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UAYV Photography Detection Algorithm Based on Improved YOLOvVS
XIANG Yutao, LI Bo, WAN Tao

(Key Laboratory of Instrumental Science and Dynamic Testing, Ministry of Education,
North University of China, Taiyuan 030051, China)

Abstract; To address the issues of complex background environments, small targets, and complex calculations, it leads
to missed and false detection in current unmanned aerial vehicles (UAVs), a novel UAV detection algorithm YOLOvV5-R is
proposed. The lightweight module GhostNetV2 is used to modify the backbone network, as the backbone feature extraction
network of the model, it alleviates network redundancy while improving the detection speed of the model; The coordinate at-
tention (CA) module is introduced into the backbone network to enhance the feature representation ability of the model on
the target vehicle detection, thereby improving the detection accuracy of the model in complex backgrounds; The weighted
bidirectional feature pyramid network (BiFPN) is introduced into the neck enhances the model’s multi-scale feature represen-
tation and fusion capabilities, improving the detection accuracy of small targets; Finally, the original head is replaced with the
dynamic detection head (DyHead) . which further improves the detection performance of the model by unifying the size,
task, and spatial perception. Experimental results show that compared with the original algorithm, the improved YOLOv5
algorithm improves the accuracy and average accuracy by 6. 5% and 5. 1% . respectively, and the detection speed of the algo-
rithm reaches up to 99. 7 FPS, meeting the requirements of real-time detection. Compared with other mainstream models,
the model has better detection performance on public datasets, verifying its feasibility and effectiveness.

Keywords: vehicle detection; YOLOv5; lightweight; coordinate attention; detection head
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DA% 2
3.2 EWEERITFMRE

AREHY A S5 PR AR R AE A T ubuntu20. 04 R 48
T AT, B8R E . CPU: 14vCPU, Intel (R)
Xeon (R) Gold 6330 CPU, GPU. RTX 2080Ti, 24 GB
GPU, #i#¥ ¥ 3% & Python 3.8.10 + Pytorch 1.10 +
Cudall. 3, 7ESZE A, KHtE% I RiREN 0.01, #t
HAR/NEE R 32, REM BRI E N 0.000 5, #HE
REORE N 3, EAHM R R R E N 0.015, AN
Ry GR RECR 0.7, LRGSR ALK 0.4, I Z5JH
Bk 200,

———————————————————————————————————————

———————————————————————————————————————

TR ] A ) G R O 5 R R AT L
B, AR EBEMNAMEFHFE (P, Precision) . H % (R,
Recal) . F¥ k5% B (mAP, mean average precision) .
A% (FPS, frames per second). &8 M%. 04
FUHE RN D5 TN R BERE T JEAT WM. Py Ry mAP 1
R AT R,

HERA A, HER A A A W45 R 2 A e, BIAE
A B A TE B R B A R AT
i

B TP
P=TP ;555 9

BT Y 4 [l R, A A O 25 2R A iw . RVREAS BT
A A N O B IE 1) fp 3 e B 5 S B 4k 2 R I 1)
di ke

_ TP
TP +FN

Hovbe TP R 6 I 45 R v 40 D 100 2y IF 86 14 42
WBCE, FP AR AE R P Bl 5 A W D TE B 4 0 R
. PN RO BEA T T A IE A 4250 s b oR goRs I 3 i
5

R (10)

i

mAP % JT A RN 2 ) RS BE R F- A, X m A
KAHMAER R (P) SHBR (R) Za%5IE, KEm
14 S5 e 1o 285 1) P RE T A AN

_1xv |
mAP = L3 [ P(R)AR an

TR RPWUEC S e T OB B . FPS K.
LR, Giga iF MIB B HF (GFLOPs) H5AUHE X
f (MB) EERBME ZRE MR, GFLOPs 5 E
SO (MB) /N, FRR 8RS i 5 22 0 TH B R ) ) .
3.3 HBEAEZE DyHead A IEBEXT L

DyHead #5851k 1 £ i e o 25 A5 AU 4G I 79 7 e
i AN [F B DyHead G HES: . FRATVEAL T H XS
BRI PERE R S B . th& 1 &, S semxf
Fo I AN J2 BRI Y Dyhead #3802 M RE A 25 B4, Sl
Wit £ EDGASE e 1 3, ASE TR P B R T BRI, R U
ASCHPEE 1 3 DyHead 88 ek 47 3500 i s .

