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Infrared small target detection method based on the improved

weighted enhanced local contrast measurement

Lu Xiaofeng, Bai Xiaofei, Li Sixun, Wang Xuan, Hei Xinhong
(Department of Computer Science and Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: Infrared dim and small target detection is an important part of the infrared search and tracking system
(IRST). Generally, in a complex background environment, infrared dim and small target detection often has the
problem of a high false alarm rate and low detection rate. To solve this problem, an improved weighted enhanced
local contrast measurement (IWELCM) detection framework is proposed. First, by combining the local contrast
mechanism with the signal-to-clutter ratio (SCR) calculation, an enhanced local contrast measurement is proposed
to enhance the SCR of the infrared image while enhancing the suspected small target region. Second, an improved
weighting function is proposed to enhance the target and suppress the background by taking advantage of the
characteristics of the target in infrared images and the significant difference between the target and the
surrounding background. Finally, an adaptive threshold segmentation method is used to extract real targets.
Experimental results on different scene datasets show that compared with the seven existing methods, the
proposed method can effectively extract real dim targets from interference objects under complex backgrounds
and has better detection performance.

Key words: infrared search and tracking system; infrared small target;

enhanced local contrast measurement;  improved weighting function
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Fig.4 The processing results of each stage of the proposed method
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Tab.2 Different algorithms for SCRG and BSF
Group MPCM HBMLCM RLCM WLCM LIG VARD WSLCM Proposed
A 13.7740 38.4515 35.6964 14.1418 40.8663 52.0710 64.5946 81.5212
B 0.2279 41.2985 46.3187 16.4898 41.5748 53.1416 59.3697 78.1993
SCRG
C 18.1137 42.0716 42.5617 16.0556 51.9249 96.124 1 96.7909 113.1314
D 14.7579 29.6982 38.5927 6.4603 25.0772 46.7294 55.7274 67.7811
A 3.8536 96.8987 14.3195 3.9775 142.7530 506.5147 1.7110E4 1.5063E5
BSF B 9.3584 135.5051 279701 15.8239 1.5340 E3 1.5539E3 1.0310E4 8.4945E5
C 10.8951 239.3650 35.3325 44159 914.2129 6.7779E6 1.003 7E7 4.661 1E9
D 6.8822 36.0568 7.0603 2.4828 15.1681 131.064 1 748.6377 7.5116E3
1.0 — : - 1.0 ' —
| ﬁlf—‘rf___’
g 038 ., = '- < 08
g =l
.S 2
2 —— MPCM 3
3 06 HBMLCM 3 06 — MPCM
s RLCM s HBMLCM
© WLCM °© —— RLCM
204 e Z 04 WLCM
£ VARD 5 — LIG
£ 02 —— WSLCM S o2l — VARD ]
A A~ —— WSLCM
Prol?osed : — — Proposed
0 i 1 i i 0 1 1 1 I E—
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
False-alarm rate, Fa x10* False-alarm rate, Fa x10°*
— - 1.0
? —
N SN, RPN (SR S $ 08
= ! | =
.2 | ! -2 !
3 i | —— MPCM 2 i
e [ | HBMLCM z 06 ; - —— MPCM
< | . RLCM < i HBMLCM
! | —— RLCM
2 4 il WLCM 204 Ho S WLCM
= f —— LIG i {
S | VARD < i — LIG
2 ! g l ’ | VARD
£ + —— WSLCM £ 02 - WSLCM
! — — Proposed
i i — — Proposed
0 | ' | ' 0 L ' ' i
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
False-alarm rate, Fa x10°° False-alarm rate, Fa x10*
¥l 6 Group A~Group D ] ROC Hli£k
Fig.6 ROC curves of Group A-Group D
* 3 AEEZRFITITRIE ($4L: 5)
Tab.3 Average running time of different algorithms (Unit: s)

Group MPCM HBMLCM RLCM WLCM LIG VARD WSLCM Proposed
A 0.0406 0.0153 1.0903 1.2553 0.5486 0.0107 1.5200 1.4018
B 0.1301 0.0582 6.4974 7.9061 3.7195 0.0378 8.7144 8.3904
C 0.0472 0.0146 1.0737 1.5380 0.8690 0.0113 1.5394 1.3968
D 0.0502 0.0163 1.4727 1.5801 0.7134 0.0126 2.0676 1.9152

20210914-8



s Gk A2

www.irla.cn

% 84

B B S 25 TR B, BT 8 7E DU RS B
SR P RE Uy B R I 45 1, AE BT A 6 EE B v B
T GeA TR RS

3 4

BEXF S 20 S 404055 /N H bRk (), 42 T —
F T LT AN B AR A IHE S, RSt ) I AS 1 o o
XF LGB B A, AR A SRt L I T 2R R
JRy X L R I A A b 5 AR Y S A bR 2,
PETHER M SCR. HUR, AL eR 5 i B b i) Rtk &
H AR5 8 B 5 2 18] A S8 22 S SRy i oxof Lo B it A7
IR Fefa, 8 — T ER A 1 A N 1 A 43 A A
T HbR. R EUREUREE SR R, R
#9757 ¥ 32 5 T SCRG HI BSF 1 fig 85, 76 ROC £k
AR

S 3k

[1] XiaCQ,LiXR,Zhao LY, et al. Infrared small target detection
based on multiscale local contrast measure using local energy
factor [J]. IEEE Geoscience and Remote Sensing Letters, 2020,
17(1): 157-161.

