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Integrating 3D geometric constraints into RT-DETR for dual-view
X-ray prohibited item detection network
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Abstract: Objective The growing demand for security screening in public spaces necessitates more efficient and reliable
X-ray baggage inspection systems. Current manual interpretation of X-ray images at stations, airports, and stadium venues
risks missing prohibited items due to operator fatigue. This method also requires considerable human resources, leading to
high operational costs. Intelligent X-ray image detection technology, using computer-assisted verification, enhances secu-

rity check reliability, improves efficiency, and reduces operational costs. Intelligent X-ray detection methods fall into three
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categories based on imaging approaches: single view, dual view, and CT scanning. Dual-view systems, adding an orthogo-
nal X-ray image to complement single-view inspection, offer improved detection performance by revealing occluded details.
This approach achieves an optimal trade-off between detection capability and cost compared with CT scanners. Research on
dual-view X-ray prohibited item detection has focused on leveraging the spatial correspondence between views to enhance
model performance. Some studies have adopted a primary-auxiliary view strategy. In this strategy, the auxiliary view
enhances feature representation in the primary view, somewhat improving detection accuracy. However, this asymmetric
fusion approach only considers predictions from the primary view, which can potentially compromise accuracy in complex
scenarios where prohibited items are poorly angled or heavily occluded in the primary view. Other researchers have devel-
oped symmetric multiscale architectures to boost detection performance through deep dual-view information fusion. How-
ever, these methods employ single-column feature fusion, limiting the exploration of potential correlations between feature
columns at different scales. Such a limitation may affect the model’ s ability to recognize prohibited items of varying sizes
and its overall robustness. The challenge remains in developing more effective dual-view feature fusion strategies. These
strategies are needed to address complex screening scenarios and improve detection performance across different sizes of
prohibited items. Method To tackle this challenge, this study presents a dual-view prohibited item detection model,
extending the RT-DETR single-channel architecture to a dual-channel network. In the encoder, features are fed into a dual-
view multiscale weighted fusion module. This module enhances feature extraction for different-sized prohibited items
through multisize sliding windows and establishes spatial correspondence between dual-view features using a cross-attention
mechanism. A gated feature fusion mechanism then integrates dual-channel features to strengthen the encoder’s semantic
representation. In the decoder, we introduce a 3D anchor-guided localization fusion module to mitigate occlusion. The core
of this approach is a supervised fusion stage where the module dynamically generates a set of 3D anchor boxes and query
vectors, guided by a 3D bounding box loss function. This encourages the model to learn a geometrically consistent represen-
tation, improving localization accuracy via geometric constraints. Furthermore, a synchronous dual-view data augmentation
strategy was designed; by applying consistent geometric transformations to both views, this strategy enriches sample diver-
sity while maintaining their spatial correspondence, further improving model generalization in cluttered environments.
Result To validate the proposed method’s effectiveness, experiments are conducted using ResNet-50 as the backbone net-
work. The study compares the model against two mainstream detection approaches: Transformer-based models ( (denosing
DETR (DN-DETR) , real-time detection Transformer (RT-DETR) ) and YOLO models (YOLO11-X). Additionally,
recent dual-view X-ray prohibited item detection methods YOLO_multi and Trans2Ray are included for comparison. All
evaluations are performed on the DvXray dataset. Results show remarkable improvements in mAP,; scores. For the over-
head view (OL) view, the proposed method achieves improvements of 2. 2%, 12.2%, 2. 1%, 7. 6%, and 16. 7% com-
pared with YOLO11, DN-DETR, RT-DETR, Trans2Ray, and YOLO_multi, respectively. For the side view (SD) view,
improvements are 5. 7%, 18.7%, 6. 8%, 25. 1%, and 17. 0%, respectively. Analysis of individual category performance
across 15 prohibited items reveals that the proposed method achieves superior detection in 12 categories for the OL view
and 12 categories for the SD view. Under dual perspective joint statistical results, the method demonstrates optimal perfor-
mance with an area under the P-R curve of 84. 9% and a maximum F1 score of 83.5%. For visual analysis, detection
results from three representative image sets were examined. The first set comprises contraband under challenging condi-
tions characterized by cluttered backgrounds and rotation, the second set evaluates the model’ s proficiency in detecting
small objects, occluded backgrounds, and two contraband instances, and the final set consists of negative samples devoid
of prohibited items. These visualizations demonstrate that our proposed model achieves optimal performance. Next, we
visualized the attention mechanisms within the encoder. The corresponding visualizations for our proposed model were
clearly superior to the baseline model. The experimental outcomes validate the effectiveness of the proposed methodology
and its components through comprehensive ablation studies. These results demonstrate that the proposed dual-view detec-
tion framework effectively improves prohibited item detection performance in X-ray security screening applications.
Conclusion This study proposes an improved detection network based on the RT-DETR architecture to enhance contraband
detection accuracy in X-ray images, particularly in cluttered environments. The model incorporates a dual-view multiscale

