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Hierarchical convolution filtering method for infrared dim small target detection

CHEN Cancan, XIA Rungqiu, LIU Yang, LIU Lishuang, CHEN Qingshan
(School of Instrument Science and Opto-electronic Engineering, Beijing Information Science and

Technology University, Beijing 100089, China)

Abstract: Aiming at the problems of unsatisfactory processing effect and long processing time in point target
detection algorithm of single-frame infrared image with complex background, a hierarchical convolution
filtering detection algorithm was proposed. It was mainly divided into two parts: firstly, according to the
characteristics of small infrared targets, a hierarchical convolution filtering operator was designed to filter the
image, so as to achieve the effect of efficiency increase and background suppression of small targets in the
image. Secondly, the adaptive threshold method based on the maximum value was used to binarize the image
to filter the background clutter, and finally extracted the target to be detected. Experiments in a large number of
infrared images with different backgrounds show that the performance quantization results of background
suppression factor and signal-to-noise ratio gain of the algorithm are better than that of the existing five typical
infrared dim and small target detection algorithms, and the average processing time is only 30.42% of
Laplacian of Gaussian (LoG) filtering algorithm. Through the experimental comparison, the hierarchical
convolution filtering method can effectively solve the problem of small target detection in infrared images
under different complex backgrounds.

Key words: complex background; infrared image; infrared dim small target detection; convolution filtering;

adaptive threshold
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Fig. 1 Overall flow chart of algorithm
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Fig. 5 Single-frame images processed by six algorithms
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Fig. 6 Sequence images processed by six algorithms
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Seq.6 Seq.7 Seq.8 Seq.9 Seq.10
TopHat 1501.57 78.90 0.93 1 062.44 12.55
IPI 24 184.64  332.68 8.66 70.49 19.08
LCM 7971.7 512.41 4.09 8441.12  29.78
MPCM 10 099.61 61.68 10.67 10891.93 55.73
LoG 3613.22 81.99 22 2967.2 15.06
Ours 30 663 734.65 28.14 16763.96 57.51
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Table 3 Comparison of BSF values of six methods on Seq.6~10

15751
Seq.6 Seq.7 Seq.8 Seq.9 Seq.10

ik

TopHat 268.01 228.77 265.74 246.53 639.97

IP1 25.19 10.48 10.35 14.87 12.84
LCM 165.27 134.29 173.25 193.29 178.09
MPCM 124.59 327.89 227.86 207.17 563.92
LoG 555.63 42191 493.86 506.00 1182.76
Ours 888.35 150329 8004.54 1231.68 3992.90
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Table 4 Average running time of six methods on

Seq.6~10 Is

o &R FF51

sk Seq.6 Seq.7 Seq.8 Seq.9 Seq.10
TopHat 0.0100 0.0106 0.0105 0.0109 0.0116
IPI 69256  7.1529 7.2873 7.0415 8.1890
LCM 0.0815 0.0830 0.0814 0.0842 0.0860
MPCM 0.0683 0.0682 0.0667 0.0689  0.0688
LoG 0.0192  0.0207 0.0206 0.0200 0.0209
Ours 0.0064 0.0064 0.0059 0.0056 0.0065




REFDG2E 2023, 44(4)  BRAAL, 48 J2 06 BRUE Ik 20 /8 55708 H ARKL I Jr i « 831

S 25 ] DL Y, 8 S0 4 SR A
Seq.6~10 &2 St ILLAMNTHIEIUZ RS SCEE SCRG
F1 BSF {H 5 K, /R i SCHR I 38 70 75 Sl i)
1 H bR AF 5 3G 5 07 AL T A 5 Rh bR R
HR, 2563 4 F XA HE R T LUE ), TPT AR 7E
TS B8 01 L RS A P #, (B IR LA B[R]
Ko M, 830 4 A% 530 Ak B ] AH
A 5 R R, HALH LoG U8 I 53 0k b 2
B 1] £ 30.42%

I, 38 3 4 57 3 AR R % (receiver operating
characteristic curve, ROC) [t £k S iR 21 41 /)y H ARk

1.0 . _ _ .
=
0.8 ’: /P‘} B /// A B
i/ L/
i/ /
206 i/ ,,7/ ¥
E_\: ,I'/{;’ /r’/ -%- MPCM
i 74 -0~ LCM
Eé{/ /x’ - TopHat
0.2 L"/ o= 1PI
‘ / )(‘/ -4~ LOG
’ / -8~ Ours
08 . . ) ) ‘ ‘
0 0.5 1.0 1.5 20 25 30 35 40
B /Y%, %1073

