A ER-INC)

Chinese Optics B

58 YOLOV1 1 BGH HI UL A XDt BB 28 S S Il

SRUFIE XSCHT 328 K EZW

Improved prohibited item detection in double-view X-ray images combined with YOLOv11
WU Hai-bin, LIU Wen-bai, YUAN Peng-fei, WANG Ai-li

FIUHASLE:

S, XISCH, =ME K, 45, 456 YOLOv ek i S A X G B 28 SRR NI ). 2%, 2026, 19(6): 1-14. doi:
10.3724/C0.2026-0062

WU Hai-bin, LIU Wen-bai, YUAN Peng-fei, et al. Improved prohibited item detection in double-view X-ray images combined
with YOLOv11[J]. Chinese Optics, 2026, 19(6): 1-14. doi: 10.3724/C0O.2026-0062

TEZR R View online: https://doi.org/10.3724/C0.2026-0062

L] RERGBR A HAN SO

Articles you may be interested in

BN GRE S WA Do e 51 B U EA WA RS WS S 3 Sy
Infrared and visible image fusion guided by cross—domain interactive attention and contrastive learning

HREDE2E (FP3ESC) L2025, 18(2): 317 https:/doi.org/10.37188/C0.2024-0147

A Y OLOVSs R 2T A MAI S H RAczl
Lightweight YOLOvSs vehicle infrared image target detection
HEDEE (FRESC) L2023, 16(5): 1045 hitps:/doi.org/10.37188/C0.2022-0254

R ELI RS BRI AR 5
Detection of surface and internal defects in cold rolled steel

HREDG2E (FP3ESC) L2024, 17(4): 823 https://doi.org/10.37188/C0.2023-0189

2 RBETE B RG i B0 e
Image super-resolution reconstruction with multi-scale attention fusion

FREDEF (FRZESC) 2023, 16(5): 1034 hitps://doi.org/10.37188/C0.2023-0020
ST UG H O m A 10K T b MG i

Underwater calibration image enhancement based on image block decomposition and fusion

HREDE2E (FRIESC) L2024, 17(4): 810 https:/doi.org/10.37188/C0.2023-0218

TE [ L AR 4 S 8 i DRI PR A i 45 T 1%
Polarization spectral image fusion method for hybrid backgrounds of ground objects

FFEDEF (FRZESC) 2024, 17(5): 1098  htips://doi.org/10.37188/C0.2023-0185


https://www.chineseoptics.net.cn
https://www.chineseoptics.net.cn
http://www.chineseoptics.net.cn/cn/article/doi/10.3724/CO.2026-0062
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2024-0147
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0254
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2023-0189
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2023-0020
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2023-0218
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2023-0185

9% 456 rhEDGE: (Hrsesg) Vol. 19 No. 6
2026 4F 11 H Chinese Optics Nov. 2026

XERS 2097-1842(2026)06-0001-14

256 YOLOv11 EUH BN A X S B 15 E 2L mia il

R, XM, KB, TR
(BRREETAY BERTEHAREARE A ER LR E, BRI %/KE 150080)

FEE SR I SO X OGZ R BUG S EE Sk Jr ik A B A0 A RRIE Al G AR P S R AN 2 BAME BRI AT
(Al A, 28 SCHE H —FP 45 & YOLOV1T 2 1) SRR £ 7l & A6 J7 125 ( Dual View Fusion combined with YOLOv11, DVF-
YOLOVI1) . %5 R IS HEE AW 52 YOLOVI L BT 44 73 Bl BRI 1] 5 R P ) 22 ROBEARRAIE s it d i
= SRl G153 (Cross-View Attention Fusion, CVAF), i 13 8 i 4 5 775 25 [A1 4 3 1 B9 LB AL i) S BEOBUHL A 4R 1E 1Y) B
7 5 s SR P 38 DA EE T 0 26 2h A5 PR 45 A A A AR, 453 T R 46 FROY OB R SR s 13T B RRIE AR B
2R L AMAE R R R ST A O 20 R R B AR O BRI RS | Al B2 X o #E DvXray £ 4E L, ASCIT A mAPS0 A E]
94.02%, mAP50-95 ik £ 79.41%, FF AL RS 53 512 T 2.99% Fl 5.29%. SLH0E5 AR WA SO L RE A 4 TH UL £
X NE R MG B 28 A I (kG B S8 ek

