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Abstract

In this paper, an efficient contrast enhancement algorithm using weighted histogram modification is proposed. For
contrast enhancement, histogram equalization (HE) and histogram stretching (HS) are effective techniques. However, HE
and HS may have excessive contrast enhancement. Proposed method using weighted histogram modification produces
better natural and enhanced results than those of conventional contrast enhancement methods without artifacts.

Keywords : histogram, equalization, modification, contrast enhancement.

I. Introduction

Recently, providing enhanced image is a crucial
in services such as DMB, HDTV, video
conference, and mobile network. Especially, contrast

role

enhancement is an important one of image processing
applications, Various images may not reveal the
Contrast
enhancement eliminates these problems and obtains
enhanced and natural images.

details and may have unpleasing looks.

Many confrast enhancement algorithms

proposed to improve the quality of an image.
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Algorithms can be categorized into two groups as a
global contrast enhancement (GCE)"**5 and a
G5 GCE use a
single mapping function and LCE use a local
Although, LCE
increases contrast directly on a pixel, this method

local contrast enhancement (LCE)

mapping function, respectively.
suffers artifacts such as ring artifacts. Thus, we
focus on GCE for preserving natural looking without
artifacts.

Histogram equalization (HE) is one of the most
L1 yE
stretches the contrast of the high histogram region

popular contrast enhancement techniques

and compresses the contrast of the low histogram
region. This technique is simple and effective, but it
produces excessively enhanced and unnatural images.

Thus, various methods have been proposed for the
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limiting. Bi-histogram equalization was proposed to
reduce mean brightness difference™. This method
separates one histogram into two histograms with
mean intensity and equalizes independently. Dualistic
sub-image histogram equalization was aiso proposed
as a similar method. It separates the histogram at
the median gray level instead the mean. These
techniques usually have better performances than that
of the basic HE. However, they have the same
limitations of HE and cannot adjust the level of
enhancement. Thus, they may produce unnatural
Images.

Another unconventional approach based on the
histogram has been proposed. Gray-level grouping
(GLG) groups histogram bins and then redistributes
these bins uniformly over the gray scale, iteratively
B GLG can adjust the level of enhancement.
However, mean brightness is changed and the
approach cannot be used in the video sequence
playing.

One of the famous image enhancement techniques
is histogram stretching (HS)®®. The technique
stretches histogram maps to darker and brighter.
However, because of limitation of adjusting stretching
level, the method creates artifacts with loosing details
of white and black regions.

Existing various contrast enhancement techniques
usually perform well. However, they have still have
limitations and cannot obtain a natural looking in the
certain classes of images. Our purpose of this paper
is to obtain a natural and enhancement method with
low computational complexity

The contributions of our proposed method are:

To apply automatically in a various images
To describe simple operation method

In the next section, the existing contrast
enhancement techniques will be described. In the
Section HI, the proposed method using weighted
histogram modification is explained. Then, simulation
results are presented in Section IV. Finally, the
conclusion is presented in Section V.
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II. Existing Techniques

Histogram based contrast enhancement techniques
are widely developed and used. We introduce the
conventional histogram equalization and stretching.

A. Histogram Equalization (HE)

HE flattens and stretches the dynamic range of the
image’s histogram'™. Thus, it obtains overall contrast
enhancement. However, it may significantly change
the brightness of the input image. In HE, the
transformation function 7Y(z)
following equation.

is given by the

T(z)= (25—1) { :Eopmw.sj 1

where L is the number of bits used to represent the
pixel value, k€ [0,2°— 1], and z is the input pixel
of level k. The normalized histogram p(z) of an
image gives the probability density function (PDF) of
its pixel intensities. Thus, the cumulative density
function (CDF) is obtained from the sum of plj].
The transform function for mapping is a scaled
version of the CDF.

A general framework based on histogram
equalization (FHE) was also proposedlg]. The method
is implemented given in

H=((1+ M I+sI® " (H+ D), 2)

where H is modified histogram, H is input
histogram, IZ is a diagonal matrix, /%(i,s)=1 and
U is uniformly distributed histogram. A is the level
of contrast enhancement, and s is black and white
stretching level. However, this method has limited
contrast enhancements because of not considering

various contrasts in the image.

B. Histogram Stretching (HS)

Histogram stretching is simple but effective
technique which is widely used® ™. HS makes dark
pixel darker and bright pixel brighter. Thus, it
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enhances the contrast of the image. HS can be
implemented by the linear mapping as follows:

T X fy z< B,
T(x)z{xx T (z) B, <z < B, (3)
B,+(x—B,)xf, B,<z

where B, is the maximum gray level to be stretched
to black and B, is the minimum gray level to be
stretched to white. f,, f, are compression factor.
T (z) is a linear stretching function. However, HS
also has limitations as HE, cannot adjust the level of
enhancement. Thus, HS could obtain unnatural

images.
Ill. Proposed Algorithm

In this section, a weighted histogram modification
method presented. We propose weighted
modification of input histogram according to various
contrasts based on FHE,

The procedures of the proposed method are as
follows.

is

1) Obtain sub-histogram: Generate sub-histograms
H,,...,H,._, from mnput histogram H according to
various contrast which is an absolute value of a
horizontal two-lagged difference operation as shown
in Fig. 1.

2) Modification: Modify sub-histogram as follows.

(4)
where o/(24~1) and (2*—1-a)/(2"—1) are
weights of histograms. H, is sub-histogram and 3" is
weight for the level of contrast enhancement according
U is uniformly distributed
is normalized by dividing the total
count of 7th sub-histogram. Then, we get normalized

to the difference value 1.
histogram. H;’

sub-histogram H, with the range [0,1].

