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Abstract: Object detection for high-resolution remote sensing images has become a key research area in intelligent
remote sensing information processing, with extensive application scenarios and significant practical value. Unlike natural
images, remote sensing images present unique challenges such as arbitrary object orientations, multi-scale variations, com-
plex backgrounds, and densely arranged targets. To further improve the performance of high-resolution remote sensing im-
age object detection, this paper proposes EIMYOLO, a novel rotated object detection algorithm based on YOLOv11, which
incorporates innovative feature fusion and enhancement strategies. The proposed method integrates three plug-and-play
modules designed to enhance feature representation and fusion. First, the Edge Feature Reinforcement Block improves ori-
entation sensitivity and feature discriminability by extracting fine-grained edge information, especially in complex scenes.
Second, the Interlayer Feature Enhancement Extractor boosts intralayer feature representation, particularly benefiting the de-
tection of dense and elongated objects. Third, the Multi-Scale Attention Dynamic Fusion enhances inter-layer feature inte-
gration through adaptive attention mechanisms. Extensive experiments conducted on two benchmark datasets, HRSC2016
and DIOR-R, demonstrate the effectiveness of our approach, achieving state-of-the-art mean Average Precision (mAP)
scores of 90.80% and 72.40%, respectively. These results confirm the superior performance of EIMYOLO over existing
baseline and comparative methods.
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AT DLIEAT 0 B A s ke T AR 9 I . AR RSE A
30012 % x 30012 E 5] 1 50012 x 90017 E AL . AL
FRIZRAE BRTESE AR % 436,181 444 TEEIS .
4.1.2 DIOR-R#E&E

DIOR $#a 4 & — > L 1 ol id BB % B br
o 1000 F14) A RIS IR o MR 4, Hh PR b Tl K2 F 2022 4F
A, DIOR-RMZE H LAt b 9EAT T HEREHERR I, &0
23 463 IR PR A 192 472 5241, i 55 T 20 ARl
XS 200, A4S KHL(AP) B3 (AT) #EEkI% (BF) (&
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EE 2025 4F

Bk (BC) M2 (BD) HHE (CM) JKIT(DAM) | 55 2
BB S5 X (ESA) | i 3 28 U 25 0 (ETS) (i 11 (HB) (1
IR R ERIZ (GF) b it #338 (GTF) , 5232 #F (OP) A
(SH) K F 7 (STA) A#HE(STO) | MBRIZ (TC) |k Ak
(TS) A4 (VE) X4 (WM). i E {5 4% [ 2 4 800 1%
X 80018 FE . A SCHE S0 o PR AT KA T IR B
ZHAE SR IR AE B0 uE4E IR A 3 A B 4k
YIZR4E 5 56 E 4 70 A0 5 5 832 1 5 863 sk K%, — 3t
W I 68 073 AL 4 MR AL & 11 738 sk EI& , ¥
Fe 124 445 D32 4
4.2 FMHIEtR

25 fdi FH mean Average Precision (mAP) /E o~ 3= 32

(A FEF AR  mAP (925 3040 F R
TP

P:ﬁ (17)
TP
k= TP+FN (18)
1
AP:f P(R)dR (19)
0
1 N
mAP = N;API. (20)

Horp PRIRACE T A iR AL 43R TP(True Positive)
R T PR R IE R AR Sy ST R IE AR A 1 $H 5 FP
(False Positive ) 7~ 52 FR J2 TR AR 43 ZE T A 1E AR A
A% H ; FN (False Negative ) 2 78 S bR 2 IEFEAR 4325 T
WA SAAEA L H 5 AP 678 = — 2590 A R DA 2 5 VAR
FER % . BBt E FH 48458 FPS(Frames Per Second ) 2675
FERD AT LA B ] 7 B5ci , T A A S
16 FH FLOPS (Floating Point Operations Per Second ) 7~
B AD R DA B AR V7 S A A T A A I
20t BB BE 5 il T Params ( Parameters ) 38 75 F5 51 1)
SR, TIPS 4
4.3 SEIEE