weighted fusion module with a multiscale window cross-attention mechanism, strengthening recognition capability for vari-
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ably sized contraband. A 3D anchor-guided localization fusion module further imposes geometric constraints, providing

explicit positional guidance to enhance the decoder’ s localization accuracy. Additionally, our dual-view joint decision-

making strategy enables comprehensive evaluation of detection performance across dual-view data. Experiments demon-

strate the model’ s competitive performance and robustness in dual-view X-ray contraband detection. However, the model faces

persistent challenges including architectural complexity , excessive parameters, and time-consuming training, primarily from com-

putational overhead induced by the dual-channel structure. Future work will explore lightweight dual-view fusion methods and

develop efficient collaborative optimization algorithms to balance computational efficiency with detection performance.

Key words: dual-view X-ray image; prohibited item detection; real-time detection Transformer (RT-DETR) ; feature

fusion; 3D geometric constraint
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AT IR R

M,y = T(Concat (F(f,.).F(fu)) + Pos) (2)
Ao, F (o) F X A BRI A FRE R f 5 B
FHAE , Concar (+) R PHERRAE , T() RN 2 )2
Transformer Zif 4% (1Y IE LA WL . AF B FE R TIHL
il () 4 Ry SR R ) AR B e —IE S RAE M, AL
T8 TR B Ry B ROE A T A
A EAME B, NI S A AT 6 LA 29 31 = A4l
MEFRAL 75 R SCHYRHIE ST
1.3.2  —HERHEA: S E QLR A

Ry TE il R 2 v T A WA 1) JUART S5, 1 2 XU
PR Z [ B JLfT 29 3R, A SCA %5 DAB-DETR (Liu
85,2022) Y EAE K AR AE D R O = ZERAE , HOP
XML EIR N (x, ¥z, 0, b, l),x, y, 23 AR R HE R 1)
— A =Y AR w, by IR TS . % SRR
JrBEFH AT S8, X SR A R X A bl S5
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JIE WAk B B — BRI T AR E . — A R
WA RS A B IE R, S — N
RT-DETR fif# i #5424 17 & Br s iR R . X AU
TR T AR S 3 11 55 T A 1 1 o B ML) 4R
A 7 TET S M (S AR B O 6 b (v B AR A

Shy S BT AR (1 TR T B A AR S T
A BT 245 2 W B e 4 ML o 7 = e AR
TR B, S5 A R IR R R ST sh A A s B 1) — 4R R AE
FEARE M, T 5 = LR AE A T 2 A5 43 5
HER RS 1t 07 16 1 5 3 HE 44 T M 1) 1 A o) )
FIXH I = HEHHE . Ry T 3 e A A5 7% A9 28 LML, 3
Sl R ) — R e B35 A A Y R
7, A Ry 2 (6] 2 25 05,55 60 o7 1) A 08 ] o — I T 4G 3 45
JE 22 RT-DETR fffa% o 883X — il f |, B AL LE i
T A e i A A T = 4 2 ) A e 8 L, AT BE
FIF U5 B E 48 VT RsE AR,

e TERRL AR B B, AR SCUETE T % = 2
HE (1058 2 PR BIC, LA Ko 2 A 17 i R R A T IR o AR S
HEF 9 F F| DAL 5 4% (Kuhn, 1955) , % B 05 B HE4
T M R LR TR 2 1) PN = SR HE B, S AR
Cls NEAGHE TB,, F-4% & /At 4y Ve i 8, VT e
AR B € Ry 53 25 WA 113 AR B NAL, B4~ 7T
FC RS AT 5 5 A BAE R A DL EAR AN, T
HAh

