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Combined Radiation Calibration Method for Ground-Based Infrared
Radiation Measurement System
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Abstract  Combined radiation calibration method based on infrared calibration stars and internal blackbody
calibration source can improve the accuracy of infrared radiation measurement of spatial object. The blackbody
calibration source is located inside the infrared radiation measurement system, which is used to calibrate the
responsivity of the optical system. According to the atmospheric extinction model. using astronomical aperture
metering method, the atmospheric extinction and system transmittance coefficient are obtained by observing
multiple infrared calibration stars with higher spectral resolution at different elevation angles. The experimental
results of the verification test of 700 mm aperture ground-based medium wave infrared radiation measurement
system show that, in the case of sufficient exposure of star image, the inversion error of the star irradiance of the
combined radiation calibration method is better than 11%. The combined radiation calibration method is simple and
low cost. which can be used to calibrate the measurement equipment on-site at any time.
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inversion; atmospheric extinction

OCIS codes 120.0280; 120.2440; 120.5630; 040.3060

[2-3] [4]
b

b

[5-6]
o b
(1]
o b )
b
: 2017-09-06; . 2017-11-09
(1986—), s s .

E-mail: yinlimei302@163.com

0412001-1



[7-8]

Dt :a(TUEr +E;\) +D09
D“ :aE;. +D0 .
E.\E,

Ty 0 °

, , (D (2

AD =D, —D,=ar,E,,

F

detector

imaging
. lens group

switching ,
mirror

blackbody s

1
Fig. 1 Optical structure of infrared radiation
measurement system
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Table 1 Comparison of nonuniformity correction results
Elevation /(%) Uncorrected Two-point correction Two-point Segmented single
result /1077 of blackbody /107? correction /10" point calibration /107"
20 3.90 3.26 - -
25 3.89 3.29 2.15 8.01
30 3.89 3.36 3.71 5.87
35 3.88 3.38 3.86 4.32
40 3.88 3.42 3.82 3.69
45 3.88 3.47 3.96 2.91
50 3.88 3.47 4.07 2.75
55 3.87 3.48 4.25 2.26
60 3.87 3.48 4.17 1.99
65 3.87 3.50 4.25 2.03
70 3.87 3.51 4.16 2.12
75 3.87 3.52 4.18 1.93
80 3.86 3.50 4.24 1.68
86 3.86 3.45 4.61 1.84
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Fig. 3 Residual bounds of data fitting.
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Table 2 Inversion error of star irradiance in July 25, 2017

o/ Irradiance / Relative MODTRAN  Relative

Number Star  Elevation /(°)  Position ‘ AD ‘
(10% m?«W™ 1) (100" Wem ?) error1 /% transmittance error 2 /%

1 HD3712 29.00 (139,168) 8.4482 99.87 5.27 10.17 0.3423 12.76
2 HD12929 20.82 (143,168) 8.4604 142.78 7.11 5.60 0.2862 10.36
3 HD18884 17.50 (143,169) 8.4142 397.93 19.2 20.18 0.2562 27.98
4 HD19058 39.85 (144,165) 8.4706 605.96 25.1 8.71 0.3926 3.36
5 HD25025 13.10 (142,171) 8.4185 159.12 9.60 10.37 0.2083 25.83
6 HD29139 42.37 (143,165) 8.4409  1351.15 57.1 5.82 0.4016 7.08
7 HD32068 61.38 (143,163) 8.4466 91.08 3.82 1.77 0.4476 16.05
8 HD44478 63.12 (141,163) 8.4388 588.24 24.00 5.02 0.4504 14.16
9 HD48915 27.97 (132,171) 8.4061 277.19 13.20 1.82 0.3363 1.12
10 HD52877 17.57 (136,171) 8.4285 101.20 6.79 20.35 0.2575 8.58
11 HD81797 32.75 (131,167) 8.4046 217.58 12.40 19.29 0.3622 23.27
12 HD89484 50.30 (125,162) 8.4191 172.82 7.41 1.99 0.4249 13.21
13 HD89758 61.92 (126,159) 8.4209 220.39 8.32 15.17 0.4485 6.63
14 HD95689 55.00 (129,161) 8.4084 176.54 7.56 1.25 0.4358 15.17
15 HD96833 54.65 (127,160) 8.4279 54.68 2.67 12.87 0.4350 25.64

3 2017 8 30

Table 3 Inversion error of star irradiance in August 30, 2017

o« / Irradiance / Relative MODTRAN Relative

Number Star  Elevation /(°)  Position ) AD
(10 m?«W™ 1) (107" Wem %) error 1 /% transmittance error 2 /%

1 HD3712 23.60 (175,200) 8.2745 161.62 5.27 4.37 0.3128 1.49
2 HD29139 35.91 (179,193 8.2997 1925.70 57.14 1.97 0.3798 11.04
3 HD31398 49.41 (179,186) 8.3794 271.11 8.01 9.63 0.4244 20.84
4 HD39003 62.05 (167.44) 8.3040 39.97 1.04 0.70 0.4487 14.56
5 HD44478 58.09 (177,181) 8.3810 904.01 23.98 1.08 0.4432 15.56
6 HD48915 23.87 (168,201) 8.2512 414.44 13.21 7.59 0.3146 0.59
7 HD69267 54.44 (169,183) 8.3794 132.25 3.56 1.66 0.4361 15.43
8 HD80493 75.33 (161,170) 8.4569 273.19 6.96 0.49 0.4646 16.90
9 HD89758 67.94 (161,173 8.4173 341.43 8.32 6.17 0.4578 11.45
10 HD90432 23.40 (164,201) 8.2846 79.96 2.90 10.25 0.3062 9.60
11 HD95689 59.86 (165,178) 8.4109 311.66 7.56 8.48 0.4464 8.60
12 HD100029 54.48 (167,182) 8.3880 165.28 4.71 7.78 0.4362 20.22
13 HD102224 54.56 (163,182) 8.3962 66.20 1.73 1.11 0.4348 12.98
14  HD131873 39.97 (166,190) 8.3715 461.50 12.82 7.24 0.3930 4.51
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