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Resilient cyber
physical systems

— digital system

sensing, computation,
control, networking

dSSEessS

— physical system

—— disruptive agents
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Data gathering - Domains of Activity of the SMM Chair

Acceleration
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Learning from Data

Vision-based Monitoring
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Harmanci, Y.E.; Gilan, U.; Holzner, M.; Chatzi, E. A Novel Approach for 3D-Structural Identification
through Video Recording: Magnified Tracking. Sensors 2019, 19, 1229.

Crack Detection on bridges via
imagery (UAV/inspections)
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steel bridges using convolutional neural networks. J Civil Struct Health Monit 12, 127—-140



What can Data Driven analysis deliver?

Detection
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Data is not enough

Prognosis

Physics-based
representations

Hybrid Models
e Used for advanced SHM tasks
or as Digital Twins
e Detection, localization,
guantification, prognosis
* Used on the fly for diagnostics
& control
* Are eXplainable/Interpreatable

Purely data-
driven

representations . .
Diagnosis

ETHzurich

Computational

toll should be
low

Hybrid

Simulation Paths
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Modeling for Resilient Design
Nonlinear

_ _ Solutions
Metamaterials Solutions
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Modeling for Resilient Design
The NegSV damper

Small scale experiment

na i pil

“_”_f

unprotected
ETHzurich DBAUG IBK

- SRBN « €
sliding [ ¥&== ;
D)

carriage

prestressed. & = P _

spring

NegSV protected

27.05.2024

11



Hybrid Modeling for Digital Twins
Fusing Physics with Data, feasibly in Real-Time

Nonlinear Dynamics
Environmental & Operational Variations

100 200 300
!

Parametric reduced order models
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Hybrid Models

Data-Driven Seismic Assessment

Initial state

Combining sensor data and
can help
to assess the influence of
ageing materials and
temperature effects on dynamic

properties and the structural state.

Earthquake

(m) e
[ | I:I

Post-seismic state

Sensor data can help
to assess the building state
after an earthquake through
providing estimates of

presence and extent of damage.
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Informed predictions

With the help of updated

vulnerability to

subsequent aftershocks can be
assessed thus enabling
smart tagging of buildings as
safe or unsafe for occupants.

17.11.2017

13



Re

RISE

I c,\
(’Qllonpaﬁ

&

Data-Driven Seismic Assessment
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At the Nexus of Models & Data - Physics - enhanced Learning
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https://arxiv.org/pdf/2310.20425

At the Nexus of Models & Data - Physics - enhanced Learning
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https://arxiv.org/pdf/2310.20425
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Validated Real-Time Digital Twins @ETHZ

Physics Augmentation

Data Augmentation A .
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Spotlight: Data Gathering via Mobile Sensing
Mobility Projects OMISM, REASSESS (SBB) & Future Resilient Systems (Singapore)

Digital Mobile Sensing Platform

By SEC Future Resilient'Systemsf- T

ETHzurich



Land TransporQAuthority

Mobile Sensing for Infrastructure Resilience
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Robot-assisted Drive-by Bridge Monitoring
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Decision Support for Railway Assets
Optimizing Operation & Maintenance of critical assets
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https://arxiv.org/abs/2212.07933

Digital Twins through a critical asset’s Life Cycle




Augmented digital twins for structural monitoring & decision support

Augmented digital twins for structural monitoring and decision support Validation &Demonstrators
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