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ABSTRACT 
 

To ensure safety of bridges, it is critical to inspect and assess physical and functional conditions regularly. Presently, most highway 
bridges in the U.S. are inspected visually. However, this method of inspection is often influenced by the bridge inspector's knowledge 
and experience. So, reliability and accuracy of inspection results may be problematic. To solve such problems, an extensive number 
of robotics systems and image processing techniques for bridge inspection methods have been proposed. These robotics systems and 
image processing techniques are used to measure various bridge conditions, such as apparent damage, displacement and dynamic 
characteristics. This paper provides a comprehensive review of robotics systems and image processing technologies used in bridge 
inspection. 
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1. INTRODUCTION 
 

Numerous bridges have been constructed over the last 
century and are important to civil infrastructure. Bridges are 
exposed to different kinds of external loads, including traffic 
and hurricanes, during their life cycle. These external loads 
cause structural damage to bridges, which may lead to their 
collapses. To ensure bridge safety and serviceability, it is 
essential to inspect the physical and functional condition of 
the bridge in regular bases. Consequently, bridge 
maintenance has become an important topic of research in 
civil engineering. 

Currently, most bridge inspections around the world are 
conducted as visual inspections, which are the most effective 
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nondestructive methods to assess the physical and functional 
conditions of a bridge [1]-[5]. However, visual inspection 
depends on the inspector’s subjective evaluation, which could 
lead to reliability and accuracy issues for the inspection 
results [6]-[8]. The Federal Highway Administration (FHWA) 
conducted research on the reliability of the manual visual 
inspection method, determining various factors that affect the 
reliability and accuracy of the inspection results [7]. In 
addition to the reliability and accuracy issues, the visual 
inspection method is problematic in terms of inspector safety, 
work efficiency, and cost [2], [8]-[10]. To solve these 
problems, researchers have recently been studying various 
bridge inspection methods based on robotics technologies [2], 
[3], [9], [11]-[13]. A robotics-based bridge inspection system 
can quickly assess the condition of a bridge using a computer 
analysis system that implements image-processing techniques 
to improve the reliability and accuracy of inspection results. 
In addition, such systems can reduce the safety risk of 
inspectors and increase the work efficiency. This paper 
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reviews the recent research trends of robotics and image-
based bridge inspection technologies. This paper begins with 
an introduction to manual visual inspection methods in 
Section 2. In Section 3, we analyzed various studies related to 
image processing technology for bridge inspection. In 
Section 4, we describe recent research results regarding 
robotics-based bridge inspection systems. Finally, the 
conclusions of this paper are drawn in Section 5. 
 
 

2. CURRENT BRIDGE INSPECTION METHOD 
 

In 1968, the United States of America initiated a 
national bridge inspection program. Large numbers of 
standards and manuals related to bridge inspection have been 
developed over the years (Table 1) [14]. The governing 
document in the United States that provides general guidance 
for highway bridge inspection procedures is called the 
National Bridge Inspection Standards (NBIS) [15] published 
by FHWA. The NBIS prescribes minimum requirements 
(such as the qualifications of personnel, inspection frequency, 
and inspection procedures) for the inspection of highway 
bridges, where visual inspection is the primary method used 
to perform these inspections. However, such inspections have 
several limitations. First, the inspector's knowledge and 
experience, along with various other factors, can influence 
the results of inspection. Second, the manual visual 
inspection process is incredibly laborious and time-
consuming, especially for long-span bridges. This is because 
preparation of the bridge inspection plans as well as the 

collection and analysis of data require a large amount of 
hours. Third, some bridges also have accessibility problems, 
and therefore may require additional equipment such as 
ladders to inspect the bridge. Finally, it is also dangerous to 
visually inspect bridges that have passing vehicles, resulting 
in safety risks. The FHWA conducted research related to the 
accuracy and reliability of manual visual inspection, 
specifically focusing on routine inspection and in-depth 
inspection [7], [16]. The participants of this experiment 
consisted of 49 practicing bridge inspectors from various 
state departments of transportation (DOTs), all with different 
experience levels. According to the FHWA report [7], the 
bridge condition rating is highly dependent on the knowledge 
and experience of the inspector. Consequently, these 
experience based inspection results are not always reliable, as 
inspectors may interpret the inspection data using subjective 
judgment. The main factors affecting the visual inspection 
results are summarized in Table 2 [7]. 
 
