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Abstract Gaofen-4 (GF-4) satellite is the first geosynchronous high-resolution optical imaging satellite developed
by China, and it has high temporal resolution and high spatial resolution. Aiming at the characteristics of GF-4
satellite data, we propose a cloud and cloud shadow detection algorithm combining spectral analysis and geometrical
algorithms. Geometrically corrected and radiometrically calibrated GF-4 images are used to identify potential cloud
pixels using spectral difference analysis techniques based on the spectral characteristics of clouds and typical land
surfaces. The cloud probability is calculated according to the difference of spectral variability rate of clouds and
cloudless features. The geometrical relationship between clouds and cloud shadows is combined with the sensor
parameters to identify the projective regions of cloud shadows. Then the image-based dynamic thresholds are set in
the projection regions based on the spectral characteristics of the shadows to detect cloud shadows. This algorithm
can better identify thin clouds, and significantly improve the cloud shadow detection accuracy. The visual
interpretation method is used to verify the detection accuracy. It finds that cloud pixels recognition in different
regions are more accurate and the shapes are relatively complete. Compared with the method of cloud and cloud
shadow matching, the dynamic-spectral-threshold algorithm proposed in this paper is more accurate in detecting
cloud shadows.
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Fig. 6 Cloud shadow detection results of
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different clouds in different regions
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Table 1 Quantitative analysis of cloud image pixel detection results

Underlying surface Images Correct /% Commission rate /% Omission rate /% Sky correct /%

Al 85.53 0.76 14.47 99.24

Bare soil A2 89.48 0.92 10.52 99.08
A3 82.94 0.38 17.05 99.62

Bl 89.28 2.41 10.72 97.59

Desert B2 94.76 10.21 5.24 89.79
B3 82.26 0.92 17.74 99.08

C1 92.99 0.42 7.01 99.58

Vegetation C2 90.61 0.11 9.39 99.89
C3 95.47 2.22 4.53 97.78

D1 91.46 0.73 8.54 99.27

Water D2 92.84 3.88 7.16 96.12
D3 84.32 0.18 15.68 99.82

2 mBIRABOTIE ISR B E B

Table 2 Quantitative analysis of cloud shadow image pixel detection results

Underlying surface Images Correct /% Commission rate /% Omission rate /% Sky correct /%

Al 78.40 0.08 21.60 99.92

Bare soil A2 88.71 3.45 11.29 96.55
A3 71.93 0.20 11.42 99.80

B1 88.58 1.96 11.42 98.04

Desert B2 70.22 0.70 29.78 99.30
B3 88.65 3.25 11.35 96.75

Cl 86.79 0.62 13.21 99.38

Vegetation C2 84.92 0.38 15.08 99.62
C3 81.76 0.13 18.24 99.87

D1 86.61 2.01 13.39 97.99

Water D2 88.86 3.09 11.14 96.91
D3 97.96 0.53 12.04 99.47
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