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Infrared small target detection algorithm for UAV detection system

ZHANG Mingchun, NIU Chunhui” , LIU Lishuang , LIU Yang
(School of Instrument Science and Opto-electronic Engineering, Beijing Information Science & Technology University, Beijing

100192, China)

Abstract: In order to solve the problem of poor applicability and high false alarm rate of target detection algorithm in
unmanned aerial vehicle (UAV) detection systems in different scenarios, a UAV detection system based on a field-programmable
gate array( FPGA) and digital signal processor architecture was designed by using infrared small target detection algorithm which
could be applied to different complex backgrounds. Firstly, a bilateral filter algorithm was used to smooth the background and
preserve the edge of the target region. Then, an improved multi-scale top-hat algorithm was adopted to enhance the target and
suppress the background to improve the contrast difference between the target and the surrounding area. Finally, the adaptive
threshold segmentation method based on maximum and average values was used to extract the target. The experimental results
show that the detection rate of the system is 98. 15%, and the overall delay is 33. 33 ms. Compared with the existing typical
infrared small target detection algorithms, the signal-to-noise ratio gain and background suppression factor of this proposed
algorithm are increased by 6. 8 times and 7. 44 times on average, respectively, which effectively suppresses the background and
enhances the target. The algorithm can effectively solve the problem of infrared small target detection in complex backgrounds,
and it is helpful to improve the applicable ability and detection ability of the UAV detection system in different scenarios.

Key words: image processing; small target detection; bilateral filtering; improved top-hat algorithm; adaptive threshold
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Fig. 1 Block diagram of system structure
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BIP AT T 0F S5, fE Windowsll MATLAB
2020b FRE T, 0 B JRy &8 % L BE 7 ¥ (local con-
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777 (multiscale patch-based contrast method , MPCM)
3 - 3 7 3 Laplace of Gaussian, LoG)4 FhElA
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A7 EBIRATEANE R B 5 B 6 th st T 4
LA ARSI EURAE RSB T RS IS5 R 5 R
— (AL 2

IEEBGEE AT LI H, LCM B3 A0 0 445 S v A Bl

K1 FFIEIGHR

Table 1 Sequential image description

image background

1mage 1mage target targct (random background noise
sequence s1ze number s1ze .
and system interference )

Seq. 1 256x256 1 3x3 complex cloud background
Seq.2  256x256 1 3x3 mountain background
Seq.3  256x256 1 3x3 forest background

Seq.4  256x256 2 3x3 sky multiple targets

LCM  top-hat MPCM LoG this paper
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Fig.5 Sequence image processed by five algorithms
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Fig.6 Sequence image after same threshold processing
REERHEE H A5, top-hat 51355 LoG S A I 45 5% o
PEBERR T R H bR , MPCM BETE LU Sorh AERf > i
HEE HbR AL Z R AR SO TS L RE R 2325 H AR,
XA 5T BIZLANP A R B A B O REIACR

WL b VT B B8R, SR A5 18 L (signal-to-
noise ratio, SNR) {55 M L3 25 (SNR gain, SNRG) FlI7¥
Fe i A7 ( background suppression factor, BSF) 1 K
PEAT SRR, SNR Fll SNRG A LK -

e

Egg = Ty (11)
b
ESNR,out
Espe = E (12)
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TSR 7 BSF IR 75 X 15 54 A0 410 1 fiE
BSF & H .
o
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out

Ko, oo, 53038 R E 5B G 2 15
SRS . B (BRI RO R T
5 R ETE Seq. 1~Seq. 3 35 F ) SNRG Fl BSF
k2 iR,
2 S MRILTERT 3 413 & THY SNRG 5 BSF A
Table 2 Sequence images describe the SNRG and BSF values of the five al-

gorithms in the first three sets of scenes

— =
evaluation  IMage —y ey o hat MPCM LoG this
index  sequence paper

Seq. 1 7.78  231.21 112.09 317.64 1517.63
SNRG Seq. 2 0.38 2.61 9.85 8.04 38.79
Seq. 3 0. 05 2.29 9.04 5.15 16. 21
Seq. 1 0.98 6.73 0.50 7.36 26.53
BSF Seq. 2 0.93 2.07 2.81 2.94 25.72
Seq. 3 0.83 1.42 3.43 1.56 6.79
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R S N N (Rl RN S B A = W R ]
A BCEAFR A fER R BIETTIR E,,, 2% ROC
o K F, RBERF, 2.
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F,=— 14
=N (14)
ng

F =— 15
= (15)
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BLF, E R AL FR, F, 1EH A8 B2 ) ROC
2k, KT, LRI 22 LT, B P, B
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Seq. 3 X 3 4UF S PRI AT S B M IR, 3 HIH 4 5
JEE 5 TS SRARARTY S, i 7 AT DA A
Y 4 P L, A5 SO R I (L0055 s L
FRICAT) MR RES SR T 1, BETE 1070 A i e %
FF BB T 100% K 5,

complex cloud background mountain background forest background
L e R o — et L
____________ . > ‘ - ——--—--a-
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e - o - top-hat - o - top-hat
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= = —o— this paper —o— this paper
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Fig.7 ROC curves of different algorithms
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Fig.8 Outdoor test scenario
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Fig.9 Single frame detection effect
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Fig. 10  Multi-frames detection effect
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Fig. 11 Target detection time
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