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Self-supervised defect detection based on biradial fusion of differential
features between positive and negative samples

Gao Gang Wei Lisheng Zhu Shengbo
(School of Electrical Engineering, Anhui Polytechnic University, Wuhu 241000, China)

Abstract: Aiming at the problem of irregular and random distribution of defects on the surface of texture images, such as scratches and
cracks, which leads to low accuracy of defect detection, a self-supervised defect detection method based on the bi-radial fusion of
positive and negative sample difference features is proposed. Firstly, Otsu threshold segmentation is used to extract image foreground
information, and Perlin noise is superimposed on the data-enhanced positive samples or the texture images, from the DTD dataset, to
simulate defects on the positive sample images and synthesize the negative samples. Then, the mean-square error is calculated for feature
matching using the intermediate features output from the encoder, while the coordinate attention (CA) and path aggregation network
(PANet) are combined to enhance the information fusion of the matched features. Finally, the fused features are input into the decoder
together with the low-level and high-level features output from the encoder, and the weights of Focal, L1, and Dice loss functions are
optimized and adjusted to realize the prediction of the defective masks more accurately. Experiments show that the average image-level
and pixel-level AUROC of the proposed model on the texture category of the MVTec AD dataset reaches 0. 995 and 0. 968, respectively,
which improves the classification and segmentation accuracies compared with the other defect detection models, demonstrating the
effectiveness of the proposed method in texture defect detection.
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Fig. 1 The defect detection framework for biradial fusion of positive and negative sample difference features
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Fig. 2 The flow chart for synthesizing defect images
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Fig.3 The display of defect simulation image generation
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Fig.4 The structure diagram of the attention feature fusion module
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Table 1 The comparison of performance indicators for different weight loss combinations
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0.6+0.2+0.2 0.810,0.719 0.954,0. 881 0.965,0. 942 0.982,0.971 2100
0. 6+0+0. 4 0.913,0. 908 0.929,0.928 0. 966,0. 950 0.999,0. 950 1 400
0. 4+0. 6+0 0.756,0. 881 0.842,0. 925 0. 866,0. 948 0.974,0.954 1 700
0.4+0.4+0.2 0.861,0. 893 0.724,0. 825 0.919,0.937 0.991,0. 967 2100
0.4+0.2+0.4 0.752,0. 803 0.891,0. 885 0.928,0. 951 0.997,0. 957 3 800
0.4+0+0. 6 0.758,0. 791 0.904,0. 834 0.974,0.912 0.976,0. 965 1 300
0.2+0. 8+0 0.631,0.742 0.831,0.924 0.777,0. 946 0.954,0.976 2 100
0.2+0. 6+0.2 0.651,0. 867 0.902,0.918 0. 859,0. 955 0.988,0. 967 1 100
0.2+0.4+0.4 0. 873,0. 904 0.889,0.936 0.934,0. 966 0.984,0.977 2 100
0.2+0.2+0.6 0.807,0. 882 0.831,0. 862 0.963,0. 956 0.983,0.975 1 300
0.2+0+0. 8 0.955,0. 946 0.933,0.943 0. 949 0. 965 1. 000,0. 973 2 100
0+1+0 0.774,0. 859 0.879,0. 883 0.814,0. 837 0.984,0.974 2100
0+0. 8+0. 2 0. 909 ,0. 936 0.911,0.927 0.955,0. 948 0.986,0.974 2 100
0+0. 6+0. 4 0. 830,0. 906 0.917,0.936 0. 964 ,0. 969 0.993,0.976 2 100
0+0. 4+0. 6 0.901,0. 928 0.944 0. 962 0. 946,0. 960 0.983,0. 980 2 100
0+0.2+0. 8 0.957,0.923 0.981,0.957 0. 980,0. 965 1. 000, 0. 985 2 100
0+0+1 0.500,0. 952 0.500,0. 949 0.500,0. 936 0.997,0. 950 500
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Table 2 The results of the oblation test )43 B e SR B IS, HI R 2 Rl 3 Al AR SC vk

ik B4 Modl WAL B4A EHESECM A RO R, T8 R GOR R % G

awgﬁz%% 4 X v é AUROC 43 B35 ] 0. 995 Fl 0. 968 , o i A5 X A 80 £52

s v U {0, RIS AR BB 5 5508 RO,

E 144 AUROC 0. 967 0.972 0. 984 0.995 i EHA RAFRBRBE A AR
18 % 9% AUROC 0.919 0.932 0. 943 0. 968

®3 SEAEBREENE SRS AUROC XfLL &
Table 3 The table of the comparison for defect
detection image level AUROC between the

model and the classical models

KA SCHR[8] SCERL11] SCRR(13] SCWK[14] A5k
carpet  0.928  0.984 0.929 0.873 0.977
giid  0.473  0.898 0. 946 0.972 0.997
leather  0.954  0.988 0. 909 1. 000 1. 000
le  0.965  0.959 0.978 1. 000 1. 000
wood  0.959  0.990 0. 965 0.991 0.999
F¥ o 0.856  0.964 0. 945 0. 967 0. 995

®4 H5ZAERREENEESR AUROC 3ftb R
Table 4 The table of the comparison for defect
detection pixel level AUROC between the model

and the classical models

FHl SCER[S] SCER[11] SCER[13] SCHR[14]  AUHE
carpet 0. 663 0. 988 0.926 0. 901 0.948
grid 0. 566 0. 936 0. 962 0. 864 0. 963
leather  0.615 0. 990 0.974 0. 944 0.987
tile 0. 632 0.917 0.914 0.983 0.991
wood  0.644 0. 900 0. 908 0. 949 0. 949
T 0.624 0. 946 0.937 0.919 0. 968
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