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Welcome
-- Teaming4BDT!

2024 Interagency Modeling and Analysis Group
(IMAG) - Multiscale Modeling (MSM)
Consortium Meeting

Setting Up Teams for Biomedical Digital Twins

* September 30 — October 2, 2024
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Interagency Modeling And
Analysm Group

National Institute of
Biomedical Imaging
and Bioengineering

MULTISCALE
MODELING
CONSORTIUM
Society for
Mathematical

Biology

Thank you to our sponsors!
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PRESENTERS, MODERATORS, & SCRIBES

Gary An Michelle Bennett Julia Berzhanskaya
Gary An, MD | The LMBennett Team NIH-NHLBI |
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Bio | BruceY. Lee, MD, Carlos Lopez, Ph.D.,Altos Orlando Lopez, Ph.D. |

MBA (bruceylee.com) Laboratories - Model Certainty in National Institute of
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Department of Bioengineering | Research (nih.gov)
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www.imagwiki.nibib.nih.gov

* Click on the agenda, and go to the link for the current session

e Post your Q&A and the speakers will respond there too!

Please use the IMAG wiki to post all your questions and comments during the meeting!

FlelVI= ABOUTIMAG NEWS&EVENTS FUNDING RESOURCES ACTIVITIES CURRENT IMAG MEETING PHYSIOME

2024 IMAG/MSM Consortium Meeting: Teaming4BDT

Ch REGISTRATION |SM D|g|ta.|

T

&
%“Che BDT COMPONENTS — Twins page for

EXPERTISE AND
RESOURCES reports, etc.!

Clici SPEAKERS AND POSTER :ments
PRESENTERS

ATTENDEES

LOGISTICS
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September 30, 2024 - Day 1: Defining Biomedical Digital Twins (BDT)

Click Here to view speaker information

Key: I:lBDT Project Idea, DBDT Components, DBDT Requirements, DAssessment Criteria

Time & Location

8:00-8:30am

Atrium, Poster Room

8:30-8:45am

Main Meeting Room

8:45-9:15am
Main Meeting Room

9:15-10:15am

Main Meeting Room

10:15-10:45am

Cafeteria, Poster
Rooms

Check-in at Registration

Set up posters

Welcome

Meeting Vision and Goals

NASEM Digital Twin Definition and

Application to Biomedical
Research

Panel Discussion: Unigue Features of
Biomedical Digital Twins:
Examples of Pre-Meeting Exercise #1

AM Refreshments

View Posters

Registration Desk

IMAG: Grace Peng
MSM: Gary An

Speaker: Caroline Chung
Moderator: Gary An

Moderator: Caroline Chung

Speakers: William Lytton,
Carlos Lopez, Gary An, Peter
Hunter

Refreshments Courtesy of the
Society for Mathematical
Biology

16



MAJOR ROLES

Moderator

Speaker/Panelist

Scribe

GUIDE

{( U.S. Department of Health & Human Services

! Interagency Modeling An
Analysis Group

HOME ABOUT IMAG NE

. Session #1: Generating Requirements for BDT

t Room A: Verification, Validation, and Uncertainty
(VVUQ); Mathematical and Statistical Foundations for
BDT

m B: Physical Assets/Data Collection/Sensors; Virtual to
ysical Control Algorithms/Expert in the Loop

: Room C: Ethical, Security Issues; Team Science,
Governance

Introduction: Michelle Bennett

Breakout Room A: Reinhard
Laubenbacher, Anirban Chaudhuri

Scribes: Virginia Pasour, Fariba
Fahroo

Breakout Room B: Julian Goldman,

Sandy Weininger

Scribes: Julia Berzhanskaya, Yulia
Gel

Breakout Room C: Barbara Evans,

Michelle Bennett

Scribes: Hannah Dueck, Elena
Sizikova

\d Bioengineering

L

G PHYSIOME

1.6 - Breakout Session 1: Generating Requirements for BDT

Log in or register to post comments

Back to 2024 Agenda

Breakout Session Goal: To develop requirements for BDTs

Charge to Speakers:

The lead for each breakout room will present their thoughts for what they think (straw person) the BDT requirements should be, based on the Group Discussion
Questions, below. They will show their starting point using a Miro board or slides. There will be two rounds of this exercise.

Charge to Scribes:




2024 Teaming4BDT M A ioragency Modsling nc | Q|

NOTIFICATION CENTER MY ACCOUNT LOG OUT

HOME ABOUT IMAG NEWS & EVENTS FUNDING RESOURCES ACTIVITIES CURRENT IMAG MEETING STEERING COMMITTEE PHYSIOME

Day 1 & Day 2
Presenters

CURRENT IMAG MEETING

BDT Component
Parts

Post your

comments in the

g The NASEM a:}
session pages

Verification, Validation, Uncertainty Quantific, jon

y Not too late to

submit your final
Where are we ] PDFs!

meeting for
Bocce Ball?