X 8 X% YOLOVLL; SUILA Rk B iE mAR T ak b

B4 2ES:TP391.4 XERFRERD: A doi: 10.3724/C0O.2026-0062 CSTR:32171.14.C0.2026-0062

Improved prohibited item detection in double-view X-ray
images combined with YOLOv11

WU Hai-bin, LIU Wen-bai, YUAN Peng-fei, WANG Ai-li*
(Heilongjiang Province Key Laboratory of Laser Spectroscopy Technology and Application,
Harbin University of Science and Technology, Harbin 150080, China)
* Corresponding author, E-mail: aili925@hrbust.edu.cn

Abstract: To address the issues of insufficient adaptability and inadequate utilization of complementary in-
formation in the cross-view feature fusion process of existing prohibited item detection methods for dual-
view X-ray security inspection image, we propose an improved dual-view fusion detection method combined
with YOLOv11 (Dual View Fusion combined with YOLOv11, DVF-YOLOvV11). The proposed method em-
ploys a parameter-shared dual-branch YOLOv11 backbone network to extract multi-scale features from the
overlook-view and side-view images, respectively. A Cross-View Attention Fusion (CVAF) module is de-
signed to adaptively enhance dual-view features through a cascaded mechanism of channel attention and spa-
tial attention. An adaptive weight prediction network is introduced to dynamically adjust the fusion weights

of each view, and is combined with channel compression convolution to form a dual-path fusion strategy. A
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joint loss function composed of feature preservation loss, complementarity loss, and weight balance loss is

further designed to guide the fusion learning process. On the DvXray dataset, the proposed method achieves
an mAPS50 of 94.02% and an mAP50-95 of 79.41%, improving by 2.99% and 5.29%, respectively, over the

single overlook-view baseline. Experimental results demonstrate that the proposed method improves the ac-

curacy and robustness of prohibited item detection in dual-view X-ray security inspection images.

Key words: X-ray security inspection; YOLOv11; dual-view fusion; adaptive weight fusion

1 3l

e

Bifi 5 N T A i B R (R R 23, X O
K ARFENLI . KRS . Mk 5 A I3 i A 7
AT REE H i mEZE- . A, X
MR KR BA X LR Y& &, 75 5
TH0IE A 55 R A, A A A I T I 4 & o
WP /N Efn kP, EAR, B TIRES
STITETERUGAGIN | S A B s S T
R, HES) T XA BUG R AR S A Y
J&, ARARTT T AR A SRR SRR

FESAL AR X ORI TH, B AN Z A
FEXT A AL AT T okt . Wed 580 £ X B
TP BN BRI R A ), $2 00 T 2y
1 & S1#5 3 (De-occlusion Attention Module, DOAM),
i 2 il A 1 2 A5 B XA B AR B T L 1
57 0F RS B ARSI GE 7] o Tao S50152 AR
SEAP R LSS &, Bt T M) A (Lateral In-
hibition Module, LIM ), 3 1 3 [i1] {42 110 ] e 75 -
sk B bpil B3R5, 78 HiXray BEE FEUS T
FEFAA LIRS B . Zhu S0 484 T 3T W
Tt Transformer P45 & S8 0146 T 19 4% ( Frequency-
aware Dual-stream Transformers, FDTNet), F] I}
WUE BB A G iR SROR, ARG T
ZALA H BRIEERS SRR T AR . XA A
$& i T RlE Swin-Transformer F1Z2 RUZ Al S 11
I YOLO-STM #E Y, 5 38 42 Jay | F SCEA
RE P2 T T 2R WG rh 2 ROBE S 28 0 i R DR
JE. YOLO ZII By B 38 ik 28 1 AN b & e 5
St SRR SAE B Y R A e R s
PAF T T Z NS, Horp YOLOvVIT 5l AT C3k2
Il C2PSA FEHEH, 18 2 RERFESR LY I F 3UfF
SR R A Ee /1, DL EFRA R
Hesh TR XOGLREARM KT, (Hl T X Ok
T [ 7 1) 238 A 7248 BRI, S (] %% B2 R0 R JBE 1Y)

