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Abstract
The intensity histogram gives information which can be used for 
contrast enhancement. Histogram Equalization is used in many 
image processing applications such as medical applications, space 
applications, biological sciences etc. The histogram equalization 
could be flat for levels less than the total number of levels. This 
could deteriorate the image. This problem can be overcome various 
techniques. This paper gives a comparative of the Bi-Histogram 
Equalization, Recursive Mean Seperated Histogram Equalization, 
Multipeak Histogram Equalization and Brightness Preserving 
Dynamic Histogram Equalization techniques by using these 
techniques to test few standard images. The method of bi-histogram 
uses independent histogram over two separate subimages. 
The method of recursive uses several subimages. Multipeak 
Histogram Equalization detects the peaks in the histogram and 
the subimages are formed based on the number detected. The 
Brightness Preserving Dynamic Histogram Equalization improves 
contrast while it maintains the brightness of the image. We shall 
compare the results through the metric parameters of absolute 
mean Brightness error and peak signal to noise ratio.
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I. Introduction
The information extracted from image intensity histograms play a 
role in image processing areas such as enhancement, compression, 
and segmentation. The image enhancement involves changing the 
pixel’s intensity so that the final image looks better. A commonly 
used technique for enhancement is the Histogram Equalization 
(HE). The result of equalization is an image with increased dynamic 
range which will have a higher contrast. The transformation 
function is the Cumulative Density Function (CDF). However 
the histogram equalization tech may change the original brightness 
of the input image which deteriorates the image. This is because 
mean brightness of the image approaches the middle gray level 
irrespective of the mean of the input image. This quality of an 
image can be improved by using the mentioned techniques. The 
techniques improve the contrast while trying to maintain the 
brightness of the image. In Bi-Histogram Equalization technique 
(BBHE) [6] the mean of the intensities of input image is found Two 
subimages [2]  are equalized independently one from minimum 
to mean value and the other from mean value to the maximum 
value. In Recursive Mean Separate Histogram Equalization 
(RMSHE),the mean based histogram segmentation is done more 
than once, recursively. As the histogram segmentation increases 
the output image’s mean brightness converges to the input image’s 
mean brightness. The RMSHE enhances the image contrast as 
well as preserves the image brightness. The Multipeak Histogram 
Equalization (MPHE) divides the histogram into subsections based 
on the local maximums or peaks. Each subsection of the histogram 
is then independently equalized. In Brightness Preserving Dynamic 
Histogram Equalization (BPDHE)[4], the subsections are formed 
similar to the MPHE. The subsections of the histogram are mapped 

to a new range so that the average brightness is maintained in the 
output image. 
The bi-histogram technique and its analysis.
Let Xm be, the mean of  the  irnage  X and assume that Xm, 
€ {X0,X1,...., XL-1} the mean. The input image is decomposed into 
two subimages XL and XU
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The subimage XL is composed of {X0, X1 ,. . . , Xm,} and the  other 
subimage Xu is composed of { Xm+1,…….., XL-1}. The respective 
cumulative density functions for {X}L and {X}u are then defined 
as
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 Equalize the two subimages over the two ranges X0…. Xm,  and 
Xm+1 ….    XL-1.  Thus the entire range is covered.
In order to qualitatively see the effects of equalization the following 
test image was  applied .
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Histogram 1

The equalized image using the BPBHE as in fig. 2, shows a vast 
improvement in the contrast of the image.

    
Fig. 2:

Histogram 2

There can be seen a improvement in the mean brightness of the 
equalized image. The profile is  mpre pronounced.

III. The Recursive Mean  Separated Histogram Technique 
and its Analysis
The recursive technique decomposes histogram [8], using the mean 
value or the median. The RMSHE, divides the input histogram 
H(X) recursively up to some specified  recursion level r, thus 
generating 2r sub-histograms. It produces two segments based 
on the mean value .Consider one of the segmented histogram 
Ht(X) defined over gray level range [Xl, Xu]. The mean XM1. the 
sub-histogram Ht(X) is computed by using 

Xt
M = . ( ) / ( )u u

k k
k p K p K∑ ∑ . 

Based on the computed mean Xt
M , the histogram Ht(X) is then 

divided into two sub-histograms Ht+1 L(X) and Ht+1  U(X) for the  
next recursion level t+1, where, Ht+1 L(X) and Ht+1 U(X) are the 
two subsections of the segmented histogram. According to the 
specified recursion level r, the histogram generates subhistograms 

Hence when r=2. We have four subsections of the histogram.
Each subsection is normalized .as the probability density function 
gives a sum greater than one. The normalized subsections are 
then equalized. The equalized four subsections are then combined 
together to give the equalized image. The fig. 3, below shows the 
equalized image where the recursive level chosen is two.

Fig. 3(a)

Histogram 3(a)

In case of RMSHE we can see that the brightness of the equalized 
image is nearly similar to the of the input image and at the same 
time there is an improvement in the contrast of the image. The 
RDSIHE is another technique.
In which instead of making subimages based on the mean value 
of the input image, the median value is considered for making 
subimages. This gives a better contrast as compared to the RMSHE. 
The equalized image and the histogram is  shown in fig. 3(b).

