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Abstract

This paper uses a bibliometric analysis of an image-based crack detection system using RStudio
and VOS viewer software tools. In the experimental setup, we verified 210 documents found
in the Scopus database with three sections: building walls, concrete surface, and concrete
bridges from 141 sources like Journals, conferences, books, and Book chapters, etc., from 2014
to 2024. The R-studio will analyze the Scopus data as input, predict the plot, and cluster the
table; then, the VOS-viewer will create a map. The Bibliometric coupling is used to generate a
group of related themes with the help of a threshold value of 9, and seven cluster themes are
generated. The three-field plot shows the usage of keywords by respective affiliations and
countries, and China is the leading country in the domain. The annual scientific production
performed right to move in publication output occurred in the 21st century, starting with
remarkable growth in 2022 and continuing with a steady rise from 2021 to 2024. Most cited
countries specify, especially regarding the total count of research publications resulting from
their collaboration. Regarding the total number of research articles produced by a particular
country, China has the highest number of research papers, contributing 115 publications. Of
the number of research papers affiliated with each university, the topmost is Zhengzhou
University, which contains 23 research articles. This paper's novelty is understanding modern
literature instead of traditional surveys.

Keywords : Crack Detection; Image Processing ; Bridge Cracks,; Surface Cracks; Deep
Learning;

1. Introduction
Image-based structural crack detection systems have emerged as pivotal components in Digital
image processing, Artificial Intelligence, and Computer vision. Automated crack detection has

become essential for effective structural monitoring in the present conditions of civil work
construction. The laboring operation of detecting cracks takes much time, and inspectors suffer
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from subjective judgments. Cracks have a major effect in ensuring structural classifications'
safety, serviceability, maintainability, durability, and reliability [1].

In civil construction, a crack cannot be ignored, is connected to risk, and is a disastrous event;
it may destroy the device's safety, robustness, and longevity. Therefore, an accurate crack is
required to detect. Cracks happening due to incompatible causes are low-standard items,
empirical response, unprocessed dead loss, etc., crack inspection by physical action has various
defects, and it cannot detect undetectable cracks, and its reliability is low. A digital image
processing method is developed to correctly find cracked images and undetectable cracks. So,
there is a need for Digital Image processing techniques. Hence, it motivated us to research
image-based crack detection and classification.

The research study's objectives are as follows:
To examine the publication trends.
Analyze the articles, authors, sources, affiliations, and countries.

Identify the latest themes and trends.

2. Methodology

Data Data
collection Analysis
Science
Mapping

Figure 1. A Working flow of bibliometric analysis

Performance
Analysis

Statistical
Analysis

The primary step is to gather the facts from several regions, use the bibliographic Scopus
database, define search terms, do data extraction, and clean up the data. The next step needs to
be analyzed regarding trends and patterns like co-citation, citation, bibliometric coupling, and
keyword co-occurrences. The next step is to evaluate individual authors' publications, citations,
and h-index, assess divergent organizations' exploration production and results, and estimate
the investigation production of incompatible regions or countries. The next step is to create
visual representations of the relationship between publications, authors, and affiliations of
network graphs. The final step is to apply and identify the mapping techniques.

Table 1: Results of Data Scopus Data Analysis

MAIN INFORMATION | Results
ABOUT DATA (2014-
2024)

Timespan 2014:2024
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Sources (Journals, Books, | 141
etc)

Documents 210

Annual Growth Rate % 22.48

Document Average Age 2.77

Average citations per doc | 11.06

References 5331
Keywords Plus (ID) 1542
Author's Keywords (DE) 534
Authors 619
Authors of single-authored | 11
docs

Single-authored docs 14
Co-Authors per Doc 4
International co- | 8.571

authorships %

Article 109
book chapter 2
conference paper 97

3. Data Collection and its Analysis

2999

The research papers on “crack detection,” “building walls,
cracks” were collected from the Scopus database. From 2014 to 2024, 210 research papers
related to keywords like crack detection, building walls, surface cracks, and bridge crack.

surface cracks,” or “bridge

3.1 Data Analysis

The final dataset was exported from Scopus and saved in a dot CSV file; it will be
executed on R-Studio and VOS viewer. The R-studio will analyze the data to predict a plot,
table, clustering, etc. Further, the VOS-viewer will create a map based on the input data, i.e.,
Scopus data. The table below represents the information about Scopus data from 2014 to 2024.

4. Results and Discussion

4.1 Method
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R studio and VOS-viewer are free tools for constructing and visualizing bibliometric networks.
The networks include citation, co-citation, co-occurrence, bibliometric coupling, and co-author
relationships. R programming is employed for performance analysis, and VOS-viewer is used
for scientific analysis to map and analyze the dataset.

