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Changing Landscape in SHM: Sensing Virtualization and ML-

enabled System Identification

Ahsan Kareem, 3 [F 582 A B2 TRHER, EEEZRT
FEfefe L, EVEEE X TREReAEERE . T E TR AN R L, H
KTHREBE M ERE L, AR EPR A TR T . G3R1T T James
Croes Medal (2022). Nathan M. Newmark Medal (2021). Earnest
Howard Medal (2019). Davenport Medal (2007). Scanlan Medal

(2005). Cermak Medal (2002)%5 3 44 22 R 782 . $H4E: Journal of Wind Engineering
and Industrial Aerodynamics. Structural Safety &5+ RAE LTIV B HmtE . &
ISR 55 o ESSMIBENLEN )% IR 5 FH B SR UGR TS 142 AN H Al
i, IFEEFR T R E R A AR B R AR ) 80 2, b i XUl SE 5
52 EE 720 AT BUEABENL D ATAEZE, B TeEa@sl. RSt
2 RSB IT 5%, Kareem #UZFTALST 1 H SR 5 AL 5L
;% (Nat-Haz Modeling Laboratory) 56/ + AR TR FRHENL | K LR 785 %L
BREMGIESLIG S TTE 15 T8 eI 0 2% i) 25 ) P RE VR A 14 2R

Abstract: Structural health monitoring (SHM) is a critical means of assessing the
performance of aging civil infrastructure. Earlier studies used heavy dynamic shakers
to assess the dynamics of structures, which are unwieldy and reliance has been shifted
to ambient vibration of structures to extract dynamic features. This study introduces a
“virtual shaker” concept that effectively replaces the physical shaker and provides all
the desired features for SHM. Examples are provided along with an App that facilitates
the use of this concept to identify dynamic features. A traditional structural health
monitoring (SHM) operation requires a wired system, which is often termed “hub and
spoke” because the sensors are located throughout the structure and then wired to a
central data acquisition server. To avoid issues associated with long cables, a unique
prototype system in SHM, SmartSync, an “loT”’, with “edge computing,” which utilizes

the building's existing Internet backbone as a system of “virtual” instrumentation cables
15



and limited computations at the sensor location has been developed. Since the system
is modular and largely “plug-and-play”, the units can be rapidly deployed at any
location with access to power and an Internet connection and has been implemented in
the Burj Khalifa, the tallest building in the world. For rural footbridges remotely located,
the citizen sensing approach has been used to monitor their response in storms and to
identify their dynamic feature. An example from Nicaragua will be presented. In an age
of unprecedented sensing technology that allows for greater volumes of climate and
infrastructure-related data to be collected and analyzed places a new demand. This
proliferation of data has led to building data-driven models to better assess our
infrastructure and implement solutions oriented towards sustainability and resiliency.
The seminar will address new developments in system identification involving non-
stationary observations and their real-time monitoring. Machine learning is becoming
ubiquitous in this context, enabling data-to-model and automated feature extraction
from SHM observations. The use of various machine learning schemes embedded with
the Hilbert, Wavelet, and Shapelet transforms will be presented with examples from
Burj Khalifa, Sutong Yangtze River Bridge and the European Union’s surface wind

monitoring in the Port of Genoa, Italy.
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