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General Model for Calculating Infrared-Radiation Intensity of
Aerial Target and Its Application
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95859 Army Unit PLA, Jiuquan, Gansu 735018, China

Abstract A general model for calculating the infrared-radiation intensity of extended aerial targets and small
infrared targets is proposed. The model eliminates the influence of background bias, which depends heavily on
ambient temperature, and can effectively improve the measurement accuracy of infrared-radiation characteristics of
aerial targets in complex and changeable environments. The calculation of small-target infrared radiation intensity is
discussed based on the characteristics of dynamic infrared test data of a type of aerial target. The results show that
the contribution of the apparently atmospheric radiation intensity to the total radiation intensity is negligible for
small medium-wave infrared targets. A simplified model used to calculate total radiation intensity is presented, but

it is not applicable for small-target long-wave infrared radiation. The dynamic small-target infrared test data and the

extended-target data are processed and compared with theoretical results, and the results verify the correctness of

the model.
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Fig. 1 Imaging sketch of target on focal plane array

infrared detector
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Fig. 2 Variations of target slope distance and observational
elevation angle with time
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Table 1 Middle- and long-wave infrared atmospheric apparent radiation intensity of different geometry

targets and its proportion

Mid-wave infrared radiation (3.7-4.8 pm)

Long-wave infrared radiation (8.0-9.2 pm)

Target diameter / Target image

A A

m size /pixel a/ Ly / T ineory / s Ly / L iheory /
(W sr ) (W e sr ') % (W e sr ) (Wesr ') %
0.3 1 0.00086 0.05 1.72 0.052 0.56 9.29
0.5 2 0.00240 0.14 1.71 0.145 1.55 9.35
1.0 3 0.00950 0.55 1.73 0.580 6.19 9.37
2.0 9 0.03820 2.20 1.74 2.320 24.74 9.38
3.0 13 0.08600 4.96 1.73 5.220 55.67 9.38
5.0 22 0.24000 13.77 1.74 14.490 154.64 9.37
8.0 35 0.61000 35.26 1.73 37.100 395.87 9.37
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Table 2 Calculation results of dynamic test data of middle-wave infrared small target

Mid-wave infrared radiation

No. Target distance /km Elevation angle /(%) Target altitude /km
intensity /(W « sr™")

1 18 15.20 4.71 0.2636

2 17 16.20 4.73 0.2617

3 16 17.19 4.72 0.2698

4 15 18.42 4.73 0.2751

5 14 19.82 4,74 0.2818

6 13 21.37 4.73 0.2970
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Table 3 Calculation results of dynamic test data for extended target

Long-wave infrared

Target distance / Elevation angle / Target altitude / Image size / Mid-wave infrared radiation

No.

radiation intensity /

km ) km (pixel X pixel)  intensity /(W « sr ')
(Wesrh)
1 9.7 29.3 4.740 30X 30 0.5534 9.8829
2 9.8 29.0 4.739 30X 30 0.5900 9.8769
3 9.9 28.7 4.742 30X30 0.5462 9.3779
4 10.0 28.3 4,728 30X 30 0.5261 9.7281
5 10.1 27.9 4.726 30X 30 0.5373 9.5847
L o i S RAR AN SR SR E L R NI Sy N 8 ]
-n ()

ARV AR T — Pt 5 25 o F AR R O i Y
TSR 2SR T R T X B 5 il B O B R Y
Sl LA R R L 0] A BRI AN B Ok 2 IR 2R
TALES H AR LL AN R I SO R R . AR
BRI L 255 R 25 H s 3 25 20 50 4 1 1
P E R AT T E AR R AR AR A Y DR RO LR A 8
JEXTELAM/IN F b 40 B 9 A0 Tk, S5 R R WL AR
# KB PN P I 2 A B O B O R LA G
X H AR L S B A STk B R O 17005 M 2
T AR LT AN S A R WL A R R AR B R
SR B Y DTk R IR B 9.3 W0 e Ay . IR FETHIE R

SPF 5 B o) 25 SR R T, R FH AR SCHR A 38 AR R R
TT54 S B 5R B 5 T HR B £T AN B AR . KRR R AR
S5 5 B ) SR T DL ZZ0W , 2 T G 5 R T A TR Ak
RO, XFLr A/ B bR Ay R B bR RS B 13 2
A MG AT T A EL, B AR Sk Oy 1) 5 R 2T Ak
FESTIREE N 0.26~0.30 W« sr ', H AR & J7 [
T L AN RS IR R 0.5~0.6 W« sr ', K40 4h
RN 9~10 W « sr ', 5 FiE 25 5 3E4T e )
J5 S T T AR AR A 1E A

