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Abstract: The calibration method used for spectral radiance of the vacuum ultraviolet band (115-200 nm)
was studied to calibrate the radiation parameter of VUV radiometer at 115 nm. Two calibration methods
were designed to solve the following problems: low uniformity of calibration source, long value transfer
chain, and insufficient lower limit of calibration band. In the method based on standard diffuse reflectors,
the VUV bidirectional reflectance distribution function/bidirectional transmittance distribution function

(BRDF/BTDF) measurement standard component was developed to measure the lowest wave band at

5 B #3:2021-01-16 ;1817 H #§ : 2021-03-04.
ELUWB: BHRHARB %4 EZEE KBS H (No. D41527806) ; F B B A& i aft B #F 71 H (No. JS-
JL.2015204A012)

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



766 e K TR 55 30 %

115 nm. In the method based on standard radiometer, the standard design method of spectral radiance
transfer was proposed, and the experimental verification was completed with a field angle of 2°. A new
preparation method of a standard vacuum ultraviolet diffuse transmitter was proposed and its measurement
was carried out, revealing good Lambert characteristics in the range of ==10°. The calibration devices
were developed and the value transfer chain and measurement uncertainty were analyzed, revealing a re-
duced BRDF measurement uncertainty component with better measurement uncertainty. A calibration test
of payload on FY satellite was carried out using the calibration device. The uncertainty of spectral radiance
measurement in the range of 115-200 nm is 12% (£#=2), and the payload runs well in orbit. This research
on the calibration method and VUV spectroradiometer is of great significance to the research and applica-
tion of VUV space exploration technology.

Key words: ultraviolet remote sensing; vacuum ultraviolet; spectral radiance; diffuse transmission; cali-

bration; uncertainty of measurement
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Fig.1 Schematic of calibration devices based on standard

diffuse reflector
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Fig.4 Spectral response of detector

BIS il B 23 B A0 i o o B ik B 3

Fig.5 Test field of standard radiometer verification test

using VUV integrating sphere
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Tab.1 Standard radiometer verification data

Irradiance  Radiance L Devia-

Number E/(We+ (Wemm *e E/L  tion from
mm °) st ) n/ %
1 0.008 792 0.00277 3.16355 0.75
2 0.008 786  0.00275 3.186 09 1.5
3 0.008 795 0.00273 3.21447 2.4
4 0.008779 0.00278 3.146 68 0.2
5 0.008795 0.00276 3.176 94 1.2
6 0.008 781 0.00275 3.18428 1.4
7 0.008 793 0.00278 3.15169 0.4
8 0.008 791 0.00276 3.17550 1.1
9 0.008 786  0.00276 3.17369 1.1
10 0.008 778 0.00278  3.146 32 0.2
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Fig. 6 Design and object of standard diffuse reflector
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Fig. 7 Design and object of standard diffuse transmitter
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Fig. 8 Directional radiation characteristics of VUV dif-

fuse transmitter
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Tab.3 Uncertainty and subscale of standard VUV radiometer (%)
Sources of uncertainty Symbol Wavelength/nm
115~130 130~200

Uncertainty introduced by traceability of detector responsivity Uy(n) 4.5 1.0
Uncertainty introduced by measurement of photosensitive surface area of detector Upn 0.2 0.2
Uncertainty introduced by measurement of solid angle of aperture Uy, 0.3 0.3
Uncertainty introduced by measurement repeatability u, 1.5 1.0
Relative combined standard uncertainty UR,(2) 4.8 1.5
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Tab.4 Uncertainty subscale of standard diffuser BRDF (%)
Sources of uncertainty Symbol Wavelengh/nm
115~130 130~200
Uncertainty introduced by radiance measurement of reflection Ur(g,) 5.0 2.0
Uncertainty introduced by irradiance measurement of incidence ug, 4.5 1.5
Uncertainty introduced by optical alignment us 3.0 3.0
Measurement uncertainty introduced by system repeatability u, 2.0 2.0
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Fig. 11 Load calibration site of VUV spectroradiometer
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