3) Stretching: black and white stretching of each
modified sub-histogram.

4) Histogram equalization: Equalize each modified

ERN N 47 A EHAI=E
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1. Generation of sub-histograms.

Fig.

sub-histogram and get the enhanced value by the
sum according to the probabilities given in

26—1 o

2L —1) Z S Hj)xp,+05

=0j=0

)= (5)

where z and y are input and output values,
respectively. H[j] and p, are the histogram and the
probability of the ¢ difference value, respectively.

1V. Experimental results

In this section, the proposed algorithm and existing
algorithms (HE"”, FHE”, and Histogram Stretching
HS)®) are simulated on several images, and the
results are compared. In our proposed method, the
weights «, (3 are set to 7 which is the difference
value. v is the weight for the level of enhancement.
For comparison, black and white stretching points
B,, B, are set to points of 0.01 and 099 curmiative
probabilities. In Fig. 2, we show enhanced images
with different ~ values.

Subjective assessment is used to compare contrast
enhancement techniques. Additionally, we use the
following quantitative measures such as Standard
Deviation (STD), contrast factor ¢, ' which is the
average of difference values between the reference
pixel and its neighboring pixels as explained given in

Ci’j— Z 1}I+|x

1+|w

1
Z(|37i,j Ty 1,jl

+ ;=

(6)

J—l g+1‘)'
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S=max, ;. AT @)— T G—1)}

Also, we use a new contrast measure Contrast Ratio
T 'G)=min{j: T() =i}

(CTR)™ given by

C(s)= . <Z< ijsj CTR= %

where p;,s;

HYZ 2|

)

are the probability and increment of

m, (d) y=2

32 2. lena ¥4 23l () YA, ) HMotsh 2np|Fo sAE FMOR 4=0d O, (0 y=1¢¥
dm (e y=3¢ o
Fig. 2. Results for Lena image. (a) Original image, (b) enhanced image using the proposed algorithm with v =0, (o)

with y=1, (@) with y=2, (e) with v=3.

(151)
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Fig. 3. Results for Arplane image. (a) Original image, (b) enhanced image using HE, (¢} FHE, (d) enhanced image
using HS, {e) enhanced image using the proposed algorithm (v = 2),

T8 4. Baboon EA HEL (o) HEY, () Mot
v=2% O, (6) y=23¢

Fig. 4. Results for Baboon image. (a) Original image, (b) enhanced image using HE, (¢} FHE, (d} enhanced image
using HS, (e} enhanced image using the proposed algorithm (v = 2).

ok

Fotna|ses ShAtE datez 4=09 O, ¢ y=1¢ o,

gray level j. s is (sq, 81,...,8,_1). T is the transfer Fig. 3 and Fig. 4 show the original test images

function. and their corresponding contrast enhanced images.
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HE has the best transformation results of the
dynamic range of the pixel values. However, this
often does not obtain natural images with artifacts. In
Fig. 3(b) and Fig. 4(b), these situations are observed.
On the other hand, FHE, HS, and the proposed
algorithm generate natural images. However, the
proposed method shows better clear and enhanced
images than those of FHE and HS.

Comparison results of gquantitative measures are
showed in Table ! and Table 2. HE and HS have
better c; ; results than those of the proposed method
in Table 1. However, there are artifacts and the mean
values of images are more changed than those of our
method. These show that HE and HS are not
applicable to video applications. As shown in Table 2,
our method has better STD contrast results than

1. MW FH, ci ;2 o
Table 1. Quantitative Measurement Results. average of
€
Image HE | FHE | HS | Prop. | Prop. | Prop.
(y=2} | (v=1) | (~=0)

Amlane | 11.35| 640 783 773} 683 607
Baboon 2080| 1856 2200] 2597 2343 17.18
Lena 8711 583 748] 678, 645 568
Pepper 1013} 7.12| 882 811 758 687
Average | 15.00] 949] 1148 1215] 11.08] 895
E 2 HEHQ FH SO
Table 2. Quantitative Measurement Results. STD.

Image HE | FHE | HS | Prop. | Prop. | Prop.

(v=2) | (=1) | (v=0)

Airplane | 74361 52.15| 64.77| 59.45| 55581 5267
Baboon 73731 45601 5395| 6577 5792 48.12
Lena 7360| 4968 5348] 59.45] 5429 50.03
Pepper 7350 54.66| 5631| 63.06] 5834| 5562
Average | 7380] 5055| 57.13| 61.93] 5653| 5161
E 3 M BH, CTR
Table 3. Quantitative Measurement Resulis. CTR.
Image HE | FHE | HS | Prop. | Prop. | Prop.
. (v=2) | (v=1) | (v=0)
Airplane 0171 059 00B8| 1t37] 1.16] 1.16
Baboon 011} 083 006| 038] 04| 056
Lena 023 069 012} o062] 112 105
Pepper 044) 059 0177 155 125 123
Average 024 069] 0.10{ 098] 09 100
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those of FHE and HS. Using new contrast measure
CTR, we show our proposed method has higher
contrast enhancement than HE, FHE, and HS in
Table 3. Results show that our proposed algorithm
has better contrast enhancement than the existing
methods.

V. Conclusion

We proposed a contrast enhancement method using
weighted histogram modification. It obtains visually
enhanced images without artifacts.

Proposed method wusing weighted histogram
modification enhances image’s contrast according to
the contents. Also, we could adjust enhanced level of

the input image.

Experimental results show the proposed method
has better performance than those of the conventional
methods.
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