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Image generation method for steel surface defects on
improved CycleGAN
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Abstract: Aiming at the difficulty of sample collection, high cost, and small sample problems caused by many types of
defects and difficulty in covering all small samples in the process of industrial steel surface defect detection. a steel surface
defect image generation method improved by cycle-consistent generation adversarial network (CycleGAN) was proposed.

Firstly, channel attention map (CAM) and spatial attention map (SAM) were embedded in the CycleGAN model to enhance
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the feature extraction ability of the model. Secondly. the Weight Demodulation (WD) mechanism was introduced to fix feature
artifacts and white spots, further improving the quality of the generated images. Thirdly, shape consistency loss was
introduced to supervise the generator training process to solve the problem of inherent ambiguity in the process of image
geometric transformation. Finally, the model before and after the improvement were experimented on the NEU-DET dataset.
The results show that the improved model has more diversity and accuracy in the effect of defect image generation. PSNR and
SSIM increase by 13. 0% and 7. 8% respectively, and FID values are reduced by 33.1%. This method can stably generate high-
quality images of various steel surface defects, which can achieve the purpose of increasing training data, and also has reference

value for the amplification of other defect datasets.
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Fig. 1 Structural diagram of the CycleGAN model generated by the steel surface defect image
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Fig. 4 Generator and discriminator structure after adding the attention mechanism
CAM i 2l £ 7R A
f" =6 (MLP(AvgPool(f)) + MLP(MaxPool(f))) =CAM(f) @ f. f € R, (5)
X0 24 Sigmoid G BREL; MLP Jh 22 J2 1800 &% 42 3% H2 i 28 M 4% 5 AvgPool . MaxPool 433l 2 2 1t fb 5 fi
KAl s £ R FFAEIE s £/ R4 CAM 38 38 T8 38 0 HL A BUA INAUREAE 5 C Sy 3 8 4 2
SAM S A KR
f” =0o(Concat[ AvgPool( ") .MaxPool(f)]) =SAM(f"H ® f', f € R"™", (6)
= : Concat TR A 2 ANFRRAEAE FESEAT PEEE : /70 4 SAM =25 8] 14 R AL AR B0 AR 5 s H . W Ry — 4k 28
[i] 2 i
2.2 SIANERBIH
BEXt CycleGAN U AT fEAN AL LU 38 52 2% 04 PG e 48 AT 55 D0 HL R S U0 s ol 2 18] A7 7 I 35 9 22
S T AR I 5 1 2 46 TR 0 A 2B i PR o A O 52 B BRE Y Tl (I 5) L 51 A StyleGANZ Y AL i
TEBLAR S % E P 1 — 2 0 BV By AR R 1 510 7 5 58 4 T bk 0 [T B 90 B T DR R R B
TE 5% 22 45 ) FEAT FRAE 32 BGRE 23 B B0 ek BT JS 2 DB FRZ R0 w, s w, o I 30 3 5k 22 4 422 52 I A
fIE Rl 5 1 3 22 AU fifp ) i B9 R 22 S5 AN BT 6 BTz, WD iz 5 m] R oR
, Wijk

W jjp — T
E: 2
w,-jk +€
ik

A IATE w BEIE RG] 55 .k 90 ROEE # 4B PR G]5e B IR B 0 BY(E
Input

D)

Phi

B5 éamfthdBAK B 6 R EBANGGGEREEMH

Fig. 5 White patches and artifact images  Fig. 6 Residual structure after adding the weight demodulation mechanism

2.3 SIARR—HERmE

CycleGAN 7E JLA 28 5 R v, — AR AT LGS 0 2 224> 07 13X 2 39 0% BF — Eo ik 9 52 2 1k, AT =
50 H B DAY AR R BR A [ R o ik — BB S AT AR — BB R L A AR 0 A 2 e A O R — S
P R HUE AR R AR — BV % #EAT I B A5 i 1 4 S OSSR 25 R T 181 7 B



576 L S N S S 2023 4F

AL

B7 KmpiEEHREAEHY
Fig. 7 Model structure after adding a splitter
GIATEAR — BP0 2 i FL AR R R - e R A B R B R A 2 A EIER Sy, Sy HSR
U-Net 8544 Fok, 45 TR BEHMER X R H AR SRR Y 3 43 %045 28, IR ER X d i AEAS = X I A A 28 oy
L., HFrEBR Y HIREA y SR IFRZE N L, s TR ORISR R X P RE A o B AR A F AR BUBRFE AR
o AEER AR SRR 27 T K 2y SREE U DUAE AR — BOME IR L, TBOR—
VR R R ECH
Lawe(SxsSy .G, F)=E, » [— %xilog(sx (G(x))i):| TE, p |:— %yilog(SY(F(y));)} s (8
Kz, .y, €{0,1,.Ch, BR—MEREERLEG N FoRm—KEGR T ER R SEL
R IR AR — 2 ibﬂ%%l/\ﬂ&ﬁi@é&Jﬁlﬁ)ﬁﬂ@%ﬁﬁﬁi@ﬁﬂ?
L(G.F.Dx:Dy,Sx:Sy) = Loan(G:Dy X, Y) +Loawn(FsDyx,Y,X)+AL . (G F) + 7L 4,0 (Sx s Sy G F)
D)
Ky IR — B4 2 A0 AE RO B A 28 5706 20— SO 2R IALE T

