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AI-Enhanced Structural Health Monitoring
Through Multimodal Sensing, Computational
Modeling, and Network Integration

Recent developments in artificial intelligence (AI) and advanced sensing
technologies are transforming the field of Structural Health Monitoring (SHM). As
infrastructure continues to age—particularly in Western countries with older built
environments—SHM has become essential for evaluating and ensuring structural
safety. While significant progress has been made in Al-driven data analysis and
in the development of novel sensing solutions, such as self-sensing structural
materials, effective prognosis in civil engineering remains elusive. A major
challenge lies in the limited integration between data-driven insights and physics-
based models.

To enable risk-informed decision-making at a territorial scale, SHM must evolve
into a comprehensive, multi-scale framework—one that fuses multimodal sensor
data with computational modeling, and expands the focus from individual
structures to interconnected networks. This talk delves into the latest research
from the University of Perugia, Italy, exploring the intersection of advanced
sensing, AI-powered analytics, and computational techniques. Topics include
smart masonry using self-sensing materials, deep learning and statistical pattern
recognition for damage detection and classification, and the application of
metamodeling and Bayesian inference for more robust structural assessment.

Dr. Filippo Ubertini

Filippo Ubertini is a Full Professor of Structural Design at
University of Perugia, Italy. He teaches Structural Design
and Earthquake Engineering and coordinates the
International PhD Program in Civil and Environmental
Engineering. He graduated cum laude in Civil Engineering
from the University of Perugia in 2005 and obtained his
PhD from the University of Pavia in 2009. In 2008, he was
a visiting scholar at Columbia University. He is the Head of
SHMLab at UNIPG ( www.shmlab.eu ) and has authored
over 170 papers in high -- impact international journals.
His research focuses on structural health monitoring,

emphasizing physics-based methods, smart materials, and applications in
earthquake engineering, bridge engineering, and cultural heritage structures.
Prof. Ubertini serves on the editorial board of MSSP and other international
journals and is Vice President of the Italian FABRE Consortium
(www.consorziofabre.it/en), leading national research on infrastructural
monitoring, securing multimillion-euro funding over the past four years. He has
been PI of several research projects, including an ongoing FIS 2021 Advanced
Grant (www.smssafest-fis.com).
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