[2] Han J H, Liu S B, Qin G, et al. A local contrast method
combined with adaptive background estimation for infrared
small target detection [J]. IEEE Geoscience and Remote
Sensing Letters, 2019, 16(9): 1442-1446.

[3] Kim S, Yang Y, Lee J, et al. Small target detection utilizing
robust methods of the human visual system for IRST [J].
Journal of Infrared, Millimeter, and Terahertz Waves, 2009,
30: 994-1011.

[4] Wang X, Lv GF, Xu L Z. Infrared dim target detection based on
visual attention [J]. Infrared Physics & Technology, 2012,
55(6): 513-521.

[5] Chen CL P, Li H, Wei Y T, et al. A local contrast method for
small infrared target detection [J]. IEEE Transactions on
Geoscience and Remote Sensing, 2014, 52(1): 574-581.

[6] Han J H, Ma Y, Zhou B, et al. A robust infrared small target
detection algorithm based on human visual system [J]. IEEE
Geoscience and Remote Sensing Letters, 2014, 11(12): 2168-
2172.

[71 QinY, Li B. Effective infrared small target detection utilizing a

[10]

(11]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

20210914-9

novel local contrast method [J]. IEEE Geoscience and Remote
Sensing Letters, 2016, 13: 1890-1894.

Wei Y T, You X G, Li H. Multiscale patch-based contrast
measure for small infrared target detection [J]. Pattern
Recognition, 2016, 58: 216-226.

Han J H, Liang K, Zhou B, et al. Infrared small target detection
utilizing the multiscale relative local contrast measure [J]. IEEE
Geoscience and Remote Sensing Letters, 2018, 15(4): 612-616.
Han J H, Moradi S, Faramarzi I, et al. A local contrast method
for infrared small-target detection utilizing a tri-layer window
[J]. IEEE Geoscience and Remote Sensing Letters, 2020,
17(10): 1822-1826.

Deng H, Sun X P, Liu M, et al. Entropy-based window selection
for detecting dim and small infrared targets [J]. Pattern
Recognition, 2017, 61: 66-77.

Qin Y, Li B. Effective infrared small target detection utilizing a
novel local contrast method [J]. IEEE Geoscience and Remote
Sensing Letters, 2016, 13(12): 1890-1894.

Nie J Y, Qu S C, Wei Y T, et al. An infrared small target
detection method based on multiscale local homogeneity
measure [J]. Infrared Physics & Technology, 2018, 90: 186-
194.

Liu J, He Z Q, Chen Z L, et al. Tiny and dim infrared target
detection based on weighted local contrast [J]. IEEE Geoscience
and Remote Sensing Letters, 2018, 15(11): 1780-1784.

Lv P Y, Sun S L, Lin C Q, et al. A method for weak target
detection based on human visual contrast mechanism [J]. IEEE
Geoscience and Remote Sensing Letters, 2019, 16(2): 261-265.
Han J H, Moradi S, Faramarzi I, et al. Infrared small target
detection based on the weighted strengthened local contrast
measure [J]. IEEE Geoscience and Remote Sensing Letters,
2021, 18(9): 1670-1674.

Shi Y F, Wei Y T, Yao H, et al. High-boost-based multiscale
local contrast measure for infrared small target detection [J].
IEEE Geoscience and Remote Sensing Letters, 2018, 15(1): 33-
37.

Zhang H, Zhang L, Yuan D, et al. Infrared small target detection
based on local intensity and gradient properties [J]. Infrared
Physics & Technology, 2018, 89: 88-96.

Nasiri M, Chehresa S. Infrared small target enhancement based
on variance difference [J]. Infrared Physics & Technology,
2017, 82: 107-119.


