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Abstract: The dynamic change of UAV flight height makes aerial images often contain a large number of small targets,
and the target scale changes significantly. These problems bring challenges to the target detection task. In view of the
above problems, this paper proposes a UAV aerial target detection method based on multi-scale fusion and high-
resolution feature enhancement. Firstly, a multi-scale structure re-parameterized feature extraction module is introduced
into the backbone network. The convolution operation of different scales is performed on multiple branches by using
ordinary convolution blocks and structure re-parameterized large-core convolution blocks, and the feature information
under different receptive fields is effectively extracted. Then, a multi-dimensional feature adaptive fusion module based
on the feature pyramid network is introduced into the neck network to optimize its bottom-up feature aggregation
process, so as to realize the adaptive selection of fine details in shallow features and context information in deep
features, so as to deal with the significant change of target scale more effectively. Finally, a multi-scale feature fusion
small target enhancement module is introduced in the neck network to capture the changes of small target objects in
UAV aerial images at different scales. Extensive experiments on two public datasets, VisDrone2019 and TinyPerson,
demonstrate the effectiveness and superiority of the proposed method.

Keywords: UAV aerial images; target detection; structural reparameterization; multidimensional feature adaptive
fusion; high resolution feature enhancement
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(1 B A8 K1) 43 R I 2548 1288 Bk G RI I8 IE 42 322 3k
KA.
2.3 JHERSEES
2.3.1 /MEBRIE P, RA R

F 1A 2 43 5 N AE VisDrone2019 %5 4 42 A
TinyPerson £ #% 65 L H Al SCIe XS Eb &5 3. ik 1
M 2Fr~: % P,JZ i X\ Baseline # Y J5 , H 7
VisDrone2019 %4 % I ) mAP50% FI mAP50-95%
SRR T 4.9% F1 3.7%; ££ TinyPerson {4 % I
SRR T 3.5% F11.18%.
2.3.2 MSRFEM K& Stk

7 3y MSRFEM H'AN[F] DRB 433 44 1 VERE
XPE . 2R 3R R B SE I A5 SR AT DLE
MSRFEM H1A[A] DRB 73 SCH A M RE I A — € b
SRR BRI £ . 24 MSRFEM
(K = 7,15) B, BERLE S T e £ A v g,

N7 k25 2 Hr MSRFEM 78 4541 $2 B o 1 2%
S, AT B IR T 5 N BT S # T
225, Wik 6 Fias. B 6(a) MR H KM, K 6(b) N
Baseline +P, %} ¥ (1] #4 71, Kl 6(c) v Baseline + P,
£ i MSRFEM J& (1 #4 ) . B ] 6 T bL 2 R W,

VisDrone2019 ##E5 FiERMSCISpxTEL4E R

Baseline P, MSRFEM MDFAFM MFFSTEM Precision Recall Fj-score mAP50% mAP50-95% Params/M GLOPS/G  FPS
\ 50.6 382 435 39.6 23.6 11.13 28.5 160.50
\ \ 54.5 42.4 477 445 27.3 10.63 36.7 144.50
\ x/ \ 55.1 42.9 48.2 44.8 27.6 12.54 38.2 134.31
\ \ \ 55.7 43.1 48.6 455 28.0 10.68 373 126.88
\ \ \ 54.6 439 487 45.6 28.1 10.92 40.7 119.81
\ v \ v 552 43.6 48.7 463 28.4 12.58 38.8 115.63
\ \ \ \ 55.9 43.6 49.0 458 28.0 12.84 423 111.61
\ \ v \ 55.8 437 49.0 46.2 28.5 10.82 413 113.37
\ \/ \ v \ 56.3 44.6 49.8 46.8 28.8 12.73 42.8 101.53

