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UAYV Aerial Photography Target Detection Based on YOLOv8n

SHEN Xue-Li, WANG Ling-Chao
(Software College, Liaoning Technical University, Huludao 125105, China)

Abstract: An enhanced YOLOv8n-based object detection algorithm, SFE-YOLO, is developed to taz:klé the issues of low
detection precision for small targets in UAV aerial photography. Initially, a shallow feature*enhancement module is
embedded to integrate the shallow spatial details of input features with deep semantic ififormation obtained from the neck
section. This fusion strengthens the representation capability for smai[ target features. Additionally, a global context block
(GC-Block) is utilized to recalibrate this merged information, effecﬁvely suppressing background noise. Subsequently, the
network’s adaptability to geometric changes is increased by substituting deformable convolutions for some standard
convolutions in the C2F layer. Furthermore, the ASPPF module, incorporating average pooling technology, is integrated
to augment the model’s expi‘esgion of multi-scale features and to decrease miss rates. Finally, a novel weighted feature
fusion method is designed. This method blends more intermediate features from the main network, enabling smoother
transitions among different scale features and augmenting feature reusability through skip connections. The model’s
performance is validated on VisDrone2019 and VOC2012 datasets, achieving mAP@0.5 values of 30.5% and 67.3%,
respectively. These results mark improvements of 3.6% and 0.8% over the baseline YOLOvS8n algorithm, demonstrating
enhanced performance in UAV image target detection and notable generalization capabilities.

Key words: UAV detection; shallow feature fusion; ASPPF; YOLOvS8n; mesoscale feature fusion
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i H AR SN A

P Z —, HORE K F P 5 2] FEE 12 48 H A
AISKYEYE Wt#E. VisDrone2019 15 6471 M iIlZ: Kl
1%, 548 ANIGIEEE AN 1610 NI EME. XN Bdi 4
H 10K, BTN A BITE. RE. BRE, =8
. EH=8E. AMRE. REMERLE. Kb, &
Tl ST AT RS NG 9 AT N0, HoAh %
BTN,

PASCAL VOC2012 #4114 ok | % iz it
B EME, Bt N RS 3T SO B AR SO, S
20 MBI, BFEN . S (s ). ZEER (U
RE BATH) MEAY S (W1 B 7)), 853
17125 sk U, ik EG S 7 N ThsiE, #fR 745
VA 1R o AR
22 KWIMEFMSH

SEIG FF L YOLOVSn W 48 44 9k A xof ey FL i sz
Y SRBEINE 1 T, A2 I Adam fR16 35, V1%
%513 0.01, BRI N 0.0005, HE A/ (bateh_
size) N 16, #LIX (epoch) N 300. B H AR ~F R
640x640. A, 18 FHER I 500 19 58 75 v, I H A TH
BRSEES . o6 L SIS AR AR R B, TR I Z5.

R LIRS

CPU AMD Ryzen 7 2700X
GPU RTX 3060 (12 GB)
BERSR Ubuntu 20.04
Python 3.9
IREES SIRESE PyTorch 1.8.1

2.3 THNHER

AL MHEHZ (precision, P). A H% (recall, R)-
“FYFE I 2 MH (mean average precision, mAP). 7
Z 4 & (parameter, Params). V% S UIZ 5 & (floating
point operations, FLOPs) iX 5 /™ J7 [ R A7 & 15 44 (1) K
WAPERE. o, mAP F T W 28 B R0 PEA 1) B2 A 14 e
mAP@0.5 83 ToU H{H N 0.5 B 11°F- 34 AP (average
precision), FLOPs 18 B F01F pia FH R B, BEAR VT R
J&£, R AR St i s A ) 1 *H?%/A\\;ﬁﬁﬂ?:

/.
Pg — = # (13)
. TP+FP
i TP
\ R=—— (14)
\ TP+FN
. 1
AP = f P(R)dR (15)
0
k
AP,
mAP = == (16)
FLOPs =CixK*xCoxWxH (17)

Hor, TP Fos R A IEFEA, FP RORHE R FIE N IE
FEARS FN FOR R AE HOREAS; K R FEA KBRS0
WA 3R Co i HIBIE R, C; FoRi N EES, W R
BRLIE, H Rom BRI,
24 RSN O\

AT IE sk Sk A Rk, R VisDrone2019
el SEonT S AT S 06, 45 RINR 2 TR,

%2 SRR E R R

ik C2F_DCN SFEM ASPPF EFFL+SK SimAM mAP@0.5 (%) ZHE (M) HHEE (G)
YOLOvS8n — — — = — 26.9 3.16 8.9
A \/ — — — — 27.7 3.31 9.1
B — N y =& — — 28.2 3.54 13.9
C — g \ — — 27.9 3.12 8.8
D SN W T — \ — 277 3.34 10.3
E 5 — — — S 273 3.16 8.9
F — v \ \ — 28.7 3.87 15.9
G N v \ N S 30.5 3.96 17.1

TE: NFOR R T BSOS 1 S

FHELT FE AR, sk A F 7ESRIR 45 UK 2 B
AW EARTE, mAP@0.5 #&Tt 3.6%. 17 A ] C2F_DCN
AE YOLOvV8n F T M % 1 {13 73 C2F, mAP@0.5 42
T+ 0.8%, FIARTE AR AR AR 4 KN 4% 1) 42 52 07, 4 v
W £ 3 A [ T DR A0 A B RFAIE (1 AL BB . SEEG: B AE 2
EAE RN T B XS/ H AR R 2 RHE R R SFEM,

