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Integrating 3D geometric constraints into RT-DETR for dual-view X-ray prohib-

ited item detection network
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Tianjin Key Lab for Advanced Signal Processing , Civil Aviation University of China , Tianjin 300300, China

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 significant 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

categories based on imaging approaches: single-view, dual-view, and CT scanning. Dual-view systems, adding an orthogo-
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nal X-ray image to complement single-view inspection, offer better detection performance by revealing occluded details.
This approach achieves an optimal trade-off between detection capability and cost compared to 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. This 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 multi-scale architectures to boost detection performance through deep dual-view information fusion. These
methods, however, employ single-column feature fusion. This limits the exploration of potential correlations between fea-
ture 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 multi-scale weighted fusion module. This module enhances feature extraction for different-sized prohibited
items through multi-size 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 occlu-
sion. 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 representation, improving localization accuracy via geometric constraints. Furthermore, a synchronous dual-
view data augmentation strategy was designed; by applying consistent geometric and optical transformations to both views,
this strategy enriches sample diversity while maintaining their spatial correspondence, further improving model generaliza-
tion in cluttered environments. Result To validate the proposed method’s effectiveness, experiments are conducted using
ResNet-50 as the backbone network. The study compares the model against two mainstream detection approaches:
Transformer-based models (DN-DETR, 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 per-
formed on the DvXray dataset. The results show significant improvements in mAP,; scores. For the OL view, the proposed
method achieves improvements of 2. 2%,12.2%,2. 1%,7. 6% and 16. 7% compared to YOLO11, DN-DETR, RT-DETR,
Trans2ray and YOLO_multi respectively. For the 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 performance with an area under the P-R curve of 84. 9% and a maxi-
mum F1 score of 83.5%. For visual analysis, detection results from three representative image sets were examined. The
first set comprises contraband under challenging conditions characterized by cluttered backgrounds and rotation. The see-
ond set evaluates the model’s proficiency in detecting small objects, occluded backgrounds, and two contraband instances.
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 dem-
onstrate that the proposed dual-view detection framework effectively improves prohibited item detection performance in X-
ray security screening applications. Conclusion This paper 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 multi-scale weighted fusion module with a multi-scale window cross-attention mechanism,
strengthening recognition capability for variably sized contraband. A 3D anchor-guided localization fusion module further

imposes geometric constraints, providing explicit positional guidance to enhance the decoder’s localization accuracy. Addi-
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tionally, our dual-view joint decision-making strategy enables comprehensive evaluation of detection performance across

dual-view data. Experiments demonstrate the model’s competitive performance and robustness in dual-view X-ray contra-

band detection. However, the model faces persistent challenges including architectural complexity, excessive parameters,

and time-consuming training, primarily from computational overhead induced by the dual-channel structure. Future work

will explore lightweight dual-view fusion methods and develop efficient collaborative optimization algorithms to balance com-

putational efficiency with detection performance.
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Fig. 1 Dual-view X-ray images of prohibited items in a three-
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JE W 4B A — ECHE RN T AR R . — 5 A AL
YT AT AR A B RS R S — T
RT-DETR fiff it 5 241 1 1 T 2 A R0 4 i . X AN
TR T AR AL SR B I H 55 1A ) = R AL A
A A G0 TS AR il TEORS A e (0 5B 2R

Shy S BRI = A B AE (4 BB A AR SO T
I B 26 B 401 SR B ) SE SR ML . 7E = ZEREHE L
B B , 45 A R T R Bh A A i 4R 11 = 4R
JERHE M, V55 HS = ZEEHE (%) T 2 5045 0 55
HE s Bt , O 2 1 515 R HE 24 T ) 3 A o) 1)
FUGE R = HERHE . A T3 BC A A8 19 38 LML 3%
U o I 1) — R HER R 245 I AR G — kAL
T, VE 2 (0] 2 2 05 5500 B Y 2 3R 1) H— AL ik 45
JE L RT-DETR i g . 8l X —id A2, B0 7 i
Tt ) A AR A T = 4 s () ) S 96 0, AT B
F U5 BROE 4810 E B8 7R 2%

