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Abstract—The classical histogram equalization algorithm is
not perfect in its over extending low gray layers, which
produces over emphasized images and in its weakness in
changing gray level, which leads to the lost of details in
image. For enhancing the algorithm, the paper introduces an
adaptive equalization algorithm that involves the process of
dealing with image by using classical histogram equalization
before mapping the image by linear function so as to ensure
a large gray area for brightness adjustment. In order to
verify the actual effect of this improved algorithm, arrange
targeted experiments . The experimental results show that
the image processed by improved algorithm has better
contrast than original image. At the same time, also make
the details of some of the background had better retention
and well restrain the phenomenon of over-stretched. By
comparison, the enhanced algorithm is highly adaptive and
it can effectively improve the classical algorithm in terms of
image contrast and visual effects.
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I INTRODUCTION

Gray-scale transformation is an important means to
image enhancement in digital image processing™ the
principle is to change the distribution of gray levels of the
original image by using a variety of function
transformation , then we can achieve the desired treatment
effect . Using the histogram equalization algorithm is an
important means to achieve gray scale conversion
Histogram equalization is an common method for image
processing, it is the basic for image
enhancement ,compression and recognition Using
histogram equalization can make the image which has
smaller gray level ranges distributing uniform®* | this
algorithm can also be achieved to enhance the image, to
improve the overall contrast and achieve better visual
effect . Nevertheless, there are some shortcomings to the
classical algorithm , these mainly reflected the following
aspects : (1) Overstretching , in particular, the original
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image having more pixels of the gray level is excessively
enhanced, while also increasing the noise. (2)Losing some
details , image pixels having a gray level less are
combined in the transform , thus leading to some of the
edges and details of the image are missing .(3) Lack of
adaptive mechanisms can not achieve on-demand
processing, image transformation is not conducive to the
realization of automation . In order to solve the above
problems, this paper proposes an adaptive equalization
algorithm, and can achieve better treatment results .

Il.  THE PRINCIPLE OF HISTOGRAM EQUALIZATION

ALGORITHM

Histogram refers to the probability density distribution
of each gray level in the image”® , the gray dynamic
range of image after histogram equalization treatment can
increase , thus enhances the image contrast.

Set I' represents the gray image to be processed, its
value is[0,L-1], andr =0 represents black, r =1indicates
white. Set s represents the gradation-converted,
T(r) represents the transformation function, then the
following equation as'"’:

s=T(r),0<r<L-1 (D

(1) need to satisfy two conditions: (a) T(r) is a
monotonically increasing function on the interval r .(b)
when 0<r<L-1,then 0<T(r)<L-1.

Let p.(Nand p.(s) denote the probability density function
of I and S, then

p.(9) = P, (N @
Assume S:T(r):(L—l)J'Or p, (w)dw (3)
Then s _dT()_ . ndfp =(L- (4)

S B0_ -y 2 b |- L-1p,0)

(4) is substituted into the formula(3)formula was:
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ps(s) = pr(r)‘(L—l)pr(l’)‘ “ 1.1

Where 0<s<L-1 (5)

(5) shows that obtained by the transform probability
density function p is a uniform distribution function, Its
function diagram is shown in Fig .1:
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Figure 1. The function diagram of p_(s)

For digital image processing, since we are using a
discrete value, so we can use probability values,
respectively, the cumulative summation alternative
probability density function and integration. The

Probability of the image gray level r, appear js[8-101-
Ny

r)= , k=0L2AL-1 (6)
pr( k) MN

Where MNis the total number of pixels in the image, n,
is the number of pixels of r , L is the number of gray

levels of the image . In this paper, we using an 8-bit image
that is L = 256 , The graph p,(r) is the histogram of
image . The corresponding formula (3) in the form is:

5 =T =(-0%p () =D 5,

k=012AL-1 (7
Where k represents the gray levels of the digital image,
n; represents the numbers of pixel on the gray layer of
image, Transform  T(r) is called histogram
equalization™.

Now through a simple example to illustrate the
principle of histogram equalization. Suppose a size of 3
bits 64*64 image (L=8) of the gray level as shown in
Table 1[10].