#2 TinyPerson ¥#&5E FilRhSLIoMIXTELEE R

Baseline P, MSRFEM MDFAFM MFFSTEM Precision Recall F)-score mAP50% mAP50-95% Params/M GLOPS/G  FPS
\ 39.9 26.7 32.0 24.5 7.90 11.13 28.4 175.48
\ v 40.9 315 35.6 28.0 9.08 10.63 36.6 152.36
\ v \ 4.6 31.8 36.4 28.7 9.32 12.54 382 150.15
\ \ R 421 316 36.1 28.3 9.22 10.67 37.3 124.02
\ v N 433 31.4 36.4 28.7 9.43 10.92 40.7 102.47
\ \ \ \ 449 31.6 37.1 292 9.42 12.59 38.8 134.16
\ x/ \ \ 44.7 32.1 37.4 29.0 9.33 12.84 422 102.02
\ \ \ \ 433 32.1 36.9 29.1 9.51 10.82 412 97.64
\ \/ \ \ \ 45.0 325 377 30.2 9.73 12.74 428 97.82




2296 = % 5

*x R £40%

%3 MSRFEM 1[5 DRB 9 X A& BIMEBERTEE

methods  Precision Recall F-score mAP50% mAP50-95% Params/M
K=113 56.1 443 495 46.5 28.8 12.72
K=115 563 446 498 46.8 28.8 12.73
K=117 577 436 497 46.7 28.8 12.75
K =913 57.5 438 497 46.5 28.7 12.73
K =915 553 444 493 46.1 28.3 12.74
K =917 562 438 492 46.3 28.6 12.76
K=11,13 553 44.6 494 46.4 28.5 12.74
K=11,15 574 440 498 46.6 28.8 12.75
K=11,17 563 435 49.1 46.1 283 12.77

£E A MSRFEM 5 11 265 155 7 fig % B8 fff i [X 537
Hirik 55 sEE.
2.3.3 MDFAFM K74 %

N T B E MDFAFM TE 4 AIE 4 38 X 4% [
Rk, A5 7E VisDrone2019 35 45 F Xt 45 1.3 i
& 3 i~ )& 3(a) FPN + PAN, & 3(b) MDFAFM +
FPN + PAN 5 & 3(c) MDFAFM + PAN #E4T 1 14 fig
XPH. SR g5 Rk 4 Fror, 42 X MSRFEM 5
MFFSTEM /5 ¥ M %% 45 14 (c) £ F -score, mAP50%
F mAP50-95% F& br b 35 4 T 4 B S5 1) W 2% 45 14
(a) F1 (b).

(a) JRUEEIE

(b) Baseline+P, i v # /7 [

(c) Baseline+P, % EMSRFEM Ja I /)

El6 MSRFEM £ EIERI BRI

F4 MDFAFM £k EIFHIE S FIEM LB R M gEXTEL

methods  F-score mAP50% mAP50-95% Params/M GLOPS/G

(a) 49.0 45.8 28.0 12.84 42.3

(b) 49.7 46.3 28.4 13.06 441

ours(c) 49.8 46.8 28.8 12.73 42.8
2.3.4 MFFSTEM KI5 %k

N T Ak MFFSTEM 7E & AMLEUE Hdi#2 /B
B W) A AE A 5] 25 i) ROBE b IR 68 77, AR 715 5% R Ak &
Cyv Cyv CoiHAT T Wi B 4 7 SR 0] bl sz 6 —F
AT x 1ERUEBIEAREEC /4, 5—Fi2dE
ik SDR 77 ¥4 iE 4E B [ 2 C' /4. LI g Rk
5 flT 7, 7& VisDrone2019 % #% 45 I fif H SDR J7 7%
J&i, Fy-score Fl mAP50% 43 #2511 0.3% Al 0.4%.