e, PEA AL WEE B B AR SCIE T T T X = 2 i
HE (R 4519 R, LK S5 HE 1) i HR 2R AT B . AR
K09 oF F UL B 5592 (Kuhn, 1955) , %67 & 15 B HE4
il M AR TN ) P15 = 4R KE B, , S bR 51
Cls I EL{HAE TB,, 7 %4 Ryl — 4y Ve fic s, UG
JAHE B € Ry 53 28 AR 5 11 A AR 19 AR, B4~ ot
2 C AR AT 5 5 > B A B EECAC M, 3
N
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C,=C,(P.Cls)+ C,(B,,.TB,,)  (3)
X, C.( - ) A Focal Loss, FH ULt 5 43 28 Al AC
Co( - ) HHHE 5 ECIEME R L1 B Rg ik o AR &)
FIVCFC A LR S S /NI A S i P DR BT DG 3R
8, B LAV IR RS L, W E SCR T A U JE T 1 4 25 40
I 5 [ H 4 2 B AR, OF  IEREAS S8 N, 2R AT
H—Ak R TRl

z[a Ly Py Cls, ) + B+ L ( Bé,TBa)}
Ly =-* N

pos

(4)

X L, Ly, 2058 Focal Loss F L1515k, F18
KT S B S8, 5 B R R T L
FE DL UL SIOHE B AR R E N o = 2,8 =5, LAk
=AU AR5 EH .l = AEEHE A= RGN
YR WA AR 5 | 2 ) BRI P AE
(R LA X6 R 56 28, AN R aRE 1 Pl 47 R 28 24 45 A1
F 9 R M 22T T, S T B R R
FEA o
1.4 MAA—BHEEIEIEE

B b i R TR AL RE ) A R AR L (B
HAE RIS IAT: 55 Hh %) 18 FH v 28 %t A 4
SEPATREAILAE B , S5 ER o A 08 LRI R G 3R
HE i iﬁiﬂiﬁ?ﬁtﬁﬁ%ﬁ%ﬂ%ﬁﬁ%%ﬂzé&’fﬁmIE‘F
B, X —Pk ik E T EONA Ik (Jia Z I Ma B 4§,
2025)%};‘@?7;&%%%# P 5 23 )36 1 56 2 i 2
B, BRI A AR B8 T L] SE 56

hy i DR L 17 0, AR 9 4 1 T — OB — 2K
PECHR SR TR M o IR (00 2 F— N L 2 B B
BILH SRR IR 2k ST 9 A8 48, A i) R 4 B ML S B

B ) [, R AR ) DR — 38 HAR PR SRR A B
S =(ix€C)+e+K (5)

Krp S, AR T, i ARFBC A RB RG] e
TR NG, C K R H8, DRIEARIRT T
W REHLAP AR, i3 [F 25 R0 i A AT &S A B
i, LURIEAURE A — B BEPL L3R

IZH WG 5 WU 22 ROTRAE DA Rl A R =
AERAE 5 | T8 LR A BEHOE ) T A RN P R T
It A BN G, RECRAIE T REAS 1) 2R, 4k
TSR LTt . (R A B 2] BT Ak
[ XS S5 RE 7, B Ml A A A [ ) JLART AR 4k

2 LN

FEARTT B4, 52 0 H BRI X 25 FifT
9 R AR OB A XOGIRR H ARG I ASE R HE A7 258 X
Foo ZJa i i al e g TSR o AT Ak
B REAS SCIC T I 28 1 A 5
2.1 BIEESHEE

PR T 2 i A] A i 0 A JF ORE , SO A XG4
e A U AFE 5 A T B B SR B A BR . anER 1
75, B8 DvXray $0408 82 A1 LD Xray B8 52 15 41, HoAth
HLA R Z A 8 S 4 AT B A . IR
P 5, A DvXray 204 48 60 & A H0 A 190 1
LD Xray 40 5 0O — AW A #EATFR o PRI AR SC
SEIGAE FH DvXray B gE . e & 15283284, an &
9 FT7R o IEFEASFNAREAS 1) 458 53531 2 22000 5K il
10000 7 o B 1E KA TR &, 1 2k 5 D0 Ee )
4161,