[1] Huang Z G. Research on space target of ground-

0612007-5



ot &2 # 1z
based infrared detection technology[D]. Changchun: stray radiation measurement for cooled infrared
University of Chinese Academy of Sciences, 2018. imaging systems [J]. Acta Physica Sinica, 64 (5):
B E L A5 ) H bR LA RO B R W5 (D] K 050702.
F P EBEBRY:, 2018, W, INVEIE, KoEm, 5. IR BN RUR R 8

[2] Tian Q J, Li Z, Chang S T, et al. Measurement PIER 2% WsE 500 & ik (], #HE 224, 2015, 64
method of infrared radiometric characteristics for (5): 050702.
high-temperature small targets [J]. Acta Optica [10] Chang ST, Zhang Y Y, Sun Z Y, et al. Method to
Sinica, 2017, 37(10): 1012004. remove the effect of ambient temperature on
M, 220, w0, &, B/ B AR S 5 radiometric calibration[J]. Applied Optics, 2014, 53
PRI 7 35 (1], 223k, 2017, 37(10): 1012004. (27): 6274-6279.

[3] ZhaoZJ, XuF Y, XuSC, et al. Measurement of [11] Yu Y, Wang M, Chang S T, et al. Drift
atmospheric  infrared radiance and  extinction compensation of infrared imaging system using
characteristics[J]. Acta Optica Sinica, 2018, 38(4): ambient temperature[J]. Acta Optica Sinica, 2014,
0401004 . 34(10): 1004002.

BMEZE, 5T, wmilbE, 5. RALINES SO K, TR, WV, % R ETRE TR
etk S 0 BE 5E [T, Ot % 2= i, 2018, 38 (4): BERG EERANE [T]. Jb%¥ =i, 2014, 34 (10):
0401004 . 1004002.

[4] XieC Y, LiJJ, Yuan Y L, et al. Measurement [12] SunZ Y, Wang M, Chang S T, et al. Effect and
method of internal stray radiation in short-wave correction of environmental temperature on infrared
infrared channel of atmospheric corrector [J]. Acta radiation measurement precision [ J]. Laser &
Optica Sinica, 2018, 38(9): 0901002. Infrared, 2014, 44(5): 522-527.

WL, @A, RAREE, . RAKRIESUE A INGRI, R, W, 5. PRI LA R
T PN TR 2% R SR O R (] e i, 2018, SR RE I R R KB GE [J]. WOt S 404k, 2014, 44
38(9): 0901002. (5): 522-527.

[5] Liu B. Research on the development of photoelectric [13] Chang ST, Sun Z Y, Zhang Y Y, et al. Radiation
stealth technology[J]. Shipboard Electronic Warfare, measurement of small targets based on PSF []J].
2002, 25(6): 44-47. Optics and Precision Engineering, 2014, 22 (11):
XNPE. b bR B E AR KRV T]. MM, 2879-2887.

2002, 25(6): 44-47. WA, PRI, KSR, . T RO H N

[6] Jiang Y T, Wang Y. Technology and development of HARESH & [J]. o2 % TR, 2014, 22(11):
infrared stealthy[J]. Infrared Technology, 2003, 25 2879-2887.

(5): 7-9. [14] Chang ST, Zhang Y Y, Sun Z Y, et al. Radiation
YRR, TR aMRBHERESRE]. L4 R, measurement method for infrared small targets[J].
2003, 25(5): 7-9. Acta Optica Sinica, 2014, 34(5): 0504001.

[7] Yang C Y, Zhang J P, Cao L. H, et al. Infrared WA, kIR, INEE, A Z04h/ B bR g
radiation measurement based on real-time correction FE[T]. ek, 2014, 34(5): 0504001.

[J1. Journal of Infrared and Millimeter Waves, 2011, [15] Liu Y Q, Liu X Y. Research on technology of
30(3): 284-288. ground-based infrared radiation feature measurement
WimAR, TR, BarAE, & BT SIm AR R H s for space target [J]. Acta Optica Sinica, 2014, 34
LLAMR ST I RORT O 1 (0] . A5 =Rk, 2011, (5): 0512003.

30(3): 284-288. NZERF, XUAERE. 2 6] B A 09 M 5 21 S S 4 1 00

[8] Chang S T. Research on infrared theodolite design PRI [T]. Je2FF4R, 2014, 34(5): 0512003.
and key technologies to improve the radiometry [16] PLA  General Armament Department. The
precision [ D]. Changchun: University of Chinese measurement methods of radiance for target and
Academy of Sciences, 2015. background: GJB 6181-2007 [S]. Beijing: Standards
WA . LLA 25 A AN A5 T B B R HG AR S I e Press of China, 2007.

BERSCHEE R BT SE (D], K& EB B K, N A JCZE R AR B E bR T T S R A s
2015. B GIB 6181-2007 [S]. db&t: b [ 4x #E i
[9] Chang S T, Sun Z Y, Zhang Y Y, et al. Internal *t, 2007.

0612007-6



