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Level 1: Data Augmentation
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Data gathering - Domains of Activity of the SMM Chair
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Learning from Data
Vision-based Monitoring

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

Quqa, S., Martakis, P., Movsessian, A. et al. Two-step approach for fatigue crack detection in 
steel bridges using convolutional neural networks. J Civil Struct Health Monit 12, 127–140

Crack Detection on bridges via 
imagery (UAV/inspections) 

Identified natural frequencies and mode shapes
(imperceptible motion)



What can Data Driven analysis deliver?
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Hybrid Models
• Used for advanced SHM tasks 

or as Digital Twins
• Detection, localization, 

quantification, prognosis
• Used on the fly for diagnostics 

& control
• Are eXplainable/Interpreatable

Data is not enough 
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Level 2: Physics Augmentation
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Modeling for Resilient Design

DBAUG IBK 27.05.2024 10

<<<

Metamaterials Solutions

Nonlinear
Solutions 



Modeling for Resilient Design 
The NegSV damper

DBAUG IBK 27.05.2024 11

Small scale experiment

unprotected NegSV protected



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

Photo Credit: Dr. K. Tatsis



Hybrid Models
Data-Driven Seismic Assessment

17.11.2017 13
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Data-Driven Seismic Assessment



At the Nexus of Models & Data → Physics - enhanced Learning

15Haywood-Alexander, Liu, Bacsa, Lai & Chatzi, ArXiv

https://arxiv.org/pdf/2310.20425


At the Nexus of Models & Data → Physics - enhanced Learning

16Haywood-Alexander, Liu, Bacsa, Lai & Chatzi, ArXiv

https://arxiv.org/pdf/2310.20425


At the Nexus of Models & Data

Agathos, Tatsis, Chatzi et al. (2021)

Applications
• Real-time Digital Twinning
• Damage Detection
• Deterioration prediction
• Design Improvement
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Expert & Ecosystems Augmentation

Bing Image Creator|



Chair of Structural Mechanics & Monitoring 

Validated Real-Time Digital Twins @ETHZ

Courtesy of Dr. Silvia Vettori – ETHZ/Siemens DIS

Courtesy of Dr. Silvia Vettori – ETHZ/Siemens DIS & SMM Chair
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Spotlight: Data Gathering via Mobile Sensing
sa

Mobility Projects OMISM, REASSESS (SBB) & Future Resilient Systems (Singapore)

Chair of Structural Mechanics & Monitoring



CREATE 
Building

NTU 
Footbridge

NUS College Link 
Overpass

Mobile Sensing for Infrastructure Resilience 
Robot-assisted Drive-by Bridge Monitoring 



Decision Support for Railway Assets
Optimizing Operation & Maintenance of critical assets

Arcieri, Hoelzl, Papakonstantinou, Straub, Chatzi, et al., Bridging POMDPs and Bayesian decision making for 
robust maintenance planning under model uncertainty: An application to railway systems, LINK

https://arxiv.org/abs/2212.07933


Digital Twins through a critical asset’s Life Cycle

Design Manufacturing Operation Decommissioning
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Augmented digital twins for structural monitoring & decision support

5/27/2024Eleni Chatzi, Edwin Reynders, Kristof Maes, Keith Worden, Lawrence Bull and Marc Girolami 24
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