3 KWt

3.1 AHEE

TR0 T B 4R O AR A K 2 B b 3R T8 5 B 2 T B8 2 (NEU-
DED" A& A4 (Cr) Je 2% (In) BB (Pa) | 5 1k (Ps) LS AL (Rs) K
JR(So) 3L 6 28, R B A I A 300 5k, 38 1 800 kI A, B B RSP
200 px X200 px, B 2R R B B2 14 Bt 48 38 43 18 R an 81 8 s,

fdi ] Labellmg 45 {4 X% %5 4 48 1] R 247 A5 12 A 1 5 X0 7 55
PR ke g X ) %8 86 >R 22 050 1 B9 O bR T SR AE 15 B A% X
json M SCHE, SR G e Ak R BE T RE A2 LAY e A% XS0

P JE RS BB 9 Fros . B9 a) MR 5 & 28 0 BB i
PREEHERCE: I8 9 b) AR EHER K /N A 5o, Kl 9 AT, % B 8 NEU-DET ## % a9 sk s X 2
SRR SRR R R 2 Db T AE A B E RN R B T ML MM T B Fig. 8 Types of defects in the NEU-DET
MR A R/ B, B B % 4R . dataset
3.2 AWINRIEE

DI AR F 28855 CPU 4 Intel Core i7-12700H, £4i 4 2. 96 GHz.GPU 1 NVIDIA GeForce RTX
3060, B fFH GDDR6 6 G.RAM > DDR4 16 GB,

DB AL BAE RSN Windows 1138 24 2 HESL N PyTorch 1. 12. 1, JF & ¥ 5% 4 Python3. 8,
Cudall. 3,cudnn8. 2. 1,

DBBEORE  WARMBRR STl 256 px X256 px,2< 2] RN 0. 002, BUE I R ECH 0.5, BURHEREAR L




5 6 30 TRATHE L 2 E CycleGAN FYBBE 2 ThT B B 12145 A= iy 12 577

1.0-
1400 -
1200 - 0.8-
1000 -
§ . 0.6-
£ 800- &
g £
=600 - 0.4-
400 -
0.2-
200 -
0- 0-, ; ; ; : ;
Cr ln Pa Ps Rs Se 0 02 04 06 08 1.0
e width
a) & FNbRIEAER R b)) BREEHER) KN

B9 HKERESZEAFEZEHRERE
Fig.9 Data information after multipoint labeling of the dataset
oM 1L, EARECE 300,
3.3 EMiEtR
D WA 5 M L (PSNR) o B 2 1Al R 5 o B 8 LRI B )32 452 52 10 5 W0 A 1 L PSNIR A0 5 o PR A b 42
T LSRR 0 SE PR A A R BN G — A KAN m X (1 2 SREMGHEA T ATK
$197 1% 2% (MSE) 38 A

MSEzﬁZLOZ::O[m,J’)—K(uj)]zD (10
W {F 15 e b (PSNRO B3 A o

MAX:
PSNR = 10lg e ) .
:’ctEF':MAX§ F UG B RARFRAA s T R I s 6 10 B KRB B A R B 8 (R B4 1 =255,

) G AL (SSIMD . i] DLYERf A 2 > IG5 A AL, SSIM B L Ry 0~ 1, (B8R R 36 7R A= 1 1Y
Fﬂ{%ﬁ%iﬂm TEHARIETEEAR + My ZHEIAFE [ (o) K ¢ (o y) MIZERARIUE s (2, y) A A
R R R/ Wy}

QD)

Zpl.;zy:—O—Cl , ‘ _ rZUJ.ayl—l—Cz  s(ry) = o., +C; ’ (12)
ph ol +C, ot +o.+C, o.0,+C;
HPep, o, MNFERBER 2 Ay WBE 0, .0, FMNBRFER 2 My BT 0, FRFER2 My M
2:;C,=(K, L) ,C,=(K,L)",C,=C,/2,L HEEMBUELH . EF M TF,.K,=0.01,K,=0.03,
25 M AR P (SSIMD 3 A 2o
SSIM(xsy) =i (xsy) « c(xsy) « s(xyy) , (13)
FID, T BSR4 5 A n AR AE 1) 5 2 6] 59 BE 25, FID {8 a0/, A2 nl IR B 3 T E 2 &
1% . FID BB A KR
FID = | g, —pe, 2+ Te (20 420, —2(20 20 ) ") s (14)
R g, 9 LS PR AE B B0 s e, /B PR E OS5 D0 o D, 439909 S0 5 P QU A A i P 1