 
3. BRIDGE INSPECTION METHODS USING IMAGE 

PROCESSING 
 

Image-processing technology was mainly used to detect 
cracks in asphalt pavements [12], [17], [18]. Recently 
however, image-processing technology has been gradually 
developed for application in various industries for safety 
purposes, including topics related to buildings and bridges. 
This section introduces several bridge inspection techniques 
that incorporate image-processing. 

  
Table 1. Major Standards and Manuals in the United States. The Table is Modified from [14]  

The American Association of State Highway and 
Transportation Officials (AASHTO) 

The United States Federal Highway Administration (FHWA) 

 AASHTO Manual for Bridge Evaluation, Second 
Edition (2011) 

 AASHTO Guide Manual for Bridge Element 
Inspection, First Edition (2011) 

 AASHTO LRFD Bridge Design Specifications, 5th 
Edition (2010) 

 AASHTO Guide for Commonly Recognized 
Structural Elements (1998) 

 AASHTO Manual for Condition Evaluation of 
Bridges (1994) 

 AASHTO Manual for Maintenance Inspection of 
Bridges (1974, 1978, 1983, and 1993) 

 AASHO Manual for Maintenance Inspection of 
Bridges (1970) 

 FHWA Bridge Inspector's Reference Manual (2002 and 2006) 
 FHWA, Bridge Inspector's Training Manual 90 (1991) 
 FHWA Hydraulic Engineering Circular No. 18 (1988) 
 FHWA "Scour at Bridges," a technical advisory (1988) 
 FHWA Inspection of Fracture Critical Bridge Members (1986) 
 FHWA Bridge Inspector's Training Manual 70 (1979) 
 FHWA Culvert Inspection Manual (1979) 
 FHWA The Bridge Inspector's Manual for Movable Bridges (1977) 
 FHWA Recording and Coding Guide for the Structure Inventory and 

Appraisal of the Nation's Bridges (1972, 1979, 1988, 1991, and 1995)
 FHWA National Bridge Inspection Standards (1971, 1979, and 1988) 
 NBIS. Code of Federal Regulations, 23 Highways Part 650, Subpart C -

National Bridge Inspection Standards. 

 
Table 2. The Main Factors affecting the Visual Inspection of Bridges 

Inspector Factors Inspection Factors 

 Visual Acuity 
 Color Vision 
 Fear of Traffic 
 Experience in Bridge Inspections 
 Formal Bridge Inspection Training 
 General Education Level 
 Thoroughness and Effort Level 

 Allotted Time (relate to Inspector’s Rushed Level ) 
 Light Intensity 
 Structure Complexity Level 
 Structure Accessibility Level 
 Structure Maintenance Level 
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3.1 Apparent Damage 
Abudayyeh et al. [19] proposed an automated imaging 

inspection framework that could be integrated into bridge 
management systems. The presented framework [19] consists 
of three major components: (i) data acquisition (image capture 
by a camera), (ii) analysis and interpretation (image processing 
techniques), and (iii) an information model (data storage and 
processing). Hutchinson et al. [20] conducted research for 
automated crack detection using the Canny and fast Haar 
transform algorithms. Abdel-Qader et al. [21] conducted an 
efficacy analysis of four edge-detection algorithms (fast Haar 
transform [FHT], fast Fourier transform [FFT], Sobel and 
Canny), and they concluded that FHT is better than the other 
methods for the purpose of crack identification in concrete 
bridges. Additionally, Abdel-Qader et al. [22] proposed a crack 
detection technique for concrete bridges based on principal 
component analysis (PCA).  

