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Al for (Good) Health

Yannis Paschalidis

Distinguished Professor of Engineering (Electrical &
Computer, Systems, and Biomedical)

Founding Professor of Computing & Data Sciences
Director, Hariri Institute

Rafik B. Hariri Institute for Computing
and Computational Science & Engineering
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COVID and Preventing the next Pandemic

Home People Research Publications ourses ews

Paschalidis NOC Lab Predictive Models for Level-of-Care Requirements
COVID Calculators  Worked with datasets from Wuhan, Mexico, Brazil,
- - MGH-Brigham, BMC (n=900-113,000)

» Predicting Hospitalizations, ICU Admissions, Need

for Ventilation, Mortality
« BMC cohort revealed role of Social Determinants of
Health and Racial Biases

A multidisciplinary team from Hariri, CISE, CEID,
NEIDL, and BTEC, working on an NSF-funded
project to develop models that predict disease
emergence and spread, and to devise pandemic
mitigation strategies

Hao et al., eLlfe, 2020; Hao et al., JAMIA, 2022; Yuan et al., Engineering, 2022; Wollenstein-Betech et al., Int. J.
BOSTON Med. Inform., 2020; Wollenstein-Betech et al., PLOS One, 2020; Wang et al., JMIR Med. Inform, 2020
UNIVERSITY Boston University Office of Research
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Alzheimer’s Disease & Dementia

«  Most common form of Digital Biomarkers
dementia, > 5M in the US
with AD ($300B) — 14M by

2050 ($1.17)
 Most clinical trials fail

Automated Cognitive Assessment Pipeline

- o Sub-test . .
Transcription —_— Diarization . — Encodin 0302 .1 Prediction
P _T — I labeling —_— 9 0201, .1 0
g — _— T — 0906, ...]
Google — ALBERT — BERT Transformers ﬂ:‘ ; ::k:

Speech Model Model
Raw Transcript P sentences 8 Sub-tesls Quantitative data Ragression

» Leveraging Automated Speech Recognition (ASR) and Natural

Language Processing (NLP)
* Does (almost) as well as clinicians (93% AUC)

* Visit health-ai.bu.edu

BOSTON Amini et al., J. of AD, 2021; Amini et al., Alzheimer’'s & Dementia, 2022; Xue et al., Alzheimer’s Res. & Therapy, 2021
UNIVERSITY Boston University Office of Research
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Predictive and Prescriptive Modeling

Key Challenges in Health Applications
 Interpretability & Robustness
» Statistical ML & Optimization

Predictive Models of Pregnancy ~ ESHRE 24hr Tweetutorial

- SPH PRESTO (Pregnancy 1.045M g
Study Online) dataset 902

- elVF dataset

Prescriptive Models for Hypertension

« Launching a BMC Pilot Study

« Al model to make personalized
recommendations for Hypertension drugs

BOSTON Yland et al., Human Reproduction, 2022; Xu et al., Scient. Reports, 2022
UNIVERSITY Boston University Office of Research



Network Optimization & Control Lab

=

% .w'

COVID: Boran Hao, Yang Hu, Shahab Sotudian, Dr. Taiyao Wang, Dr. Salo Wollenstein-
Betech, Dr. Tingting Xu, Zahra Zad & BU, MGH, BMC, Brazil, China

AD: Samad Amini, Boran Hao, Aman Gupta, Mengting Song, Lifu Zhang, Jingmei Wang,
& Dr. Rhoda Au, Dr. Vijaya Kolachalama, Dr. Cody Karjadi at BUMC and FHS

Fertility: Zahra Zad, Dr. Taiyao Wang, Dr. Tingting Xu & Dr. Lauren Wise (SPH), Dr.
Elizabeth Hatch (SPH), Dr. Shruthi Mahalingaiah (Harvard)

Hypertension: Yang Hu & Dr. Rebecca Mishuris (BMC), Dr. Nick Cordella (BMC)

Theory: Dr. Ruidi Chen

BOSTON Yland et al., Human Reproduction, 2022; Xu et al., Scient. Reports, 2022

UNIVERSITY

Boston University Office of Research
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Al for Pediatric US Diagnosis,
Al for Physical Therapy,
Al for Post-Stroke Prognosis

Margrit Betke

Professor
Department of Computer Science, CAS

BOSTON
UNIVERSITY Boston University Office of Research



Al to Interpret Ultrasound Videos for
the Diagnosis of Pediatric Pneumonia
in Limited Resource Settings

(here Lusaka, Zambia)

Pneumonia is leading cause of death
in children < 5 years worldwide with
mortality 68% at 6 month

Goal:
Develop Al cell phone app for first-line health care
workers to use mobile US device to image infants &
diagnose and treat pneumonia.

