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Study and Verification on Few-shot Evaluation Methods for Al-based Quality Inspection in
Production Lines

JIAO Ruodan, GAO Donghui, HUANG Yanhua, LIU Shuo,DUAN Xuanfei, WANG Rui and LIU Weidong
China Mobile Research Institute, Beijing 100053, China

Abstract With the advent of industry 4. 0,the deep integration of manufacturing industry with artificial intelligence(AD) has be-
come an important development trend. Industrial quality inspection has emerged as a significant breakthrough point. However,
there is currently a lack of standardized methods for evaluating industrial quality inspection products in the industry. The per-
formance of various quality inspection products is often opaque, making it difficult to optimize and scale up. In response to this
situation, this paper proposes an Al-based industrial quality inspection algorithm evaluation method, which is suitable for the ap-
plication needs of production lines in the industrial field. This method can evaluate Al-based industrial quality inspection products
and their competitors in situations where the sample size is small and imbalanced. The evaluation method constructs a data set
through cross-validation to avoid the problem of large evaluation result fluctuations caused by small and imbalanced data sets. It
also uses gray box testing to avoid the subjectivity in evaluation results caused by a single source of data. Furthermore,it formu-
lates relevant evaluation indicators based on the actual production needs of the production line, which can truly reflect the detec-
tion performance of quality inspection products in the production line application scenario. The proposed method is validated
through benchmark evaluation of EL testing products for photovoltaic cells,demonstrating its feasibility and its ability to objec-
tively reflect the true performance of various products. Finally, based on the analysis and comparison of the evaluation results,
some suggestions are provided for the optimization of Al-based industrial quality inspection products.

Keywords Industrial quality inspection by Al,Deep learning,Object detection,Defect detection, Evaluation methods, Photovoltaic

cell EL inspection
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Table 9 Overall dataset defect distribution
H B 8- MR LARINE 2 X
Sy " ShE-
RRARR gy wmpn PRI ey % % %
10007 6048 1429704 2754 1453 1140 2254
F 10 YIREE BRIG5> A
Table 10 Training set defect distribution
) I % & % & %% % & il % & LS
w4 LR ¢ B A2 AE H %M T RAE IR e R AE 3 & X I RAE %
1 7506 1072344 2060 1093 848 1616
2 7505 1072272 2063 1095 860 1746
3 7505 1072272 2071 1089 861 1713
4 7505 1072224 2068 1082 851 1687
F 1 WA B BA A A
Table 11  Test set defect distribution
%% K & K & K & MR E R iR g
w4 A B A2 AE H %M T RAE IR e AR 3 & X I RAE %

1 2501 357360 694 360 292 638

2 2502 357432 691 358 280 508

3 2502 357432 683 364 279 541

4 2502 357480 686 371 289 567
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Table 12 Evaluation results of the second group of
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Fig. 15 Evaluation results of the first set of single crystal
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Fig. 16 Evaluation results of the second group
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Table 13 Overall detection rate and false alarm rate of the

first group

7 oA BB E/ N BERREE/Y
1 95.56 13.13
. 2 93.38 29.19
AR
3 95.76 9.17
AVG 94.90 17.16
1 81.91 19.37
2 65.18 19.33
B
3 71.30 19. 40
AVG 72.80 19.37

F 14 T MR R R B R DR R
Table 14  Overall detection rate and false alarm rate of the
second group

= BAk  BEAEHE/N

BRRAME/ Y

1 91.53 2.63

2 91.02 2.05

A plus 3 91.06 2.63
4 93.05 2.63

AVG 91. 66 2.48

1 72.23 4. 40

2 73.43 4. 39

B plus 3 79.11 4. 40
4 63.62 4.32

AVG 72.10 4.38

# 15 MR RRMAE T EHE

Table 15 Mean variance of detection rate and false alarm rate

# A D H g
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