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INTRODUCTION  

 

 Clouds in satellite images are very commonly found. They may be regarded as desirable 

or undesirable elements owing to the need of the hour and suitability of applications. Cloud 

detection hence, forms an important field of study and research. A lot of work has been done in 

this area previously. Jedlovec [1] described automated cloud detection techniques. Wang et al. 

[2] has suggested a method of using Support vector machines for cloud detection. Jedlovec et al. 

[3] describes various spatial temporal thresholds for cloud detection. Statella et al. [4] proposed 

the use of mathematical morphology for cloud detection. 

 

 Although, clouds in images are easy to detect, what is known to pose threats to such 

algorithms is the presence of snow covered landscapes in such images. Reflectance is the 

property known to be responsible for the white color and bright appearance of clouds [5]. Snow 
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has almost similar reflectance as that of clouds and hence is often detected wrongly as clouds if 

proper precautions are not taken [6]. The problem is critical for satellite images. One measure to 

address this problem is provided through this paper. 

 

 

METHODOLOGY TO BE ADOPTED 

 

 The cloud detection system presented in this paper comprises of two sections. One, 

classification section which will decide which of the images in the database are qualified for 

detection and which are not. Second section is the detection system where actual detection of 

cloud region in the image will be done. Proposed block diagram of the system is shown in 

Fig.1. 

 

Fig. 1: Proposed block diagram of the system 

 

A. Design of the Classifier: 

 An image classifier is known to classify images as belonging to a specific class. Its 

general structure requires a feature extractor which extracts specific features belonging to various 

classes of images in the database as well as of the image to be classified. During the 

classification stage, the features of image to be labeled are matched with the different classes as 

mentioned in the database and the image is labeled as belonging to the class to which its features 

resemble the most. [7] discusses the use of wavelets for the purpose of feature extraction. 

 

i) Feature Extraction: In the classifier, wavelet- 'haar' was used for feature extraction during the 

learning as well as the classification stage. Basically, single level two dimensional DWT 

(discrete wavelet transform) is performed, which is shown in Fig. 2. In the figure, L corresponds 

to Low, H to High. LL: Approximate coefficients; detail coefficients of image are given by HH: 

diagonal, LH: vertical  and HL: horizontal. 
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Fig. 2. Single level 2-D wavelet filter [8] 

 

In general, haar transform (4X4) is given as: 

 

 𝐻 = (1/√4) [

1 1 1 1
1 1 −1 −1

√2 −√2 0 0

0 0 √2 −√2

]       (1) 

 

ii) Supervised Classification: The decision tree automatically calculates a threshold value which 

all the images are classified as cloud images and those having values above the level are 

classified as snow images. This value is calculated for a database of images provided for training 

purpose by taking the mean of feature vectors. Since, the process requires training, hence, is 

known as supervised classification.  

 

B. Design of the Cloud Detection System: The cloud detection system comprises of the 

following stages: 

 

 Color invariance: A suitable color space model that is known to suppress the background 

pixels and enhance cloud area in an image is required. Opponent color space model 

O1O2O3 is known to furnish the same. Hence, in order to detect cloudy pixels accurately 

in an image, the system first converts RGB image to opponent color space [9]. This color 

space can be defined as: 

𝑂1 =(𝑅 − 𝐺)/√2                                       (2) 

 

𝑂2 = 𝑅 + 𝐺 − 2𝐵/√6            (3) 

 

𝑂3 = (𝑅 + 𝐺 + 𝐵)/√3                           (4) 

   

          



International Journal of Advanced Scientific and Technical Research                      Issue 4 volume 3, May-June 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com.  Page 531 

 
 

 

 Threshold: In order to obtain image threshold, fuzzy threshold was used [10], [11]. This 

has been done using gamma function. 

 

μ0 = 

∑ g.c(g)t
g=0

∑ c(g)t
g=0

                                                                                                (5) 

 

μ1 = 

∑ g.c(g)T−1
g=t+1

∑ c(g)T−1
g=t+1

                                                         (6) 

 

where, t refers to threshold, T: total no. of gray-levels, g: 0 to 255, c: gray-level 

occurrence. μ0 and μ1: membership functions with values belonging to [0,1]. 

 

 Edge Detection and morphology: At first, morphological operations [12] are done to get 

rid of isolated pixels. Then edges are detected. Since, Deriche edge detector [13] is a well 

known optimal detector. Hence, it was used to obtain good agreement between actual 

cloud edges and detected edges.  

 

 
 

 

Fig. 3: Proposed block diagram of the optimized system 
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RESULTS AND DISCUSSION 

 

 Some satellite images of cloud and snow were given as input to the algorithm and the 

results were recorded. The decision tree automatically calculated in this work and pruned to level 

2 of 3 is shown in Fig. 4. 

 

 
 

Fig. 4 Simulation results-Decision Tree to classify snow and cloud images 

 

 Fig. 5 shows some images that were fed into the classifier. Fig. 6 and 7 show the images 

classified as snow and cloud respectively and in Fig. 8 cloud edges are shown detected in the 

original images in magenta. For a cloud detection system the snow images are discarded and 

cloud images are given to the detection section. 

 

 

 

Fig. 5: Images  of Cloud and Snow for detection 

 

Fig. 6: Recognized and labeled as snow images (discarded) 

Original Image Original Image Original Image
Original Image
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Fig. 7: Recognized as Cloud images (forwarded to the detection module) 

 

 

Fig. 8: Detected regions of cloud (Magenta) 

 

CONCLUSION 

 

 The algorithm is found to identify accurately all snow images in the database and 

discard them automatically instead of forwarding the same to the detection module and leading 

to wrong detections. The addition of a classifier to the pre-processing stage enhances the 

algorithm and is expected to save time and effort wasted in the processing of  images not 

qualified for the purpose. Also, in future the algorithm can be trained to identify cloud and 

snow regions in a single image thereby discarding snow areas and detecting cloudy pixels in a 

single image. 
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