(EPD) and Architecture and Sustainable Design (ASD) fund respectively prizes for best
poster and best flash talk. Humananities, Arts and Social Sciences (HASS) finances a
special category communication award, and the Science and Math Cluster sponsors a

number of runner-up prizes. Additionally, OTEM will be covering costs for the food and
refreshments, and Office of Research (OR) will print the posters for all participants that

request it.

Sponsors

SUTD-MIT
INTERNATIONAL
DESIGN
CENTRE (IDC)

Undertake the impossible, Design the unexpected
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