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Abstract The cloud camera adopts the threshold method to detect cloud distribution information in the observation target
area. In the cloud judgment algorithm, the accuracy of the radiance will affect the final inversion result. An information
model between the response value of the pixel and the radiance was established. Improvement measures are proposed for
the situation where the output response values of each pixel of the cloud camera are unequal when the incident light is
uniform. First, according to the information model, the reasons for the different response values of the detector were
analyzed, and the relative radiometric calibration model was established. It is difficult for the light emitted by the large-
diameter integrating sphere radiation source to cover all the fields of view simultaneously due to the large field of the cloud
detection camera. Therefore, a subfield of view measurement method was designed. The relative radiometric calibration
of the cloud camera was performed using the calibration model and the subfield of view measurement method. The
experimental results indicate that the nonuniformity of the imaging results of the integrating sphere is approximately 6%
before correction. After the relative radiometric calibration correction, the nonuniformity is less than 1. 5% under a typical
signal-noise-ratio (SNR) and approximately 3. 25% under a low SNR. The results of the calibration meet the requirements
of the design of the cloud camera.
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Fig. 1 Schematic diagram of the wide-angle imaging

optical system
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Fig. 2 Imaging process of the cloud camera
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Fig. 4 Diagram of the sub-field of view of response test of cloud camera. (a) Center of the integrating sphere radiation source is imaged

on the edge of the image; (b) center of the integrating sphere radiation source is imaged on the center of the image
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Fig. 6 Response results of the cloud camera after sub-field splicing. (a) R channel; (b) B channel
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Fig. 7 Relative radiation response coefficient of the cloud camera in a full field of view. (a) R channel; (b) B channel
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Fig. 8 Comparison of the cloud camera image before and after correction. (a) Case 1; (b) case 2; (3) case 3
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Table 1 Nonuniformity of the integrating sphere image before

and after correction under different conditions

Image nonuniformity /%

Test condition

Before correction After correction

Case 1 5.63 1.34
Case 2 5. 64 1.24
Case 3 6.29 3.25
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Fig. 9 Comparison of the cloud camera image of outfield experimentation before and after correction. (a) R channel before correction;

(b) R channel after correction; (c¢) B channel before correction; (d) B channel after correction
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Fig. 10 Cross-sectional images of cloud camera R channel outfield image before and after correction. (a) 475th row in the center of the

image; (b) 824th column in the center of the image; (c) average of all columns; (d) average of all rows
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Fig. 11 Cross-sectional images of cloud camera B channel outfield image before and after correction. (a) 475th row in the center of the

image; (b) 824th column in the center of the image; (c) average of all columns; (d) average of all rows
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Table 2 Nonuniformity of cross-sectional images before and

after correction

Image nonuniformity / %

Channel Condition Before After
correction  correction

Horizontal 475th row 13.22 11.3

Vertical 824th column 23.52 23.94

K Average of all columns 10.09 8. 16

Average of all rows 17.95 17. 84

Horizontal 475th row 15. 44 13.98

vertical 824th column 33.95 33.99

. Average of all columns 12.19 10.76

Average of all rows 26.85 26.32
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