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Real-time detection of adhesive defects in X-ray images based on
improved YOLVOvSs

Zhao Ziwen Jin Yong Chen Youxing Wu Qizhou Wang Zhaoba

(School of Information and Communication Engineering, North University of China, Taiyuan 030051, China)

Abstract: In order to give consideration to the detection speed and accuracy of the defects of the nonmetallic adhesive
structure of the rocket, a rocket defect detection algorithm based on the improved YOLOv5s X-ray image is proposed.
Based on YOLOV5s, the algorithm uses deep separation convolution to redesign the Bottleneck structure in the feature
extraction network, so as to improve the C3 module and improve the running speed by reducing the number of model pa-
rameters. Then the CBAM module is added after the Focus structure of the feature extraction network and before the
convolution and upsampling of the Neck layer to improve the effective feature extraction of the model, make the model
pay more attention to small targets, and try to maintain the running speed while improving the detection accuracy. The
experimental results show that the mAP of the algorithm tested on the homemade rocket paste defect data set reaches
86.40% , which is 6. 44% higher than the original model, and the FPS is 32 frames/second; Compared with SSD and
YOLOX-Tiny network model, this model has excellent comprehensive performance in detection speed and detection ac-
curacy, and can effectively detect the defects of non-metallic bonding structure of rocket.

Keywords: YOLOv5; X-ray image; attention mechanism; depth separable convolution

0 2| A5 D ZR AN B 2 P S Tl A ) S 0K 122 5 T AT RE AT TR G
R TR 203 V2 45 R e I 3K 26 i s ™ B R T KR 5 S

KEAR G R AL A AR s i A T2 IR HATRE SR R i D A 4 TR ) A
TENGARA EF=RRE A2 T R IR BEARAS SR A AN T LR I 4 SRR e B i R Ak

il

75 HH9:2023-01-13
TEEWMB: NV ARERE R BB A\ RRHIFIR H (2022-145,20210038) % |

AL H SRz L T FEAARFMEEAR — 181 —



R X it

SRR AT B b B B8 o B B 5 A BE R X LR A
S8R 2 5 R I o 1) TR B T R 5 Ak B R A TR T2 4R T
PCHEAR LR BT L A PR T B AR 4 R 4 45 A B
B 0 K B R A i e KT SR AT XS R R, SR
Ja o N T RIS D X5 48 PRV T i S s AR R N TS
Tk SR A, EL ARG 25 3 32 9 7 N B HE R 2 R4 56 19 BR
il 5 e A A . TR 0 R 0 AR AL Ak R AT
X SR PG AR £ JE Rl 2 il 5 4G 0 AR 3 28 ok B2 v G DU R B
TS B AAAE R L2,

& 5 119 B0 B A% b B R BROOR T DA 4y g U AN T
LG 000+ 0 P 5 A s A 5 ) A R T N T AT R AE
PRI, TAE &8 K B ME DL SC 8 [ s b, S 4Rk, IR 2%
> B A AR B R I 5 YR v B T 5 AR, H i B
TRAT B AR AR D B 9 2 [X 43 35 B 4 28 ) 4% (region CNN,
R-CNNDM 251 R 402 49 5 B 834 A1 L YOLO (you only
look once) ™ "R I NN FH — B BEE B, T AR H
B il 45k , SC#k[ 10 3@ 3 1 AF-RCNN Sk Al X 5t
AR LB G % B L ResNet+FPN W4 08 T, 58 1t #
B ORI A T VR T N A () R T ML 0 0 2 R
ol o 24 ot /NGBl B B 2 ST BE Ty . SCHARCLL ] &F X851 X 4
MG, i e Overlap 1 1 048 B8 )7 Fl Mosaic %85
WS T IR R YT S SR YOLOv3 5k
AT YN G5, 300 3 56 1 31 S5 HE 10 o] ) 30 3 P 4 A 000 T 9 S8 R T
22 TR A4 B I 1) R DU, 5 48 1 /0 2R ST ARG o T 3R, 3
mk12] i Bk Mask R-CNN 58 iy 4 AF 45 B 285 4, IF:
Pk B 11 shim A7 2 SEBLXT XS 26 B AW A 3 2+
TSR As I, SCEk 13T A A& X 524 BAZ 0 %t
S E e OPTICS 8k 3R A5 4 A e R K/ 1 35k i A

