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Abstract
In this paper, a Contrast Enhancement method using Sub-Region 
Histogram Equalization (CESRHE) is proposed. Histogram 
Equalization (HE) is widely used for contrast enhancement in 
digital images. However, this technique is not very well suited 
to be implemented in consumer electronics, such as television, 
because the method tends to introduce unnecessary visual 
deterioration and false contouring due to the significant change 
in brightness. CESRHE uses linear interpolation method to 
smooth the histogram in order to moderate the histogram 
variation effectively. CESRHE separates the intensity range of 
histogram into k parts and maps the grayscale range based 
on its Sub-Intensity Range of Output Histogram (SIROH). Then 
equalizes each sub-region respectively. After that, Intensities of 
histogram are uniformly redistributed in whole grayscale range. 
At last, we get the result after the processed sub-regions are 
composed into one image. The simulation result shows that the 
algorithm can not only enhance image information effectively 
but also keep the original image luminance well enough to 
make it possible to be used in video system directly.

Keywords
Contrast enhancement, Histogram equalization, Histogram 
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I. Introduction
The histogram of a discrete gray-level image represents 
the frequency of occurrence of all gray-levels in the image 
[1]. Histogram equalization is widely used for contrast 
enhancement in a variety of applications due to its simple 
function and effectiveness. It works by flattening the histogram 
and stretching the dynamic range of the gray-levels by using 
the cumulative density function of the image. One drawback 
of the histogram equalization is that the brightness of an 
image is changed after the histogram equalization, hence not 
suitable for consumer electronic products, where preserving 
the original brightness and enhancing contrast are essential 
to avoid annoying artifacts.
Brightness preserving bi-histogram equalization (BBHE) [2], 
divides the input histogram into two subsections based on 
the mean value.  Dualistic sub-image histogram equalization 
(DSIHE), which has been proposed by Y.Wang, Q. Chen and 
B. Zhang [3], also separates the input histogram into two 
subsections, but the separation is based on the median 
value.   Chen and Ramli also have proposed another method 
called recursive mean-separate histogram equalization 
(RMSHE) [4]. RMSHE recursively divides the histogram into 
several subsections based on the local mean values. Range 
Separate Histogram Equalization (DRSHE) [11] to preserve 
naturalness of images and to improve overall contrast. DRSHE 
uses Weighted Average of Absolute colour Difference (WAAD) to 
makes original image have more uniform histogram distribution. 
DRSHE separates the dynamic range of the histogram into k 
sub-histograms and redistributes the pixel intensities based 
on its area ratio.

In this paper we propose a Contrast Enhancement method 
using Sub-Region Histogram Equalization (CESRHE) to preserve 
naturalness of images and to improve overall contrast.CESRHE 
uses linear interpolation method to make original image have 
more uniform histogram distribution. CESRHE separates 
the intensity range of the histogram into k sub-regions and 
redistributes the pixel intensities based on Sub-Intensity Range 
of Output Histogram (SIROH). 
Results of our method are presented, discussed and compared 
with other HE methods in the section IV. The section V serves 
as the conclusion of this work. 

II. Histogram Equalization
Let X={X(i,j)} denote a given image composed of L discrete 

gray levels denote as { }0 1 1, ,....., LX X X −  where X(i,j) 
represents an intensity of image at the spatial location (i,j) 
and 0 1 1( , ) { , ,....., }LX i j X X X −∈ .The histogram provides 
information for the contrast and overall intensity distribution of 
an image [1]. The histogram of a digital image with gray levels 
in the range [0, L-1] is a frequency distribution function defined 
as overall intensity distribution of an image. For a given image 
X, the probability density function  p(Xk) is defined by:
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k
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n

=
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For k = 0,1,  . .  ,  L-1, where  nk represents  the number of times 
that  the  level Xk  appears in  the input image X and n  is the 
total number  of samples in  the input image. The cumulative 
density function is defined as:
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Where k = 0, 1. . . L - 1. Note that c(X L -1) = 1 by definition. 
Histogram equalization is a scheme that maps the input image 
into the entire dynamic range, (Xo, XL-1); by using the cumulative 
density function as a transform function. A transform function 
f(x) is based on the cumulative density function as:

0 1 0( ) ( ) ( )Lf x X X X c x−= + − ×                    (3)

Where XL-1 represents the maximum gray level. Then the output 
image of the histogram equalization. { ( , )}Y Y i j= , can be 
expressed as:

{ }
( )

( ( , )) ( , )

Y f X
f X i j X i j X

=

= ∀ ∈                      (4)

One example of the histogram equalization is illustrated in Fig.  
2 and  fig. 3, where  the first  image is  an original  image  of 
‘F16’ and ‘Couple’ and  the  second  one  is  the  result of  the 
histogram equalization.  
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III. Contrast Enhancement Using Sub-Regions Histogram 
Equalization (CESRHE)
Contrast enhancement using sub-regions histogram 
equalization (CESRHE) which is proposed in this paper consists 
of three steps:
A. Smoothing the histogram.
B. Separation of histogram intensity into sub-intensity 

range.
C. Redistribution of sub-intensity range.
D. Histogram Equalization each sub-region.
E. Normalization of image brightness.