(b) EI5)¥F1Seq7IYROCIHIZL

3o R R R S R L KR oA ’
(Po) R4 (P HISE SN (7) AT (8). sl /
n L 3
Y ) o6 ”// o
e ijr v/, MPCM
P.= N (9) Zo4 .:[.‘; / /////// sl -: LCM
i/ -p-- TopHat
A i, N LN SRR PR 51 1 Ny bt
— Ak e e M2 § 4 ek : -4~ LOG
FLBRANHL U2 F B B R 20 0 B b B / o ous
A EHR T BR R B 0,
HEEZI% x107*

ROC £k LIS A 3R (true positive rate, TPR)
AR KR AL K (false positive rate, FPR) A i
ARBR I 2 il £, 7 ROC ph 2k ip il e iig 22 I, 15
WY ARG T Pk R B ™ BT 8 KR T 6 AR
1£ Seq6-10 7 51 1% () ROC fili £k, M IEI R AT LA
F iy, FOHA S BREEEAE L, 8 SCHR R L RE
AR R A TH AR, H B 98 7E B 2 SR A IK Y [m] B £
FRI e B A 2, A T HoA, 5 AhAREE, B AR
K VERE o ) FIRSEE A R LIE W, fE 5 H
2 By S ik S5 VE A L, 18 SCHE Y AR
A R E G, BA AR E T 5
. Bbrgsm g Ee g1, LUREEARH BE R T A
A R R R AR ) A AR A T A
2R MRy S AR IR, B s e

1.0

'lf.‘"ffx_.—'-‘-_ e
0.8 f
i
il
!y
206 I
| e
| “ MPCM
o4 H o PSR e -0 -~ LCM
i _,-' ol & TopHat
F; -0 IPI
0.2 ¢,/.l 4+ LOG
=@ Ours
0 :
1 2 3 4 5 6
HEE /% x10*

(a) 14751 Seq6RIROCHT £

(c) % IT51Seq8ROCHTZk

-#- MPCM
-o0-- LCM
-&-- TopHat
-o-- [PI
-4-- LOG
-8-- Ours

5 5 6
R /% X104
(d) 8551 SeqORIROCHIZE

1.0
— PR e bttt
08} ?"'*_}Z e o— ————
[
FT
o\\c 0 6 Il / ,’/
¥ 0/ /
Eoabl / ~- MPCM
“o4f / /« o ea
L oo
7k -0~ IPI
0.2 / o
-8~ Ours
0 . : : » - L
0 1 2 3 4 5 6 7
R Y% “10

(e) 2 F%11Seql10 FUROCHHLE

B8 T RIEEH ROC Lk [E
Fig. 8 ROC curves of different algorithms



. 832 - o]

55 44 2 5 4 )

3 4Hig

WICEE T R B FRUE B 1 205N B Fr A i
O, IRy — A AL AN B AR G s i
etk Wt — 2 OB BRI A, KBRESLTS &,
PEICH bRy I X8 IS 0 SR AL F e KB
() 1 38 07 B0 431 07 v, R R S 2 I s, o
REEIOH B AR, FEEAN R 4295 5 F 4o BHE
Bl LUAT TR E RS . LA R R
W, %5 A A A o 0 R v B D 1 Ak B
R FR] 58 v A ARG IS B 0 R 4 1 8 e 4k, p T At
5 BRI R I 7, FLP- 3 b B (B4R LoG 1§
PR 30.42%, HA S,

S E k-

(1] EhrWt, Ty, FEAL L0 RmiER 55/ B AR R4
AREEA ] WOt 5e T4 LR, 2019, 56(8): 114,
WANG Haoxian, DONG Heng, ZHOU Zhiquan. Review
on dim small target detection technologies in infrared
single frame images[J]. Laser & Optoelectronics Pro-
gress, 2019, 56(8): 114.

i 8, 22130, W k. JRy R LU B Se 0 T Ak TR kAt
BIRILLAM N FARKR TN J5 2 (0] Dt 72741, 2021, 50(11):
17.

HE Wei, AN Bowen, PAN Shengda. Infrared small target

[2]

detection method based on low rank model with local con-
trast prior[J]. Acta Photonica Sinica, 2021, 50(11): 17.
EWBH, B2, DR, 5. 205055/ B AR B AR 25
B LI]. BN R 2F2E4 (BE~ERR), 2020, 52(2): 1-21.

REN Xiangyang, WANG Jie, MA Tianlei, et al. Review

[3]

on infrared dim and small target detection technology[J].

Journal of Zhengzhou University(Natural Science
Edition), 2020, 52(2): 1-21.

