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

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

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

Evolution in Digital Twin
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Co Study Report

Data & Al-Driven:

exploit the advantages of both
physics-based models & data

Close-loop: data-driven tools for
online simulation and optimal control
(updated online using continuously fed
data and feedback implemented control
policies, leveraging ML)

Karpatne, A, et al., 2017, Theory-guided data science: A new paradigm for scientific discovery from data. IEEE KDE.
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Transport: Spatiotemporal Human-Cyber-Physical System of Systems
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Case Study TeatficiSignal Dgtianinationing

Before training After training  « Travel delay: -36%

~:Comm. cost: -29%
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Challenges
o

v Multi-scale knowledge discovery
v Uncertainty quantification

v Extremes
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Open Questions

v Governance: Who own and maintain DT, if data are from various entities?
v Fidelity: Multiscale multi-fidelity

v Validation/Verification: Who? How? What?
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