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Abstract: The Vacuum Infrared Hyperspectral Radiance Temperature Standard Facility for Infrared
Hyperspectral radiance calibration was established at National Institute of Metrology for calibrating the
radiance temperature of infrared remote sensing payloads. The state-of-the art of the system was
introduced, such as, the structure, the new designed standard blackbody, the calibration method and the

traceability. The vacuum reduced background chamber was built for the customer blackbodies. The
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standard blackbodies, including the variable temperature blackbodies and the fixed-point blackbodies, were

designed. The radiance temperature of the customer blackbodies were calibrated by the standard

blackbodies through a Fourier transform infrared spectrometer. The temperature range of the new designed

standard blackbody was from 125 K to 500 K with a 30 mm in diameter and 0.999 7 emissivity of the

cavity. The radiance temperature standard uncertainty of the blackbody was better than 0.026 K@300 K/

10 wm. The fixed point blackbodies included a mercury blackbody, a gallium blackbody and an Indium

blackbody. The cavities diameter were all 25 mm, and the uncertainty of the fixed blackbodies was better

than 0.020 K@300 K. The system could support the requirements of lots of infrared remote sensing

payloads. This facility can provide the radiance temperature tracebility for most infrared remote sounders

with low uncertanty, high sprectral resolution and strong extensibility.
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Fig.1 Sketch map of reduced background vacuum infrared

hyperspectral radiance temperature standard facility
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Tab.1 Specifications of the VRTSF

Specifications Value
Temperature range/K 125-500
Blackbody emissivity 0.999 9

FTIR Bruker Vertex 80v
Detector InSb, MCT, Si-Bolometer
Spectral range/pum 3-100
Spectral resolution/cm™ 0.5
Vacuum/Pa 5%107"

Inner diameter: 850 mm;

Si f chamb
1z OF chamber length: 1 000 mm

Uncertainty 0.026 K@300 K/10 pm(k=1)
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Fig.3 Structure of 125-500 K vacuum standard blackbody
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Tab.2 Radiance temperature distribution of

125-500 K vacuum standard blackbody

(Unit:K)
Set Bottom of  Middle of Opening of Axial
temperature cavity cavity cavity te@perature
difference
125 125.249 125.268 125.201 0.067
150 150.089 150.098 150.128 0.039
190 190.893 190.868 190.864 0.029
250 250.152 250.156 250.202 0.050
300 300.248 300.209 300.203 0.045
350 350.204 350.151 350.167 0.053
400 400.144 400.171 400.150 0.026
450 449.988 450.017 449.989 0.029
500 499.927 499.967 499.937 0.041
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Fig.4 Structure of vacuum gallium fixed point standard blackbody

Tab.3 Specifications of vacuum gallium fixed point

standard blackbody

Specifications Value
Temperature/K 302.915
Emissivity =0.999 9
Coating Nextel 811-21
Diameter of cavity/mm 25
Stability of the plateaus/K 0.01

Standard uncertainty/K 0.020 K@10 pm
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Tab.4 Radiance temperature uncertainty of
125-500 K vacuum standard blackbody

Temperature Combined standard uncertainty/K
/K 8 pm 10 pm 12 pm 14 pm 16 pm
125 0.025 0.025 0.025 0.025 0.025
150 0.025 0.025 0.025 0.025 0.025
190 0.025 0.025 0.025 0.025 0.026
250 0.025 0.025 0.026 0.026 0.027
300 0.025 0.026 0.027 0.028 0.031
350 0.026 0.027 0.029 0.033 0.036
400 0.027 0.030 0.034 0.039 0.042
450 0.028 0.034 0.040 0.045 0.049
500 0.032 0.040 0.047 0.052 0.056

* 5 FTIR N 2 E &
Tab.5 Measurement stability of FTIR

Temperature Combined standard uncertainty/K
/K 8 um 10 wm 12 pm 14 pm 16 pm
125 0.120 0.064 0.074
150 0.096 0.081 0.053 0.073
190 0.030 0.026 0.015 0.013 0.015
250 0.018 0.015 0.011 0.011 0.014
300 0.007 0.005 0.006 0.009 0.013
350 0.006 0.005 0.006 0.008 0.011
400 0.004 0.004: 0.005 0.007 0.010
450 0.004 0.004: 0.005 0.007 0.010
500 0.004 0.004 0.005 0.007 0.010

% 48 %
% 6 VRISF iR ERHE E
Tab.6 Standard uncertainty of VRTSF
Temperature Combined standard uncertainty/K

/K 8 pm 10 wm 12 wm 14 pm 16 wm

125 0.122 0.069 0.079

150 0.099 0.085 0.059 0.077

190 0.039 0.036 0.030 0.029 0.030

250 0.031 0.030 0.028 0.028 0.030

300 0.026 0.026 0.028 0.030 0.033

350 0.026 0.027 0.030 0.034 0.038

400 0.027 0.030 0.034 0.039 0.044

450 0.029 0.034 0.040 0.046 0.050

500 0.032 0.040 0.047 0.053 0.057
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