Results:

Collected 12 videos/infant of 2 cohorts of 200 infants.
Developed Al models for single image analysis. Low
F1 score.

Ongoing Work:
Developing Al model for US video analysis.

NIH R21 TW 011343-01, PI Gill



ExerciseCheck -
Home-based Physical
Therapy with Al

Results:
App for managing logistics.
Initial experiments.

Ongoing Work:

Developing attention-based
deep-learning model for 3D
human pose tracking.

Pt T x 3N

CM ncwm
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| Physical Therapist at Clinic
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Remote
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Any device with a webcam
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with Terry Ellis & Hariri




Al to Predict Response to Post-Stroke Rehabilitation

Stroke is a leading cause of severe and complex long-term disability. Aphasia
affects approximately 1/3 of stroke survivors. A personalized prognosis on the
evolution of aphasia provides guidance for clinicians to select appropriate treatment.

Results:

Developed support vector machine and random forest models to predict
responsiveness to treatment using pretreatment behavioral, demographic, and
structural and functional neuroimaging data.

Best model’s :
prediction score 1) Imaging TRAIN / TEST \
F1=0.94. Data

& | .
Ultimate Goal: : Predicted
Recommend treatment —P Patient
Ongoing Work: 2) Behavioral Data —> ML Outcome
Developing 3) Demographics —»>
traditionally-learned 4) Obtained Treatment Type 5> i
& deep-learned models Ké\ltemative Treatment Type .. /
for patient outcome
prediction. with Swathi Kiran, Prakash Ishwar, Archana

Venkataraman, Janusz Konrad & students



Al to Predict Response to Post-Stroke Rehabilitation

Ongoing Work: Develop fusion model.

www.cs.bu.edu/fac/betke
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Examples of Machine Learning in Biomedicine:
Applications to Epilepsy

Mark Kramer

Professor, Mathematics and Statistics, CAS
Associate Director, Center for Systems Neuroscience

BOSTON
UNIVERSITY Boston University Office of Research



Epilepsy impacts brain dynamics
spike ripple spindle

in subtle ways ... /\”/\/
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Detect these subtle dynamics

N
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So now what?

after detection, do something ... s70mm s
Mechanical camera
shutter
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Close the loop

Practical problems (in human health)
- motivate mathematics & statistics

- to impact these problems.

BU: Nadalin, Shaw, Han, Eden
MGH: Shi, Chinappen, Walsh, Richardson, Chu
UMN: Schatza, Widge

BOSTON
UNIVERSITY Boston University Office of Research
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Al in Healthcare:
From Theory to Practice

Kayhan Batmanghelich

Assistant Professor
Electrical and Computer Engineering
College of Engineering

BOSTON
UNIVERSITY Boston University Office of Research
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Technical/Theoretical Development

Medical Concepts

Impression:

Mild left costophrenic blunting,
basilar pleural effusion, increased
left suprahilar opacity, differential
diagnosis includes increased
volume loss and apical pleural
fluid. Right costophrenic, right
lung free of focal consolidation.

MTI Tags: Degenerative changes

Bedside Practice

g

Medical Research

BOSTON Practical Deployment
DR I Boston University Office of Research
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Black Box Al Model

—— Qutcome

Pleural Fluid > 0.5
False True

Vascular Prominence > 0.5 Blunt Costophrenic Angle > 02 |

False / \T:‘C \
True Y

Normal Cardiac Silhouette > 0.4 | | Hilar Opacity > 0.3 ‘ No Pleural Effusion Pleural Effusion
No Cardiomegaly Cardiomegaly No Edema Edema

Cardiomegaly ;i

BOSTON
UNIVERSITY Boston University Office of Research

S. Singla, B. Polack, S. Wallace, M. Eslami, K. Batmanghelich, “Explaining the Black-box Smoothly: A Counterfactual
Approach,” to appear in MedIA.
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Technical/Theoretical Development

Medical Concepts

Impression:
Mild left costophrenic blunting,

basilar pleural effusion, increased K j /
left suprahilar opacity, differential

diagnosis includes increased ?
volume loss and apical pleural .
fluid. Right costophrenic, right

lung free of focal consolidation.