Yy AER R T s R AT, TR B AR i O
TEAE B AT RE R E 14 1 55 4k, 1 26 [n) R H— A1
1S MELASE AT R

Bifi 5 WU A X2 R iR 48 7F S B 2 K 1 5
HAR A S, B SCILA ELAM e Bk o — 4
PETHRE I ML RE A BGETR . WA X STk 2k
A5 1 H ML (Overlook, OL) Fifl# ( Side, SD)
WA AH B IE 38 B 7 T 6P AT 2885 745 5 AR, 53 91)
RIS f () 7K - 35 A3 8245 L, AT A ]
— BB RAE RIS AN LI £ E

FERCIL AR X ORI 7 T, & A BN 51 58
WAL AE B AT R T — RINHEE ., Steitz
ZE001 R Z A R-CNN, F X% % 5% 45 1Y
CLH L S50 S = 4R i) 28\ e =4
RS [ A 7 Al A A, A HE S AR FEZH mAP
M 91.2% HETFZE 95.6%, {H HAK# Faster R-CNN
PR BRI 2R, HEBRRCRAZ IR . Tuli %500 R4
FLB T B A S AR A2 AR R T AR
REZE 5, WnE TS Rl G R I PERERG £5 . Wu
SR AT Dualray B4l S IF42 1 2L F YOLOV4
A XA, A - S T AE 22, 1) FH 38 3 3 3 s [
0 5 B A R R AT R % S S A
TESEAT DR, W15 B00E T BBy BoAS: I A5 78U 7 XU
35 P )@ FHYE . Meng 4509 BEF DETR HEZR
511 T Trans2Ray #5%Y, F] F Transformer [1){E &
FIRLHN 537307 4 Ry 1y 0 )2 1 S OB A R AE 7
TH5EE, B A DETR 2R3 T T 1.8%.
Hong S5 312 H 0 A 132 0 7151 5 4%, 3 1 A
WAE B | SO A 2 YR S AR R AN AR 5 | 5l
A SRS 2R G Ak G 5 00 AR A 58 L, (AT
%7€ SR Z bR oyl Ak Hhrkaiil )@, Tao
AU Ryt T AL 35 J7 SR KA LD Xray $ids
EEIFHE 5T B A0 A 3 5w X 2%, LA 32240 A B [R) 1)
77 AL 22 K 51 1 SRR £ ) K132 8, #F LD Xray
AR FBUS T 0T Bl f SR AR IR B . LA



%6

SRR, 25 454 YOLOvVI 1 BRI/ X s &S

SEEAY Rl 3

ARG R WIS A Rl B8 A S8 TR RS B
{HIRA J7 B R F FRAE Al Y 19 38 M T AT
FETEBCH 23 (8], F853 07 12k H T 1 R DF 2 5%
SRR, oK BEAR I iy A P25 3l 2878 5 7 LA
A BTRRAEE ; 553 ik g LA T IR R I, (H4X
A3 T B ] B — A B A TR IR B 5, = X T
AYEFE IRA AL B, H A o B e B X P Y
FURRBONMLAT | S, ECRFEA B AME SR
Rt A

