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Small object detection algorithm for lightweight remote sensing
vehicles with multiple pyramids
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Yang Yicong

Abstract: Aiming at the problems of small target size and complex background in remote sensing vehicle detection
tasks, a lightweight YOILOv5 algorithm based on multiple pyramids and multi-scale attention is proposed. In the
backbone network, the number of downsampling is reduced, the small target detection ability is improved, and light
weight is achieved; in the neck, the information of different feature layers is fully utilized through the redesigned multi-
pyramid network to enhance the feature fusion ability. And introduce an improved multi-scale attention module to
obtain a larger receptive field and area of interest for the shallow feature map; finally, the K-means+ + clustering
algorithm is used to cluster and analyze the target size, and an anchor frame scale suitable for the target is designed.
and aspect ratio, In the self-built remote sensing vehicle dataset, the target detection accuracy is not only improved,
but also the parameter quantity is greatly reduced. Compared with YOLOv5s, AP, ;% is increased by 2.3%,
APy 501 %4 is increased by 4.3%; the number of parameters is reduced by 65%, and the model size is reduced by
60%. It effectively improves the detection accuracy of small targets while reducing weight.
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15 B PR 2 R 1E B RRAE A o BOw A TC A 15 B B/
B A5G RS B, WA B AL TR B IO N RIS R TR
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Tk HEHE 8 ¢ 2 LA, 9 ) 4 147 SR VIGRAEE B 1 115
T 56 IE S BR LA R A 2 IR B R /N B AR B 4E
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A POR 4 51 % R ON fE B % (Precision) . # Al &
(Recall), H A# TP (true positive) 24 E. IE %], FN (false
negative) & & IE ] s FP(false positive) F{EHIEH|, AP K
— RN ET RS RIRME T FIERNEARR S, N K
FHH . ToU SRk B AE 5 B S HE 22 1] 1y 32 JF: Ho B 1B A% 52
WM AP s J AP, 5.0 0 TERTFRIRRUE.
2.3 HMXRE
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1 YOLOv5s

2 YOLOvSs K #i £ T H C5Cout C5)

3 YOLOv5s+outC5+FPF

4 YOLOv5s+outC5+ FPF+ 4 Bk

5 YOLOv5s—+outC5+FPF+ 44 P4

6 YOLOv5s+outC5+FPF-+ 4 % + 4 48 P4

7 YOLOv5s+outC5+FPF+ 4 I + 4 #4 P4+ SRFB
8  YOLOv5s+outCs5+FPF+ 25k + J# P4+ CSA
9 YOLOv5s+outC5+FPF+ 24 + % #5 P4+ MSAM

MR /) g B8 R SF A0 48 fm o TH Bl S B 45 SR ok 2
B

®2 OHMER
BR APy % APosow % Params M
1 91.0 61.0 702 13.7
2 92.0 62.5 2.03 5.1
3 92.5 63.5 2.19 5.5
4 92.4 63. 6 2. 20 5.5
5 92.8 63.8 2.18 5.1
6 92.9 64.0 2. 20 5.2
7 93.2 65. 3 2. 45 5.7
8 92.8 63.9 2. 20 5.2
9 93.3 65.3 2.46 5.7

B TH R SE 50 AT DAE L 7E DA S S BB, B RE SR
BB B R B I A P B . (EE AR BY Pk BB I R Bl A
BRI AR . R RO 4 LG YOLOVS Bk
AP, ST T 2.3% APy o0 Yo B TH T 4. 3%, TIE B T B
HERERL A A .

PR 2 AT DU A3 T 32 5 FREER DL
T AH 7 J22 S5 F % /I B AR T T B 8 TR B B A R
PR T LR A B> T1% R 62% , TE SR M 48 IR
Jn FPF &5 fg X vhRE somi o 8 K, Y FR B I T FRAE L 6
MRS 4.5.6 Af LLF H, HA 7 K3 P4 i k5 in A%
IR A R 2 R B g P4 R F /I B A 6 il =2 i 5%
W P3 o B R AR . R AR 7.8.9 W LLEH
K, Al A T MSAM #5JF AN 5 SRFB 45 & 1 JH A 3L
B H R B R E E B 2 B, %l SRFB 3k 52 B
FHESNFER SRS ETMEERIEAS.
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APy 500 WEI R F YOLOvVSs $5S
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2.4 Xtk