2023F 4 B
F42% F4H s

MRS ARG IS HE S R 22 45 R AT RR AR BRI IR 42k A
SR B A R B s B T 3 AR B E R R STk 14 13%
T HTF DCGAN 5 YOLOVS (k& i X 54 %Ak 4
JaR R R 1 YR O 1k T S AR AR AS ) A () R 3
F L BRFRIR B R GA B T 85. 4%, 4 BRTIR, X A
AR XS 2R 5 B A I 5 R 50 B AR T LA B A G
TSR (H B R 2% A I ) S P R, XS R T X 5
8 RGO 0z S0 B ARG W A AR T O 2 %, S MR AR 22 i [l L
B, AR 5T — R G AR 4 T R 2 2 H SR e A N
BRAEEMN L HMNE.

YOLO B3R 2 — B Be 53 9 £ 22, LA Il i 12
R RA AT LA IR B 5 A% B F5 R 3 5 5 A7 AT 55, HLAG I
BEVE AT R T — B BER BB . YOLOvS J&2 YOLO R 511
B Rm S . SCEk (15 158 i Ml YOLOvS Sk %
To AMLIATE B 37 5 4T B RS, £ FH 4E B SELayer #24¢
b W 25 52 B H bR A SEBFAG I . SCER(16 176 YOLOvS fy 3
ith b &+ — ol R, g R RT3 190 9 s R 00 B 9 L X P IS L g
LRI AT RS D 35 B 458 = A DR RN S . B X X SR
PG A 4 T A B2 1 A 00 5 R 30 ] L, A S L2k 3000 T 3 0
i KA AL YOLOvSs 535 S FE ik, NPT AS 77 18 2k it K
DB D oAb Rr AF 32 B2 248 25 1 L P iss 780 (4 328 47
T 5 2) S5 G S B R 0 ) RS B2 R B B BRSCRRAE , 52
A 2 BB A4 VE 7 7 WL AR B (convolutional block at-
tention module, CBAM) JIT A 31| % 2% (14 A [|] 38 43, $i = 45%
U RIS B . S0 25 R 3R I L 1 R e DRIE TR0 o 1
P14 i) kAT LA e S s ARG 0 A R

1 RBEUMEEHNIZIT
YOLOvSs IR &g &5t & 1 fr s, i % A S Cin-

/

conv  C3-1

Input

l _______ 1
1
¥ Concat !
I 1 Conv ¥ —_
I- D - Coneat ' o H
Conv SPP Conv —> #f ¥ f i
1
1
1
1

*| cConcat [

v 1
Conv ——————>  Concat _'.
v Conv —>
' i

slice

B 1 YOLOvSs 454

— 182 — HEAETIMEEA

LT Hr SRz L T



2023F 4 B

D E42E S 48

put) JEFAE $2 B 2% (backbone) | #l %8 JZ (neck) Fl i H ¥
Chead) 4 A& . JLHRAE BRI 45 A F % A R 9 R AE 2 T,
b iy C3 A e n] LLin 5 () 2% R A & B9 fE 1. (& C3
MEHCR I Z oy B B RO B ERE & A S R Z W
GeAr s ) AR RE BT B R R KM S 8w, 151
5 g e p e

DSC 1 — 8B BRI — > i 5 BRAL i 2 B
TN EPRAT T AR P 38 38 A2 )R OC M A BT, AR
KR R/ T SRR R (5 1% 55 48 B R
B ELPRA 225 . A S0l DSC 2 5 e Rr AT $2 B
#& Bottleneck #5491 C3 AL v (1914 55 5 FLE 0, 72 AN
I 225 W R AT SR BRORSCR (W AT T L T DADS /A B 1) S 40
F B 2% DL 16 0 5

depthwise convolution

= ‘ pointwise convolution
R / ‘ \‘ 1x1 Conv
M= = O—={]= NI
\ ) /
Bl 2 IR ]9y B A B

BB A RRIE B B KN D XD XM A8 b e 4
BRI K XK XM AN N A i AR P A R/
N DXDXN o D RE R MG K 5 AR K
598, M A BRERG N D B AE R R A% bs
EAS B 2 By 4 AR R /N 15 g A i R A 1] 383 )
e T LU A3 AR = B B R o (D o 7
JEBBUT R B () iR, S BB SR )
8 BT L DSC 9330 A o an s o i

P,=DXDXMXK XK D
P,=DXDXMXK XK (2)
P,=DXDXMXN (3)