4.2 The Annual Production of Research Work

Table 2: Production of article and year

Year Article
2014 5
2015 2
2016 4
2017 9
2018 12
2019 17
2020 16
2021 27
2022 37
2023 43
2024 38

2014 2016 2018 %3P 2022 2024 2026

Figure 2: Graphical Representation of Annual Scientific Production

The above table shows that the R programming predicted the result of research based on the
figures of published research articles in the given academic year. A minimum of 2 articles and
a maximum of 43 articles in 2015 and 2023, respectively. Every year, article publication is
increased till 2023.

4.3 Average Citations per Year
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2020 2025

Year

Figure 4: Graphical Representation of Avrage Citations Per Year

The concept of citable years, referring to the number of years with a substantial volume of
publications, provides insights into the sustained impact of number theory research. The field
has maintained a consistently high level of citable years.

4.4 Most Cited Countries
Table 3: The Collaborations of Cited Countries
Country Article | SCP MCP
CHINA 115 111 4
INDIA 14 12 2
KOREA 4 3 1
AUSTRIA |2 2 0
IRAN 2 2 0
JAPAN 2 1 1
THAILAND | 2 2 0
CANADA 1 0 1
EGYPT 1 1 0
GERMANY | 1 1 0

In the above table, the observation is that China is the topmost contributor, with 115 articles.
It has the highest number of single-country publications (SCPs), with 111 and 4 multiple-
country publications (MCPs). India follows with 14 articles; it has 12 SCPs and 2 MCPs.
Australia, Iran, and Thailand each have 2 articles, all SCPs and no MCPs. Japan has two
articles, one single-country publication and one multiple-country publication. Canada has one
article, no SCPs, and one multiple-country publication. Egypt and Germany each have 1 article;
it has only one SCP and no MCPs. India had a high proportion of international collaborations
when compared to China. Korea and Japan also had good proportions of international
collaborations relative to their whole output.
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4.5 Total Citations Average
Table 4: A Global Analysis of Citations

In the above table, observation comprises information from multiple countries showing the
total citations (TC) to their research articles and the averages of how often each article is cited.
China has been taking highest citations of 1351 with an average of 11.7 citations per article,
while Indonesia has fewest total citations at 10 but achieves an average of 10 citations per

article.

Average
Country TC Article

Citations
CHINA 1351 11.7
KOREA 166 41.5
AUSTRIA 72 36
INDIA 70 5
SWITZERLAND | 36 36
TURKEY 34 34
UsS 31 31
HUNGARY 20 20
THAILAND 17 8.5
IRAN 13 6.5
INDONESIA 10 10

4.6 Most Relevant Affiliations

The above table shows the top 10 university affiliations and the number of research articles
each university has produced. The topmost University is Zhengzhou University, which
contains 23 research articles; Central South University, which contains 10 research papers, is

the least compared to others.
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Table 5 : Most Relevant Affiliations

Affiliations Article
ZHENGZHOU UNIVERSITY 23
TIANJIN UNIVERSITY 19
CHONGQING  UNIVERSITY OF POSTS AND 13
TELECOMMUNICATIONS

FUZHOU UNIVERSITY 17
CHANG'AN UNIVERSITY 13
CHINA THREE GORGES UNIVERSITY 12
HEBEI UNIVERSITY OF TECHNOLOGY 12
NORTH CHINA UNIVERSITY OF WATER RESOURCES 12
AND ELECTRIC POWER

CHANG’AN UNIVERSITY 11
CENTRAL SOUTH UNIVERSITY 10

4.7 Science Mapping

Science mapping is a symmetrical representation of documents, authors, and fields related
to bibliometric mapping. Science mapping is a comprehensive analysis that helps to understand
current trends.

4.7.1 Recent Trends

The experimental setup uses keyword analysis to establish the arising research trends.
The Author's green keywords signify the most recent trends in the area. The author keyword is
2 of a minimum number of occurrences, Source-Author’s estimation produced 1824 keywords,
and 382 is the threshold.

