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Defect detection method of steel cord based on DCGAN and
improved YOLOVSs

Huang Peng Cai Lu Chen Bin Zhou Yihang Yi Dongwang
(School of Mechanical and Control Engineering, Guilin University of Technology, Guilin 541000, China)

Abstract: In order to solve the problems of low detection accuracy and weak generalization ability of steel cord surface
defects, a steel cord defect detection method based on DCGAN and improved YOLOv5s was proposed. Firstly, by
adjusting DCGAN network parameters and optimizing hyperparameters, the generator can generate steel cord defect
images with rich features and clear texture, thus expanding the data set. Secondly, the K-Means-+ + algorithm is used
to re-cluster the anchor frame to obtain better anchor frame parameters and achieve accurate matching between anchor
frame and actual defects. Then, coordinate attention mechanism was added to C3 module of YOLOv5s backbone
network to enhance the feature extraction capability and accurate localization capability of the model. Finally, MPDIoU
loss function is introduced to replace YOLOv5s original loss function to further improve the detection accuracy. The
experimental results show that on the measured steel cord defect data set, the average accuracy of defect detection is
increased by 6. 6% , reaching 89. 4% by using the YOLOv5s detection model enhanced and improved by DCGAN data,
and the detection accuracy and recall rate are also improved. Compared with other mainstream detection models, this
model not only improves the detection speed by about 30% , but also maintains high detection accuracy. On the publicly
available NEU-DET dataset, the mAP value of this model reaches 82. 6%, which is 3.8% higher than that of the
original YOLOv5s model.

Keywords: steel cord defect detection; generate adversarial network; K-means + —+; attention mechanism; MPDIoU
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D@ FRIFHEFSDIHEARPERENT —-DRED LW
WEHE P () B fvE R T — N E I 8.

P(a) = <t (3

DEELT DM b AREF LA

Do SRR BIREAR 2, B e ADAREPOIIEE,
IR IR REAR 73 C 2 B Fi /N Y SR 2 vl I 0 B B 26 o,
BEXTEEAS SN C BT Z N A R I b u, .

|L‘Zx 4

SHIWEELE OB REPOAE AL, KL E
kARIEHL,

T HEARHEHE 5 YOLOVS 1) 22 RO Sk 4 D e %
kAHEE N 9,35 2 000 WG B A AL 9 FiORUEE B AE
BHE RBESR 0 S [16, 23], 32,357, 35,951, (48,4197,
[77,73],[123,29],[108,534],[177,154],[405,72],

3.4 EFRAKH B

VE R 7 B A B b R 0k 4RO R i o
iﬁﬁ‘%{hﬂ:,ﬁgﬁ{fﬁﬁmﬁ?ﬂﬁ}liﬂﬂfi—]%ﬁ&:%ﬁ
B 3k Ay 22 B R AL Y 145 i, FT BB 23 5 e A A 1Y
PR . A A9 22 55 A R A RN B R R A B
SR JF HAB/IN A B A AR R D 7RI 2 72 v ) 2% R
Dy PRI R BRI AR AR, O T 58 YOLOvSs 9 458 X Bk [
A7 AIE 2 HCRE 7 5 S 30X B e T A o A L AR ST A%
GLET M4 C3 BHL RN T A by i 25 1 L]

CA FERE S WU AL ek kb 1 5% F R sk il 8 2 AL
(squeeze-and-excitation, SE) 1 i fith i 72 i H % (8 38 18 {5
ST 2 A B AR B BB AN R A R B RN T 4