In general, the various methods of crack detection based 
on image processing try to extract information on the crack 
points by using acquired images. However, the captured images 
typically contain various types of noise (such as shadings and 
stains), as bridges are exposed to the external environment. For 
this reason, it is difficult to accurately detect cracks from the 
acquired images. To overcome these problems, Yamaguchi and 
Hashimoto [23] proposed a percolation model based on image 
processing, which is a type of scalable local processing 
technique; this method considers the brightness relationships 
among cracks in neighboring regions, resulting in accurate 
crack detection.  

Yamaguchi and Hashimoto [24] expanded on this research 
and developed an advanced percolation based image processing 
technique that can both enhance the accuracy and reduce the 
processing time of crack detection. Fujita and Hamamoto [25] 
presented an automatic crack detection technique for noisy 
concrete surface images that uses probabilistic relaxation and a 
locally adaptive threshold. Lee et al. [26] developed a crack 
detection method based on an artificial neural network, which 
implemented a morphology technique to remove the noise 
according to the non-uniform brightness of the captured image 
backgrounds. Tong et al. [27] proposed a technique that detects 
cracks along the bridge bottom under irregular light conditions, 
and Bu et al. [28] developed a crack evaluation method that 
uses a texture analysis-based technique to analyze low quality 
bridge images. 

Some researchers focused on monitoring crack changes. 
Sohn et al. [29] developed a system for monitoring crack 
changes in concrete structures using multi-temporal images. 
This system is divided into two steps for detecting crack 
changes. First, the cracks are extracted from the concrete 
surface images, and reference crack-coordinates and then 
creates in image space using this information. Second, different 
cracks are then extracted from other surface images, and 
through a matching process, newly generated cracks in the 
image space are detected. Similarly, Chen et al. [30] proposed a 
system to detect crack changes in concrete using multi-
temporal image processing. Using the technique proposed by 
Chen et al. [30], it is possible to measure changes in the cracks 

by comparing the crack locations in the former and later images 
using the normalized cross correlation (NCC) method. 

Several techniques based on image processing have also 
been developed that automatically determine the locations of 
the crack points in a 3D image. Ehrig et al. [31] analyzed the 
advantages and disadvantages of three different algorithms for 
crack detection: the template matching technique, the sheet 
filter based on Hessian matrices and the percolation method. In 
addition, they proposed a modified percolation algorithm that 
applies a sheet filter to detect cracks in 3D images. This 
method is capable of detecting thick cracks, including the 
bending and branching of cracks, whereas thin cracks were not 
detected properly. Yang et al. [32] developed an image analysis 
method using stereo vision that is suitable for thin crack 
detection. Through field experiments of different bridges, they 
proved that their proposed method could identify cracks in 
concrete surfaces as thin as 0.2mm. In addition, this method 
can calculate the 3D coordinates of inspection surfaces using 
stereo-triangulation. Jahanshahi and Masri [33] developed a 
crack detection system that creates a complete crack map using 
3D scene reconstruction. Further, Jahanshahi and Masri [34] 
proposed a crack detection method based on photogrammetry, 
which can quantify and evaluate the crack width. Zhu et al. [35] 
proposed a novel method that can detect cracks in large-scale 
concrete bridge columns using multiple close range images. In 
order to detect cracks in a large-scale structure, conventional 
methods require the images to be entirely visible in terms of the 
structural elements. Zhu et al. [35] overcame this problem by 
applying an image stitching technique. 

