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Improved YOLO11 for Satellite Remote Sensing Image Object Detection

PAN Tong', DU Jing-Lin’

'(School of Computer Science, Nanjing University of Information Science & Technology, Nanjing 210044, China)
*(School of Artificial Intelligence, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: Currently, satellite remote sensing images feature a large size, and the targets to be glietected are mostly small
and unevenly distributed, with many targets gathering together. There are also sighiﬁcant scale differences among targets
and the background is rather complex. All these factors pose great challenges to land utilization and environmental
disaster detection. Therefore, this study proposes a satellite remote sensing image object detection method based on
improved YOLOL 1. Firstly, this study introduces an attention mechanism into the C3k2 module of YOLO11 and designs
the C3k2_DAB module. This enhances the detection performance under the influence of complex backgrounds while
controlling model complexity. Secondly, a PKI module is added to the neck network to boost adaptive feature extraction
of local and global context information. Finally, a new detection head PConv is introduced at the detection end to extract
spatial features more swiftly under the prerequisite of reducing redundant computations and memory access. Experimental
results demonstrate that the improved YOLO11 network model yields excellent performance in remote sensing image
target detection. Compared to the original YOLO11 model, the proposed model’s mAP@0.5 increases by 2.4% and
mAP@0.5:0.95 improves by 2.1%. Additionally, this model outperforms other mainstream target detection models, thus
providing new insights for the application of remote sensing target detection algorithms.
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BT iZ8IREATT A YOLO e, Jets Hgt
19 YOLO Far il #55 A45&E A R 2K, R BT h T- i 4odi 4R
BERK, o m HAG—, 1 Bk B 5 — e
1024 BRI EIE, #Qéﬂ}?ﬁ;@éﬁﬁ%ﬂﬂ AP HERRER
ﬁﬁ%ﬁﬁﬁﬁ@@ﬂoﬁ%f

. SRR HEALARYOLO
e Fe bR
A
y
KT LT
kR Aty
A
Y
HARDOTAKS > Pl — K
AR gt

K10 R4 mnE
3.2 THER \

T A % S IS PO S B A
AR IHELE (P) A (R PYIRERE (AP) BAK
S48 FE 6 10 (A PY SR B B 700 1) S A R g
TR SR S 24, SR TS (GFLOPs).
KR (FPS) 1 7 5 2% 5 (9 VA 3545, Forp L
mAP@0.5 Al mAP@0.5:0.95 /£ 5 1 B iEAG 48 b5, Hr
mAP@0.5 7 ToU BIE N 0.5 FF ) mAP. B AR5 AR
=k (9):

B 1000
Pre + Infer + Post

TP

“TP+FP
TP

“TP+FN
1
Fap =fP(R)dR

0

FPS

)

1 n
Fmap = ;ZFAPk
k=1
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Hor, TP FoR IEREAY TN A EFEA AN KL, FP RoR
GFURE A TN A ERE AR AN B, FN KR IERE A4 T
NBEARIAEL, n 9 HREEI ) IS 5EL, p(R) B
H a2 R x FFIHER 2 y e e 2, SRR P-
R 0 2R, L5 AL bs il ] R BT 1D TR R /N B A ~F 55 7
W2, FPS NFVETE 1s P RESEAS I ) 1B Fr i 4 (L dis
AT ACERI 0] Pre. HEERET ] Infer. J5 AL3RRTA] Post),
FPS 7 SRR S8 B, H A R TR A ) 2 e,
SEIMERRAE, T GFLOPs KR L kiF mia 5, &
INFESHEE R R A
3.3 LWINEMBSYERE

IR BN Windows 11 £24t, GPU N NVIDIA
GeForce RTX3090Ti &2 k. ‘75454 Anaconda 5 Py-
Charm {F AARISIE 1T IR 5, AL B 45 CUDA 12.24
Python 3.8, PyTorch 2.0.1 £, @ﬁﬁﬂ%ﬁ.fﬁ, LS|
FJ90.01, By 0,937, BB RECH 0.0005, Ht&
KNy 8, 185 SGD AL ISR 2k 300 %6, i (AL
UES %8
3.4 FEERXT LS