PRI, 5% B DU AR X e ke RSB A5
o 00 7 2% AE 5 0 AR RRAE Bl A o R v B AN
JE L XELLFE AR RS R A A B AME B R [R] i, A
SCiE— AR T 454 YOLOV T B i X £ 15
SRl (Y B S A K U 55 DVF-YOLOV11(Dual
View Fusion combined with YOLOvI11), 3%t 7T
5 P £ 1 2 1Rl 6 (Cross-View Attention Fusion,
CVAF) KL, i i i 18 1 2 ) 5 25 R HY

OL backbone

----- » 5B —> Conv —> C3k2 —» P —»#t)d—1k —> Flatten —» ZEME)2

GRIRAIL ] S BB AA AR 1) [ 25 1 3 5, IR FH
1 328 07 ASC TR T 0 ) 2% 30 2 R A5 A T LA L
T, 25438 38 45 D B AU AR A SR s, 2 —
AT T AL B RAECR BB | B AME R R A R
BIHAR R (IR G PR R A, AR TR |
#ME R, R H bR R L SR L T 20
TR )AL, E— R T T X ARG R G A5

2 DVF-YOLOvI1I1 ##

Ky ) DVE-YOLOV 11 %% {4 W] 2% 2% #4)
1O B R R BT R o iR B DL
YOLOv11 A&T, KT S IFAT 4548 53 %A
PR L A L AT 22 ROBE R AIE 32 B, O
CVAF B S B XA A AR B 3 R 22 .5 il

e 2% RS ASI Sk i HH R 25 44

Neck

FRERCFHAL - > 8 b

'=>Conv + C3k2&> SPPF = C2PSA €D A ICH Hi%k @ SILUKIE B AL AR il () Softmaxiii S —+ 25 IR L

1 DVE-YOLOv11 P44k 1%
Fig. 1 Overall architecture of DVF-YOLOv11

2.1 WO I4FERRBUER
UG5 S AFAE SRS 7 7 AR L A 408 <]

He I N BRI R o il TP R A s fBoxt

SRR, (UE WA BEA ), A SCR S = 1
BT SREm, BIV AN 73 S AR HTAR TR 25 K A AH [ B
AT R4, &1 Neck #7MLLLER



4 HEDEY (s #19%
JER G FEIEAT R, SEPRMZEAE P3| P4, P5 = FO = Opponeon).1€{3,4,5) . (D
ARRAE R 150 SR T X6 1 A 5 4, 57
SRR IR RFIE A T I Fop = PuaoneTsp). L€ (3,45}, (D)

BT M 4R YOLOVI L A SR 42 B4 4
C3k2(Cross Stage Partial with kernel size 2) fRHLAE
HB T4 A O A BT, RREAE LR TR
[ [ HCE & YRR S ; SPPF(Spatial Pyr-
amid Pooling-Fast) #5 v T8 1 X 48 A Ui, 38 18
2 RUBE M AL ARAE S RS2 BT, 1 58 I 28 X6 A [ R
BE BARAVIRFIRE T o B T PR TE = 52 i
i P3. P4, P5 =AU HYRHIE K, 44 2 ] 4
TE 473, AR R BERFE AL S iR WA 1 5
B5ESUER o XTI Lo, AR K Lsp, HF
TESRBGT RN

Channel Reduction
Convolution

CHIE L) i i

‘Weight Network
[GEminITES) |
Q+— O+— @ | -—
I

HP: Oppervone 2N FLE B T M4, FO FIFY 4
S ZRR R AL 7R 56 1 RUEE A RRAE 1]
SR TN A B VR 235 SR W 11 Dt DR 1| e
T KA R 4 b2 o) B 2 5 IS R AT,
IRES BT 2% a] L D ] Y 2R 28000, AR 49
A S, TR AsF T BRI e S 2
22 EMATEIMAER
CVAF #5285+ an ] 2 R 1] L3 ) 7 R
FIR o A RO AA AR IR A 7388 108 T 2 s
(B3 3, PRaE A A 38 AN EE T 5 0 3
205 35 T AR UL SR s 5 Al