MTI Tags: Degenerative changes

Bedside Practice

g

Medical Research

BOSTON Practical Deployment
DR I Boston University Office of Research



@BostonUResearch | #researchontap

X Y P>
T m&

@2® oY

Imaging Immune System
Biomarkers

Question: Is there any way we can use “unpaired”
data?

BOSTON
UNIVERSITY Boston University Office of Research

Batmanghelich et al., “Unpaired Data Empowers Association Tests ,” Bioinformatics Oxford Academics, 2020
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Technical/Theoretical Development

Medical Concepts

Impression:
Mild left costophrenic blunting,

basilar pleural effusion, increased K j /
left suprahilar opacity, differential

diagnosis includes increased ?
volume loss and apical pleural .
fluid. Right costophrenic, right

lung free of focal consolidation.

MTI Tags: Degenerative changes

Bedside Practice

g

Medical Research

Al
model

Input MRI Images

BOSTON Practical Deployment
DR I Boston University Office of Research
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\VAVAVAV/

B4

Partial Differential Equation
(PDE)

Deep
Learning

Low stiffness

Input MRI Images

BOSTON
UNIVERSITY Boston University Office of Research

Batmanghelich, et al. Prediction of Voxel-level Liver Stiffness in Patients with Non-alcoholic Fatty Liver Disease using Deep Learning, Al
Radiology, 2021

High stiffness
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Technical/Theoretical Development

Medical Concepts

Impression:
Mild left costophrenic blunting,

basilar pleural effusion, increased X ’ /
left suprahilar opacity, differential

diagnosis includes increased ?
volume loss and apical pleural .
fluid. Right costophrenic, right

lung free of focal consolidation.

MTI Tags: Degenerative changes

Medical Research

Al
model

Input MRI Images

(& )
BOSTON Practical Deployment
UNIVERSITY

Boston University Office of Research
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Carotid Endarterectomy

"\

37

Stroke during surgery is diagnosed after

surgery.
Surgeons* No brain monitoring. aA| Model

- O
a AA

Stroke
rate: 7%

BOSTON
UNIVERSITY Boston University Office of Research
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Technical/Theoretical Development

Medical Concepts

Impression:
Mild left costophrenic blunting,

basilar pleural effusion, increased X ’ /
left suprahilar opacity, differential

diagnosis includes increased ?
volume loss and apical pleural .
fluid. Right costophrenic, right

lung free of focal consolidation.

MTI Tags: Degenerative changes

Medical Research

Al
model

Input MRI Images

(& )
BOSTON Practical Deployment
UNIVERSITY

Boston University Office of Research
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Digital Pathology and Spatial Biology: Opportunities
for Multimodal Machine Learning

Vijaya B. Kolachalama, PhD, FAHA

Associate Professor

Department of Medicine, Boston University School of Medicine
Department of Computer Science and Faculty of Computing & Data Sciences, Boston University

BOSTON
UNIVERSITY Boston University Office of Research
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Introduction

= Build tools to bring efficiency within the clinical
workflow

» Current Team: Yi Zheng, Olivia Zhou, Anika Walia, Meagan Lauber,
Meysam Ahangaran, Chonghua Xue, Michael Romano, Lingyi Xi,
Cody Karjadi, Akshara Balachandra, Diala Lteif, Sandeep Sreerama,
Caitlin Newman, Lindsey Claus, Yichi Zhang, Aakash Bhatnagar,
Tejus Surendran

= PhD students and postdocs with computational background
= MD students, residents and clinical fellows
= Background in more than a single discipline

BOSTON
UNIVERSITY Boston University Office of Research
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Ongoing revolution in pathology

PQEHB Rt
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Boston University Office of Research

BOSTON
UN[VERSITY
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Current workflow for cancer therapies

Next generation sequencing Predicts:
Data Analysis * Mutational status of

oncogenic drivers
e MSI (microsatellite

Part of the biopsy
goes for genetic

. instability)
t.estlng (extra step e« TMB (tumor mutational
in the workflow) burden)

