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Abstract 

In this paper, we proposed a method for enhancement of color images with sky regions. The input image is 
converted into HSV space and then sky and non-sky regions are separated. For sky region, saturation enhancement 
is performed for each pixel based on the enhancement factor calculated from the average saturation of its local 
neighborhood. On the other hand, for the non-sky region, the enhancement is applied only on the luminance value 
(V) component of the HSV color image, which is performed in two steps. The luminance enhancement, which is 
also called as dynamic range compression, is carried out using nonlinear transfer function. Again, each pixel is 
further enhanced for the adjustment of the image contrast depending upon the center pixel and its neighborhood 
pixel values. At last, the original H and V component image and enhanced S component image for the sky region, 
and original H and S component image and enhanced V component image for the non-sky region are converted 
back to RGB image.  

 

1. Introduction 

The main objective of image enhancement is to improve 
some characteristics of an image to make it visually better 
one. The image acquired from the natural environment with 
high dynamic range includes both dark and bright regions, 
sky and non-sky regions etc. The dynamic range of human 
eyes sensing is limited, therefore those images are difficult to 
perceive by human eyes. Image enhancement is a common 
approach to improve the quality of those images in terms of 
human visual perception. On the other hand, improvement of 
image quality in display equipments can be obtained by 
reproducing more pleasing colors of natural objects [1]-[3]. 
More pleasing colors can be obtained by reproducing more 
saturated colors of natural objects such as sky and grass [3]. 
In this paper, we focus on enhancement of the color images 
containing sky regions. Sky is one of the most important 
subjects frequently seen in natural scenes of photographs and 
display devices such as a television and a computer monitor 
[4]. 

In this paper, the enhancement of the sky and the non-sky 
region is performed independently. The sky detection is 
based on the boundary conditions of each pixel in each 
component of the HSV color space given in [3]. The 
refinement of the segmentation result is performed using 
morphological erosion and dilation operation followed by 
hole filling algorithm. The saturation of the sky region is 
reproduced based on the locally calculated enhancement 
factor for each pixel. Here, the luminance and contrast 
enhancement of the non-sky region is performed using 
nonlinear transfer function based neighborhood dependent 
approach [5]-[6]. The advantage of luminance and contrast 
enhancement in HSV space is that, we can keep the color of 
the image unchanged, because, only V channel is subjected 
for enhancement whereas H and S channel are kept 
unchanged. The luminance is different in different regions of 
the image; therefore instead of applying global approach, the 
local approach gives better result of luminance enhancement 
[5]. Fig. 1 shows the overall block diagram of the proposed 
color image enhancement procedure.  
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Fig. 1. Overall block diagram of the proposed color image 

enhancement system. 
 

 
Fig. 2. Sky segmentation using color information 

 
2. Sky Segmentation 

For the sky region, we performed saturation enhancement 
whereas for the non-sky region, luminance and contrast 
enhancement is applied. Therefore, the accurate sky 
segmentation is the most important preprocessing step in the 
proposed method of image enhancement. Initial sky detection 
is based on the decision boundary on the HSV space, which 
is defined as:  
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Fig. 2 shows the input image and corresponding result of 

sky segmentation using (1). There are some false detection 
regions such as blue parts of sea, lake, ground and building 
as sky regions. According to the area of the detected regions, 
those false detections can be refined by using morphological 
operations like erosion and dilations. The regions which are 
not eliminated by those operations are finally filled by using 
hole filling operation. Fig. 3 shows the refined result of sky 
detection.  
 

 
Fig. 3. Sky segmentation result after refinement 

 
3. Saturation Enhancement of Sky 

In general, observers prefer the saturation-increased sky 
color [1]-[2]. So, for the sky region we performed saturation 
enhancement, where, the saturation enhancement factor for 
each sky pixel was determined based on the average 
saturation of its local neighborhood. In [3], the saturation 
enhancement factor is determined from the average 
saturation of the whole sky region and adjusted according to 
the height of the sky, because the same saturation 
enhancement factor for each sky pixel is not proper. But, 
their method is more heuristic, because, in every image 
height of the sky is not same and also we can’t expect the 
saturation of sky changes according to the height position of 
the sky region. The amount of the saturation enhancement 
which is added to the original saturation is defined as the 
saturation enhancement factor. According to the average 
saturation of the region of interest, the saturation 
enhancement factor is determined as in [3], but the difference 
in our method is that, we find enhancement factor for every 
pixel according the average saturation of the local 
neighborhood pixels as follows: 
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where, ( , )P x y is the sky pixel whose saturation is to be 
enhanced, W is the local neighborhood centered at pixel 

( , )P x y , and N is total number of sky pixels in the 
neighborhood. 
 