- P
—> Conv
— IR
= 25 (AR S HL]
— a1k
FE Rl
— Flatten
— &R
— i
([OEN
© SILULT A
P BILHERm:
® Softmaxif{i ek %L

Kl 2 CVAF sty
Fig.2 Structural diagram of the CVAF module

221 B EFE LA

I T AL o 2 ) A% R )
PEASCER, {9 265 REE 135 1 L 5C TE -55 h A i A 0
AR AR IR AR T, LA R 1Al 3 CR2 P L3
TR T RO PR o 78 XOGZ R IR, AR R4
Ak 308 3 3 A A [ 6 R ) e A, il
SO RS o B0 TE X S A A ARG B Dy
BRURK, T 5 —SE 3 SR A A P B RHIE

XF i AFEAE 8] F € ROV HEALT 42 J5 F- 3t
A, K B IEE ) 23 [R5 B4 b, A )
W IERAIE ] fEz € RO
1

H W
HxW —

Z, =

PR (3)
i=1 j=1
Horp: P, pFR A RFE ) FAES ¢ Ml
23[R0 B (0, AL RPHFAEAE, 2. 8RS ¢ DMlIES 4



%6

SRR, 25 454 YOLOvVI 1 BRI/ X s &S

SR 5

> SJEERfE — 4% Z  — Connect

O SiLUiE % (@) Sigmoidiitifi il () FInH ARk

K3 i L Es i

Fig. 3 Structural diagram of the channel attention mechanism

Ja AR S RS i

SR, HIERHE M R — MR ERNZE
JEFIHL(Multi-Layer Perceptron, MLP) 2%~ 4538 1A
(SRR . b S8R TR RS, MLP
RV BES ), Sel @B Euh C JE48 2 C/16, £
SiLU ¥ J5 FFK 5 28 4 i 1 4K C, fe & dd i
Sigmoid PRIZIH — b fii H 388 T8 A ] ot -

SZG'(W2‘6(W1'Z)) > (4)

Hp. W, e ROCHIW, e RXCINJy i1 2 S
B, 637 SILU P4 pR %L, o FRR Sigmoid I PR
B, s € ROD Sy 7 1) (1) 8 TE AL )

IR SR o 2] B A T A S IR AR I A T

BICE IS, BRI F 15 N AR A :
F=Fos (5)

Hrp, @i‘%/?i_fu%%éﬁii FoRaas J5 R E A
222 wEEZ A A

23 ()3 T 38 e 2 2T R 1 452 B 4o
() ZEPEACER , 515 25 SR AR T H AR e X 3
HesrginE 4CE B WSRO R, 78 X6
R MG, B AR R R BRI — /N4 X
B, R 5 XA 5 O S U RRE, X SE Ty R
FEIE AT BEX AN ™ A T . s Tl R AL 3
2p ] S [AIAGE ], BBAS H 3h %€ ) H bR X B0 Rk
M S5, A1) S DX T4

> Bk

T —> iR —> Conv — Conneet (3) Sigmoidiki ik () I £ Ak

4 A ETER BRI 1A

Fig. 4 Structural diagram of the spatial attention mechanism

X AFFIE L F e ROV 3T 38 18 48 B2 4 ) i
FrF X A AR R A B, A M1 B 3 Y
S EESSHEE

avg ZF GR]XHXW , (6)

Fmax:maxFCeR”HXW , N

PR P BEAS % 2 ) £ ) AT
JEE, T 5 Rt A BE B8 41l 412 45 157 B T 2 A R A i
Bio PIEASEIOL T A iz R BRIk

IR g WA 23 6] AT 1 93 3 A4 2 P4,



6 FEDEE (hgEso

#19%

S 3x3 B RURE) 25 A A, A5
M = O'(COnv3><3([Favg;Fmax])) ’ (8)