Patient gets
biopsy done at a
hospital based [P
on a specialist
recommendation

e PD-L1 status (programmed
death ligand status)

Pathologist analyzes
the slide under the
microscope for general
cancer grading and
reporting

Main part of the
biopsy will be
converted to slides

Report goes to the
oncologist

BOSTON
UNIVERSITY Boston University Office of Research



@BostonUResearch | #researchontap

Representation learning for cancer pathology

Whole Slide Image Graph Construction Graph Transformer

- Extra learnable
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A Graph-Transformer for Whole Slide Image Classification. Zheng Y, Gindra RH, Green EJ, Burks EJ,
Betke M, Beane JE, Kolachalama VB. IEEE Trans Med Imaging. 2022 Nov;41(11):3003-3015.

BOSTON
UNIVERSITY Boston University Office of Research



https://pubmed.ncbi.nlm.nih.gov/35594209/
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Summary

= Qur laboratory is focused on the development of
representation learning approaches to process high-
resolution microscopic and patient-specific genomic data.

= Huge opportunity for multidisciplinary collaboration between
computer scientists and clinicians to build multimodal data
analysis frameworks in cancer medicine.

= Funding: D) NATIONAL CANCER INSTITUTE golulaﬁl 9
o

Q

National Heart, Lung, L) American
and Blood Institute Ol KAREN TOFFLER Heart
' CHARITAEBLE TRUST Associatione
life is why™
National Institute of
Diabetes and Digestive
and Kidney Diseases
BOSTON
UNIVERSITY Boston University Office of Research

National Institute
on Aging
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SIMON says: The Power of Al to Transform
Human Immunology

Adriana Tomic
Ly

[ ]
.'I'I'.'

in adrianatomic E@TomicAdriana @atomic@bu.edu O atomiclaboratory

S atomic-lab.org
Boston University Office of Research

Research on Tap November 9 2022



Biological processes are

"";
| , .
We need a *. -
DIFFERENT <
PERSPECTIVE

It is time for

INTELLIGENT
IMMUNOLOGY

Diana Lange, OpenProcessing; https://www.diana-lange.de/

BIONMNONN| Boston University
@BostonUResearch | #researchontap UNiversiTy (I




Al to the rescue

If we can teach computers to ... oy

PLAY

Wy
.

Can we teach them

IMMUNOLOGY {

Eoad s Mot
! Al
- e
> sy
: 1
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osetie, b
Sy
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Sequential Iterative Modelling Over Night

Predicting immune Fundamental
responses immunology discovery

Why don’t vaccines work for Identification of novel immune
some people? subsets

o v -
rEEE N 5 e0 o’y

uuuuuuuuuuuuuuuuu

Tomic et al, JI, 2019; Tomic Sci Data 2019;
O’Connor et al, Mol Syst Biol, 2020;
Stockdale et al, Frontiers Ana Sci, 2022

Predicting duration Predicting COVID-19
of protection disease severity

Why are some people Why people develop more
protected for longer time? severe disease?

F
\ ‘N ’\
Tomic et al, Patterns, 2021 \ é

COMBAT consortium, Cell, 2022

Tool for pattern recognition
& knowledge extraction

Tomic et al, Nature Commes, 2022

aTOMICIa b BostonUR h|# hont EORINQ)N] Boston University
'Bringing Intelligence to Immunology since 2020 @ OS On esearc | researc On ap UNIVERSITY OfﬁCe Of Research




Join open-source community supporting SIMON!

@ Dashboard = Dashboard

& Workspace

+ SIMON Please select desired analysis properties:

only first 50 variables are shown, type to filter others or select ALL switch

Classification m

P Analysis

%
Predictor variables Exclude predictors Training/Testing dataset partition (%)
(D —) - 75
Response Regression Additional Exploration Classes Preprocessing

Box-Cox transformation (values must be non-zero and positive)

Yeo-Johnson transform (values can be negative)

Available packages Selected packages Apply a power transform
Subtract mean from values
Multi-set intersection Divide by standard deviation
Normalize values

P Boosted Classification Trees ada > I p High Dimensicnal Discriminant Analysis K-Nearest neighbors Imputation