4.7.3 Bibliometric Coupling

Bibliometric coupling is used to recognize groups of studies related to themes. Bibliometric
coupling is stronger when more references share two publications. When two publications are
coupled bibliographically, both cite a third publication.
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Figure 4: Visualization of Keyword co-occurrence
4.7.2 Three-Field Plot

Figure 5, highlighting a three-field plot, shows the usage of keywords by respective affiliations

and countries. China is the leading country in the domain, using relevant keywords such as
detection of crack, deep learning method, image processing, machine learning computer vision,
surface cracks, semantic segmentation, bridge cracks, CNNs, etc. Italy is also the leading
country in the domain, using relevant keywords only for crack detection. India is the second
most in the domain, using keywords such as image processing, bridge crack detection,
computer vision, surface cracks, surface crack detection, etc.; as far the affiliations are
concerned, Zhengzhou University of China is the leading affiliation in using the relevant
keyword crack detection, followed by the Fuzhou university, Tianjin university, China three
gorges university, Chang a water resources and electric power of north China university.

AU_CO DE AU_UN

zhengzhou universit

crack detectior

china /

chongaing university of posts’ai auUoMs
deep learning

mage processing

bridge crack detection

Cluster 1, “Automated semi-supervised crack detection and segmentation using computer
vision based on yolov3 model,” Image processing technique and computer vision model can
automatically identify the Cracks in the bridge and road surface by analyzing and processing
many crack images. This table provides an overview of research focused on crack detection
methods, emphasizing algorithms and models applied to bridge and road surfaces. when 9
publications are coupled bibliographically, all of which cite relevant themes in a semi-
automated.
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Table 6: First Pertinent Theme Semi-Automated

[10].

depth-separable convolution  with

residuals

Cluster Authors Name of documents Citation Pertinent
name theme
Bridge surface crack detection
Caietal [2]. |algorithm based on yolovd and |19
attention mechanism
Docaon et al A new mobile convolution neural
[3]g network—based approach for pixel- | 34
' wise road surface crack detection
Road surface crack detection method
Huetal [4]. |based on improved yolov5 vehicle- | 15
mounted images
Wang(a) et al Sem1—sup§W1sed semantic Automated
segmentation network for surface | 72 .
[5]. . semi-
crack detection )
supervised
Wang(b) et al A real-time bridge crack detection crack
[6] & method based on improved inception — | 43 detection and
1 ' resent-v2 structure segmentation
R . using
Zhang (2020) On-bridge surfacg crack detection computer
based on an improved yolov3 |58 ..
etal [7]. : vision based
algorithm
on a yolov3
Automated bridge surface crack model.
Zhang (2022) | detection and segmentation using
.. . 75
et al [8]. computer vision—based deep learning
model
Automated bridge crack detection
Zhang(20232) method based on lightweight vision | 25
et al [9].
models.
Lightweight bridge crack detection
Zheng et al | method based on signet and bottleneck 16
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Table 7: Second Pertinent Theme Automated

Cluster Authors Name of documents Citation Pertinent
name theme
Chen (2023) et | Building surface crack detection using

. 9
al [11]. deep learning technology
Han (2018) et Structural surface crack deteg‘qon
method based on computer vision | 31
al [12].
technology
Ji (2018) et al | Automated Pixel-level surface crack 34
[13]. detection using U-net
. Surface crack detection using deep
Kim (2021) et learning  with  shallow  CNN | 136
al [14]. . . Automated
architecture for enhanced computation .
pixel-level
Li (2020b) et al | Bridge crack detection based on 23 crack

2 [15]. ssenets detection
Vivekananthan | Concrete bridge crack detection image for ) deep
(2023) et al | processing technology by using the | 21 earmngh
[16]. improved Otsu method approac
Xu (2019) et al | Automatic bridge crack detection

. . 173
[17]. using a convolutional neural network
Zhang(2023b) Mobllen;tvi-bls: a brqad learning
et al [18] approac or auttomatw concrete | 11
' surface crack detection

Method for bridge crack detection

[Zlhg:} (2019) etal based on the U-net convolutional | 44
' networks

Cluster 2, “Automated crack detection for deep learning approach, “focuses on an innovative
approach to evaluating image-based civil structural crack detection and classification.

The table demonstrates the evolution of techniques ranging from artificial intelligence, deep
learning, and computer vision for crack detection of surfaces, emphasizing computational
efficiency and accuracy. From the above table, nine publications are coupled bibliographically,
all citing relevant themes as Automate

