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Fig. 1 Ultrasonic image
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Fig. 2 Structure of Res-block
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Fig. 3 Structure of residual U-Net network
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Table | Geometric parameters related to the standard

Classes Geometric parameters

Meaning of parameter

fxcen (k)
fycen (k)

Feature line
Resistance wire Txcen (1)
Fycen (n)
Fxmin (1)
Fxmax ()
Bottom bxmin (M)

bxmax (m)

the x-coordinate of the centroid of the kth connected domain of the feature line category
the y-coordinate of the centroid of the kth connected domain of the feature line category
the x-coordinate of the centroid of the nth connected domain of the resistance wire category
the y-coordinate of the centroid of the nth connected domain of the resistance wire category
the minimum value of the nth connected domain of the resistance wire category in the x-axis
the maximum value of the nth connected domain of the resistance wire category in the x-axis
the minimum value of the mth connected domain of the bottom category in the x-axis

the maximum value of the mth connected domain of the bottom category in the x-axis
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Table 2 Comparison table of defect
characterization degree Hqiq/over » defect categories and

cold/over-welding

levels

Characterization degree Defect categories /level

=100 < Heold/over < =40 Over welding/Ill

-40 < Hcold/over <-20 Over welding/ 1

=20 < Heoldjover <0 Over welding/ [

Heoldjover =0 Normal

0 < Hcold/over < 10 Cold welding/ |

10 < Heold/over < 30 Cold welding/ Il

30< Hco]d/over < 100 Cold Welding/m
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Table 3 Comparison table of hole defect characterization degree

Hpole > defect categories and levels

M Characterization degree/% Defect categories/levels
0 < Hpole <5 Single hole/ 1
2 5 < Hpole < 10 Single hole/ Il
Hpole > 10 Single hole/Ill
0 < Hpole < 10 Multiple holes/ |
=2 10 < Hpgle < 15 Multiple holes/ Il
Hpole = 15 Multiple holes/ Il
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Table 4 Comparison table between the maximum deviation
of the connected domain of the resistance wire and defect
levels
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Fig. 4 Data enhancement of electrofusion welding
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Table 5 Results of classification

Accuracy/% Recall/%

92.8 95.5
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Table 6 Test results of multiple categories

Defect category Recall/%
Cold welding 96.7
Over welding 96.7
Misalignment 93.8

Inclusion 100
Hole 100
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Table 7 Results of classification of cold/over welding defects
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Research and Application of An Automatic Identification Method

for Electrofusion Welding Defects

HU Jianfeng', ZHOU Jiale', WANG Huifeng', ZHANG Jun®

(1. School of Information Science and Engineering, East China University of Science and Technology, Shanghai

200237, China; 2. Shanghai shhydrau electromechanical Co. Ltd, Shanghai, China)

Abstract: The electrofusion welding status of the polyethylene (PE) gas pipeline can be obtained through the

ultrasonic pictures taken by the phased array system. However, whether there are welding defects is currently judged by

professionals. And the feature line, resistance wire, and bottom in each picture are manually checked for defect-related

information. Then the defect categories and levels are determined. The disadvantage of this method is that it is time-

consuming and labor-intensive, and is prone to missed detections and false detections. Aiming at the identification of

electrofusion welding defects in PE pipelines, this paper proposes an automatic identification method of welding

defects based on image processing technology. This method judges the categories and levels of defects in ultrasound

images. The method consists of four steps: 1) expanding the number of existing pictures through data enhancement

technology to build a data set; 2) training the image semantic segmentation model to perform semantic segmentation on

the image; 3) using mathematical morphology to remove the noise of the segmentation result, and obtaining defect-

related information through connected domain analysis; 4) identifying defect categories and levels based on welding
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standards and defect-related information. The experimental results show that the defect recognition method proposed in
this paper meets the requirements of industrial applications in terms of accuracy, recall and running time.
Key words: electrofusion welding defect recognition; image semantic segmentation; mathematical morphology;

connected domain analysis; welding standard
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