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Abstract The automatic ground-based observation of cloud is an exigent requirement for the current meteorology operation. Up to
now, the detection algorithms for the ground-based cloud observation are mainly based on the threshold, but neither the fixed threshold
nor the global threshold method can achieve satisfactory ground-based cloud detection effects. Using the properties of blue sky back-
ground versus white cloud in clear sky, an automatic ground-based cloud detection method is presented based on the local threshold in-
terpolation in which the original cloud image is resized to an appropriate size and then the normalized difference operation is performed
on the blue band and the red band of the resampled image. After that, the normalized difference result is separated into a series of qua-
drilled sub-images according to the spatial position of the image pixels automatically. Next, the improved maximum interclass variance
adaptive threshold algorithm and some decision-making rules are used to compute the local threshold for each sub-image, and, using the
bilinear interpolated algorithm, the threshold array is interpolated to form a curved surface whose size is the same as the original cloud
image. Finally, the curved threshold surface is used to finish ground-based cloud detection by comparing to the normalized difference re-
sult of the blue and red bands pixel by pixel. Compared with the fixed threshold and the global threshold algorithms, the proposed
method obtains better detection effects for clouds in small, broken bits and weak contrast clouds. The quantitative assessment results
show that the fixed threshold algorithm has a much lower correctness and accuracy than the global threshold method and the local
threshold method. Furthermore, the proposed method acquired better results than the global threshold algorithm both in correctness
and accuracy.

Key words Ground-based observation of cloud, Cloud detection, Normalized difference, Maximum interclass variance, Local threshold
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Fig. 2 Cloud detection results for the first cloud image

(a) cloud image No. 1, (b) the results from the ratios of blue band and red band,
(¢) the results based on the normalized difference of blue band and red band,
(d) the results from the fixed threshold method, (e) the results from the

global threshold method, (f) the results from the local threshold method
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Fig.3 Cloud detection results for the second cloud image

(a) cloud image No. 2, (b) the results from the fixed threshold method,

(¢) the results from the global threshold method, (d) the results from the local threshold method



B RAFET R R ER R = A Sy ik

1013

B4 =K 3 =K

(a. z & 3. b. [ & F{H 25

o R BEA R A R B EL D

Fig.4 The same as Fig. 3 but for cloud image No. 3
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Fig.5 The same as Fig. 3 but for cloud image No. 4
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Table 1 Precision assessment for the cloud detections
Bk = A Te Fp Fx T~ R ESGLP) R (20
=K1 79446 8 32950 149740 70. 68 70. 68
=& 2 64533 0 25335 172276 71.81 71.81
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=4 50169 0 84038 127937 37.38 37.38
=& 5 34629 57 28273 199185 55. 05 55. 00
=~E 1 112136 5538 260 144210 95.29 95.08
=K 2 87317 4663 2551 167613 94.93 92.37
4> J5y 189 A =K 3 105330 11222 1601 143991 98. 50 89. 15
=4 113073 3151 21134 124786 84. 25 82.32
=5 62902 31645 0 167597 66. 53 66. 53
~HE 1 111543 2868 853 146880 97.49 96. 77
=~ 2 87556 3365 2312 168911 96. 30 93.91
J5 0 18 L =3 105781 5036 1150 150177 98. 92 94. 48
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Fig. 7 Cloud masks from manual interpretation
(a) cloud image No. 1, (b) cloud image No. 2.
(¢) cloud image No. 3, (d) cloud image No. 4,
(e) cloud image No. 5
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