B & J1 WL #% (convolutional block attention module,
CBAM) R 145 BRI 3 25 1) 3 2 J7 2% R AL 8 A5 B i, B
A IR B A5 B o 107 TG T2 B HE R O O R 1 4 B
CA R I LIS A AR 3 3K 125 30 08 19 15 2, » 36 AE 43 35 5 1)
RGN RN A5 D, 3X B S B AR Y T 0ok o b 2 L
PUINEE S B Y H AR 5 2 eV 3 K7 R0 2 Y 25 (8] J7 1] 2
T ARAE &1 Y 8B A5 2, AT LAIEAS CA 178 Jy /L] RE 9% 176 @
TE PR AR B B AR OC R L JE RR A B T OR ARG R 1 07 A
B JF Bz g 200 B i, 7T DL 206 0948 A B0 3 ) 4%
1, b U MobileNetV2 ., MobileNeXt 1 EfficientNet, Jf H
BA SR BT,

CA 7 & S AL AT LL 4y 2 Coordinate {5 &, i A
Coordinate Attention ZE i 2 M~ HR., 15 B ik AT 4B ¢
X ARFAE X 43 500 SR I CH L 1) #1CL W Bt A A% X 4
AEE R X RN Y 05 10 AT — 45 246 (adaptive average
pooling) , 74z CX H X1 Hl C X 1XW W4T AR 1 2 F
Bl 43 =R (5) 5 (6) Wl LAAF 3] .

Nepy - b , -
() = VV“;51W1(<h,z> (5)

1
zmm:ﬁzxqm> 6)

0=j<H

Coordinate Attention 2E AER 43 % b & W6 4~ ER4F & 3%
25 6] 4k JE R AT PR L BRHE AL (C /) XX (W 4 HD IR AR B 45
fEE L, Horh r RS TR T RAE WG, f &t F1 BRAR
PR E (1 X 1 B R FIEZe M U0 oR BU™ A h RN RRE R f .
SRIG f B0 38 4 BE PR Ay R A 5K £1ORT £ AR R
IR C/rHOXHXTFC/r) XIXW B H
ST 1X 1 BRI T 1 AR e AR R /NVE g C X H X1
A CX1IXW, I HZ i Sigmoid #7G p& £, e & 45 8 954
AT L gt Fge AbRERE N A ¢ gy 5R
WAITHTE S B S5 A MBI A, CAERD
B AL e 444 G 6 FT 7w .

ST AT R R A AR R T AL AR B AR SO CA
BEHLR A C3 W45 BRI CAC3 Bil, CAC3 By
meE 7 B,
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5 AT & v F o

T # K

Residual

X Avg Pool

v ]

Y Avg Pool | Cx1xW

’ Concat + Conv2d ‘ Clr<1x(W+H)
Y
’ BatchNom + Non-linear ‘ Clr<1x(W+H)
Y Y
CxH~x1 Conv2d l I Conv2d l Cx1xW
CxHx1 Sigmoid Sigmoid | CxIxW

| Conv 1 l CABottleneck*N

&>

__________________________________________

Kl 7 CAC3 Bidegith &l

3.5 MEEH AW

TEJR YOLOvSs M 2 o, 45 2 oR 8087 5% FH 9 & CloU
A PR K BB B I (D FiR L i A P AL
B ARFETHAE, ToU Fom B IHE FHUNAE 1 28 IR L AL,
MB, RFETAMB KT i'%u\@lil?)wﬁ‘ﬂffl:wﬁ%
HE 55 /N T HE 1) B mﬁaéxéﬁﬂh B o i 5 e — B
W25, a 2 F N trade-off 240, H i o o B E X W

O FC) ,HA w® A Form BHSHERY v B 5w B,
w Al h FoR THE AY 58 B 5 3 RE .
“(Ae, »Bey)

Lew = 1— ToUCA By + 2280080l 4y

.