£ C3k2_DAB i, RGN 7 XE R ST
(DAB), 1% = 7ML IE ok R I8 18 - 2% B VR 2 A
(CSAM) FIHATH Z I (PAM) 44 1M Bk, At —
WIGIE CSAM 5 PAM A& 5 UL K& BiFEE S0
RIPERE DL AT R IR, 6 4E CSAM 5 PAM [ H
R IGT 7 xof A5 284 4 A5 v B R PR SR, E Gt — ¥ S G B
B AT R T L, RIS R ER S
B LSKA H#r A C3k2 BLHerb 5 H gk 47 xf b, & 1 R
TR Al e g R

K1 RN HhsEIn s IR

0.4%, THEEHRTF T 0.8x10°, T AH L 3237 ) LSKA ¥
B IWL, I E R AR A R T A I A B
B TT W DAB v & AU 7E v 5 B A B 2 3 )
[ S TE T AR vk B, L R S i AR
3.5 jHEhLSCIY

IR A SCEGEE ) YOLOT In R 7Y o % AN o sof
TR H ARSI RE R, 7E G — PR BE T AT T Ak
S R 2 JER T AN ARSI aE R, e RoR
TR 7B, 1D 4 5 10 R A 25 S

220 | i Sisast

C3k2_ 5 mAP@ mAP@0.5: Parameter
D PKI PConv P(%) R (%)

DAB 0.5(%) 095(%) (MB)
@ = - — — 768 678 716 48.6 9.86
@ N — — 769 687 125 49.0 10.44
® — N — 791 677 128 49.4 14.77
@ — — A 776 63 731 49.6 10.38
® A N — 792 686 732 50.1 15.35
® N — A 783 682 726 49.1 10.96
@ — A N 778 685 738 50.6 15.28
® A v N 793 694 740 50.7 15.86

Attention mAP@0.5 (%) “mAP@0.5:0.95 (%) GFLOPs
Baseline 71.6 s " 48.6 6.3
LSKA 71.8 47.9 7.2
CSAM 71.7 48.0 6.3
PAM 72.3 48.6 6.7
PAM—CSAM 72.5 48.9 7.1
CSAM—PAM 72.5 49.0 7.1

B2 1 AT HN, R R i s sE i, PAM VER )
5 CSAM & J1xt T IR a Ak FoRE G H5r 1)
PEReEET, HAHE SRR/, I # B PAM & 7
5 CSAM =R B ST, PAM 5 CSAM & 7111
R DR 0 A AP e 5 T SR I R R AN K, A Ll AR
KA mAP@0.5 #2751 0.9%, mAP@0.5:0.95 & T
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@ 25 YOLO1 In BERS A SEB0 45 51, 1B N e
SRS R IR AE, ST 0] b A R B 1 1 R
TR

@ NEFMLd ) C3k2 A DAB & H KL
TR C3k2_DAB R, & 16 24 S MR 1 7 I
THERIE R R T S T4 AW PR e, S Ec R 7
0.58 MB, fij mAR@0:5 e 7 '0.9%, mAP@0.5:0.95
i 11,0.4%. '

- ® RNTEZ R RhA M 4% J5 I\ PKIBLER, {2
HREAMA)R B CE B B & MRS EL. K,
mAP@0.5 $215 7 1.2%, mAP@0.5:0.95 25 T 0.8%.

@ ARSI Sk J B X 4 AR AR () S B 45 IR, B TE
Kl /s B AR 1 Re 5 9 A K EIR T 240, R
LIEE R, mAP@O.5 275 T 1.5%, mAP@0.5:0.95 #& 5
T 1%, ZHEINT 0.52 MB.

® JFEE NN C3k2 DAB HEHLFI PKI A5 () Y
R, 5@, £ 5] N PKIEIZ 5, mAP@
0.5 2% 7 0.7%, mAP@0.5:0.95 25 1 1.1%.

® NI C3k2_DAB B H otk il sk 2 J5 1
B, 5SS @F L, 2 5] NSGERIN Sk 2 5, mAP@O.5
E T 0.1%, mAP@0.5:0.95 25 1 0.1%.

@ 9N PKI FEH H SOk 2 5 iR Y, 5
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i H AR SN A

KA@M, mAP@0.5 5 T 1%, mAP@0.5:0.95 2
T 1.2%.

