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Research on the impact of marking methods for deformation defects of
drainage pipes on intelligent recognition algorithms

Shi Yufei® Guo Shuai' Li Jie?
(1. School of Civil and Hydraulic Engineering, Hefei University of Technology,Hefei 230009, China;
2. Shanghai Survey and Design Institute Co. ,» Ltd. ,Shanghai 200335, China)

Abstract: In view of the lack of annotation standards in the current drainage pipe defect dataset, taking the pipe
deformation defect as the research object, the YOLOvS8 detection model was used to study the influence of different
annotation methods on the pipe defect recognition results. Firstly, the defect images were classified into two major
categories based on the characteristics of the deformation defects: Convex block deformation and overall deformation.
For the convex block deformation, two labeling methods, namely convex block full marking and convex block half
marking, were adopted. For the overall deformation, both overall full marking and overall half marking were used for
labeling. Five independent tests were conducted for each labeling method. The results show that for the convex block
deformation using the full labeling method of convex blocks, the values of the four evaluation indicators P, R, F1 and
mAP50 are 76.56 %, 74.36% ., 75.43% and 72.12% respectively. The four values of the semi-labeled convex block
annotation method are 88.51%, 76.77%, 82.17% and 83.14% . respectively. Therefore, the semi-labeled convex
block annotation method is more suitable for convex block deformation. For the overall deformation, when the overall
full labeling method was adopted, the values of the four evaluation indicators P, R, F1 and mAP50 were 83.85% ,
84.92% ,84.34% and 84.46% , respectively. However, when the overall semi-labeling method was used for three
training sessions, it was found that none of the four evaluation indicators could tend to stabilize. It indicates that the
overall full-label annotation method is more suitable for overall deformation.

Keywords: drainage pipe; deformation defect; pipeline defect identification; YOLOv8; dataset annotation;

annotation method
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Table 1 Hyperparameter settings and result

comparisons of pre-trained models

. Params/ I %
PR y p R mAP50 o L/
YOLOv8n 3. 200 0.716  0.637 0.717 2. 580
YOLOS8s 11. 200 0.694 0.709 0.739 3. 690
YOLO8m  25.900 0.703 0.682 0.721 8. 080
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Table 2 Common evaluation indicators
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Fig. 1 Schematic of convex block deformation
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Fig. 2 Overall deformation
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Fig.3 Dataset expansion methods
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Table 3 Expansion methods and quantities of the convex

block deformation data set S
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Table 4 Expansion methods and quantities of the overall

deformation data set S
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Fig.4 Full marking of convex blocks
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Fig. 5 Convex block semi-axes
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Fig. 6 Overall labeling
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Fig. 8 Training results of fully marked convex blocks
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Fig. 9 Training results of convex block semi-quantization
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Fig. 11 Training results of convex block semi-quantization
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Table 5 Training results of full-width block model %
R P R F1 mAP50
51 Wil g4k 78.25  77.63  77.94 72. 16
95 2 Wl 24k 73.85  72.46  73.15 68. 98
53 Wl 2k 76.95  75.00  75.96 72.31
954 WO sk 80.71  74.32  77.38 73.22
95 WwilllgkeE B 73.05  72.37  72.71 73.95
Pl 76.56  74.36  75.43 72.12
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Table 6 Training results of convex block semi-notation
%
Yl 2 P R F1 mAP50

%1 RINGEE S 86.85  80.26  83.43 84.13
92 WIS 91,78 73.50  81.63 81. 28
o3 Wl 45 89.85  74.98  81.74  82.43
94 RINGEEE 87.65  79.61  83.44  86.75
%5 Wil ghgh 86.44  75.52  80.61 81.11

¥I1H 88.51  76.77  82.17  83.14
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Table 7 Comparison of training results for notation

methods of convex block deformation %
RSN P R F1 mAP50
Wy 7 76.56  74.36  75.43  72.12
ERE TN 88.51 76.77 82.17 83. 14

#8 MBI p (EF1 Cohen's d N E
Table 8 P-values for convex block deformation and

Cohen's d effect size
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Fig. 14  Overall training results of full labeling
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Table 9 Overall training results with full labeling %

I 2 25 51 P R F1 mAP50

W1 RINGRSE R 81.97  86.86  84.34  87.66
W2 WIIZgE R 83.78  88.76  86.20  82.23
W3 WINGEE R 84.80  84.27  84.53  84.21
WA WIS R 84.32  79.78  81.99  84.67
5 RINGREE R 84.37 84.93  84.65  83.54

¥IE 83.85  84.92  84.34 84. 46
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Table 10 Overall semi-supervised training results %

ERAE P R F1 mAP50
1 IggE R 63.22  65.66  64.42 68.11
o2 Wlghgs i, 52.83  31.63  39.57 41. 82
93 ORGSR 43.12 47.96 45,41 48. 34

¥id 53.06  48.42  49.80 52.76
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Table 11 Comparison of training results for overall

deformation annotation methods %
F v g7 2 P R F1 mAP50
EL NN 83. 85 84. 92 84. 34 84. 46
B R R AR 53. 06 48. 42 49. 80 52.76

M2 9~11 AL B2 FR 1Y P.R.F1 f1 mAP50 # Lt
T R B AR A 9 B 30.79% . 36.50% . 34.54% .
31 70%6  ifF — 45 U B B AR 42 A O SCA BE T R Ak A O K
3 T A AR AR TR

F T A PR AR I 2 5 5 R AT 5E L BT LAY 3 B 4 4 4 A
P i 7 2N G HY A A T G Y00 355 SR, AR S AT R 2 B A T A
TR 3 T R e s 3 R B X ¢ AR

[l 14 SRR S bR Il 2R 45 5 10 RS B 38 A0 4 T 3. (P-R) |
KR E(E R (P-O) A BERME(F E (R-C) R i 2 A1
13 [ 5 g 378 0 4 BP0 B A B (FL-O e R A

B & 14 () AT, P 7E R R #2308 1.0 17, P K B ) 2 ¢
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