AR S S AH FH AR AE R 58 0 Ubuntu20.04, 11537
£ CUDA12.2, I 23855 4 PyTorch2.2.1. Fi A SE 560 7E
NVIDIA GeForce RTX 4090 Fill%5, 577 4 24 GB. 246
45 —{fi F Adam" " AL B AL B 250 WIUR2F 2T Rk
BN 0.001, B2 /N 2T R h 0.000 1, Y25 ToU FRM{E BB A
0.7, 3 i 5 AE R4 511 # O 0.937 5 0.000 5, Y1 25
epoch 1% # 4 400, F 45 55415 & 4 50, B 50 4~ epoch H
GRS ZEL TR A | ol
4.4 IFEbiDE
4.4.1 HRSC2016 ##EEXT L 947

h T B UEAS SO AR S B A R TR R AE
BRI S5 15 00T H AR YA 201, 7 HRSC2016 Hdi 4
AT TR RS, 5 — 2 g e HE Y B AR AR I Bk
Gliding Vertex'®' | R3Det'®’ | AOPG'*) | CPMFNET. YO-

LOv8-obb. ReDet ™’ | SARFA-Net'*' | AFDR-Det'*” FI
MRPENet 47 TPEREXT L . A, A% S04 YOLOV9 Al
YOLOv10 B3k 04T 1 etk , i FE3E FH F 1 B AR 2 H A
BRI, A R LR . G A B A 4% YOLOV9-
obb 1 YOLOv10-obb. 256 XT L5 AN 1 firw .

i 1A, A SCE A mAP A E] T 90.8%, tE T
Fit A5 % HE % . 5 YOLOv8-obb ., YOLOv9-obb A1 YO-
LOv10-obb FEykAH e, AR SCHE I mAP /3 BT T 4.7
2.5 A LSANAE . HIEAT AT R4S YOLO RYVEAE
SN NER AN el R s U R (BB ey A LR A= R vy L
1B 55 A e —E IR BRME . AR SCR R AR S T
T B PG E A I ARG B, AR 2 IFEE A 1) J2 P9 4
TERLA 5 MSADF AR 2 [A] R fl G 1 B RR SR s, {75
PR L BB 7E R 2 AR A TP R R B SE AR B . AR
B FLOPS 24 30.1 x 10°, 1% & T YOLOv8-obb 1 YO-
LOv10-0obb 3.3 , /% T Rol Trans . Oriented R-CNN . Re-
Det, AFDR-Det Al CPMFNet 45 % 15 . FPS A 150.2, i 1%
T YOLO R F08E 1, {HBH G0 % b o 125 w0 8 I B
o W 7, AT LA e b G AR S B B AT Y oK
Params Al T YOLO 91 57543 5198070 0.2 x 10°,2.6 x
10°,1.2 x 10°, 1% b FHARF W R e HIL i .
ATLLE AR SCE AR P A YOLO B e i A e 3 []
B, AR 5 v O RS

J T 2D UL A SCRE R D SR R T
HRSC2016 4 42 v H A A v w0 B 7 4 2 H
b, 5IEEL AR E YOLO L Ls HEAT T X5 Lb , 35850 % Lh 4%
RanE 6 fron . Al LLE W, X T A MBS 3 A0 5 A &
18, AR SCRR T 0 T 7K I S MR R R 2R ) T G i o7
HARAS B G B e 2 T3k 59%. 1% J7 18] A G2 1 2
B A SCRIEAL T 8 SAR U BOG R KL, DL
ZRRFER TG, XT3 52 40 Hs g, 1k
LALZHE 2 ERREN T, FEEN R LH
449 , AR SCEEAT I LT T 45%. T8 X FRRAEEE# A
RLA 53k 5 0 RBDR M5, AR SO B R NS FE 4 T
3% , EAAFAERK .
4.4.2 DIOR-REIEERT L 47

R T UE AR SR A I R HE S R 2 A
B ZHE H bR B9 A B, 78 DIOR-R 3048 4E [, 55 Faster
RCNN . Rol Trans.DODet" ! PIIDet ™ 4 8y 47 T %f
e, X HL S N2 2 I

AN 5 H A S e, AR SCE R AE/ANE
B 2 AR (SH) AN 4230 (VE) L9 mAP 43035 3] T
93.4% F 62.2% , LI A TR ZH00 L2 IE] T A
SCEEEA BN BRI RE ST . AN, AR SO IEAE
it EO A 2 B R I 2 301, i 32 (BD) VAR 141 (CM) A
SEAEHR(OP) _EAE FE 43 5118 53.5% .81.5% F1164.2% )L