C,=Cu(P.Cls)+ C,(B,, . TBy,)  (3)

i, C..(+) A Focal Loss, HLATFRE A, €, (4)
S HE 55 EAEAE [A] LB G o AR R4 A D i
S AR U B/ N B S B VE L C R 6, fe 2
P IS BRB L, E N BT AT DE BE X Y 43 2 40 26 5 [m] )5
BRI INBCRT, I B IEREAR BB N, AT IH—1k %
I E I E |

Sl Lo PoCls) + B - Li(B,TB,)]
u =" N,

T, Ly MLy, 53591483 Focal Loss Al L1, o Fl
B RV AT 55 1S4, 5 IR B P 5 T L
a5 A B WS SEOME JBE AL R E e = 2,8 =5, LA
srAl =AU 5 AR o 38 = GRAHE A i
=4 L R I B 5 | 2 T BB A Y
TR JUARTR I 3G 2R, AN RO 1 Fh 44 I 4 25
FSEGIVARPERSTS R U S =Y @ = S|
FREANL

(4)

1.4 JRA—HELHELE

B WG R SR TR R AL BE 1 A R R (B
AR RO A R I AT 55 1 1y FH e 26 %8 T A 400 4 0k 57
PATREDL A e , 23 IRHo b A B JUART R G 2R | i
T4 35 A T I ) R i Rl B AR = Rl A 7 | A58
Peo X PR E FEIA Ik (Jia 55, 2025) B0 7E
s 2 FEPE 5 A (A0 B 0C 28 TP AR 22 P, RIS 2
ek AP B LA 555 .

R iR TR B, AR AR SR T — T RO A — 3K
PEECHE G DR SRS o IR B A2 0 g — A L =2 1) Bl
ML SRR B 37 1) A8 4, FE AR ] O 45 B LB CH
B R B, AR TR DR — 30 ELAR PSR U5 A B

Sy =X C)+e+K (5)
Krp, S, ACRRIE A, i A BI A XTI & 5,
e R R JRINEL, € K R 85, DARIEAS [R] &R 5
NS I e e N P RO CI B 2 L i ) R Aol ey e
B, AR TE S A — S B LIRS .

2R WS 5 WU A1 22 ROST R AIE AR il G 5 e
YA HE G| T8 AL Rl G BLHOE BT A A i IR
Tho FrAE I8 s , RECRIE TREAS I Z2 04, X
AERFE T OB A R] A LT — B, R AT AR e~ ) 2] T
ZACIIXTFFRE 7, B A Hb A OO A 18] 1 LA 224k

2 LGNS

EAT B 5, 5 2 0 H AR ) 45 i
R AR R X OGS B AR A AR Y 545 5RO
Pbo ZJa, 8 ad I il e g TSR A i A AT AR AL
A ST I 288 A RO
2.1 HiESSHIRE

PR T 24 i A] A 30 2 T BORE , B A XG4
sare Gz 0 AF 5 ] A B8 B ) B AT BR o Ak 1 BT
7~ , bR DvXray A1 LD Xray 20648 T U540 , Hol H 4445
0 2 0050 B S B R B 4R o JT IR B 4
AW DvXray £ 524 & IS0 A B9 AR TE , LDXray
B AU — DA AR T . PRIHA SIS 11
DvXray B4 . A& 15 2653850 I 9 R, 1E
FEAS RN GUREAS (9 208 53 531 2 22 000 1 A1 10 000 i o
B IE FREATR A V2R ST L R 41

X B A A I PE AL 8 B L A#FH COCO (common
objects in context) (Lin %5, 2014) PEAl 5 B Al A SCH2
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Table 1 Dual-view and multi-view datasets for prohibited items security inspection

PR Ay GBS IE/REAKL A RSN
LDXray(Tao%,2025) 2025 12 293 994/0 2 =
DvXray(Ma%§,2024) 2024 15 10 000/22 000 2 S
Dualray(Sun %%,2025) 2025 14 24 584/0 2 #
Dbf4(Isaac-Medina %5 ,2021) 2021 4 10 112/0 4 %

