455 455 W E T B 5 T B & 3 Vol. 45 No.5
2025 4 10 H EARTHQUAKE ENGINEERING AND ENGINEERING DYNAMICS Oct. 2025

X E4RS:1000-1301(2025)05-0027-11 DOI:10.13197/j.eeed.2025.0504

B T i = R AL B9 25 ¥4 3 7= e
il R g K R R SE

P, EKWE, R R, BN

(MRET ALK AR TR 2R, BIRIT B/RIE 150090)

& S5 R e N X I T BT (R ) AR R bR B A I DY A B SR, BEXT R
A AL AR A R 3 S AR ) B3, 32 SCH T — T T AR A BIL 1 295 4 e R o 7 A5 0 R 452
TR T @BHUA5H h 2 Bt id T UL FC A AIF R T BT 2 DL e A0 72: Y 235 4 i R 5 B el 1o I PR i
FRECEA e T SEBR b A28 5 rh A5 M R T TOAR A . 8 SR FAE SO 0 RS, 32 3R 4 WIS A s
AR ZR N J2 TV SE AR W 7, I D0 1 35 v 22 i e S 1 001 552 e b 2 W M T 7 PR, 46
R AMETER B S 22 2 7B IR S AF T % R ST R A 2 BE A R 7 , 52 B AR 2R 200 14 )2 8]
FLR M J2 (F 5 A% W (R 1222 35% LAWY, 450 A R IR 22 A It 5% , Ak, Ml R 40 R F R AL
BT, FEALPE B A W P AT B, A g b B 28 ( central processing unit, CPU) Fil & JE 4b B £% ( graphics
processing unit, GPU) PSR (5 AR T 15% , AT B 247 55 L AL A 755K, i RGTRES i skig
1o FHLLARGE IR B it Jr 58, 058 W R GE T 5 M 1 % HIAZ ke, A BUA 22 By e 45 e 4 B T
P SR W M 2%, XA T BT MR AR AL T 2P, 30 S I T A (R ) bR M DR T

HEFARIER
KR S5 M Hb AR L IEBE WU R & WAL - A
FE 52K S . TU99 X HERFRERD . A

Structural seismic response monitoring system and
applications based on surveillance cameras

WEN Weiping, ZHAI Changhai, ZHANG Cheng, WANG Xinghua
(School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract; Structural seismic response monitoring plays a crucial role in the earthquake damage assessment and
evaluation of seismic resilience for urban building clusters. Addressing the issues of high cost and low prevalence of
existing seismic sensors, this paper proposes a structural seismic response monitoring system based on surveillance
cameras. The system develops a hierarchical line segment descriptor matching algorithm for building structures and
introduces a time-history data extraction technique for structural seismic displacement responses based on line
matching. This effectively resolves the challenge of targetless structural surfaces and indistinet natural feature points
in real earthquake scenarios. Thereby, enabling real-time monitoring of inter-story drift at a sub-pixel level. The
system has been successfully demonstrated in the world’s first practical earthquake visual monitoring application at a
middle school in Sichuan Province. The results show that even under complex and varying lighting conditions at

night, the monitoring system maintains high accuracy, achieving sub-pixel-level inter-story drift monitoring with
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peak inter-story drift errors within 35% and structural natural frequency errors within 5%. Furthermore, the
monitoring system adopts a lightweight design, with resource utilization rates of both the central processing unit
(CPU) and graphics processing unit ( GPU) below 15% when processing a single surveillance video, meeting the
requirements for real-time multi-node processing and ensuring efficient system operation. Compared to traditional
accelerometer solutions, the visual monitoring system eliminates the need for additional dedicated sensors,
leveraging existing security surveillance equipment to construct a building cluster monitoring network. This approach
not only enables dual-purpose use of existing surveillance cameras for both routine and emergency scenarios but also
provides a new technological approach for seismic monitoring of urban building clusters.
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Fig.1 Schematic diagram of the
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Fig.2 Installation methods and video display of surveillance cameras
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Fig.3 On-site installed IMU and its schematic diagram
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Fig.4 Camera calibration
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Fig.5 Results of the line segment descriptor matching algorithm
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Fig.7 Calculation model for monitoring the seismic response of structures based on rigidly connected cameras
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Fig.9 Spectral analysis of ground motion
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Fig. 10 Changes in brightness before and after the earthquake
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Fig. 11 Displacement calculation results of the visual monitoring system based on earthquake video
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Fig. 12 Power spectral density of inter-story displacement time histories
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Fig. 13 Line segment matching and feature point determination before and after illumination changes
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Fig. 14  Displacement calculation results of the visual monitoring system based on simulated video
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Table 1 Monitoring errors based on visual methods using earthquake video and simulated video
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