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Cellular Image Informatics Division

Computer Vision and Pattern Discovery
Lee Hwee Kuan

Complex Cellular Phenotype Analysis
Loo Lit Hsin

Boiphysical Modeling
Chiam Keng Hwee

Computational Digital Pathology
Yu Weimiao
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Computer Vision and Pattern Discovery
Lee Hwee Kuan

PhD students RA & SGUnited Trainees

Mustafa Umit Oner Mahsa Paknezhad Lin Li

Park Sojeong Mohammad Alfatah Achal Rayakar

Brian K Chen Nicholas Cheong Ng Mei Ying

Isaac Cheong Jiasheng Liu Wei Rengarajan Hamsawardhini
Davide Coppola Eddy Tan Wei Ping Robin Ramdin

Kenta Shiina
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w* Scope of the lab

Synergies Digital Pathology Al driven protein Machine Learning for
within the i e, S Patm structure simulations Infectious diseases
institute Lab in BII) (with Biomolecular Structure to (with Biomolecular sequence to

function) function)

Translational

clinical Cardiology Dermatology Oncology Agritech
research

Applied Biomedical Al technology development (TRL3)

Basic research makes
— good applications

. Biomedical inspired basic research in Al (TRL2)
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w* Scope of the lab

Synergies Digital Pathology Al driven protein Machine Learning for
within the i e, S Patm structure simulations Infectious diseases
institute Lab in BII) (with Biomolecular Structure to (with Biomolecular sequence to

function) function)

Translational

clinical Cardiology Dermatology Oncology Agritech
research

Real world problems
— inspire basic research

Applied Biomedical Al technology development (TRL3)
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wf« Synergies with external parties

Co-supervision of PhD students

® % &

: NUS
s~ TanTock Seng Pathology U o
’ H.O SPITAL - Prostate cancer g?';liagzlpl;?évemty
National Healthcare Group
Singapore Pathology / Radiolo N US
ﬁ General Hospital L 9y 9y _ 7
SingHealth - ung cancer National University
. . of Singapore
- Interventional Radiology
Cardiology g
National Heart : T g NANYANG
(b Cenltre Singapore - X-ray Coronary Angiography o mm N U H A< E,El?\l,'IENR%Iﬁg ICAL
SingHealth - CT Coronary Angiography ‘“' Natonal Universty »)9 SINGAPORE

- Heart electric signal disorder

' NATIONAL Dermatology % CHOSUN
E%VTRE - Photoacoutics imaging 1 UNIVERSITY

National Cancer ~ Oncology

@ C,E”"el ii“gapore - Radiotherapy of

vinghiealt Nasopharyngeal
- Chemotherapy assessment
- Lung cancer

NUS

National University
of Singapore
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wf« Synergies within A*STAR

&
&

A
2 ” _ : . A
5 Ta.n TOCk Seng PathOIOgy w 3 Sfe's‘;f;‘:;z::ltllte Spatlal Om ICS r" (();fegiz:‘r;:pl:::itute
} _1OSPITAL” . rostate cancer 2 SCISSOR =
. Institute of
Singapore Pathology / Radiolo Molecular and d Genome Institute
% General Hospital - Lung C%?r:cer gy Cell Biology of Singapore
SingHeafth A . IMCB
o - Interventional Radiology
g A A
- Q’ : National Heart Cardiology <] " )
LZD gﬁ:l—t:ltimgapore ) X_ray Coronary Angleraphy Nanopore t Gen?me Institute
O - CT Coronary Apglog rgphy e Institute for seq uencing i
ft-' ——— N U H - Heart electric signal disorder  computing Infocomm Ressarch Gis
% -“- Ho tpt "R IHPC 1R
i
-3 : wrona, | D€rmatology % Sirsavore Deep Learning x
§ SKIN - Photoacoustic imaging Consortium Lifelong learning w
(@) CENTRE SBIC
(04 Institute for
0 Infocomn'l_Research
9 Oncology p
= National Cancer Radiotherapy of Institute of
= @ Centre Singapore N h Py | Y Molecular and 4
uj SingHealth asopharyngea Coll Bloiogy De novo Genome 7 |
8 g - Chemotherapy assessment iee ol w SR
- Lung cancer assembly Gis




w* Scope of the lab

Synergies Digital Pathology Al driven protein Machine Learning for
within the i e, S Patm structure simulations Infectious diseases
institute Lab in BII) (with Biomolecular Structure to (with Biomolecular sequence to

function) function)

