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Dr Hwee Kuan Lee has 15 years 
experience in the use of Machine 
Learning and Artificial Intelligence 
for the improvement of healthcare. 
His laboratory develops AI 
diagnostics for oncology, 
cardiology, dermatology and 
hematology. His laboratory also 
uses AI for agriculture technology. 

Dr. Lit-Hsin Loo’s background is in 
computational pharmacology and 
toxicology. His research group 
develops high-throughput imaging-
based phenotypic profiling methods 
and software tools to identify 
markers and build computational 
models that are predictive of the 
therapeutic or adverse effects of 
drugs or chemicals.

Dr. Weimiao Yu is an image
processing and AI/ML expert in
computational digital pathology. His
research outcomes were published
in top international peer-reviewed
journals, such as Nature Cell
Biology, Nature Communication,
Breast Cancer Research and
Current Biology.



Dr Bhanu Prakash has 18 years experience in 
the use of AI/ML for healthcare data analytics.
His group develops novel clinical data analysis
algorithms to extract meaningful information
which enables detection, characterization, and
quantification of clinically significant information.
Focus areas are - Neuroimaging data analytics,
Metabolism studies, and Cardiology.

Using modelling and bioimaging to
study biophysical problems arising in biology and
medicine, such as cell migration which occurs in
wound healing or cancer metastasis, as well as
applications to cultured meat and pose and
behavioural tracking in animals.
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Development of AI research for:

• Digital Pathology and oncology
• Cardiovascular diseases
• Protein structures and drug discovery
• Agriculture technology
• others



Single Cell In Situ Spatial Omics (SCISSOR)

Study cancer in collaboration with Shyam Prabhakar LAB
(Genome Institute of Singapore).

RNA/DNA expression and location detection
(Spatial Omics techniques: MERFISH)

Immuno-
therapy

Liquid 
biopsy

Diagnostic 
mutations

Tissue 
structure

Application
1. BANKSY: Discovering tissue structures in Spatial Omics data.

Singhal, Chou et al. (2022), bioRxiv 2022.04.14.488259

2.RNA merFISH allows detection of specific spatial niches in epithelial 
cells.

RNA merFISH 
on CRC tissue 

Colorectal Cancer
(CRC) tissue - H&E

UMAP of cells in 
merFISH runs

-Epithelial markers: FN1 
MKI67 MUC2 SLC2A1
-Fibroblast markers: 
COL3A1
-Myeloid markers: CD14

Digital Pathology

Suspicious regions 
map

Tum
or purity

TCGA LUAD cohort

Automated Prostate Cancer Grading

Automated Spatial Tumor Purity Maps

Intra-tumor Heterogeneity Quantification
Digital histopathology 

slide
Tumor Purity Map

Digital histopathology 
slide

Digital 
histopathology 

slide

Multi-task and 
Multi-Instance 

Learning Model

Multi-Instance 
Learning Model

Deep 
Learning 

Model

Bag of Patches

Predictions:--
1. EGFR Mutation  Status,
2. Relapse Risk,
3. Tumor Purity,
4. Tumor Mutation Burden,
5. …

Oner et al. Patterns 3 
(12),100642 (2022).

Oner et al. Patterns 3 
(2),100399 (2022).

Lin Li

Malay Singh, Tianyi



Catheter X-ray guided Angiography
Coronary angiogram is the gold standard technique to visualise
coronary arteries of the heart. It is performed to detect blood vessel
narrowing (stenosis), found in coronary artery diseases.

Angiography video

Insert catheter,
Inject contrast dye

Video 
Sequence

Deep 
Learning

Severe 
stenosis

Detect 
Stenosis

Results:
True LabelsOriginal Prediction

Labelled Stenosis
Labelled Artery

Predicted Stenosis
Predicted Artery

We aim to explore AI 
approaches for 
stenosis detection 
with X-ray 
angiography video 
sequences.

CellFACE – Imaging-based flow cytometry for 
hidden hematology biomarker 

Objective: Developing a point-of-care compatible label-free imaging
flow cytometer with analysis software, to characterize and quantify
blood cell aggregate biomarkers for diagnosis of fever.

2) to discover unique morphological characteristics of white blood 
cells from phase distributions.

