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Accuracy analysis of space target infrared dual-band pyrometry
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2. Graduate School of the Chinese Academy of Sciences, Beijing 100039, China)
Abstract: The unknown parameters between space target and ground-based telescopes infrared
imaging terminal reduce the dual-band pyrometry accuracy, and the influence degree is un-
known. Assuming that the target is gray body, the partial derivative of maximum likelihood
estimation function about emissivity is solved. The dual-band pyrometry mathematical model
based on infrared detectors to measure the electron number is established, and the Monte Carlo
simulation and precision analysis of dual-band pyrometry is performed. The field calibration
method of atmospheric transmittance prediction based on infrared natural star is proposed. The
inversion precision of space target temperature has a close relationship with the imaging detec-
tor signal-to-noise (SNR) ratio, the earth’s thermal radiation estimation accuracy, atmospheric
transmittance and emissivity difference between bands. When the SNR is above 20, emissivity
difference is less than 0. 03, the earth radiation prediction accuracy is better than 50% , and at-
mospheric transmittance prediction accuracy is better than 10%, the temperature estimation
precision of dual-band pyrometry is better than 40 K.
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Fig. 1 Dual-band ratio-estimate in case of ignoring earthshine level
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Fig. 2 Dual-band ratio-estimate in case of knowing earthshine level
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Fig. 3 Influence of prediction accuracy of atmospheric
transmittance on temperature accuracy under

different prior knowledge of earthshine
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Fig. 4 Influence of prediction accuracy of atmospheric
transmittance on temperature prediction accuracy in

case of different emittance

4 #ig

7SR 25 6] A 1 20 50 0L B F £ 0
VEHERT T HRSE. BFO AR R kB2 ) H B IR
OHS T3 5 A% 4 T B8 0 135 MR LG L K A o 5 R R M
RV S R S B R A BN
T {2 H H e A B L IR R AR 25 B
Tt HER 7 M TR PR I R T s B B
I F 22 A I 0 L 1 2% i e R D B
(6] % 5 PR 25 S it 0. 1 AL » LU0 DU B 0 7 B K
S BTG BE AR T 10% (KRBt % 0.5
(9 46T ) o 7 R 60 5 0 T 5 I RS

7 S B 5 SR LI B L (6 R 2
N 00 3L A% D B 0 0 R 402 T L R Y
IR ACE N 2SN CE N A ESORIb-E A A5k
] 5 K 5 3SR 20 A0 4K B2 1K R A B B e
2T S AR 23 LSS 1 5174+ B SR PR AR IR 98 e 2%
WRAIG 11 275 5 4R 5

e

[1] VIGIML, WITTE DJ, LEVANP D, et al. Sensor
suite for advanced eelectro-optical system ( AEOS)
3. 6-meter telescope[ J]. SPIE, 1996, 2819:151-169.

[2] GERWE D R, HILL J L,STRIBLING B S. High
resolution imaging thermometry [ CJ]. Hawaii: Air
Force Research Laboratory, 2005.

(3] EMEM. RICR. 2] F b7 58 5T 5ReAE Y o 56 0



652 G 2013,34(4)

X 2 A« 25 8] H b3 2150 R B b € I IR 12 R 4 A

(4]

(5]

], 580t T/, 2011, 40(9): 1634-1639.
WANG Guo-giang, WU Yuan-hao. Ground-based
measurement on the infrared characteristic of space
object [J]. Infrared and Laser Engineering, 2011, 40
(9): 1634-1639. (in Chinese with an English ab-
stract)

FE, RocR, kitE, & 0 H AR =M
W Bk L], 404k, 2012, 33(1): 17-21.

WANG Guo-qiang, WU Yuan-hao, ZHANG Shi-
xue, et al. Band selection in measurement of colour
temperature of space object[J]. Infrared, 2012, 33
(1): 17-21. (in Chinese with an English abstract)
FHEE, RooR, Eook. B A A H AR
JE B B Lk k[T ). RE DB 2%, 2012, 33(4):
738-742.

WANG Guo-giang, WU Yuan-hao, CAO Jing-tai.

Waveband optimization method for enhancing preci-

L6]

7]

[8]

[9]

sion of measuring space object’s temperature [ J ].
Journal of Applied Optics, 2012, 33(4). 738-742.
(in Chinese with an English abstract)

QUINN T J, MARTIN J E. Cryogenic radiometry,
prospects for further improvements in accuracy [J].
Metrologia, 1991, 28(1): 155-161.

GENTILE T R, HOUSTON J M. National institute
of standards and technology high-accuracy cryogenic
radiometer [ J]. Applied Optics, 1996, 35(7): 1056-
1068.

SMITH D. ATSR infrared radiometric calibration and in
orbit performance[ J]. Remote Sensing of Environment,
2012, 116(15) . 4-16.

GOODMAN ] W. Statistical Optics [ M]. Translated
by CHENG Qing-ke, LIU Pei-shen, CAO Qi-zhi.
Beijing: Science Press, 1992.



