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ABSTRACT 
Contrast Enhancement plays an important role in digital 

image processing. It enables the human and automated 

perceiver to find out the less obvious information in the 

original image. Global Contrast Enhancement techniques are 

used in a wide range of applications to enhance the quality of 

an image. Local contrast enhancement also plays an important 

role for a detailed visibility of an image. In this paper we tried 

to enhance the contrast of an image using Global 

enhancement technique complemented with local image 

contrast enhancement methods. This paper proposes a method 

to obtain good contrast image based on its local and global 

information and by changing the gray values of pixels 

according to the objective gray scaled image. 
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1. INTRODUCTION 
In digital image processing Contrast is defined as the 

difference in brightness at any particular area of image. It is 

the very first and important process that is used to improve the 

quality of an image for both human and computer vision. It 

works to increase the dynamic range of input gray level of an 

image. Good quality images or pictures are well suitable with 

consumer electronic products like television, robotics etc. 

However, the images that are captured by camera or other 

optical system may have low contrast. There are several 

reasons of such type of low contrast image: the poor quality of 

the used capturing device, lack of knowledge of the operator 

or other external conditions at the time of acquisition [13]. To 

enhance the contrast of low contrast image type, various 

contrast enhancement techniques can be applied in spatial 

and/or frequency domains [16]. 

One of the promising techniques for image contrast 

enhancement is Global Contrast Enhancement (GCE). These 

methods works fast in terms of processing speed as compared 

to the local contrast enhancement [17]. Global enhancement 

methods enhance an image globally. The most common 

methods used for global contrast enhancement are: Linear 

Contrast Enhancement (LCE), Histogram Equalization (HE) 

etc. In Linear contrast enhancement, end points of the gray 

scale distribution are pulled to the end points of palette [18]. 

In the palette lowest color is used to display minimum gray 

value of the image. All the values are redistributed using Rest 

Palette Color [2]. Another well known method for global 

contrast enhancement [4] is histogram equalization. It is the 

most commonly applied method due to its simplicity, 

effectiveness and well performance for most types of images. 

Histogram equalization redistributes the gray levels of the 

image according to the probability distribution of the input 

gray levels [5]. These methods can be broadly classified in 

two categories – global and local histogram equalization [6]. 

Global histogram equalization (GHE) method enhances the 

image globally by using the histogram information of the 

entire input image for its transformation function [4]. This 

method is unable to enhance an input image using its local 

contrast features as gray levels having very high frequency 

rule over those gray levels having very low frequency. Usual 

methods of contrast enhancement work globally with the 

image and do not pay special attention to smaller regions of 

low contrast [10]. Such images require local treatment to 

enhance the brightness of smaller regions as shown in figures. 

Fig. 1(a) is the original image and Fig. 1(b) is the enhanced 

image based on global contrast enhancement. 

         
Fig. 1(a)                                   Fig. 1(b) 

 

      
Histogram of 1(a)                      Histogram of 1(b) 

Local Histogram Equalization (LHE) is the extension of this 

histogram equalization that uses the transformation function 

of histogram equalization for the blocks [18]. It modifies the 

centre pixel of block in order to achieve contrast as shown in 

fig. 1(a) and 1(b). It uses local standard deviation (LSD) and 

local mean to enhance an image [1].  
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Fig. 2(a)                                 Fig. 2(b) 

     
  Histogram of 2(a)                  Histogram of 2(b) 

Dorst [3] adapted histogram stretching method over a 

neighbourhood around the candidate pixel for local contrast 

stretching. A numerous modifications [9, 12] of histogram 

equalization are introduced based on adapting the same over a 

sub region of the image.  Narendra and Fitch [11] introduced 

an amplification factor too, a function of the pixel based on 

the local gray level statistics over the same neighbourhood in 

that contrast gain is inversely proportional to local standard 

deviation [LSD]. Lee [7,8] introduced a method that was 

based on the use of local statistics of a predefined 

neighbourhood in modifying the gray value of a pixel. 

Zheng and Wang [19] proposed a piecewise linear function 

model based on local standard deviation to increase the 

luminance at every local region present in the image. In this 

model integral image is used to fast compute the mean and 

local standard deviation in all local region centred at each 

pixel. Dah-Chang [2] designed a method for image 

enhancement with contrast gain that is constant and inversely 

proportional to the LSD produces either ringing artifacts or 

noise over enhancement due to the use of too large contrast 

gains in regions with high and low activities and proposed a 

new method in that contrast gain is a non-linear function of 

LSD. 

2. RELATED WORKS BASED ON 

LOCAL STADARD DEVIATION 
There are various methods that are used for contrast 

enhancement based on local standard as discussed below: 

Narendra and fitch [11] proposed a method for contrast 

enhancement using local standard deviation as discussed: 

                      (1) 

Here  is the gray scale value of enhanced image.  

is the value of pixel in original image. D is a constant. 

 is local mean and  is the local standard 

deviation. 