Horprs [[13% 78 3 18 4 B ) PR ERAE, Convas N
3x3 B RRZ Chig Al TE RO 2, i i@ iE%en 1),
o 7R Sigmoid FE BREL, M € RV g2z 2] FiY
EICINE =Wl

I Je g 3 TB) VT  FB1 5 U R A A T 8 T
e, 155

F=FoM (9

Horb: Fohyss a5 5 B FRAE L

£ CVAF Bider, 388 & ) Mz = )
K TG 7 OB A R A TR B . X TR
FIRFE F o FIUAILERFHE Fop, AP R QT

F'oL =SA(CA(FoL) 10

F'sp =SA(CA(Fsp)) (1D

Horf: CAC) Rl B S HE, SAC) TR A (]
TR IR, F oL FIF s G5 5 10U A AT
STIBI=RE = WK ¢ i o9 F( N ic L ispvit = NES R 1 1]
T8, A U TG AR A B 5 2 TADE ) A A
FRETHRPTEMZS [ X5, " P REH,
REAE A BB THRFAE A 5k
223  BiERRE M ALE
FE S bR e, PSR B A il
DUBRFRJEE [ B AR5 5 R SRR TR T 2 2872
b X IR T B S E AR 5 IR R BE 8 58 4%
S IT) TV, AL R RS B X T ar sk
FE IS AR 2 o, IR T RE 8% 1 b e B0 L iy R 4
Fay, ELAG T 4 S35 X ] 40 it 5 3 B
(1) B AR, 2P MRS AR AR OB R AT
PRI, T A A A B AR M LA o ik %2
AR AN S, T L AR A NS 38 0 i
FAAA P DTERAN R . ARG T — A T
4 e S HTH ASRIE I8 N 24 ) Bl A AGE .
V38 588 5 ) PR [ AR A o, R0 A0 [T R A
F'sp T3 B 2L B2 PFEZ, 153 2C @ I R E

Fconcat = [FIOL;FISD] € RzCXHXW > (12)

SRIE R PHERHE AT 42 R F- 253k, #5251
i HE He 4 22 B bR, BRI SRR 1] £

g = GAP(FConcat) € RZC . ( 13)

PE—2 it Flatten #ER V-5, &2 L)2
F1 Softmax JTE PRI IS — L Rl A A

[a,B] = Softmax(W,,- g) , 14

Horr: W, e RO IEBESEL, o MBI 5N
PP A A0 T ) Rl 5 A, W R e+ B =1, Soft-
max H—b#f R TR AE Y 1, M4 H
R AL L R AE B AT SR, 53 R o A, S 2 I3
KBMWMH . [FIEF, i FACGERME R 1, B T RlA
JeE R RUBE A 284
2.2.4 Bl JE 45 EAR

k3850 A B A 1 B M S, AR SR AT
B 5 30 38 1 450 A5 TR 25 G 1 L il 5 SR G
1) TN F1A) ASC R XS R A SRR 24 7 InASCR A

Fyigea=a FoL+B-Fgp (15)

M AR P AN PR IE I L 1x1 B
HEAT I 8 40 AR IR AE B

Foony = SILU(BN(Conviy (Feonea))) > (16)
Hrf: Convy, KA E 2C 45 2 C, BN &R
ftiEH—Ak, J5 4 SiLU 0% R4k

VR I Rl 5 SR AE A5 B Bl G RRAE, I8
R 25 R B R A AR A5 R

Ffused = Fweighted + Fconv > ( 17)
For. = Headoy (Frysea) +0.5- For (18)
F3) = Headsp (Fiuea) +0.5- Fsp 19

o, Headoy Fl1 Headsp 73 31 A AL T R 400 11 £
B Sk, B Sk 3x3 AR R —1k A0
SiLU 0% MR AR, 5% 25 2280 0.5 H T P irfn &
REAE 55 SRR REAE A DR

