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ABSTRACT 

 

This paper proposes a new method for enhancing the contrast as well as brightness of color 

images, based on orthogonal D4 Wavelet transform human visual system and also considers 

distinction between the background and foreground of the images. The RGB (Red, Green, and 

Blue) values of each pixel in a color image are converted to HSI (Hue, Saturation, and Intensity) 

value. On the S components of the color image, the orthogonal D4 Wavelet transform is applied 

in the appropriate blocks. It can be detected by suitable edge detector. The orthogonal D4 

Wavelet transform decomposes the S component into detail and approximate components. Then 

the contrast as well as brightness enhancement on the approximate applied. For I component 

histogram equalization is applied. IWT is applied on the detail and modified component based on 

the human visual system is approximate component for the selected block. The old H, modified 

S and modified I, are then converted into the RGB color space. The effectiveness of the proposed 

method is demonstrated experimentally. This paper also show the comparison of all the previous 

methods. 
 

INDEX TERMS: Human Visual System; RGB & HSI Color Space; D4 Wavelet Transform; 

Histogram Equalization and Canny Edge Detector. 
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INTRODUCTION 

This paper is based on ”Hue Preserving enhancement Algorithm Based On Wavelet Transform 

And Human Visual System ” The objective of the image enhancement is to improve the 

interpretability of information present in an image. An enhancement algorithm is one that yields 

a better-quality image for the purpose of some particular application which can be done by either 

suppressing the noise or increasing the image contrast and brightness. Image enhancement 

algorithms are employed to emphasized, sharpen or smoothen image’s features for display and 

analysis. Enhancement methods are application specific and are often developed empirically. 

The enhancement process does not increase the inherent information content in the data but it 

does increase the dynamic range of chosen features so that they can be detected easily. As there 
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are many image acquisition techniques, so for many applications image enhancement techniques 

are needed. The greatest difficulty in image enhancement is quantifying the criteria for 

enhancement. Therefore, a large number of techniques are empirical and require interactive 

procedures to obtain satisfactory result.  Images are classified into grey level and color images. 

Each pixel of the gray level image has only one grey level value. There are many algorithms for 

image enhancement in the gray level images such as contrast stretching, slicing and histogram 

equalization. Such algorithms are discussed in  many articles and books. On the other hand, each 

pixel in the color images consists of color information. So these typical techniques are not 

applicable for color image enhancement. Therefore the color image enhancement is more 

difficult compared to gray level image and there is more points to be researched. 

REVIEW 

As there are many image acquisition techniques, so for many applications image enhancement 

techniques are needed. The greatest difficulty in image enhancement is quantifying the criteria 

for enhancement. Therefore, a large number of techniques are empirical and require interactive 

procedures to obtain satisfactory result. Based on histogram equalization techniques some color 

image enhancement methods are proposed by Buzuloiu,  but Trahani proposed 3D histogram 

equalization on RGB cube. Thomas proposed an enhancement method considering the 

correlation between luminance and saturation components of the image locally. The above 

mentioned method is very useful for color image enhancement. However they are not 

considering the color shifting property.  

P.E Trahanias (1992) proposed the well known method of histogram equalization for grey-level 

image enhancement which was extended to color images. A method of direct 3-D histogram 

equalization was proposed by him which resulted in a uniform histogram of the RGB values. 

Due to the correlation between the bands, the principle on which grey-level (1-0) histogram 

equalization was based which was not valid in the case of color images (3-0). This problem was 

alleviated by employing a histogram specification method where a uniform histogram was 

specified. 

 

 B.A. Thomas(1997) proposed an enhancement method considering the correlation between 

luminance and saturate in component of image locally. He proposed one way of enhancing color 

image contrast to feedback high frequency spatial information from through  saturation 

component into the luminance component He proposed a new algorithm, which uses a spatially 

variant measure of salience, presented. That method offered key improvements to a previous 

saturation feedback technique. Experimental results confirm that improved color image 

enhancement was achieve. 