———————————————————————————————————————

nS TL nC
i
1l 1
| N i
| offset i : Relu sigmoid | Relu H Fc ‘
i
! 1
i | Conv 3X3 H offset i| FC | ‘ Conv 3X3 ‘
: 1
|
|
i
I

_______________________________________

_______________________________________

_______________________________________

7 DyHead Bt 4544 4]
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AT, . BT YOLOVS By T8 AMLAR 30 26 50 K ) 2 ik © 90

%1 KRS DyHead Bie kA% 1

DyHead ${ FPS | {{EXMH/MB | P/% mAP50/ %
1 107.5 6.3 72.9 48.6
2 85.3 8.0 73.4 47.8
3 70.2 8.6 71.9 47.3
4 61.6 9.3 66.8 47.2

3.4 AEEENVSEIXTEE

YR R CA BEHRAER R p (9 4E . AR S5
P IR AL S OR [A) i R AL A5 A AT X b, SRR A
HUNER 2 fin . AHEC T IAB B R EE S HLE SE (Squeeze
and Excitation) , CBAM, CA /E N & & Wi & Sl
fil, FEEANSHENITERILFREMKNELT,
fef A5 A 1 P R 4R R .

F 2 AR AHLH L

WERAPLH | FPS | REXH/MB | P/% |mAP50/%
CBAM 112.3 6.2 68.6 41.3
SE 125.0 5.4 67.2 39.2
CA 125.2 5.6 78.8 48.0

3.5 AEHFEME ST

FEXS N [6) R AR L5 50 7 A AN TR 25 2R . O TR E
A SCAE R R il 7 SRR A S k{8 A [R) 45 iy gk
r5esr, MR 3 WAl LIF ), BiFPN #H L T HAl 3 Fh
3 3 W 23 ) 4R AE fl & (ASFF, adaptively spatial fea-
ture fusion), Wi ¥FfE & FE M4 (AFPN, asymptot-
ic feature pyramid network) 5 & B = 09 A MRS B, H
R I 5 1) 1155 BB W AR 5K

F 3 AR L% AN [ FRAE LA 45 F X L

[ElEE o) FPS | W&EXM/MB | P/% |mAP50/%
AFPN 130.3 5.6 71.7 43.9
ASFF 135.6 6.4 68.9 41.2
BiFPN 128.7 5.9 76.2 46. 6

3.6 HRBLKIE

T B R A S R B I A A B ) Y 2
AR R PE S ROR . AR SCIRIT T ML, R
BRI SETG b, B4 HS I e R e, AT T SE 5

EEEERME 4 PR, Hd  RREMAZE S,
X MFRREAMAZAL, W3R 4 LT EHR,
H—2 1) YOLOvVS fRb#f 2 %) YOLOVS #8574 521,
Hrp, %R GhostNetV2 B it i # (1) mAP@0. 5
PR T 3.4, BRI FPSH & T 16% . Refbs
WIEWR A TR, B3 RK/NW /N T 0.9 MB, ffi
CA HFEZ WL M 28 46 JL-F AN s/ FPS S R AL &
SRR E I T, mAPS0 #2731 3.8% ., XUt

W] CA T3y PLI e 5 52 2% B2 AVRIDRG B B RS 1 8%
UF AP . B I AURRAE Bl M 2% BIFPN J5 . A5 RLf1Y
mAPS0 #2517 2.4% . TFE EEAE RN, X Tz
FULET LIHEZ 1, DyHead 8l T 3 FhiF B 1 58
— s TEBEPRVESE B R A 0L R . mAPSO AR TR
BT T 4. 400, EBEHIR/NFN LT 53 3 B AR I K K5g
. & HZ B (GhostNetV2, CA. Bifpn,
DyHead) 0] LIt —5 82 THHEMG 3, (A& 520 FPS FIA
BRI, B, BARMEIASGE &, 468 M
i, A SRR BABEHER R I Er R
HABARUR NS /N, 24 FPSAR] 99.7. 6 iy I Mo, 5887
Vil 2 S A ) A 7 2
FAOWELR