P,=DXDXKXKXM+MXNXDXD (4)
B2 AR XT38 %L, DSC R B 5E 5 E A L
{Eﬂ‘j:
KXKXM+MXN 1 1
F= g X KxMxN ~—M'N )
B2 (5) AT A, DSC Y 13805 I 1k A T 38 38 45 71 .
Bottleneck Z5#4H1 C3 A He it J5 A 45 I 18] 3 R

2 EFEANMB RN

2.1 HHFEREMERNEE LG

KT AR 4 R BB X5 2 PR A A 2]
FRAEAR IR0 2% I ol U0 R 38 ARG H (Tocus) X HE 4T VT
Bl A 2 Pl 2R IE SR 5 A R A P E AT BUR AR
R A BUZ S 2R 45 1R A P B AR 4007 i A R A0 15 R

AL H SRz L T

AR X #

"

DCS Conv

Con cvl
Conv cv2 l

DSC Bottleneck

!

L— Concat

- |
Con ¢v3

(a) B3t )5 AIBottleneck BBk (b) Bk JE I CIREER
B3 Bk S A

PEATTEE, DL 2 T 200 T 38 {5 2 Z 18] A AH DG Bl S, 3
AN TR AR Y B T TR R AR S O i R R R BN
/N BEARFRAEAT B . SCER TR A dl B T AR R R B (]
16 o PG WA AN v e /0 B €5 R E £ 8 L T A v ol s 14 e
FAEE/IN 25 L BRAS T B4 R AIE SR BUAT: 55717 ok — s Mk

TR 22 23 T T LR R 8 52 A 1 £ L TP SR L
WA EH G S, SR L EE R, CBAM & —Fff
TR AR, A ST 0 TR L, S R I T B
J1#E 3 (channel attention module, CAM) Fl%5 [a] 1 72 1 #
Bt (spatial attention module, SAM) , BE W% ] i} /7% 51 £k 1 7
T RS TR P A B b A R )RR A R R R X
PIFPRFIE B 45 B 7E 5 Z B0 B i A R AE PR AT R o AT
38 B RFE S I 7 A 3 (5 B 2 R IE R . A5 H
B4 FiR. B T 3 — 2048 T W48 X5 B bR 09 FRAE
PEURE 1, 7E YOLOvSs fFAEFE BN 2% Focus 4544 J5 A
CBAM gt

Channel Spatial
Attention Attention .
Input Feature  Module Module Refined Feature
—

AN

Kl 4 CBAM fH 454

TEFR AT 32 IR 46 P B9 Focus 45 #J5 M A CBAM A
B L3l T B RO XA R AR B BEAT IR BRI & R R
453 Ak 0 5 Kt Ak | 3 AT AR B o B A A op A A
AR 4 T R WG Bl B S ¢ R R R BE R 3 G I 5 R AE R
7S 8] R R A A TR R AR, U B R AR
PRI A 38 =2 ) 2 ST R A e S 06 R X R AE R AT 1 O
A A5 3 0 AT DA At A v 7 T AR 4 T R G i o 5%
W E BRI 43 [ERRAE L, 6k 555 JHC il TG 56 9 44 11 45 (] R A, fifE
) 26 7543 Il FH 3% 26 4 oy £ 8, kT SR TG 35k B 194 /18 H A

EAb TR — 183 —



R X it

) 3 SRR A A 2 I B R IR . X A A AR AR R T LA
ASBE TN 25 A 1 1 4R T S B0 A 4 R B R
2.2 FEMERMNIENNEH

HHR 2 32 B S S B EE B — R A L N e
SL 0 B AR IR A S R A R 2 B ARTE B A RRAE IR, 7 35
HIZ A CBAM VE & Jy B E ] DLE— 25 % 85 2L A9 R AiF F
s, HaESHE T2 ROEEMS, B
CBAM 77 J B A W 45 25 ¥4 1) R /) 7 23 72 46 R [
BORCR . b T 7R B e A R RS B A [ B S /b A 3R I
B ARCEET 2.1 WHGHE MM 4R YOLOvSs-1, % 5
Neck #4rimA CBAM #& il T W R 4544, aniEl 5 frs, —
FiETE Neck ERIBIG —2 C3_2 #H5 M A CBAM #
e, R TR R A 44 8 YOLOv5s-2, 73 A — Fif 2 78 45 1
FESRAEZ RN A CBAM #iHL, fiv £ 28 YOLOv5s-3, 4N
6 FiR .