%07 W WS LT EIMYOLO [ 5 431 S % H AR 2273
%1 HRSC2016HIRERFEEZLWERITLR
WIRES BT M FLOPS/10° FPS/(i/F5) Params/10° mAP/%
YOLOv8-obb CSP-DarkNet 29.4 275.7 11.4 86.10
Rol Trans ResNet101 225 5.88 273 86.20
Gliding Vertex ResNet101 240.2 15.0 64.9 88.20
YOLOv9-obb CSP-DarkNet 33.4 265.3 13.8 88.30
R3Det ResNet101 — 12.8 415 89.26
YOLOv10-obb CSP-DarkNet 275 240.2 12.4 89.30
AOPG ResNet101 — 12.4 — 90.34
Oriented R-CNN ResNet101 211 21.3 41.14 90.40
SARFA-Net ResNet50 198.1 5.8 39.22 90.42
ReDet ReR50 80 — — 90.46
AFDR-Det ResNet50 235.7 — 44.34 90.51
MRPENet ResNet50 — 13.9 — 90.60
CPMFNet ResNet50-FPN 218 24.3 423 90.62
EIMYOLO(ours) CSP-DarkNet 30.1 150.2 112 90.80

(@) FlHES
El6 HRSC2016 HHE4E M H Arfr i 25 5 xd L&

(b) YOLO11s (¢) EIMYOLO

FREB X B L EEEHE R AR SCE LR B
MSADF B, HA By M4 40 B AR 2 R AE , [F]
338 5 R AR R BE ) . R A 2 ) AR S
RAE R Y (BC) Ay O (HB) X 2K fu & K HES Hix
B2 FHUS T 90.7% M1 62.7% By iF 45 1. A s
oAt B A 19 202 YOLO 553 11 YOLOvS-obb , YOLOVY-
obb LA} YOLOv10-obb ARG SR AT T XF 1L . 5L 2
R A SCRIVEAE I 3 2 0] Ao A D 8 R 3R R T
FE A KHL(DAM) 28 5] 1 o X Fb 3309 43 501 5 24
18.9.5.0 F1 7.4 4~ H 43 5 . xS FAMER I A 404 H b
KHLI (AT) Al K 43 (TS) |, A SCHE 43 548 T YO-
LOv10-obb 4.7 7 43 S A1 8.6 AN F 40 . T B4
FR R[] 2 3 S B30 DL S R 28 S R AR SC ARk B

SRAE — B2 ] - oG BE I T3 4 8k BAE 280 0
AR T B AR RO ELITAE 2B 240K BE mAP 1A 3
T 72.40% , {5 T A R EE S

DIOR-R %4 5 14 v] 0 AL A I 285 S an il 7 Jr 7 | 1%
B R T 20 2 BRI 25 5 . & 7 /] LB HY, AR S
SAL Y BB A5 B b A T 25 288 E A, 40 I 3k 7 R 4 1R 35 45
Rl AH LR 5 9 B As K30 L K SRR B
i, UK RSk S R S B s . al WL, A
SCREVE X TR 28 H 2R B 2R 08 R B A B A A
ESREEAY Sl
4.4.3 5EEFELEZNXILESHT

R T IR R A TR AR U S R BN
A YOLOIm #E47 T XF Fe S50, 45 Sk 3 i
7K. TE HRSC2016 4 I, A UL FE FLOPS Hll Params
J7 T B F KT YOLO1 1m, FPS KiEE T, H mAPEE T
0.8~ E 4 #i. 7E DIOR-R 8 4E I, A SRk py i
MBS HCE FAES T YOLO1 Im, FPS #2 7+ 1 107.8, %3
MR T 024 H 40 . A SCHE L TR s Al
YOLO s #EA7 etk | 38 28 5 A B H i AT A B, 7F 1
Hag S ECE I AT T AR S R, SRR A R
W, B e R R R AR 5 2 26 Y IRl ),
THT HARR I pERe . Bk, 75 2 a B ARKRIAT 55 b
I T (1% 38 I 1 RO (A R0 RS T L M A
S g FH HRORT SR A R L T oK
4.5 HRRSEIE

