
International Journal For Technological Research In Engineering 

Volume 2, Issue 8, April-2015                                                ISSN (Online): 2347 - 4718 

 
 

www.ijtre.com                        Copyright 2015.All rights reserved.                                                                          1678 
 

AN EFFECTIVE ALGORITHM FOR LOCAL CONTRAST 

ENHANCEMENT BASED ON HISTOGRAM TECHNIQUES 
 

Harshitha B K
1
, Choodarathnakara A L

2
, Rakesh Yadav G B

3
, Prathapkumar B R

4
, Varun S Gangoor

5
 

1,2,3,4
Department of Electronics & Communication Engineering, Government Engineering College 

Kushalnagar, Kodagu District 571234, INDIA 
5
Malnad College of Engineering, Hassan, INDIA 

 
 

Abstract: The main objective of enhancement is to process 

an image so that the resulting image is more suitable than 

the original image for a specific application. In this paper, 

an effective algorithm to locally enhance the contrast of 

image is introduced. This algorithm use histogram 

equalization and design a single parameter to control the 

degree of contrast enhancement with local information of 

an image, making the contrast ratio fit with Human Visual 

Perception. In this effective algorithm for local contrast 

enhancement the images with low contrast are strengthened 

by increasing the contrast ratio by referring to local 

information of images. First, modified histogram 

equalization is applied to get an enhanced image with 

strong contrast. Second, a mathematical model is used for 

contrast and morphological operator is used to adjust the 

enhancement level of each pixel of an image locally. 

Finally, an image is obtained with better contrast 

appropriate for the human eye than global methods. The 

proposed algorithm not only appropriates 8-bit images, but 

also can combine a tone reproduction algorithm to deal 

with high dynamic range images. To adapt different kinds 

of image store technology, it combines an effective tone-

mapping algorithm for High Dynamic Range images to be 

pre-processed, making it widely usable on other kinds of 

image formats. 

 

I. INTRODUCTION 
Today, the digital camera (DC) is one of the most popular 

consuming electronic products. People can use it to take any 

digital pictures by themselves. Perceived contrast is one of 

the most important attributes in the field of digital image 

processing. Contrast occupies very important position on the 

discrimination of image quality, picking the image and 

fetching under all kinds of environments. The bad contrast is 

a problem that is often met. The main reason for the bad 

contrast is a luminance condition which affects the image 

quality. For example photograph taken at night or photograph 

taken when the camera lens facing toward the light. For this 

reason, the image obtained will be too dark or too bright. 
Some details in the image cannot be clearly seen. There are 

two classification techniques of contrast enhancement 

namely global enhancement and local enhancement. In global 

technique, global stretching and global histogram 

quantization will not always produce good results, especially 

for images with large spatial variation in contrast. For this 

reason, the contrast ratio is adjusted by referring the local 

information and hence the technique is called local contrast  

 

enhancement. By this way, the contrast is adjusted more 

effectively than global method. Also the concept of tone 

reproduction for special image format like High Dynamic 

Range Image (HDR) is included in this algorithm which can 

adapt different store technology in the field of digital image 
processing. 

 

A. Human Visual System 

Introducing the concept of contrast in Human Visual System 

(HVS), the kind of an image that has good contrast for 

human eye should be known. The research about human 

visual perception is called Human Visual System. When a 

man is looking at something, the scene will be finally imaged 

on his retina. The discrete light receptors distributed over the 

surface of the retina helps in the formation of pattern vision. 

These receptors can be classified as cones and rods. The 
cones are highly sensitive to colour. Since cones are also 

sensitive to high level of luminance, cone vision is also 

called “photopic” or “bright-light vision”. On the other hand, 

rods are not involved in colour vision and are sensitive to 

low level of luminance. Therefore, rod vision is also called 

“scotopic” or “dim-light vision”. The responses of cone and 

rod to the light are given in Figure 1. 

 
Fig. 1 Responses of cone and rod to different light 

In 2002, D Jobson, Z Rahman, and G.A Woodell constructed 

a hypothesis concerning the basic principles of visual 

representation, which define the general goal of image 

enhancement in a concise form [3]. They took an example 

for 8-bit images to find the “ideal” visual model as shown 

Figure 2. It points out that contrast is most strongly affected 

by lightness and variance in optimized environment. 
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Fig. 2 Relationship between Contrast and Lightness 

 

II. CONTRAST ENHANCEMENT 

There are two different categories of contrast enhancement 

namely global and local. The advantages of global operator 

are fast and less computing time. The drawback of global 

contrast enhancement operator is that it does not consider 

variance of local information which results in loss of detail 

information of an image. The advantage of local contrast 
enhancement operator is that it considers detail information 

of an image. Large computing time and non suitability for 

video format are the drawbacks of local contrast 

enhancement operator. Most of the contrast enhancement 

algorithms are based on the global information in order to 

adjust contrast value of an image.  

