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Abstract Cloud camera is designed to perform cloud recognition and cloud coverage discrimination of the target
area, and it adopts the threshold method for cloud detection. To satisfy the accuracy of cloud detection, it is
important to determine the relationship between the response value of the detector and the radiance. We take the
Bayer array based plane array color CCD camera adopted by the cloud camera as the research object, analyze its
imaging process, and find that the radiation response spectra of R, G, and B channels overlap. Based on this
phenomenon, a multi-channel CCD detector radiation response calibration model is established. For the R and B
channels used by the cloud camera, the 747 nm LED and 443 nm LED are used as the light sources of the integrating
sphere, and the minimum, typical, and maximum values of spectral radiance are set. The absolute radiation response
calibration experiment of the cloud camera is carried out under the single light source condition to determine the
corresponding absolute radiation response coefficients, and the correctness of the proposed radiation response calibration
model is verified under the dual light source condition. This method eliminates the calibration uncertainty caused by the
detector response aliasing and effectively improves the accuracy of absolute radiation calibration.
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Fig. 1 Optomechanical structure diagrams of cloud camera. (a) Appearance; (b) three-dimensional explosion model
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Fig. 4 Bayer array and pre-filter. (a) Quantum efficiency curves of different color channels of Bayer array;

(b) transmittance of pre-filter
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Table 1 CCD detector channel response value and equivalent spectral radiance under different brightness of

single light source conditions of single light source

Test condition DN of R channel DN of B channel Radiance /(pW « em Zesr ' enm D)
LEDI off, LED2 max 4. 846 197. 950 59. 146
LEDI1 off. LED2 typ 2.957 117. 248 35.412
LEDI off, LED2 min 1.438 51.061 15. 955
LEDI max, LED2 off 108. 327 8.912 30.011
LEDI1 typ, LED2 off 64.917 5.461 17.765
LEDI min, LED2 off 29.969 2.531 8.205

# 2 LEDL 5 LED2 #4TIF B4 MFT CCD #R0 A 18 1 50 {5 5 Fe

Table 2 Measured and theoretical values of CCD detector channel when LED1 and LED2 are turned on

. DN of measured value DN of theoretical value Bias /%
Test condition
R channel B channel R channel B channel R channel B channel
LEDI1 max, LED2 max 112.926 206. 699 113.173 206. 862 —0.218 —0.079
LEDI typ, LED2 typ 67. 726 122.177 67.874 122. 709 —0.218 —0.434
LEDI1 min, LED2 min 31.473 55.521 31.407 53.592 0.209 3.474
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Fig. 8 Response values of CCD detector R channel under different integral time. (a) LEDI is turned on only;
(b) LED2 is turned on only
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Fig. 9 Response values of CCD detector B channel under different integral time. (a) LED2 is turned on only;

(b) LEDI is turned on only
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Table 3 Measurement uncertainty analysis of radiometric calibration

Uncertainty factor

Combined

Spectral band /nm
Integral sphere

ASD measurement

Cloud camera uncertainty /%

465 2.22 0.63 1.90 2. 99
747 1.85 0.62 1.29 2.34
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