N B JE ) YOLO1 In A 55 5k i A 1
HIEL, mAP@O0.5 #2171 2.4%, mAP@0.5:0.95 &% T
2.1%.

25 b, JH R SRS IR T A SR A Bk i A
A R, SRR 2 R /N H AR A 8 H HiF B
T ARSL 75 AE 38 I oA AT sk ) 5
3.6 XTEbsCIg

N TR S S B YOLO11 B
Ay, B UFEAE RE K B bRAS I ST R, B 7 YOLO11n
LGN, i T — 2 SUEVEAE N LW &, £ DOTAL0
ol ERATIOAE, B K 3 LU

%3 ANFEFEPA DOTALO HdEs Byt s

BT mAP@0.5 (%) . mAP@0.5:0:95 (%) " GFLOPs
Faster R-CNN 50.0 . 354 206
SSD 634 b 433 115
YOLOV5 69.8 46.8 7.1
YOLOV6 68.0 46.0 11.8
YOLOVS 68.2 46.2 8.9
YOLOV10 69.2 473 8.4
YOLOLI1 71.6 48.6 6.3
Ours 74.0 50.7 9.9

RN HTEE 3 B, Sudk it 7 iR e M e B AT
YOLO11 ZE#EBA I TFI ., mAP@O.5 325 T 2.4%,
mAP@0.5:0.95 #2711 2.1%, H AT Hofh E A A,
mAP@0.5 fl mAP@0.5:0.95 73 5 #2 T+ K41 5%—-24%
M1 3%—15%, FTHRCR B35, R GFLOPs AH EE J5AR R

W BUAT RS T, (AR AR 2 i, BB ILAR R

5 MR, T AE SRS 2 o, G R BT S A
T 5 R, A SRR AE RS REARRE B g TR0
T, O R I Ao S A o, B P T G
F AT, g

37 AR

9T 1 A 0 R W i, 5
7E DOTALO KU LR . % R H bRl 52 2%
T LS LT B R BRI AT 4007, B 11
R 5 B TR e L 5.

FRAE B B e IR R, M LE T YOLO11n JR
B, T 1 50 AR K R B0 LR, Rl
25 ST AN, R T (0 E g R, LSRR
B bt e I Ttk R 8 2 5B o, 7B R 2

HRABOLT, b TR, IR/ B AR E 5 5 4
Rt ok, AR 28 3 51 1B A rh A7 AR AR A/ L PATHR X LA
FOLE AN BAR, TSR R B AR, St JE R R e
SEDURE A ARSI k.

(b) Ours
Bl 11 Rl s Rt by
UM AT WL, ek 5 B R e 6 B SR SR AU e,
PR N, Rl R AR ZRENMERE R
/N B ARSI A IR, PR AR SRR A R % 5
& TR U E A 4.

4 Fw5REE

Enf B G b AR RE 2R R A K45
il 2 ot 22 K AF I, R TRk YOLO11n
[ 8% I b 7. i 78 YOLOTT iy C3K2 B
PedigI N DAB IR, Beit T C3k2_DAB B,
FLAug ) SO A R RT LA A B TR BB AR 5 2 Y
SR T H BRI 2% T RE 7). FLIK, TEBRH LS S I
PKI Bide, 23k 7 R # A4 5 B R 05 B E & By
TEBREN. $5e J FEAS 3 51 N B (K480 Sk PConv #6713k,
FEWR A TUAR TSR P A7V ] R T B B PRl 4R
E]RFAE. 5256 45 FUAIE W1 AR SCHR IR BVRFE #  S 80A
JIZUEAC R HT 42 T, FERT RS B2 L Al v e E S
FARTEACR, AR YOLO1 JE#ERY, mAP@O0.5 42
2.4%, mAP@0.5:0.95 $&15 1 2.1%, % ITVEA BUHR T
S P BEEE NI BN H AR M LUK I &5 ) R, A [ B
BT SR HE RN KIEG K, B8RRI H
PR INAT 55 (AR SCHR HE ) 7 VR AE AE — i J BR 1A,
R — 25 ) AN o 4k 224 5.

(1) A SCE B IEH RSN T g5, /£2 5
RGIR . 2 2R S A i 155 150 P R ), ASE 28 7 A6
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