R T RS UEAS SO T Y A5 AR R A R 43
#£ HRSC2016 1 DIOR-R %4 #5 4 b #E 47 T M Al L 50,
ST 2 L LR 4. 7F HRSC2016 B4 48 |, B s ik
YOLO11s ) mAP 24 88.1% , K X Jin A C3K2EFRB . IFEE
FIMSADF B85 , mAP 23 548 & 17 0.7.1.6 f12.7 1N EH
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%2 DIOR-REEE A 254 MG B xF Lk R i %
J5%: | Faster RCNN | Rol Trans | DoDet CPMFNet YOLOv8 YOLOv9 PIIDet YOLOvIO | EIMYOLO(ours)
AP 62.79 63.34 63.40 71.75 91.10 85.40 79.77 88.00 89.70
AT 26.80 37.88 4335 46.19 39.50 53.50 4378 54.00 58.70
BF 71.72 71.78 72.11 78.81 83.30 75.90 80.04 79.90 81.30
BC 80.91 87.53 81.32 90.03 90.00 88.11 90.03 90.42 90.70
BD 34.20 40.68 43.12 45.01 47.60 42.10 47.95 50.85 53.52
cM 72.57 72.60 72.59 78.19 77.40 76.08 80.26 80.63 81.50
DAM 18.95 26.68 33.32 34.53 24.00 37.90 32.16 35.50 42.94
ESA 65.75 68.09 70.84 78.83 62.20 63.61 86.77 70.32 70.70
ETS 66.45 78.71 78.77 69.27 63.71 54.70 77.67 63.29 66.62
GF 66.63 68.97 74.15 76.58 73.62 79.71 78.46 82.54 83.10
GTF 79.24 82.74 75.47 83.29 65.10 68.41 82.10 71.30 69.67
HB 34.95 47.71 48.00 45.59 53.60 58.90 45.16 58.81 62.72
oP 48.79 55.61 59.31 58.91 61.92 60.41 58.99 62.86 64.20
SH 81.14 81.21 85.31 81.09 93.12 91.81 89.49 93.30 93.42
STA 64.34 78.23 74.04 79.81 73.20 65.50 66.14 67.92 64.52
STO 71.12 70.26 71.56 69.88 85.40 76.81 78.94 86.54 85.50
TC 81.44 81.61 81.52 88.98 92.41 89.42 89.95 90.60 90.70
TS 4731 54.86 55.47 59.42 51.40 71.60 64.82 60.90 69.50
VE 50.46 43.27 51.86 48.58 61.80 68.32 62.88 64.42 62.21
WM 65.20 65.52 66.40 65.91 85.00 81.47 71.65 82.70 83.80
mAP 59.52 63.87 65.10 67.58 69.00 69.32 70.35 71.80 72.40

AP PEZLR FLEmf A — e FEEE 19485 . 7€ DIOR-R £idf
£ b RN A C3K2EFRB . IFEE Fl MSADF #3555
FEMER T YOLO s A EE , mAP 23 B4R 35 T 0.4, 1.2 F
AN ES S MR RS E S ERInER T,
AR SCHRE H A AR )RR AT S5 4 ARG B 3R THRICR | TR FPS
F 185.6., 475 A S H ARSI EE K .
4.6 EENESEITEXE
R S PG AR SR B IR — A EE B S
0. FE MSADF R i | A SCHE T 7 5 ) ML A 1 i
SAF LA KR 2 TR Z R0 B 22 00 S sh SRR Sy i 4%
R T BRI, A ST TR SRS, S
B RN 5 FioR . RGBS HLHIXT 5 A
AT S B B mAP K 90.00%. 45| A% %
B HLH XASY R EMA S B, mAP 43 51452 71 2 90.08%
F1190.40% , (A [A] Bp A7 R 18K FLOPS 3 K . M Lk 2
Sk T, 2 5] A2 a) i S LA SA R E T v AL
- CAPYE 2815 i 5 S 80 AUIME S I S 5T, 4y

=

B s [ leessn [ ammss [ esws [T s

;‘mtull :|)”|U: :!Jﬁiim ::ﬁj :H*m““ S mAP HE T 90.64% F1190.80%. LAk R T 51t
ko B T TR B AR SO BRI VR R I AL CA 5T SIS
K7 DIOR-R S HE A F bR S ] BB EAT .
4.7 A EFRALTEE o1
Iy L BN AN B |, Params 5 FLOPS /b |7k h T i B UE AR SCREHO T T 4 i A B S

FPS BRI T 5 1, (FUR DA R RIS I A S AORRAE R A0CR A 2Bl 4 vh B IBCR AT U MEE 114
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F3 ANEESEEHEYOLOIIm BIIEREIEIRIT LR

HRSC2016 DIOR-R
Methods FLOPS/10° Params/10° FPS/(i/Fb) mAP/% FLOPS/10° Params/10° FPS/(Mi/Fb) mAP/%
YOLO11m 71.3 20.88 93.7 90.0 72.0 20.92 77.8 722
EIMYOLO 29.9 11.20 150.2 90.8 29.0 12.40 185.6 724
FR4 HEXWSHEIERIIER
PGS C3K2EFRB | IFEE MSADF | Params/10° | FLOPS/10° FPS/(i/#5) Precision/% Recall/% mAP/%
x x x 9.8 23.0 256 85.9 84.6 88.1
HRSC2016 v x x 10.1 25.0 182.3 87.1 84.3 88.8
v N x 11.1 27.9 156.7 87.3 85.2 89.7
v N v 11.2 29.9 150.2 88.3 90.0 90.8
x x x 9.9 224 264.7 77.7 64.2 70.3
_— v x x 10.4 24.8 248.5 79.4 64.0 70.7
v N x 12.5 28.1 207.4 82.0 65.3 715
v J 12.4 29.0 185.6 83.3 64.7 724
x5 EENESHXLE R
MSADF FLOPS/10° | Params/10° | mAP/% o
Without attention 29.1 11.2 90.00 BRI
+XA 30.3 12.3 90.08
+EMA 31.8 142 90.40
+SA 29.4 113 90.64
+CA(ours) 29.9 112 90.80
A HEx

