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Abstract 

This paper presents a novel correlation based algorithm for 

preserving image brightness and achieve Contrast Enhancement 

(CE). CE is a necessary step in all Image processing applications 

including general images, medical images, computer vision 

applications and SAR images. CE techniques that are based on 

partitioning the Histogram based on mean or median suffer from 

‘Mean shift’ problem. In this work, a new method for CE is proposed 

which solves the Mean shift problem w. The proposed method 

linearly renders the input image into pixel clusters, whereby 

correlation between clusters will be analysed   using the set threshold 

to filter the clusters qualified for CE. The pixel cluster size and 

correlation threshold could be varied. The algorithm is plausible to 

implement and the approach is judicious than existing methods. This 

work also has confirmed by statistical analysis of the images using 

measures like AMBE, SSIM and entropy that the method presented 

here when employed for CE gives better results and the reason could 

be attributed to Mean shift elimination. This work has compared the 

final image with other methods widely in use today, and confirmed 
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that this new method preserves the image Brightness with 

considerably more accuracy.  

Keywords: Image – Cluster – Correlation - Contrast Enhancement 

- Brightness Preservation - Mean Shift Elimination 

 

1. Introduction 
 
     Image CE has become an important and valuable problem to solve in 

Image processing because of its increased application in the scientific and 

commercial arena   in the recent years. CE exposes the features in the image 

that could not be easily identified by a casual observer. Among the different 

CE techniques, methods based on histogram modification are widely used 

because they are simple and effective.  

 

      For a digital image [1] with intensity levels in the range [0, K – 1] 

represented as a function of discrete pixels, the histogram is  

h (ik) = nk                                  (1) 

where ik is the intensity value of kth pixel and nk is the number of pixels in 

the image with intensity of ik. For example, let us take an 8 bit gray scale 

image. There are 256 different intensities and the histogram maps each of 

these into 256 numbers in the graph that represent distribution of pixels in 

grey scale. For color images, either separate the histogram into red, green 

and blue channels, or employ a 3-D histogram with the three axes 

representing the three different color channels. 

 

In Histogram Equalization (HE), the dynamic range of histogram of an 

image is flattened and stretched using transformation functions which result 

in overall CE. One drawback in all of the existing HE techniques is that, 

they have high probability of changing the brightness of an image in an 

undesirable way. Hence, HE is rarely utilized in applications where 

brightness must be preserved, like Fashion photography, Cancer detection 

and such. 

 

    There are several methods [2 - 21] already developed for HE. A good 

part of these methods utilize mean or median values for separating the 

histogram. Research results show that wherever these methods are used, the 
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mean value of the output image always differs from that of the input image. 

In other words, all these methods create Mean shift problem as a side effect. 

 

    Local Contrast stretching (LCS) [2] is performed by locally adjusting 

each pixel value to improve the visualization of structures in both light and 

dark regions of image simultaneously. It is performed by sliding windows 

and adjusting the center element. 

 

    Global Contrast stretching (GCS) [2] considers whole color palette range 

to determine the maximum and minimum value to be used for contrast 

stretching. 

 

    Brightness preserving Bi Histogram Equalization (BBHE) [3], the input 

image is partitioned depending on the mean. One part will have pixel 

esteems up to the mean and the second part with pixel esteems above the 

mean.  HE is then applied independently to the partitions and then the 

resulting images are combined. 

    

 Dualistic Sub Image Histogram Equalization (DSIHE) [4] splits an 

image into two sub images based on the median before applying HE.  

 

 Recursive Mean Separate Histogram Equalization (RMSHE) [5] 

recursively breaks down the given image contingent upon mean up to a 

scale r, thus it creates 2r sub images which are then enhanced independently 

using HE. This procedure saves the splendor as well as successfully 

enhances the Image. 

 

 Recursive Sub Image Histogram Equalization (RSIHE) [6] divides the 

input image into several sub images and performs HE.  

 

 Brightness Preserving Dynamic Histogram Equalization (BPDHE) [7], 

the input image is split into multiple sub images depending on 

neighborhood maxima and each partition is mapped into a new dynamic 

range and equalized independently.  

    

 Bi Histogram Equalization with Neighborhood Metric [8], the histogram 

bins are divided into sub bins and using mean the original histogram is 
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partitioned into two parts each of which is enhanced.  

 

   Multilevel Component Based Histogram Equalization [9] splits the 

input into two sub images known as background and foreground which are 

then analyzed to identify components below and above threshold. This 

technique is efficiently used for enhancing the local details. 

 

     Adaptive Contrast Enhancement Method Preserving Brightness [10], 

divide the original histogram into two, using calculated threshold value and 

thus remove the image from the background. Mean brightness is calculated 

between original and equalized images. 