Some researchers assessed spalling of the concrete 
surfaces and steel corrosion. German et al. [36] proposed a 
method of detecting spalling regions for reinforced concrete 
(RC) columns and determining the damage properties (depth 
and length). They applied image segmentation, template 
matching, and morphological techniques to achieve such 
spalling assessment. Adhikari et al. [37] presented an image 
processing method to assess multiple defects in bridges. Their 
proposed method can automatically evaluate spalling and 
determine crack properties from captured images. Lee et al. [38] 
proposed a method that detects the existence of steel surface 
corrosion by processing digital color images and performing a 
multivariate statistical analysis. Chen et al. [39] developed a 
support-vector-machine-based rust assessment approach 
(SVMRA) to automatically detect steel bridge corrosion. This 
method can handle irregular illumination and effectively 
recognize corrosion for various coating colors. 
 

3.2 Displacement and Dynamic Characteristics 
Stephen et al. [40] presented an image tracking system that 

measures bridge-deck displacement, and this system was 
applied to the Humber Bridge in the UK. Olaszek [41] 
proposed a method for measuring the displacement and 
dynamic characteristic of bridges based on the 
photogrammetric principle. Jauregui et al. [42] used digital 
close-range terrestrial photogrammetry to measure the vertical 
deflection of bridges. Poudel et al. [43] developed a sub-pixel 
edge detection algorithm for high-accuracy displacement 
measurements. Fu and Moosa [44] proposed a cost-effective 
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displacement measurement method for civil structures using a 
high-resolution CCD camera. Wahbeh et al. [45] developed a 
vision-based absolute displacement measurement system 
composed of a camera, LED markers, and a computer. Through 
experiments regarding the Vincent Thomas bridge in California, 
they demonstrated the feasibility of this vision-based technique 
for measuring the displacement of a bridge. Kohut et al. [46] 
conducted comparative research on radar interferometry and 
vision-based methods for measuring the displacement of civil 
structures. They demonstrated the precision of a vision-based 
technique used to measure steel bridge displacement. 

Lee and Shinozuka [47], [48] developed a system that 
measures the real-time dynamic displacement of flexible 
bridges using digital image processing. This system was also 
capable of assessing the bridge load carrying capacity of a 
steel-plate girder bridge located in Korea [49]. Fukuda et al. 
[50] proposed a vision-based displacement measurement 
system that uses a low-cost digital camcorder and a PC. Choi et 
al. [51] presented a structural dynamic displacement system 
that could perform multi-measurements using an economical 
hand-held digital camcorder. Ho et al. [52] developed a 
synchronous vision system implementing an image processing 
technique for measuring the dynamic displacement of civil 
infrastructure. This system can simultaneously support several 
camcorders for real-time multipoint displacement 
measurements. Tian and Pan [53] proposed a vision-based 
displacement measurement device using LED targets for real-
time measurements of bridge deflection. 

Yoneyama et al. [54] conducted bridge deflection 
measurements using a digital image correlation method for 
bridge load tests. Busca et al. [55] proposed a vision-based 
technique using three different image processing techniques, 
including pattern matching, edge detection and digital image 
correlation, to measure the dynamic response of bridges. Feng 
et al. [56] developed a remote vision-sensor system that 
measures the civil structural displacement through the use of 
advanced template matching. Ribeiro et al. [57] developed a 
video-based system using the RANdom SAmple Consensus 
(RANSAC) algorithm to measure the dynamic displacements 
of railroad bridges. Feng et al. [58] developed a marker-less 
vision-based system using an advanced Orientation Code 
Matching (OCM) algorithm to measure the dynamic 
displacement of bridges. 

Jeon et al. [59] presented a paired visual servoing system 
to measure the 6-DOF(Degrees of Freedom) displacement of 
massive structures such as high-rise buildings and long-span 
bridges. Park et al. [60] proposed a method to measure three-
dimensional structural displacements using a motion capture 
system, which has a high accuracy and sampling rate. Chang 
and Xiao [61] developed a single-camera videogrammetric 
technique for simultaneously measuring both the three-
dimensional translation and rotation of a planar marker 
attached to a structure. 

