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Abstract

An amalgamation of a new technique and an old fegclen is
presented in this paper for the purpose of bettdraecement of
contrast and brightness preservation of low conhtrgsyscale
segmented images. The proposed technique is narsetiyper
Geometrically Modified Absolute Mean Bi-Histograngualization
(HGAMBHE). The basic idea of the proposed methotbisegment
the histogram of the image based on Hyper Geometnuoulative
distribution function (CDF). Then the segmentedtdgsam of the
image is divided into two parts based on an avepag#& with respect
to Hyper Geometric CDF. A standard value of aboymliad
distributive function is taken for the calculatioh absolute modified
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mean (AMM) and peak signal to noise ratio (PSNRas&l on
absolute modified mean value of the histogram, utatons of
different parameters to determine the brightnesssgswvation and
contrast enhancement are done. This proposed méshémlind to
provide more accurate and realistic results.

1. Introduction

The main objective of enhancement is to processrage so that the
processed image can have finer details than thatheoforiginal image for
certain specific applications. Contrast enhancemewthod, a wider
dynamic range in image processing, is widely in #fstogram equalization
is a well-known contrast enhancement techniquetduts performance on
almost all types of image. Generally, histogram adigation can be
categorized into two main processes, viz., glodatogram equalization
(GHE) and local histogram equalization (LHE) [1]hel computational
complexity of GHE is comparatively low, making GH&nh attractive
technigue in many contrast-enhancement applicatibing major drawbacks
of global histogram equalization (GHE) are thatannot adapt the local
information of the image and preserve the brightngfsthe original input
image. In contrast, local histogram equalizatiorHE]) uses a sliding
window method, in which local histograms are coredutfrom the
windowed neighborhood to produce local intensitigs remapping each
pixel in the chosen window. The intensity of thegbiat the center of the
neighborhood pixel is changed according to thellmdansity remapping for
that pixel [7]. There are different methods of bdggam equalization in
image enhancement techniques [4]. Histogram equigiz is used to
equalize and often used in different field by pssieg satellite images or
X-ray images (Medical Imaging). Histogram equali@atalso produces
gradient images with respect to the low color depitne graphical
representation includes gray level and number xdlgi If the color depth of
an image is very high, then histogram equalizafioavides best output
result. That means that more number of data imageof the high color
depth images [1, 9].
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Proposed method is based on Hyper Geometrical Nadibn
(HGAMBHE) which is found to provide more advantagespared to other
existing histogram equalization techniques. In phesent paper, histogram
[8] of test images is segmented in different pavith respect to the gray
level and Hyper Geometric CDF. Then the averageegbf each gray level
are considered to calculate the absolute modifiermvalue and other
parameters to get the output processed image. Td@oged technique is
found to provide more accurate result and presémwdrightness as well as
contrast compared to other existing histogram ésgtédon techniques [11].

2. Related Research Work
There are different histogram equalization techesquAmong them
histogram equalization and bi-histogram equalizatice related to work [2].

2.1. Histogram equalization

Histogram equalization process is used to equdafieehistogram of an
image, i.e., equalize the color depth. These metisedk to adjust the image
to make it easier to analyze or improve visual iqu§b].

Let X ={X(i, j)} animage composed bfdiscrete gray levels denotes

as,
X = {Xo, Xl! . XL—l}' (1)
If the image is given by the skt the function of probability density is

nZ

pxz) = @

where,Z = 0,1,...,L -1, nz, the number of times at the levil,.

Hence,A is the input imagé, n is the total number of samples in the
input image, p(Xy) is associated with specific intensityX,) by

representing the number of pixel with respect ®histogram.

The CFD (Cumulative Density Function) is defineddxd on PDF is as
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given below:
4

()= > p(X;), ®)
j=0
where,Z = 0,1,...,L -1

HE is a scheme that maps the input image into itieeedynamic range
(Xg, X|-1) described by using the cumulative density func{@DF). A

transformation functionf (x) is based on the CDF defined as,

f(x) = Xo + (X -1 = Xg)c(x). (4)

Then the output image of the HE,= {Y(i, j)} can be expressed as,
_ X(i, j)
y = f(x)f{DX(i, f)DX}. (5)
2.2. Bi-histogram equalization

The histogram of the original image is separatéal two sub-histograms
based on the mean value of the histogram of ofigimage; the sub-
histograms are equalized independently using reéfinstogram equalization
(HE), which produces flatter histogram [5].

