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Lie group representation of infrared imaging grayscale

variation with distance
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Abstract: The infrared imaging grayscale variation caused by the influence of atmosphere on infrared
radiation transmission is a problem that infrared target tracking application needs to cope with. The object
of this paper is to model the law of infrared imaging grayscale variation in Lie group, which is important to
design an efficient and robust target tracking algorithm. This paper firstly analyzes the infrared radiation
transmission model, and then derives the brightness model of infrared imaging by considering the
mechanism of infrared imaging. Furthermore, it is theoretically proved that the infrared imaging grayscale
variation caused by the atmosphere obeys to the Lie group structure, and a non-Euclidean mathematical
representation of the infrared imaging grayscale variation is proposed. Finally, according to the infrared
imaging grayscale variation model, the field experimental data collected under different environments are
fitted, and the regression analysis results demonstrate the correctness of the model, which validates the
rationality of the Lie group representation of the infrared imaging grayscale variation.
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Fig. 1: Sketch map of atmospheric radiation transmission.
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Fig. 2: Infrared images collected at different distances. White box

marks material 1, and black box marks material 2 in the enlarged

region.
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Fig. 3: Regression results of the first set of data. (a) regression result of grayscale difference between the two materials; (b) regression result of

material 1; and (c) regression result of material 2.
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Fig. 4: Regression results of the second set of data. (a) regression result of grayscale difference between the two materials; (b) regression result of



material 1; and (c) regression result of material 2.
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Fig. 5: Regression results of the third set of data. (a) regression result of grayscale difference between the two materials; (b) regression result of

material 1; and (c) regression result of material 2.
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Tab. 1: Evaluation results of the first data set

LS S L PE
InAL(S) 0.98 1.05e-17

L,(s) 0.95 1.29¢-13

L,(s) 0.96 2.48e-14
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Tab. 2: Evaluation results of the second data set

[ A FHR R EL PE
InAL(S) 0.96 2.35e-15

L,(s) 0.94 4.11e-13

L,(s) 0.95 151e-13
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Tab. 3: Evaluation results of the third data set

PRI LS PfE
InAL(S) 0.96 2.32¢-16
L,(s) 0.92 6.62¢-13
L,(s) 0.95 1.61e-15
3 4ig

AR SV 73 AT 17 R0 £ A A ) 5
Wi, 25 E LA MR 25 R AR B LS 21 =R
LA AR IR FEAACR T o MAZAR TR rh il 5 K
BTN GBIV, Be B T i%4E
HIG R 2R, 19 BV L AMSUG IR AR A 25
RiE, I MEBABSHAL . it Pk &

RIZLAN H AR ER R 510 B HAR LA

N T BRSPS IRK FE AR 2 BRI ) 5
B, S IR AR B AN R A5 R LS B 41
SN BB IR FEASE T BEAT (1A 734 o SCHR A FH P A
JoRORE A (B YRR R e A e [ VAR Y, 8T 50f
BASRACE BB ZRKW], B3 21
A oC R B 1, 0% P {Haz /T 0.05, %
UE T ZLA AR K FEAZ A R R HE R, AT 2 B
ASOHS LA R AG IR FEAR M R IR R A BE .
— B AR R A5 B B L0 AR K AR 2 R 5
ABILLAN HARERER A

S0

[1] Liu Lianwei, Yang Miaomiao, Zou
Qianjin, Yao Mei, Wang Min, Xu Zhenling. UAV
infrared radiation modeling and image simulation
[J]. Infrared and Laser Engineering. 2017,
46(02):214-220. (in Chinese)

KT 0 Ak A A1 B E, kM, A, VE R A
TN Mm@ S BB B 0] L5
JETHE. 2017, 46(06):214-220.

[2] Lin Juan, Bao Xingdong, Wu Jie, Dong
Yanbing. Computation of infrared radiation from
ship exhaust plumes [J]. Infrared and Laser
Engineering. 2016, 45(09):86-91. (in Chinese)

AR, AR, RN FE VK. A HE PRI AL
SR SRR TR R 0] AN S EOL TR
2016, 45(09):86-91.

[3] Guo Li-hong, Guo Han-zhou, Yang Ci-yin,



Li Ning. Improvement of radiation measurement
precision for target by using atmosphere-corrected
coefficients [J]. Optics and Precision Engineering.
2016, 24(08): 1871-1877. (in Chinese)

Farer, OGN, B, 29t PR KA
1B TR 74y B AR 20 AN SR 2 B2 3]
62 5 T 2. 2016, 24(08): 1871-1877.

[4] Han Yu-ge, Xuan Yi-min. Effect of
atmospheric transmission on IR radiation feature
of target and background [J]. Journal of Applied
Optics, 2002, 23(06):8-11. (in Chinese)

A, BEalk. KA B 5
SALAMEN R [0]. MG, 2002,
23(06):8-11.

[5] Tian Changhui, Yang Baiyu, Cai Ming, et
al. Effect of atmospheric background on infrared

target detection [J]. Infrared and Laser Engineering.

2014, 43(02):439-441. (in Chinese)

HEZ, A&, %0, juil, & KOE
SO ZLAN A BRI R R [J]. £04N 5 EOE T
T2, 2014, 43(02):439-441.

[6] Yi Yaxing, Yao Mei, Wu Junhui, Le
Kaiduan. Factors of the detected luminance of an
infrared target [J]. Infrared and Laser Engineering.
2014, 43(01):13-18. (in Chinese)

GE, Wi, REME, KIThm. fash
HirtRM = E MR &[] a/M 5808 TR,
2014, 43(01):13-18.

[7] Baker, S. and I. Matthews, Lucas-Kanade
20 years on: A unifying framework [J].
International Journal of Computer Vision. 2004,
56(03): 221-255.

[8] Benhimane, S. and E. Malis,
Homography-based 2D visual tracking and
servoing [J]. International Journal of Robotics
Research. 2007, 26(07): 661-676.

[9] Bartoli, A., Groupwise Geometric and
Photometric Direct Image Registration [J]. leee
Transactions on Pattern Analysis and Machine
Intelligence, 2008. 30(12): p. 2098-2108.

[10] K.N.LIOU. An Introduction to
Atmospheric Radiation (Second Edition) [M].
Beijing: China Meteorological Press. 2004. (in
Chinese)

K.N.LIOU. KA 4R T [M]ALRT: A% H
fiR4t, 2004.

[11] Tan Heping, Xia Xinlin, Lin Linhua, et al.
Numerical Calculation of Infrared Radiation and
Transmission — Calculation of Thermal
Radiation [M]. Harbin: Harbin Institute of
Technology Press. 2006.

WA, BOBREE. ZLAME SRR S AR R )
BUE AT EAES S [M] MERER: MR IR
Tk K e Hi Rk, 20086.

[12] B. Hall. Lie Groups, Lie Algebras, and
Representations: An Elementary Introduction [M].
Springer, 2004,



	红外成像灰度随距离变化的李群表达0F*
	Lie group representation of infrared imaging grayscale variation with distance
	0引言
	1 目标成像灰度变化的李群表达
	1.1 大气对红外辐射传输的影响
	1.2 红外成像灰度变化关系
	1.3 目标成像灰度变化建模及其李群结构
	1.4 李群的李代数及群作用

	2 实验验证
	2.1 实验设置
	2.2 验证方法
	2.3 实验结果及分析

	3 结论
	参考文献