Cluster 3, “Automatic pixel level bridge crack detection algorithms based on convolutional
neural networks,” focuses on leveraging deep learning techniques to efficiently and accurately
detect surface cracks across different materials and infrastructures. This collection of studies
demonstrates diverse approaches to surface crack detection, leveraging deep learning,
advanced algorithms, and innovative imaging techniques for efficiency and precision. From
the above table, a total of nine publications, all of which cite the theme as CNN.
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Cluster | Authors name Name of documents Citation Pertinent
theme
Optical surface crack detection
Kou (2022) et al | method based on semantic 20
[29]. segmentation replacement for
magnetic particle inspection
. D f: k detecti
Li(2019a) et al [30]. |, . Surace crack (Celecion g
based on deep learning
Pixel-level crack detection using
. deep fusion about recurrent
Li(2021) etal [31]. ; : 50
1 Jetal[31] residual ~ convolutional  and
context encoder network
Automatic bridge crack detection
Li (2022) et al [32]. using bound.ary refinement baéed 14 Automated
on  real-time segmentation
structure
network
surface
Automatic bridge crack detection crack
4 Li(2023) etal [33]. | using unmanned aerial vehicles | 77 detection
and faster r-CNN using the
- - - i d
. Brid k detection algorith fmprove
Liang fit (2019) et al r‘1 ge cra}c etection 'fl gorithm Otsu
raised on image processing under | 19
[34]. methods
complex background
Siriborvornratanakul | DOWnstream semantic
segmentation model for low-level | 9
(2022) et al [35]. surface crack detection
A vision-based active learning
Wang (2020) et al | convolutional neural network
28
[36]. model for concrete surface crack
detection
Surface crack detection is based
Wu (2021) et al [37]. on i@age sti‘tching and tragsfer 79
learning with a pre-trained
convolutional neural network.
Table 8: Third Pertinent Theme CNN
Received: Aug 07, 2025 3932
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Table 9: Fourth Pertinent Theme Otsu

Cluste
Authors name

Name of documents

Citatio
n

Pertinent theme

Deng (2020) et al [20].

Research on an iron surface crack
detection algorithm based on an
improved YOLOv4 network

19

Joshi (2022) et al [21].

Automatic surface crack detection
using a segmentation-based deep
learning approach

35

Jung (2017) et al [22].

Fast and non-invasive surface
crack detection of press panels
using image processing

14

Jung (2019) et al [23].

Rapid and non-invasive surface
crack detection of pressed panel
products based on online image
processing

13

Kyslytsyna (2021) et al
[24].

Road surface crack detection
method based on conditional
generative adversarial networks

14

Mirbod (2022) et al
[25].

Intelligent concrete surface crack
detection using computer vision,
pattern recognition, and artificial
neural networks

13

Qu (2019) et al [26].

Lining seam elimination algorithm
and surface crack detection in
concrete tunnel lining

36

Yu (2017) et al [27].

Efficient crack detection for tunnel
lining surface cracks based on
infrared images

54

Zhu (2020) et al [28].

Robust image-based surface crack
detection using range data

29

Automatic pixel-
level bridge
crack detection
algorithms based
on convolutional
neural networks

Cluster 4, “Automated structure surface crack detection using the improved Otsu method,
“delves into advanced techniques for surface crack detection across various structures, aiming
to improve precision, reliability, and adaptability. The above table has nine authors from
publications, all of which cite a theme as the Otsu method. We could explore integrating

Received: Aug 07, 2025
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neural network.

Cluster | Authors name | Name of documents Citation Pertinent
theme
Tnoue et al [38]. Deployment-consci9us automatic 17
surface crack detection
Mubashshira et | An unsupervised approach for road
) 17
al [39]. surface crack detection
. Road surface crack detection:
Oliveira et al | . ) o
improved segmentation with pixel- | 136
[40].
based refinement
G‘An
Concrete surface crack detection unsupervised
Qu (2018) et al | with the improved pre-extraction 2 methodology
[41]. and the second percolation for structural
processing methods crack
5 Qu (2019) et al The algorithrp of concrete surfa(j,e ret.clc.)g.nition
crack detection based on genetic | 32 utilizing
[42]. . : ;
programming and percolation genetce
programming
The method of road surface crack and
Quan et al [43]. | detection by the improved Otsu | 40 percolation
threshold methods.
Bri k detecti i Iti-
Rau (2017) et al ridge crack de ection using multi
[44] rotary UAV and object-based image | 28
' analysis
Implementation of surface crack
Zhang (2021) | detection method for nuclear fuel 9
et al [45]. pellets guided by the convolutional

multiple technologies, real-time deployment, and enhancing adaptability to diverse conditions

for innovative research work.

Table 10: Fifth Pertinent Theme Genetic

Cluster 5, “An unsupervised methodology for structural crack recognition utilizing genetic
programming and percolation methods, “highlights advanced methodologies like genetic
programming, percolation, segmentation, and innovative technologies for effective crack
detection across diverse surfaces and structures. The table investigates automatic surface crack
detection with applications across various domains, such as concrete, road surfaces, bridges,
and nuclear fuel pellets. Primary themes emphasize improved accuracy, deployment-conscious

designs, and
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innovations in unsupervised methods for crack detection. The table has eight authors'
publications, all citing a theme as a genetic method.

