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Abstract— Uneven illumination always affects the visual 

quality images which results in poor understanding about 

the content of the images. There is no accepted universal 

image enhancement algorithm or specific criteria which can 

fulfill user needs. The processed image may be very 

different with the original image in the visual effects, but it 

also may be similar to the original image [1]. It will be a 

developing tradition to integrate the advantage of various 

algorithms to practical application to image enhancements 

[2]. Zhang et al. [3] presents an adaptive image contrast 

enhancement method. The proposed method is based on a 

local gamma correction piloted by histogram analysis. In 

this paper , to avoid uneven Illuminance image is divided 

into different segments . It works locally to decrease 

contrast as if we perform enhancement techniques globally 

on portions which are already bright then this gives poor 

results. Enhancement techniques are applied only to those 

dark portions. We need accurate method that not only 

enhance the image but also preserve the information. 
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I. INTRODUCTION 

Uneven Illuminance caused many problems in 

understanding the scene due to poor contrast and hence 

becoming a major topic in research. Many techniques have 

been offered in this subject to enhance the contrast of the 

images but they still have some drawbacks. In previous 

work, three levels Thresholding divide the entire image into 

three different levels such as dim, middle, brighter 

according to gray scale levels and then applied the gamma 

correction on that region differently. We proposed a method 

which is a combination of gamma correction and luminance 

oriented Thresholding. Our proposed method finds lower 

contrast pixels by choosing a threshold and applies the 

modified gamma correction to those pixels which need to be 

enhanced. The algorithm works well in low contrast regions 

captured in natural light. It performs well on natural images 

and can be applied to indoor images as well after some 

modifications. 

II. METHODOLOGY 

A. Color Image quantization 

Color image quantization has been used to find out low 

contrast regions in the image. Generally, color image 

quantization is a process to reduce the number of colors of a 

digital color image, and the common goal of color 

quantization is to display an image with a large number of 

different colors such as a 24 bit-planes image on a graphic 

display with a small number of colors. The adaptive method 

for color image quantization is that the image can be viewed 

as a multidimensional data-clustering problem, such that the 

set of image data according to their value is partitioned into 

a set of clusters, and a representative element is chosen for 

each cluster. We used rgb2ind function to divide the image 

into low contrast and high contrast pixels. It uses one of 

these methods  

 Uniform quantization 

 Minimum variance quantization 

 Color-map approximation 

B. Thresholding 

Thresholding has been used in order to limit the range of 

contrast from very low to very high. Thresholding function 

separates the whole image into low contrast and high 

contrast region depending upon the popularity function of 

the illuminant pixels. As the thresholding factor increases 

more and more pixels are shifted towards high illuminant 

region. 

C. Local Gamma Correction 

As described by Guan et al. [4] Ideal display system is a 

linear system, whose output of illumination intensity of the 

display system should be proportional to the input video 

signal. Suppose the output illumination intensity of the 

display system is Lout and input is Lin, for the linear display 

system, there is a relationship as follows: Lout = Lin. Fig. 

1(a) shows the function of the relationship between output 

and input signals in linear display system. However, the 

practical application of the display system is non-linear. For 

instance, the cathode ray tube display (CRT) in the 

mainstream of computer field, is non-linear display system. 

In other words, it is not proportional between the output and 

input illumination intensity values. In fact, since the 

existence of the hardware characteristics (Gamma>1), the 

output and input values of CRT shows the relationship can 

be indicated by Gamma function, as Fig.  1(b) shows. From 

comparing Fig. 1(a) with Fig. 1(b), there is always nonlinear 

display. It is non-linearity leads to the output value of the 

display producing distortion according to the original image. 

The distortion of the system is determined by the Gamma 

value of the display system. Traditional Gamma correction 

method is to carry out the pre-compensation for image data 

when the signal is transported into the display system, 

firstly. The principle is: Suppose the data value of the 

original image is Lorg, before send Lorg to the CRT   

display, substitute Lorg in Equation (1):  

Lin=Lorg
1/Gamma

     ………….(1) 

And then send the pre-compensation image data 

Lin to the CRT display with distortion. After arrangement, 

the relationship between output Lout and input value Lorg 

of the distortion CRT is: 

Lout=Lin
gamma

= ((Lorg
1/Gamma) gamma

) = Lorg...(2) 

As Equation (2) shows, the input of CRT generates 

Gamma reverse distortion contrasting the original image 

beforehand, which counteracts the Gamma hardware of 

display device. Therefore, a linear relationship is established 

between the output of display device and the original data of 

the image to achieving the Gamma correction on the CRT. 
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Fig 1: Linear-Nonlinear display system 

 

 
Fig. 2: Gamma correction of CRT 

 
Fig. 3: Gamma correction of image 
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The Gamma correction is based on a non-linear 

multiplication-based conversion and has been used to gray-

value image analysis. For alternating the pixel value to 

enhance the image, the projection relationship between pixel 

value and Gamma value is established according to the 

internal map. Assume P represents the of pixel value in the 

range of [0,255], Ὠ represents the angle value, Ѓ is the 

representative of the range of Gamma value, x represents a 

pixel grayscale value ( x element of p) Let xm as the middle 

point of range [0, 255]. The line defined from group P to Ὠ 

is: 

 
The mapping from Ὠ to Iis defined as: 

 
Here a (element of [0, 1]) is a weighted coefficient. 