Ranninn of ranraceinn fraae

P Bagged AdaBoost AdaBag > P Boosted Logistic Regression LogitBoost >
P AdaBoost.M1 AdaBoostM1 > P Naive Bayes naive_bayes >
P AdaBoost Classification Trees adaboost > P Neural Networks with Feature Extraction pcaNMet >
P Adaptive Mixture Discriminant Analysis amdai > » Support Vector Machines with Linear Kernel svmLinear2

Tomic et al, SIMON: open-source knowledge discovery platform. Patterns, 2021

Free as in Freedom

Check out SIMON at
genular.org

| aTOMIClab @BostonUResearch | #researchontap

'Bringing Intelligence to Immunology since 2020

BIONMNONN| Boston University
(ONNERSIURE  Office of Research




From Al to Ml (Microbial Intelligence)

Daniel Segre

Professor of Biology and Bioinformatics
Director, BU Microbiome Initiative
Department of Biology, CAS
Bioinformatics Program

BOSTON
UNIVERSITY Boston University Office of Research
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Can we understand, predict and design microbial communities?

Part 1 ey
'| Metabolic Pathways

BOSTON
UNIVERSITY Boston University Office of Research
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ML can help map interactions and design environments
that lead to a given community composition (in silico)

SIS APEEN

. o/ E¥|o/E¥|o]|o] . . .
0 Demetrius DiMucci,

Mark Kon
mSystems, 2018

[ T
mn—— | — | N |
Medium Community Selection Mutation and
composition Phenotypes recombination Alan Pacheco,
of media

Royal Society Interface, 2021

BOSTON
UNIVERSITY Boston University Office of Research
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Dynamic metabolic modeling + Reinforcement learning > Microbiome Design

= Pankaj Mehta
nvironment —
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Opportunities

Growth
Nutrient T

Hybrid Mechanistic + Al O !
predictive approaches R

Byproducty o-o

!
/
Biomass +

From genomics
to phenomics

with Yannis Paschalidis
BioRxiv 2022

Can microbiome engineering
mitigate climate change?

DeLisi et al. BioDesign Research, 2020
Michael Silverstein, Jennifer Bhatnagar et al.

...ask me how!
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Al in Chemical and Biomedical Imaging

JI-Xin Cheng

Moustakas Professor
ECE & BME, College of Engineering

BOSTON
UNIVERSITY Boston University Office of Research



Augmented
Reality for
Ultrasound-
guided Kidney
Stone
Removal

BOSTON

UNIVERSITY

Clinical Obseation in‘2013

{é U.S. FOOD & DRUG
AN eTRATIoN

Weipeng (Suzhou) Medical Devices Co., Ltd.
% Geetha Rao, Ph.D.

Regulatory and Quality Representative
Springborne Life Sciences

750 Menlo Avenue, Suite 200

MENLO PARK CA 94025

October 7, 2020

Re: K202119
Trade/Device Name: AcuSee AS-P1000 System
Regulation Number: 21 CFR 892.1560
Regulation Name: Ultrasonic pulsed echo imaging system
Regulatory Class: Class II
Product Code: 1YO
Dated: July 24, 2020
] Received: July 30,2020

Dear Dr. Rao.

We have reviewed your Section 510(k) premarket notification of intent to market the device referenced
above an the device is q (for the indications for use stated in the
enclosure) to legally marketed marketed in prior to May 28, 1976, the
enactment date of the Medical Device Amendments, or to devices that have been reclassified in accordance
with the provisions of the Federal Food, Drug, and Cosmetic Act (Act) that do not require approval of a
premarket approval application (PMA). You may, therefore, market the device, subject to the general
controls provisions of the Act. Although this letter refers to your product as a device, please be aware that
some cleared products may instead be combination products. The 510(k) Premarket Notification Database
Tocated at hitps:/ cessdata fd fdocs/cf fies combinat

listing of devices, good manufacturing practice, labeling, and prohibitions against misbranding an
adulteration. Please note: CDRH does not evaluate information related to contract liability warranties. We
remind you, however, that device labeling must be truthful and not misleading.