WA AR BB R 2% F b, 5T T IRMR AR
AT RIS LESC, B oM R AN P 8 Jro . T LUR
3T BA SR B R A Sk R, SRRk
YOLOT1s T 3 4R F AR R 3 22 08 B ) AR A 3655
PEE R b, WA SCHRE 32 B8 OG0 X EUAE H b AR
L 08T 5 AR B A R N R L RE A T 57, 3Bt B
TIHRMNZER . WX LA R, R 4
M A7l P B B R TR SRR AL, S8 B T E R B OB HAL , A
R UR T 2 OGN Sk DX T 3 2 H AR AN 52
B[l T N L AR HE L L BE B A
DRE L, T AR SR A 5 v M A 2 AL H AR A [
IR SE A G I i T = R Y T o 4 DO S R
8RR, A SRR 1 O St T, B
J7 WG M S A TR AR AR A B A O k  fiE
(iR SO VAR 7 3 T PU N D R S A WA M /T
PR T A SCRE BAT B4 0 H PR AEA P2 RE

5 it

1o O3 R R I SRR IR L 530G e R B B A
SR T I T R e B AR RS I Y v e A 1
MELAA N . AR SCMVERAE Bl 5 R 1iF 358 5 11 ) 52
AR T R LT YOLOT T 2tk 19 15 40 18 S R e e
HE HFR KA L EIMYOLO. 8 %6, A SCiiT T EFRB
Y, 915 C3K2 &S & P T C3K2EFRB 4544 . 1% 45#

bR

(a) FAREIR (b) YOLO11s (¢) EIMYOLO
18 Kl B ARERAE 4 30 BT e

TEG B A s B A R R, s Ak T 3 215 B 4
fE 77, DA B8 G b el 12 58 2 H A AE T o) Z2 AR 1 R AR 2%
TR P IRRE . K 3 T IFEE AL 38 i 25 1
B BB Rl A BT R0 2% v U RRAE Y R[] 2R 37 BT
AT T BT MR AR B RE T R AR H
FREGFFIEFRIRBE ST . LA, 3851 AT MSADF A, 145
Yol 451 8 015 /b e 2 i G T sh 25 R RRE
Bl 25 B AR, 7E 3454 R 45 H S0 A Sl A A O
Y SRR AN M5 B, SR B B AR AR S R AR AIE Y
A AR SR R 25 P EA Pk R 1 s o R ]



2276 H, ¥

o
==

il 2025 4F

8 BRI 55 ORI P RE SR L 1 — o R
5% Sk

(1]

XU, XULL30E, JE e, 55 . & TR 0 19/ H AR
BT S I HEEIRT]. HL 724412, 2020, 48(3): 590-601.
LIUY,LIUH Y, FAN J L, et al. A survey of research and
application of small object detection based on deep learn-
ing[J]. Acta Electronica Sinica, 2020, 48(3): 590-601. (in
Chinese)

WRSZ, SR, 80, 55 . 1T 1) 28 SRR 1) 22 B BERRAIE Rl 5
FUARGIN 7 12 (0] HLF-244], 2023, 51(12): 3520-3528.
CHEN L, ZHANG F, GUO W, et al. Multi-stage feature
fusion object detection method for remote sensing im-
age[J]. Acta Electronica Sinica, 2023, 51(12): 3520-
3528. (in Chinese)

DING J, XUE N, LONG Y, et al. Learning Rol transformer
for detecting oriented objects in aerial images[EB/OL]. (2018-
12-01)[2025-03-17]. https://arxiv.org/abs/1812.00155.

HAN J M, DING J, L1 J, et al. Align deep features for ori-
ented object detection[J]. IEEE Transactions on Geosci-
ence and Remote Sensing, 2021, 60: 5602511.