Ji and Chang [62] proposed a novel vision-based method 
that uses an optical flow technique to eliminate the use of a 
marker and measure the vibration of a small pedestrian bridge 
with a single camcorder. In another study, Ji and Chang [63] 
presented a marker-less stereo vision technique to monitor the 

dynamic responses of line-like elements such as cables in both 
spatial and temporal domains. Kim and Kim [64] proposed a 
non-marker vision technique that measures the tension in 
hanger cables of a suspension bridge by utilizing digital image 
correlation based on a portable digital camcorder. Kim [65] 
proposed a multi-template matching method to correct errors 
during marker recognition induced by after-images and noise 
due to both camera shaking and the high-speed motion of 
cables. Chen et al. [66] developed a digital photogrammetry 
method using multiple camcorders to measure the synchronized 
ambient vibrations at different locations of a stay cable in order 
to identify the mode shape ratios. 
 
 

4. ROBOTICS SYSTEMS FOR THE BRIDGE 
INSPECTION 

 
Recently, the construction automation based on robotics 

technologies has become a global issue [11], and several 
studies have reviewed the advantages related to robotics 
technologies for infrastructure inspection [3], [11], [67]. 
Previously in Section 2, we described several problems that 
arise during manual visual inspections. In order to help solve 
such problems, a variety of robotics system with image 
processing techniques have been developed, which have been 
applied to the inspection of bridges. A robotics system used for 
bridge inspection can complete the inspection process with 
higher reliability and efficiency compared to conventional 
inspection methods. In this section, we review the state-of-the-
art research trends of robotics system with image processing 
techniques for bridge inspection. Generally, robotics systems 
for bridge inspection can be divided into three categories as 
follows: (i) special inspection vehicles, (ii) unmanned 
inspection robots, and (iii) climbing inspection robots. 

 
4.1 Special Inspection Vehicle 

Tung et al. [68] developed an inspection vehicle that 
detects cracks in bridges. To help automate this bridge crack 
inspection, the inspection vehicle is equipped with a 
manipulator system consisting of four arms (Arm 1, Arm 2, 
Arm 3 and Arm 4). In addition, the manipulator system is 
equipped with two CCD cameras for examining areas that may 
not be accessible to the inspectors. The main role of this four-
axis manipulator system is as follows: Arm 1 is the main 
support beam of the manipulator system and is fixed to a 
revolving platform mounted on the vehicle. Arm 2 can push 
Arms 3 and 4 over the bridge railing via a revolving movement, 
and Arm 2 can also support the load. Arm 3 can move 
vertically in the direction of the Z-axis and push Arm 4 below 
the bridge. Arm 4 can push the CCD camera to the underside of 
the bridge surface via a revolving movement. Surface images 
of the bridge are then acquired by the CCD cameras, which are 
sent to a computer via cables. The surface cracks of the bridge 
can be detected using the transmitted images through the 
image-processing algorithm developed by Tung et al. [68]. 

Oh et al. [69] developed a bridge inspection robot vehicle 
system utilizing a machine vision system. The entire system 
consists of a special vehicle, an inspection robot equipped with 
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various sensors, and a machine vision system. The specially 
designed vehicle contains a multi-linkage system that is 
operated via hydraulic drive motors. The multi-linkage system 
was designed to move the inspection robot beneath the bridge. 
The multi-linkage system extends from 4m to 12m and can 
rotate up to 180 degrees. A proper control for this system 
enables the inspection of extensive areas during a single 
inspection. The inspection robot is installed at the end of the 
multi-linkage system. The inspection robot is equipped with a 
CCD camera, a gyro sensor and a laser sensor. The gyro and 
laser sensors help to maintain a constant distance between the 
bridge surface and the inspection robot, regardless of any 
external factors (wind, vibration, etc.). The machine vision 
system, which acquires images for crack detection, contains a 
CCD camera, a server computer, and an image-processing 
program. The server computer is installed inside the bridge 
inspection robot vehicle. The control and database system, 
which are installed inside the specially designed robot vehicle, 
can remotely control all functions of the multi-linkage system, 
inspection robot, and machine vision system. In the field 
experiments at real bridges, the proposed system detected most 
of the cracks with widths greater than 0.023mm. 
 