Translational

clinical Cardiology Dermatology Oncology Agritech
research

Applied Biomedical Al technology development (TRL3)

Basic research makes
— good applications

. Biomedical inspired basic research in Al (TRL2)
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w* Theoretical Deep Learning

Distribution Regression

National Uni
= =</ of Singapore

Capture the relationship between distributions of two
phenomena

e.g. how does the distribution of stock prices today
affect the distribution of stock prices next week

How does the frequency of drinking of an individual
affects the probability of her/him getting a fatty liver in
the next 10 years time
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w* Theoretical Deep Learning

Distribution Reg ression Analysis of huge histopathology slides — linking
genomics to images, cancer grading etc

25 l I
— —
= ucc ucc2
S Nen l K-means
I input clustering
TLE.:J_;. | > ) ‘mage Construct mask
|- | ¥ K 1 5 B x 7 segmentation
: || : Genome Institute — = mask
i ,_ II!_I.-'-:__ w of Singapore EE SE]S E—
. ' kme’rc::sfcses normall

TNUS

National Universty  OTET €t al. Weakly supervised clustering by exploiting
of Singapore unique class count. ICLR, 2020.

Capture the relationShip between diStributionS Of two el Distribution classifier
phenomena = o

¥
3
@

Aggregate the
softmax layers to
build marginal
distributions of P
softmax probabilities | {1

e.g. how does the distribution of stock prices today
affect the distribution of stock prices next week =

&S00 &"'1.!69 | @988
| +
gle @

*
¥
[ ]

-

How does the frequency of drinking of an individual _ . .

. : . i . Kou et al, Enhancing Transformation-based defenses against
affects the prObab"_lty of her/him getting a fatty liver in adversarial attacks with a distribution classifier, ICLR, 2020
the next 10 years time
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A

w< Theoretical Deep Learning

Al driven Molecular dynamics with
Biomolecular Structure to function

Predicting magnetization on a N o
Study of phase transitions  division

lattice: 10x faster

&
&

a

G G G+C € G G clock6
0 .o
s E | — m‘i:% .‘.'I. -I' : : ..:‘:-.Slx\'a\'n WA M Od If.l ed H N N
. . ordered Wil £ architecture
GG GG G - s Label
. SN PN — _>‘_>‘ g . £ 1w
< S E L=32
l Cy :/ | 1 - gm‘ ! t::g
{0 ‘ S - j = (i [50) (e o)
" Il C, = 120 channels i L L=64
5 b C, = 960 dense nodes d isordered i : ‘_.‘_.'.'- L=64 \1 /—’_J
O —> Conv 3x3x3, Relu > Concat l Max pool 2x2x2 T Upsampling 2x2x2 AT I“;“" ""“: uH :"'."".' ! ! ! *'“': Learning ObjeCtiVE: @
% —> Fullyconnected ~ —> Reshape  —> Conv 1x1x1,sigmoid o Rs e gy e M Prediction (from one large time step)
Z
- | | ) | | | £(60) = 13() - (@) I + (@) - p(@) I
z Park et al. Accelerated spin dynamics Shiina et al, Machine Learning studies on ~
u{ using deep Iearnlng corrections. Sci Rep’ spin models, Sci Rep, 2020 Label (from n number of small time steps)
I 2020
= ' . -
3 2949 downloads in 2020 Prediction
O
(84
o oy |I* . lloHe . .|I°
] g ;
- L;mm(m—‘a—P— ﬂ_q+p
% TOKYO METROPOLITAN UNIVERSITY ™. "
o -é- %IS j( 22 ﬁ —'-,? = ] CHOSUN Label
< 1 73> =1 UNIVERSITY




w* Scope of the lab

Synergies Digital Pathology Al driven protein Machine Learning for
within the i e, S Patm structure simulations Infectious diseases
institute Lab in BII) (with Biomolecular Structure to (with Biomolecular sequence to

function) function)