Concat

¥
n

.
- P
-Conv Ry ”"_"cm* e —.—'
L> Cony —— ‘
! I
(Oe Concat '—.—b
/
K5 YOLOv5s-2 I Neck 2
\
Concat -
L
/
‘;l _
- Conv Lkt —>. *-_'COM Concat “
—> Cony _’/ |
i I
Conv Concat —.—._’
/

6 YOLOv5s-3 ) Neck JZ

3 XBRERSN

AEHEESEHBEERNRERBIEE
PG r o 53 AL <5 T RS 4 45 A R B B 5 KGR
G2 s o R SN 4 R e 45 R R B N T K AR
HEANT < KO SO = S R Z 18] BURG FE AN B A3 B0 g
A AP 7 Cad i 7S 5 KR SRR SN2 Bl N R AT AR R A
BB 15 DR FR A FF 2L AR 7 () T 7R 5 T SR AN 2 B
JE TR AN RS SRR A 23 2= 7o FR

3.1

184 — [ B FIEHA

2023F 4 B
425 B 4 1

i
!
3

+

(b) JFH

) R
K7 BBy A BB Y KR A

(a) LR

IR I B AT 23 T 9 KR 3 4 T 205 1A Rt Ol 5 o K 40
S mEOT AN B T B B R BT M £ (DC-
GAND " 72 5 i K0 4 » 92 B GH KA 54K s 5k 6 114 4 2800
Il s A SCAE TS BN B R AT I 26 A0 B U A K. Bl
Gty HAABCE Ik 1 B

1 REEHE
GRS & F T 4% Jt K i Vi
PlERS 776 1252 1061 104 87
M 4R 204 327 287 29 31
B 1 000 1579 1328 133 118

3.2 XWIMESEMAFE
ARSI AE FH BB EFRBE N Intel (R) Xeon(R) CPU
E5-2690 v3 @ 2. 60GHz b3 £+ , GeForce RTX 2080 Ti i}
RSB B AE RSN Ubuntu 18.04.5 LTS, % M
Pytorch ¥R 2% S HESR IR JE 4 2] 3355 % 4% CUDA & cuD-
NN FEA7 A0 . 4% 35 75 9 Python3. 8, Yl 4k i £k L B
8 HEALF R /INK 64, YIREeHh 300, RAHBURLE P42
R 5 ARG 0 SF- 1A B 4B Con AP ARG T 1547 T 23R 1 S A R0
WMtEbr. HhRE P HEE R T E (AP M

mAP [ S 51H

TP

P= TP + FP )
TP

R= TP +FN e

AP :J PRdR ®
0
SYAP ()

mAP = N €D

o TP 3w T ORs G BRRE B I 00 B4 FN R
KT SR W R R TR F P 3 T SR, I di
FEBEE B TN AL s N 3R 12 45 4 I B 2 4
3.3 HEMEEEAESRITEE LR

BT Y IE CBAM BN 5Tk 19 A 20v: DL SR 9T 1% A5
Hemh A S 2 0 B 7 2, AR SCFE YOLOvSs-1 Bk i 56
fith L 6 Rl A S E AT R OS2 . YOLOvSs-2 /& 7
HERZ M RIG —)2 C3_2 S )5 iix A CBAM Bk,

LT Hr SRz L T

L



2023F 4 B

D E42E S 48

YOLOv5s-3 276 & BRI B R AR Z i il A CBAM 3k,
ST EERAINE 2 TR

K2 FHMEMNEENERI L XE

Tk BMIL/(<10) mAP/Y%  WUE/fps
YOLOv5s-1 14.8 82. 36 34
YOLOv5s-2 14.9 83.48 30
YOLOv5s-3 14.8 86. 40 32

B3R 2 WH L 7E SRR SR RO R R AR AL Y 1 AL
.51 A CBAM £ B B 50 & 0 A% B 35 75 $2 T, Hop
YOLOvSs-2 #2755 1. 12% . YOLOvV5s-3 #7 7 4.04% . H
WAl A 75 X B &5 SR B AT, YOLOv5s-3 Y 9 45 46
KB 42 T 5, ELRS I S B R TR . B AR SUR
A BAL 2R B R 00 2 B A 2 Al CBAM it AT 3K
3.4 HELLIR

R TSI T L T R R o 1 S ARG I L A S
YOLOv5s k4 = Ab ettt . 8 T 5630 BT 42 1 i A e ke
A7 A 8 5 75 A0 38 ik R B T T T s
5, HIRaiRmE 3 fian., Hd mAP FE#M . L%
TR ) G DU TR B R v R Ay A R A R N ) R
o A 1 MR T A D B g R R . AP, RS
e (TOU) B{E R T 0.5 B HEA-Bh B 288 51 3 H 550 1 ok 19 7 4
TR .