IEI}:;?;; CA | Bifpn |DyHead| FPS Ti%\/{j; P/ % |mAP50/%
X X X X 138.3| 5.3 72.4 44.2
N X X X 161.7| 4.4 78.5 47.6
X N X X 125.2| 5.6 78.8 48.0
X X N X 128.7| 5.9 76.2 46.6
X X X N 107.5| 6.3 72.9 48.6
J | v | x X [130.6] 4.6 |78.1] 48.1
N N N X 126.3] 4.7 71.7 48.3
N N N N 99.7 5.2 78.9 49.3

3.7 EERBREIE

JEA6H) YOLOvon S35 FEAb B[R] R /N S22 5t
AR/ RGN B0 A IR BIAR AP O RCR . 2t et )s
BEX BRSO, X YOLOVS-R Rk i PEREHEAT T HFJE .
TEFEA FT XTI 1 B8 ek, IR AE R 8 Fra .

B 8 YOLOVS5-R #: i &l

3.8 AEBEEZERXILLE
DN TR 5 B R 5 8 T AL G I A A Y A
AISEREE s I MO G AL AT 55 52 B 110 7 SR %
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56 . TIN5

933 %

Wz k5 H A LR 3 5 A 5 % Efficientnet, RT-
DETR. YOLOv3n. YOLOv4n. YOLOv5n., YOLOv6n,
YOLOv7n, YOLOv8n #E47XF L5256 . #5403k 5 i,
Y Efficientnet fil RT-DETR % 3 # L %, YOLOvV5-R
WERR R 2 IR TE T 12.6% F1 8. 7% . mAP50 £ 7+ T
12. 2% 8 9. 1%, HAERWIE FPS ¥ &, BAIAE X
PR /N, S0 50 25 L 3% B M AR T X R R I S R R
YOLOv5-R B 45 5 4 f & 9 o fiE. i 5 YOLOv3n,
YOLOv5n, YOLOv6n, YOLOv7n 1 YOLOv8n 45 H {th
Bt YOLO R AL HE, YOLOVS-R Bk 4
T S SPGB R S e NI T, U
MBI T 12.5% . 6.5%. 10.4%. 5. 1% 6.7%,
mAP50 4y W 4R F+ T 9.4% . 5.1%. 10.8%. 5.2% Fi
41%, BRSO . LR REY, SHERMEHK
Kol 3 vk b ., YOLOvS-R & v: DL AR 9 455 70 44 B 5
BT A g PR IUORG BB, L AT AR T R S B A A oK
BA w501
#£5 ARFEEXLL

H A FPS | ;ECHE/MB | P/% | mAP50/ %
Efficientnet-b0 88.2 8.9 66. 3 37.1
RT-DETR-L 19.2 12.6 70. 2 10. 2
YOLOv3n 122.2 7.9 67.4 39.9
YOLOv5n 138. 3 5.3 72.4 14,2
YOLOv6n 133.6 8.3 68.5 38.5
YOLOv7n 120.8 7.6 73.8 14.1
YOLOvSn 116. 2 6.6 72.2 15.2
YOLOv5-R 99.7 5.2 78.9 19.3
4 HRIE

Bt XEAE TG UG I 4 40 75 B th BLORA  Ue R 4 )
B, ASCHW T — Rt YOLOvSn (1 58 A L4 4 4
Rl vk, g 5] A GhostNetV2 fijfb 3 F M4, LIE
A TS BT IR A SR R A R, B T I 4 A
JE . M ITUARMIRE . 78T M2 b 5] A MR
J1 CAREER, Xb & W45 i R e BEAT D0k . B AR
MEfEE M ER, SRIPBRIAE R 22T 5T R . 1E
F 45 RS R AL 8 7 BE S5 A B i BIFPN EH, 8
5i% [0 2% 1) 25 RUBE SRR AE SR IR 3 RE Ty - SR 9/ H AR
GE . R XN AR AR I BE T . A Sk R 2%
AR T ROEE . 23 [l AT 55 3 F i & ) B 2y Dy-
Head £l 3k 2t — 24271 TR A PERE . Wi SC K R W
O G B S G B R X L. SRR B TR
X AE S R FR T T A/ F AR A R AR B e 4 A 0 A
Ao HLWE R SRR 2K . B R R H AT B, Rk
PR AT 9 T A N A AR G, A A IR BE A AR A 15
DU o T T B ROR B 2 () 6 A R AT T 4

LA K2 ¥ 3% o AL fix A KB A oK SEBL R AR
TR 3 TC N LS IS5 2 40 1 A A 55
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