Translational

clinical Cardiology Dermatology Oncology Agritech
research

Real world problems
— inspire basic research

Applied Biomedical Al technology development (TRL3)
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Medical Al applications

Analysis of heart electric circuits - Tachycardial

LAT Plot
' 0.4 Augmentation

E EG.M |
® '

Optional

Classification of EGM ~ oo tormal

Model flow of voltage in the 4% Unclassified

heart National Heart

Identify the correct treatment (b Centre Singapore
SingHealth

Analysis of 3D Optoacoustic Mesoscopic (RSOM)
Images for the Classification of Atopic Dermatitis

(A D) - Singapore
’ NATIONAL 1 Biocimaging
> o SKIN Consortium

97% Healthy VS . R ” CENTRE SEIC

Diseasgs ™

Severe

Atopic Dermatitis
Park et al. Model Learning

Analysis of 3D Optoacoustic
Mesoscopic Images for the
Classification of Atopic
Dermatitis, Biomedical Optics
Express, 2021

| 500 pm

Soring calcium deposit in coronary arteries

Using Deep Learning to
detect and score calcium
deposits in gated 3D CT
images.

Scoring includes
classification of calcium in
different arteries
La ted NANYANG National Heart
< | TECHNOLOGICAL (b Centre Singapore
UNIVERSITY
SINGAPORE

SingHealth

Genome Institute
of Singapore

Pan Cancer Tumor Purity NUS ﬂ
A*STAR

Spearman’s correlation coefficients

Breast|Brain (GBM)|Brain (LGG)|Lung A.| Lung S. | Ovarian | Prostate [ Uterine

0.655| 0.572 0.418 | 0.515 | 0.467 | 0.581 | 0.424 | 0.579
Histology ,, -Correlation:0.655
Deep based_ 3
Learning tumor purity °g |
Prediction 2 |
— Compares §| .~

enomicYto genomics ,,|.~~ Breast Cancer
AGGCAGTACC..™™> J o Breast cant

1.0

pury | purty *igtology




X-ray Fluoroscopy Coronary Angiography

Treatments

« Angioplasty
 Medication
« others
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w‘i X-ray Fluoroscopy Coronary Angiography

Treatments

« Angioplasty
 Medication
« others

& % O

e Al training is supported by big data, over

Trained Al for 110,000 videos
Current practice of assessment and e We achieved
manual reporting of angiograms . 81% classification accuracy

annotations are on stenosis severity

« 89% F1 score for vessel

. Laborious :
segmentation

« Proneto
errors
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CREATING GROWTH,

wfq

Other
views not
shown due
to space
limitations

Left Anterior Oblique vi

Right Anterior Oblique view

Input: Video sequences
from 11 view angles for
each patient

X-ray Fluoroscopy Coronary Angiography

Al choose the part of the video
showing vessels filled with dye

=g
S E

Residual ConvNet classifier

——— 27 Key frame
<4 Non-key frame

ew

-

Outline the vessels on selected
part of the video

-:>-
1 =

-

U-shaped ConvNet for
vessel outlining

Multiview measure of vessel narrowing

—

R-CNN Neural Net
for stenosis location
and scoring

Other views
not shown
due to space
limitations

Left view

— /0%

. stenosis
score
predictio
n for this
patient

Right view

Output: Multi-view reporting
with stenosis boxed and
guantified for rapid clinician
decision



. Using Deep Learning to Assist & e
) w 1'7 Tag;Fggygeng Pathologists in Prostate @ s BEINUS

National University
]
e Cancer Grading

GIS

of Singapore
* Increased incidence rates of prostate cancer [1] = Increased workload < Inter-observer and intra-observer variability
+ Analysis of 1000s of glands per case - Tedious and time consuming <+ Decreasing number of pathologists [3]

¢
: ' 4% =
6 to 12 needle Hundreds of prostate glands Diagnosis
core biopsy [2] ~ Per core and the total number Pathologist evaluates
Is about 2000 glands per case histological slides