Biomedical Digital Twin )

Networking Resources Posters & Presentations

Search for your
Team

Attend;zes ) Logistics ) Submit Materials (ig:s mushis ) 2024 Tea m i ng4 B DT

registered and logged in)



NETWORKING EVENTS

IDayI

Attended Poster Session - Poster Rooms
(10:15 - 10:45am, 4:00 - 4:30pm)

Lunch and Networking - Pike & Rose
(1'1:45 - 1:00pm)

Happy Hour and Dinner - Pinstripes
Bethesda

(5:30 - 7:00pm)

11920 Grand Park Ave.
North Bethesda, MD 20852

S

GUIDE

I Day 2

Attended Poster Session - Poster Rooms
(10:15 - 10:45am, 2:45 - 3:15pm)
Lunch and Networking - Pike & Rose

(12:00 - |:15pm) I

I Day 3

Attended Poster Session - Poster Rooms
(10:00 - 10:30am)
Lunch and Networking - Pike & Rose

(12:30 - 1:45pm) I



Covered Parking

Pinstripes

: o

Conference Room 3 Fitness Center
ey Starbucks
Conference Room 1225-1229
1165

4 ! 710}

oo, Pike & Rose

Conference Room Conference Room Conference Room
1145

i Registration

[[EIEE || ¢

Dock

Lockers

Conference Room
1135

7 13
NIMH/NINDS

Wellness/ Conference Room
Lactation 1275

Conference Room .
13 Vending . | Concessions

NIMH/NINDS NIMH/NINDS
Conference Room Conference Room
1265 1255

Conference Room

2

Conference Room
1121

Open Parking

GUIDE 20



Remember the BELL?

e Dedicated timer on podium
* 1ringon bell =2 minutes left
* 2rings - please stop
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Engi neermg

ACA D E I ES Medicine

Foundational Research Gaps
and Future Directions for
Digital Twins

Karen Willcox (chair), Caroline Chung, Jim Kinter.,
Irene Qualters, Brittany Segundo

December 15, 2023

NATIO NAL e
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https://www.nationalacademies.org/ %

digital-twins
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https://www.nationalacademies.org/digital-twins
https://www.nationalacademies.org/digital-twins

Report Snapshot 0. Summary

1. Introduction
NATIONAL scerees
ACADEMIES sedicine

. The Digital Twin Landscape
. Virtual Representation

. The Physical Counterpart

. Feedback Flow from Virtual to Physical

2

3

4

5. Feedback Flow from Physical to Virtual

6

/. Towards Scalable and Sustainable Digital Twins
8

. Summary of Findings, Conclusions, and

Foundational :
Recommendations

Research Gaps and
Future Directions

for Digital Twins 29 1 0 S

Consensus Study Report Findings Conclusions Recommendations

NATIONAL  Sciences 5

Engineering

ACAD EM I ES Medicine



Digital Twin?

This is how |

Digital Twin?

interpret
This is what you

Biomedical
Digital Twin?

Digital Twin?

Biomedical
Digital Twin?

Digital Twin? :. ? Q Let’s use the same benchmark!

2024 IMAG/MSM Consortium Meeting: Teaming4BDT 24



A Dagital Twin is More Than Just Simulation and Modeling

Verification, Validation, Uncertainty Quantification

From Physical to Virtual

: Human-digital .
Physical ‘ twin interaction Virtual

Counterpart Representation

Human-in-the-loop
decision-making ’

From Virtual to Physical

NATIONAL e

ACADEMIES s
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September 30, 2024 - Day 1: Defining Biomedical Digital Twins (BDT)

Click Here to view speaker information

Key: I:lBDT Project Idea, DBDT Components, DBDT Requirements, DAssessment Criteria

Time & Location

8:00-8:30am

Atrium, Poster Room

8:30-8:45am

Main Meeting Room

8:45-9:15am
Main Meeting Room

9:15-10:15am

Main Meeting Room

10:15-10:45am

Cafeteria, Poster
Rooms

Check-in at Registration

Set up posters

Welcome

Meeting Vision and Goals

NASEM Digital Twin Definition and

Application to Biomedical
Research

Panel Discussion: Unigue Features of
Biomedical Digital Twins:
Examples of Pre-Meeting Exercise #1

AM Refreshments

View Posters

Registration Desk

IMAG: Grace Peng
MSM: Gary An

Speaker: Caroline Chung
Moderator: Gary An

Moderator: Caroline Chung

Speakers: William Lytton,
Carlos Lopez, Gary An, Peter
Hunter

Refreshments Courtesy of the
Society for Mathematical
Biology
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A Dagital Twin is More Than Just Simulation and Modeling

NASEM DT Components for discussion

1. Fit-for-Purpose BDT

Verification, Validation, Uncertainty Quantification 2. Verification, Validation and Uncertainty

Quantification (VVUQ)

From Physical to Virtual

3. Modularity/Interoperability/Systems of

Systems mindset
l Human-digital 4. Physical assets/data
Physical twin interaction Virtual )
Counterpart Human-in-the-loop Representation collection/sensors
decision-making ’

From Virtual to Physical

5. Mathematical and statistical
foundations for BDT

6. Virtual to Physical Control Algorithms/
Expertin the loop

7. Ethical, security issues

8. Sustainability, regulatory issues

9. Data/Knowledge systems
N AT I O N A L Sciences 28

Engineering
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Digital Twin
Challenges

What needs to be predicted?

e Levels of complexity
e Levels uncertainty

What can be modeled and simulated?

® Mechanistic model development
¢ Al/ML model development

What measures need to be captured?

* For model development
¢ In real-time

Is the technology in existence?

® Appropriate sensors (measurement technologies)
e Computing and storage requirements

¢ Privacy, Consent
® Appropriate physiological correlates

)

“Fit for Purpose’

vvuQin
Dynamic Assets

Bidirectional
Real-time Data

Interoperability

Democratized
Access
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