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Table 1 Specification for four-segment of CVF

Segment 1 2 3 4
Nominal wavelength range /pm 1.292-2.493 2.529-4.527 4.603-7. 940 8.040-14. 351
Blocking range /pm 1-5 1-7 1-15 1-15
FHWM /% 2.0 1.8 1.5 1.8
Transmittance at peak wavelength /% >25 >25 =60 =30
Out-of-band average transmittance /% <<0.1 0.1 <<0.1 <0.1
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Table 2 Specification of CVF type spectroradiometer

Specification

Parameter

Spectral range
Spectral resolution
Spectral scanning rate

Noise equivalent temperature difference
(NETD)

Field of view (FOV)
Field of view uniformity
Focusing distance
Internal blackbody reference

Chopping frequency

1.3-14. 3 pm
2% of wavelength

Up to 30 scanses '

<5 mK NETD with InSb detector, 1 Hz bandwidth, 100 °C target filling 7. 5 mrad FOV

7.0-0. 5 mrad
+5%

3'm to oo uniformity (max)

Floating temperature ambient reference (better than 0. 1 °C)

Up to 4000 Hz

Weight 15 kg
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Table 3 Equivalent temperature calculation and error results

Effective temperature /°C

Temperature /°C Error /%
2 3 4 5 Average
90 88.49 88. 52 88. 37 88.53 88.41 88. 46 —1.70
100 98. 30 98. 24 98.17 98. 04 98. 08 98.17 —1.80
150 148. 30 148. 20 148. 30 148. 10 148. 50 148. 30 —1.10
200 198. 20 197. 20 196. 50 198. 80 197. 50 197.40 —1.30
250 247.80 247.70 248.50 246. 80 246. 10 247.40 —1.00
300 295. 80 296. 20 297. 20 297.70 295.50 296. 50 —1.10
500 496. 80 495. 40 495. 50 497.60 496. 20 496. 30 —0.74
600 593. 60 594. 40 594. 50 593. 70 594. 10 594. 10 —0.98
1000 991. 80 990. 80 991. 00 990. 20 992. 50 991. 30 —0.87
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Abstract

Objective  Spectroradiometers are used to determine the spectral characteristics and brightness of radiation sources,
which are widely used in many different fields. This study is based on the circular variable filter type spectroradiometer,
where the wavelength transmitted by the main spectroscopic component, the circular variable filter is linearly related to the
angle, and the spectroradiometer is constructed with a unit detector. This type of spectroradiometer has the advantages of
a wide spectral range and a wide temperature range for the target, so it has a wider range of applications. However, there
are fewer studies on circular variable filter spectroradiometers in China and abroad, and the development of domestic
machines for circular variable filter spectroradiometers is gradually being carried out in China. Radiation calibration is the
process of converting the original signal measured by the instrument into a physical quantity with practical significance.
The main methods of radiation calibration for infrared spectroradiometers are currently the single point method, the two
points method, and so on. The single point method is suitable for cases with low resolution and a small amount of spectral
measurement data. The two-point method is suitable for situations where the instrument has good linearity, and the
number of measurement points is high. Due to the wide operating band of the circular variable filter type infrared
spectroradiometer and the wide range of the target temperature, which causes non-linearity problems, the traditional two-
point calibration method cannot achieve accurate radiation calibration. In this paper, a divisional linearity-based

responsivity radiometric calibration method is proposed to solve this problem.

Methods The radiometric calibration of circular variable filter spectroradiometers is based on the divisional linearity
method, which is used to solve the non-linearity problem of this type of spectroradiometer due to the large temperature
range of the measurement target and the wide operating band. The main technical principle is to divide the temperature
interval of the target to be measured into several subintervals, collect the measured spectrums corresponding to several
different temperature blackbodies in the target temperature interval, and calculate the responsivity function at each
temperature. During the infrared spectroscopy measurements, the target spectrum is compared with the spectrums of
different temperature points recorded in the interval to determine the upper and lower limits of the temperature subinterval
to which the target to be measured belongs. Based on the responsivity function calculated for the subinterval, a linear
interpolation is performed to find the responsivity function of the target to be measured for radiometric calibration. In
addition, external ambient temperature variations, atmospheric disturbances, and the instrument’s thermal radiation are

taken into account in the calibration process.

Results and Discussions In this paper, we propose a divisional linearity-based responsivity radiometric calibration
method, which can effectively solve the non-linearity problem caused by the wide wavelength range and wide temperature
range of the target measurement by zoning the target temperature into sub-regions. We compare the difference between the
measured calibration data and the theoretical Planck curve at different temperatures. Figure 12 shows the relative deviation
of the radiometric calibrations of two detectors at different blackbody temperatures. Figure 12 shows that the relative
deviations of the radiometric calibrations are better than 1% for most of the band intervals for both detectors. The large
relative deviations in some bands are due to two reasons: 1) the low responses of the InSb detector in the 2. 4-3 pm region
and the MCT detector in the 13.5-14. 3 pm region are due to the low signal-to-noise ratio of the collected signals in this
region, which affects the calibration accuracy; 2) the InSb detector in the 4. 2-4. 5 pm region is due to the interference of
CO, atmospheric absorption in this band. The interference of CO, atmospheric absorption exists. The experimental results
show that this method can effectively meet the radiometric calibration requirements, and the calibration results are in good

agreement with the theoretical values, with an equivalent temperature deviation of less than 2%.
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Conclusions The large temperature range and the wide operating band of the circular variable filter spectroradiometer
make for a significant non-linear response in the radiometric calibration process. Different temperature targets also have
different degrees of responsiveness, so the traditional two-point method does not work well for radiometric calibrations. In
addition, external ambient temperature variations, atmospheric disturbances, and the instrument’s thermal radiation are
taken into account in the calibration process. In this paper, a divisional linearity-based radiometric calibration method is
proposed, which can effectively solve the non-linearity problem caused by the wide wavelength range and temperature
range of the target measurement by zoning the target temperature into sub-regions. The experimental results show that the
method can effectively meet the radiometric calibration requirements, and the calibration results are in good agreement
with the theoretical values, with an equivalent temperature deviation of less than 2%. The zoned linear radiometric
calibration method in this paper is also applicable to other spectroradiometers of the spectral type to solve the non-linearity

problem caused by the measurement of targets with a wide wavelength and temperature range.

Key words measurement; infrared spectroradiometer; circular variable filter; radiometric calibration; blackbody;

divisional linear calibration method

2312001-11



	1　引        言
	2　CVF型光谱辐射计
	2.1　CVF分光原理
	2.2　光谱辐射计系统结构

	3　红外光谱辐射计辐射定标原理
	3.1　红外光谱辐射计的辐射模型
	3.2　分区线性响应度辐射定标算法

	4　实验与分析
	4.1　实验系统
	4.2　黑体光谱测量
	4.3　分区线性响应度辐射定标
	4.4　辐射定标结果定量分析
	4.5　辐射定标结果不确定度分析

	5　结         论