TR TT 225 Tr T BRI
3.4 HERXESXTEiRIE

(x,y) =

T TS I L 025 07 04 B0 0 T 30 1 1 PR
LSS IR B S B B Y R — e, DU CycleGAN Tab.1 Ablation experiments
RS FE 2 R M BE A b BT 4 Fh ok kAR B 5 e 2k E AT LA Model PSNR SSIM FID
Horp, M1 Rl CycleGAN 8, M2 S I3 in i 2 1 HL ] ) Mi 15,57 0.577 167.08

M2 16. 26 0.620 149.11

BOAL AL, M3 SR 5] AR g A AL A R AL, M4 SR 5] AJE AR s s 67 o601 L6011
—EHERUR SR BB R, M5 O A B R AT 3 AR ik e R A, M4 16. 08 0.595 135. 37
5 PR ALYE IR TR FE AR T BT AR K W 1 s . M5 17.59 0. 623 111.76




578 mode B Bk ¥ % i 2023 4F

F 1 AR B Sy A AR a0 5 R U I A AT R TR R R S 45 S PR AR 0 B X A s L il M2 1]
A CAM Fl SAM {3 32 1 HLHI 5 AR i A TE1AZ A S 1 68 7 R0 T A6 Bl A B 48 1 45 i A P d v . f
M3 AL, 5L ARCE R AL S 20 T MR XS ER M it .t M4 ol AL 51 AJB R — S 5 3 m 1
HEZAR ST BIMOE B BB R0 P 8 72 BRI M i )8, it JS B9 CycleGAN BvE A i 1 B 14
AN TR AR A PSNR {1 15. 57 4258 %) 7 17.59,SSIM {1 0. 577 25 3 T 0. 623, FID {H 1 167. 08
FEAR S T 111, 76 ,PSNR,SSIM Z3 142 & 1 13.0%.7. 8% ,FID {HFEK T 33. 1%, TR 45 B2 09, i
25 () R0 3 VR B T A S ML i AT LA A5 TR AR A () AR AF B BCRE 7 . 5 1 AU i DR PIL R R — EohE R
AL DLHE— 25 4 A R T

BT PPN ot SR RO R B L PR 4 B A RO T k2 ik
R 464598 (Bl GAN, DCGAN, WGAN, ACGAN) FIH: iy A1 5 BF 5% Tab.2 Comparative experiments
A fE NEU-DET #4515 eloatk i A 7 8 47 X6 F il 56, 1056 Model PSNR SSIM FID
AR S B0 B YRR — 20 0 e a5 R L3k 2, GAN 15.56 0.251 183.59

%2 PRIEE D RAE RIS . mk 2 A DO e D

WGAN 13.47 0.410 169. 90

BIRIAY SSIM EE AL T DCGAN, ##F DCGAN , A< SCAR Y ACGAN 15. 06 0.536 182.18
SSIM {H &M% T 4. 9% ,{H PSNR {54 /n 7 60. 2% , FID {5 [% 6] — - 192.18
KT 33.8%. a2 LM RIZE LR iF M 48 b5 F ixt j‘cjﬁg - - e
BRI AN ASOBUR L T Ak OB S L R I
H—E ML HEYE . A ST 17.59 0.623 111. 76
3.5 RBERSHH

Ay A S 0 452 A 0 b T B (% e [ b (e [ [

FORCR L B2 T 6 2 BB 22 18] AR 7 AF Bl 5 2 ol 0 9 6 2 T dgle
WA R 10 fros, Hid X, Y[R B AH B4 R 95 38 F B b 5%
PR H A o Rkt A 2 Ay [) o ke o 288 331 P14 1) e 555 AL 0 O 5
Fi o ZEA JURIEH 35 b5 AN SE B A Bl B0 A4 2 1 it s P 1% A 35k 2R
KA L B S AR AR X T D A AR AR R HL At LR 3 9 A ikt
PO L BT A R R T AR BB TR . FR e RT DL B Bk )
PR TRY AR Xt T J5 4 A 0 A Bl A P A% I R A A R R Y
FRAE A3 A0 L A B A0 L S0 B O 5 FIVRRAE IR 45 O 1 5 R 8RR
A AN 2% S 5 P R A DL 23 9 480 I, AR SC O 2B iy B 100 CycleGAN A R 89 404 & & 5k [
BT 2 1 Bl PR S T R A 2 S 4 2R R ERERLE & ]

Fig. 10 Renderings of steel surface defect
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