Gland Detection and
Classification

.7.:‘ \ Trained Deep /
Learning
/ Model \

Gland Detection Recall

92.2 %

Benign vs Malignant
Gland Classification
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All possible patches. Trained deep learning ACCUV%CY
are tested one-by-  Input model detects glands Output 86.3 %
one in a sliding Cgoaﬂgﬁd and analyzes each predicted

window fashion detected gland mask



Robotic Biopsy with NDR Medical Pte Ltd

A

Bll's Al technologies translated into NDR

NUOIR

MZEDICAL T=ECHNOLOGY

& % O

This is the

» Lung nodules localisation and classification ;
¢ Compute safest and most effective entry point of 7
biopsy needles
< Computational methods for accurate control of
the robot parts
NDR is a high potential startup who have won many awards

Detected lung nodul

Additional values to NDR

« Guiding and consulting NDR engineers for
- Making seamless Al-robot interface
> Solving mathematical problems in robot controls, e.g.
use of quaterions in robot rotations
+ Developing talents in NDR through BIl's guidance

1st for Medtech innovator 2019
1st “Win the future” 2019

2nd Hello Tomorrow 2018

2nd Slingshot 2018
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Lee Hwee Kuan
National Heart
Qb Centre Singapore

k ° SingHealth W
eKO.dl ..

CLINIC

//
1 %, University Medical Center Groningen
SZ.dl el =

Data:

¢ Exclusive Imaging Access 3.5 million images with
full patient consents from 12 countries

¢* Hand annotated images + matching MRIs +
clinical data + patient outcomes

Applications:

«¢* Automation to increase cost efficiency of all hospital
echo labs

«* Discovery by unlocking echo databases of raw
unstructured images

¢* Companion diagnostic & prognostic tool for specific
disease states

Digital health: Better Ultrasound for the future

MAYO BT BRIGHAM AND ’
(v} WOMEN'S HOSPITAL B se -t

MacKay Memorial Hospital

Top prize Slingshot 2019, GRAND WINNER "
MedTech Innovation Award ' 2 o .
2 O 1 9, AN INITIATIVE \ S

Winner of Hello Tomorrow
Feb2020,

) X
| LLABL a‘”’\N WITH
\ |\

Enterp @ (s - e

ingap

Awarded US Patent,
Contract with Janssen for
hypertension studies
Contract with AstraZeneca
for heart failure studies

A

K Bioinformatics Institute for Institute of
Institute Infocomm Research High Performance
- Computing
Bl IR

Bll: View classification, *chamber segmentation and measurements
I2R: *Active contour segmentation

IHPC: M-mode, doppler analysis

*segmentation is a big task, combine effort of I12R & BII



w* Grow more with less with Archisen Pte Ltdo ARCHISEN

We built a regression model for predicting and optimizing grow
conditions for Kale and Lettuce plants. Producing highest yield at a
lower cost and at a short growing time.

Our regression

it e I </ model is insidle [JiI [l R8 ] currenty
Ll - here e L I pending more
Z ] ! Jan e funding from the
:Zi ? 3 — Adime B Singapore Food
z al aA—ll Agency to do
z -~ = more plant

G i species

W 2
| 4.~
|2

Ve

¥ ilt:f ' ¥ ®=" (eal-timeinformation

"l @8 ok to improve crap yield
!ft_.-' i’ﬁs’&ﬂ

o _

Farmers use sensors to monitor = \g
K i*“u,e' ’
Bk i

#‘.‘k ""’
L -
growing conditions like crop | *‘_
health and moisture levels | I ;

Indoor farm managed by the
Archisen’s urban farms growing a variety of leafy greens C ro ptro n Syste m
Archisen’s Croptron system

CREATING GROWTH,

19




w* Call for collaboration

We request for:
» Impactful applications in biomedical sciences and agriculture technology

» Applications to inspire the discovery of new fundamental Al problems

What we may give in return:
» Very focused on how to make algorithms work effectively in solving real world problems

» Development of novel Al algorithms targeted at solving real world impactful applications

Contact us:
leehk@bii.a-star.edu.sg. https://web.bil.a-star.edu.sg/~leehk/index.nhtml
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