JEMEFE, ok T, XIT7RI, 45 5T R ARGPUIIZLAb55
/NEBRRRINEE 5 D). B2, 2020, 41(5): 1089-1095.

FAN Pengcheng, ZHANG Weiguo, LIU Wangang, et al.

[4]

Infrared weak small target detection algorithm based on
embedded GPU[J]. Journal of Applied Optics, 2020,
41(5): 1089-1095.

A AR/ TE AL B AR L A B AGHI OG B A
FL[D]. P44 P2 HL T-RHER A, 2020.

LI Jia. Research on the key technology of infrared ima-

[5]

ging detection for low-slow-small UAV[D]. Xi’ An:
Xidian University, 2020.

(6] skaell, TOCH, 2, 45, 2 T RO LCMIMZIAM N

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

PRAGIN L (7). 215N S5O T, 2017(7): 270-276.
ZHANG Xiangyue, DING Qinghai, LUO Haibo, et al. In-
frared dim target detection algorithm based on improved
LCMU[J]. Infrared and Laser Engineering, 2017(7): 270-
276.

LIUC, XIE F Y, DONG X M, et al. Small target detec-
tion from infrared remote sensing images using local ad-
aptive thresholding[J]. IEEE Journal of Selected Topics
in Applied Earth Observations and Remote Sensing,
2022, 15: 1941-1952.

BRE, Kk, EWeH, 55, 205855/ B AR 5 bk 25
). EERETEA4R, 2020, 25(9): 1739-1753.

LI Junhong, ZHANG Ping, WANG Xiaowei, et al. In-
frared small-target detection algorithms: a survey[J].
Journal of Image and Graphics, 2020, 25(9): 1739-1753.
SHAO X P, FAN H, LU G X, et al. An improved infrared
dim and small target detection algorithm based on the
contrast mechanism of human visual system[J]. Infrared
Physics & Technology, 2012, 55(5): 403-408.
MARVASTI F S, MOSAVI M R, NASIRI M. Flying
small target detection in IR images based on adaptive
toggle operator[J]. IET Computer Vision, 2018, 12(4):
527-534.

EH, . T =R R BUE LIS/ B bR BT
Sk [0]. i S5, 2020, 27(10): 27-30.

WANG Di, SHEN Tao. Single-frame detection algorithm
for infrared dim target based on third-order cumulant[J].
Electronics Optics & Control, 2020, 27(10): 27-30.
CHEN C L P, LI H, WEI Y T, et al. A local contrast
method for small infrared target detection[J]. IEEE
Transactions on Geoscience & Remote Sensing, 2014,
52(1): 574-581.

WELY T, YOU X G, LI H. Multiscale patch-based con-
trast measure for small infrared target detection[J]. Pat-
tern Recognition, 2016, 58: 216-226.

DENGH, SUN X P, LIU M L, et al. Small infrared tar-
get detection based on weighted local difference
measure [J]. IEEE Transactions on Geoscience & Remote
Sensing, 2016, 54(7): 4204-4214.

GAO C G, MENG DY, YANG Y, et al. Infrared patch-
image model for small target detection in a single
image[J]. IEEE Transactions on Image Processing, 2013,
22(12): 4996-5009.

DAIY M, WU Y Q, SONG Y. Infrared small target and

background separation via column-wise weighted robust


https://doi.org/10.13705/j.issn.1671-6841.2019557
https://doi.org/10.13705/j.issn.1671-6841.2019557
https://doi.org/10.13705/j.issn.1671-6841.2019557
https://doi.org/10.13705/j.issn.1671-6841.2019557
https://doi.org/10.13705/j.issn.1671-6841.2019557
https://doi.org/10.13705/j.issn.1671-6841.2019557
https://doi.org/10.13705/j.issn.1671-6841.2019557
https://doi.org/10.5768/JAO202041.0506004
https://doi.org/10.5768/JAO202041.0506004
https://doi.org/10.1109/JSTARS.2022.3151928
https://doi.org/10.1109/JSTARS.2022.3151928
https://doi.org/10.1049/iet-cvi.2017.0327
https://doi.org/10.1016/j.patcog.2016.04.002
https://doi.org/10.1016/j.patcog.2016.04.002
https://doi.org/10.1109/TIP.2013.2281420

NG 2023, 44(4)

WA, 25 SO FRUE B 2L Ah 55 /N E ARG O 12 .

833

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

principal component analysis[J]. Infrared Physics &
Technology, 2016(77): 421-430.