Table 11: Sixth Pertinent Theme Laser Scanning Thermography

Cluster Authors Name of documents Citation Pertinent
name theme
Geng Non-destructive surface crack
(2022) et al | detection of laser-repaired components | 9
[46]. by laser scanning thermography )
A technique
A technique combining laser spot approach for
Shi et al | thermography and network for surface 30 surface crack
[47]. crack detection laser engineering net detection  in
shaping carbon fiber
6 Surface crack detection for carbon fiber reinforced
Wu (2014a) | reinforced plastic using pulsed eddy 17 plastics using
et al [48]. current based on rectangular different pulsed  eddy
probe current testing
: and laser spot
Surface crack detection for carbon
) i thermography.
Wu (2014b) | fiber-reinforced plastic (CFRP)
) : 18
et al [49]. materials using pulsed eddy current
testing

Cluster 6, “A technique approach for surface crack detection in carbon fiber reinforced plastics
using pulsed eddy current testing and laser spot thermography, “focuses on an innovative
approach to analyzing image-based methods for detecting and classifying cracks on the civil
structure. This category groups together research efforts focusing on detecting surface cracks
using advanced techniques, particularly for materials like carbon fiber-reinforced plastics
(CFRP) and laser-repaired components. These studies explore innovative and non-destructive
testing methods to identify cracks efficiently and accurately. The table is divided into four
entries, each representing a document, its author(s), citation count, and the specific theme it
addresses.

Table 12: Seventh Pertinent Theme Advanced methods in crack detection

Authors | Name of L Pertinent
Cluster Citation
name documents theme
Automatic Automatic
Chanda et | pridge crack 34 crack
al [50]. detection -a detection
texture based on
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7 analysis— infrared
based thermography
approach and texture

analysis
Surface crack y

detection in
pre-casted
Li(2020a) | slab track in
etal [51]. | high-speed
rail via

26

infrared

thermography

Cluster 7, “Automatic crack detection based on infrared thermography and texture analysis,
“Focuses on an innovative approach to evaluating

image-driven crack detection and classification for civil applications. bridge crack detection
and complement it with texture analysis to automate the process. rail track inspection, showing
how thermal imaging can be tailored to the unique requirements of rail systems. This paper
develops an automated system for detecting bridge cracks by integrating infrared thermography
with texture analysis. The approach analyses surface patterns and thermal responses to identify
cracks effectively.

Conclusion

This work conducted a bibliometric analysis on image-driven methods for civil structural
monitoring, crack detection, and classification using R-Studio and VOS-viewer. In this
research work, input is Scopus database information for the last 10 years to understand analysis,
visualization, and constructing bibliometric networks in the fields’ advancement and present
state of the research work. We identified certain research gaps. The research gap needs to be
filled to advance image-based crack detection systems.

Acknowledgments

Authors thank the Ministry of Electronics and Information Technology (MeitY), New Delhi,
for granting Visvesvaraya a Ph.D. fellowship through awards no MeitY-Ph. D-1703675291712
and dated 01/01/2024.

References

[1]X. Wu, Y. Jiang, K. Masaya, T. Tanigu chi, and T. Yamato, “Study on the correlation of
vibration properties and crack index in the health assessment of tunnel lining,” Shock and
Vibration, vol. 2017, Article ID 5497457, 9 pages, 2017.

Received: Aug 07, 2025 3936



International Journal of Applied Mathematics

Volume 38 No. 12s, 2025

ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version)

[2]Yuexin Zhang, Jie Huang, Feng Huang Cai, On Bridge Surface Crack Detection Based on
an Improved YOLO v3 Algorithm, IFAC-Papers On-Line, Volume 53, Issue 2,2020, Pages
8205-8210, ISSN 2405-8963,

[3]Giirkan Dogan, Burhan Ergen, A new mobile convolutional neural network-based approach
for pixel-wise road surface crack detection, Measurement, Volume 195,2022,111119, ISSN
0263-2241,

[4]Hongwei Hu, Zirui Li, Zhiyi He, Lei Wang, Su Cao, Wenhua Du, Road surface crack
detection method based on improved YOLOVS and vehicle-mounted images, Measurement,
Volume 229,2024,114443, ISSN 0263-2241,

[5]Wenjun Wang, Chao Su, Semi-supervised semantic segmentation network for surface crack
detection, Automation in Construction, Volume 128,2021,103786, ISSN 0926-5805,

[6] J. Wang, X. He, S. Faming, G. Lu, H. Cong and Q. Jiang, "A Real-Time Bridge Crack
Detection Method Based on an Improved Inception-Resnet-v2 Structure," in IEEE Access,
vol. 9, pp. 93209-93223, 2021, doi: 10.1109/ACCESS.2021.3093210.