2 EERR LT
< Bl
=

KER ATKHL

f i

rgrwe I Eﬁwzw L 7

W S

&9 DvXray B A R

Fig. 9 DvXray dataset demonstration

SRS FIWT e bR . o, AP R mA P, 5371
J W T B S A A A I LR 0. 5 B (-
VIRGRE o IeAh , B0 ff i th 245 R T B e B
AN 10 Fros o A B A 24 s Al 21 H
b, B IE ] (true positive, TP) , 75 W A R 11 51 (false
negative, FN) ; 41 — %0 £ ) 20 5 2 R 52 Sk {1 1F )
(false positive, FP) . % F I br i, ¥ B [0, 0.01,
0.02, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,
0.8, 0.9, 1.0] 1& R a {5 B B (#1738 523t , it
B H X N Y A UE R (precision, P) (2 42 (recall, R)
FIFL 5040 AR P-R 2 R i A P-R 2717
FIFT M2 i RAR, VR ARG Geit 25 1

JIT A7 B R 2 3 F AutoDL B 1 = 65 1 15K
VGPU-32 GB R o ASSCHETY 7 ] A0y 1 x 107, 41t
BN 8, IR T2 %8 o A SCR TR LA 1 5 T s
FEREHLN 38 5L RE p 2 SC T R A 52 A8 4 (1) Ak
ROARCIIGBEE A p = 0.5, Hoph g T8I 25
WINZS 588 PREAS & BN ZRREA 1 R L A1)
2.2 XfLESRE

R UEAR SO AR SER AR SO S
H A 00 20 38 1% R 288 = i il T AR AT 1 L, A

VR M A B R >E
EZE TP, FP fll FN
v
— ﬁv\wm]ﬁ{m /
Y
/ B OL WA // HIA SD mw& /

FP +1 FP +1

HEAHEGE T
AP, AARRAIF1EL

e
W)y m@?ﬁgj 3
BB

K10 X g

Fig. 10 Dual perspective joint statistical logic

§i 2 T Transformer 2244 () DN-DETR . RT-DETR, Lk
K YOLO Z 5 H i) YOLO11-X g i — 5 B IE A5 7Y
AIZ AL BE TT B 0 A 2k 28 T 2 3 B9 B A7 X O IR &

a5 I 7 ¥ YOLO _multi (Isaac-Medina 45
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2021) il Trans2Ray (Meng 55 , 2024) {E >4 [W] 77 ] kb
B o X T DvXray B 4E 42 1 9 5 AHCR (Ma 55
2024) , T EE RO ST 55, HE 7 &5 R
T 55 W BT I AR i, e 2 300 SHE ImT U9 53 52, TPA 4
BRANIA]  MELATEA 40 —XF L, PR A ey A AR5 52
5o XA R AR 2 MK IR

IR 2RI 3 AT LU Y, A SOy AR T HA L
FirE AR A o B R AP R e . 2278
K B (mAPy,) &, OL AL AH bb T30 FH H Ak I 58 7
YOLO11 .DN-DETR 1 RT-DETR F1 XU A H A 46 )
& Trans2Ray . YOLO_multi 43 5 32 7+ T 2. 2%,
12.2%,2. 1%, 7. 6%, 16. 7%; SD M AT T 5. 7%,
18. 7%, 6.8%,25. 1%, 17. 0%, M E—ZE 5] AP,, I
S3HT AR 1S R AR b AR SO R TE OL LA A 12 %

K PERE 508, SD LM 12 R I ERE S 1. LA B
S5 RW] WA 22 ROST R AIE JINAS il 5 A5 1 R — 2
B | 5 5 Rl B AL A3 Sl Ak TR 2 T ) A
PR bt 2 T Y TUART 5 LR BE L 42 T T 28X A
PN BT walll PP e 8

VARG AR SO VR I S M, 5 A S AR 1 A
DREAY (Jia 55, 2025) HEATLLE, iR 4 F7R . A3y
AE mAP,, Fl mAP, 14 T 48 b5 45 70 38 T Fe i
BEAY . TE mAPg o FEWR 1, A SO A B A 43 )
10, 7% M 1. 4% 5 CIRIEF 48 3005 26 i iR 58
F)T91. 0 /s, fm T X LAY sk SR W], AL
J5 UL AEAG RS FE R B b M R B A

