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Image Data Augmentation Method for Wafer Defects
Based on Improved CycleGAN

WANG Zijia, WANG Haoran, FENG Chen, LIANG Zhehan, LIU Xiaoyu
(School of Mechanical Engineering, Sichuan University, Chengdu 610000, China)

Abstract; To address the data imbalance caused by the limited number of samples in certain wafer defect pattern catego-
ries, a defect image augmentation method based on an improved cycle-consistent adversarial network (CycleGAN) frame-
work was proposed. The ultra-lightweight subspace attention module (ULSAM) attention mechanism is introduced in the
generator to enhance the extraction capability of cross-channel features. The discriminator is structurally optimized to reduce
the loss of critical information, and the PRelLU activation function is employed to improve the gradient stability and acceler-
ate the convergence of the model. Experimental results show that the proposed method increases the structural similarity in-
dex (SSIM) by 0. 203 4 and reduces the Fréchetinception distance (FID) by 84. 95 for the Donut category. Classification
models for wafer defects are trained on the datasets before and after augmentation, the accuracies of the Donut and Random
categories are increased by 1. 1% and 7. 2%, respectively. The method enhances the generation quality of minority-class de-
fect images while also providing a data support for improving the classification accuracy of wafer defect detection models.
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Ours 0.927 710.958 6| 68.36 | 57.51

AN [ A 7
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3.4.2 IR R S ML Bt fE X H
AT FAEAEA D 5T IR ) ULSAM 7 & 7 #55 B

T i 152 55 B R A £ BT TR ) DI 8% s AR SO HE Al A% 1 PR 4
—HWATIR T . Wi T 2 AR HARmE . AW
UK 3 i e B vE R D AL, B B T ) LI
CBAM, @i VEE S HLH ECA DL b A BF 5 48 Y A
JE P Ry 28 ) 7 B AL ULSAM, 43 5l A 2 5
1f CycleGAN BRI DL K s # J5 1) CycleGANWMG £ 7Y
MR 22 Hedr . IR 5 IR 52 56 AR [F] A PR AG 5 vk BEAT 1
RELLAL . A0 bR 52 5 % AT AH W] /9 3 1k J7 =0, fm A UL-
SAM Z J5 BB 4 Donut 1 Random 1 28 v #F 47 JIl 5
JEA R S B G, R 4 FTRLVE L, BT HARMW
P 2 3L . TCIR SEAE R — R A [ iR, SSIM {H i
s FID Ak, BB A B R i ROR IR dF .
M 4 FrR, LR RAE T ULSAM {ER )
BEHAE i 15 f5k B4 16 26 AT 55 b i) S S PR e I . S AL
3 JH [A) M G & 1 ECA B AR L . ULSAM i it 5
AN B E B, BEY R T A SUESZ S, 1R
IO R F AR B A P RE Ty s AH AR 4 R b Ak B SBURRAIE
7 CBAM £iHt, ULSAM R& 8% & %F AS [\ 8¢ 1E F =5 (1] 43
e S S ACE . TR T TR AR S
FORNEE . GAOkAE . ULSAM H A7 B 38 19 F1iE J& 20 Ak
D15 B A U B, RE % T O A o [ R b A
Z H 403000 SR pa B K
F 4 OANFEEE I BRI R SSIM Fl FID ¥4 % Lt
SSIM FID
Donut | Random| Donut | Random
CycleGANWMG-CBAM | 0. 843 0 0.890 2| 186.94 | 231.6
CycleGANWMG-ECA | 0.842 4(0.917 7| 180. 14 | 252.75
CycleGANWMG-
ULSAM
CycleGAN-CBAM [ 0.635 7 |0.819 7|228.057| 116. 99
CycleGAN-ECA 0.742 7[0.875 5| 143.69 | 93.45
CycleGAN-ULSAM | 0.850 8[0.939 9| 88.35 | 67.06

ENCIRE=WaR 2o

0.844 810.925 2| 177.61 | 251.49
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A B, A PPl A5 0 0 A BB 2 A fE R
HAR TR .

LHEE RN S P, I AT G . A A
B SR ARRLE SSIM fRARFa S T, Uil R 5 15
FURAES 15 B Ly — BobE g o . ) mp . 2 IR 10
FID $8bnfrge T, B80T AE 80P 5 0552 A B R 20 A Al
Ry € S 155 T SR YT A TR SR 820
BB PR PR BE A R AR STk, HE— DA T8 T 3 TR A
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PIAL AT S, DA AT AN TR 21 45 3R s o 73 6 P BiE 5 AR A
SR . S AE R AT, 3 F A A Y R R fE
et b, UG K ) A ok B AR RE A T R
THEME 5 B2 B A A A AL (FX A= B 15 4 22 4 A
AR A R L N S e ULSAM i A i
A AR AL I, PR RE R T 0RO B s B0 R AR
PReLU A B i) ) # tht FUA 7 55 At A58 B 156 3l il 3 i) A+
REFE 7 A HEAE .

5 AL A

5 32 SSIM Fin?
Donut |Random| Donut |Random
CycleGAN-ResNet9 0.724 3|0.802 2| 153.31|161.91
CycleGAN+PRELU 0. 780 8|0.827 2|139.65|135.75

CycleGAN+PRELU-+ULSAM |0. 831 9]0. 905 2| 121. 35| 107. 34
CycleGAN-+ULSAM+WMG-D|0. 922 8|0. 934 8| 76.86 | 60.43
CycleGAN-+PRELU+WMG-D (0. 952 7|0. 978 9| 87.60 | 86.16

CycleGAN+PRELU+
WMG-D+ ULSAM

0.927 7|0.958 6| 68.36 | 57.5
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Fra e T R, A B HAE AR B A A4
FLAT B2 0 D R) 1 5 80N 3 3 P ) S A 7 4 g 42
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A L a o N o A B N SR AR S N
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IR R B R Gk B, R R AR, RE
38 1o B P 1 e ) 5 B AU AL B Donut Al Random 28, 75k
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B Ja Bt A . B PR A N AR B ALE & BE AT AR
BRI GR o AT, N3 6 B, IR EL I 2Rl SR X b1
1 Zead FE A #JS Donut A1 Random 28 31| (4 1 o B2 43
R 110 7. 200, F 38R S 10/ 400, SR
PIMERG e 2.3% . F 485 1.6%, M IEIE T A%
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1 1 i

* 6 HEE ALY-G I ZRR R PE R A %

SRR — TR EE S _ Bt 2800
AIES F, LS F,
Donut 97.1 97.0 98.2 98.0
Random 88.5 93.0 95.7 97.0
BB 91. 6 92.2 93.9 93.8
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