Let 1, denote the mean of the input imageand assume that
Il O[O, -1].

Depending onl,, the image separated into two sub-imadgesind f; as,
f=fUffi ={f0 VI Y) < Tmorxy)ott i
={f(x y)f(x y)> Im,I]f(x,y)Df}-

The probability density function of sub-imagés and f; is defined as
[10],

k

‘ ny

n.

pi (1) :nni_ipj(lk) = ;
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The respective CDF’s are defined as,

Im

R(l) = D m(lk),
k=0
Im-1
P (1) = Z pj (1), (6)
K=Ims1

where R(l) =1 and P;(ly) = 1 by definition.

The transformation functions exploiting the CDFs,

Ti(lk) =1lo+(Im = 10) R(1)T; (1)
= Ima * (e = Tmoa) Py (%) (7)
Then the output image of the histogram can be sgpkas,
g(x y) = T(f(x y)). (®)

3. Proposed M ethod

Based on the previously studied methods, a newoapprhas been made
to the process of histogram equalization. The ned letter method of
Histogram equalization is Hyper-Geometrically Ahgel Mean Bi-
Histogram Equalization (HGAMBHE). Basically an ingags taken into
consideration. This image is then taken into actdon the process of
segmentation. After segmentation, the parameteenrekewness, modified
mean, absolute mean and the PSNR values are daltulthese parameters
are calculated because as we get the mean and eds®walues it can be
calculated. The modified and absolute mean valugshashould be less and
the PSNR should be high. Higher PSNR mean les®nnishe image and
hence clarity increases and lower absolute meaitates much of the
number of pixels and hence information is retaiaeen after segmentation.
This HGAMBHE produces the desired results, bettemtthe previously
mentioned methods and are shown later. While piogdke above method,
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the parameters [3] taken into consideration arénddfbelow with their
corresponding expressions.

3.1. Mean

The arithmetic mean of a sampkg, x,, ..., X, usually denoted by, is

the sum of the sampled values divided by numbdéeofs in the sample:

X1+X2+X3+”'+Xn
n

X =

9)

3.2. Skewness

In probability theory and statistics, skewness meaasure of asymmetry
of the PDF of a real-valued random variable abtsutriean. The value of the
skewness can be positive or negative, or even umedkflt is expressed as,

C (Xl pe L EX - Kg
Vl‘E{( g ” @ (El(x-wA¥? «kI? 4o

3.3. Modified mean

The parameter modified mean of an image can bailedéd knowing
the mean and skewness values. The modified mealnecarpressed as,

y=+~X-n. (12)
3.4. Absolute modified means

The mean absolute value (MAV) is calculated usingaving window.
The MAV is calculated for each window of data acling to the equation:

S
MA =é;| fs)], (12)

where, MAV-Mean Absolute Value&sWindow Length (Points) and (s) -
Data within the Window.

3.5. PSNR

PSNR is defined via the mean squared e$H). Given a noise-free
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mx n monochrome imagkand the noisy approximation of that imag&js
MSE is defined as:

m-1n-1

MSE = 3" S [1(x y) - K(i, ). (13)

i=0j=0
4. Experimental Results and Discussions

The performance of proposed method Hyper Geomériddodified
Absolute Mean Bi-Histogram Equalization (HGAMBHE) observed with
the test image shown in Figure 1. Figure 2 is shdevngray segmented
image which is determined by Hyper Geometric CDE &verage mean
value. After that the absolute mean value is agpdie segmented image to
reform the image function of hyper geometric CDHisTis the result of
HGAMBHE shown in Figure 3 below.

Figure 2. Gray Segmented Image.
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Figure 3. HGAMBHE output.

Now low contrast input test 2 image in Figure 4cnsidered to
determine the quality of HGAMBHE technique.