Rt — L #H58 FPE-YOLOvVS S5 i M B . {8 A W)
NEREAREFATEIE A SCE LS YOLOVEm X I,
[7] B 5 Eofth 3 Fi v SSD, YOLOX, YOLOv3SPP 7£ # il
R B2 SRR AR/ AT AR, 3R 3 TR

®3 AEABHERNEEXEXE

F 1 245 5 J5E RS JEE 3k iR 6 /IN 1 A A 0 S T R R R A A
B B AU IR R S N T S R AR
BRI/ EAH RS
2.5 SHMESMMEILIR

AR FPE-YOLOVS fefs i b7 i iR B (R 3l L
GhostYOLOv5 ( G-YOLO ), MobileYOLOv5 ( M-YOLO ),
YOLOv3tiny( YOLOv3-t) Lk & ShuffleYOLOV5 (S YOLO) %
REAMGHITHR. K4 PR,

x4 TEARBREHLMEII

Bk AP, % AP, ;.4 %  Params M
G-YOLO 79.1 42. 2 3.68 7.54
M-YOLO 84. 2 51 3.52 7.15
S-YOLO 84. 6 51 3.18 6. 45

YOLOv3-t  63.8 29.3 2.17 4.23

AL 93.3 65.3 2.46 5.7

ik AP, % AP, ;5.5 % Params M

SSD 22. 29 — — —
YOLOX™™ 87 62.7 8. 94 68.5
YOLOv3SPP  90.7 63.7 9.57 19.5
YOLOv5m 90. 2 60 20.8  42.3
FiNy'q 93.3 65.3 2. 46 5.7

M IURRE bl LU, SSD 4R g o 8 1 19 SR By
BeH bn ke 0 5 ik, AR BT R P HMB R R R =
YOLOx Bk YOLO 4 th 9 i v 58 B AR I 58 3%  H
B G HE L AR & oy WE R ML R Sk 3 D 7 T R
YOLOvS A KA B H FAG I A JE 1 5 = o {H G A G
AUNA T T A B /NI 3 T AR Nl R R LR
K. YOLOvEm /ER YOLOvSs B R 48 MR 4, vl LI
HZERC IS B ORI e YOLOVSs &, J5 B 2 ok Jin i

MILR 2L Bk B XF L Al RUE ) YOLOv3tiny
YEAME R B Z K YOLO RAE S, BRHSH G fER
RN SCHE 9 FPF-YOLOVS 531G, {5 T 3 44 46 1
KGR He AT 2 B 29. 5% 1 36 %, #TF YOLO #eit iy
JLAN % B AL M 4% Ghost, Mobile F1 Shuffle , Fo % Ml RS B | 51
BRNSHEEHENZ LT YOLOv3tiny MR KK
T HRWAR BB EEERY IOV EE . FHES
B KN E A S AR . B, AR
FPF-YOLOv5 B35 7E 5t 45 i AL B h e fe .

3 & it

EBEEMESENESEENHRET L, A XHE
YOLOvS 4 fiff [ 48 th — fh 2 T £ | & & ¥ (FPF-
YOLOv5)F1 MSAM 5 i) 8 R £ 4 H An ke s vk, =
Ry 2D 2 B AR B /N TR B A R TN B AR A
2T 32 5T KA R B H I HE A B 45 44 25 5% 5 o fn i
B MR AE GG, R TS TG, I8 R TT
AN 5 R AR AL A TE A R T H A A 5 £ X 8 2% 4R
B h & s 2=, B 45/ B9 In) B8, 46 20038 36 B 37 48 0
MSAM #5445, 38 b 3 a2 By F 5| A B ALHE, kiR 5
RN 389 B AR TISOR s G TER R 2 K = BRI 2
iy BN TR AR B T S HOR 0 [ Y, RE B il
W BEOET/ANEE K., TRERWZEILEEAER
PRI X1 98 R A I MRS L A B R AR AR
AP, s 53K F] 93. 3%, APo s 0.0 0I5 B 65. 3%, 73 BIAHEL F
YOLOvSs B 857 2.3% .4.3%.
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