XIE X X, CHENG G, WANG J B, et al. Oriented R-CNN
for object detection[C]//2021 IEEE/CVF International Con-
ference on Computer Vision. Piscataway: IEEE, 2021:
3500-3509.

LIN T Y, DOLLAR P, GIRSHICK R, et al. Feature pyra-
mid networks for object detection[C]//2017 IEEE Confer-
ence on Computer Vision and Pattern Recognition. Piscat-
away: IEEE, 2017: 936-944.

TAN M X, PANG R M, LE Q V. EfficientDet: Scalable
and efficient object detection[C]//2020 IEEE/CVF Confer-
ence on Computer Vision and Pattern Recognition. Piscat-
away: IEEE, 2020: 10778-10787.

GU Q, HUANG H S, HAN Z G, et al. GLFE-YOLOX:
Global and local feature enhanced YOLOX for remote
sensing images[J]. IEEE Transactions on Instrumentation
and Measurement, 2024, 73: 2516112.

ZHANG Y, YE M, ZHU G Y, et al. FFCA-YOLO for
small object detection in remote sensing images[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2024,
62: 5611215.

[10] WOO S, PARK J, LEE J Y, et al. CBAM: Convolutional

Block attention module[C]//Computer Vision - ECCV
2018. Cham: Springer, 2018: 3-19.

[11] ZHU L, WANG X J, KE Z H, et al. BiFormer: Vision

transformer with bi-level routing attention[C]//2023 IEEE/

[12]

[14]

[15]

(18]

[19]

[20]

[21]

[22]

CVF Conference on Computer Vision and Pattern Recog-
nition. Piscataway: IEEE, 2023: 10323-10333.

W, RS, IR R, 55 200 PEREHER & AL R
JEPER FARKIN ], 3284, 2021, 25(5): 1124-1137.
YAO Y Q, CHENG G, XIE X X, et al. Optical remote
sensing image object detection based on multi-resolution
feature fusion[J]. National Remote Sensing Bulletin,
2021, 25(5): 1124-1137. (in Chinese)

WRABHIT, ARabise, XN, 45 22 RUBE H AR el i) R B2 27
SIBFFEERIR ). FAF 4, 2021, 32(4): 1201-1227.
CHEN K Q, ZHU Z L, DENG X M, et al. Deep learning
for multi-scale object detection: A survey[J]. Journal of
Software, 2021, 32(4): 1201-1227. (in Chinese)
REDMON J, DIVVALA S, GIRSHICK R, et al. You on-
ly look once: Unified, real-time object detection[C]//2016
IEEE Conference on Computer Vision and Pattern Recog-
nition. Piscataway: IEEE, 2016: 779-788.

WANG C Y, BOCHKOVSKIY A, LIAO H M. YO-
LOv7: Trainable bag-of-freebies sets new state-of-the-art
for real-time object detectors[C]//2023 IEEE/CVF Confer-
ence on Computer Vision and Pattern Recognition. Piscat-
away: IEEE, 2023: 7464-7475.

LIU W, ANGUELOV D, ERHAN D, et al. SSD: Single
shot MultiBox detector[C]//Computer Vision - ECCV
2016. Cham: Springer, 2016: 21-37.

REN S Q, HE K M, GIRSHICK R, et al. Faster R-CNN:
Towards real-time object detection with region proposal
networks[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2017, 39(6): 1137-1149.

HE K M, GKIOXARI G, DOLLAR P, et al. Mask R-
CNNI[C]//2017 IEEE International Conference on Com-
puter Vision. Piscataway: IEEE, 2017: 2980-2988.

WU T Y, DONG Y K. YOLO-SE: Improved YOLOv8
for remote sensing object detection and recognition[J].
Applied Sciences, 2023, 13(24): 12977.

CAO F, XING B, LUO J C, et al. An efficient object de-
tection algorithm based on improved YOLOvVS for high-
spatial-resolution remote sensing images[J]. Remote Sens-
ing, 2023, 15(15): 3755.

CHEN Y P, LIU B J, YUAN L Y. PR-deformable DETR:
DETR for remote sensing object detection[J]. IEEE Geo-
science and Remote Sensing Letters, 2024, 21: 2506105.
WANG AR, XUY, WANG H, et al. CDE-DETR: A real-
time end-to-end high-resolution remote sensing object de-
tection method based on RT-DETR[C]/IGARSS 2024 -

2024 IEEE International Geoscience and Remote Sensing



%

7 M

WL FET EIMYOLO Y8 43038 R R 1% H bras: i

2277

(23]

[24]

[25]

[27]

[29]

[30]

[31]

[32]

[34]

Symposium. Piscataway: IEEE, 2024: 8090-8094.

