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Abstract: Metal surface defects can easily lead to structural failure in the field of aircraft and spacecraft manufacturing.
which brings great risk of accidents. Traditional YOLOv5s algorithms have the the disadvantages of detecting metal surface
punching, filamentous spots, and crescent notches, to solve these issues, an improved YOLOv5s algorithm is proposed. This
algorithm adds the Ghost network to the Backbone. The multi-head self-attention (MHSA) attention mechanism is added in
the Neck network. The original loss function is replaced with the distance intersection over union (DIOU). Experimental re-
sults show that compared with the original network, the improved network increases the mAP@0. 5 by 3. 2% , improving the

detection accuracy of the model, with low false detection and missed detection rates, which proves the effectiveness of the

proposed method in metal surface defect detection.
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YOLOv4"* - 52. 00 58. 76
YOLOS5s™ — 78.70 82. 40
YOLOv5m" — 73. 40 80. 10
YOLOv51% — 77.00 78. 40
YOLOv5x ! — 72. 60 80. 00
PN <R 85. 30 79.70 85.10

2) R I B S5 X L

kT IE B e MHSA 3 8 S HLE A sk, AR S
5ofs MHSA 3 52 SR g Neck W45, 78 A R M
i 21 2. C3 ). JF 5 im A SE. ECA,
CBAM B E47Xf L5285 . SCR a5 Rk 3. L4
FH, m A MHSA 3 B e, BRI RE 15 2 48 & 1
mAP , AF £ 2 B 7 1 23 /N0 BE R A . A SE B
Jei s ASEHL ) ARG BE AR T IR 45 0. 800, ARG A
HHRIERTE. SimAM, CBAM #HE mAP FE L&A
PTH GAEX R ZE RS . o MHSA A JE R 4

3 VR IIHLEIT LS g 4

87N TR/ % | EER/ Y% mAP@O. 5/ %] FPS
YOLOv5s 84.4 80. 4 81.9 277
YOLOv5s+MHSA | 82.9 82.1 84. 6 238
YOLOv5s+SE 85.8 78.1 81.1 333
YOLOv5s+SimAM|  84.0 80.7 84.0 277
YOLOv5s+CBAM | 85.7 79.7 83.2 208

3) Ghost {45 5256 %} 1
AR T B UE Ghost W45 1A 2%, 1% Backbone
W 4 T4l Ghost W 4%, SEER 25 RN 4 R, it 52
W5 R, Bt Ghost W28 5, 458U Y 45 DU K B2 £2 T
T1.9%.
# 4 Ghost M4 3256 %t

EloU {8 # CloU, # % mAP F[% 7 0.1%, SloU,
GloU, DIoU # i M 257 mAP WA — g4 T+, DloU
0 mAP 4T . _TF T 4.3% ., LA N H SR gk R
Ja . mZEFE DloU kA CloU,

£ 5 B RBC KX

Ak TR/ % | BmEFE/% (mAP@O.5/% | FPS
YOLOV5s 84. 4 80. 4 81.9 277
YOLOv5s+EIoU|  80.6 80.5 81.8 244
YOLOv5s+SIoU 80. 7 82.7 82.7 322
YOLOv5s+GIoU|  83.7 80. 1 83.7 263
YOLOv5s+DIoU|  86.7 81.0 86. 2 277

Bk THEFR/ Y | BT/ U mAP@O.5/% FPS
YOLOv5s 84. 4 80. 4 81.9 277
YOLOv5s+Ghost|  79.0 84. 4 83.8 131

4) 5K BRI B S R L

A Sz 4 i A DIoU, GIoU, SloU, EloU 4%
BT ) 2% R AR BRI CloU 43 5 % E S 36, o 4% 1) O
REB IR KA AR, SER R ME S i, HH