4 'LUM w 2
v = ?<arctan e — arctan z) (8)

v

T AT +o ©

IR CloU AHXF A 22 B 42 2k ok BT 75 25 18 1 A6l
HE RUBE B AE B 1 B2 R 58 B2 B9 BG40 L B v BB A A
TUAE B4 18] D1 458 % pRBCE AR A2 A 28 ToU $Kk R EC7E VI
Yl bl REBL A ST (A, (ER A S m] LA L Y
I HE S A9 4 TE LA R I o = 0, 4R W LY B £
FHAE g 0 AH IS AT BEAF 6 1 B2 0158 B2 19 (AN ] 3 4 IR il
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WSSO BE RS BE . I HL wo FL A AR T o BB 2 —XF A
T w F A S GE ) B 386 R 805 0800

TR LR A, A S5 A MPDIoU #52k bR 4L, 1%
PR RBEL S T B Bk R 5 SR BT A DG IR L
BAE ) B ol AR I X0 P AU D R B R 25
MPDIoU #5 2 s 50 BN 1 8 Fr 7 , 8 2 2 32 B /ML 5
FE R SHE (0 22 B AN T R B i e fey Ak 3 o AR (0 45 93
U HE B 0 42 5T T B SHE L DA TR S B v B R A i L AE [
IH, MPDIoU i}454n7F .

di = (20— 28 4 (ytd — yi)? (10)
dy = (2 — 28" + (' — y§)? an
ANB d? d:

MPDIoU = - a2

TAUB wth' w th

Hor, Lyt A (e pi )RR UMAE 9 26 - fA
AT AR, f i) F (af  y8) FRoRHEHERN A F

FFIA T A ARAR 0 FI 2 7R H A R B4 58 B2 F g i
A

h

5 8

MPDIoU J& #/R &

MPDIoU {14451 25 bR $50H 13 TN AE 70 5 SCHE ) S5 /ME B8k
T AHE A AU, e p B NIE B SR o) BN d, FTEE L I
Mzizab”éeu&fﬁﬂuﬁﬁﬁﬁdﬁ@émlﬂﬁffﬂﬂEl eI %5
B Bt o 38 3 A /M K RS (4SS 280 T s SR AS T ) 2
FHEIHRHE, &4 MPDIoU B4 5k PREE AT

L vepio = 1 —MPDIoU (13)

T IR N R BRI L o R AR (0 T5000 HE 32 5
ELSCHE , B2 AH 15 MPDIoU 3K 5 e KAE AT & M1 d, %
JNBIRT RO pR AR AL T TS B B T R A I I
R3S B A TR A SAO BE % R USRS BE L AT B T BRI
R I 114 2850 25 R T 256, A B T v A T AR ) 3 1A

4 LWERSHT

4.1 LT MEREEITEEHBIE
JELBE B A 22 715 A1 e B AR 2 7 552 B A 7 B 3 i SR 4R
9 o X e I PR A AT AL IO F) 004k BB e P PR G 3 5 AR 4R



F M KT DCGAN e ik YOLOvSs 6940 2 % A 5 14 #6077 ok

i3 1

B B Am D, iV RF A 2B Bk B 0 4 0 E A A I )
S5 SR B0 4 . 3 o O 0 R0 TUAL BE U L 3RS U AN 22 B
5 3L 640 3k, MR HEE R 2 000 pixel X 2 000 pixel,

TOAL B (1 T 70 B 22 55 A ik s PR AR 9 s L i R AE AR
T A4 DX o SR AT A I A e B L TR S R b O B A
XA bR

PO ToAL BT i B B R (BRI 1 T R R MEHE AT A 1)

BT IR A 6 T Labelimg T H X Bl B J 46
BCHE AN A BB SE EAT B AE AR VE L AR B T xml 28 B AR M
SCHE L IR SEAT AR SR A I S . 3 DK RULR B b6 B b e
MR8+ 1+ 1 R4k R ISRk, 56 UE 42 RNl 4, I 48 1B 14
AR F 65 36 5 24 L o A T A 7R RS 00 ) A B R . SR T ORAIE
S A 2 B INIAAE — B, A ST DCGAN 4% A8 i
L2 A W A G X AT AR S AR B AR . A
2 LB D06 Gl 56 PR A B30 e 200 o S n B )1 25 4R 1 A
E&E R 300 5K,

4.2 DCGAN X1 M & 59l &

A 284 U B 22 G B RE A BRLG AR TR B 6 BRAE O

PUM TN, SCIS AR AR 3 TR .

