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Abstract: In response to the detection accuracy and real-time performance of targets in complex environments for drone-
based maritime search and rescue missions, research has been conducted on improved YOLOvI1 algorithm. By integrating
the pinwheel-shaped convolution to optimize the network backbone, designing a feature enhancement module (FEM) and a
bidirectional feature pyramid network (BiFPN) with adaptive weights, and introducing a dynamic attention mechanism, the
feature enhancement and noise suppression for small targets of maritime personnel and occluded targets are achieved. Experi-
ments are conducted on the SeaDronesSee dataset, and the results indicate that the improved model achieves a detection accu-
racy (mAP@0.5) of 78.47% and an inference speed of 511. 79 FPS, outperforming traditional YOLO series algorithms.
Practical applications show that this algorithm can meet the high-precision and real-time requirements of maritime search and
rescue missions and provide an effective technical support for intelligent emergency rescue.
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(PConv) , HREMBEIH (FEM) FI X i) 45 AF 43 5 15 10
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DB A el A B B 35 R s Bl S 3 S BE e A ik O
PAEAE T . SEE SR N7 i i DU R s 25 A A 1 2
HEE, W 1R,

SIEEE R, AT A PConv BRI 1 AH b B v A
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PConv £ 8k /> T FRIEFE BT B A M F B0 AR . HEHE
RS, BB 1 MBI T 0.5 M, £ 8] £ Hg
BT, BT P2 2ELEFHR/NEREE 3R, H
B 4 (GFLOPs) S i A T KA

LB A FEM #EHe gy 485 80 2 7546 I ol i 2R | A7 b
T, M T A ME YOLOvIL 8, 3% ok #F #8580 78
mAP@0.5 fll mAP@ 0.5 ¢ 0.95 845 E 0 B E T
5.24% 1 8.02%, [MIN A B FFFT 3.94% ., XF
PEREPE A 2 Z T F FEM f3AE 2 RS FRAE 48 BT
LA T B Pl o B SRR RN R TT . AR
AR T AN TR ROBE FRRAE (B) ) o 22 57, DA 26 ok s T A A
Xof v b AN AR 08 A AR

mAP =

R BIFPN R AIE fill 6 0 46 (9 150 7Y 3 UE B 5 4 &
| 87.38% ., ZBLAIALE mAPO. 5 fl mAPO. 5 ¢ 0.95 B4
KHEFE AR EAY IS PE T 12. 84 % F 15. 96 Yo (4 52 T i B
XL RE RER 32245 25 T BIFPN [/ 25 i 4% 1) 347 25 B
BOOU] FEAE R LT AL RE 88 A AU AT B RO B
B 1T 28 SCRFAE . [R] I I 350G 5 T 2 RUBE AR 1 1
fERE ). RAEMBSEMENG 2 7.3 M, HHIFHE )
PEAERFAE 7.5 GFLOPs [t K F . 5820 2 bk
KON B S ARG 00 f R KR

1 R YOLOVIT #5700 (1 52 56 ] 1, PConv B2 B
A DL gl 2 U R Rk sz B DLAE B AN A RBE ) H AR R AE
FEM 5 e b5 i I H bR 1 4075 4¢1F . 7E45 & BIFPN §§
I il 0 25 I W] A FHRE T B 2 20 0 45 110 R K 1 B I
oo HBARMERI N 83. 33U IELF ALY 3, (H)E mAP@
0.5 ff I mAP @ 0.5 = 0.95 i AH % F & 1 W %4
YOLOvVI1 43 342 FF 15.18% F1 17.39% . 73 [n] 3K 2 F}
15.51%, V%355 % GFLOPs 3 8.1, REH% 3 216
AR A S SRR K
3.5 Xfbbxim

Y TEWCHE ) YOLOvLL #5814 o A ML b Rodw 1+
S s R I MRS . SREUT T2 R H bR R 28
Kl (5 YOLOvS . YOLOvVS #l YOLOv10 % 3 K i 3 1
YOLOv11 Jo A WL b R & B F5 4 I 5 7% 7E SeaDrones-
See v2 $UHEAE LT R L ER

SR A RN 2 PN, R B % 5 i S A E .
&2 W, 7€ mAP@O.5 FHIKLF] 78.47% , Sk
YOLOvI1 H YOLOvIO & # 1.9% ., H YOLOvS @& i
14.48% ., i mAP@O0.5 : 0.95 {H A3k F| 54.32% . &
R S IRE A 00 R Dy 511,79 Wi/ b, g i T YOLOVS
19 522. 98 i/ Fb . SCEG UL B0 YOLOVIL £ 45 K
JEE 0 S P A AR R AN R B

U A P T b S S5 R X L

%t PConv FEM BiFPN P/% R/% mAP@0.5 | mAP@0.5 : 0.95 | Pare/M | GFLOPs

YOLOv11 X X X 77.33 59. 00 63.29 36.93 5.5 5.6

iR 1 N X X 81.15 58.73 64.42 38. 38 6.0 5.5

LT 2 X N X 81. 54 62. 94 68.53 44. 95 6.7 6.3

I 3 X X N 87.38 67.53 76.13 52. 89 7.3 7.5

Mk YOLOvL N N N/ 83.33 74.51 78. 47 54.32 8.7 8.1

F 2 Wk YOLOvLL KA 5 H Al Y 3E J7 B 7E SeaDronesSeev2 il 5 b6 I PEREXT L

Methods swimmer Boat jetski life_saving_appliances buoy mAP@0.5 | mAP@0.5 : 0.95 FPS
YOLOv5 66. 46 91.70 91. 89 23.50 56. 40 63.99 37.92 522.98
YOLOv8 69.17 90. 67 81. 84 21.73 59.09 65. 50 38. 45 498. 20
YOLOvI10 75.15 93. 84 89.11 44. 35 81.42 76.57 52.74 495. 44
Bk YOLOv11 75. 81 96. 16 89.22 49.51 89. 14 78. 47 54.32 511.79
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