 

     Weighted Mean Square Sub Histogram Equalization [13], we split the 

input histogram into several sub parts depending on the weighted mean and 

then apply transformation to each part individually. 

 

  Mammogram Image Enhancement by two stage adaptive histogram 

equalization [16] applies adaptive histogram equalization twice. 

 

  Linearly quantile separated weighted dynamic histogram equalization 

[17] divides the input histogram into linear quantiles, merge adjacent 

similar quantiles and then map to new dynamic range, apply power law 

function and normalize the resulting image. 

 

      In Contrast Stretching Recursively Separated Histogram Equalization 

[19], a new grey level is assigned to local and global pixels of the image. 

The histogram is then divided into sub parts recursively based on mean and 

each part is equalized independently.  

 

      This paper proposes a new technique for HE which in one hand 

enhances the image contrast and on the other hand, preserves brightness of 

the image thereby solving Mean shift problem. First our proposed 

methodology is described, followed by the experimental test results of our 

method and then the qualitative performance measures are presented in 

detail below, followed by conclusion. 
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2. Proposed Method 
 

      HE techniques in use today suffer from mean shift problem which means 
that the average brightness of the input and output images are different. 
Existing HE produces two types of undesirable end results: either it produces 
over enhancement or it doesn’t enhance contrast at all. Also, many of the 
commonly used HE techniques that exist are recursive in nature. The level 
of recursion depends on the required visual quality and is in powers of two. 
As the number of iteration increases, the algorithm becomes time complex 
which is unnecessary. Further this study has found that few of these methods 
do not utilize the entire grey level and some algorithms are semi automatic 
in nature requiring human intervention to decide on the number of sub 
histograms. Some algorithms even produce annoying artefact in the image, 
spoiling the visual quality and distorting the brightness. Also, the 
implementation of the algorithms requires complex hardware increasing the 
overall cost. 

      Our aim is to design a Correlation Based CE (CBCE) technique that 

uses a linear segmentation process. Also, it uses the entire grey level of 

image. Brightness refers to the overall lightness or darkness of the image. 

By increasing the brightness every pixel in the frame gets lighter. Contrast 

is the difference in brightness between objects in the image. Increasing the 

contrast makes light areas lighter and dark area in the frame becomes much 

darker.  

Contrast=
𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑙𝑢𝑚𝑖𝑛𝑎𝑛𝑐𝑒

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑙𝑢𝑚𝑖𝑛𝑎𝑛𝑐𝑒
                                 (2) 

Correlation shows how strongly pairs of variables are related and is given 

by 

c= 
∑(𝑥−𝑚𝑒𝑎𝑛(𝑥))(𝑦−𝑚𝑒𝑎𝑛(𝑦)

√∑(𝑥−𝑚𝑒𝑎𝑛(𝑥))2√(𝑦−𝑚𝑒𝑎𝑛(𝑦))2
                           (3) 

 The system automatically divides the image into clusters and also it 
determines the correlation coefficient and checks if it is above threshold and 
perform dynamic adaptive HE if needed and thus totally controls the level 
of contrast while preserving brightness. Hence, the visual Quality of the 
image is improved. Qualitative measures like Absolute Mean Brightness 
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Error (AMBE), Structural Similarity Index Measure (SSIM) and Entropy 
are used to compare the efficiency of the proposed method. 

2.1. Procedure 

 

     Briefly speaking, the procedure for the proposed CBCE method consists 

of the following steps. 

 

 Partition the image into 8 x 8 clusters.  

 Determine the Correlation of pixels in each cluster. 

 If the Correlation is above the desired threshold, then perform 

adaptive Dynamic HE. 

 Reconstruct the image by recombining the clusters. 

2.2. Block diagram 

        Fig. 1 shows the block diagram of the proposed CBCE method. 
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Fig.1 Block Diagram of CBCE method 
 

     In pre-processing, the image is partitioned into 8 x 8 clusters. Now HE 

is applied for all clusters that have correlation coefficient less than the 

threshold. The sub histogram is formed and the dynamic range of the 

histogram is stretched over the entire grey level of the image using adaptive 

HE technique.  Finally, the normalization step gives a yield image whose 

splendor is relatively equivalent to that of the input image. At this point, the 

image is recreated by combining the clusters followed by post processing 

formalities. 

 

3. Results  
 

      The quality and visual evaluation of the CBCE strategy in correlation 
with other vital and standard HE based upgrade techniques is exhibited in 
this section. The standard test images utilized were Lena, Peppers, Couple, 
Pirate and Zelda. 

     Fig. 2 demonstrates the visual quality impacts of the standard test images. 

