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Prohibited items detection based on deformable convolution and
attention mechanism in X-ray security inspection

Su Xingwang Wang Xiaoming Huang Jinbo Xu Ruyu Wu Lin
(School of Computer and Software Engineer, Xihua University,Chengdu 610039, China)

Abstract: Prohibited items detection in X-ray security inspection is widely used to maintain public traffic safety and
personal safety. In order to solve the problems of variable shape and scale, severe overlap and occlusion in X-ray
images, an improved YOLOv5s model combining deformable convolution and attention mechanism is proposed for
prohibited items detection. Firstly, delormable convolution is introduced into the backbone network to enhance spatial
feature information extraction by learning sampling offsets to adapt to different deformations of objects. Secondly, the
mixed convolution attention module is used to enhance the model’s ability to perceive the detected target and suppress
irrelevant background interference. Then a channel-guided atrous space pyramid module is constructed to obtain more
accurate global contextual information and improve the model’ s ability to identify overlapping occlusion targets.
Finally, the CARAFE operator is used to replace the nearest neighbor interpolation to make full use of the content
information in the upsampling process and improve model’s detection accuracy. The experimental results on the SIXray_OD
and OPIXray datasets show that the model’s mAP@0.5 is 2.1% and 1. 8% higher than the original YOLOv5s,
reaching 90. 6% and 90. 0%, respectively. Compared with many existing advanced algorithms, it has better detection
accuracy and real-time performance.
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FIDBS B HETRME P 2 M4 3 4 3X3 KA
CBS BB 5 3A 2 T B Kol 4G B2, A S8 54K 0. 05 M,
E R H K 0.3GFLOPs (15 L F o mAP@0.5 155 T
89. 8% ,AH L TF baseline 5 1 1. 3%, 3 H FPS KB/,



BHE FATTEBERLEEZE ANA N X bt ELE0

510 3

[ B 2 BT AR T R A SO 2 e & iy, B R e 2
RFAE 2% 6] 0CR TR 4, 3k T BB R by T AT AR T 46 A8 [ 1 5 B
{5 28518 5B WX PR G B A T B REE ot 41
2)CA-ASPM #5352 56 70 Hr
HT B UE CA-ASPM B M i A5 34 . A% 3C DL JE I

YOLOvSs #5284 g B g T P 45 K & 19 SPPF AR it
o CA-ASPM BB, AR TR R FF AL, it Jo i R 2 iy
%% YOLOv5s-A, 355 2 5 )5 YOLOv5s 44 5 DL K fff
ASPP REHL) YOLOvSs #ARI7E SIXray_OD $# % 1 ¥ 47
X H S, SR AT R AR 2 PR

# 2 CA-ASPM i 183iF 16

Rk A R/ MB B /M H &8 /GFLOPs mAP@0. 5/ % FPS
YOLOv5s-SPPF 14.4 7.03 16.0 88.5 102
YOLOv5s-SPP 14.4 7.03 16.0 88.5 102
YOLOv5s-ASPP 18.3 9. 00 17.6 88.8(+0.3) 100
YOLOv5s-CA-ASPM 19.8 9.73 18.1 89.5(+1.0) 98

LR R A ST CA-ASPM KB 7 /b 3
IR S8R TR DL FPS BT BB M T
T 10BN RS BE LR W] T R B g A A, Ui CA-
ASPM & H BE7E D8 A7 B 10 5% Y [) I BE — 25 9 KRk 32 T
FRTEHEEEMFE B BIR G HEL 2R BT XFERIF
¥R AR T Ak R Y E AR BE ) A

T B UE CARAFE b SR 77 =78 85 8 p 0 4 i
BB T E A R Oy AT 4 E A, AR SO
YOLOvEs R k&, 5 A5 B o JE 06 0 B 4B 3 1 1R
FEU s CARAFE SR DL B R4k M 3 {8 A0 R 45 R
FHM FoRBETT 2 AT A R AR, H ks 3l T 45
B 5FH YOLOvSs #AIfE SIXray_OD $4E 4 #1714

3) LR R LR AT FS B SR g AN 3 TR .
x®3 LRHEAXBIELE
Bk BB/ MB SRE/M HE 8 /GFLOPs mAP@0.5/ % FPS
YOLOv5s 14. 4 7.03 16.0 88.5 102
YOLOv5s-BILINEAR 14.4 7.03 16.0 88.7(+0.2) 102
YOLOv5s-TRANSPOSED 14. 4 7.04 16.0 88. 8(+0.3) 65
YOLOv5s-CARAFE 14.7 7.17 16.5 89. 1(+0.6) 93

SE R L, CARAFE | R E T Hifh F R AE,
BRWRTLESHBESIHER, HNEHREREBE.
BET 0. 6 %M TF GEW T CARAFE | RAERETE (R H%
=i R GE A R AR RS B, SERGE N T B A&
f bR

ST B AR AL R BBl A CDANet 3 55 8 B 19 &%
P L e 5T B A 658 F AL B AR SC R 2 b Ol ik it
JE BB YOLOv5s-DAC(DBS+ CA-ASPM+ CARAFE)
A K CDANet B4 4 A B 3= T W 4% 3030 M 45
TR AL T 9 R 3 R Y, SR 5 7E SIXray_OD

DU A ISR BT WOBEAR AT SR 1,25 R 4 BT
R4 OERHNERBIERD
HILE R B/ MB ZH /M 1158 & /GFLOPs mAP@0. 5/ % FPS

YOLOv5s-DAC 20.1 9.91 18.9 90. 3 87
YOLOvSs-DAC-A 21.5 10. 04 19.1 90.6(+0.3) 79
YOLOv5s-DAC-B 23.0 12.70 19.7 89.7(—0.6) 74
YOLOv5s-DAC-C 20.5 10. 08 19.3 89.6(—0.7) 77
58 %5 REW . R YOLOWsDAC-A KEH I 2 5 W% %