There are the corresponding relationships between pixel 

values group P and group Ѓ is based on this map. Arbitrary 

pixel value is relative to a determined numerical Gamma. 

Let ү(x) = h(x), and choose Gamma correction function as 

follow: 

 
g(x) represents the output of correction value for 

pixel grayscale x. By this way, the correction value of pixel 

is connected with the value of original pixel, which achieves 

the requirements of image correction without former 

knowledge. Fig. 3 shows the Gamma value and the pixel 

value after Gamma correction respectively. 

III. FLOWCHART 

 

IV. RESULTS AND DISCUSSION  

The proposed technique has been applied to natural images 

from varying natural scenes. Pictures chosen have very low 

contrast in some regions and need to be enhanced to get the 

clear view perception. First of all color quantization has 

been applied to the pixels of the image. The objective is to 

approximate as closely as possible the original full-color 

images. Different algorithms can be used for this, however 

as our objective is separate the lower luminance and higher 

luminance pixels, we did approximation using high 

luminance intensity pixels. 

 
Fig. 4: Images used in our work from different prospective. 

The proposed algorithm divides the color space 

into disjointed regions according to luminance. From each 

region a color or group of colors has been chosen as their 

representative colors for that region. After that we 

approximate the colors by choosing dither parameter. We 

show the results for Desert image here. A threshold function 

has been used to move the number line from left to right in 

choosing high luminance regions. Below are detailed results 

for desert image. 

A. Results at threshold value 1 

 
Fig. 5: Original image 

Fig. shown above is our test image. It has been 

changed to grayscale before applying the algorithm. 

original image
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Fig. 6: Image after gamma correction 

Image displayed above is after gamma correction. 

Gamma correction applies enhancement on all the pixels in 

that range. As there are many high luminance pixels, they 

don’t need to be enhanced. The proposed algorithm selects 

only those pixels which have low contrast for enhancement. 

Below is the picture which divides the image into low and 

high luminance pixels. 

 
Fig. 7: Separated regions according to luminance level 

 
Fig. 8: Results after applying gamma correction to low 

luminance pixels 

Above is the resulted image after the proposed 

algorithm and below is the difference image where white 

pixels represent enhance pixels and blue pixels represent 

unchanged. 

 

Fig. 9: Difference image describing enhanced pixels with 

white color 

 Total pixels in original image= 2359256 

 luminant_pixels_without_gamma_correction 

=350902 

 Enhanced pixels=85.3268% 

B. Threshold value 1 

 

 
Fig. 10: After applying gamma correction, thresholding 100 

Total pixels in original image= 2359256 

 luminant_pixels_without_gamma_correction = 

364164 

 Enhanced pixels= 84.5647 % 

 Threshold value 100 
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Fig. 11: After applying gamma correction, thresholding 

1000 

 Total pixels in original image= 2359256 

 luminant_pixels_without_gamma_correction= 

483165 

 Enhanced pixels= 79.5208 % 

 Threshold value 1000 

 

 
Fig. 12: After applying gamma correction, thresholding 

5000 

 Total pixels in original image= 2359256 

 luminant_pixels_without_gamma_correction= 

538865 

 Enhanced pixels= 77.1599 % 

 Threshold value 5000 

We have tested our proposed algorithm and 

compared it at different threshold levels. Images taken have 

both the low level and high level contrasts. Proposed 

algorithm works well in conditions when images have large 

portions of uneven luminance. We used pictures of different 

types including portraits, natural scenes, wild flowers etc. 

here results are provided on some fixed threshold levels. 

However it is not necessary to use these fixed levels in real 

time applications. Selection of threshold level depend on 

many factors including size of the image, intrinsic camera 

parameters as different cameras produce different results, 

difference between low and high contrast pixels in the image 

etc. 

By applying gamma correction directly on the 

images, the underexposed regions became lighter and the 

details more noticeable. Therefore high luminance pixels 

can overexposed if we use simple gamma correction. This 

technique helps in correction of low contrast regions and do 

not involve high contrast regions. This image enhancement 

algorithm was developed to improve the visual quality of 

digital images captured under insufficient lighting 

conditions. 

V. CONCLUSION AND FUTURE WORK 

A. Conclusion 

We have proposed an algorithm in order to enhance the 

images having uneven illuminance. Many different 

techniques have been existed which can enhance the pixels 

having uneven illuminance. We took our motivation from 

literature review of different techniques which used 

histogram equalization, gamma correction and three level 

gamma-corrections etc. These techniques modify the whole 

image and make the high luminance pixels brighter. The 

proposed algorithm reveals high-lights and low-lights 

without affecting the well-balanced region. The high light 

area is preserved whereas low lights areas modified 

according to the user needs by varying gamma factor in 

gamma correction technique. The ultimate goal behind the 

proposed method is to allow higher level of brightness 

preservation to avoid unpleasant artifacts and unnatural 

enhancement due to excessive equalization while enhancing 

the contrast of a given image as much as possible. The high 

brightness area can be shifted and preserved by using 

different threshold. 

B. Future work 

The problem of the technique is that we cannot decide the 

threshold automatically and user has to decide it before 

applying the algorithm. In future scope, this algorithm can 

be modified in such a way that it should decide the selection 

of threshold by using the entropy or intensity values of the 

image. 
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