[7] Yuexin Zhang, Jie Huang, Feng Huang Cai, On Bridge Surface Crack Detection Based on
an Improved YOLO v3 Algorithm, [IFAC-Papers On-Line, Volume 53, Issue 2,2020, Pages
8205-8210, ISSN 2405-8963.

[8]Jian Zhang, Songrong Qian, Can Tan, Automated bridge surface crack detection and
segmentation using computer vision-based deep learning model, Engineering Applications
of Artificial Intelligence, Volume 115, 2022,105225, ISSN 0952-1976.

[9]Zhang, J., Qian, S. & Tan, C. Automated bridge crack detection method based on lightweight
vision models. Complex Intel. Syst. 9, 1639-1652 (2023). https://doi.org/10.1007/s40747-
022-00876-6.

[10] X. Zheng, S. Zhang, X. Li, G. L1, and X. Li, "Lightweight Bridge Crack Detection Method
Based on SegNet and Bottleneck Depth-Separable Convolution with Residuals," in IEEE
Access, vol. 9, pp. 161649-161668, 2021, doi: 10.1109/ACCESS.2021.3133712.

[11] Chen, Y., Zhu, Z., Lin, Z., & Zhou, Y. (2023). Building Surface Crack Detection Using
Deep Learning Technology. Buildings, 13(7), 1814.
https://doi.org/10.3390/buildings13071814.

[12] Han, X. J., & Zhao, Z. C. (2018). Structural surface crack detection method based on
computer vision technology. J. Build. Struct, 39, 418-427.

[13] Ji, J., Wu, L., Chen, Z., Yu, J., Lin, P., Cheng, S. (2018). Automated Pixel-Level Surface
Crack Detection Using U-Net. In: Kaenampornpan, M., Malaka, R., Nguyen, D., Schwind,
N. (eds) Multi-disciplinary Trends in Artificial Intelligence. MIWAI 2018. vol 11248.
Springer, Cham.

https://doi.org/10.1007/978-3-030-03014-8 6.

Received: Aug 07, 2025 3937



International Journal of Applied Mathematics

Volume 38 No. 12s, 2025

ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version)

[14] YKim, B., Yuvaraj, N., Sri Preetha, K.R. et al. Surface crack detection using deep learning
with shallow CNN architecture for enhanced computation. Neural Comput & Applic 33,
9289-9305 (2021). https://doi.org/10.1007/s00521-021-05690-8.

[15] Li, H., Xu, H., Tian, X., Wang, Y., Cai, H., Cui, K., & Chen, X. (2020). Bridge Crack
Detection Based on SSENets. Applied Sciences, 10(12), 4230.
https://doi.org/10.3390/app10124230.

[16] V. Vivekananthan, R. Vignesh, S. Vasanthaseelan, E. Joel, K. Sunil Kumar, Concrete bridge
crack detection by image processing technique by using the improved OTSU method,
Materials Today: Proceedings, Volume 74, Part 4,2023, Pages 1002-1007, ISSN 2214-7853.

[17]Xu, H., Su, X., Wang, Y., Cai, H., Cui, K., & Chen, X. (2019). Automatic Bridge Crack
Detection Using a Convolutional Neural Network. Applied Sciences, 9(14), 2867.
https://doi.org/10.3390/app9142867. IEEE Trans Autom Sci Eng 13:591-599

[18] Jing Zhang, Yuan-Yuan Cai, Dong Yang, Ye Yuan, Wen-Yu He, Yan-Jia Wang,
MobileNetV3-BLS: A broad learning approach for automatic concrete surface crack
detection, Construction and Building Materials, Volume 392,2023,131941, ISSN 0950-
0618.

[19] Zhenging Liu, Yiwen Cao, Yize Wang, Wei Wang, Computer vision-based concrete crack
detection using U-net fully convolutional networks, Automation in Construction, Volume
104,2019, Pages 129-139, ISSN 0926-5805.

[20]Hongwei Hu, Zirui Li, Zhiyi He, Lei Wang, Su Cao, Wenhua Du, Road surface crack
detection method based on improved YOLOVS5 and vehicle-mounted images, Measurement,
Volume 229,2024,114443, ISSN 0263-2241.