ZHAO Z F, LIS Y. ABFL: Angular boundary discontinu-
ity free loss for arbitrary oriented object detection in aeri-
al images[J]. IEEE Transactions on Geoscience and Re-
mote Sensing, 2024, 62: 5611411.

BAIP, XIA Y, FENG J F. Composite perception and mul-
tiscale fusion network for arbitrary-oriented object detec-
tion in remote sensing imagery[J]. IEEE Transactions on
Geoscience and Remote Sensing, 2024, 62: 5645916.

CAI X H, LAI Q X, WANG Y W, et al. Poly kernel in-
ception network for remote sensing detection[C]//2024
IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Piscataway: IEEE, 2024: 27706-27716.
GONG M G, ZHAO H Y, WU Y, et al. Dual appearance-
aware enhancement for oriented object detection[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2023,
62: 5602914.

YAO Y Q, CHENG G, LANG C B, et al. Hierarchical
mask prompting and robust integrated regression for ori-
ented object detection[J]. IEEE Transactions on Circuits
and Systems for Video Technology, 2024, 34(12): 13071-
13084.

SRELE, R BT A AT S0 RARHIE R A4 H AR A
5oy BT, B 1F2 A, 2023, 34(6): 2776-2788.

GUO Q Z, YUAN C. Leveraging spatial-semantic infor-
mation in object detection and segmentation[J]. Journal of
Software, 2023, 34(6): 2776-2788. (in Chinese)

GHIASI G, LINT Y, LE Q V. NAS-FPN: Learning scal-
able feature pyramid architecture for object detection[C]//
2019 IEEE/CVF Conference on Computer Vision and Pat-
tern Recognition. Piscataway: IEEE, 2019: 7029-7038.
XU X Z,JIANG Y Q, CHEN W H, et al. Damo-yolo: A re-
port on real-time object detection design[EB/OL]. (2022-
11-23)[2025-03-17]. https://arxiv.org/abs/2211.15444.
XUEY J,JUZY,LL'Y M, et al. MAF-YOLO: Multi-
modal attention fusion based YOLO for pedestrian detec-
tion[J]. Infrared Physics & Technology, 2021, 118:
103906.

LIU C, ZHANG S X, HU M ], et al. Object detection in
remote sensing images based on adaptive multi-scale fea-
ture fusion method[J]. Remote Sensing, 2024, 16(5): 907.
YU F, KOLTUN V, FUNKHOUSER T. Dilated residual
networks[C]//2017 IEEE Conference on Computer Vision
and Pattern Recognition. IEEE, 2017:
636-644.

LIU X M, ZHU C, YANG C Y, et al. FSFM: A feature

Piscataway:

[37]

[38]

[40]

[43]

[44]

square tower fusion module for multimodal object detec-
tion[J]. IEEE Transactions on Instrumentation and Mea-
surement, 2023, 72: 2506611.

XIE X, YOU Z H, CHEN S B, et al. Feature enhance-
ment and alignment for oriented object detection[J]. IEEE
Journal of Selected Topics in Applied Earth Observations
and Remote Sensing, 2023, 17: 778-787.

W JUBH, SRS, BORE RS, S5 . TAT 1] S H AR AGI B4 e
HE Transformer 3.7 [J]. ML 7244, 2023, 51(11): 3238-
3247.

YUJY,HUTH, DAI Y N, et al. Anchor-free transform-
er algorithm for aerial remote sensing target detection[J].
Acta Electronica Sinica, 2023, 51(11): 3238-3247. (in
Chinese)

LIU Y C, SHAO Z R, HOFFMANN N. Global Attention
mechanism: Retain information to enhance channel-spa-
interactions[EB/OL]. (2021-12-10) [2025-03-17].
https://arxiv.org/abs/2112.05561.

LLERENA J M, ZENI L F, KRISTEN L N, et al. Gauss-
ian bounding boxes and probabilistic intersection-over-
union for object detection[EB/OL]. (2021-06-10) [2025-
03-17]. https://arxiv.org/abs/2106.06072.

LIU Z K, YUAN L, WENG L B, et al. A high resolution

tial

optical satellite image dataset for ship recognition and
some new baselines[C]//Proceedings of the 6th Interna-
tional Conference on Pattern Recognition Applications
and Methods. Setubal: SCITEPRESS - Science and Tech-
nology Publications, 2017: 324-331.

LI K, WAN G, CHENG G, et al. Object detection in opti-
cal remote sensing images: A survey and a new bench-
mark[J]. ISPRS Journal of Photogrammetry and Remote
Sensing, 2020, 159: 296-307.

