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ABSTRACT 
 

For decades, several image enhancement techniques have been proposed. Although most techniques require 
profuse amount of advance and critical steps, the result for the perceive image are not as satisfied, In this 
paper a new approach for enhancing brightness of color image based on contourlet transform and histogram 
equalization proposes. The color image is converted to HSI (hue, saturation, intensity) values. The i, which 
represent the luminance value of color image, decomposed to its coefficients by  non-sampling contourlet 
transform, then applying grey-level contrast enhancement technique on some of the coefficients. Then, 
inverse contourlet transform is performed to reconstruct the enhanced S compoment.  The S component is 
enhanced by histogram equalization while the H component does not change to avoid degradation color 
balance between the HSI components. Finally the enhanced S and I together with H are converted back to 
its original color system. The new approach gives Brightness enhancement more than 20% when was 
applied on different type of images and tested the performance.   

Keywords: Image Processing, Image Enhancement, Brightness  Enhancement,  Contourlet Transform ,  
HSI Color Space. 

 
1 INTRODUCTION  
 

Image enhancement is a technology to improve 
the quality of an image in terms of visual 
perception of human beings [1]. With the growing 
quality in image acquisition, image enhancement 
technologies are more and more needed for many 
applications [2]. Images are categorized into grey-
level images and color images. Each pixel of the 
grey-level image has only one grey-level value as 
opposed to color images’ pixels; therefore, there 
have been many algorithms for contrast enhance-
ment for grey-level images. The main techniques 
for image enhancement such as contrast stretching, 
slicing, histogram equalization, for grey-level 
images are discussed in many articles and books. 
On the other hand, since each pixel of color images 
consists of color information as well as grey-level 
information, these typical techniques for grey-level 
images cannot be applied to color images. Thus, 
compared with grey-level images, the enhancement 
of color images is more difficult, and there are 
much more points to be researched. 

Some color enhancement methods were proposed 
based on histogram equalization [3]. An enhance-
ment algorithm is one that yields a better-quality 
image for the purpose of some particular 
application which can be done by either suppress-
ing the noise or increasing the image contrast and 
brightness. Image enhancement algorithms are 
employed to emphasized, sharpen or smoothen 
image features for display and analysis. Enhance-
ment 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 
[4]. 

 
2 RELATED WORK  

 
In 2013, khalil alsaif and ahmed saadi presented 

in their research "color image enhancement based 
on contourlet transform coefficients", amethod to 
enhance the color image based on contourlet 
transform after convert the color space from (RGB) 
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to (HSV) and applied contourlet on value 
components. 

In 2011 , Muna F. Al-Samaraie and Nedhal 
Abdul Majied Al Saiyd presented in their research 
," Colored Satellites Image Enhancement Using 
Wavelet and Threshold Decomposition", a method 
to improve the color of satellites image based on 
wavelet transform after convert the color image 
from (RGB) color space to Gray scale. 

Kartik Sau, Amitabha Chanda and Milan Pal, In 
2010, presented in their research "color image 
enhancement based on wavelet transform and 
human visual system". A schema to enhancing the 
color image, contrast enhancement technique appl-
ied on approximate component of wavelet transfo-
rm after applied on intensity component (Kartik et 
al, 2010). 

In 2008, Li He and You Yang presented in their 
research" An Improved Color Image Enhancement 
Algorithm Based on MSR". The appropriate 
wavelet bases were selected to decompose the input 
image into three levels. Then different enhancement 
algorithms were employed to process the decomp-
osed wavelet coefficients and scale coefficients, for 
the scale coefficients, the MSR algorithm was used 
(Li and you, 2008). 

In 2007 , Ding Xiao and Jun Ohya presented in 
their research " Contrast Enhancement Of Color 
Images Based On Wavelet Transform And Human 
Visual System", a method to  improve the contrast 
of color image, wavelet transform applied on value 
component ,the approximate components enhancing 
by using contrast enhancement technique based on 
human visual System(Ding and Jun,2007). 

in 2007, "Color image enhancement based on 
single-scale retinex with a JND-based nonlinear 
filter" , an input RGB color image is transformed 
into HSV color image and the S and V component 
images are enhanced [5]. 

Choi et al. in 2008 proposed ”Color Image 
enhancement using single scale retinex based on an 
improved information model”, in which all the 
processing was done in the HSV color space 

 
3 COLOR SPACE 

 

Color provides a significant portion of visual 
information to human beings and enhances their 
ability of object detection. In black and white 
intensity image, the visual stimulus covers the 
entire bandwidth of the visible spectrum ranging 
from 0.4 micrometer to 0.7 micrometer. If we  

 
 