ARSI AT SD LA ARSI 8 ) BT S, AH
T LR RT-DETR , mAP, 32 T+ 1 6. 8%. Xf T

X2 OLUAXNLETZHER

Table 2 Comparison of experimental results from the OL view

1%

AP,

e "o e mEwr o T e B o wsomie ms % g B

L i 7] Fitw

YOLO11(Ultralytics,2025) 91.2 99.287.3 97.6 98.5 73.7 82.1 97.2 99.5 77.4 86.7 91.6 99.1 94.6 85.8 97.0
DN-DETR(Li%,2022) 81.2 96.773.8 96.7 92.5 66.4 64.8 96.8 97.8 48.5 80.9 78.5 96.8 72.5 67.1 88.8
RT-DETR (Zhao 4%,2024) 91.3 98.793.5 97.5 99.1 76.6 79.7 98.9 100.0 68.1 87.4 92.8 99.8 94.8 86.7 96.2
TransZRay(Meng%,2024) 85.8 96.581.6 92.1 969 76.3 74.4 92.5 98.0 56.1 80.9 81.0 97.0 94.7 71.8 92.9
YOLO_multi(Isaac-Medina %5:,2021) 76.7 58.869.7 87.5 91.5 55.3 50.6 87.0 100.0 67.4 69.7 77.2 86.7 80.0 78.4 82.1
VNS 93.4 99.1 94.5 99.5 99.1 78.8 83.0 99.8 98.6 76.5 93.5 93.3 100.0 95.3 90.3 99.9

T R AR R 2 5 e LA 2R

*£3 SDUMAITLLELIEER

Table 3 Comparison of experimental results from the SD view

1%

AP,

- :

e " e 0 mE T e P R e e s e B
YOLOII(Ultralytics,ZOZS) 78.2 90.3 55.3 88.4 86.7 53.0 60.8 95.7 99.5 57.2 63.8 89.2 97.1 72.2 70.8 93.3
DN-DETR (Li%:,2022) 65.2 88.3 34.3 86.5 80.8 46.1 429 83.0 96.2 33.2 46.8 74.7 95.2 43.6 36.3 90.3
RT-DETR (Zhao %,2024) 77.1 924 61.5 91.2 87.4 43.3 559 94.2 100.0 55.3 59.3 84.1 98.8 71.6 66.2 96.0
TransZRay(Meng%,2024) 58.8 85.238.2 72.2 73.4 39.4 227 77.5 98.0 20.9 38.0 78.3 88.2 50.6 9.4 89.7
YOLO_multi(Isaac-Medina %%,2021) 66.9 52.6 51.8 85.9 85.0 33.0 42.7 86.0 98.0 41.8 52.0 75.6 79.0 61.5 68.4 83.0
AR 83.9 97.1 68.1 96.9 95.5 68.2 66.0 97.9 100.0 62.0 71.1 85.3 98.3 78.0 77.6 959

T L P SRR 5 8 B A2 2R
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Table 4 Comparison with the latest model

B mAP,, /% mAP, s05/% mAPg, 5,/% mAPg, 5.05/% FPS/(1i/s)
Jia %5 A\(2025) 92.1 67.6 78.2 51.7 14.6
AL 93.4 78.3 83.9 63.1 91.0

T L SRR % 8 B A2 2R

SD ML A AH He OL AL £ 32 71 S5 S B W iy IR 42, AR S0 45
B mAP, (T E BT AN T, BT SD A AR Y
2, HRHE I i A2 3 — 2 e, B0 2 B B B
fFER RIS . X EATTEHES 91 & b 5 EaE ]
R DU AE AEYRVE , AR1% T 3R R i AP (B . Ttk —
J5 T 3E AR SCBET AR Al S R, 51 AT OL AR
FA AR SRAE AT RO 5 T SD LA RRIE 4 )31
T3 AR AT B AR FAE A3 3 3645 T 827t
PP T AT TR HE S s T 2 AR AE B, D
SD WA N 1 mAP,, (HEE TR BEAH LR R . 55— 7
1, = AEAHHE S5 L Al A B GAT U2y 5,
E SD P A AL 5 A7 LS ™ T b, 56T 0L A LT —
A B = 4ERHE RE A B2 AT 0 1 AL B B 3 R
AUBEIE T 8 i 22 , B R AT 14 JHE A 1 B 5 5 1) 2
BE T AT AR A A e 3R E . AIXT IS, OL A A alls P4 45
b HEZRHIE BT AR S, HOR 2R B A
FECHE ZBURIE G Z /0. FRIEAN TR R 14 T

