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Abstract: Noise equivalent spectral radiance (NESR) is a significant index representing the ultimate detection
capability of infrared remote sensors. NESR calibration of highly sensitive infrared remote sensor requires an
infrared radiation source with high stability, high uniformity and full field of view, and the uncertainty of its
spectral radiance should be significantly lower than that of NESR of infrared remote sensor. Aiming at a new
large aperture cascade integrating sphere NESR calibration system, this paper carried out experimental testing and
research on the calibration uncertainty of NESR, and evaluated the influence of 11 uncertainty factors, such as the
magnitude traceability of absolute spectral radiance, the uniformity and stability of integrating sphere output. The
test results show that the relative uncertainty of the spectral radiance of the primary integrating sphere is better
than 0.34% within the specified brightness temperature range of 303-308 K; the NESR calibration uncertainty is
better than 0.1-0.0037 pW-cm *-sr'-um ™" within the wavelength range of 6-15 um, which verifies the feasibility
of applying the new calibration system to the NESR calibration of high-performance infrared remote sensor.
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Fig.2 Diagram of an infrared remote sensor NESR calibration system
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Tab.1 Measuring instruments of spectral radiance calibration uncertainty

No. Instruments Parameters
1 Standard Fourier spectrometer (Bruker VERTEX 80 V) Spectral resolution: = 0.06 cm™'; Spectral range coverage: 3-14.5 um
2 Standard low temperature blackbody Temperature range: 283-363 K; Blackbody cavity emissivity: = 0.999
3 Infrared radiometer (KT15.99 IIP) Spectral range: 9.6-11.5 um; Instability: <0.01%/month
3 . o_ O. 3 111 . o.
4 Rotation reflector Rotation angle range: 0°-270°; Rotation angle repeatability: 0.003°;

Adjustment precision: 0.2°
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Fig.3 Uncertainty of spectral radiance of standard blackbody
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Fig.5 (a) Fourier transform spectrometer output changing with the rotation angle of reflector when observing standard blackbody @7=303 K, 2=10 um;

(b) Uncertainty u,(4) due to angle repeatability of rotating mirror
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sphere
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Tab.2 The uncertainty scale of NESR@10 pm calibration

Uncertainty factors Symbol Relative uncertainty@10 pm

Uncertainty of spectral radiance output of standard blackbody uy(A) 0.081%
Uncertainty of standard blackbody spectral radiance (by Fourier spectrometer) uy(A) 0.025%
Uncertainty of integrating sphere spectral radiance (by Fourier spectrometer) uz(4) 0.020%
Background radiation testing uncertainty in optical source chamber and calibration chamber uy(%) 0.036%
Repeatability of standard blackbody (by Fourier spectrometer) us(2) 0.13%
Repeatability of infrared integrating sphere (by Fourier spectrometer) ug(4) 0.017%
The nonlinearity of Fourier spectrometer u7(1) 0

The instability of Fourier spectrometer ug(4) 0.051%
The instability of infrared integrating sphere ug(4) 0.052%
The plane inhomogeneity of infrared integrating sphere uyo(4) 0.25%
The angular nonuniformity of infrared integrating sphere uyy(A) 0.15%
Uncertainty of spectral radiance calibration U(2) 0.34%
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