 

A. Global Operators 

The simple ways of global method (like contrast stretching 

and histogram equalization) is to enhance the contrast by 

increasing the dynamic range of the image. Histogram 
modification, in particular histogram equalization (uniform 

distributions) is one of the basic and most useful operations 

in image processing. In 2004, Soong-Der Chen, and Abd. 

Rahman Ramli, based on histogram equalization the 

brightness of an image was changed significantly [6]. But 

traditional histogram equalization often causes annoying 

artifacts and unnatural contrast enhancement. Brightness 

preserving Bi-Histogram Equalization (BBHE) and Dualistic 

Sub-Image Histogram Equalization (DSIHE) were proposed 

to overcome these problems. Then they proposed a novel 

extension of BBHE referred to as Minimum Mean Brightness 

Error Bi-Histogram Equalization (MMBEBHE) and further 
proposed a generalization of a BBHE referred to as Recursive 

Mean-Separate Histogram Equalization (RMSHE). 

MMBEBHE has the feature of minimizing the difference 

between input and output image’s mean. RMSHE is featured 

with scalable brightness preservation. Simulation results of 

all these algorithms showed that they can preserve brightness 

and enhance contrast more naturally. In 2004, Jiang Duan 

and Guoping Qiu, also proposed the similar idea that the 

appearances of the resulting image from the equalization 

process were not visually pleasing for most of the cases and 

extend to colour image [7].When the equalization process is 
applied to grayscale images or luminance component of the 

colour images, the maximized contrast usually leads to 

visually annoying artifacts. The visually unsatisfactory 

results of equalization are not unexpected. The cumulative 

function performed in the equalization process forces the 

output pixels to be independent of uniform input pixels 

distribution. From the above discussion it is found that 

Histogram Equalization method enhances the contrast of 
image. Global method is used to refine the adjustment to 

make the resulting image natural. 

 

B. Local Operators 

In 1998, Vicent Caselles, Jose-Luis Lisani, Jean-Michel 

Morel and Guillermo, presented a novel approach for shape 

preserving contrast enhancement [8]. Contrast enhancement 

is achieved by means of a local histogram equalization 

algorithm which preserves the level-sets of the image. The 

scheme is based on equalizing the histogram in all the 

connected components of the image, which are defined based 

on both the gray-values and spatial relations between pixels 
in the image. The algorithm can work in both of gray-value 

and colour images. In 2000, Susanta Mukhopadhyay and 

Bhabatosh Chanda, constructed morphological towers [9]. 

These towers are divided into two categories. One is 

constructed for dark feature images obtained by subtracting 

the original image from each entry of the closing tower. 

Another one is constructed for bright feature images obtained 

by subtracting the original image from each entry of the 

opening tower. J. Alex Stark, used histogram equalization to 

make dramatically different results which were obtained with 

relatively minor modifications [10]. A key feature of 
Adaptive Histogram Equalization is a  “cumulating 

function,” which  is  used to generate a gray level mapping 

from the local histogram. By choosing alternative forms of 

cumulating function one can achieve a wide variety of 

effects. A specific form is proposed through the variation of 

one or two parameters, the resulting process can produce a 

range of degrees of contrast enhancement, at one extreme 

leaving the image unchanged, at another yielding full 

adaptive equalization. In 2001, Joung-Youn Kim, Lee-Sup 

Kim and Seung-Ho Hwang, presented an overlapped sub-

block histogram-equalization function to produce the high 
contrast associated with local histogram equalization. The 

low-pass filter-type mask is realized by Partially Overlapped 

Sub-Block Histogram-Equalization (POSHE). Same as the 

proposed method, since the sub - blocks are much less 

overlapped, the computation overhead is reduced by a factor 

of about 100 compared to that of local histogram 

equalization while still achieving high contrast. The 

Probability Density Function of POSHE is obtained by the 

low-pass filter-type mask in Fig. 3. 