I A AR Z 25 TRHERL G 5 LT 25
PMRIVEF  AH PR RRAE 19 25 5, e AU 3%
By SD AL AR (4 B et 22 T S W

ST, B (B R 0 51l g 0 15 31 T A RO
SR, AN 11 ROBCR A B A g 2 R s . AR 11
(a) (1 P-R I T LA, 48 SCT7 3 ) SF- 4 A 0 1 %
PR, R W B B4 i 2R G R e pe . &l 11
(b) T 7R 14 P-R T4 AR F1 40 BRIk B 22 3
ARSI P-R T TH R Ry 84. 9%, AT LE S Al
R T 4.1%.23.8%.5. 7% . 10. 2% Fi1 15. 9%
AT I 83. 5% Y e i F1ATEL, iy TRk i Al
5. 2%, GRRW] A SC BAE PR R IORG B2 ) [
HE— 2D AR T R A BT T AR SR A T[]
ERF 0 AG: HE A TE A 5, 5y b . T S PR 2 G e X
G DA R (1) P BB LK
2.3 HELXIN

N T R AR SO A R AR T

R TR, BAESRES PR AL IR, T AN RIS ZE PR X R RE R
FEARXT A B, PRt mA P, $2 TH 5 AN 40 SD 7 o BARGERANR 5—R T 12 iR .
100 o =5 87.00% ey 8 = "
. - °[@ PR MhZCPHA O P-R MZRE  WEKFI 8] 849%
90 oy L 84.00% - 82.0% 832
. 0% -
sor 3 h 81.00% |- °80.6% 78
‘ y 79.2%, A
70 F , ® 78.0% 178.2% /"// i
; 78.00% - -
X 60 o ‘l e A o [ 74.7% ol
o O 75.00% /)] [l - 73.8%
s S0F 7 A -
& ,,| * DN-DETR ‘ ' 72.00% o
S Sorom | | 69.00% 68.6% 0 s 60
30| —*— YOLO_multi A 8 SR 67.0% 67.0%] "
20 —o— Trans2Ray \ L 66.00%
¢ YOLOI1-X \‘ '
10| = A i 63.00% |
_§%§ 1 1 1 1 \‘\\.1 1 0, . |_| 1 1 / 1 1
0 10 20 30 40 50 60 70 80 90 100 YOLOI11-X DN-DETR RT-DETR YOLO_multi Trans2Ray AR
BERFE%
(a) XUHLA P-R HHZL (b) P-R HHZ P, P-R HERIHRRIR K F1 2 H0EEARIE
K1 SRS SETTH4s R
Fig. 11 Dual-view joint statistical results ((a) dual-view precision-recall curves

(b) bar chart of break even point, area under the precision-recall curve and maximum F1-score)
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DS UEAR SCHR H A8 — SOk R 5im s A A 2
P TR FE B 8 58 580 B XSS R P BE A R, BT T
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R5 AEHIFIEEREEAMEREITEE
Table 5 Ablation study on different data augmentation