https://doi.org/10.1109/LGRS.2019.2914432
https://doi.org/10.1109/LGRS.2019.2898893
https://doi.org/10.1109/LGRS.2019.2898893
https://doi.org/10.1007/s10762-009-9518-2
https://doi.org/10.1109/TGRS.2013.2242477
https://doi.org/10.1109/TGRS.2013.2242477
https://doi.org/10.1109/LGRS.2014.2323236
https://doi.org/10.1109/LGRS.2014.2323236
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/LGRS.2018.2790909
https://doi.org/10.1109/LGRS.2018.2790909
https://doi.org/10.1109/LGRS.2019.2954578
https://doi.org/10.1016/j.patcog.2016.07.036
https://doi.org/10.1016/j.patcog.2016.07.036
https://doi.org/10.1109/LGRS.2016.2616416
https://doi.org/10.1109/LGRS.2016.2616416
https://doi.org/10.1109/LGRS.2018.2856762
https://doi.org/10.1109/LGRS.2018.2856762
https://doi.org/10.1109/LGRS.2018.2866154
https://doi.org/10.1109/LGRS.2018.2866154
https://doi.org/10.1109/LGRS.2020.3004978
https://doi.org/10.1109/LGRS.2017.2772030
https://doi.org/10.1109/LGRS.2019.2914432
https://doi.org/10.1109/LGRS.2019.2898893
https://doi.org/10.1109/LGRS.2019.2898893
https://doi.org/10.1007/s10762-009-9518-2
https://doi.org/10.1109/TGRS.2013.2242477
https://doi.org/10.1109/TGRS.2013.2242477
https://doi.org/10.1109/LGRS.2014.2323236
https://doi.org/10.1109/LGRS.2014.2323236
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/LGRS.2018.2790909
https://doi.org/10.1109/LGRS.2018.2790909
https://doi.org/10.1109/LGRS.2019.2954578
https://doi.org/10.1016/j.patcog.2016.07.036
https://doi.org/10.1016/j.patcog.2016.07.036
https://doi.org/10.1109/LGRS.2016.2616416
https://doi.org/10.1109/LGRS.2016.2616416
https://doi.org/10.1109/LGRS.2018.2856762
https://doi.org/10.1109/LGRS.2018.2856762
https://doi.org/10.1109/LGRS.2018.2866154
https://doi.org/10.1109/LGRS.2018.2866154
https://doi.org/10.1109/LGRS.2020.3004978
https://doi.org/10.1109/LGRS.2017.2772030
https://doi.org/10.1109/LGRS.2019.2914432
https://doi.org/10.1109/LGRS.2019.2898893
https://doi.org/10.1109/LGRS.2019.2898893
https://doi.org/10.1007/s10762-009-9518-2
https://doi.org/10.1109/TGRS.2013.2242477
https://doi.org/10.1109/TGRS.2013.2242477
https://doi.org/10.1109/LGRS.2014.2323236
https://doi.org/10.1109/LGRS.2014.2323236
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/LGRS.2018.2790909
https://doi.org/10.1109/LGRS.2018.2790909
https://doi.org/10.1109/LGRS.2019.2954578
https://doi.org/10.1016/j.patcog.2016.07.036
https://doi.org/10.1016/j.patcog.2016.07.036
https://doi.org/10.1109/LGRS.2016.2616416
https://doi.org/10.1109/LGRS.2016.2616416
https://doi.org/10.1109/LGRS.2018.2856762
https://doi.org/10.1109/LGRS.2018.2856762
https://doi.org/10.1109/LGRS.2018.2866154
https://doi.org/10.1109/LGRS.2018.2866154
https://doi.org/10.1109/LGRS.2020.3004978
https://doi.org/10.1109/LGRS.2017.2772030
https://doi.org/10.1109/LGRS.2019.2914432
https://doi.org/10.1109/LGRS.2019.2898893
https://doi.org/10.1109/LGRS.2019.2898893
https://doi.org/10.1007/s10762-009-9518-2
https://doi.org/10.1109/TGRS.2013.2242477
https://doi.org/10.1109/TGRS.2013.2242477
https://doi.org/10.1109/LGRS.2014.2323236
https://doi.org/10.1109/LGRS.2014.2323236
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/LGRS.2018.2790909
https://doi.org/10.1109/LGRS.2018.2790909
https://doi.org/10.1109/LGRS.2019.2954578
https://doi.org/10.1016/j.patcog.2016.07.036
https://doi.org/10.1016/j.patcog.2016.07.036
https://doi.org/10.1109/LGRS.2016.2616416
https://doi.org/10.1109/LGRS.2016.2616416
https://doi.org/10.1109/LGRS.2018.2856762
https://doi.org/10.1109/LGRS.2018.2856762
https://doi.org/10.1109/LGRS.2018.2866154
https://doi.org/10.1109/LGRS.2018.2866154
https://doi.org/10.1109/LGRS.2020.3004978
https://doi.org/10.1109/LGRS.2017.2772030
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/LGRS.2018.2790909
https://doi.org/10.1109/LGRS.2018.2790909
https://doi.org/10.1109/LGRS.2019.2954578
https://doi.org/10.1016/j.patcog.2016.07.036
https://doi.org/10.1016/j.patcog.2016.07.036
https://doi.org/10.1109/LGRS.2016.2616416
https://doi.org/10.1109/LGRS.2016.2616416
https://doi.org/10.1109/LGRS.2018.2856762
https://doi.org/10.1109/LGRS.2018.2856762
https://doi.org/10.1109/LGRS.2018.2866154
https://doi.org/10.1109/LGRS.2018.2866154
https://doi.org/10.1109/LGRS.2020.3004978
https://doi.org/10.1109/LGRS.2017.2772030

	0 引　言
	1 提出算法介绍
	1.1 ELCM的计算
	1.2 IW的计算
	1.3 IWELCM的计算
	1.4 归一化过程
	1.5 阈值分割
	1.6 IWELCM的讨论

	2 实验结果
	3 结　论