TABLEI  THE SIZE OF THE 64*64 PIXEL GRAY LEVEL DIGITAL IMAGE

DISTRIBUTION
T Ny p.(r)=n,/ MN
0 790 0.19
1 1023 0.25
2 850 0.21
3 656 0.16
4 329 0.08
5 245 0.06
6 122 0.03
7 81 0.02

The histogram equalization transform function value
using the type (7), as follows:

0
S0 = 72 pr(rj) = 7pr (rO) =133
j=0

1
S =7 p.(r;)=7p,(r,)+7p,(r,) =3.08

j=0
Similarly, there is s, =4.55,s, =5.67,5, =6.23,

s, =6.65,5,=6.86, s, =7.00.

Because the value of S is produced by accumulating for
probability values , therefore it should be approximately
closest integer, These are the values of the histogram
equalization :

s,=1.33>1,5,=3.08 53,5, =455 5
s,=5.67 56,5, =6.2356,5 =6.65>7

S, =686—>7, s,=700—>7

It can be seen from (6) that, p, (ry) gave a
estimate for the probability of occurrence in a gray level
image. In other words, the histogram shows the
distribution of gray value. We can change the shapes of
the histogram to enhances the image contrast. This
method is based on probability theory.

Histogram equalization is one of the most common
methods. Fig .2 to 5 are the images of different effects and
its corresponding histogram.

Figure 2. Dark image and its histogram
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Figure 3. bright image and its histogram
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Figure 4. low dynamic range image and its histogram

Figure 5. normal image and its histogram

It Can be clearly seen by comparison, gray level range
in the dark image is very narrow and mainly concentrated
in the low gray level; gray level range in the bright image
is mainly concentrated in the high gray level; For the
same reason, gray level range in the grey image is mainly
concentrated in the middle gray level because of the
narrow range of gray level and the small dynamic range;
The normal image, which has a large dynamic and
distributed homogeneously range gray level, could clearly
be showed in detail and well enough of contrast.

Based on this theoretical analysis, which we have
analyzed above. Histogram equalization can achieve the
purpose of image enhancement by histogram processing.
The basic idea of this method is to transform the
histogram of original image into uniform distribution. The
method could increases the dynamic range of the pixel
gray level values and achieve the purpose of enhancing
the overall effect of image contrast.

Il.  IMPROVING HISTOGRAM EQUALIZATION

ALGORITHM

Because the histogram theory come from continuous
function , but the digital image processing is discrete
values, which Easily lead to get an approximation value
when in the histogram transformation. So these Can
easily lead to the quantization error and some of the low
gray level of images are merged, so cause to Loss some of
gray information of the image . To overcome the above
reasons brought defects, many scholars proposed
correction algorithm, As the literature [3] algorithm is
more complex, [5] algorithms are not flexible, need to
histogram specification or Computationally intensive, etc.
When performing histogram equalization, Since the
amounts of pixels in image low gray layer are so much
that cause to combine into a higher gray level. In order to

1318

achieve the desired results, this paper made the following
improvements:  First, process the image histogram
equalization, Then all the pixels of the processed image
was transformed by a special function, Finally, adjust the
brightness compensation coefficient, So that the image
having high contrast. The special function like this:

(L_l)_axmin
T, :m(xk_xmin)+axmin
Where K=012AL-1"0<a<1 €))

Where T, isa gray value after the conversion of the
final image, X,,and X__ are the minimum and maximum

values respectively, after the first image equalization ,
X, is a pixel gray value; & is the brightness adjustment
coefficient. the coefficient @ can be appropriately
adjusted so that the image having a good contrast. In order
to make the improved algorithm has better adaptability, |
control the value of & by the slider using MATLAB
GUI technology, Use the slider to slide dynamically
observation image visual effect. Through a lot of
experiments , the phenomenon of low gray layer
combined Can well be control when ¢ = 0.3.At the same
time, it can better show the details of the original image ,
reduce the excessive stretching and loss detail
information and others .then we can set « =0.3 as the
brightness adjustment coefficient. Thus, the improved
algorithm can not only greatly reduce the amount of
computation but also easily to implement.

min

IV. EXPERIMENTAL SIMULATION AND ANALYSIS

MATLAB 10 is used to simulate in this paper, For
some low gray scale image, using improved algorithm to
achieve image enhancement, and analyzing the results
about processing , to be compared with the results of
traditional histogram equalization processing. Original
image and its histogram are shown in Fig .6.

(@ )

Figure 6. Original image and its histogram

Fig .6 (a) is the image, which gray level distribution
presents high in middle part and low at both ends. Fig .6
(b) is its histogram. As can be seen from Fig .6 (a), the
image contrast of the background and characters is not
obvious. Some background information is not clear. The
main reason is the fewer number of pixels in the low gray
level at both ends. The distribution of histogram is uneven.



