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Waymo Imitation Learning
Subway Crowd Management to Minimize 
Airborne Transmission of REspiratory Viruses
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Data Science Challenge

Making Roads Safer 

for Vulnerable Road Users 

in Disadvantaged Communities
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Add Values: characterize, predict, intervene

Enabling Tech. Enabling Tool
Technological Push

❖ Ubiquitous sensing

❖ Communication

❖ Edge cloud computing

Market Pull

❖ Infrastructure investment

❖ Service interoperability

Why now?

Short-Tem

❖ Traffic Operation & Management

• Situational awareness

• Traffic flow smoothing

❖ Planning

• Congestion pricing

• Mobility service system

Why useful?
Long-Term

❖ Infrastructure design

• Resilience, sustainability

❖ Policymaking & lawmaking

• Digital innovation regulation/adaptation

(Source: Dec 11, 2023 NYT’s morning headline “America’s unique problem with vehicle crashes”) 



4

1.
 V

irt
ua

l T
w

in

2. Digital Twin

3. Hybrid Twin

Use of Data high

high

U
se

 o
f S

ci
en

tif
ic

 T
he

or
y

low
low

Open-loop: simulators 

(Movement of vehicles 
is simulated using pure 
physics-based traffic 
models with a few 
parameters)

Close-loop: data-driven tools for 
online simulation and optimal control 

(updated online using continuously fed 
data and feedback implemented control 
policies, leveraging ML)

Data & AI-Driven:

exploit the advantages of both 
physics-based models & data 

Evolution in Digital Twin

Rasheed, A. et al., 2020. Digital twin: Values, challenges and enablers from a modeling perspective. IEEE Access.

Karpatne, A., et al., 2017, Theory-guided data science: A new paradigm for scientific discovery from data. IEEE KDE.

A set of virtual information constructs that mimics the structure, 
context, behavior of a natural, engineered, or social system (or 
system-of-systems), is dynamically updated with data from its 
physical twin, has a predictive capability, and informs decisions 
that realize value. 

Physical Digital
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Optical x-haul

Millimeter-wave

Full-duplex

Edge cloud

Multi-antenna
Networking &


communications

Transportation

Environmental monitoring

Internet-of-Things (IoT)

(Courtesy of Columbia Engineering)

COSMOS: Cloud-Enhanced Open Software Defined Mobile Wireless Testbed for City-Scale Deployment

❖Design, prototype, evaluate wireless edge to enable novel interaction between residents & urban environ

Technological Enabler
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Broadcast

MQTT 

Broker

Physical World

Estimate/
Predict

Intervention

Transport: Spatiotemporal Human-Cyber-Physical System of Systems

AI
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After trainingBefore training • Travel delay: -36%

• Comm. cost: -29%Federated Learning


Privacy preservation 

Communication cost reduction

Pedestrian crossing safety warningCase Study Traffic Signal Optimization
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Macro

Challenges

+

✓Multi-scale knowledge discovery

✓Uncertainty quantification

✓Extremes

Inform

Discover

Micro

Physically inconsistent
Discover complex patternData-efficient

Curse of dimensionality

✓Discontinuity learning

✓Scalable computing

Mean Field Game



9Open Questions

✓ Governance: Who own and maintain DT, if data are from various entities?


✓ Fidelity: Multiscale multi-fidelity


✓ Validation/Verification: Who? How? What?
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