R3O BUHER[E) R HR A8 B A N 30 R B M

- AP,/ % mAP %
sty iR FE AR /% /ips

Ji i ) 4% 80.6 76.9 82.4 79.96 21
C3 B i 80.5 75.8 82.3 78.86 34
PESRE 25N A CBAM 83.1  77.6  86.4 82.36 34
HFZIMA CBAM 86.6 82.3 90.3 86.40 32

FH 2% 3 TN, 7 A i 4 I 9% i (o P R B T 4 25 45 TR
Bt Backbone 1 C3 i o iy JF 1H & B, 5 F 4L
YOLOv5s AH I, B8R APy, FRET 1.1% , fHiR M 21 fps
L 5] 34 fps, i3 7E Backbone H Il A CMBA # 3, 78
REE MR R A RO F . AP, HEES T 3.5%. &Ja
Neck Hlll A CBAM #5880 , 11 ) £ 155 7 14 5 58 47, 76 {5
BAT T [ AR ARG S B O 82.36% R B T
86. 4% X FAHFI A CBAM 5B BE % A R0 & AR I K » $2 /=
RO Y Aar T o B R, 3 IR BN JE By R T o o R 4R T
6. 44 % Wi IKF] 32 fps, BEIH L SR AG 00 B S8 0 ofE 4 P
RS, B IR ) YOLOvSs MR FINE YOLOvSs W
LA T R DU 25 S % L an 1B 8 T
3.5 AEWNE XL

Sk it — 25 B UE AR SCRR W A e BRI AR
WA CH %5 SSD-300 & k. YOLOX-Tiny DL K

AL H SRz L T

AR X #

(o) Bt
B8 ol AR R

YOLOv5s A7 %t b 85 A3 4 B, DUSE 3k i 16 0l o
Ty SR FIAG T 8 BE S P 46 b o 0 X B SR 4 9 & TR AN AT
PIB RSOt 5 vk 5 Hofh 3 FP AT VA A L, Bk mAP
R T e O 00 TR 00 A SR 5 A AR A G I B T TR &
YOLOX-Tiny & %, {8 mAP 7E 2% (K FAH L& T
7.17% s HH EE T SSD-300mAP 4815 7. 27 % 46 I 5 B 4R 15
T 19 Ips, LA KRG 2 5 3R, A SO Rk R I .

R4 FRERBNERITE

N APs /% mAP g 2R
Sk W FE MR /% Jips
YOLOV5s 80.6  76.9  82.4 79.96 21
SSD-300 78.4  78.6  80.4 79.13 23
YOLOX-Tiny  80.3 74.6  82.8 79.23 36
AL 86.6  82.3  90.3  86.40 32
4 & i

T IEBL X AR B R AR T R O SR I S A
AR T — R T S YOLOVSs 1y SE R A I vk, il
TR BE AT 23 B 4 BRI Bk TR R A O B
TR I 5 O T Rk T 0 2% A A BT Al Ok B ORG JEE 4
2 o3 S R I B BRI 28 A0 B0 )= 20 S A CBAM B
HE— PR TRk B R AR £ ICRE T 5 R R Rl

EAbE TR — 185 —



R X it

¥ W B IS B9 YOLOvSs 3k mAP #8271 6. 44 %, %%
MR T YOLOvSs W45 BRI X X 28 & 45 ki kG b
TR 58 A8 ARG DK B s iR e 21 fps #2731 32 fps, KK T
TR AR 7 G0 S (5 A R A O AT 1 B S8 bR G T AR

SIS SRl R T R R ORI X T 2 B B 11
W b AP BAR , J5 SR BT BARR T Wb7 7] A0 Je JF A 5%, i
— 25 R AT R AG I (7% A B

& % x W

(1] Edlft. JETHOBET ¥ 00 5502k B ORL A £2 B B A6 0 R 4t
W55 L BD]. AR - B F R K%, 2022,

(2] )R A, B HE, . HE T Kbk 2% ER M K2
B BLRS He B B R I 7k WF SR LT . & AR 4R, 2018,
39(4) :471-475.

