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Development and calibration of infrared
standard radiometer
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Abstract: Accuracy of blackbodies’ reference source radiance is one of the crucial factors that determine
the accuracy of infrared sensor’s absolute radiometric calibration. To improve the measurement accuracy
of blackbodies’ radiance, a infrared standard radiometer was developed to calibrate blackbodies’ radiance
directly. The principle and the opto-mechanical design of the instrument were described in detail, and the
radiometer was calibrated against a high accuracy water-bath blackbody. The experimental results
demonstrate that radiometer’s instability is less than 0.03% with in one hour and the uncertainty is less
than 0.22%. This corresponds to a brightness temperature uncertainty of 73 mK at 308 K. The radiometer
possesses the advantages of system-level measurement and high-precision tracing standard, and by which
the blackbodies’ radiance can be traced to the radiant standard in lab.
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Fig.3 Schematic of radiometer viewing a water-bath black body
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Tab.1 Stability of radiometer when measuring at

different temperature

Relative standard

Temperature/K Signal(V) Standard deviation deviation/%

313.15
353.15

1.4058
3.6581

2.16x10™*
7.56x107*
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Tab.2 Signals of radiometer at different
temperatures of water-bath blackbody

Number Temperature/K Signal (V)
1 308.15 1.2344
2 313.15 1.4060
3 318.15 1.5973
4 323.15 1.8116
5 328.15 2.0486
6 333.15 2.3131
7 338.15 2.6039
8 343.15 2.9241
9 348.15 3.2746
10 353.15 3.6585
11 358.15 4.0762
12 363.15 4.5313
13 368.15 5.0250
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Fig.5 Residuals of Least-square fitting of radiometer’s signals

versus black-body temperature and the error bars of the

standard deviation of the radiometer’s signals
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Tab.3 Combined uncertainty of blackbody’s

radiance measured by radiometer

Corresponding to
brightness temperature

Source of uncertainty ~ Symbol  Value .
uncertainty at
308 K/mK
Noise during calibration
Un 0.013% -
(308 K) ’
Fitting to |nFerpoIat|on U 0.040% ~
function
Water-bath black
ater-bat| tTac body u, 0.210% ~
uncertainty
Combined uncertainty Uc 0.220% 73
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