[21] Deepa Joshi, Thipendra P. Singh, Gargeya Sharma, Automatic surface crack detection using
segmentation-based deep-learning approach, Engineering Fracture Mechanics, Volume
268,2022,108467, ISSN 0013-7944.

[22] HweeKwon Jung, Chang Won Lee, Gyuhae Park, Fast and Non-invasive Surface Crack
Detection of Press Panels Using Image Processing, Procedia Engineering, Volume
188,2017, Pages 72-79, ISSN 1877-7058.

[23] Jung HK, Park G. Rapid and non-invasive surface crack detection for pressed-panel
products based on online image processing. Structural Health Monitoring. 2019;18(5-
6):1928-1942. doi:10.1177/1475921718811157.

[24] Kyslytsyna, A., Xia, K., Kislitsyn, A., Abd El Kader, 1., & Wu, Y. (2021). Road Surface
Crack Detection Method Based on Conditional Generative Adversarial Networks. Sensors,
21(21), 7405. https://doi.org/10.3390/s21217405

[25] Majid Mirbod, Maryam Shoar, Intelligent Concrete Surface Cracks Detection using
Computer Vision, Pattern Recognition, and Artificial Neural Networks, Procedia Computer
Science, Volume 217,2023, Pages 52-61, ISSN 1877-0509.

Received: Aug 07, 2025 3938


https://doi.org/10.1007/s00521-021-05690-8
https://doi.org/10.3390/app10124230

International Journal of Applied Mathematics

Volume 38 No. 12s, 2025
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version)

[26] Qu, Z., Bai, L., An, S. Q., Ju, F. R, & Liu, L. (2016). Lining seam elimination algorithm
and surface crack detection in concrete tunnel lining. Journal of Electronic Imaging, 25(6),
063004-063004.

[27] Yu, T., Zhu, A., & Chen, Y. (2017). Efficient crack detection method for tunnel lining
surface cracks based on infrared images. Journal of Computing in Civil Engineering, 31(3),
04016067.1216(2008).

[28] Zhou, S., & Song, W. (2020). Robust image-based surface crack detection using range data.
Journal of Computing in Civil Engineering, 34(2), 04019054.

[29] Kou, L., Sysyn, M., Fischer, S., Liu, J., & Nabochenko, O. (2022). Optical Rail Surface
Crack Detection Method Based on Semantic Segmentation Replacement for Magnetic
Particle Inspection. Sensors, 22(21), 8214.

[30] Li, L., Zhang, H., Pang, J., & Huang, J. (2019, September). Dam surface crack detection
based on deep learning. In Proceedings of the 2019 International Conference on Robotics,
Intelligent Control and Artificial Intelligence (pp. 738-743).

[31] Gang Li, Xiyuan Li, Jian Zhou, Dezhi Liu, Wei Ren, Pixel-level bridge crack detection
using a deep fusion about recurrent residual convolution and context encoder network,
Measurement, Volume 176, 2021, 109171, ISSN 0263-2241.

[32] L1, G., Liu, T., Fang, Z., Shen, Q., & Ali, J. (2022). Automatic bridge crack detection using
boundary refinement based on a real-time segmentation network. Structural Control and
Health Monitoring, 29(9), €2991.

[33] Ruoxian Li, Jiayong Yu, Feng Li, Ruitao Yang, Yudong Wang, Zhihao Peng, Automatic
bridge crack detection using Unmanned aerial vehicle and Faster R-CNN, Construction and
Building Materials, Volume 362, 2023, 129659, ISSN 0950-0618.

[34] Li, L., & Sun, R. (2019). The bridge crack detection algorithm is based on image processing
under a complex background. Laser & Optoelectronics Progress, 56(6), 061002.

[35]Siriborvornratanakul, T. (2022). Downstream Semantic Segmentation Model for Low-Level
Surface Crack Detection. Advances in Multimedia, 2022(1), 3712289.

[36]Wang, Z., Xu, G., Ding, Y., Wu, B., & Lu, G. (2020). A vision-based active learning
convolutional neural network model for concrete surface crack detection. Advances in
Structural Engineering, 23(13), 2952-2964.Systems, Las Palmas, Spain, 15-18 September
2015; pp. 650-655.

[37] Wu, L., Lin, X., Chen, Z., Lin, P., & Cheng, S. (2021). Surface crack detection is based on
image stitching and transfer learning with a pre-trained convolutional neural network.
Structural Control and Health Monitoring, 28(8), €2766.