R1 WEsRAEERTRHEEDSE

Table 1 A summary of dual and multi view contraband security inspection datasets

P Ay R IE/EEAREL LA ERANTT
LDXray(Tao %5 ,2024) 2024 12 293994-0 2 =
DvXray(Ma %5,2024) 2024 15 10000-22000 2 =
Dualray (Sun B%§,2024) 2022 14 24584-0 2 =
Dbf4(Isaac—Medina %5, 2020) 2020 4 10112-0 4 =
Dbf6(Akcay Z¢,2018) 2018 6 11627-0 4 E

XFF B bRl pEAL F5 b, 8 H COCO(T. -Y. Lin
A5, 2014) PEAS HE AR RN AR SCHE H 1) XU A1 B B 4
b HoHr, APy Al mAP, 43551 S e 1 B2k ) K 4225 531

TESZH FEBIAE N 0. 5 IF AP HAPRT B2 o IHEA, X6 U
fkan th A5 R AT S e, BARZ A 10, KA
A AR B A 3 H A5, S ECIE B (TP) , 75 0 oy
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(FP) o & T odm o, A% Sck BUE {5 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. 0J#f 7 Iy geit,
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FEERAE IR RS ReLT)
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Fig. 9 DvXray dataset demonstration
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Fig. 10 Dual perspective joint statistical logic

T X N A A SR P A R R AT FL 20 5.
HOPE P-R b 28 F 1 5 P-R il 8 S 47 50 F0 F 1Ok i
KAE VAR A IR A it 455 .

B B R 24 3 T AutoDL B f1 = F 5 19 1 5K
VGPU-32GB & A SCRE AL A2 2] 55 1x10°, fit %k
8, NER T2 %8 o A SCR HAEL A v R ms . 7E
WML H, SR 8 p LT REAR 2 AR e (A3
AR SCIIR B E A p=0. 5, Hw 17 &Ik RN
Z 510 REA 5 SN ZRRE AR A 01 R HE 1)

2.2 IPEESRIE

R SR AS ST VR WA A SR A SO R S
s A 0 451 88K 174 1 28 2 3t PSS AR R AT T L, £
§i 2 F Transformer 224 ) DN-DETR , RT-DETR, LA
K YOLO &5 H Y YOLOT1-Xo ik — 2 B0 AR Y
(T2 ALRE TT B 3 AR 8 I R e B WL A X OGRS
i 2 5K I 7 2 YOLO _multi (Isaac-Medina 4§
2020) . Trans2ray (Meng 42 2024) il DvXray BIEE
P2 H B 77 VMR+AHCR (Ma 55, 2024) 114 55 W5 B 45

AR AT 05 8 % g R 2 5 R 3 PR

M2 5330 LUE AR SO AR T AL
Tt F ARG I3k B R R PERE . 278
K B (mAPy,) & , OL A A1 AH EE 38 I H A kil 553
YOLO11.DN-DETR F1 RT-DETR FIRUCHEL F B 546 il
Fi9 Trans2ray . YOLO_multi #1 VMR+AHCR

2 AR TR T 2.2%, 12.2%, 2. 1%, 7. 6%,
16. 7%, 53.3%; SD . /1 #& F+ T 5.7%, 18.7%,
6.8%,25. 1%, 17. 0%, 43. 8%, MEL—2 5] AP, |
G3HT AE 1S TP AR S AR SO VAR OL AR A AT 1275
KrPERE &1, SDARAAT 12 Fh 285 k. DL 2%
FEH B 22 RSTHRRAE A il A A5 D = 4 R HE
5| T ARG B B AL T RREJZ T Y B AR A
5 0 2 18T 1 JLART 8 S5, B2 T P 2 o)A [ R~
AR A Iz A

