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Complex environment occlusion small target detection algorithm
for unmanned border defense

Wang Huiyun' Zhao Junsheng' Wang Yu'”* Li Xinyan' Wang Lin'
(1. School of Mechanical Engineering, North University of China, Taiyuan 030051, Chinaj;

2. Department of State key Laboratory of Dynamic Measurement Technology, North University of China, Taiyuan 030051, China)

Abstract: In the face of the challenges and security risks posed by the complex environment at the border, the
deployment of unmanned monitoring systems is crucial for our country’s border defense. The existing unmanned border
defense systems encounter challenges such as high rates of false positives and missed detections, as well as insufficient
real-time capabilities, primarily due to significant variations in image scale caused by differences in distance between the
cameras and the intrusion targets, along with the use of occlusion strategies by the monitored targets. A FDB-YOLOv5
occlusion small target detection algorithm with higher average accuracy, fewer parameters, and stronger universality is
proposed to address this issue. Firstly, a dataset is constructed by collect a large number of personnel samples with
different occlusion areas; secondly, a new structure called Faster_C3 has been introduced to reduce the delay and
parameter count of the occlusion small target detection network, thereby improving the detection speed and universality
of the model; in addition, a Dysample up-sampler based on point sampling is introduced into the neck network to obtain
more local details and semantic information, enhance the detection capability of the model for small targets, while
reducing the computational overhead. Finally, a spatial pyramid pooling method based on multi-scale feature extraction
BSPPF is used to effectively solve the problems of scale invariance and loss of feature information of the occluded
targets, so as to better capture key information and im-prove the stability and robustness of the model for detecting
occluded small targets. The experimental results indicate that compared to the baseline YOLOv5, FDB-YOLOv5 mAP
@0.5% reaching 91. 5% ; experimental outcomes demonstrate that compared to the baseline YOLOv5, FDB-YOLOVv5
exhibited superior performance with an mAP@0. 5 score reaching 91. 5%. There was also a reduction in the number of
parameters and computations by 19.07% and 18.41%, respectively, and an increase in model detection speed by
8.83%. When compared to Faster R-CNN, SSD, YOLOv5s and YOLOv8, FDB-YOLOv5 showcases outstanding
capabilities, offering valuable insights for unmanned border target detection technologies.

Keywords: small object detection;complex environment;large area occlusion; YOLOv5; unmanned border defense
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C3;Faster_C3a #i I F /R ¥ backbone H ) C3 FEH i hy
Faster_C3;Faster_C3b R £ /R ¥t head H 11 C3 #E B i
A Faster_C3,

R 3 C3 5 Faster C3 145 RELE

Table 3 Comparison of C3 and Faster-C3 detection results
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Table 4 Comparison results of pyramid pooling

structures with different features

TR A mAP@0. 5% Paras/M FLOP/G K] /ms
SPPF 87.7 7.05 16. 3 31.7
SPPF_LSKA 88.9 8.08 16. 6 32.4
BSPPF 89. 1 6. 37 15.2 30.0

i mAP@0. 5% Paras/M FLOP/G H}[a]/ms
C3 87.6 7.05 16.3 31.7
Faster_C3 86.9 5.78 12.6 29.7
Faster C3a 88.1 6. 34 13.8 29.7
Faster_C3b 87.5 6. 46 14.6 29.7

hSE s 25 AT ML, 75 5] A Faster C3 M55, 2848 M
7 RS RBCER A T R AR, S B8R D F R R R &
FTRKR/AN G 3 AR S BB e, B4R PConv WY 45 TR
Al 3, BB FOG 43 A GE G N R 00 45 AR (Conv) , T
Xof At i A GE E AR B AR BEARBE T IR B AR R AL 1 58
PE R RN BE 7, B A b AR S H AR R SCRMER R, X
WD T SEECR N 5] A Faster_C3a J5 » 16 32 TR BE 19 1%
OUF AR KR BE AR T £ H AR A I /5 R 5, TE3dE 5

TERE AR IE B B A 3R 5T T 58 & . . AR SORE L Faster _

C3a By E i AT T — LMk .