R3 RERREE

FH Bic 5 1%

CpPU Inter ® Xeon ® Gold5218CPU
GPU NVIDIA RTX3090

pea 32 GB

AT 24 GB GDDR6X

Python3. 9. 16 cudall. 7.1

W& )
pytorchl. 13.1

TEXT P2 I Zrrh 22 S RAE N M B EZE SR
— B A 2% B R T T Y R R R 2 3 Y g R R
B NSRS R o R ERM A WSS HA 5 A R
B AL, DT TG V5 38 30 2 Ry e 0 5 1T 3 DR A % 20 S 2
i Tok s = e i . A T AR AL B AR pR BOT 7E #E0R
ARSI AT MR RE I B T E 2R r=0. 002, 9 H
i 1 T 45 5% 38 'k (cosine annealing) f2% > R, X F 5
AT DATE RS BE R B E vh Sl A5 R A 2% ) R FR R T Y
PIERRR . ARSI 2 AR EL Cepoch) 1% E R 600 W, X F
INRE A 1) B 22535 A BB TR A5 5 DB A BB R 1 4 B R
N 640 pixel X 640 pixel, batch_size % & H 8, LI T % H
W6 BE AL 3 08 Adam SRAK S, b — B 26 A fh 46 5K

IR N betal = 0.5, — B 4 i 1k 38 B W R N
beta2=0. 999,
4.3 DGGAN ZWK4H

T T A b JRE R AN (R R AR BT A B A A Y B
EGREAE . A SLIRFE AR 100 8k AU R AE 1 28 28 A LY
BE . B 10 IR T AR AR BT Az 14 P 4% 26 B Y 4K
2255 A BB AR R AR . AN B T LUE R #E AR
100 YR, 2B B A% I 28 B 22 B4 T 2B Uk b IR 19 5k 4 B
I3 AR SR B B S0 AN 85 BT, AR R B R TR, AR AR
300 YA AR BUAR IS I RE 015 3 T R AR EE T
BB S0 AR AR B BRI T IR AR AR E . AR IR AR 600 K
B, P2 A i R B &AW R, AR BRI i 5
£ 500 YREAH 22 A5 K, i HLAE B i IR Bk b B 2Rk,
B F 80 BHLYE BT , R A T A2 TR 4 pm T RN L B A D ) EEOR

AR SCN TS [EIAG A A B IELG  JRy 38 B B AR E AT T
XFECAT BT - 25 R AN 2% 4 BTN . 75 UL B YR JRIR R o Bt
FH 2 000 pixel X 2 000 pixel , 17 %t HT P 48 A= 1% 14 4L 45 9t
A 640 pixel X 640 pixel, P AR 51 I 458 WAT 2 AH % 45
k. SR AR B BG5S TR i R e s 38 B AR & 19 A
BLRE AT HL X 47 I £ A= 2 A B 1Y BRI R 2 = 56, v B R
TR A BT RO, T DL T 5 22 4T A B B R AR 4
Pk,
4.4 YOLOvS M & Hyilll %

WL YOLOVS 45 5256 (1 5 {1 2R B8 ] | 3% 3 — 80
BV 58 1B BB B i AP0 8% 4 A7 I 2, AR SC i A T 8% 11 14
RN % Bl 640 X 640, epoch X E F 300 %, & B
batch_size Jy 16, H 42 > 24 0. 01, Il FH A2 5% 3R K 12
SRR, BRI R A SGD bk . g S
B 0. 937 ALE FIKSHON 0.000 5,
4.5 TEMrIERR