 

narrow down the bandwidth and vary the central 
wavelength, different colors are seen. It is 
experimentally estimated that the human eye can 
distinguish above 3, 50,000 different colors. A 
systematic way of representing and describing 
colors is a color model. If the visible portion of the 
light spectrum is divided into three components the 
dominant colors are red, green and blue, then those 
are considered as the primary colors of the visible 
light spectrum. In RGB-color model the colors are 
specified by the amounts of the red, green and blue 
components present in the color. This model is 
called additive and subtraction model because any 
color in this model, can be defined using the 
weighted (weights are non-negative) sum of R, G 
and B components. In HSI model the information 
about the color is described in terms that are 
morefamiliar to humans. In HSI color space, the 
color is decomposed into hue, saturation and 
Intensity values, which is quite similar with the way 
by which human tends to perceive color. Among 
the components of HSI color space, hue is the 
attribute of a color, which describes which color it 
is [3]. During the process of enhancement, it must 
be seen that hue should not be changed for any 
pixel. If hue is changed then the color gets changed; 
thus the image gets distorted. Compared with the 
other perceptually uniform color space such as CIE, 
LUV and CIE lab, it is easier to control the hue 
component of color and avoid color shifting in the 
HSI color space [1]. In the algorithm, the hue is 
kept preserved and enhancement technique is 
applied to saturation(S) and intensity (I) compone-
nts only, to enhance the contrast as well as brightn-
ess of the image. We apply our enhance-ment 
method in HSI color space. In general, color images 
are represented by RGB color space. Therefore the 
first step is to convert RGB color space to HSI 
color space. The conversion algorithm is shown in 
fig(1) which show a complete relation between the 
two color model. 
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Fig . 1. relation between RGB and HIS 

 
 

4 CONTOURLET TRANSFORM  

 

Contourlets were constructed based on the filter 
bank theory in the discrete domain and it was a 
double filter bank approach for obtaining sparse 
expansions for typical images with smooth 
contours. In the constructed pyramidal directional 
filter bank (PDFB), the Laplacian pyramid (LP) 
was first used to capture the point discontinuities, 
and then a directional ¯lter bank (DFB) was used to 
link point discon- tinuities into linear structures. 
The multi-scale decomposi- tion and the directional 
decomposition are two independent processes. The 
overall result was an image expansion using basic 
elements like contour segments [6]. In particular, 
con- tourlets have elongated supports at various 
scales, direc-tions, and aspect rations, offering a 
flexible multiresolution and directional decompose-
tion for images, since they allow for a deferent 
number of directions at each scale. A briefly 
construction of contourlet transform is shown in 
Fig2. 

 

 
 

Fig. 2. The construction of contourlet transform 
 

Associated with the LP is a multiscale 
decomposition of the L2 (R2) space into a series of 
increasing resolutions [7]. 

 
According to the definition of the subspaces Vj0 

and Wj as in the wavelet multiresolution analysis, 
Vj0 is an approximation subspace at the scale 2j0 , 
whereas Wj contains the added details to the ¯finer 
scale 2j¡1. In the LP, each subspace Wj is spanned 
by a frame f¹j;n(t)gn2Z2 that as- similates a 
uniform grid on R2 at intervals 2j¡1 £ 2j¡1 [8]. 

For the directional filter bank, it can be shown 
that an l-level DFB generates a local directional 
basis for L2(Z2) that is composed of the impulse 
responses of the 2l directional filters and their shifts 
[7]. 

 
Where the sampling matrices have the following 

two forms, depending on whether the representing 
directional is "nearly horizontal" or "nearly 
vertical" 

 
In the contourlet transform, suppose that an lj-

level DFB is applied to the detail subspace Wj of 
the LP. This results in a decomposition of Wj into 
2lj directional sub- spaces at scale 2j [9]. 

 
Each subspace W(lj )j;k is spanned by a 

framef½(lj )j;k;n(t)gn2Z2 with a redundancy ratio 
equal to 4/3,where 

 

 
Furthermore, f½(lj )j;k;n(t)gn2Z2 is generated 

from a singleprototype function and its shifts: 

 
Rectangular grid of interval 2j+lj¡2 £ 2j(or 2j £ 

2j+lj¡2,just depending on whether the representing 
direction is nearly horizontal or nearly vertical).  
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Do and Vetterli[7;8] refer to function f½ (lj 
)j;k;n(t)gn2Z2 as contourlets. The indexes j; k; and 
n are for the scale, direction, and location, 
respectively. Fig. 2 illustrates the 3-level contourlet 
decom- position for Zoneplate image. 

 

5 BRIGHTNESS ENHANCEMENT 

PHASES 

 

 Step 1: read the color image (RGB color 

space).  
 

 Step 2: convert (RGB) color space to (HSI) 

color space and focus on components like H, S 

and I .  
 

 Step 3: apply nonsubsampling contourlet 

transform on I complement.  
 

 Step 4: apply enhancement techniques 

(contrast stretch) to coefficients.  
 

 Step 5: Reconstruct I by inverse nonsubsamp-

ling transform.  
 

 Step 6: Apply the Histogram Equalization on 

S complement.  
 

 Step 7: Now H component, modified S and 

modified I components converted to RGB 

color space. 

  

6 APPLIED EXAMPLE 

 
Testing the performance of proposed algorithm, 

by applying it on a low brightness color images 
and a dark color images and compare the results 
with original image, Fig 3 show the experimental 
result on different images [1] 
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