 

C.C Yang & J. J. Rodrgues (1995) proposed  many applications of color image processing, 

only modification of the luminance component was desired .However, the commonly used 

coordinate systems, such as HSI, LHS, and YIQ, were not perceptually orthogonal, that is , 

luminance modification can cause perceptual shifts in the hue and saturation. They presented a 

theoretical analysis of that phenomenon. Efficient techniques were developed for by passing the 

costly coordinate transformations when only the luminance or only the saturation was to be 

modified. Experimental results using histogram equalization support the theoretical analysis. 
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C. A. Murthy (2003) proposed a hue preserving color image enhancement without gamut 

problem The first step in  many techniques for processing intensity and saturation in color 

images keeping hue unaltered was the transformation of the image data from RGB space to other 

color spaces such as LHS, HSI, YIQ, HSV, etc. Transforming from one space to another and 

processing in those spaces usually generated gamut problem, i.e., the values of the variables may 

not be in their respective intervals. Enhancement techniques for color images had been studied 

there theoretically in a generalized setup. A principle was suggested to make the transformations 

gamut problem free in that regard. Using the same principle a class of hue preserving contrast 

enhancement transformations were proposed, which generalize the existing grey scale contrast 

intensification techniques to color images. Those transformations were also seen to bypass the 

above mentioned color coordinate transformations for image Mentioned color coordinates 

transformations for image. 

In the above mention methods the hue is preserved, but there is also color shifting problem and 

they have not considered the human visual system in all the cases. But Ding introduced the 

human visual system for enhancing the image. But they are not able to distinguish between the 

foreground and background images 

So to  solve the above mention problem, we propose a hue preserving algorithm with the human 

visual system and also consider the distinction between background and foreground for color 

image enhancement 

 

COLOR SPACE CONVERSION 
 

RGB to HIS 

 

The conversion algorithm is shown below. Max is the maximal value in  R,G,B of all the pixels 

in the image and MIN is the minimal value. 

 
Fig 1 RGB color space to HSI color space. 
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HIS to RGB 

 

RG Sector (0≤H<120): 

 

 

𝑅 = 𝐼  1 +  
𝑆×cos (𝐻)

cos (60−𝐻)
   G=3× 1 − (𝑅 + 𝐵)   B=I(1-S)            ……(2) 

 

GB sector(120≤H<240): 

If  given value of  H is in this sector  we subtract 120 from it 

 

H=1-120     R=I(1-S)     𝐺 = 𝐼  1 +  
𝑆×cos (𝐻)

cos (60−𝐻)
    B=3×I-(R+G)  …..(3) 

 

BR Sector(240≤H≤360): 

If given value of  H is in this sector  we subtract 240  from it 

 

H=H-240 R=3×I-(G+B)  G=I(1-S)  𝐵 = 𝐼  1 +  
𝑆×cos (𝐻)

cos (60−𝐻)
         … . . (4) 

 
Fig2.HSI to RGB Color space 

 

          

 WAVELETS TRANSFORM 

 

Wavelets transform is an efficient tool to represent an image. It allows multi resolution analysis 

of an image. The aim of this transform is to extract relevant information from an image [9]. 

Wavelet transform has received considerable attention in the field of image processing due to its 

ability in adapting to human visual characteristics mentioned in[14]. It is most powerful and 

widely used tool in the field of image processing. It divides the signal into number of segments; 

each corresponds to a different frequency band. The continuous wavelet transform of a one 

dimension signal x(t) is given by 
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The continuous wavelet transform is a function of two variables a and b. Here a is scaling 

parameter and 𝝍 generating all the basic functions. The transformation parameter or the shift 

parameter b gives the time information in the wavelet transformation. It indicates the location of 

the window as it is shifted through the signal. The scale parameter a gives the frequency 

information in the wavelet transforms. A low scale corresponds to wavelets of smaller width, 

which gives the detail information in the signal. A high scale corresponds to the wavelets of 

larger width which gives the global view of the signal. The IWT is given by 
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The wavelet transform of a signal using the CWT is obtained by changing the scale of the 

analysis of the window, shifting the window in time, multiplying the signal & integrating the 

result over all time. According to the orthogonal wavelet transform, the S values are decomposed 

by the following equation 
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Here 𝜙 is the scale function and 𝝍 is the wavelet transform. The former component of the 

decomposition is the approximate components and the latter one is the detail components. 𝐴𝑗 are 

the approximate and 𝐷𝑗𝑘 are the detail components. As the transformation is an orthogonal 

transformation, each Aj is in the range [0, 255]. 