VG AR ST VR 0 Se M 5 AR SR e R A A
WAL (Jia Z F1 Ma B %, 2025) #E47 Ho 48, 5% 4 fr
TR o ARSI EEAE mAP,, Fll mA P, B 4% 045 bR 4553
B T RO . 78 mAP,, 15 F5 b, A7 B e B
£5 9 10, 7% A 11, 4%, 5 [E I, A S0 )7 s
FIMTRIKE] T 91. 0, & X HA A 3 S84 % i
AT ARG IS B A B B B B AR

ARSI SD WA B AN RE S THBH L A
T 4R 857 RT-DETR,, mAP, 327} T 6. 8%, X T
SD 10 AH E OL W ff 412 Tk BH @ i 342, AR SC 4G
B mAP, B 115 RSB 4n R, BT SD AR AR Y
2 HARE i 2 3 — e s, S804 2 BAEfI &
R K . XA EATTFEHES 51 3 Hh S R A
o M AE AR TR VA , A4S T BRIP4 APfE . XT ik, —
D5 T, 38 A AR SCBE T AR Al A 51 AT OL AR
FAr BB AS SRAE A RO SR T SD LRI 4 5 5]
3 A8 A A B AR EOE A5 4 R4S THETE .
XA TS AR HE 4 s T 2 A ERE R, PRt
SD WA T 1) mAP, (E - FHIREE A L K. o5 — T
I, —4ERHE S| T ARl A B S IAT U293
T SD L LB A5 14 ™ F A, JE RO A LA —
SO B = HE R HE REAZEE AL B B 17 B B TR
AR IE T 5 57 A 25 , B8R AR A1 1) o it 488 B 5 1) 42
fE T AT RE () 23 [E] JEAE . RTINS, OL AR ff1 0 £ 4%
b BRI TR A B R R 2B R P AR
JIE B HEE 2 BUBRIE B Z B o RRIEAN T SR (4 T
SRALEE T BAR B  (AAE 2 R HEA P B A R AR
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®4 SEFEIEEREXLE
Table 4 Comparison with the latest model

K mAP  mAP mAP mAP FPS

OL50 0L50:95 SD50 SD50:95

(JiaZ F1Ma B%5,2025) 92.1 67.6 782 517 146
ARk 934 783 839 63.1 910

TE IO PR fre e 2

AT A BR , PRt mA P, $& TR EEA W SD A ff . A
W, A RS LA AR A7 25 TR AR Al 5 LT 2 1Y
PMEE R (H i IR AR 22 57 e A Bl B
LA SD AL A A B2 TR B TE A B

SV R AR ) R AR e AR ) T AR
S, TN 11 HR OB RS e it 45 R TR . NI 11
(a) W P-R I FT LAt AR SO 15 A 1A i A T %8
FE AR AL, 6 B LA A 2 A R e . 1B 11
(b) I 7 19 P-R R 261 180 BRI F1 43 B0tk B 2R B
ARSI P-R M4 T IR H 84. 97% , FHEL XS LAY
AR E T 4.17%.23.83%. 5. 76%. 10. 25% F
15. 97%; /R L7 B HUAS 83, 5% M B i F1 040, i T
TR 5. 25% S5 F W] A SO AR AR R R )
WG B[R o 0E— 2B AR T R R IR T T B AR S e
AT TR) B 4G 1 A L 23, ey M A T S
TR g e A TR PR BE LK
2.3 HBLLIE

R Tk ERGEATCRR O VA A R AR
BT 17T Fl S 5624 43 B AN (RIS R 2 474X B A 1 E 1Y
o, BARZE RN s =R T 12 iR

SR BIE A SCHE A — SO B G R R A 8L
P, IR TR H i 5 XA RV R R, BT T
LA SRR S PN . B, o Hr S g
P 45 WS (0 R BR 1 . ZEAR R3S AR R, AL
TR 55 B AR AR IR 357 SR PRk 37 B5CHE 15 5 ), A SO R
PEBE Y PR 2 R, OL M/ mAP, ML 91. 3% & &
78. 3%, SD LA M 77. 1% B % 63. 4%, ERIE T A7
()R G SR AR T XS TLART X 1 OC & , I 7E ]
Zrrh gl A T RFPER MRS TP T i & vl
GRHER 22T O H S B 4 1 = 4ERiHE S | S 0L
R LU, 3 Uk —SOME B 1 588 SR ek 1) A Rk -
PRFFp=0. 5 NS | BGASCISERL Y 1S 58 SR W 2CH