[38] Y. Inoue and H. Nagayoshi, "Deployment Conscious Automatic Surface Crack Detection,"
2019 IEEE Winter Conference on Applications of Computer Vision (WACV), Waikoloa,
HI, USA, 2019, pp. 686-694, doi: 10.1109/WACV.2019.00078.

Received: Aug 07, 2025 3939



International Journal of Applied Mathematics

Volume 38 No. 12s, 2025
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version)

[39]S. Mubashshira, M. M. Azam and S. M. Masudul Ahsan, "An Unsupervised Approach for
Road Surface Crack Detection," 2020 IEEE Region 10 Symposium (TENSYMP), Dhaka,
Bangladesh, 2020, pp. 1596-1599, doi: 10.1109/TENSYMP50017.2020.9231023.

[40] H. Oliveira and P. L. Correia, "Road surface crack detection: Improved segmentation with
pixel-based refinement," 2017 25th European Signal Processing Conference (EUSIPCO),
Kos, Greece, 2017, pp. 2026-2030, doi:10.23919/EUSIPCO.2017.8081565.

[41] Qu, Z., Ju, F. R., Guo, Y., Bai, L., & Chen, K. (2018). Concrete surface crack detection
with the improved pre-extraction and the second percolation processing methods. PloS
one, 13(7), €0201109.

[42]1Z.Qu, Y. -X. Chen, L. Liu, Y. Xie, and Q. Zhou, "The Algorithm of Concrete Surface Crack
Detection Based on the Genetic Programming and Percolation Model," in IEEE Access, vol.
7, pp- 57592-57603, 2019, doi: 10.1109/ACCESS.2019.2914259.

[43]Y. Quan, J. Sun, Y. Zhang and H. Zhang, "The Method of the Road Surface Crack Detection
by the Improved Otsu Threshold," 2019 IEEE International Conference on Mechatronics
and  Automation (ICMA), Tianjin, China, 2019, pp. 1615-1620, doi:
10.1109/ICMA.2019.8816422.

[44] Rau, J. Y., Hsiao, K. W., Jhan, J. P., Wang, S. H., Fang, W. C., & Wang, J. L. (2017).
Bridge crack detection using multi-rotary UAV and object-based image analysis. The

International Archives of the Photogrammetry, Remote Sensing and Spatial Information
Sciences, 42, 311-318.

[45] Zhang, B., Miao, Y., Tian, Y., Zhang, W., Wu, G., Wang, X., & Zhang, C. (2021).
Implementation of surface crack detection method for nuclear fuel pellets guided by
convolution neural network. Journal of Nuclear Science and Technology, 58(7), 787-796.

[46] Geng, C., Shi, W., Liu, Z., Xie, H., & He, W. (2022). Nondestructive Surface Crack
Detection of Laser-Repaired Components by Laser Scanning Thermography. Applied
Sciences, 12(11), 5665.

[47] Wenxiong Shi, Zhangyu Ren, Wei He, Junsong Hou, Huimin Xie, Sheng Liu, A technique
combining laser spot thermography and neural network for surface crack detection in laser
engineered net shaping, Optics and Lasers in Engineering, Volume 138,2021,106431, ISSN
0143-8166.

[48]Wu, J., Zhou, D., & Wang, J. (2014). Surface crack detection for carbon fiber reinforced
plastic materials using pulsed eddy current based on rectangular differential probe. Journal
of Sensors, 2014(1), 727269.

[49]Jialong Wu et al., "Surface crack detection for carbon fiber reinforced plastic (CFRP)
materials using pulsed eddy current testing," 2074 IEEE Far East Forum on Nondestructive
Evaluation/Testing, Chengdu, 2014, pp. 181-185, doi: 10.1109/FENDT.2014.6928258.

[50]Chanda, S. ef al. (2014). Automatic Bridge Crack Detection — A Texture Analysis-Based
Approach. In: El Gayar, N., Schwenker, F., Suen, C. (eds) Artificial Neural Networks in

Received: Aug 07, 2025 3940



International Journal of Applied Mathematics

Volume 38 No. 12s, 2025
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version)

Pattern Recognition. ANNPR 2014. Lecture Notes in Computer Science (), vol 8774.
Springer, Cham.

[51]Li, Z.-W., Liu, X.-Z., Lu, H.-Y., He, Y.-L., & Zhou, Y. (2020). Surface Crack Detection in
Pre-casted Slab Track in High-Speed Rail via Infrared Thermography. Materials, /3(21),
4837. https://doi.org/10.3390/mal13214837

Received: Aug 07, 2025 3941



