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Abstract: To address the issues of low accuracy and poor practical performance in existing bridge crack
recognition algorithms, this paper took the high-precision image of a bridge surface as the research object and
proposed a crack recognition algorithm based on the characteristics of image connected domain and the
calculation principle of the maximum inscribed circle (CIACM). Firstly, traditional image processing algorithms
such as graying, uniform light filtering, and edge detection were used to show the edge features of cracks. Then,
based on the characteristics of the connected domain and the calculation principle of the maximum inscribed
circle, the crack was identified, and the maximum width of the crack was screened. The experimental results
show that the absolute error of the algorithm is not more than 0.02 mm; the average relative error is 2.47%, and
the standard deviation is 1.52%. For fine cracks with widths <0.2 mm, the average relative error and standard
deviation are 4.71% and 1.54%, respectively, meeting bridge inspection precision requirements. The study
demonstrates that the CIACM algorithm significantly improves crack recognition precision, particularly for fine
cracks, and it provides reliable technical support for the automated assessment of bridge surface damage.
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Figure 1 Technical roadmap
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Figure 2 Processing effect of different graying methods
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Figure 3 Treatment effects of different uniform light

filtering and binarization methods
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Figure 4 Treatment effects of different binarization methods
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Figure 5 Comparison of processing effects of different

edge detection operators
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segmentation, 3X 3 mean filter operator convolution)
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Figure 7 Crack width recognition
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Table 1 Camera parameters and acquisition parameters
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Figure 8 Crack sample of concrete test block
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Table 2 Comparison of crack measurement results (below 0. 2 mm)

w5 S FE 1/ W R IR 1k CIACM #:
mm 598 /mm W2/% PS8 /mm W2/ % HHEIEE /mm RE/Y%
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Figure 9 Image acquisition process
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Figure 10 Measurement comparison results

U 25 08 LU AT R0 2 S B TR PR AT X 500 Ak 2
4% (58 £ 0.08~0.32 mm) & Ji] CIACM 57 3 # 17 i1
U], A TE BE PR IR 22 e KA 2 0 —0.014 mm,
AR5 25 e RAE R 5.36 20, “F I 2.47 00, b ifE 22
N 15206 PEAN 45 H UL 3 3 AP 11, 3k 3% B % B0k e
i g 2 AT G AR A I ) RS RE R

—0.010

—0.015
0

B 11

RA Rt

Figure 11 Comparison of identification results

x3 HORENSLERILE

Table 3 Comparison of crack measurement results

CIACM i CIACM
F R R s/ |FY e W s/
B /mm B /mm
J/mm % B /mm %

1 030 02916 —084| 26 020 02034  0.34
2 030 02965 —0.35]27 020 01940 —0.60
3028 02814 014|288 020 02031  0.31
4 028 02876  0.76| 29 020 02056  0.56
5 028 02697 —1.03[30 020 01958 —0.42
6 026 02711  1.11[ 31 020 01924 —0.76
7 026 02509 —091| 32 018 01725 —0.75
8§ 026 02578 —022|33 018 01775 —0.25
9 026 02462 —1.38[ 34 018 01851 051
10 026 02651 05135 018 01841 041
11 024 02415 015| 36 018 01745 —0.55
12 024 02390 —0.10[37 016 01569 —0.31
13 024 02317 —0.83|38 016 01642 042
14 024 02364 —036]39 016 01536 —0.64
15 024 02504  1.04 | 40 0.16 0.1588 —0.12
16 024 02358 —042| 41 0.16 0.1568 —0.32
17 024 02354 —046| 42 015 01479 —0.21
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