—HPERIE G R A WS T, AP e aA B T R A
JKF-, OL ¥R F M\ 78. 3% 2 T & 93. 4%, SD #i /1 A

100 =
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N R
X 60 X
R 1
s 50 *
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F1-score)
Bl WG G4

Fig. 11 Dual-view joint statistical results
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K5 TRIEFEEERMEEIERERT L (mAP,,: %)
Table 5 Ablation study on different data augmentation
strategies(mAP,,: %)

e WA

BUE R o A

SR S

FLLL AT p=0.5 PhST ARG 91.3 771

ALY p=0.5 ST EEETE 783 63.4

AR Y p=0 TR 90.7 78.9
Tk

AR AR p=0.5 & %fzﬁiﬁ 934 839
Tk

AR AR A p=1.0 ﬁ%syﬁi” 778  62.5

TE R R R e LA 2R

BeA I 22 RF i s AL Ao i 1R R AN [ )R

J&E B AR BIERSN , BEAS [ 38 R b A U A 1 AN [] Jak
2 WP RIS A RRAE A 2 DA T e 3 T U £ 1 TR
e ST I, B 5] A = HEREHE S | T 58 07 Al A 45
PRt i A~ ¥4 B 45, OL LA $2 F+ 1.7%, SD
MAETE 3. 7%, B0k T 5] A = 4ERHEVE R LT e 55
(A S50 , 36 W3 3 e fin 240 o, 7 B A ) A 1T
AR HE SR AL I B B S RN B R 2R A
IE T Y37 50T 10 0w 25 , BN SR RRAE 1 $12 1
PRAUE T S M . PSR P R T AR BT A
OL M k3 T 93. 4% By fe AR RE , W] A SD A £
mAP 5% 83. 9% ZRAKF FHIE)Z TH I 2 R Ik
S5 A R 2 T ) T LA 29 B B, 3 PRI
FHA AT T ARG IS B2

F6 AEEREEMESR (mAP,: %)
Table 6 Ablation results of different modules(mAP,,: %)

Y HAA OL Hifh SD
FLL MY 91.3 77.1
AU AR 22 ROT R AE IR Rl 5 1 R 92.7 85.1
+ = AR HE D | 5 LRl B AR 93.0 80.8
XU AR 22 RO R AE ARl 3 A5 R & = HEAIHE S | 52 i il 3 15 R 93.4 83.9

TE R RS e LA R s &R RSS2 A

SR, — MEFFRA BRI LG , AR )
] TAERS AR 7E SD AR A L Y386 25 AR T SRk s in
MR A1 22 ROSERRAE A Gl A A58 14 1 25

R T BRGEIARAR PR, A% SO6) il A A He 11 7 11
JF AT T 1 —25 A T Rl 5256 Y 76 TF i = 4 R A
5| G5 AL Bl A AR Y R Al b AT S5 SR AN T R
FTHVEHRAE R TP Al % 0 RN AT
Fr Ko XTT SDALA, RST A 1A T HUS T 84. 3%
f i A PR BE , T B 70 0 R ST 48k 31 10, HipE e
11T P 2 80. 2% 5 LA , OL £ ) Pk RE Fiti 25 7
YN RN = E i i ¢ 2 ) N s B (0
93. 0% MM . X R, SDUMH THA S
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R RE AR E B RFAE X 55 L TS 1E 2 R SE o 1A 7 1
Bty . SRR S 0 AR SF 10, 7 HEF T8 14
255 ] AAHAR A5 SRR AE , DTG RS T SD MLA BT s
AR B PR, SEERE N %, MR FEFEH
OL LA HELR B 3K 91. 3%, B B T BRI AR R B