5) TH il S 5

Xt YOLOVSs J5t W 2% . A 5286 47 T = i gle ik
¥ GhostNet il A #| Backbone M 2% d1 . ¥ MHSA 1 &
SR A Neck W%, &5 & 5% B4 CloU 4 DI-
oU, N T WLE 25 A B B dl & J % BB (9 5% w30 f%
Ghost, MHSA., DIoU 43404, % 6 B T iHmhsL e
EE S

#6 TSGR

§ T | BE | mAP@
s 2% | %/ % | 0.5/% | FTO
YOLOvV5s 84.4 | 80.4 81.9 277
YOLOv5s+ Ghost 79.0 | 84.4 83.8 131
YOLOv5s+MHSA 82.9 | 82.1 84.6 238
YOLOv5s+ DIoU 86.7 | 81.0 86. 2 277
YOLOv5s+ DIoU~+ Ghost 80.6 | 85.9 84.9 130
YOLOv5s+DIoU+ MHSA 82.2 | 80.7 83.2 233
YOLOv5s+ Ghost+MHSA-+DIoU| 85.3 | 70.7 85.1 118

THRL SIS R R, T Ghost &% 5 mAP 427t
T 1.9%, A MHSA 33 L mAP #2771 2. 7%,
A 2k BB DIoU J§ mAP 27 T 4. 3% . i 435
IMAM L mAP 277 3.2%, @l mses, Bk T
TZ 4 A B bR Sk A S

R T HE R R B TR R 2% AR T D I 4% ) i 4R
Fho AR 5P AR A B R BAEAT T A E .
B9 R, B9 () FIE 9 (b) ZFBilJEoR T W6k 44 1y
MR ZE R . T EL 4> B & SR v] LB B UL 5], 5 ) 4% 7
PR LR BE S AR B BE S A FF AR I S . X TR
BRI AT . R R R DL S 4 JE 3R A 3R
WA BENE, FREGHEBIMNEE RZA, it
SR P A R DU s R TR Y T . 7E B0 Ghost W 4%
Ja o HERUE ZRRAERE . DTSR T ML B RRAE PRI RE

4 HERIE

ARV T A& @ R B G R #e b, i T AF
FHDCHT A — . ORI A 3 A0 35 58 IR A2 16 45
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i . 2. T YOLOVSs B4 8 22 1 B [ A il - 53

crescent 99p 0.79

crescent gq;:ig.m

(a) JRYOLOVS s 3l 34 5 (b) BUH JE R BER

9 YOLOvSs [ 2% 55 ik J5 19 2% 508 X b

E I € Rl | SR RN ORI R PS K= S (A i DO R 7R
SRS BE o R R . X8 N R 4 A 3 T G R Ak
AR WA R GG AR w, TR B nT AR S 2O
R R A ] B, AR R SR LS LT . B
R BE S B K 5B AT AR S W Z W T AR T AL HE R ¥ A
B4 )@ b BB X 30T BE B A R R R B . I 2 ]
R B SR T ORI R G R SEE AS FE  B AR SO
Ghost FI£% i1 A Backbone |, 341 T [’ 2% 45 i 42 B fE
J1s W MHSA 3= AL, B8R TR B
PR FRAAE SR ICRE J) . LR AEAL PG A 1 . B A
VPR 2] S AR R e Z B C R, X R 2
1% G 1 B BUZXME LU B2 195 B R 4% B CloU
#2 DIoU, £ Bh F 30 H A5 bt 25 . Je /M BAE
Z IV BB . DA B2 5 RS B . A A B, S
GEREW], 3 FPAEHL Y I AR R 4, W4 mAP
KRR TE T 3.2%, k%) T 85. 1%, WEW] 7% sk il
8 < g e S TR N2 e SN | W BPU R e e
DL R BAE ARG i AR R BUR AF R 3R, DR R i e ] A 22
R I R M R I BE . AR SO R R A
XiF ik e Pk K A A SR TS ) S SRR SR IR AR T AE
BAREAR . G . BRI P RAK . 3R 1H B 4™ &
DA R B AR B8 i SE AN ST N ilE— 2 AR Ak ks i &
G5 100K 0

SE Lk
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