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Evaluation and Analysis of Intelligent Detection Technology for Solder Joints
Based on Object Detection Algorithm and Fuzzy Logic Inference
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Abstract: To address the time-consuming, labor-intensive, and inefficient nature of manual inspection of
welded joints in reinforcement cages, this paper proposes an intelligent detection technology based on
object detection algorithms and fuzzy logic reasoning. Firstly, an improved YOLOvS algorithm was used to
capture images of the welded joints and extract features, with the introduction of a RepVGG module to
enhance detection efficiency. Next, by integrating fuzzy logic reasoning, a fuzzy set of joint features and
a fuzzy relationship mairix were constructed to comprehensively evaluate multiple defects, such as
warping and volumetric shrinkage. Practical results demonstrate that this method significantly improves
detection accuracy compared to the standalone YOLOvS model, providing effective technical support for

the automatic inspection of weld joint quality.

Keywords: intelligent construction; welding; robots; target detection algorithm; fuzzy logic
reasoning ; detection
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Fig. 3 Fuzzy set characteristics
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Fig.4 The membership function of the output
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Table 1 Fuzzy relation design matrix

e Eﬁi Tﬁﬁi XE?}« E)i k%li V/P MAE AR R Y= V4
L B Hsf [ & Hif 1] Uk JE & /mm % mm
1 1 2 1 3 1 2 0.71 11.31 51.7
2 1 2 2 4 1 3 0. 46 11.13 21.3
3 1 1 3 3 2 1 0.36 7.091 4.5
4 1 1 1 2 2 2 0. 68 11.29 34.4
5 1 1 1 1 3 3 0.51 11.39 26.4
6 2 2 3 2 4 4 0. 44 11.43 18.0
7 2 2 3 3 2 1 0. 69 11.63 42.6
8 3 1 2 4 1 2 0.51 11. 88 30.2
9 3 3 1 5 2 4 0. 44 11.53 25.4
*2 KBaAHE
Table 2 Welding spot mean value
TE5H SRR LR S 5 i) PR £ s ] v/ P Yl
14 0. 630 0.672 0. 625 0.651 0.554 0. 637
241 0. 686 0. 675 0.616 0. 641 0. 663 0. 661
34 0. 624 0. 633 0. 651 0. 682 0. 693 0. 675
44 0. 646 0. 653 0.672 0. 668 0.679 0. 661
HH 0.610 0. 420 0.910 0.750 0. 190 0. 590
(45 (&%) (Be%) (4 (BLhF) (%) (Be%)
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Fig.5 General architecture of intelligent detection system
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Fig. 6 Data acquisition module structure
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Fig.7 Software model architecture
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Table 4 Comparison result
e HEWR/ %

75 KBV .

L %@F **t;g“ém WL A RAEREB
1 X X 89. 7 80. 0
2 Vv x 90. 7 86. 3
3 X vV 93.5 90.6
4 Vv Vv 95.5 9.3
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Fig.8 The main interface of the detection system
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Fig.9 Solder joint sample labeling
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Table 5 Accuracy comparison

e i&;i%néi HEWIR/ % B

iR YOLOvS YOLOvS+545152 4
1 El |k 85.2 9.3
2 E1TF 87.8 9.5
3 E2 b 80. 1 96. 4
4 2T 90. 7 97.5
5 E3 |k 88.9 97.7
6 E3TF 78.9 97.1
7 D4 I 92.1 97.3
8 D4 F 85.5 9.5
9 Ca3 I 86.3 9.3
10 Ca3 T 87. 4 9. 1
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