R BE T UERG R (precision, P) . 4 1 3 (recall ,R) |
SE 14765 i (average precisions AP) #1148 5 #) K5 £ (mean
average precision, mAP)F 455 BUAS MK B2 19 37 48 5 » 7]
it 3, £ A5 1) 2 00 (parameters) VB RL K /N Y BF- A
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AT T

T # K

(a) Epoch 100

(b) Epoch 200

(c) Epoch 300

(d) Epoch 400

(e) Epoch 500

(f) Epoch 600

P10 A e A R R

R4 FEBBEGSEREGTLL

ZEH T B9 22 3 (LW

TR K6 4L (frames per second, FPS) A Sy fiif £ [ 2§ 45
AU I BT AQ 0 BB IR 48 bn . & BUE ARt S AT
J 7

TP

P = P TP (14)
R = TPTF% (15
AP = J:)P(R)dR (16)
mAP = %ZH:AP, an
Parameters ; Hi XWg XC,, XC,, (18)

Hor, TP FoR g B3 9 1E 26 1 IEAEAS . FP KR
BRI TN O IE 2R B TR A, FIN 3R 7 A8 28 3 00 Ohy £ 26
M IEREA . H [ORB RIS W (URERENTE.C,
M A IEHLC,, AR5 0 B

e 152 -

4.6 TWERITLLSH

RTS8 UE B R o TR AR 0 A R AR SO
AR B BAE 4R L LA YOLOvSs Ay JEA R 25 , Btk A [] 45 e 43
B BEAT I, SR AE AN 5 TN . AH LU T DR 4 ol B B
U G5 ) RS I A R 7T T 8 A VR I DCGAN 81 A= B 11
BRBA PR . YOLOv5s A6 I ASE (0 6 0 o 1 2% P (#2551
L% . RG#EE T 2% H AP {HE S T 0.9%; i
K-means+ + BB 4L Anchor, 4 M A B i) P.R,AP
AR E T 2%.3.2% 1 2.8% ., Ui WAl B 2K )5 W
Anchor X Bt B K I A8 B A BT 5 i CA 33 S #L il
BB R AR YOLOVSs 1Y 3 T B 4, X 4K 2245 A0 e B A
M HER R T I L P RS T 3. 6% IFH R EH
) 80. 7% , AP {HABAR T+ T 3%, B SR IZAF L & R 3% i —
Ay BT AR AR i B A R T, (AR
&l A SCH) MPDIoU 5 2% bR B0 e R 56 B9 CloU 41 26
PREL, AR P EA AP (HEA BT, H 2 R EMSHA T
Bit o iz A0 % o BRI R A7 B IR A RS A L 156 BR A 2R
PR EICEL A B2 T 0K BE B9 /R T . 75 DCGAN B4 3 58 1)
A I kmeans + + 55 vk Az BN E BE 0% 45 O B B A 4R
EAS A R LR 4R S T 5. 1% . 6 BLFERE 13 CA
ERAVEH— K= T PE,PEEF 87. 9%, 4 it
B CA 175 Jr AL T fin i 9 4 4K 22 %5 A e I 7 T 42 B A
T3 1A R B T R D AR T A MR R L L K T A ekt
Y i) NG < 1 2 N G o R R - T P B NI
89. 4%, LA AH HL IR YOLOvSs 450 7 v fff 28 I #F 45 28 f 4
S BT 3.8% M 6.4% ., At Z L EB T AT
DCGAN 48 5458 K Bk YOLOvSs B3 e A R4 i 45 7
A 2 415 A e o A T R B



% M % .4 T DCGAN Fe it YOLOvVSs 69 4R 22 % A B a4 7 %31
xS HBMELWERLE
DCGAN %4z 1438 K-means++  CA H: 2 JI#LiH MPDIoU P/ % R/ % AP/ %
— — — — 82.9 77.3 82.8
J — — - 84. 4 79. 3 83.7
— J — — 84.9 80. 5 85. 6
- - J — 86.5 80. 7 85.8
— — — J 85. 9 74.8 82.9
N J - — 82.4 82. 4 84. 1
J J N/ — 87.9 82.6 88.7
J J J J 86.7 83.7 89. 4