4.2 Unmanned Inspection Robot 
Lee et al. [70] developed a remote-control tarantula robot 

system that inspects the inside cracks of a Pre-stressed 
Concrete (PSC) box bridge. This inspection robot system 
consists of an unmanned tarantula robot, a portable remote-
controller module, and a computer that includes an image 
processing program. Between the PSC boxes, there are 
trapezoidal-shaped structural obstacles, and the tarantula robot 
was designed using quad-track type in order to overcome such 
obstacles. The tarantula robot uses a high-performance digital 
camera and location sensors to collect images of the bridge’s 
interior and to monitor the current location inside the bridge 
from the outside. The image-processing program can 
automatically calculate the length and thickness of a crack. 
This information is stored and managed in a database. 

Lim et al. [10] developed the Robotic Crack Inspection 
and Mapping (ROCIM) system, which can conduct accurate 
assessments of cracks on the bridge deck using a mobile robot. 
The ROCIM system is comprised of one mobile robot and one 
laptop that is wirelessly connected to the mobile robot. A high-
resolution camera and laser sensor were equipped on the 
mobile robot to capture images of crack on the bridge deck. 
The cracks in the bridge deck can be detected using the image-
processing program on the laptop computer. Efficiently 
inspecting all regions of a bridge deck via a mobile robot 
requires strategic path planning. They proposed robotic 
inspection path planning based on a genetic algorithm (RIP-GA) 
that minimizes the moving distance and direction changes of 
the mobile robot during inspection. 

Predicting bridge deterioration requires the inspection of 
various aspects of the bridge, including rebar corrosion, 
concrete strength, and spalling/delamination. However, 
unmanned robot systems for bridge inspection have been 
limited to detect cracks based on image processing techniques. 
Recently, La et al. [71] developed a robotics assisted bridge 

inspection tool (RABIT) for high-efficiency and high-
performance bridge deck inspection. The RABIT is consists of 
autonomous systems that integrate state-of-the-art robotics and 
multiple nondestructive evaluation (NDE) technologies. The 
RABIT system can inspect steel corrosion, spalling, and cracks 
of the bridge deck. The main component of the RABIT system 
is a mobile robot that is equipped with various sensors, 
including NDE sensors, actuators, and computing devices. The 
mobile robot is equipped with two-sensor types as follows: 
navigation and path planning sensors and NDE sensors. The 
navigation and path planning sensors include real-time 
kinematic (RTK)-GPS units, laser scanners, and an inertial 
measurement unit (IMU) sensor. NDE sensors include a ground 
penetrating radar (GPR), units impact echo/acoustic array 
sensors, electrical resistivity probes, high-resolution digital 
cameras, and a 360◦ panoramic camera. In addition, three 
embedded computers are installed inside the mobile robot. One 
computer runs the operating system for the navigation and path 
planning tasks, and the other two computers run the operating 
system for the integration of multiple NDE sensors and data 
collection. The collected data and images from the mobile 
robot are transmitted in real-time to the remote computers for 
analysis purposes using wireless communication.  

Gibb et al. [72] developed a multifunctional civil 
infrastructure inspection robot that uses the Seekur Jr mobile 
robot as base platform. Several NDE sensors were equipped on 
inspection robot, including GPR sensor, two electrical 
resistivity (ER) sensors, and a camera system. As the inspection 
robot conducts inspection using the GPR sensor, visual data are 
also being recorded via the camera system. The convolutional 
neural network (CNN) algorithm was applied to classify sub - 
images of each frame as either containing cracks or not 
including cracks. This inspection robot can operate both 
indoors and outdoors. 
 