IRERGHRVEAE P3, P4, PS5 = MFIFRE |
TS7 AT

(Fou ", Fon".w®) = FusionBlock” (Fy, , F3 )
(20)

Hrp. 1€{3,4,5}, FusionBlock” 37 55 11 & 1Y
Al AHL, wh = [a®, 801 Rz RE Rl A AE

45 FUBE o 7. 03000 A5 A, LA AN [ )2 2%
FEAE TR AR A AR MR 22 5



%6

RAUFITE, 55 456 YOLOVI 1 Bt (XUl i X6 B 5 4 wh Al 7

2.3 HEMKRH

ARSCBT T AR AEGR B | EAMAAR A A
PR V45 L LRI 5 108 2k bR, AT 1 4%
S ) AT BRI G TR o R DR B A T ARG DR
AP AZREIRIARAINERE . W TaD
FUBZ TRYRHAE, FRAEOR B4 WL (21):

L ore = % (1 Fo " = Foy I3+ 1| Fon® = F3, 1)
Q1D
Hors |- 1, FR L2 {080 R ITSR R A
B JE AR R AE 1 S 0 B, 7 L e A o R
FE A T 5 4 S BT
£ B B A Ay 45 RE B J AR

5
Lpreserve = Z /ll ' Lgr)esarve ’ (22)
1=3

oA, 45 RBEEMACE 2450 % IR BIR 2R
FHEEENIEXFER, AR E =025, 4, =
0.5. As = 1.0, ¥R ZHAFEL T 57 = (R FE AR

L AMAEAR AR AT DA N2 7540 R FHSURR A )
ML, T A7 S A B — A A RRE . ELRD
PP I8 18 24 HROBR A il 75 4 HH =2 TR 7 2 57 ok 52
B/ (1

L8, =max (0, 7= | For" - FR®I3) . (23

out out

Horp oy 225 BME . 400 i i 25 /T
IS, IR O IEAEL, fR 6 B2 M 1 22 57 222
SERT i, SR E, RVFRLE H dE

R P-4 < B 1k 3 W ASCER H A g
BE, A5 AU i) 249 59 0 A7 J7 1] IE AL

balance

HTa+p=1, XA REER:

L0 = (" -05) +(8"-05) .

L0 =2-(e”-05) . @5

balance

AR IO A [0 20 o3 A J5 e e . 2
A%, 4k

5
-£blance = Z Lszltancc ’ (26>
=3
R -5 e S ik — N R 3R, B7 1kYI 250

W A . BEE VIR EET, M 45 25 AR
P SE PR A 1 B, TR AR YT o

ARG BRI . PG pREICE LIL(27):

-Etotal = Ldet + /ll : Lpreserve + /12 . -[-:comp + /13 . -[-:balance
Q27

Hirb Lok BERKEIR, 60 & ek | i A
HERNF R AN EAE BEIIIE, AL A A A5l B
PR RL TR RN, AR TAE I 1 iR

®1 BHKTHER

Tab.1 The role of each loss item

fiE S iRes e L

URETTER Laet W HARRS IIAE: 55 1.0
BRIRCNEEN Lpreserve PRRERLEFRE S RURRAE I — B Ay
HAMEBUR  Leomp (REESRMFHERZ RIS HAME 1

R ETES Loalance 7 1A A e (A St £k A3

FEASCH, 2l B S HI R, SAGE RS
IYHIRA =01, 4, =001, A3=0.1, Bffg 17K
PR i 3 7, [ st 4l B 6 2 T4 15 24 A 1
MAEAEH o

3 SRR

SRy IR TR HH P SRR A A RS 372 A 3K
P, A5 7E DvXray 4R LT R RS 5000, 46
AN TR0 5 A (] 5 SR s (% B S5 L A5 AR BT
IR P T RS 6 DA R A 235 S B4 T A 40T o
3.1 HEEHIA