Dah-Chang [2] proposed another method based on LSD 

information. This method was proposed for medical images as 

discussed here: 

                            (2) 

Here  is known as contrast gain. 

Another method Multi-Scale Adaptive Gain Control was 

discussed by Schutte [15] to enhance an image using LSD. 

This method uses both global and local information of the 

input image given as: 

                                              (3) 

Here O is the pixel value of output image.  

i is the pixel value of original image. M is the global mean of 

the input image,  is the gain factor that controls the 

enhancement level per window, LSD is the local standard 

deviation per window and m is the local mean of the window. 

3. GLOBAL LOCAL CONTRAST 

ENHANCEMENT FOR LOCAL REGION 
Global contrast enhancement or local contrast enhancement 

method are not be suitable for those images that are poor in 

global contrast as well as in local contrast. These types of 

images require a method in that global contrast enhancement 

and local contrast enhancement are applied. 

This proposed work is based on the combination of global 

contrast enhancement and local contrast enhancement for such 

type of information that is existing in less dynamic region of 

image. This is done by subtracting two subsequent gray scale 

values of the image. 

                                                     (4) 

where O is the pixel’s gray level value of enhanced image 

corresponding to I pixel’s gray value of original image. M is 

the global contrast gain control with the range of [0, 1.5].  is 

the local contrast control with the range of [0,1].  is the local 

standard deviation of the window.  is the pixel’s gray scale 

value present in the original image and  is the subsequent 

pixel’s gray scale value of the original image. This method 

slides pixel by pixel into the entire image. 

4. EXPERIMENTAL RESULT 
In order to evaluate the results of our proposed method, we 

have done subjective as well as objective evaluation.  

4.1 Subjective Evaluation 
Subjective evaluation is done by human being. This is 

necessary to find out the quality of generated enhanced 

image. 

 

Table 1. Subjective results of contrast evaluation 

 

Method Original 

Image 

Based on 

equation no. 

3 

Proposed 

work 

Rank 1 2 3 1 2 3 1 2 3 

cameraman 2 1 3 1 3 2 3 2 1 

Eight 3 1 2 3 3 0 6 0 0 

Tire 1 3 2 4 0 2 5 0 1 

Pout 4 2 0 1 3 2 1 2 3 

Totals 

Rank 

10 7 7 9 9 6 15 4 9 
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(a) Cameraman 

 

(b) Cameraman 

 

              (c) Cameraman 

 

(a)  Eight                                              

 

(b) Eight 

 

                 (c) Eight 

 

                          (a) Tire 

 

                              (b) Tire 

 

              (c)Tire 

 

                        (a) Pout  

 

                             (b) Pout 

 

                        (c) Pout 

Fig. 3. Enhancement results: (a) – Original Image, (b) based on equation no.-3, (c) based on proposed method 
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This evaluation has been done by 6 interpreters. They gave 

their score from 1 to 3 to each image, where 1 is the best and 

3 is the worst score. Table I shows the results of subjective 

evaluation. Image having score 1 contains more brightness as 

compare to other two other images and image having score 3 

shows that the image has very low brightness as compare to 

others. 

The results of Table I. and enhancement results of Fig. 3 are 

going in the favour of our proposed method. In this table total 

rank of proposed work is showing that the images are 

enhanced using this method has been scored 15 times best as 

compare to others. 

4.2 Objective Evaluation 
For the objective evaluation detail variance (DV) and 

background variance (BV) of images are calculated. These 

detail variance and background variance are calculated using 

the method described by Ramponi, Strobel, Mitra and. Yu, 

[14]. 

According to this method the values of detail variance and 

background variance are obtained as following: first the 

variance of the gray levels in the neighbouring pixels is 

calculated at each pixel in the image. Next the pixel is 

classified to the foreground when the variance of the gray 

level is more than a threshold and the pixel is classified to the 

background when the variance of the gray level is lower than 

a threshold. The averaged variance of all pixels included in 

the foreground class is DV and the averaged variance of all 

pixels included in the background class is BV. When the 

value of DV of the resulted image increases and the value of 

BV is not changed compared to the original gray image. Then 

it is supposed that efficient contrast enhancement has been 

achieved by Ramponi [14]. Table IV shows the detail variance 

and background variance in images enhanced by equation no. 

3 and proposed work. 

By analyzing the following results it has been observer that 

the proposed work produces better image with natural 

enhancement as compare to the existing work. 

 

Table 2. Objective results of contrast evaluation 

 

5.  CONCLUSION 
The basic idea behind the proposed work is to enhance an 

image using local standard deviation. This proposed method 

for contrast enhancement is based on global contrast 

enhancement and local contrast enhancement. This method 

includes the local and global features of the given image to 

find out the information that is present in the minute area of 

image. 
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