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Abstract 

Contrast Enhancement is a widely used image enhancement technique. This paper addresses three issues –

namely, enhancing the visibility of dimmed images by improving the brightness and contrast, reducing the 

halo effect and removal of unwanted noise signals. To enhance the contrast and brightness of a dimmed 

image, a hybrid histogram modification method called adaptive gamma correction is proposed. Different 

kinds of filters are generally employed for the removal of different types of noise. In the proposed method 

noise type is primarily identified using statistical properties such as skewness and kurtosis and then 

appropriate filter is applied. The proposed method uses an edge preserving filter named iterative median 

filter to reduce halo artifacts. In addition to the aforesaid scenarios, the proposed methodology can also be 

applied to hazy images. Gamma correction technique for dimmed images can not directly enhance the 

contrast of hazy images. In this paper, hazy images are also enhanced using the same method that was used 

to enhance dimmed images. For that dark channel prior based dehazing method is used prior to adaptive 

gamma correction 

Keywords: Contrast enhancement, darkchannel prior, dehazing, gamma correction, histogram 
equalization, histogram modification, noise removal.   
 
 

1. Introduction 

IMAGE enhancement process is an effective technique that aims at improving the visual appearance 

of images or which converts image into a form better suitable for humans or machines. It is one of best 

accepted and reliable techniques used in image processing. This domain aims at modifying attributes of 

an image to make it more adequate for a given task and a specific observer. Digital Image 
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enhancement techniques provide vast choices for improving the visual quality of images.  Imaging 

modalities, task at hand and viewing conditions helps in choosing an appropriate choice of techniques. 

Many images like satellite images, aerial images, medical images, and even real life photographs lack the 

required contrast and is added up with unnecessary noises. Therefore it is indispensable to enhance the 

contrast and remove the noise to increase the image quality.   

Problems such as excessive brightness or dark environments that produce low contrast images can be 

rectified using contrast enhancement. Histogram equalization (HE) [1] is one of the most useful technique 

used for tackling this problem. Image contrast enhancement methods are broadly divided into direct and 

indirect methods. Direct enhancement methods consist of a specific contrast term. While the most widely 

used technique in indirect method is histogram modification method.  HE  aims  at  modifying  the  

histogram  of an  enhanced  image,  by  approximating to  a  uniform distribution  so   that   the   whole   

dynamic  range   of the  image  can  be  utilized.  Generally approaches for contrast enhancement can be 

classified into two main categories: 1) global approaches and 2) local approaches. The global approaches 

are commonly characterized by a single mapping curve to modify pixel values.  The advantage of global 

approach lies in   their   simplicity   and   computational   efficiency.  Most widely used global approaches 

are Gamma correction and Histogram equalization. However, they often tend to fail in preserving local 

contrast in the dark and bright regions of an image. HE is useful for those images in which both 

background and foreground are both bright or both dark.  HE method directly utilizes the cumulative 

distribution function (cdf) as the transformation curve as described by the equation (1)              

���� = �������	
�                                          (1) 

where �	
� 
represents the maximum intensity value, ������  denotes  the  cdf  value  for  each  pixels  

and  is defined by the equation (2) 

������ = ∑ ���������                         (2) 

where �����   represents  the  probability  value  of each intensity level. Under enhancement and over 

enhancement are major challenges due to the changes in cdf. These changes produce visually unpleasant 

halo effects and other artifacts. Power Law (Gamma) Transformation is a conventional tool for contrast 

enhancement. Power Law Transformations have the basic form 

� = ���                                                 (3) 

Gamma curves with � > 1 have exactly opposite effect as those generated with� < 1.  When� < 1,   

transformed image is lighter than the original image and when � > 1, transformed image become darker 

than original image. By convention, the exponent in power- law equation is referred to as gamma. The 

process used to correct this power law response is called gamma correction. While using the same gamma 

value for all images, every image will exhibit same change in the gray level intensity [1]. Therefore a 

method for adaptively finding the gamma parameter is needed. 