KONG X, YANG C P, CAO S Y, et al. Infrared small
target detection via nonconvex tensor fibered rank approx-
imation[J]. IEEE Transactions on Geoscience and Re-
mote Sensing, 2021(99): 1-21.

YANG X H, HU X C, ZHOU S H, et al. Interpolation-
based contrastive learning for few-label semi-supervised
learning [J/OL]. arXiv, [2022-06-22] .https://arxiv.org/abs/
2202.11915.

ZHOU W C S, XU C W, MCAULEY J L. BERT learns
to teach: Knowledge distillation with meta learning[C]//
Proceedings of the 60th Annual Meeting of the Associ-
ation for Computational Linguistics Dublin, Ireland: As-
sociation for Computational Linguistics, 2022: 7037-
7049.

LIUY, TU W X, ZHOU S H, et al. Deep graph cluster-
ing via dual correlation reduction[C]// Proceedings of the
AAAI Conference on Artificial Intelligence. Vancouver,
Canada: AAAI 2022: 7603-7611.

LIU Y, YANG X H, ZHOU S H, et al. Simple contrastive
graph clustering[J/OL]. arXiv,[2022-06-26] .https://arxiv.
org/abs/2205.07865.

KRR, SRR, A8/INT, 4. IR ET LIS B iRE
I, SeH TR, 2020, 47(10): 128-137.

ZHANG Ruzhen, ZHANG lJianlin, QI Xiaoping, et al. In-
frared target detection and recognition in complex
scene[J]. Opto-Electronic Engineering, 2020, 47(10):
128-137.

LIN L K, WANG HY, TANG Z X. Using deep learning
to detect small targets in infrared oversampling
images[J]. Journal of Systems Engineering and Electron-
ics, 2018, 29(5): 71-76.

A5, 0T, iS5, . J AR R N AAMNER S/ E

[25]

[26]

[27]

[28]

[29]

BRI [T]. B A2, 2021, 42(4): 643-650.

CAI Wei, XU Peiwei, YANG Zhiyong, et al. Dim-small
targets detection of infrared images in complex back-
grounds [J]. Journal of Applied Optics, 2021, 42(4): 643-
650.

FEMG. 52 25 S S50 T 24055 /0N B AR T 56 e AR B
FE[D]. Hrdat: FrisRes, 2020.

DU Peng. Research on key technology of infrared detec-
tion of dim and small target under complex background
conditions [D]. Xinjiang: Xinjiang University, 2020.
PANG D D, SHAN T, LI W, et al. Facet derivative-based
multidirectional edge awareness and spatial —temporal
tensor model for infrared small target detection[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2022,
60: 1-15.

LIQ, NIE J Y, QU S C. A small target detection al-
gorithm in infrared image by combining multi-response
fusion and local contrast enhancement[J]. Optik Interna-
tional Journal for Light and Electron Optics, 2021,
241(3): 166919.

Phsgom, G2 R AR A 0 £0 41 55 /0N B bn K il 450 3
[J/OL]. HLiH#EAR, [2022-07-11]. http:/kns.cnki.net/kems/
detail/51.1267.TN.20211117.0837.002.html.

CHEN Ziqgiang, LIANG Chen. Infrared dim target detec-
tion algorithm with low false alarm rate[J/OL]. Telecom-
munication Engineering,[2022-07-11]. http://kns.cnki.
net/kems/detail/51.1267.TN.20211117.0837.002.html.
BN, AR, sl/ME, S R A =R HURFERAT
MILLAh/ N B AR (7], 2050 59O TR, 2021, 50(2):
244-253.

HAN Jinhui, JIANG Yawei, ZHANG Xiaojian, et al. In-
frared small target detection using tri-layer window local
contrast[J]. 2021,

50(2): 244-253.

Infrared and Laser Engineering,


https://arxiv.org/abs/2202.11915
https://arxiv.org/abs/2202.11915
https://arxiv.org/abs/2205.07865
https://arxiv.org/abs/2205.07865
https://doi.org/10.5768/JAO202142.0402002
https://doi.org/10.5768/JAO202142.0402002
http://kns.cnki.net/kcms/detail/51.1267.TN.20211117.0837.002.html
http://kns.cnki.net/kcms/detail/51.1267.TN.20211117.0837.002.html
http://kns.cnki.net/kcms/detail/51.1267.TN.20211117.0837.002.html
http://kns.cnki.net/kcms/detail/51.1267.TN.20211117.0837.002.html

	引言
	1 提出的算法
	1.1 层次卷积滤波
	1.2 基于最大值的自适应阈值

	2 实验结果与分析
	3 结论
	参考文献