DIED P. Adam: A method for stochastic optimization|EB/
OL]. (2014-12-22) [2025-03-17]. https://arxiv. org/abs/
1412.6980.

XU Y C, FUMT, WANG Q M, et al. Gliding vertex on
the horizontal bounding box for multi-oriented object de-
tection[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2021, 43(4): 1452-1459.

YANG X, YAN J C, FENG Z M, et al. R3Det: Refined
single-stage detector with feature refinement for rotating
object[J]. Proceedings of the AAAI Conference on Artifi-
cial Intelligence, 2021, 35(4): 3163-3171.

CHENG G, WANG J B, LI K, et al. Anchor-free oriented
proposal generator for object detection[J]. IEEE Transac-

tions on Geoscience and Remote Sensing, 2022, 60:



2278 H, ¥

o
==

i 2025 4F

[45]

[46]

[47]

(48]

[49]

[50]

5625411.

HAN J M, DING J, XUE N, et al. ReDet: A rotation-equi-
variant detector for aerial object detection[C]//2021 IEEE/
CVF Conference on Computer Vision and Pattern Recog-
nition. Piscataway: IEEE, 2021: 2785-2794.

DONG Y, WEI M H, GAO G S, et al. SARFA-net:
Shape-aware label assignment and refined feature align-
ment for arbitrary-oriented object detection in remote
sensing images[J]. IEEE Journal of Selected Topics in
Applied Earth Observations and Remote Sensing, 2025,
18: 8865-8881.

YANG J, ZHOU L, JU Y F. AFDR-det: Adaptive feature
dual-refinement oriented detector for remote sensing ob-
ject detection[J]. IEEE Access, 2025, 13: 32901-32917.
LIN Q F, HUANG H B, ZHU D Y, et al. Multiple region
proposal experts network for wide-scale remote sensing
object detection[J]. IEEE Transactions on Geoscience and
Remote Sensing, 2025, 63: 5610016.

CHENG G, YAO Y Q, LIS Y, et al. Dual-aligned orient-
ed detector[J]. IEEE Transactions on Geoscience and Re-
mote Sensing, 2022, 60: 5618111.

ZHANG T, ZHUANG Y, CHEN H, et al. Posterior in-

1EEEIT

B OUE U, 1980 4F AL T I VAWM
B PG S 5 SR B i
Raaet ) (e 30 P IO PN I = I 5 & 1 E s
SR R E AR

E-mail: caof@sxu.edu.cn

BRI 53,2001 4 AE TP SR .
BT R 2 AL 5 BEARZ B L5
Az EEWFIETT 0 AR I R H A
E-mail: wenClark666@163.com

EEE J 1965 FF AT LY G 1T
IR L R A LS AR BBOR = B B
AU RN TS 0 g B S A S
fig BT
E-mail: lidy@sxu.edu.cn

[51]

[52]

(53]

[54]

stance injection detector for arbitrary-oriented object de-
tection from optical remote-sensing imagery[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2023,
61: 5623918.

LIU X Y, PENG H W, ZHENG N X, et al. EfficientViT:
Memory efficient vision transformer with cascaded group
attention[C]//2023 IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Piscataway: IEEE, 2023:
14420-14430.

OUYANG D L, HE S, ZHANG G Z, et al. Efficient
multi-scale attention module with cross-spatial learn-
ing[C]//ICASSP 2023 - 2023 IEEE International Confer-
ence on Acoustics, Speech and Signal Processing. Piscat-
away: IEEE, 2023: 1-5.

ZHU X Z, CHENG D Z, ZHANG Z, et al. An empirical
study of spatial attention mechanisms in deep net-
works[C]//2019 IEEE/CVF International Conference on
Computer Vision. Piscataway: IEEE, 2019: 6687-6696.
HU J, SHEN L, SUN G. Squeeze-and-excitation net-
works[C]//2018 IEEE/CVF Conference on Computer Vi-

sion and Pattern Recognition. Piscataway: IEEE, 2018:
7132-7141.

FEZR B, 19784F A T rg A BRI
IR IRMR 22 SR 22 SR A B Bd
e B e - S L D Tl [ K7 N
R 4.

E-mail: xzluo@suda.edu.cn

BEH P, 1985 F A IR RLT .
A T3 N B A 5 (B TR 2 I I
E a1t w1 o X 01 o R E Bl e )
TGN FRER M 2 A RUR LR B sh e
HLE AR

E-mail: chongbentao@usts.edu.cn