The information given below are categorized into five sections, Section 2 shows some related works in the 

field of contrast enhancement , Section 3 is a discussion about the proposed method, Section 4 deals 

with experimental results and Section 5 is the conclusion and future scope of the work. 
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2.  Previous Works 

In order to reduce the problems of conventional HE method, earlier methods partitioned input image 

histogram into sub histograms by using a separating criterion, and performed separate histogram 

equalization on these sub histograms [2-13]. The Brightness-preserving Bi- Histogram Equalization 

(BBHE) uses mean brightness of input image for partitioning input image histogram, but have a 

disadvantage that, the generated image might not have a natural appearance [2]. In Dualistic Sub-Image 

Histogram Equalization (DSIHE), median intensity  value  of  the  input  image  is  selected  as the  

separating  point  to  maximize  Shannon’s entropy of the output image, but the resulting image has a 

washed  out  look  [3].  Minimum Mean Brightness Error Bi-HE (MMBEBHE) is similar to BBHE and 

DSIHE, which selects a threshold value l
t 

such that the mean brightness error is minimum [4]. 

Recursive Mean-Separate   Histogram Equalization (RMSHE) is an   extension of   BBHE which 

p e r f o r m s  r e c u r s i v e  image decomposition upto r levels that results in the generation of 2r sub 

images, but it has the disadvantage that number of sub histograms is a power of two [5]. 

Dynamic Histogram Equalization (DHE) performs the enhancement of an image without making any 

loss of detai ls  in i t  and ensures a  moderate  contrast  enhancement [6] .  Brightness 

Preserving Dynamic Histogram Equalization (BPDHE) produce better enhancement by preserving 

mean brightness with DHE [7]. In Recursive Separated and Weighted Histogram Equalization (RSWHE), 

input histogram is divided into subsections in a recursive manner, and sub histograms are enhanced 

using a weighted process based on a normalized power law function [8]. 

Image Enhancement via Adaptive Unsharp Masking uses an adaptive filter which does not sharpen the 

smooth areas in the image and is more robust in the presence of noise [9]. Adaptive Histogram 

Equalization (AHE) extends traditional HE by computing separate HE technique on different tiles of image 

and uses bilinear interpolation to combine neighboring tiles [10]. Contrast-Limited Adaptive Histogram 

Equalization (CLAHE) is an adaptive enhancement method in which contrast can be limited for avoiding 

the enhancement of noise [11]. Partially Overlapped Sub-block Histogram Equalization (POSHE) yields 

contrast enhancement results, similar to that of AHE while maintaining fine visual quality [12]. Cascaded 

Multistep Binomial Filtering Histogram Equalization (CMBFHE) achieves similar result of POSHE with a 

reduced complexity of computation [13]. The earlier works lacks their performance in the enhancement of 

dimmed images in the presence of noise. Noises are undesired information in an image which destroys the 

original image information. When tried to enhance the contrast of the noisy image instead of enhancing the 

details, noise present in the image gets enhanced. To reduce this, a new method called Adaptive Gamma 

Correction along with Automatic Noise Removal (AGCANR) has been proposed 

3.  Proposed Contrast Enhancement Scheme 

Proposed contrast enhancement scheme combines a powerful noise identification and removal algorithm 

which relies on statistical measures, with a hybrid histogram modification method called adaptive gamma 

correction for simultaneously enhancing the brightness and contrast of dimmed images. The proposed 

method deals with three types of noises, namely- Gaussian noise (additive), speckle noise (multiplicative 

noise) and salt and pepper noise (impulse). Noise identification and removal algorithm uses statistical 

measures such as skewness and kurtosis for identifying the presence and type of noise. By performing 

training with images containing known noise, some reference values are computed which can be used for 

identifying the noise type [14]. Conventional gamma correction technique uses a fixed gamma parameter 

to enhance the contrast which will result in same changes for all images. Hence adaptive gamma correction 

method is used which combines a normalized gamma transformation with the cumulative distribution of 
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pixels in the histogram [15]. The proposed algorithm can be described as: 