4. Luminance and Contrast Enhancement of Non-Sky 

Nonlinear image enhancement algorithm is applied for the 

enhancement of the non-sky region. The algorithm is focused 
to enhance the image which is taken under low or 
nonuniform illumination conditions. It is also useful to 
improve the visual quality of the image which has dark 
regions or regions with shadows. The algorithm was first 
proposed in [7], at which they perform enhancement in gray 
scale image and later converted back to RGB color image 
using color restoration process. An improved version of this 
algorithm was proposed in [5]-[6], at which the enhancement 
is applied to the value component image in HSV space and 
instead of using global approach, local approach is used to 
improve the quality of the image as well as to preserve the 
local details in the image. In this paper, we used the 
algorithm proposed in [6], because we already have an input 
image in HSV color space. It consists of two independent 
processes: adaptive local luminance enhancement and 
adaptive contrast enhancement. In the following subsections, 
we will briefly explain the algorithmic steps of the 
enhancement process.  
 
4.1. Luminance Enhancement 
 

The luminance enhancement is applied to the non-sky 
region pixels using nonlinear transfer function defined in (4). 
Where, ( , )nV x y denotes the normalized V channel in the 
HSV color space of the input image and ( , )LEV x y is the 
transferred value. 
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where, z is the image dependent parameter and is defined as 
follows 
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where, L is the value (V) level corresponding to the 
cumulative probability distribution function (CDF) of 0.1. 

The parameter z in (4) defines the shape of the transfer 
function or the amount of the luminance enhancement for 
each pixel in the non-sky region of the image. Instead of 
using the global z parameter, the image is divided into 
overlapping blocks and the parameter is determined locally 
for each block and then interpolated across all the pixels to 
solve the problem of blocking artifacts [6].   
 
4.2. Contrast Enhancement  
 

The contrast enhancement process improves the overall 
quality of the image. At first, Gaussian convolution using 
Gaussian function is applied to the value channel image in 
the HSV space and is denoted as CONV .  

For every pixel, the convolution result consist the 
luminance information from the surrounding pixels. The 
center pixel value is now compared with the Gaussian 
convolution result in order to find the amount of contrast 
enhancement of that center pixel. The following equation 
describes this process: 
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where, ( , )CEV x y  is the result of contrast enhancement and 

( , )E x y is given by the following relation: 
 

 ( , ) ( , ) ( , ) g

CON nE x y V x y V x y       (7)  
 
where, g is the image dependent parameter determined by 
using the standard deviation of the input value channel image 
of the non-sky region. If the center pixel is brighter then the 
surrounding pixels, the contrast of the pixel is pulled up. On 
the other hand, if the center pixel is darker then the 
neighboring pixel, the contrast of the pixel is lowered.  
 
5. Experimental Results 

We performed the experiment on several images 
containing both sky and non-sky regions. If we increase the 
saturation of the non-sky region as well as if the luminance 
and contrast of the sky region is enhanced, because of the 
false segmentation result, the output image does not look 
natural. Therefore, accurate sky detection is very important 
preprocessing step in the proposed method.   

The results of the experiments are shown in Fig. 4. Left 
images are the input color images containing both sky and 
non-sky regions and corresponding right images are the 
result of saturation enhancement of the sky region and 
luminance and contrast enhancement of the non-sky regions. 
In every image, we can see that, more pleasing color of the 
sky is produced by reproducing the saturation of the sky 
pixels. On the other hand, visual quality and the details of the 
non-sky regions are improved by enhancing the luminance 
and contrast of the image. The experiment on the other 
images has shown similar results.  

Even the result of enhancement seems better in terms of 
subjective point of view; we can’t say that output image 
quality is not degraded during the enhancement process, like, 
edges, local details etc. Therefore, the result of enhancement 
is also compared in terms of objective point of view. One of 
the objective evaluation criteria is the Detail Variance (DV) 
and Background Variance (BV) [8]. DV and BV values are 
obtained by computing the variance of the gray-levels in the 
neighboring pixels of each pixel in the image. The pixel is 
classified to the foreground when the variance is more than a 
threshold; otherwise the pixel is classified to the background. 
DV and BV are the average variance of the pixels included in 
the detail region and background region respectively. The 
desired result is increase in DV and no change in BV after 
applying the enhancement [8]. Table 1 shows the result of 
DV and BV values of the images before and after 
enhancement. The BV is similar before and after 
enhancement, whereas DV is increased after enhancement.  
 

Table 1: DV and BV values before and after enhancement 
Image (Fig. 4) 

Original Image Enhanced Image 
BV DV BV DV 

(a) 1.38 18.74 1.18 21.65 
(b) 1.25 17.99 1.33 21.85 
(c) 1.82 17.25 1.91 22.39 
(d) 1.25 19.92 1.36 27.47 
(e) 1.62 22.24 2.84 24.30 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. 4. Experimental results: input images and corresponding 
result of enhancement 

 
6. Conclusions 

In the paper, we proposed a method for enhancement of 
color image containing both sky and non-sky regions. The 
image enhancement is carried in HSV space. The original 
color of the image is unchanged, because the hue channel of 
the image is kept as it is during the image enhancement 
process. Separate enhancement procedures are used for sky 
and non-sky regions. After detecting the sky region in the 
input image, the saturation of the sky region is reproduced to 
make the more pleasant color of the sky region, whereas 
luminance and contrast of the non-sky region is enhanced to 
make the image visually better. In both cases, the local 
approach is used, which is turned out to be very effective. 
The result of the enhancement is evaluated in terms of both 
subjective and objective evaluation criteria.   
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