 
Fig. 3 Probability Density Function of POSHE 

Vasile Buzuoiu, Mihai Ciuc, Rangaraj M. Rangayyan and 

Constantin Vertan, present a new method for Histogram 

Equalization (HE) of colour images by using an adaptive-
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neighborhood approach. The main idea of this algorithm is to 

use two levels of equalization: global and local. The new 

intensity of a pixel is computed with respect to the global HE 

function, and with respect to the values of pixels in a 
neighborhood that is adaptively determined for each pixel 

individually. The results yielded by the proposed technique 

are better in terms of visual quality and the number of distinct 

colours than those provided by other HE techniques for 

colour images. 

 

C. Tone Reproduction 

In 1993, Tumblin and Rushmeier, proposed a high dynamic 

range compression algorithm to make the display brightness 

match the real-world brightness closely. The algorithm was 

mainly based on a mathematical model of the human visual 

system that included light-dependent visual effects. The 
reason for using this model was for its low complexity. In 

1997, Ward Larson, Rushmeier and Piatko, introduced a new 

tone reproduction method. This method used the new 

histogram adjustment technique which was based on the 

population of local adaptation luminance in a scene. This 

method modified a luminance histogram, and discovered 

clusters of adaptation levels. Next, it efficiently mapped 

scene value to display values with preserving local contrast 

visibility. Besides, this method also used models for glare, 

colour sensitivity, and visual acuity to reproduce 

imperfections of human vision. The imperfections which are 
used, further affect visibility and appearance to simulate the 

natural scene. 

 

III. PROPOSED ALGORITHM 

A.  Basic Structure 

The primary goal of the proposed method is to enhance the 

contrast of the image, according to local information. A basic 

model for local contrast enhancement of dynamic range 

image is introduced in Figure 4. First, the image formats are 

classified into High Dynamic Range (HDR) and Low 

Dynamic Range (LDR). Second, if the input image format is 
High Dynamic Range image, the pre-processing of Tone 

Reproduction algorithm for compressing the range of the 

pixel value into low dynamic range image is executed. 

Finally, locally enhance the contrast of the after tone 

reproduction image by using the proposed algorithm. 

 
Fig .4 Flow chart of Proposed Algorithm 

B.  Tone Synthesis Reproduction for Digital Images  

     

 
 

Fig. 5 Flow chart of Tone Synthesis 

As mentioned above, when the format of the input image is 

High Dynamic Range image, the tone reproduction algorithm 

for pre-process is executed. In this section, the algorithm of 

Tone Synthesis Reproduction (TSR) that is brought up by [5] 

is referred.  In  the TSR  algorithm, the  input  image is 

divided into two different  layers,  one  is  the  base  layer,  
and  another one  is  the  detail  layer.  The tone reproduction 

algorithm is used in base layer. Finally these two different 

layers are composed into one output image. After TSR 

algorithm, more detail information can be preserved and 

displayed on CRT.  The flow chart of TSR is shown in 

Figure 5. The concepts of TSR algorithm is the luminance 

value on standard deviation and to find out the detail 

information of the input image. The formula for the detail 

layer, Ldetail as below 

Ldetail = Lsda   / (1 +  Lsda),   

 lsda =  Lw  / σ L(1 +  Lsda)                                 (1)                 
In 2002, Reinhard, Stack, Shirley and Ferwerda, bring up a 

Photo graphic Tone Reproduction algorithm (PTR). The PTR 

algorithm emphasized the tone reproduction curve that used 

to deal with the base layer of input image. The PTR 

algorithm is based on Zone System, the system points out the 

contrast of human vision that is totally divided into eleven 

zones. The  best  contrast  of  human  vision  mostly  lie  in 

the  fifth zone. The Lavg is defined in Equation (2) 

Lavg = exp (1/N ∑ (δ + LW))                           (2) 

Where Lw  is  the  real-world  luminance, N is  the  number  

of  the  image  pixels,  and is a very small constant  

parameter to avoid zero. The algorithm is based on Zone 

System, the system points out the contrast of human vision 

that is totally divided into eleven zones. According to 

research, the best contrast of human vision  mostly  lie  in  

the  fifth  zone,  the  quantified  value  is  0.18.  By zone  

system  and different  features, luminance is reconstructed  
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that  approximates  the  luminance of  real  world, Lwa.. The 

mathematical model is below  

Lwa =   α  Lw ,/  Lavg    (3) 

α = 0.18 x 4 (2 log 2Lavg – log2 Lmin – log2 Lmax) / (log2 
Lmin – log2Lmax) 

Then, the  variance  of  the  White  point,  Lwhite is used  to  

get  the  better contrast of image. The result of the tone 

reproduction is define as, Ld  

Ld   =  Lw x (1.0 + (Lwa /L2white) )  /  1.0 + Lwa 

Lwhite = 1.5 x 2 (log2 Lmax – log2Lmin – 5)                                                                

(4)                 

Finally, the base layer and the detail layer are composed into 

one image. The Luminance mapping method addressed by 

Hertmann in 2001. This method can transfer the luminance 

feature from an image into another one. According to it, the 

formula to compose two layers is as shown in Equation (5). 