3 AR R AE 4 7 B AL 25 4 L A

T B UE AN [ RFAE 45 5 5 b A0 45 4 X 3 45/ s A 0
DT PERE . SRR L AR I 45258 . He B T AN [H] SPPF 45
FEY X B A~ I 45 PR BE 152 R 72 AN [R] SPPF 45 44 114 1o 2% I ik
7798, SRARINE 4 P,

HHSE IR A5 SR T A, 5 LA A B AH [, A 51 A BSPPF 45
YA J& o A6 S50 RN 0538 B0 B o /0 1 ) B oG B 45 31 T 4
T, 3% & 1 F BSPPF AR 76 A R REE LA #2 2344 B pr 58
TIURS 200 09 R A0F {1 75455 80 BB 6% B %y ot 4 A6 SHE 14 I A 1) J) 5
RAE T4 SR HRAE A 555 b e e R S A M Rl B H A R AE
RS ), DT 4R = T A 26 o 3 4 /08 b AR 0 1% o
P DL B Gk s T BSPPE SR GSConv JE 4 4 B, i
4 M R 8 B H AR AR R R RBE R B R SO B TR
BF W T S8 R T BT RS . 9l A SPPF_SLKA
i, 78 SPPE [ 36 Rl - Al& T KR4 B A% 1 1 2 1 ALl
(SLKA) , 3l 3 4 32 25 6] 385 01 308 1 s 2 190 A1) 40 i 56 28 i 75
TR T O 3 P4 A B R A L 18I0 TR R X S Y H AR AR
AIE B2 I A AU B T4 TR TR A G RS B L (ST T
Z S Hm K I B AR 1S, B L A SCK DL BSPPF 454
FRh AT T —2 itk .

4) 74 il S 56

g T 56 E T B A AR A = PR R N S A /1N AR A D Y
Rt AEAR TR B 92 50 3R 55 F LU YOLOvSs JR AR B I ik
AT T — R BTH AL . 43 S 953 T Faster C3a BiHt,
Dysample I >REEFT BSPPF X 3 i gt 1 55 W 25 A5 54 45 2K 1)
PERENG 25 T A SR S5 RN 5 iR,

x5 HELXLIY
Table S Ablation experiment
¥ 5 LA mAP@0. 5% Paras/M FLOPs/G fif 1] / ms
A YOLOv5s 87.6 7.05 16. 3 31.7
B A+ Faster_C3a 88.1 6. 34 13.8 29.7
C A+ Dysample 91.3 7.03 15.8 31.1
D A+ BSPPF 89.1 6. 37 15.2 30.0
E A—+Faster_C3a+ Dysample 90.9 6.35 13.8 29.2
F A+ Faster_C3a+ Dysample+ BSPPF 91.5 5.71 13.3 28.9

IYMTEE 5 GER AT 7E G A Faster_C3a Ji . M B
5L R AR R Lb, 7 T A TR AG UK BE A 1 BT, B 8
DA K % s BB A T 100 13 % R0 15, 34 95, K ) 33k i
WAFE] T HE T, B — 5 R JFE K PConv FE A RFHRAE
e S5 R /INAS AR (4 17 45 T sk 20 T G A, DA B e TR A
AL BEBICR

Ry T k2 A v A A A G DA B T RS B A A Y 3

SLFFES 5 M B A ), fF YOLOv5s AL fg SE Al 1, 51 A
Dysample FoREETT i, AR C, 5 JEBIALAH L, mAP@
0.5 2T+ 1 3. 700 EEM & TAEBLPIEN S5 T ARA
B B 18R Lol ), ELAE A R T AR 4 2
T, 23 R BOR T 55 hRFAE 27 21 TR LA e 8 AE R 410k
JEZ RS, 1 Dysample F R FE 5 ¥ BE 88 4 R0RE 503X
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ST A R A AR TR 1 T AR B O 4R T AR I R 1 ) s
PR MAE B . 51 A BSPPF 4544, i Al D, 78 S 508 it
FHIBER DB 9. T0% 6. 75 B BRI, mAP@O. 5 12
FET 1.5%, e AR B B B T 5. 36 %, UEW] T BSPPF
g ol A NI = IR 7 o sl T R S S o Nl i i R
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W 19,07 %6 H 18, 40 %0, K ISH FE 4R T 8. 83 %0 . FE—
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A T R0, ST 55 TR VT R AR S el R TE R TR R I
B AR RRREE b AR T 2 4% PR 88 T 3 1 /I E A A 100 A 251
MRS IR S S, AN R D R A B4R .
B, Wk S AT R T 31 B 4 2 IR BE R B9 AR N BRI S
PR R L T RE A PN AE B TR R D, TS A AR B R A

W R HE .
5) LT I 5 %) b

T LU b A AR A 4R T BT R S LA
SR S R BRI S5 5 .l AT, YOLOvS 58 B A%
AT ARSI B A [ RUBE B F AR AER AR AN [R] 3 5 T X #45 H
GNPV VE YN ER I3 AU W TR AN P o E S IR 75