Patient 
blood 

sample

Imaging 
flow 

cytometry

1) to detect different types of blood cell aggregations

Adapted from Ugele et al, Adv. Sci., 2018

Our goal at current stage:

Liu Wei
Tiana, Liu Wei



eXplainable AI (XAI) to understand the 
mechanisms of adversarial 

perturbations

Automated analysis of plant seed germination 
using mobile images

Adversarial perturbations are an unresolved security issue of 
all AI models, which limits their trustworthiness and robustness 

in critical settings
Frameworks have been developed to diagnose the vulnerable 

components of a CNN model, that can teach us how to fix them

Many insights on the future 
growth of a plant can be learned 

just by observing its initial 
germination stage

A software is being developed 
to track and measure the growth 
of a plant using pictures from a 

mobile phone

Davide Davide



Spatial-temporal Renormalisation Group Approach 
for AI driven molecular/spin dynamics

Large time step molecular dynamics simulations 
cause fatal numerical instabilities. AI enhanced 
molecular dynamics can speed up simulations by > 
10x 

With local update steps using neural networks, 
inference from trained models at different thermodynamics microstate 

Radial distribution function Divergence on  the two trajectories  

A spatial temporal renormalization approach as local multibody interactions

n=128, Gas-liquid phase n=64, Gas phase

Off-lattice Lennard-Jones fluid
On-lattice classical Heisenberg

10x speed up at the same simulation accuracy

Deep Learning approach to Spin Dynamics

The Heisenberg equations of motion dynamical system can be solved by using 
symplectic algorithm which have the limitations of requiring the integration 
time step. 

using large time step 𝜏 = 10!"

using short time step 𝜏 = 10!#

Error correction term
as our deep learning output

Dynamic properties : Spin-spin correlations  

MD
ML

Sojeong, Liu Wei



AI driven national Platform for CT cOronary 
angiography 

for clinicaL and industriaL applicatiOns Malay Singh
Nicholas
Eddy
Augustine
Mary



AI driven national Platform for CT cOronary angiography for clinicaL and industriaL 
applicatiOns (APOLLO)

• Cardiovascular disease – the World’s 
No.1 Killer

• CT report generation requires 3 – 6 
hours of a CT specialist’s time

• No effective toolkit to analyze and 
predict the disease progress

National platform to 
support clinical and 
industrial applications
One-stop-shop for 
comprehensive CAD 
assessment and 
personalized treatment

Large, shareable, de-identified, 
PDPA-compliant, curated digital 
warehouse of real world CT data
5,000 multi-ethnic Asian subjects 
(~3 mil images)

5-in-1 AI toolkits for 
automated post-
processing



Current Recruitment Status
● Total target = 5,000 patients

● Currently achieved: 4,530 patients (90%)

Clinicaltrial.org NCT05509010



Coronary Artery Disease

https://www.thekeyholeheartclinic.com/blog/coronary-artery-disease-causes-treatments-and-prevention-methods/

Calcified or 
non-calcified 
plaque

• Calcium scoring
• Epicardial Adipose tissue
• Stenosis
• Plaque analysis



Calcium EAT

Stenosis Plaque AI Report

Graphical User Interface of APOLLO

Malay Singh
Augustine



APOLLO : AI Killer Apps - AI Calcium Score and AI Epicardial Adipose Tissue
AI Calcium Score AI Epicardial Adipose Tissue (EAT)

Modified ResNets model automatically derives the coronary
artery calcium (CAC) score from non-contrast CT scan

3D UNet model automatically segments the EAT and quantify
the EAT volume from non-contrast CT scan

PredictedLabelled

CT Image Human-labelled mask AI-predicted mask

Scoring in National Heart Centre Singapore
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AI Model Performance

Current Challenges:
Highly unbalanced dataset for calcium deposits in different 
arteries

Current Challenges:
AI EAT Segmentation at
the apex of the heart is
poorer due to poor tissue
contrast
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Eddy Nicholas



APOLLO : AI Killer Apps - AI Centerline & Lumen, AI Stenosis and AI 
Plaque

● Plaque in the arteries is a fatty, waxy or calcified substance 
that deposits in the artery wall, causing stenosis (narrowing) 
of the artery

● AI centerline and lumen traces and segments the coronary 
arteries in 3D – prerequisite for coronary stenosis and plaque 
assessment. 

● A multi-task AI model is applied to achieve stenosis and 
plaque type classification simultaneously.

AI Centerline & Lumen AI Stenosis and AI Plaque

Centerline and Lumen 
Segmentation

94.96% centerlines are within 1mm 
from ground truth; 96.52% within 
2mm.

Stenosis significance 
classification

accuracy = 0.84, 0.79, 0.84 
(at lesion, vessel, patient level)

Plaque type classification accuracy = 0.81 (lesion level)

AI Models’ Performance



APOLLO Media Releases



Challenges in the APOLLO project

● Highly unbalanced data for different coronary arteries (main branch of left 
artery has little calcium deposit)

● Low tissue contrast between apex of heart and background in CT scans

● Inter-rater variability for stenosis, plaque type and EAT
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