1. Noise Training 

a. Read noisy images of known type to train the system 

b. Apply respective image filters 
c. Extract noise samples  

i. If noise type=additive or impulse 
Noise sample=original image-filtered image 

ii. If noise type=multiplicative 
Noise sample=original image/filtered image 

d. Estimate the value of statistical features such as kurtosis and skewness 

e. Compute mean value of skewness and kurtosis and store it as ������ !"#$ �%"& , 

'�()�� !"#$ �%"&  

2. Noise Type Identification  

a. Read noisy images for testing 

b. Apply all 3 types of image filters (median filter, homomorphic filter and wavelet based 

denoising filter) and extract noise samples as in the noise training phase 

c. Estimate skewness and kurtosis and store it as ����$ �%"& , '�()$ �%"&  

d. Calculate similarity feature for each noise type as mentioned in[14] and store it as 

'*!+",��" , '*-
.!! 
� and '* 	+.�!" 

e. Set /01�� !"  as max ('*-
.!! 
�, '*!+",��" , '* 	+.�!") 

f. Identify noise type as 

2%3+"= noise type of /01�� !" 

3. Noise Removal 

a. If 2%3+" = '* 	+.�!"  

Apply median filter 

b. If 2%3+" = '*-
.!! 
� 

Apply wavelet based denoising filter 

c. If 2%3+" = '*!+",��"  

Apply homomorphic filter 

4. Contrast and Brightness Enhancement using Adaptive Gamma Correction (AGC) 

a. Find the pdf and cdf values of each intensity value l present in the image 

b. Use the  transformation as in equation (4)  to perform adaptive gamma correction 

 

�
�456

���� = �	
�

(4) 

 where, γ parameter is set as a function of cdf of    pixels. 

Adaptive gamma correction is a simple but effective enhancement technique, however utilization of 
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cumulative distribution function causes unnatural effects in the output image. To reduce such effects a 

weighted function of pdf can be used instead of conventional pdf as in equation(5): 

 

��7��� = ��	
� 8�+9$���#+9$4:;�
<+9$456#+9$���=>

?
(5) 

where, α  represents adjustment  parameter ranging between 0 and 1. Weighted cdf can be calculated 
by the equation (6) 

���7��� = ∑ +9$@���AABC∑+9$@                    (6) 

where, 

∑��7 = ∑ ��7����456���                                      (7) 

Finally, gamma parameter is set as a function of weighted cdf as in equation (8): 

� = 1 − ���7���           (8) 

Most contrast enhancement algorithms suffer from halo artifacts.  The  proposed  method  uses an edge 

preserving filter called iterative median filter which  iteratively  perform  median  filtering  operation to the 

input image to reduce halos present in it. The method is applicable to both gray scale and color images. 

Color images can be enhanced either by performing R, G and B channel extraction or by converting it 

into a suitable color model.  Proposed method uses HSV-RGB color model conversions, so that i t  

needs to process only V (value) component which represents the intensity while preserving H (hue) and S 

(saturation) values. 

In addition to this, the proposed methodology for dimmed images can also be applied to Hazy images. 

Gamma correction technique for dimmed images cannot directly enhance the contrast of hazy images, since 

the haze present in the images get enhanced. But here, a dehazing process is performed prior to the 

enhancement which removes the haze present in the input image. Hazy images are obtained usually from 

outdoor scenes. The foggy, misty or hazy weather conditions reduce the visibility of objects.  Proposed 

method uses the dark channel prior based dehazing technique [16]. Most dehazing techniques use the 

concept of haze imaging model represented by the equation (9) 

E�1� = F�1���1� + H<1 − ��1�=        (9) 

where I  is the observed intensity, J is the scene radiance, A is the global atmospheric light and t is the 

transmission describing the portion of light that is not scattered and reaches the camera. The term J(x)t(x) 

is called direct attenuation, which describes scene radiance and its decay in the medium whereas airlight 

term A(1- t(x)) causes the shift of the scene color. Goal of haze removal is to recover J, A and t from I. 