BORIRRAE , TS 7B 25 5 4 2475 W (A & I ok
NS X4y, ReF 10 6 1 HgR it T
W] 1) KRR ) SRR 37 W fik L BB A 3R 45 R DX I 1) R A
HE DU BD B, P REtL Rl 2 $2 T 5 93. 0%, K,
AR 2 RGF A SR . a3k 7 e Jq — 47 T
N, KR AE OL LA AT T f s R, R T o —
KRt DRI, 2 RSF 5 AE— 5 F 65 T
TERGA . [RIH7E SD A IR E] T 83. 9%, Mg T
BAHT 1 AR, (EE T AR R — 1 R B X
Xof JR A7 W SR 1 22 Sl A R T3 6 1 MR RE AU, =
YAl AE 5 | 5 7 Rl A AR G | 42 Ja) S 56 7E T 2
OL A XoF S 7 85 Qi - [ s, 7 — AR 41 ol
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®7 SRBEENHEHHE ORI (mAP,,: %)

OL Mifl — a fURE oL #fh - B Utk

Table 7 Influence of window size in the multi—scale slid- o Gl o
ing window mechanism (mAP,,: %) 2 /\
2 93
7 HRGE s oL Hfh 8D £
1 E R =1 92.4 84.3 ”
1 2 5 10 2 5 8 10
i R F=5 92.6 81.5 a g (FE B=5) B WU (Rl a=2)
7 0 R SF=10 93.0 80.2 (a) OLALFZET o F1 B AYAEUREE: T 26
WA =1,5,10 93.4 83.9 . SD ML - a BBtk SD Mif - B iU
I R R R R i 2 8.9 83.9
= - e S
T B XL i %) 5 ) I 8 B AN R, AR SR 5 ] :
Pl AR Sy AT T AR E S A, A SR A 12 IR . . ! |
1 2 10 2 8 10

W52 25 AT Ssk i 4 35 2 s S TS
R B BALIG EFA FFAE = 2,8 = SIHA B 4 R Al
BT, 6T OL LA, B 1Y A2 A5 | R i) 1 fiE ik 5l
KT o, 2B OL A AR X 22 67 48 R AL B AR AL T hy
BB 3K JE KA OL AR AR S AGORE X ¥ A, APk G 5
FEAE T YRR S 2B A . R I i i
BRT a LIS E N 2, BEA ROF H = 4ERGHES |3
TR0 S TS B ) o AR, SR B, X SD
PR PR RS M BT, 15 ] SD MR AR X432 40 SR A
o BT BURR . XS T SD LA AZ P S A ST
P A T T ME DL JE RS R E ) B A
K o BENE IR AL Focal Loss XTYMEREAR 424 , 3K shAR
A2 ) o HH G R BB AR AE o (HJE Y aoid KA,
SRS B 3 T ] e T B0 BE DL AR T 1 0w 5 L 40
BRI S . P A BRI o (H DLl 43 2R R A
FIITH2 T SD PR A e Aar G
2.4 TTEHMESW

1 [/l —  F 3R 55 T, %A J7 i RT-DETR 5
YOLO11-X B2 505 (Params) | 77 553555 & (FLOPs)
Kt (FPS)#EAT 1 Geit s, BARSE a1 73K 8.

a B (EzE B=5) B WfE (HE a=2)

(b) SDHLAET o F1 B AYBURPE T ZE

((a)sensitivity curves of a and 3 for the OL view ; (b)sensitivity
curves of a and B for the SD view)

K12 BSE o FIBTERL ST R BT BT
Fig. 12 Sensitivity analysis of hyperparameters a and 8 across

dual views
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MR A ST B A N 91 FPS. X — B4
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Table 8 Comparison of computational efficiency across different models

o mAP, S TF RIS B

(OL/SD) (Params) (FLOPs) (FPS)

YOLO11-X 91.2/78.2 56.84M 195.5G 111.11
RT-DETR-r50 91.3/77.1 40.89M 135.86G 136.15

ARSCTr 93.4/83.9 43.90M 142.61G 91.03
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Table 9 Comparison of computational efficiency across different modules

F SHhE ESEr N g

(Params) (FLOPs) (FPS)
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Fig. 13 Visualization of detection results for different models
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Fig. 14 Comparative visualization of encoder feature maps between baseline and improved models
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