strategies

LA A

AR
M RS 0L/% SD/%

BT SR

B8 0.5 LRV €/ T 91.3 77.1
A 0.5 TS Rt o 78.3 63.4
AL 0 et 90.7 78.9
A 0.5 —EEEE R 93.4 83.9
AL 1.0 —EEEERR 778 62.5

TE IR RS R 2 5 B A4 2R

T, A3 b S R Y R SR e 1 R R . FEAH
[ 3G SR A3, YA SO TR 55 JL AR AT 3 2R FH ik 37
yE s am iy, AR SCRIAL AR H LB BRI, OL AL Af
mAP, M 91. 3% Bk = 78. 3%, SD LA M 77. 1% Bk =
63. 4%, EFIIE T k37 A s i IR 1 AL A1 JL AT
X FR  NITTFEDI R 5] A T 15 SR I RN
T T A Es P A SRR R 22 2T O B S BRI AR
() = AESRAE S | ALH R 2. AR, S0k — B A
BRSO A R o PR = 0. 5 S A SRS A
{14 4 5 SR WS A Ry — BT R A 1 i R e AR Y P fE
IKEN T HALKF, OL LA DA 78. 3% $2 F+ %2 93. 4%,
SD £ M 63. 4% $E T+ = 83. 9%, UERH T — i1
548 SR S S A O BR T LART S, AR AR B T OB A 2 R
SHRRE AR G 5 = AEANAE 5 | S A B SR
N GFRE . feJa, Ty st p 2 . 7
R — BV R A Y FT 4 T MERE R p ARk 2 B
JeTHE R A AR T IO o ) B Al 2RI, 3 B 1Y
SR AE 5 | AU Z A1 1 R 44 T R AR e 1
fERIRLGR R AL, M p 2 1. O, BIET A A
Havm AT, PERE IR . R 03 0 S R AR o3
A1, DT 35 A5 (Y WA SR

Ry S UEAN [A) AR B X6 T S 5 25 R A B2, 3R 6 R
TN T DASEER AR Ry 2 BRI Bl S B0 45 5

HAE OL 5 SD WA~ M 1 9 mAP,, 43 51l Ry
91.3% F177. 1% TEFELEBIRI LA b, SASE L T
XA 22 ROTRRAE AL il A ERe s, A5 780 1 g 15 2]

F6 AEREMMERER
Table 6 Ablation results of different modules
/%

F8Y WA OL WA SD
FRAAERY 91.3 77.1
+ UL AR 22 ROHREAE IR Rl A 1 2 92.7 85.1
+ HERHED | S L Rl A AR 93.0 80.8

+ XU 22 ROT R AR A il 5 B e & 03.4 839
= YERHE S | 5 (oL R B AR R ' '

T ML PR R 5 B B LA R IR IR A I 22 A

THTF, OL M A HETFF 1. 4%, SD AT+ T 8. 0%,
X — G W Z AR 2 RST i s AL, A 5L
g T AR RGN R RUBE RS 1 BRAT, BE S [ 3 N M
Sk S B HE AR [R] R AZ B /N Rl R AE B, A
TR0 T XA U AR ) o TRIA, Bl | A = 2
BAE 5| 5 8 A G B R AN AR A B 25
OLMAET: 1. 7%, SD A FET 3. 7%, Bk T 5] A
SHYERTHEVE Sy J LTSS 50 1 A AR L 2% I 3R i n 29
W BRI RS ) A B = Ak A HE SR LB A A0 1 B
CI W N E i)} TR i S € P p = N DR VA
25, BONBOBIRRAE A $E ORI T 28 (R SR . A
R p ] TAERS, B8 7E OL ¥ A B3k 3 T 93. 4%
(AR RE , RIS SD WA mAP,, i85 83. 9% ZE A
KA, A JZ T ) 22 ROSH IR 5 fige be J2 1i 1) JL AT 24
WEA B AN, 38 U R R A SR T T AR A
K