Dark channel prior uses a strong prior or assumption. The prior says that in most of the local regions 

which do not cover the sky, it is very often that some pixels (called dark pixels) have very low intensity in 

atleast one color (RGB) channel. In haze images, intensity of these dark pixels in that channel is mainly 
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contributed by the airlight. Therefore these dark pixels can directly provide accurate estimation of the hazes 

transmission. For an image J, dark channel of J can be defined as in equation (10): 

F9
&��1� = IJK3LM��� N IJK,LO&,-,PQF,�R�S        (10) 

where J 
c  

is a color channel of J and T�1�  is a local patch  centered  at  x.  Transmission map (t) and 

atmospheric light color vector (A) are estimated from the dark channel of input image. The equation (11) 

represents transmission estimation 

��1� = 1 − U IJK3LM��� 8 IJK,L&,-,P
VW�3�
XW >               (11) 

where  U  is the adjustment parameter for keeping the depth information. Haze free image can be 

recovered by using the equation (12) 

F�1� = V���#X
	
�	�%���,%C�                 (12) 

where  �� is a small value used for representing the lower bound of transmission. Removing the haze from 

an image may reduce the whole intensity if the input image is not as bright as the atmospheric light color. 

Hence the image after dehazing will look dim and this image can be improved by the AGC method. 

4. Results 

The proposed method is implemented in Scilab which is an open source, cross-platform numerical 

computational package and a high-level numerically oriented programming language. Here we use two 

toolboxes SIVP (Scilab Image and Video Processing toolbox) and SWT (Scilab Wavelet toolbox). SIVP is 

a useful, efficient and free Scilab toolbox intended to do image and video processing task. SWT toolbox is 

aimed to mimic Matlab wavelet toolbox. Most of the functions are similar to their counterparts in Matlab 

equivalents The results of the proposed method are presented here. Test images used are standard images 

like lena and images as adapted in [15], [16].  

Fig 1 shows the necessity of noise removal algorithm. Fig 1(a) is the lena image containing salt and pepper 

noise. Fig 1(b) shows the result of contrast enhancement of input image.  Fig 1(c)  shows  noise  removed  

image using  median  filter, and  Fig 1(d)  shows  the  result  of enhancement on noise removed image. 
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Fig.1 Lena image: a) input image containing noise, b) contrast enhanced image, c)Noise removed image, d)contrast enhanced image  

The proposed    method    performs    automatic noise type detection which estimates the statistical features 

of noise samples and recognizes the noise type by using the same. The noise training with noisy images of 

known noise type is performed and reference values are estimated. 

Fig 2 shows the effect of noise removal algorithm on lena image containing speckle noise. Fig 2(a) is the 

lena image with noise. Fig 2(b) shows the result of contrast enhancement of input noisy image. Fig 2(c) 

shows noise removed image using homomorphic filter, and Fig 2(d) shows the result of contrast 

enhancement on noise removed image using AGC method.  

 

 

 

 

Fig. 2. Lena image: a) input image containing noise, b) contrast enhanced image, c)Noise removed image, d)contrast enhanced 
image after noise removal  

Fig 3 shows the effect of noise removal algorithm on lena image containing Gaussian noise. Fig 3(a) 

is the lena image with noise. Fig 3 ( b) shows the result of contrast enhancement of input noisy image. 

Fig 3( c) shows noise removed image using wavelet based denoising filter, and Fig 3(d) shows the result of 

contrast enhancement on noise removed image using AGC method. 