The details of each step are described in the following 
subsections:

A. Smoothing the histogram 
Histogram of the digital image is normally not smooth and also 
some brightness levels are likely to be missed. Therefore, it is 
difficult to detect the local maxima of the histogram without 
smoothing the histogram. In this step, first, the disappeared 
brightness levels are filled up by using the linear interpolation 
[14].
The histogram of an image is consisted of many peaks or 
modes. Each peak  of histogram can not be easily detected  
since  the  probability  of  brightness  levels  fluctuates  and  also  
some  brightness  levels disappear. The  linear  interpolation 
is employed to  fill  up  the  disappeared  brightness  levels,  
while  the  neighborhoods  averaging  process  is  applied  
to  smooth the   histogram.  Nine consecutive probabilities of 
brightness levels are averaged for the new probability of the 
central brightness level. This new probability value of the kth 
central brightness level, defined as pn(rk) can be obtained by 
the following equation 
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Where  pn(rn) = new probability value of the central gray 
level  
            p(rk) = pdf of kth gray level 
In order to perform linear interpolation, we apply 1 9× window 
size on original image. i.e. the edge information of the original 
image is added to original image. The pixels related to the edge 
are more weighted than original one. 

B. Separation of histogram intensity into sub-intensity 
range 
In this section, the starting and end position of input sub-
histogram intensity is described and which depends on split level 
‘s’. In this section, the original histogram is decomposed into k 
parts (that depends on split level) according to that intensity 
level based on its graylevel probability density function. Let 
that intensity levels are Sub Intensity Range of Input Histogram 
(SIRIH):

          1
i i

k k kSIRIH R R −= −                         (6)
Positions of intensity range of input histogram are given by:

 max

i
k c kR X=

                                  (7)

Where 
max /c kX   =  graylevel corresponds to max /c k

             maxc = maximum value of cdf (i.e. = 1)
              k = 1,2,…..s.
              s = split level.

C. Redistribution of sub-intensity range 
Sub Intensity Range of Output Histogram (SIROH) is the output 
intensity range of sub-histogram and it is proportional to the 
ratio of no. of pixels of the section to the total no. of pixels in 
the original image. 
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= × −                             (8)
Where kN = No. of pixels in kth section.
    TN = Total no. of pixels in original image.  

Positions of intensity range of output histogram are given by:
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Where  0 0oR =  and k = 1,2,…..,s.
Histogram mapping for split level s = 4 is given in the figure 
(1).

D. Histogram equalization of each sub-region
In this step of CESRHE we equalize each section on 
independently. For histogram equalization of whole digital 
image we fist find out the probability of each section of input 
histogram is given by:
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Where ni = Frequency of ith graylevel
            

1,......., Sj SIRIH SIRIH= .
           jTn = frequency of jth SIRIH section.

Based on the probability density function, we can define the 
cumulative density function as:
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Histogram equalization is a scheme that maps the input image 
into the sub- intensity ranges, by using the cumulative density 
function as a transform functions:
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Then the output image of the histogram equalization, 
{ ( , )}Y Y i j= , can be expressed as:

{ ( , )}Y Y i j=                                                (13)
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E. Normalization of image brightness
In this step, the mean brightness of the input, iµ , and the 
mean brightness of the output obtained after the equalization 
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process, oµ , is calculated. In order to shift back the mean 
brightness to the mean brightness of the input, we apply the 
brightness normalization, as define by equation. 

( )( , ) / ( , )i oG x y Y x yµ µ=                         (15)

Where G(x, y) is the final output image, ( , )Y x y  is the output 
just after the equalization process, x represents horizontal 
coordinate and y represents vertical coordinate. This 
normalization will make sure that the mean output intensity 
is almost equal to the mean input intensity.