In our method, we assign two thresholds m and M (0 < m< M < 255) and divide the range of Aj 

into three parts:[0,m];[m, M]; [M, 255]. If 𝐴𝑗  < m or 𝐴𝑗  > M we do not convert and simply set   

   𝐴′𝑗  =   𝐴𝑗otherwise we transform the following Transformation 
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In the above equation I is the input and R is the output result. Parameter K1 should be less than 

the minimum of input I and the parameter k2 should be larger than maximum of input I. As the 

input I[m, M] we can simply assume that the validity of the equitation by setting k1<m<M<K2. 
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Fig3.Coefficient Conversion Mapping Diagram 

 

The following steps are the contrast enhancement for the approximate component: 

 

Step1: Compute R for each approximate coefficient A in the range by the above equation (8) for 

each block. 

 

Step 2: Normalized R by the following equation: 

' min

max min

R R
R

R R

 
  

           …………… (9) 

Where, min max,R R  are the minimum and maximum values of all the R obtained by the 

equation (2) for each block in the step 1. 

Step 3:Convert them to the approximate range and get the new approximate coefficient A’ by the 

following equation A’= R’*(M – m) + m 

The image is reconstructed by using the Inverse Wavelet transformation as indicated 

by the equation: 

1 1
'

0 0 0

( , ) ( , ) ( , )
n n n

j jn jk jk

j j k

F x y A x y D x y 
 

  

  
          ….. (10) 

The purpose of I adjustment is to make the color image soft and vivid. The different researchers 

can do it in different way mentioned in [12, 13]. In our research we consider the histogram 

equalization method. 

 

PROPOSED METHOD AND ITS PROCESS FLOW 

 

Step 1: Read the color image 

Step 2: Convert RGB color space to HSI color space and find out the each component 

like H, S and I. 
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Step 3: Divide S component into appropriate blocks. 

Step 4: Select the proper blocks for processing using suitable edge detection method. 

Step 5: If the block satisfies the threshold value then apply suitable transformation (D4 

wavelet) on that block. Selected blocks will decompose into detail and 

approximate components. Apply enhancement method on approximate 

components. For this apply the reverse S shape transform to approximate 

components. Apply inverse D4 wavelets transform on modified approximate 

components and detail components for reconstructing the S component. 

Step 6: If the block does not satisfy the threshold value then copy that blocks directly. 

Step 7: Apply histogram equalization on I component. 

Step 8: Now H component, modified S and modified I  Components  are converted to 

RGB color space. 

EXPERIMENTAL RESULT 

We present a novel algorithm for color image enhancement, which consists of orthogonal 

wavelet transform on S component of HSI color space. This paper has proposed a color contrast 

and brightness enhancement method based on wavelet transform on certain blocks, which is 

obtain by certain rules. More specifically, reverse S shape enhancement based on human visual 

system for the approximate component coefficient obtain by the orthogonal D4 Wavelet 

transform on S components of the selected blocks. The  I components are enhance by histogram 

equalization. This method gives the success full result for low contrast images, i.e., why we give 

the few examples, which shows the effectiveness of our proposed method. To test the 

performance of our algorithm, we apply it to a low contrast color images and a dark color images 

and compare the results with original images 

  
     Fig. no 1              Fig. no 2 

 

  
    Fig. no 3             Fig. no 4 
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To evaluate the contrast as well as brightness enhancement performance of our method, we  

evaluate the following two evaluation parameters mentioned below  : 

 

out in

in

out in

in

Var Var
C

Var

I I
L

I







 

where  
outVar , 

outI  are the variance and average of the luminance values of the output image and 

inVar , inI  are the variance and average of the luminance values of the input image respectively. 

 

Table 1 Experimental Result 

Sr.no Fig.Name Contrast(%) Brightness(%) 

1 Fig.no 1 104.39 91.35 

2 Fig.no 2 112.77 246.46 

3 Fig.no 3 431.58 92.67 

4 Fig.no 4 215.29 66.19 

 

CONCLUSION 

This paper presented a novel algorithm for color image enhancement by enhancing the contrast 

and luminance based on human visual system using the orthogonal (D4) wavelet transform. The 

Intensity of the image is also increased by histogram equalization. We also extract the picture 

from the background so that special attention can be given to the pictures only. The experimental 

result proves efficiency of the propose algorithm to enhance the image with low contrast to a 

better one but still are some issues. The performance might be better if we use Histogram 

Modification .Another topic is that sometime color contrast enhancement requires changing 

color, so the hue should also be used in some cases. 
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