 

Fig.2. Visual Quality Effects of original Images 

     The following fig. 3 shows the visual quality effects of the result images 
Lena, Peppers, Couple, Pirate, Zelda. 
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Fig.3. Visual Quality Effects of Result Images  

      The accompanying fig.4 demonstrates the visual quality impacts of the 
Zelda image acquired utilizing diverse HE procedures BBHE, DSIHE, 
RMSHE, RSIHE, BPDHE and proposed CBCE technique. 

 

Fig.4. Visual Quality Effects of Zelda Image  

   The following fig. 5 shows the visual quality effects of the Pirate image 
got utilizing diverse   HE techniques HE, BBHE, DSIHE, RMSHE, RSIHE, 
BPDHE and proposed CBCE method. 
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Fig.5. Visual Quality Effects of Pirate Image 

     Now, the proposed CBCE technique is investigated with various 
therapeutic Images to exhibit the execution of the strategy.  

     The following fig. 6 shows the visual quality effects of medical images. 

 

Fig.6 Visual Quality Effects of medical Images 

The following fig. 7 shows the visual Quality effects of resulting Medical 
images obtained using proposed CBCE method. 
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Fig.7. Visual Quality Effects of output Images  

        It was found from the visual analysis that the procedure performed well 
for medical images too. 

        The following fig. 8 shows the visual quality effects of SAR images. 

 

 

 

 

 

 

 

 

 

Fig.8. Visual Quality Effects of SAR Images 

         The following fig. 9 shows the visual quality effects of resulting SAR 
images obtained using proposed CBCE method. 

Vol 40, 2020

666

Tierärztliche Praxis

ISSN: 0303-6286



.  

Fig.9. Visual Quality Effects of output SAR Images  

     It was found from the visual analysis that the technique performed well 
for SAR images also. 

 

4. Metrics to access image quality 
 

     Irrespective of the point at which an image handling procedure like the 

image enhancement procedure is done, the nature of the resulting image is 

to be estimated utilizing qualitative performance measures. The two 

objectives namely, CE and brightness preserving are to be estimated. This 

paper utilizes three methods viz. AMBE, SSIM and Entropy.  

4.1. Absolute Mean Brightness Error (AMBE) 
 

    AMBE measures the dimension of opposition among unique and 
upgraded image. 

 E (e) AMBE= E (i)                                   (4) 

where E (i) represents the average intensity of input image and E (e) 

represents the average intensity of enhanced image.  

4.2. Entropy 
 

         Image entropy is a factual arbitrariness measure, an amount showing 

the measure of data to be coded. 

Entropy = - ∑ Pi log2Pi                                       (5) 
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4.3 Structural Similarity Index Measure (SSIM) 

     Structural Similarity Index is used to discover the closeness between two 
images. It predicts the image quality by comparing with the first image as 
reference.  

𝑆𝑆𝐼𝑀(𝑥, 𝑦) = [𝑙(𝑥, 𝑦)]𝛼 ∙ [𝑐(𝑥, 𝑦)]𝛽 ∙ [𝑠(𝑥, 𝑦)]𝛾  (6) 

Where 

𝑙(𝑥, 𝑦) =
2𝜇𝑥𝜇𝑦 + 𝐶1

𝜇𝑥
2 + 𝜇𝑦

2 + 𝐶1

 

𝑐(𝑥, 𝑦) =
2𝜎𝑥𝜎𝑦 + 𝐶2

𝜎𝑥
2 + 𝜎𝑦

2 + 𝐶2

 

𝑠(𝑥, 𝑦) =
𝜎𝑥𝑦 + 𝐶3

𝜎𝑥𝜎𝑦 + 𝐶3
 

 

where μx, μy are the local means σx, σy are the standard deviations and σxy is 

the cross-covariance for images x, y. On the off chance that if α = β = γ = 1 

(the default for Exponents), and C3 = C2/2 (default selection of C3)  

𝑆𝑆𝐼𝑀(𝑥, 𝑦) =
(2𝜇𝑥𝜇𝑦 + 𝐶1) + (2𝜎𝑥𝑦 + 𝐶2)

(𝜇𝑥
2 + 𝜇𝑦

2 + 𝐶1)(𝜎𝑥
2 + 𝜎𝑦

2 + 𝐶2)
 

 

     For subjective assessment, the accompanying table I demonstrates the 

consequences of AMBE, SSIM and Entropy on the chosen five images 

individually, where the columns correspond to the different quality 

measures and the rows relate to test images. 

Table 1. Quality Measures of Standard Images  

 

Image
 

AMBE
 

SSIM
 

Entropy
 

Lena 0.0003 0.9816 7.6180 

Peppers 0.0003 0.9853 7.3872 

Couple 0.0009 0.9871 7.1405 

Pirate 0.0004 0.9949 7.3473 

Zelda 0.0007 0.9941 7.2902 

       

      The lowest value of AMBE shows good brightness preservation and a 

good value of SSIM shows good Similarity. From table 1, obviously the 
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proposed CBCE technique gives lowest AMBE value and this shows that it 

preserves the mean brightness. High value of entropy shows that image has 

good contrast. 
 