CDANet 12 Sy 4 A 81 32 1 F 2% B9 CA-ASPM HLHLR]
75 A A FER BRI E 9 iR, ESHE R
£ 0.13 M, 32 & Uk 0. 2GFLOPs (58 F . mAP@
0.5 LT 0.3% LM TR LA HEHEE ISR A

J T B UEAR SCHTHE A 4 B0 0 LR BE A B
i, B D(DBS) , A(CA-ASPM) ,C(CARAFE) \M(CDANet) ,
PUE AR YOLOVSs B g 5L 78 STXray_OD $04iE 4 b #E47
THASEEY LR S5 RN 5 fin, Hp G.K W, P.S 43It
& SIXray OD H¥sE T WA ) 4T 873570,
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x5 HEESXray ODHEEFHERIBRER
AP/ % mAP mAP i/ Z2HE/ TER | 2k
T /% @ @ &7 Ha/ HEE/ EPS Jf?
G K w P S 0.5/ % 0.5:0.95/% MB M  GFLOPs s 18] /h
YOLOv5s (baseline) 97.9 83.2 87.1 92.2 82.3 88.5 60.5 14.4  7.03 16.0 102 6.3
YOLOv5s-D 98.3 84.6 87.8 92.6 85.8 89.8(+1.3) 62.6 14.5  7.08 16.3 95 7.7
YOLOv5s-A 97.8 84.8 86.7 92.7 85.6 89.5(+1.0) 61.4 19.8  9.73 18.1 98 7.0
YOLOv5s-C 98.2 84.8 86.8 91.8 84.0 89.1(+0.6) 61.4 14.7  7.17 16.5 93 6.9
YOLOv5s-M 98.2 84.2 87.4 92.2 84.1 89.2(+0.7) 61.0 15.8 7.73 16.2 98 6.4
YOLOv5s-DA 98.1 86.0 87.9 93.3 85.4 90.1(+1.6) 62.5 19.9  9.78 18.4 88 8.9
YOLOv5s-DAC  98.4 86.3 87.8 93.6 85.6 90.3(+1.8) 63.1 20.1  9.91 18.9 87 9.1
YOLOv5sDACM  98.5 86.4 88.1 94.0 86.1 90.6(+2.1) 63.3 21.5 10.04 19.1 79 9.2
SCEGEE SRR LA ST IR B A 4 R AR TR 6) X b S50

18 YOLOvEs BERL 5, 46 IR B2 #0459 3] 7 R R B2 Y 3
F o EPEA SRS HREENRA KK, mAP@0.5
mAP@0.5:0.95 > M T 1. 3% M 2. 1%, 8§ JIix K ik
GG EF RS AP BE T 3.5%, RAE
BT DBS e X R B R AR 1K 8 H A5 32 B AR
fE. J&§ 2t 45 & CA-ASPM # #t. CARAFE | 3k .
CDANet REFEE MM, EH L ESHESITHERDY
[7) BF, A TR Ay U KE B AR B i — B 3R T, S 4 ) YOLOvSs-
DACM #5 B AR %ot J5T A B ke 0 4 — 2 3 2% 5 A9 4% 00 G B8
ZETFHE, B mAP@0. 5 f1 mAP@0. 5:0. 95 4r BI48 &
T 2. 1% 2. 8%, B ARG I 3 BE A BT T e {EL 73 4% BE i 2
SR TR LA TR 2R

AT B — A B UE AR ST i R A A YOLOvVSs-
DACM #y 56 Bt ¥ 5 2 1L . 7> 51 78 SIXray _ OD Al
OPIXray £l 4 b, 4 H5 — 26 H i 00 5938 1 E b A
REEAN T R — S (1 A G AR B AT R L
ERINR 6 s . SCHEN AR A SRR th AR ALAI A T £
UL B4 ) A AR L2 e — 2 i 0 e 4 o A D B v T
HA S A X el 28 b B9 8 by ARk & 7
90. 60 1 90. 00 1R 5z e K BE » ELARE AN I /) AR A ) o 3 47
TR T UE W AR SOREEL g O R . O 5 B
B PR Sk A HE T T B R 5 20 0 K i HE T R S A T
Bl 5 AT AT XS LG L 8 10 s . AFRRT LA 7
BAH XOUAT2EE 5T A SR Bk e A AL T
A B AR JERE AR A F AR AR .

R6 FEEMEBEREX L

p—— A/ MB SIXray_OD OPIXray
mAP@0. 5/ % FPS mAP@0.5/% FPS
Faster R-CNN!'™ 159.5 83.9 21 81.9 24
SSDH' 200. 1 74. 4 54 70. 9 60
RetinaNet™" 80.0 73.7 48 73. 4 55
CenterNet™- 124 82.5 27 74,1 30
YOLOv3™ 123.5 79. 2 56 78. 2 64
YOLOv4™ 100. 6 83.1 64 78.9 75
YOLOv5s™ 14. 4 88.5 102 88. 2 117
YOLOv5m™" 42.2 90. 0 58 89. 6 65
LightRay"** 87.3 87.3 42 — —
EAOD-Net™" — 85.9 — 85.8 —
SSD+DOAM!™ — — — 74.6 —
FCOS+ LIM!? - - - 83. 1 —
A3 21.5 90. 6 79 90.0 89
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