YOLOvVS

YOLOVS
+Faster_C3a

YOLOV5
+Faster_C3a
+Dysample

YOLOvVS
+Faster_C3a
+Dysample
+NSPPF

(b) F3t2

i, TR T RS H AR AR AH R R &, 15
YOLOvVS BRI T 1% 4 4, 5] A Faster_C3a #H )5,
Y B T A b A R AE 15 S 5 R SR A B 2R R A TR A
G R B 0 A6 I 1 R AH X 35 5 5 BB Dysample SR AR
J5 LA B BSPPFE 5t 5l AL i — 2548 & T X5 R X H Ar
FRAE Y 42 HURE 7, iR A LR BN IE 2, NN 4 i 17 BB 1Y
R RS BE s ndg st 2 Mg st 4 i, Z 8% HF RV AR
T FRE 34 1y 5 0, A5 S AR A B0 AL L T R A A A B
# Faster_C3a BEHR 5] A, AR Y GE 0% 08 47 M 2 A 388 P4 B AR
bR SCRRAE AR & v/ B DL R 9 SR 0 H bR AR AR 4R B
SO DR B AL K 51 Dysample FOR#E K5 L 1 i
TR 43 B AR AN/ HAR (9800 5 7, A4 i 1
LR Ao AR BE L A M B Al B, 51 A BSPPF 4544, iy T i
P TR HARFRE AR BRI A B Ok, i — 20

P TR R DN M RE it o 3 i, B T HAREMNA
A7 KT AR P A L 2R YOLOvS R 3L T I A B
% 4RI E| A Faster_C3a f2 8 Dysample I R #¢ 7 35 il
BSPPF 45#4 J5 8 Gl 6% 5 B | e A B2 M A I 20 e H A
O AR TR L ) A R 3k ) TR S 0 R A 2R A U
JEE AR X R

(a) F3t1 (d) 54
(a) Scenario 1 (b) Scenario 2 (c) Scenario 3 (d) Scenario 4
&7 B bR s o 1

(OF75: &

Fig. 7 Example image of object detection
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Table 6 Comparison experiment of different algorithms

A mAP@0. 5% Paras/M FLOP/G H}[a]/ms
Faster R-CNN 35.2 — - 70. 4
SSD 54.1 — - 7.0
YOLOv5s 87.6 7.05 16. 3 31.7
YOLOv8s 84.9 11.13 28.4 31.4
FDB-YOLOv5 91.5 5.71 13.3 28.9

PRSI 25 a1, Z B mAP@O. 5 [ Faster R-
CNN. SSD Al YOLOv8s 4+ %l #& i 56.3%. 37.4% FI
6.6% . B H b YOLOvSs FA% 94.92% . iF i B & L
YOLOvSs & ik 113.53%, & ¥ 3 & [t YOLOvS
7.96% . SLEEERFW L MLLE R YOLOVS 5 A 75 B K
FETF 85 AT 50 0 09 TR B S PRRE T 55 1 1 G D00 23 R o A R
A B YOLOvS BRUF 3237 B AR K B A M L, B A
B PR B2 R B /b, T3 A 70 B R A R

2) AN [ 3 P4 A0 SR T bR

KT T BV S0 9IE T 52 FDB-Y OLOVS A6 I 45 %6 X 45
FeIRBE T IR /0N B A D0 ) A e A ot AS ] 3 4 v AR
N E b R 0 25 SR AT T B8 E, ST EE RN 8 TR
R bR A 0. 12% MRS T AR R 82. 63 %6, 1 A2 /N B FR LU

(a) HAR HEG: 0.86%, MERTHA: 57.54%
(a) Target proportion: 0.86%, covering area: 57.54%

Feleg

Yy i
sperson 0.82 /&0

)

(c) H¥REE: 0.19%, MERYTEH: 89.44%
(c) Target proportion: 0.19%, covering area: 89.44%

D JBE P4 bR R S A IR JBE O 85 06 3 B A 1 A
PERE .

ISR Y€ R L

Fig. 8 Example image of occlusion effect
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PN ORER T Al L A
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(b) Hirdith: 0.15%, WA 8593%

(b) Target proportion: 0.15%, covering area: 85.93%
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(d) Target proportion: 0.26%, covering area: 90.12%
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()HARHH: 0.86%, WRIEA: 90.13%
(e) Target proportion: 0.86%, covering area: 90.13%

i’per?ém 0.66

‘

(f) HAR EH: 0.18%, MR 94.22%
(f) Target proportion: 0.18%, covering area: 94.22%

P9 AN [ JHE #4200 2R X E 2 R

Fig. 9
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