If your device is classified (see above) into either class Il (Special Controls) or class III (PMA), it may be
subject to additional controls. Existing major regulations affecting your device can be found in the Code of
Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may publish further announcements
concering your device in the F

Please be advised that FDA's issuance of a substantial equivalence determination does not mean that FDA
has made a determination that your device complies with other requirements of the Act or any Federal
statutes and regulations administered by other Federal agencies. You must comply with all the Act's
requirements, including, but not limited to: registration and listing (21 CFR Part 807): labeling (21 CFR Part

product submissions. The general controls provisions of the Act include requirements for annual registration,
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AcouStar

Light: Sci
2018, 7:2

Visualization of guide wire tip in
tumor
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Boston University Office of Research




Computational Chemical Microscopy

Advanced Instrumentation + Data Science to break the
tradeoff between Speed, bandwidth, and SNR

Bandwidth

Bandwidth

“no free lunch” _
+ Data Science

SNR SNR

Haonan Lin R0O1EB032391 (2022 to 2025 Pl) computational chemical imaging
Collaborator: Lei Tian
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Fingerprint Stimulated Raman Scattering (SRS) is
Informative but Noisy

Raman Spectrum of Palmitic Acid Mia
PaCa 2
: at C-H
Region
e Mia
PaCa 2
0.2 at
. Fingerpri
Raman Shift (cm-1) nt
" ~—— Region
Weak but more Strong but
information crowded

BOSTON
UNIVERSITY Boston University Office of Research
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Denoising Fingerprint SRS by
a Spatial-Spectral Residual Net

Mapping biofuel pinene and limonene inside E.coli
Raw image SS-ResNet GT (100 averages)

Convolution (1,1,1) 48.654,54,15)
(13.3)+(3,1,1) Comolu?:n (48,64,64,16)

Convolution (1,1,1) (24,32,32,32)
X 6
(1,3,3) +(3,1,1) Convolution (24,32,32,32)

Convolution (1,1,1) (12,16,16,64)
X
(1,3,3) +(3.1,1) Convolution(12,16,16,64)
Convolution (1,1,1) (12,16,16,32)

Up-samptng (2,2,2) (24,32,32,32)
Concatenate (24,32,32,64)
Convolution (1,1,1) (24,32,32,32)
(1,3,3)+(3,1,1) Convol::ﬂ%n (24,32,32,32)
Convolution (1,1,1) (24,32,32,16)

Up-sampling (2,2,2) (48,64,64,16)

Concatenate (48,64,64,32)
Convolution (1,1,1) (48,64,64,16)
X 6
(1,3,3) +(3,1,1) Convolution (48,64,64,16)
[ Convolution(1,1,1)(48,64,641) ||

y v

After training the network,
denoising takes ~10 s

BOSTON
ONIVERSITY Boston University Office of Research Nature Communications, 2021, 12:3052
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Visualization of a Limonene Synthesis Metabolon
inside Living Bacteria by fingerprint SRS imaging

DH1 strain 1p

Cell.body
ﬁzetyl-CoA Mevalonat _ PP \
o atoB HMG HMG o oH PMK PM o o
Aot o minp iy oo -h}—p D )\/\o—g_—o-g_-o-
‘-)\/\/K/\ 2 @ o < 1 id ul DSETREER
0-P-0-p-0r : h
: L & & trGPPS ; Limonene
H o] o] "
AL S GPP /K/\O‘i*o‘;.gfo'
s

k Limonene q DMAPPJ

670-900 cm-

Limonene

BOSTON _
UNIVERSITY Boston University Office of Research Jing Zhang,...Dunlop, Cheng, Advanced
Science, 2022: 2203887
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Curating Imaging Data for Computational Models in
Biomechanics and Mechanobiology

Emma Lejeune

Assistant Professor
Department of Mechanical Engineering, College of Engineering

BOSTON
UNIVERSITY

Boston University Office of Research
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Mechanical
MNIST

e

Focus: methods for creating interp retablem
function computational models j{e]@elle]gas1eiat=1al[eS
and mechanobiology.

current interest: Image analysis combined
software (some mechanistic/ML
/ ML) / models
large datasets curated data == computational models
collaborators: Chris Chen (BU), Jeroen.
UNIVERSITY Boston University Office of Research Eyckmans (BU), Manuel Rausch (UT Austin),

Chad Hovey (Sandia)
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Brightfield