 

 

 

 

Fig. 3.  Lena image: a) input image containing Gaussian noise, b) contrast enhanced image, c) Noise removed image, d)contrast 
enhanced image after noise removal 

Fig 4 shows the effect of proposed enhancement scheme on a dimmed gray scale image called blackboard 

image as in [14].  Fig 4(a) is the input dimmed image.  Fig 4(b) is the result of contrast enhancement 

using AGC method.  Here the resulting image contains some undesired artifacts. Fig 4(c) shows the 

effect of contrast enhancement using AGC method with a weighting function to reduce the above 

artifacts. 
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Fig.4. Blackboard image: a) input dimmed image, b) contrast enhanced image using AGC method, c) contrast enhanced image using 
AGC method with weighting function 

Here it can be observed that the contrast enhanced image contains s o m e    halo   artifacts a l o n g    the   

edges (i.e., around the ball, along the house etc.).  Proposed method uses iterative median filter for 

removing such halo artifacts. The result is shown in Fig 5. By close observation of Fig b), it is clear that 

halos around the ball, along the edges are reduced to a greater extent. 

 

 

 

 

Fig.5.   Blackboard image: a) contrast enhanced blackboard image containing halos, b) halo reduced image using iterative median 
filter 

Fig 6 shows another example of contrast enhancement on gray scale images. Fig 6(a) is the dimmed image 

of a truck (as in [14]). Fig 6(b) is the contrast enhanced image using AGC method. Fig 6(c) is the 

contrast enhanced image using AGC with weighting function. Fig (b) looks like an over bright image. 

From Fig 6(c), it is clear that AGC method along with weighting function can avoid the over enhancement 

problem. 

  

 

 

 

Fig.6.     Truck image: a) input dimmed image, b) contrast enhanced image using AGC method, c) contrast enhanced image using 
AGC method with weighting function 

 

 

 

 

Fig.7.   Forest image : a) input dimmed image, b) contrast enhanced image using AGC method, c) contrast enhanced image using 
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AGC method with weighting function, d) halo reduced image 

Fig 7 shows the effect of contrast enhancement using the proposed method on color images. RGB-HSV 

color model conversions have been used for the enhancement of color images. Fig 7(a) is the dimmed color 

image called as forest. Fig 7(b) is the contrast enhanced image using AGC method. Fig 7 ( c) is the 

contrast enhanced image using AGC with weighting function. It contains halo artifacts. Fig 7(d) shows 

the halo reduced image using iterative median filter. 

 

 

 

 

 

Fig.8.   Bird image : a) input image with halo artifacts, b) halo reduced image 

Fig 8 shows a color image halo reduction in detail. The halo artifacts are marked in the circle in Fig 8(a). 

From Fig 8(b), it is clear that halo artifacts are reduced. 

In addition to these features, the proposed methodology can also be applied to Hazy images. Gamma 

correction technique for dimmed images can not directly enhance the contrast of hazy images. Fig 9 

shows the effect of a proposed contrast enhancement scheme on a hazy image. Fig 9(a) is the input hazy 

image of a house. Fig 9(b) is the result of contrast enhancement on input image using proposed AGC 

method with a weighting function. 

 

 

 

 

Fig.9.    House image: a) input hazy image, b) result of contrast enhancement on input image using AGC method with weighting 
function 

From Fig 9, it is clear that, haze effect in the input image increases when it is tried to enhance it using 

contrast enhancement method that were used for dimmed images. These enhancement methods can 

increase the haze present in it. To avoid this, a dehazing method could be used prior to the 

enhancement.  In this paper, a dehazing method called dark channel prior is used. Fig 10(a) shows the 

result of haze removal on the image Fig 9(a). But the haze removed image looks like dim due to the 

removal of atmospheric light component of the scene as part of dehazing process. Fig 10(b) shows the 

resulting image after performing contrast enhancement using AGC method with weighting function. From 

the figure, it is clear that the scene brightness can be recovered. 
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Fig.10.  House image: a) dehazed image of Fig 9.a),  b) result of contrast enhancement on dehazed image using  AGC method with 
weighting function 

Fig 11 shows another example of the enhancement scheme on a hazy image called tiananmen as in 
[16]. Fig 1 1 ( a) is the input image with haze.  Fig 11(b) shows the result of direct enhancement on this 
input image. Fig 1 1 ( c) shows the result of dehazing process on Fig 11(a). Fig 11(d) gives the 
enhancement result on the dehazed image using proposed method. 