Fig. 3(b): 
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Histogram 3(b)

IV. The Multipeak Histogram Technique and Its 
Analysis
The Multipeak Histogram Equalization technique also divides 
the histogram into subsections similar to that in RMSHE. In 
RMSHE however deciding the recursive level r is very important. 
A large value or r will not have any effect on the contrast of 
the image. In case of MPHE the histogram is first smoothed by 
the averaging filter or the one dimensional Gaussian filter. From 
the smoothed histogram the local maximums are found out The 
number of subsections formed will be decided by the number of 
local maximums detected.. If the local maximum detected is one 
then we have two sections with the first section covering the range 
from (min …local_max) whereas the second section will cover 
the range from (local_max …max). Each subsection is normalized 
since the PDF sum is greater than one. The subsections are then 
equalized independently. The subsections are then combined to 
form the equalized image. The fig. 4, show the equalized image 
using MPHE technique.

Fig. 4:

Histogram 4

In this equalized image we can see a  improvement in the contrast. 
The profile lines are distinct. we can see the distinct shades  in 
case of the hair of the figure. Also the brightness of the image is 
found  not to be good.

V. The Brightness Preserving Dynamic Histogram 
Technique and  Its  Analysis 
The Brightness Preserving Dynamic Histogram Equalization 
is an extension to HE that can produce the output image with 
the mean intensity almost same as that of the input image .The 
method partitions the histogram based on the local maximum of 
the smoothed histogram. Before equalization the mapping of each 
partition to a new dynamic range is done. Then the normalization 
of output intensity is done so as to give the average intensity same 
as that of the input. The dynamic histogram equalization is done 
in five steps. First the histogram is smoothed using the averaging 
filter or the one dimensional Gaussian filter.
Smooth the histogram with Gaussian filter. The local maximums 
are found from the smoothed histogram.  This is done by taking 
the derivative and the detecting the point where four successive 
–ve signs are followed by eight successive +ve signs. The number 
of sections formed will depend on the number of peaks detected. 
Each of the subsection is mapped to a new dynamic range. Each 
section is equalized separately. For equalization the transform 
function
Y=startrange1 +(endrange2  -- startrange1  )*                         
df(value)

Normalization could shift the mean brightness of the output image.
So to keep the average brightness of the output image same as 
that of the input image the transform equation g(x,y)=(Mi/Mo)
f(x,y). where g(x,y) is final output image and f(x,y) is the image 
just after equalization.
The image as in fig. 5, gives the equalized image usimg the BPDHE 
technique.

Fig. 5: 

Histogram 5 

The equalized image has a brightness which is same as that of 
the input image. The contrast is improved but not as much as 
compared to  the other techniques seen till now.
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VI. Comparison of the Equalization Techniques
The performance of the histogram equalization techniques as 
described previously can be measured using the quantitative and 
qualitative parameters. The qualitative assessment is to judge if 
the output image is visually acceptable to human eyes and to find 
whether the output image has a natural appearance. Absolute  Mean 
Brightness  Error (AMBE), Peak Signal-to-Noise Ratio(PSNR), 
and entropy are the quantitative metrics .
1. Absolute Mean Brightness  Error is used to assess the degree of 
brightness preservation .It is calculated using the equation as 
AMBE(X, Y) = |XM - YM|
Where, XM  is the mean of the input image X = {X(i, j)} and YM 
is the mean of the output image Y = {Y(i, j).
A small value of AMBE indicates a better brightness preservation 
in the output image . Hence  small AMBE is the requirement using 
the equalization techniques.
2. Peak Signal to Noise Ratio is used  to quantitatively assess the 
degree of contrast enhancement.
PSNR=10 log10 (L-1)2/MSE, where, MSE is the mean squared 
error. A large value of PSNR indicates a good contrast enhancement 
in the output image.
3. Entropy also gives the quantitatively assessment of  the degree 
of contrast enhancement. the entropy is a useful tool to measure 
the richness of the details in the output image.
Ent[ p]= Σ  p(k)log2 p(k).

Table 1:
Metric 
Parameter BBHE RMSHE MPHE BPDHE

AMBE 4.2960 0.1952 7.9761 0
PSNR 30.1157 32.2916 24.5331 24.4065

From the table we can observe that the RMSHE has a low AMBE 
value .which indicates a brightness level in the output image which 
is similar to the input image .Also it has a high value of PSNR  
which indicates enhancement in the output image.
The BPDHE gives a brightness level in the output image same 
as that of the input image but the contrast of the image is less 
improved as compared to RMSHE..
The BBHE gives good enhancement but the brightness of the 
output image has detoriated.. 

VII. Conclusion
The ultimate goal behind the BBHE is to preserve the mean 
brightness of a given image while enhancing the contrast of a 
given image .This technique separates the histogram into two 
using the mean of the intensities of input image.The  RMSHE 
equalizes subimages which are formed depending on the recursion 
level. Here we kept r=2. This value of r is found to give good 
enhancement. The MPHE equalizes the images independently 
where  these subimages are formed depending on the number of 
maximums. The BPDHE  is a technique which gives enhancement 
and also tries to preserve the brightness of the image.
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