FN-Alexa 488

large datasets | ==»  curated data ==» computational models

BOSTON collaborators: Chris Chen (BU), Jeroen
Boston University Office of Research Eyckmans ((B:E)’dl\l/l_lanuel (RSaUSdC.h)(UT Austin),
ad Hovey (Sandia




automated image analysis:
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contraction

input > segment » track » analyze

frame #

valldatlon with synthetlc data:

gamplt ude

gmag nitude

creasing out of plane
ing number of octaves

large datasets ==  curated data

BOSTON
UNIVERSITY

Boston University Office of Research

== computational models

collaborators: Chris Chen (BU), Jeroen
Eyckmans (BU), Manuel Rausch (UT Austin),

Chad Hovey (Sandia)
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iIntegrating data-driven and

mechanistic models is ongoing... o o"o" % 003 Sess’
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lab website

(includes more info on non-bio work)

large datasets == | curateddata =» computational models

BOSTON collaborators: Chris Chen (BU), Jeroen
Boston University Office of Research Eyckmans ((B:E)’dl\l/l_lanuel (RSaUSdC.h)(UT Austin),
ad Hovey (Sandia
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Deep Learning Augmented Computational Imaging for
Biomedical Microscopy & Neural Imaging

Lel Tian

Assistant Professor
Department of Electrical and Computer Engineering
Department of Biomedical Engineering
School of Engineering

BOSTON
UNIVERSITY

Boston University Office of Research
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BU Computational Imaging Systems Lab

Computational phase imaging Computational Neural Imaging

Imaging in scattering media
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Computational Miniature Mesoscope (CM?) for large-scale neural imaging

/ A

Acquisition

\_ 3D fluorescent object CM? platform (< 4q) CM? measurement ../

( Calibration 4 A

reconstruction Miniscope-LFOV

Miniscope

Physics-simulator
trained neural network

Volumetric reconstruction
Depth-dependent 3D PSF y \ )
CM? achieves single-shot cortex-wide, cellular-resolution ' e
3D imaging by integrating novel miniature optics and JARE
advanced computational algorithms | CM2 |

BOSTON
UNIVERSITY

Boston University Office of Research Collaboration with David Boas, lan Davison
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Self-supervised denoising for in vivo spatiotemporal neural imaging data
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DeepVID achives
In vivo two-photon voltage imaging 15X improvement in SNR

BOSTON
ONIVERSITY Boston University Office of Research Collaboration with Jerry Chen
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Deep learning for information extraction from
multi-modal, multiscale imaging data

Preserving content Perceptual similarity
max MI < min Linfonce Lean = E[D(y)] — E[D(G(x))]
X: OCT /' \
scattering / \ Y: Gallyas of
coefficients adjacent slice
Generator

Y

G

. — [ Resampler ] -

R
(R J— P Lreg =lIY = ¢ 0 GO

Deformation field

g};l% max Lan(G,D) + ALnfonce (G, E) + @lyeg(G,R) + Bllollrv

Relating label-free OCT measurements to Gallyas stain measurements for
quantifying myelin content and neuron density in human brains

BOSTON . i i . i
Boston University Office of Research Collaboration with Irving Bigio, David Boas,
Ann McKee, Douglas Rosene
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THANK YOU!

BOSTON
UNIVERSITY Boston University Office of Research
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@ Hariri DHI Event

e Funding Info Session: BUMC & Hariri Institute Host Special Funding
Call on Digital Health
o Information Session and Cross-Campus workshop on Digital Health
o Date: Wed, November 30, 2022 (in-person),12:00pm - 2:00pm
o Location: BUMC, 72 East Concord St, Instructional Building, Hiebert Lounge
L 1407, Boston, MA 02215

Boston University Rafik B. Hariri Institute for BOSTON
Computing and Computational Science & Engineering UNIVERSITY



UPCOMING EVENTS

Learn more & RSVP: bu.edu/research/events
Topic ideas & feedback: bu.edu/research/topic-ideas

RESEARCH ON TAP RESEARCH HOW-TO
Developing Technologies for a Meet the U.S.-Israel Binational Science
Sustainable Future Foundation

Wednesday, December 7, 2022 | 4-6 pm  Thursday, November 10, 2022 | 9:30-10:30 am

Working with the Media to Share Your

Research
Wednesday, November 16, 2022 | 3-4:30 pm

BOSTON
UNIVERSITY Boston University Office of Research
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