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Measurement of infrared radiation characteristics of spatial target
based on reference source
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(1. Key Laboratory of Optical Calibration and Characterization, Anhui Institute of Optics and Fine Mechanics,
Chinese Academy of Sciences, Hefei 230031, China;
2. University of Science and Technology of China, Hefei 230026, China)

Abstract: Ground-based measurement is a principal method to obtain the infrared radiation characteristics
of spatial target. The measuring result contains significant deviation caused by the atmosphere’s influence.
The deviation can be reduced by using atmospheric synchronous correction system, which is composed of
atmospheric optical parameters measurement equipment and radiation transfer software. However, due to
the restriction of typical atmosphere models and precision of measured parameters, the corrected
measurement accuracy is also greater than 20% . A radiation measurement method based on infrared
standard star was proposed by using standard star which view pitch angle approximated to spatial target’s
as a reference source, which could obtain precisely the transmittance of optical path from measurement
system to spatial target, and the transmittance accuracy affected by water vapor, ozone and observation
elevation were analyzed. The experiment of measuring the infrared stars was carried out. The radiation
error of the target measured by this method is 4.65%), which is better than the classic method’s 14.57%.
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The result shows that the proposed method can provide an effective way for acquisition of infrared

radiation characteristics of spatial target.
Key words: radiation measurement;
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Fig.1 Ground-based infrared radiation measurement system
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Fig.2 Schematic diagram based on infrared star

radiation measurement method
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Fig.4 Variation of transmittance with the ozone column density
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Infrared star
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Fig.7 Infrared image of standard star
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Tab.1 Radiation measuring results based on CART calculated transmittance

G 6] 2 AR SO 240, ] CART Bt 5
FAR A RSB, IR TiZE o Rl L 40
T3 U SO AR B A LL AR ST 5 SRS MR AR v B g A
P93 A0 45 5 38 1k A X IR ZE BN A AR AL, bR
By R U 3R O P 5 — b o B S 2 R AR A
ARG ZM AT KRB LR, 5550 B
AF(8) L (9) ) T 4 N HA AR o R A LL AR T, R 1
S TR S RO T R RS R, R 2 3R 3
T ARYEAF(9)  (8) A I AR

Irradiance/W - m~2

Group No. Elevation/  Azimuth/ Transmittance Relative errors
@) @) calculated by CART Nominal values Retrieval values
29.04 13.32 0.559 2.93x10™ 3.36x10™ 14.63%
1 29.30 261.90 0.559 2.34x10™" 2.84x10™ 21.55%
31.07 154.09 0.559 2.77x10™" 3.15x10™ 13.65%
44.23 106.76 0.601 1.64 x10° 1.86 x10°% 13.47%
? 44.90 46.30 0.607 3.29x107" 3.55x10™ 7.77%
54.07 315.41 0.621 1.31x107® 1.60x107* 22.01%
: 54.37 79.64 0.621 1.11x10™" 1.21x10" 9.21%
63.75 247.59 0.633 1.39x10* 1.58 x10°% 13.34%
64.73 113.74 0.634 1.21x107® 1.45x107% 19.97 %
! 66.22 83.80 0.635 3.18 x107™ 3.48 x107™ 9.39%
71.79 19.86 0.639 1.32x10™" 1.52x107% 15.08%
Average error 14.57%

R2ETFHEMALIHNESZTRAEFTNELE R
Tab.2 Radiation measuring results based on transmittance of infrared star at approximate elevation

Group No.  Elevation/(°) Azimuth/(°) Transmittanf:e of infrare_d star ot radiance/ - m? Relative errors
approximate elevation Nominal values Retrieval values
29.04 13.32 0.641 2.93x101 2.93x101 0.00%
1 29.30 261.90 0.641 2.34x101 2.47x101 5.45%
31.07 154.09 0.641 2.77x101 2.67x101 3.65%
44.23 106.76 0.681 1.64x107" 1.64x107" 0.00%
? 44.90 46.30 0.681 3.29x101 3.15x101 4.26%
54.07 315.41 0.759 1.31x10°% 1.31x10°% 0.00%
: 54.37 79.64 0.759 1.11x107% 0.99x10% 10.87%
63.75 247.59 0.719 1.39x107* 1.39x107" 0.00%
64.73 113.74 0.719 1.21x107% 1.27x107% 5.30%
! 66.22 83.80 0.719 3.18x107% 3.05x10% 4.08%
71.79 19.86 0.719 1.32x107% 1.32x107% 0.26 %
Average error 4.84%
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Tab.3 Radiation measuring results based on transmittance inversed by infrared star
Group No. Elevation/  Azimuth/ Transmittance inversed Irradiance/W - m* Relative errors
©) ©) by infrared star Nominal values Retrieval values
29.04 13.32 0.641 2.93x10% 2.93x107% 0.00%
1 29.30 261.90 0.644 2.34x101 2.48x101 5.87%
31.07 154.09 0.660 2.77x101 2.75x1071 0.83%
44.23 106.76 0.681 1.64x107% 1.64x10°% 0.00%
? 44.90 46.30 0.684 3.29x10™ 3.16x10™ 3.81%
54.07 315.41 0.759 1.31x10°% 1.31x10°% 0.00%
’ 54.37 79.64 0.760 1.11x10™ 0.99x10 10.75%
63.75 247.59 0.719 1.39x10™ 1.39x10°* 0.00%
64.73 113.74 0.722 1.21x107% 1.28x10°% 5.61%
’ 66.22 83.80 0.724 3.18x10% 3.07x107* 3.41%
71.79 19.86 0.734 1.32x107% 1.35x10°% 2.28%
Average error 4.65%
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