TR AR TR T R Ik bl o e AL 16

Y R T B35 B 22 T A B RS I Y ST B R
BT o I 2 — 25 B AR SCHRE M 190 TR A 0 A5 780 A N 24 %5 A
S o A 0 T A At 4 2 ARG 00 B 9% L 5 TR AR ) D i B
g, 2 0 & 3 WA B Y B ks U A B SSD, YOLOv4,
YOLOv7 #EAT NG AND , I Xof FCAS T8 2 430 A, ) 3
RO oA, ST SE SRR 6 B AT b Ao AT AT LAAS
RS B YOLOvSs BB A AP Bt YOLOvV7 £
AR T =g 1 3. 3%, L ME B 238 R A 2% 45 ) = 1 3. 2 %6 Al
7.1% . [A) B A% 3C 8 Y 9 2 0 i (Parameters) 32 X F
YOLOvV7 . % 1% #5155 ¥ /8 23 sk 8 IK, #2 2 FPS & ik
90. 65, HLAG P (1 K 0 T, AT DA A 0 E T v AR
2 b 22T A Y i B Y PR A

®o6 TRRAMELE
P/ R/ AP/

Parameters/

AN H |

ez ) A5 74 % Y y M FPS
SSD 83.2 68.2 79.8 23.75 67.65

YOLOv4 74.6  69.0 79.1 63. 94 36. 25

YOLOv7 83.5 76.6  86.1 37.19 50. 71

AXHH: 8.7 83.7 89.4 7. 04 90. 65

HCHEETJE B YOLOv5s 458U 75 80 22 755 A7 B 573 46 00 5 9
£ LRGN 25 JE 2R A7 5 B L A B 11 Ca) A Ch) BT S B0 S Y
R A B X A /N B BB TT A R0 HE AT R 0 R
YOLOvSs £77E T A 189 18 4 . 3 L ele F J5 455 8 7 7 00 AE L
T Y EAE B M H 22 AR SO O vk T LA ALY
L TR0 0 225 AT 1 Sl I G AR B
4.7 AFHFEHBEERNER

BT 2B RAE PG Y OLOVSs B %o At e 5 46
DU E A RO S AR SO T AR b K 2% & A 1 $A 5L A1 A9 2% T e
P PE 4 (NEU-DED) # 47 T i — £ A i B £ &
T #8(Crazing) . ¥ 2% (Inclusion) | Bk &5 (Pitted Surface) .
BEHE (Patches) . JE A & 1k 2k £ (Rolled-in Scale) . ¥ JE
(Scratches)iX 6 HRE , B0PE 45 B3t 1 800 sk K14, BIM% 4%
PR 200200, %08 8+ 1+ 1 RN R4 Kk
£ ERAE . 7EAR M DCGAN 3 3 5m i 15 o . 20 51
K HE YOLOvSs kA XM 19 YOLOvSs 7 kb 47

[0 o

(a) JEYOLOvSsti 7Y

(b) B YOLOvSsH R

B 11 AT S YOLOvSs 55 [ /6 ) 25 5 % 1b &
YN 25, I HLAE 3 A b A58 700 4G ) 34 S8 4 47 % HE . PRl 26
X E R 12 Ca) 1 Ch) JiF 7 B0t J ) A5 760 7 2 0 4 4 4% 30

1.0

0.8

=
=)

Precision

<
~

—— crazing 0.493
inclusion 0.778
—— patches 0.913
021 pitted_surface 0.930
—— rolled-in_scale 0.690
—— scratches 0.922
— c[a:sses 0.788 n'I1AP@O.5

0.2 0.4 0.6 0.8 1.0
Recall

(a) JRYOLOvSsHR 7
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