EEERE NS RN SRIIPR: S B GioRl EXIE SE AU NER 73
mAP@0.5 $ET+ 1.3%, fE52 i 8 0 — A el =k BL K
SFEM HiHt, S ¥ Mg s Bua 5 M Frig . seik
C St AT 1Y) SPPF 4544, filv ey 42 Jmy i (A5 Jl B84 19 s
fESRAL 7RIS /N H AR BE 0, FFH IR EE AT 23
BEMRES BT S ERUNE N, KR 1%.
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B D I 7E S 0P R A JE IS AN A R
MHRRAE, mAP 32717 0.8%, {EE T B8 Bk M 5 (£
1. BRLE 5N T SimAM ER ML, B80S 18 5 FRE
FooN I AS TG I 25 (1 50 AT &, mAP@O.5 $7
TET 0.7%, Ui BATESEIE N SimAM V& F L fe
B B B )RR AR SR ELRE 7). BB F Dy Uit ) 1)
SFE-YOLO 84, #5571 2 4 5 FH V7 s B0s BAH L T4
LRI T 0.8M 1 8.2G, mAP@0.5 #2711 3.5%,
W B 43t AR R A R S 35 i S 5 S L, Se
TR FE B A R

2.5 ¥tEbsRIg

2.5.1 5 YOLOvSn AT 1A X Eb

49 T E WA ARG T B O 9 R,

SFE-YOLO 532347 X} b 5256, ank 3 Fras.
%3 VisDrone2019 iﬁﬁ%%?@%”ﬁtt%%"(%)

3] YOLOv8n | Ours
RE | mAP@0.5 K% mAP@O.5

TA 432 22.6 50.5 29.4
A 45.5 11.9 49.5 18.7
HiT%E 21.8 6.05 19.4 73
RE 58.4 66.2 61.7 72.0
P 345 29.1 37 34.0
R 30.4 28.8 30.7 323
=RE 20.7 12.1 30.5 145
HWERH =58 4= 34 15.1 41.6 16.6
AR E 57.4 49.9 58.6 514
PEFEZE 37.9 243 46.5 28.9

YRR 3 BT LLEE R, Stk ik 5L AR LG, &1
FHNH mAP T, JoHR N AT ARBEFES 3 4
FHI mAP EHETHIREITE 5% LA b, m] WA B TE T
/I B AR B A BT RS I R, (RIS R 2R S ARG
B H BRI SR SR 1, 3 26 I B S R TR S
FF TEAMUHAT 55, SRTTAR AL X = 40 22 R P = %6
TSR AN B S5 110 2R A W0 0 SR 2 AR, 7R AR K
(RRE T Hp, AT 5 B X I R R 2 31 AT B IR N AR
PRI, DUHE— 0 4R AR 5 B U R
252 EWHA SR ¢

9T A WLSFE-YOLO $Li: 18 o A ML
Ay B b BRI RCR, 7E VisDrone2019 odin f 1
SFE-YOLO 5% ff) 3 J B AL HEAT 5T L. W0 4 P,
TIHELER 43 A% 28 AAE BT S i (. J8 it 56 4
A LA#5 i, SFE-YOLO #.3%:7E VisDrone2019 ##54:
i EEREIL =, JRHRTEAT A AFIBEFR G255/
YRR AR 55, AP B2 B3 T 29.4% 18.7%
H128.9%. HEA, o TV 4R S5 BOR P AR ks MUK 22 9, B
ST HARRE R, R 5 YOLOvV7-tiny AH b 42 T i
AR, EHSHEN N YOLOV7-tiny [ 62%, fE4: &1
fE b AR #. M, SFE-YOLO 7E T A ML A4S AT
5 BRI R AT, AMUAER Nk FIUAS T B S (R &
T, RBPR A B AR 3 AR T HAL 1
KR, SFE-YOLO Sik s KR o .

% 4 m@ﬁ%&wmmmmﬁ%LmApng&ﬁuw

AP50
Jrik — — - = e — - AP@0.5
TN A HATHE  RE 1] R SRE EMERE ARE Ege " @
YOLOvS8n 26 120 6.1 663 293 = 29.0 12.1 15.1 50.0 242 26.7
Faster R-CNN! 21.4 15.6 6.7 51.7 29.5 19.0 13.1 7.7 314 20.7 21.7
RetinaNet™ 13.0 7.9 14, 4557 199 115 6.3 4.2 17.8 11.8 13.9
YOLOv4-tiny"” 114 1.1, 30 525 228 204 8.2 7.6 4125 12.45 19.1
YOLOVSs 252 163 8.7 674 312 336 14.0 135 55.0 24.1 28.9
|
YOLOv7-tiny™ 27,1 18.3 11.0 68.1 35.6 34.0 14.1 14.7 50.5 29.1 30.2
SFE-YOLO 294 187 7.3 720 340 323 14.5 16.6 514 28.9 30.5
T I A A e s R
253 GBI LS 25 BAwAILRe
et R mAP@0.5 (%) ZH M) FAEUEH (G)
g T IS B 45 90 1S 4 Gl Y T ¥
T BAEFT BRI AL R R, M Soom s oo o -
¥4 PASCLA VOC 2012 3242 % 1A (38 F 4 Ours 70.1 67.6 3.96 17.1

X L Sa6:, SuG 45 B ansk 5 Fras. SFE-YOLO 53264
Eb, #E IR T 1.3%, mAP 32T+ 0.8%, 1 BH ook ity 57k
HA— 5 fam .
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