Ls = w ( lw) x  ( Ldetail  - Lbase ) + Lbase                 (5)                              

where w (lw) is a weight value that can avoid the unnatural 
phenomenon on display image. 

 

C.   Proposed Algorithm for Local Contrast Enhancement  

 
Fig. 6 Flow chart of local contrast enhancement 

In  order  to  achieve  the  goal  of  local  contrast  

enhancement  of  image,  Histogram Equalization is main 
technology used. Also, the local information is used to 

correct the contrast ratio of the image after Histogram 

Equalization. Figure 6 is the structure of proposed algorithm. 

The proposed algorithm is developed from traditional 

histogram equalization method.  In the first step, the intensity 

of image, I is computed from R, G, and B of three colour 

channels. In  traditional  global  histogram  equalization,  

since  I  is  equivalent  to  a  gray-level  image,  its 1-D  

intensity  histogram  (or  Probability  Density  Function,  

PDF)  can  be  computed  as in equation (6) 
                          

M-1    N-1 

h(g) =  1 / MN  ∑    ∑   δ(g, x(m,n))                            (6) 

m=0   n=0 

Where M and N are rows and columns of image.  g  is  gray-

level  of  the Intensity  (usually,  the  value  of g is  fro m  0  

to  255) ,  and  δ(x  ,  y) defined as Equation (7) 
    δ(x, y)   = 1 if  x=y 

                  0 otherwise                                                 (7) 

In  traditional  local  histogram  equalization,  the  histogram  

of  the  image  which  is pixel-based can be computed as 

shown below 

  ĥ(m , n , g)   =   δ (g, x(m, n))   *   fw(m , n)      

  fw(m , n)       =   w-2    |m| < (w-1)/2 ,  |n|< (w-1)/2  

                            0,      otherwise                                     (8) 

In this algorithm, the histogram is line- based and that can be 

computed as Equation (9) 

  ĥ(m , g)     =   δ(g, x(m, n))  *   fw(m , n)     

  fw(m , n)    =   (w x N)-1    |m| < (w-1)/2  
                         0,   otherwise                               (9) 

Next, the line-based histogram is equalized to get an 
enhanced image.  But  the enhanced  image  after  histogram 

equalization  is  usually  over-enhanced  for  human  eye. So, 

the enhanced strength is adjusted to get the more reliable 

image.  

Contrast Adjustment of the Image with local Information 

The result of histogram equalization will over-enhance the 

contrast of the image, which is not comfortable for the 

human visual system. Therefore, in this proposed algorithm, 

the variance  is referred with the  local contrast of the image, 

and estimate the  proper  weight  value  to  adjust  the  degree  

of  the  contrast  of  image.  Here, the Michelson function [4] 
is used to compute the contrast ratio of the image locally. 

The formula is as follows 

 C = ( Lmax  – Lmin ) / ( Lmax + Lmin )                           (10)

 (3.11) 

In  this  function,  the  target  pixel  to   be  centered  takes  a  

fixed  block,  Lmax  is  the  biggest  pixel value  in  the  range  

of  the  block.  Lmin  is the  smallest  pixel  value  in  the  

block.. The contrast value is distributed in [0, 1].  Finally, the 

formula to control the level of the enhancement is shown 

below, 

 Ld (i, j) = Lw(i, j) + G(i, j) x ( Lhe (i, j)  - Lw(i, j))          (11)                                                   
Lw is the luminance of the original image, Lhe is the 

luminance of the image after histogram equalization, Ld is 
the luminance of the enhanced image, G is the weight value 

that is controlled by contrast ratio. In function (3.13), G is 

considered as enhanced-level.  If  G = 0,  the  mapping is  

original  luminance,  if G >0,  the  mapping is enhanced  

luminance. If G is large, the strength of enhancement is 

stronger and if G is small, the strength of enhancement is 

weaker. 