A SCSE B 7E DvXray B fs S U AT .
DvXray i Ma %5 F 2024 4 & fi, & HHEIE 1]
ST ARBUR KA A X Gk B 4k . 3L
£ 32000 TEEIE, B 16000 X XURL A EHR, Horh
5000 XJ AL F il AR S IEREAR, 11000 X ASED
AR R AR, WA ST T E I]RTF Tk
B, LSS 15 280 DL Ak o, T A R 8 PNG
¥, 23RN 800 pixelx600 pixel, {NE 5% &l
DL TR BT s o

BHRER G T B R SRR, 29 66%
FIREA R AR [ ELSE kv, HoAy 34% it A Tk
TR 4 S MITEI S XGRS .
TERR Dy T, IR EUR AR, X AR A Sk
PRAE T FAERAR T, IR AAR T T DR RS 5
PHIAAE S — A T AT DL A R MR A . Ik 4R
B R 82 %143



8 RED2E (RgEs) %19 %

B %@ ! T ——
& /) R - = L LT

= j> - T S @f

Hammer Pliers

)

& o TSR - ~ - Vo

. 2N 4 ) S Wi

ﬁ} i | ee@ES
Batterv Fireworks Razor blade

5 DvXray H1H) X SGEMGRH
Fig. 5 X-ray images in DvXray

3.2 XFEESEIG R AR LA B R ARSI R R, IR T YOLOVS!,
Ry 4 T VA A SCHR M XU £ S R T YOLOv10™!, YOLOv11, YOLOvV12™ F1 YOLOv-
BRIOTERE, 2 X E TR [RA R AR P AR 5 0 1329 7 DvXray Z0E4E F ARG REXT FL 253 .

®2 TRIEEAGNMERERTEL

Tab.2 Comparison of detection performance under different models

R WA P(%) R(%) Fi(%) mAP50(%) mAP50-95(%) Params(M) GFLOPs FPS
oL 92.03 83.52 87.56 89.63 72.48 3.01 8.1 98.3

YOLOv8 SD 84.31 74.21 78.93 79.28 56.83 3.01 8.1 98.9
Dual 94.27 86.58 90.27 92.41 77.03 4.75 17.0 452

oL 91.42 82.76 86.87 88.91 71.58 227 6.5 75.8

YOLOV10 SD 83.68 73.47 78.26 78.62 55.93 227 6.5 76.3
Dual 93.71 85.86 89.61 91.92 76.04 4.01 13.8 35.6

oL 92.82 84.23 88.32 90.53 73.51 2.51 5.8 73.8

YOLOVI2 SD 85.14 74.92 79.71 80.02 57.86 2.51 5.8 74.5
Dual 95.08 87.42 91.07 93.21 78.23 425 124 35.0

oL 90.73 82.13 86.22 88.17 70.68 2.45 6.2 77.1

YOLOVI3 SD 83.04 72.71 77.56 77.93 55.12 2.45 6.2 77.8
Dual 93.02 85.17 88.91 91.23 75.14 4.19 13.2 36.5

oL 93.28 84.51 88.69 91.03 74.12 2.58 6.3 107.3

YOLOvI1 SD 85.47 75.62 80.27 80.81 59.07 2.58 6.3 108.1

Dual 95.91 88.32 91.93 94.02 79.41 432 13.4 49.6
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Tab.3 Performance comparison of different fusion me-
thods

ik R BEPR F14%0 mAPS0 mAP50-95
(%) (%) (%) (%) (%)

FRIEPFEE 9413 8527 8948 9261 76.38
FEAEAT I 9442 8453 8921  92.14 75.23
SE-Netfill 51 9508  86.57 90.68  93.42 77.61

CBAMGIART 9531 8624  90.54  93.47 78.18
ECA-Netfil 5™ 9493 8738  91.02  93.83 78.71

LS @RS 9591 8832 9193  94.02 79.41
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