IV. Results and Discussion
In this section we compare the performance of all algorithms 
according to three parameters (i) Image Brightness mean, (ii) 
Image Contrast – standard Deviation, (iii) Peak Signal to Noise 
Ratio (PSNR). These three equations are referred from the Multi 
– histogram equalization methods for contrast enhancement 
and brightness [15]. The results shown in Table-I exhibit 
the brightness preserving capabilities of various methods 
considered in this paper. By observing the absolute difference 
between the value of brightness in the original images and the 
processed images (i.e., the brightness preservation), we state 
that: the images produced by our proposed method (CESRHE) 
is better in preserving the brightness; Even thought our method 
(CESRHE) not always the best brightness preserving ones, their 
resulting brightness is always very close to the brightness of the 
original images in the table it is shown as a grey shaded area. 
If we analyze the results in Table II; by observing the contrast 
values, we find that: 1) our method (CESRHE) produces overall 
the best image contrast enhancement. It is shown in table II in 
grey shaded area. 2) Besides the proposed method DSIHE also 
produce good results for image contrast enhancement.
Finally we analyse the data presented in Table III, which shows 
the abilities of various methods to produce natural looking 
images. For the best value of PSNR it should be as much as 
possible. We observe that the images processed by the DRSHE 
method produce the best PSNR values. Our method even though 
does not produce best PSNR but it produces best contrast 
among all methods mention above. As we know that for high 
PSNR the signal should be as high as possible and noise should 
be as small as possible. But in case of contrast enhancement 
the noise is the variation of pixel value and if its variation is 
less then it is not possible to increase the contrast of digital 
image. Hence when our aim is to enhance the contrast then we 
can neglect the PSNR. After analysing the data presented on 
Tables I to III  and visually observing some processed images, 
we can conclude that: 1) The proposed method produces better 
images contrast and also preserve the brightness with better 
quality than the other methods; 2) However, a better PSNR can 
be obtained by the CESRHE method.
Fig. 2 and fig. 3 shows the output image of ‘F16’ and ‘Couple’ 
images of various methods. Fig. 2(a) to fig. 2(f) and fig. 3(a) to 
fig. 3(f) are the output of various methods for image ‘F16’ and 
‘Couple’ respectively. Fig. 2(f) & 3(f) show the result of CESRHE 
method that clearly shows that it preserve the brightness and 
enhance contrast of the image. 

V. Conclusions
This paper presents a new algorithm for contrast enhancement 
of digital images by combining the best features of RMSHE and 

DRSHE. In general, it is observed that contrast enhancement and 
high PSNR are two conflicting requirements. The performances 
of various algorithms are compared according to three 
parameters namely, Image Brightness Mean, Image Contrast-
Standard Deviation and PSNR. It is observed that CESRHE 
algorithm produces the best image contrast enhancement 
among all and yields images with natural appearance, at 
the cost of contrast enhancement. However, where the main 
objective is to enhance the contrast of the image and preserve 
its brightness, thus as shown by the results of Table I & III, 
CESRHE is the best method among those considered in the 
present study. 
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(a). Original image                           (b) HE image                                 (c) BBHE image

                      
(d) DSIHE image                              (e) DRSHE image                             (f) CESRHE image

Fig. (2). Enhancement of F16 image by various methods.

                    
(a) Original image                           (b) HE image                                   (c) BBHE image

                      
(d) DSIHE image                               (e) DRSHE image                           (f) CESRHE image
Fig. (3) Enhancement of couple image by various methods.
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Tables

Table 1: Image Brightness – Mean (
1

0
( )

L

l
l p lµ

−

=

= ×∑ )

Images Original HE BBHE DSIHE DRSHE CESRHE

F16 176.75 129.61 177.32 167.11 198.41 153.32

Couple 32.93 130.26 65.86 78.61 37.02 75.22

House 135.69 131.16 123.62 134.33 142.33 148.56

tank 89.37 133.60 142.40 134.88 137.33 106.76

motion 194.15 131.08 162.32 173.14 196.12 168.21

Table 2: Image Contrast – Standard Deviation (
1

0
( ) ( )

l

l
l p lσ µ

−

=

= − ×∑ )

Images Original HE BBHE DSIHE DRSHE CESRHE

F16 45.74 74.45 68.81 75.85 61.97 77.56

Couple 31.55 72.19 74.07 80.57 45.91 74.32

House 45.14 75.60 75.46 75.48 53.14 76.35

tank 30.25 76.43 74.14 76.29 60.44 75.57

motion 21.25 73.97 76.62 73.72 31.46 79.73

Table 3: PSNR = 
21 2

2

1 1

110 log10( 1) /
1 2

l l

i j
L yij oij

l l = =

 
× − −  

 
∑∑

Images HE BBHE DSIHE DRSHE CESRHE
Couple 24.03 28.05 28.05 37.47 21.13
F16 32.85 28.16 28.04 26.74 30.12
House 28.55 25.86 25.86 28.66 23.54
tank 26.45 25.80 25.80 25.64 24.78
motion 36.75 27.80 27.17 31.09 26.34