SR, — MEFFRAIRIT W BLGE , IAHEL)
] T AR, BEARTE SD P A I Y38 25 WA T SRk A8
MU 22 R REAE A il B A B 1) 186 25

h TR ST HARAR A A SO Rl A B A 7 11
RSFiEAT T 320 W3 R, 5256 378 T i — 4R HE
5| 58 I Al A AR A SRR bR AT S5 SR ANEE T TR
T EAEIE R T WAL G RN AN [
Ko X T SDALA, RO LT HHRUS T 84. 3%
B AR TERE MR A 1R ST 3G R] 10, HopkRg
M T %28 80. 2%, S ILAHZ , OL WA 114 RE B % 74
F RS g R PR T, 2 0 RSE S 10 Bk 2]
93. 0% MM . X —Ea3A R, SD UMt T A &
FRIEG BN E—E R AR OL AL A ] ) 5
R BE AR RE B RFAE X 55, 100 3 1 R R 1B O
FrER LR . R AY T A0 SE 10, fEPEF T 5T D8
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25| AFRER AT SCRRAE , DTG B 1T SD AL AR i s
FRE XTS5, BRI MR EEFEM
OL L f HIELR B3k 91. 3%, B0 T B PRI AR R 51
BOMIRAAE , M2 AE B A5 0 5 52 275 s IR Sl
NS X4, RSP 1095 0 8 HAR gt T e
Iia] P8 RURR A sz BT i L R A% 2R 6 T K IX Sl () AR AT
5 R LU B ) PERE W 2 T 2 93. 0%, FRZ,
AR Z RATBCG RN . IR 7 &5 — 171
TN IR AE OL LA IS T f A B BB T R —
KRG HRI, U Z R g | AdE— LR E T4
fEZik, [RIBHFE SD #LA EIR 2] T 83. 9%, HARKEAL
TG H LA BT HRR % IR, X
T Ja Az B 75 oK 11 22 S AL AR RS T % 6 B PR REASLARET
AR S| e AL RS G A 4 R e SR R
OL AR A X 8% 37 W Al G- 1 [R) B, F — S R 9
T SD A A T SRy AL BE R (1) R TR R GA |, S BOLE
HEM 85. 1% IIE(H M %% . 25 b Jrik , SO Af 2 RO
SFAE IR R A AL R A 2 RO B HR T A 6
TRRHY [ 3 P O A SRR AR T R B
Jr BB AR SR ] 1) 75 3K o

®7 SRBENHHHEORTZm
Table 7 Influence of window size in the multiscale sliding
window mechanism
1%

W 1R WA OL LSERIY
1 92.4 84.3
5 92.6 81.5
10 93.0 80.2
1,5,10 93.4 83.9

T L PSR R 5 8 R A4

HRFE (4) o AR RANTE o FE (240 R AL
BRI BE A4 52 R -8 7 e HE AR, AR SR
PEH AL EL AT TR AR N 12 s .

WA P AT SURR M i 2k 25 S B S TR
R f s I a = 2,8 = SHFIA B2 R iRl
FLRTT S % T OL LA, B 19 22 4k 5 RS A 1 i i 3l
KT o, T W] OL AL A X2 (57 5 I AL B 1) A2 AL By
BRGSO O OL AL A LAGORE S 15 M, L RE R 91
EEAE T Y RAE S T B S AR . [N G i e
BRT a LI g 57 25, GEA A = HERHE 5| 5

BEAY S LSRG € L. MBS 4Y a i, X SD
LA A PERE S MR B, Ul W SD LA X 73 24 R AL
o A HUR, X & o T SD LA AZ P 5 1 5 TR
FEE AL M DL A REAS R AR R
HAK a BEWE SR AL Focal Loss X MEREAS B2 8 , SR B4
B2 o g B PE R JR AR AE o (HE: Y ocid R
I3 AR 1 2T P RE S ORs BE AL AR T 1) Ml 15 4100 )
AN S ., BRI, & PR o (B LAV 3 6 % A
FIFH T SD WA A AN BE

2 5 10 2 5 8 10
o BUE (F%E p=5) BEUE (5 a=2)
(2) OL MAIRT o Al B BOREURE HI 28

83.9% 83.9%

%
=

(o]
S

mAP_ /%

1 1 1 1 1 1 1 1
82 5 10 2 8 10

2 5

o YA (F5E p=5) ABUE (BE a=2)
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El 12 FBSE o fIBAEXA AT AR 23 Hr

Fig. 12 Sensitivity analysis of hyperparameters « and 3 across

—

dual views ((a) sensitivity curves of a and 3 for the OL view;

(b) sensitivity curves of @ and B for the SD view)

2.4 HEHESN

TE A — R R 3R 858, XA SCT5 % (RT-DETR 5
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Table 8 Comparison of computational efficiency across

different models
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Table 9 Comparison of computational efficiency across different modules
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Fig. 13 Visualization of detection results for different models ((a) complex background samples ;

(b) samples with two prohibited items and small-sized prohibited items; (¢) negative samples)
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Fig. 14 Comparative visualization of encoder feature maps between baseline and improved models
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