G = K x C2                                                     (12) 
Where K is a constant which is decided by the user. The 

constant will increase the range of the contrast value, to 

make the variance more obvious. However,  the  edge  of  the  

image  will  have  large  contrast ratio,  and  it will  result  in  

an unnatural  output  image  that  is  shown  in  Figure  7(b) . 

To overcome this problem, the value of C is adjusted by 
Mathematical Morphology. Mathematical Morphology is a 

powerful technique in the field of image processing and 
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computer vision. In morphology, the objects in an image are 

considered as set of points and operations are defined 

between two sets the object and the Structuring Element 

(SE).  The shape  and  the  size  of  SE  are defined  
according  to  the  purpose  of  the  associated  application.  

Basic morphological operations are erosion and dilation.  

Other  operation  like  opening  (closing)  is  sequential 

combination  of  erosion  (dilation)  and  dilation  (erosion).  

Dilation of a gray level image by a two- dimensional point 

set B is defined as equation (13) 

(f  +  b) (s , t) = max { f (s+x, t+y) | 

(s + x), (t, y) belongs to Df ; (x, y) belongs to  Db}     (13)  

Similarly, Erosion of   f (x, y) by B is defined as follows 

(f  b) (s , t) = min{ f (s+x, t+y) | 

(s+ x), (t, y) belongs to Df ; (x, y) belongs to  Db}     (14) 

where f is contrast plane, b is the  structure element Df and Db 
is definition of f and b. And in  this method,  we use closing 

operation  to  adjust  the  contrast value, and  closing  

operation  is defined as 

 

(f • b) (f  +  b)  b                                                   (15) 
 

After the closing operation, it reduces the artifact of the edge 

area, and enhances the contrast naturally. The result is shown 

in Figure 7(c). 
 

     
(a)                               (b)    (c) 

Fig. 7 (a) Original Image  (b) The result with Morphology 

operator 

(c) The result without morphology  operator 

 

IV. EXPERIMENTAL RESULTS 

This algorithm is applied for both 8-bits images and HDR 

images. The difference between 8-bits and HDR images is 

that  HDR images have  to  change their  pixel’ s  range  to 

[0,  255]  by  tone reproduction algorithm before the local 

contrast enhancement algorithm. These experimental 8-bits 
images are obtained from Kodak Image Database. Finally the 

following experimental results are separated into two parts.  

First, the results of 8-bits images are compare with other 

contrast enhancement algorithms. Second, results of HDR 

images are compared with only tone reproduction algorithm.  

 

A. 8-BIT IMAGES 

Comparisons with Global Histogram equalization and Jiang 

Duan and Guo ping Qiu’s algorithm methods  

 

                          
(a)                                              (b) 

                    
(c)                                   (d) 

Fig. 8.  (a) Original Image 768×512 Pixel. (b) After Global 

Histogram Equalization.  (c) After Jiang Duan and Guo ping 

Qiu’s  algorithm [7] with K = 0.5 (d) After Proposed 

Algorithm with K = 5. 

             
                           (a)           (b) 

           
                          (c)              (d) 

Fig. 9   Results of the Proposed Algorithm. 

(a) & (c) are Original Images (b) & (d) after Proposed 

Algorithm 

          
                       (a)            (b) 

                           
 (c)           (d) 

Fig . 10   (a) & (c) are Original Images (b) & (d) After 

Proposed Algorithm images 

 

B. HIGH DYNAMIC RANGE IMAGES 

      Comparison with TSR algorithm 

                

 

 

 

 

 
(a)                                           (b) 
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Fig. 11 (a) After TSR Algorithm without the Proposed 

Algorithm. 

(b) After  TSR  algorithm  with  the  Proposed Algorithm. 

          
(a)          (b) 

Fig. 12     (a) After TSR Algorithm without the Proposed 

Algorithm. (b) After  TSR  Algorithm  with  the  Proposed 

Algorithm. 

 

V. CONCLUSION 

An effective algorithm for local contrast enhancement is 
presented in this report. In this algorithm, the images with 

low contrast are strengthened by increasing the contrast ratio 

by referring to local information of images. First, modified 

histogram equalization is applied to get an enhanced image 

with strong contrast. Second, a mathematical model is used 

for contrast and morphological operator is used to adjust the 

enhancement level of each pixel of an image locally. Finally, 

an image is obtained with better contrast appropriate for the 

human eye than global methods. The proposed algorithm not 

only appropriates 8-bit images, but also can combine a tone 

reproduction algorithm to deal with high dynamic range 
images 
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