%5 MFFSTEM FA[EMEE G REXTEE

methods  F)-score mAP50% mAP50-95% Params/M GLOPS/G
CBS1 x 1 49.5 46.4 28.8 12.70 42.7
ours 49.8 46.8 28.8 12.73 42.8
235 FEHRBFEATENANE

97 SRR 3 AN R AR A A
PLilk 4, 75 Baseline + P, Y ¥y itk b B AT 7 B
e, RUBLHRN = A LS, sean sl sk 1 Al
2 fin. BEAEBHE A 5N, B AE A Eds A2
F 1) F, -scores mAP50% Il mAP50-95% ) 528L T 42

Fh. B2, B 3 MBI AR Y ours 5 5k 2R 45 AU AH
tt, 7£ VisDrone2019 ¥4 & I 1] F, -score. mAP50%
A mAP50-95% 73l #2511 6.3%. 7.2% 1 5.2%; 7E
TinyPerson 5 45 % £ 7 7l 42 & 1 5.7%. 5.7% Al
1.83%. FIRSEIRIGE | BT i R HAE e ANLENE H
PRI HH B A RO, DA R =S E SR TN H b i
REAN ST H bR REEAR A7 THI ) R 4 B ] 1.
2.4 X
2.4.1 VisDrone2019 354 FKIXTELE R

F 6 AT RS AR 3 A E AR I AR
VisDrone2019 4 i 5 M REXT LL 285 3. 75 11 55k
AR BAR B LR, B3 H VR AE Recally F-
score. mAP50% A1 mAP50-95% F8 45 0 Wik 3 T
44.6%- 49.8%- 46.8% 1 28.8% [ %, ¥ T HoAh
FREE AR, HT i 3 MESM L3 2 R
JEE &5y, K Fofr A THT PR AR AIE B2 AT R 2 385 I AsE 2 1) %
K6 XU, AT R A Precision (3T, 138 6 Seih4h R
A L, FTHR B Precision b TPH-YOLOvS fi 7Y
KT 1.7%, 1B =&, £ Recall 1 F,-score 73 5] & H
T 1.9% A1 0.6%.

ACHE 12 GB 47 ) NVIDIA RTX 3080 Ti i
& B SR, K% B A 101.53 FPS. [AIN, 765 18
fR1E 2 RN 12 GB & A7) NVIDIA RTX 1080 Ti &
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*6 A RIBFREMTTEA VisDrone2019 iR FHIXTLLLER
methods Precision Recall F-score pedestrian people mAP50% mAP50-95% Params/M GLOPS/G FPS
Faster R-CNN"! - - - - - 36.3 20.6 41.0 207.0 -
Centernet"” - - - - - 29.0 14.0 31.8 206.0 -
EfficientDet™” - - - - - 21.2 12.9 6.6 6.1 -
YOLOv5-M 49.0 37.0 422 45.0 36.3 37.0 20.9 20.89 48.0 109.89
TPH-YOLOv5" 58.0 42.7 49.2 542 42.8 45.5 27.0 60.43 145.7 33.44
EdgeYOLO™ - - - - - 448 26.4 40.5 - -
YOLOV8-S 50.6 382 435 435 33.1 39.6 23.6 11.13 28.5 160.50
YOLOvV8-M 54.6 413 47.0 47.8 36.2 43.2 26.4 25.84 78.7 99.02
Drone-YOLO-S"” - - - - - 443 27.0 10.9 - -
YOLOV9-S™! 543 39.6 45.8 43.6 36.9 41.8 25.7 9.79 39.8 67.11
YOLOv9-M™" 55.5 429 48.4 47.6 36.8 452 27.9 32.57 130.8 63.29
YOLOv10-S* 50.5 383 43.6 42.1 33.0 39.1 235 8.04 245 181.82
YOLOvV10-M™ 542 40.2 46.3 45.1 35.0 422 25.8 16.46 63.5 149.25
PS-YOLO-M"" 50.2 389 438 - - 37.6 223 422 88.0 -
YOLO-HV!"! 48.0 38.8 42.9 - - 38.1 19.9 385 1119 -
ours 56.3 44.6 49.8 54.3 44.1 46.8 28.8 12.73 42.8 101.53

R IR, HAS Iy 61.27 FPS. BHiFPF- & R 1)
0538 B T 30 FPSPY ) S Ak ¥ b o, B0 IE
TR FPS SREARMEREA L.

