
Missouri University of Science and Technology Missouri University of Science and Technology 

Scholars' Mine Scholars' Mine 

INSPIRE Archived Webinars INSPIRE - University Transportation Center 

14 Sep 2021 

Image-Based Bridge Defect Detection and Monitoring Image-Based Bridge Defect Detection and Monitoring 

Technologies Technologies 

Jian Zhang 
Southeast University, China 

Follow this and additional works at: https://scholarsmine.mst.edu/inspire_webinars 

 Part of the Structural Engineering Commons 

Recommended Citation Recommended Citation 
Zhang, Jian, "Image-Based Bridge Defect Detection and Monitoring Technologies" (2021). INSPIRE 
Archived Webinars. 17. 
https://scholarsmine.mst.edu/inspire_webinars/17 

This Video - Presentation is brought to you for free and open access by Scholars' Mine. It has been accepted for 
inclusion in INSPIRE Archived Webinars by an authorized administrator of Scholars' Mine. This work is protected by 
U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the permission of the 
copyright holder. For more information, please contact scholarsmine@mst.edu. 

http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/inspire_webinars
https://scholarsmine.mst.edu/inspire-utc
https://scholarsmine.mst.edu/inspire_webinars?utm_source=scholarsmine.mst.edu%2Finspire_webinars%2F17&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/256?utm_source=scholarsmine.mst.edu%2Finspire_webinars%2F17&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/inspire_webinars/17?utm_source=scholarsmine.mst.edu%2Finspire_webinars%2F17&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu


Image‐Based	Bridge	Defect	Detection	and	g g
Monitoring	Technologies	

Dr. Jian ZhangDr. Jian Zhang
Southeast University

E il ji @ dEmail：jian@seu.edu.cn



Intelligent Detection of Structural Defects



Difficult for inspectionHarmful deterioration

Short-lived Collapse

Accurate automatic



(level 1)

 Deep learning algorithms for automatic detection of structural damages with high

UAV for bridge inspection Real-time detection

 Deep learning algorithms for automatic detection of structural damages with high-
precision

UAV for bridge inspection Real-time detection

Feature extractionFeature extraction
Real-time segment

Feature extractionFeature extraction

CNN for real-time detectionCNN for real-time detection



(level 2)
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(level 3)

Multi-angle geometric image position

Automatic clustering of damage images



021.5.1 Multimode UAV for accurate crack inspection

Overall check - (free conversion) - flight modeWide view

Multi-mode inspection

Overall�check� (free�conversion)� flight�mode
High efficiency

switching

Partial�-(seamless�connection)-crawlingClose inspection
High precision

Smart phone application

Comparison with traditional drone products
Comparison�
parameters Commercial Proposed

GPS�Request Strict None
Detection�Rate Offline�Detection Real-time Detection

Width�Measurement�
Accuracy 0.2mm 0.1mm Deep CNN

 Real-time recognition
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Visual and IMU fusion

The overall composition of the bridge inspection UAV

 EKF estimation

Similar accuracy as GPS positioning
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Background 
insufficient clearance,

difficult to enter

Solution 

Hardware designHardware design
difficult to enter

3D lidar
Three axis gimbal

Onboard PC

Poisonous gas in underground canal Software designSoftware design

Convolution

Sigmoid

Spatial attention sub-module

corrosion spalling crack

Avg-pooling

Max-pooling
Point-wise Conv1 Point-wise Conv2

ReLU

Sigmoid

Channel attention sub-module

Avg-pooling

Max-pooling



 The proposed UAV-based bolt inspection system and method has been applied 

Real-time UAV inspection Full bridge bolt test results

p p p y pp
and verified on a bridge, and shown high accuracy and efficiency.

Cable bridge
F ll b id b lt d f t t ti ti

Cable sleeve test results

Full bridge bolt defects statistics

On-site flight inspection

Real-time inspection Full bridge cable damage statisticsLightweight network



Intelligent Detection of Structural Defects

Vision-based Monitoring Technology
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is an important indicator of bridge safety, but it is difficult tois an important indicator of bridge safety, but it is difficult to 
monitor the deformation of long-span bridges.
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R b t t t t ki th d
Long-term�monitoring�changes�under�
environmental�variations

Robust�target tracking�method,

 Consider�time-varying�template�changes�by�UpdateNet;

 Robust�tracking�by�Siamese�network�+�RPN�

iOcclusion,�lighting�transformation regression；

 Refinement�of�target�positions�by�correlation matching.

Background�changes

Comparative results to GPS underComparative results to GPS under
for long-distance under
environmental variations.



matching algorithm camera disturbance elimination and
developed a real-time, high-precision deformation measurement system.
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Bridge deflection measurement 

High precision
（0.02pixel)

considering pitch angle
g

combining image and angle sensing



 Optical measurement system to monitor the deformation of the main p y
girder and the cable force of a cable-stayed bridge
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Results for cable force monitoring cable force monitoring 

风向

Multi-cable 
monitoring

The abnormal vibration of the third cable of the

Dynamic displacement frequency spectrum
side span was monitored for a long time and the
early warning was successful



 Developed a real-time acquisition system for bridge deck vehicle information based on 
computer vision

Real-time monitoring of bridge deck vehiclesAnqing Highway Bridge

Bridge deck 
vehicle

Temporal and 
spatial p

distribution



 Developed a vessel-bridge and vessel-vessel collision warning system based on p g g y
a data-driven dual-task encoder-decoder network

Computer vision positioning
Vessel Collision Warning System of Jiujiang bridge 
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Vessel positioning•Vessel recognition and tracking
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Data augmentation 
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 Applicationpp
AIS based collision avoiding method Developed vessel collision warning system 

AIS trajectory

Geo-fence

The vessel which has high collision risk with the bridge 
bas been detected 

(1) low reporting frequency 
(2) low positioning precision
(3) system can be turned off

Data-driven method



Intelligent Detection of Structural Defects

Vision-based Monitoring Technology

3D Reconstruction Measurement Technology



Labor intensive Time consumingLabor intensive Time consuming
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 A stereo-vision based trajectory monitoring system is proposed for the guidance of construction on 
it ith t t d ti i iti i l ti

3.1 Construction quality control of precast components hoisting based on binocular vision

Component 
di t Coordinate system

Pose estimation

site with non-contact and consecutive acquisition in real-time

coordinate Coordinate system 
transformation

Reference
coordinate

Trajectory of controlled point
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3.1 Construction quality control of precast components hoisting based on binocular vision

Minor adjustment in XY-plane

T j t
Trajectory

Point O

Point C

Trajectory

Design position

Trajectory of controlled point during 
installation

Design position

TrajectoryPoint A

Point B

A B A B

Trajectory

Design position

O
Design position

Trajectory

Point D

C D
C DO

Design position

Output accurate pose for 
guidance of construction on site!



Monitoring process

Laser scanner Computer
control

t it

Pre-calibration

Scanner’s own CS->As-designed CS
transmit

Real-time
collection

Point cloud 
registration

Output 
position



Advantage

Non-contact,�no�need�to�assist,�arbitrary�
station

Erection process

Scanner’s CS->Pier’s local CS->As designed CS
station
Automatic�output�component�6�DOF
posture
Guidelines�the�pier�column�to�fine�tune

Measurement results
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