[3] MENG W R, ZHOU Z G. Non-contact detection of
debonding defects in a steel-lead adhesive structure u-
sing laser ultrasonic technology[J]. Lasers in Engi-
neering, 2018,41(4-6):373-392.

[4] GROSSO, MARCELLA, SOARES, et al. Study on
the limit detection of defects by pulsed thermography
in adhesive composite joints through computational
simulation [ J]. Composites, Part B. Engineering,
2019,168(Jul. 1) :589-596.

[5] GIRSHICKR.DONAHUE J, DARRELL T, et al.
Rich feature hierarchies for accurate object detection
and semantic segmentation [ C]. Proceedings of the
2014 IEEE Conference on Computer Visionand Pat-
tern Recognition. IEEE,2014: 580—587.

[6] REN S, HE K, GIRSHICK R, et al. Faster R-CNN.
Towards real-time object detection with region pro-
posal networks[ J]. Advances in Neural Information
Processing Systems, 2015, 28. 91-99.

[7] ZHAN W, SUN C, WANG M. et al. An improved
YOLOVS5 real-time detection method for small objects
captured by UAV[]J]. Soft Computing, 2022, 26(1):
361-373.

(8] WA 2% i dRAE, 7R BB, 4. BT YOLOVS 8 JJ 2k
R 1 92 A G 0 B v F 7 0 ). 3 B LI 4 5
2022,30(11) . 77-84.

(9] IBifE3, B A0, 22 3C#. £ T3 YOLOVS J ki
ok sl B[], RIERZ% A R/F =
JiR),2022,43(8):1073-1079.

— 186 — MEAPERTFTMELA

2023F 4 B
425 B 4 1

[10] LIU W, SHAN S, CHEN H, et al. X-ray weld de-
fect detection based on AF-RCNN[]J]. Welding in the
World, 2022, 66(6): 1165-1177.

(111 TEA Wb, d i, 5. 26 T 8 2% > 19 85 1 Bk
RS I 5 5 L)), AL LB TR L 2021, 37(6) :59-64.

(121 Moeebe. T X 5528 BAR W A5 2k 526 0 B B 4G
W ARBEFE[D]. ¥ rd -« U B K%, 2022.

(130 X, SF9E IC. H T X 052 B G OR 45 B i 248 09 2% 1 A0
T O A B B R TN SR [T, AR AR AT
2018, 39(4).247-256.

(14 @07 &0k Se 6L 45 38T DCGAN 5 YOLOvVSs
A9 7 TR 4 T e A B B AR 00 O i S LT ). AR K
TR, 2022,45(6): 949-955.

[15] ZHAN W, SUN C, WANG M, et al. An improved
Yolov5 real-time detection method for small objects
captured by UAV[]J]. Soft Computing, 2022, 26(1):
361-373.

(167 M oF i 4 T3l . 4% 6 T YOLOVS iy 5 2k
FVFE B 92 i AG 0 5 3 O 52 LT 0. A S 000 & 5 4 )
2022,30(11):77-84.

[17] RENJ, WANG ZJ, ZHANG Y F, et al. YOLOv5-
R: Lightweight real-time detection based on improved
YOLOv5[J]. Journal of Electronic Imaging: 2022,
31(3): 33033. 1-33033. 20.

[18] MA X, WANG SY, YE SP, et al. Narrow pooling
clothing classification based on attention mecha-
nism/[J].
39(4):367-372.

[19] ZHU X, LYU S, WANG X, et al. TPH-YOLOv5:

Improved YOLOv5 based on transformer prediction

Journal of Donghua University, 2022,

head for object detection on drone-captured scena-
rios| C]. TEEE/CVF International
Computer Vision, 2021, 2778-2788.

[20] WOOS, PARK J, LEE]J Y, et al. CBAM: Convolu-
tional block attention module[ CJ]. European Confer-
ence on Computer Vision (ECCV),2018; 3-19.

Conference on

£ & &

T3 W A BB T M AR
E-mail:1915318634@qq. com

Lok GRAGIEE) 4, 8082, REW 57 17 S Tk
W B AL #5405 55

E-mail :jiny@nuc. edu. cn

LT Hr SRz L T