      The accompanying table II shows the results of Absolute Mean 

Brightness Error (AMBE) on the chosen five images that of Lena, Peppers, 

Couple, Pirate and Zelda respectively, where the columns correspond to the 

various methods HE, BBHE, DSIHE, RMSHE, RSIHE, BPDHE and 

proposed CBCE method and rows correspond to the five test images. 

TABLE 2. COMPARISON OF AMBE  

Image HE BBHE DSIHE RMSHE RSIHE BPDHE 
Proposed 

CBCE 

Lena 28.92 14.40 14.89 4.80 7.26 0.01 0.0003 

Peppers 11.95 7.17 7.17 7.16 6.77 0.01 0.0003 

Couple 93.98 35.06 44.89 11.13 21.04 0.01 0.0009 

Pirate 36.68 24.82 24.22 11.26 11.53 0.03 0.0004 

Zelda 36.36 23.05 21.27 11.79 11.64 0.02 0.0007 

     As found in the table 2, the proposed CBCE strategy has the least AMBE 

value for all images and produces very low brightness error and hence is 

the best splendor saving technique among. 

 

     The accompanying table 3 demonstrates the after effects of  the 

Structural Similarity Index Measure (SSIM) on the chosen five images 

namely Lena, Peppers, Couple, Pirate and Zelda respectively, where the 
columns correspond to the various methods HE, BBHE, DSIHE, RMSHE, 

RSIHE, BPDHE and the proposed CBCE method and rows correspond to 

the five test images.  

TABLE 3. COMPARISON OF SSIM  

Image HE BBHE DSIHE RMSHE RSIHE BPDHE 
Proposed 

CBCE 

Lena 28.92 14.40 14.89 4.80 7.26 0.01 0.0003 

Peppers 11.95 7.17 7.17 7.16 6.77 0.01 0.0003 

Couple 93.98 35.06 44.89 11.13 21.04 0.01 0.0009 

Pirate 36.68 24.82 24.22 11.26 11.53 0.03 0.0004 

Zelda 36.36 23.05 21.27 11.79 11.64 0.02 0.0007 
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TABLE 4. QUALITY MEASURES OF  MEDICAL IMAGES  

 

Image AMBE SSIM Entropy 

Image 1 0.0073 0.9768 6.2040 

Image 2 0.0025 0.9882 6.1014 

Image 3 0.0036 0.9784 7.4425 

Image 4 0.0031 0.9430 7.1477 

 

TABLE 5. QUALITY MEASURES OF  SAR IMAGES  

 

Image AMBE SSIM Entropy 

Image 1 0.0008 0.9900 7.3196 

Image 2 0.0008 0.9886 5.6658 

Image 3 0.0020 0.9817 6.2657 

Image 4 0.0062 0.9882 6.4043 

Image 5 0.0376 0.9965 5.9055 

 
     From the above tables 4 and 5, it is obvious that the proposed CBCE 

technique gives lowest AMBE value regardless of the type of images and 

thus proves that this method preserves the mean brightness. High entropy 

estimates prove that the resulting image has good contrast too. 

 

     The following graph plot the AMBE values obtained for various cluster 

sizes. 
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Fig.10. AMBE plot 

 

     The following graph plot the SSIM values obtained for various cluster 

sizes. 
 

 
 

Fig.11. SSIM  plot 
 

        The following graph plot the Entropy values obtained for various 

cluster sizes. 
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Fig.12. Entropy plot 

   

      From the graphs, it is clear that cluster size of 8 is optimal for most of 

the images. 

 

5. Conclusion 
 

      The primary preferred standpoint of the proposed CBCE methodology 
is that it utilizes a linear segmentation process and non-recursive processing 
as primary techniques. Unlike other methods, it divides the image into 
clusters and hence utilizes the whole dimension of image. The image is 
segregated into clusters and the decision to perform adaptive HE is in-built, 
thus the dimensional complexity is strictly kept under control. Likewise, the 
subjective estimates like AMBE, SSIM and entropy could be used to look at 
the proficiency of the proposed CBCE technique. It is clear that by utilizing 
the proposed CBCE methodology, the least estimation of AMBE and the 
most noteworthy qualities of SSIM and entropy are accomplished. AMBE 
estimate at lower end indicates that the proposed CBCE methodology 
preserves brightness. SSIM and entropy estimates at higher end indicate that 
better upgrade has been accomplished without influencing the data coded in 
the image. Thus, the proposed CBCE strategy achieves CE of the image 
while maintaining the input mean brightness by solving the mean shift 
problem. 
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