 

 

 

 

 

Fig. 11.   Tiananmen image: a) input hazy image, b) result of contrast enhancement on  input  image  using  AGC  method  with  
weighting function, c) dehazed image of input image , d) result of contrast enhancement on dehazed image using AGC method with 
weighting function 

Here two quality measures are used to evaluate the performance of proposed enhancement scheme. They 

are Peak Signal to Noise Ratio (PSNR) and Absolute Mean Brightness Error (AMBE). 

1. Peak Signal to Noise Ratio (PSNR) 

Z'2[ = 10�]^_� <`a#_=
bcd         (13) 

Where  

/'e = _
bf ∑ ∑ <��I, K� − ^�I, K�=`�#_���	#_	��          (14) 

^�I, K� is the output image , ��I, K�- input image b is the bit depth. Higher the value of PSNR , better 

is the enhancement. 

2 . Absolute Mean Brightness Error(AMBE). 

AMBE is calculated as 

H/ge = I(0K �+.% − I(0K�.%+.% ∨             (15) 

Lower value of AMBE indicates better brightness preservation. Table 1 and 2 shows the estimated PSNR 

and AMBE values on hazy images(in Fig.12) using dark channel prior method alone and using proposed 

enhancement scheme. From table 1 , it is clear that proposed method has a higher PSNR value than dark 

channel prior method. From table 2 ,  AMBE is minimum for the proposed method. 
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Fig. 12 Input images: a)  house, b) tinamnen, c )cones, d) pumkins, e) road 

 

TABLE 1. PSNR 

Input Image Dehazing Proposed 

method 

House 13.96 14.60 

Tinamnen 12.23 15.02 

Cones 11.63 14.87 

Pumpkins 10.95 12.28 

Road 15.91 16.98 

 

TABLE 3. AMBE 

Input Image Dehazing Proposed 

method 

House 28.51 7.42 

Tinamnen 30.19 0.42 

Cones 48.76 12.60 

Pumpkins 44.22 16.04 

Road 42.42 4.85 

 

5 . Conclusion and Future Scope 

Contrast Enhancement is a widely used image enhancement technique. This paper is an attempt to 
address three issues - namely, enhancing the visibility of dimmed images by improving the brightness 
and contrast, reducing the halo effect and removal of unwanted noise signals. To enhance the contrast and 
brightness of a dimmed image a hybrid histogram modification method was proposed.  The Proposed 
method also aimed at removal of three types of noise – additive, multiplicative and impulse noise. 
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Different kinds of filters were generally employed for the removal of different types of noise. In the 
proposed method, noise type was primarily identified using statistical properties such as skewness and 
kurtosis and then appropriate filters were applied. Most contrast enhancement algorithms suffered from 
halo artifacts. To reduce halo artifacts, the proposed method uses an edge preserving filter named 
i terat ive median fi l ter . In this work iterative median filter is only considered, as edge preserving filter. 
A more advanced filter like bilateral filter could be used instead of iterative median filter for better results. 
For dehazing process only a coarse transmission map was used. In future, a more accurate transmission 
map can be used for haze estimation by incorporating image matting methods to the proposed method. 

The proposed methodology could also be applied to Hazy images. Gamma correction technique for 
dimmed images could not directly enhance the contrast of hazy images. In this paper, it is tried to 
enhance hazy images using the same method that was used to enhance dimmed images. For that dark 
channel prior based haze removal method was used prior to adaptive gamma correction. 
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