4.3 Climbing Inspection Robot 
Large structures such as bridges, skyscrapers, and nuclear 

power plants are difficult to inspect effectively, while also 
being very dangerous work for humans. Recently, several 
climbing robots have been developed to replace humans for the 
inspection of large structures. 

To inspect concrete structures, Hillenbrand et al. [73] 
proposed a wheel driven climbing-robot that integrates a 
negative pressure adhesion system. This robot was named the 
climbing robot with multiple sucking chambers for inspection 
(CROMSCI). The CROMSCI has an attached manipulator-arm 
that can carry various sensors (including cameras) required to 
inspect bridges. In addition, the robot was equipped with three 
omnidirectional driven wheels and seven single vacuum 
chamber for effective locomotion. The CROMSCI can be 
driven uninterrupted, even if one of its chambers has been 
damaged, and it can move in any direction. Mazumdar et al. 
[74] developed a magnetic-foot-based climbing inspection 
robot for the inspection of steel bridges. To minimize the 
battery consumption, the permanent magnets-based robot foot 
is used for adhering to steel structures. The proposed robot was 
designed to move using three different gait modes (moonwalk 
mode, shuffle mode and swinging mode). The robot can be 
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move quickly along flat steel surface using the moonwalk mode. 
The shuffle mode is used to move along inclined surfaces, and 
the swinging mode is devised to overcome various obstacles. 
Wang et al. [75] proposed a climbing robot that combined a 
GMR (giant magnetoresistance) sensor array and a magnetic-
wheel. The four magnetic wheels used as the adhesion device 
of the robot with the steel structures. 

Luo et al. [76] developed a cable painting robot for cable 
maintenance of cable-stayed bridges. They designed an electric 
climbing mechanism that can climb arbitrary-gradient cables of 
diameters ranging from 80 to 200mm, and proposed a 
pneumatic climbing mechanism for rust-detection in cables. In 
addition, they developed a cable painting mechanism. The 
cable-painting robot carries coating material that is used to 
paint cables, and the robot has been tested successfully on both 
the XuPu Bridge and the Nanpu Bridge. The cable-painting 
robot proposed by Luo et al. [76] is a very heavy device (more 
than 150kg) and is not appropriate for applications involving 
cables, as such a heavy robot can inflict damage on the cables 
during climbing. Xu et al. [77] developed a robotic system for 
cable inspection of cable-stayed bridges, resulting in a lighter 
climbing robot. This system is composed of a wheel-driven 
climbing robot (5kg) and an operation system. The climbing 
robot is equipped with four CCD cameras and a small 
transmitter. The climbing robot is controlled via a remote-

control system, and operation information for the robot is 
transmitted to the monitoring system.  

To inspect the cables, the climbing robot acquires images 
using the four CCD cameras and transmits them to the 
monitoring system. The damage information of the cable can 
be obtained using image processing technology. The 
performance of such a wheel-driven climbing robot system was 
demonstrated via experiments on the Hangzhou Bay Cross-sea 
Bridge and the Tongling Cable-Stayed Bridge. Cho et al. [78] 
proposed a climbing inspection robot for hanger cables of 
suspension bridges. The climbing inspection robot is equipped 
with a vision system composed of several cameras and a wheel 
odometer. The robot is able to transmit the images of the cable 
surfaces in real time during moving on the cable, and the wheel 
odometer is used to estimate the location of the climbing 
inspection robot. The weight of the robot is 30kg and the robot 
is controlled via wireless communication.  

La et al. [79] developed a climbing inspection robot and 
its data processing system for steel structures and bridges 
monitoring. The climbing robots can be adhered to steel 
surfaces without consuming any force by using permanent 
magnets (A total of 36 neodymium magnets). The climbing 
robot captures cameras images and then transmits them to the 
ground station over a wireless LAN connection for data 
processing. This climbing robot is able to carry a payload up to 
approximately 7 kg. 