T B IR BT A R M R B,
¥4 5% YOLOvV8s. YOLOV9s. YOLOv10s #E4T
TP, Wik 7 fos. B 7 T B AR RAIR AN
A B bRy, D B 22 S JBOR R, a4 it
A7 5% B 2 A [R BE R I R I B 7(a) M
SRORIAEIRI: AR A SR, e th B R e Al
HBERHAN T AN 5 B 7(b) 9 S NI 72 /N

a ™ g

YOLOV9s YOLOVS8s

YOLOv10s

ours

(a) HAIABLAI (b) FHEENBFRN

B NBErh, dERR A I 33 B H AR N
Kl 7(c) R FEAEAG H bRA I 5 38 b /N RST 25
FRsE i, T th AR e 2 A0 T A AR 18] 7(d) MK
TR I FEAO GRS, REEAA ROH B 2
o, RS R, P4 th SRV A A B % b B Rk ks
R 37 s b B B AR
2.4.2 TinyPerson FIEE FHIXTHLER
F 7 LI T iR R S H A R R E AR R A
VA1E TinyPerson o iE4E 1 RE. SLIG 45 KM, B
I AP R € R S E G W L ol B S
B YA

INEE AR owl]

(d) AR GHRER A I
&7 VisDrone2019 i 4 M T AHIHKIARERR T E THM NS R

(c)



2298 # % 5 Xk % #40%
*F71  ATREB#REMFETE TinyPerson HIEE _FRIXTELER
methods Precision Recall F, -score pedestrian people mAP50% mAP50-95% Params/M GLOPS/G FPS

YOLOVS-S 42.5 28.0 33.8 29.1 21.0 25.0 7.43 7.02 15.8 163.93
YOLOvV5-M 46.1 29.2 35.8 30.9 23.1 27.0 8.18 20.86 479 120.48
TPH-YOLOv5™ 452 30.2 36.2 30.5 239 27.2 7.94 60.36 145.3 44.64
YOLOVS-S 39.9 26.7 32.0 27.9 21.0 24.5 7.90 11.13 28.4 175.48
YOLOv8-M 41.1 26.6 323 28.6 22.0 253 8.33 25.84 78.7 109.88
YOLOV9-S** 35.9 25.5 29.8 24.7 18.9 21.8 7.23 9.78 39.8 62.72
YOLOV9-M"™ 39.6 249 30.6 249 19.9 224 7.34 32.74 131.7 58.82
YOLOv10-S*” 40.0 26.1 31.6 25.0 19.3 222 6.95 8.04 24.4 149.25
YOLOv10-M™ 42.5 25.7 32.0 253 19.6 22.5 7.05 16.45 63.4 125.00
ours 45.0 325 37.7 32.7 27.8 30.2 9.73 12.74 42.8 97.82

i, “sea person” Fll “sarth person” W25 BRI AP50% Transactions on Systems, Man, and Cybernetics:

SRER) T 32.7% F1 27.8%, W T HAh F IR A
.

AN, 78 12 GB A7) NVIDIA RTX 3080 Ti A/l
NVIDIA RTX 1080 Ti & _E#E4T 7 K. Wik &5
S, ORI FE 4 A B T 97.82 FPS Al 59.61
FPS, 37T 30 FPS [ 52 kb H 11 RE bR .

34 #

EExE T AALEUG /s B b Le il i 23 A 2 42 LA
o B bR R 2 SRR I R, AR SCHR T — Rl T
% R A5 A 1 0 R A 38 588 1 T2 AWLILHA B ARAS:
ML 5, SINT /N BRI E Py, DL FE XS/
EAREIR IR, S8, M T 2 RESHE S5
FRAESE DU, DL 51 T X 28 5/ B AR (5 B 1 4
HLRET7; e, T 2 4EHRAE B 3E B A BRI &
Z REEFFE R 22 ARG R ), e, did 2 RE
REAE ARG /N H AR s B, 3k — B3 st/ H bR i
Tor il e 7. a8 I AE P S A T s A Bk AT ORI S
RIS R 7R HR T VA A A A . AR R R T
PR, TR 9 28 5 8 33 AT B A A0 1R 28 18 55 D7 T
IR T, LARAD ISR i S B0 SRS, AT LB
A HRE T PR SZ BRI B FH 3 5 .
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