Image after histogram equalization and its histogram are
shown in Fig .7.

(@ (b)

Figure 7. Image after histogram equalization and its histogram

Fig .7 (a) showing effect after classical histogram
equalization , Fig .7 (b) is the corresponding histogram.
From (a) can be seen brightness and contrast of the entire
image has been significantly improved, But the
phenomenon of over-stretched and lost some of the details
was occurred. Through the histogram analysis we can find
the reason for this phenomenon , Low gray level image
both ends have emerged over consolidation and improve
other phenomena, so that the distribution of the middle of
the high gray layer is too fragmented, leading to some of
the details were too stretched and lost. Image processed
by self-adaptive algorithm and its histogram are shown in
Fig .8.

@) (b)

Figure 8. Image processed by self-adaptive algorithm and its histogram

Fig .8 (b) is the corresponding histogram. It Can be
clearly seen by comparison, the image processed hy
improved algorithm has better contrast than original
image. At the same time, also make the details of some of
the background had better retention and well restrain the
phenomenon of over-stretched. Through the histogram
contrast can be found, the pixel gray level distribution is
close to uniform distribution, to achieve a balanced
treatment of the objective.

V. CONCLUSION

Experimental results show that the improved adaptive
histogram equalization algorithm in this paper can make
up the shortage of the traditional histogram equalization
processing. By comparison, the enhanced algorithm is
highly adaptive and it can effectively improve the
classical algorithm in terms of image contrast and visual
effects.

ACKNOWLEDGEMENTS

This work was financially supported by the National
Natural Science Foundation of China (61163034,
61373067), the Grassland Excellent Talents Project of
Inner Mongolia Autonomous Region ( 2013 ) , the
supported By Program for Young Talents of Science and
Technology in  Universities of Inner Mongolia
Autonomous Region(NJYT-14-A09), the Inner Mongolia
Natural Science Foundation(2013MS0911), the 321
Talents Project the two level of Inner Mongolia
Autonomous Region(2010), the Inner Mongolia talent
development fund(2011),and the Scientific Research

Foundation of Inner Mongolia University For
Nationalities(NMD1231)
REFERENCES

[11 HU Qiong, WANG Ronggui,HU Weiwei,YANG Wanting. Color
Image Enhancement Based on Histogram Segmentation[J]. Journal
of Image and Graphics,2009,14(9):1776-1781.

[2] LI Guanzhang,LUO Wusheng,LI Pei. Color Image Enhancement
Based on Visual Characteristics of Human Eyes[J]. Opto-
Electronic Engineering,2009,36(11):92-95.

[31 Yoon Byoungwoo,Song Woojin.Image Contrast Enhancement
Based on the Teneralized Histogram[J].Journal of Electronic
Imaging,2007,16(3):033005-033005-8.

[4] GONZALEZ RC,WOODS R EEDDIN S S L. Digital Image
Processing using MATLAB [M].Beijing: Publishing House Of
Electronics Industry,2004.

[5] Zzhang Yi,Liu Xu,Li Haifeng. Adaptive Image Histogram
Equalization ~Algorithm [J].Journal of ZhelJiang University
(Engineering Science) .2007,Vol. 41 No.4.

[6] Rafael C. Gonzalez, Richard E. Woods. Digital Image
Processing(Third Edition)[M].Ruan Qiugi, translation. Beijing:
Publishing House Of Electronics Industry,2011.6:72-77.

[7] Wang Qi-wei. Research on image histogram feature and its
application[D].University of Science and Technology of
China,2014.

[8] Ruan Qiugi. Digital Image Processing [M]. Beijing: Publishing
House Of Electronics Industry,2001.

[9] Castleman Kenneth R. Digital Image Processing[M].Zhu Zhi-gang,
translation.Beijing: Publishing House Of Electronics Industry,1998.

[10] Zheng Yongguo. Research and Implementation on image
enhancement methods [D]. Shandong University of Science and
Technology,2005.

1319


http://product.dangdang.com/23402194.html#ddclick?act=&pos=23402194_1_1_p&cat=01.00.00.00.00.00&key=%B8%D4%C8%F8%C0%D7%CB%B9&qinfo=&pinfo=33_1_60&minfo=&ninfo=&custid=&permid=20141109123037995282227520810435863&ref=http%3A%2F%2Fproduct.dangdang.com%2F21095911.html&rcount=&type=&t=1415507481000&ver=G