 
Table 3. Image Processing Techniques in Bridge Inspection 

Classification Types  Research 

Apparent Damage 

Crack [20], [22], [24]-[30], [32]-[35]   

Spalling [36], [37] 

Corrosion [38], [39] 

Displacement and Dynamic 
Characteristics 

General [40]-[46], [48]-[61]  

Cable [62]-[66] 

 
Table 4. The Main Advantages of Robotics Systems 

Tools Advantages 

Inspection  Remote-Controlled Inspection 
Robot 

 Time Saved during Inspection 
 Accident Risk Reduced 
 Accessibility Improvement in Inspection Areas 

Data Analysis  Computer-based Automated 
Analysis Program 

 Accuracy and Reliability Improvement of the Inspection 
Results 

History 
Management 

 Database Server  Effective History Management of Inspection Data 

 
Table 5. Robotics System with Image Processing Techniques 

Classification Types  Research 

Robotics System for Bridge 
Inspection 

Special Inspection Vehicle [68], [69] 

Unmanned Inspection 
Robot 

[10], [70]-[72] 

Climbing Inspection Robot [73]-[79] 
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5. DISCUSSION AND CONCLUSION 
 

Most of the highway bridges in the U.S. are inspected 
using manual visual inspection, but there are several inherent 
limitations. The manual visual inspection method is influenced 
by the inspector's knowledge and experience, and the reliability 
and accuracy of the inspection results can be problematic. In 
order to overcome this, several robotics system has been 
applied to inspect the bridge. In this paper, we reviewed the 
state-of-the-art studies regarding bridge inspection based on 
robotics system and image processing techniques. These 
studies on bridge inspection techniques using image processing 
can be divided into two categories as follows: (i) apparent 
damage (such as cracks) inspection and (ii) displacement and 
dynamic characteristics measurements. Presently, much of the 
research on bridge apparent damage methods using image 
processing have focused primarily on cracks, and some studies 
have been extended to spalling and corrosion (Table 3). A 
bridge's displacement and dynamic response provide valuable 
information in terms of structural analyses for safety 
assessment. This information is utilized as the basis data to 
analyze the performance of the bridge through several system 
identification methods. Thus, monitoring of the displacement 
and dynamic characteristic in the bridge is a critical issue for 
safety and maintenance purposes. The displacement and 
dynamic response measurements in bridges normally use high 
precision sensors such as linear variable-differential 
transformers (LVDTs), accelerometers, and global positioning 
systems (GPSs). However, such conventional methods have 
limitations in one form or another [47], [50], [57]. 

For example, an LVDT or accelerometer needs to be 
installed with additional equipment such as a data logger 
(including cable and power supply equipment), which can be 
both cumbersome and costly when monitoring large-scale 
bridges. The GPS-based method has low precision in terms of 
the vertical displacement measurements [80]. The image 
processing technique uses motion images taken using portable 
devices such as digital cameras to measure the displacement 
and natural frequency of a bridge. Such a technique requires no 
additional equipment (including cables), and measurements at 
multiple locations can be taken in a relatively shorter time 
compared to the conventional method. 

Consequently, the image processing method can reduce 
the time and cost compared to the previous sensor-based 
methods. Image-processing techniques are combined with 
robotics systems to automate bridge inspection tasks. Generally, 
robotics based bridge inspection systems are composed of data 
analysis programs, inspection robots, various sensors and high-
resolution cameras. The robotics system acquires reliable 
bridge inspection results via computer-based analysis programs. 
In addition, such a system can improve the safety of bridge 
inspection via the use of inspection robots in dangerous 
environments. Table 4 describes the main advantages of 
robotics systems for bridge inspection compared with the 
conventional inspection methods, and Table 5 summarizes 
various studies on robotics systems for bridge inspection. The 
state-of-the-art robotics systems successfully contribute to the 
automation of bridge inspection. 
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