Figure 4. Input test_2 image (Low Contrast).
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Figure5. Gray Segmented Image.
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Figure 6. HGAMBHE Output.

In Figure 5, it is observed that the low contrasage is segmented and
then gives better quality of image as shown in F&g8 using proposed
techniqgue HGAMBHE.

BHE method can be used in case of asymmetric imatpes but the
generated result is not so good [3]. This problensalved by the present
proposed method of HGAMBHE. This method has a \gogd impact on
any images. To prove this a test image is considersl both HGAMBHE
and BHE are applied on it. The comparative studthefimage is shown in
Figure 7 and Figure 8.

Figure 7. Bi-Histogram Equalization output on test image.
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Figure 8. HGAMBHE Output.

It can be clearly observed that in Figure 8, thightness preservation
and contrast enhancement is better than that uwré&ig. Figure 8 shows the
output of HGAMBHE.

Figure 10. Segmented output of input test_3.
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Figure 12. HGAMBHE output of test_3.

In the above Figure 11 and Figure 12, it is obskrvg bare eye and
distinguished the quality of images using Bi-Histog Equalization (BHE)
and Hyper Geometrically Absolute Mean Bi-HistograBgualization
(HGAMBHE), respectively. The input test 3 image taken (shown in
Figure 9) and gray level of the segmented imagputus shown in Figure
10. Input test 3 image is named as Tulips and tbild parameter
calculation results of PSNR value and AMM value lgsted in Table 1 and
2, respectively.

The PSNR value and AMM value for BHE image and HGBYE
image is shown below.

Calculation of PSNR and AMM values are done andvshm Table 1
and Table 2, respectively.



68 Soumen Biswas and Dibyendu Ghoshal

Table 1. Comparison of PSNR values

Figure Name BHE HGAMBHE

Bedroom 4.7965 5.7843
Beach 4.8280 5.7087
Spiral 4.8143 12.9842

Dice 4.8004 7.4274

Solenoid 4.8181 9.5544

Subway 4.8207 8.7481
Tulips 4.8164 6.5059
Board 4.7900 6.6906

Table 2. Comparison of AMM values

Figure Name BHE HGAMBHE

Bedroom 0.5158 0.0408
Beach 0.6512 0.0303
Spiral 0.4625 0.0212

Dice 0.6545 0.0489

Solenoid 1.0319 0.0919

Subway 0.7527 0.0423
Tulips 0.4075 0.0301
Board 0.5158 0.0408

The above value clearly shows that the HGAMBHE ienegbetter than
the BHE image in every respect. The brightnesshefany input image is
properly preserved as the AMM values are very snaadt contrast
enhancement is also better as the PSNR valuesgirerh
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5. Conclusion

The Hyper Geometrically modified absolute mean pseal in this paper
is better than any other existing histogram eqatibn technique which
clear from the calculated values of various metritse value of PSNR
obtained from HGAMBHE is more as compared to otlstogram
equalization techniques such as Histogram Equadizaind Bi-Histogram
equalization. This implies that the amount of ndisat has been removed
from HGAMBHE is more than the noise removed fromy asther HE
techniques. Also, the enhancement produced fromerhygeometrically
modified absolute mean bi-histogram equalizatiamméque is more natural
than the enhancement produced from histogram andhistoigram
equalization techniques. In other words, the HGAMBHroduces better
results and is also suitable for images with asymrimepixel intensity
distribution and produces enhancement with betiality for any image.

References

[1] Rafael C. Gonzalez and Richard E. Woods, Rlgihage processing2edition,
Prentice Hall, 2002.

[2] Yeong-Taeg Kim, Contrast enhancement usingghtniess preserving Bi-
Histogram equalization, IEEE Trans. Consumer Ebetits 43(1) (1997), pp. 1-8.

[3] Soong-Der Chen and A. R. Ramli, Minimum meaigltness error bi-histogram
equalization in contrast enhancement, IEEE TransnsGm. Electron. 49(4)
(2003), pp. 1310-1319.

[4] P. Jagatheeswari, S. Suresh Kumar and M. BajarA novel approach for
contrast enhancement based on histogram equaliZatiowed by median filter,
ARPN Journal of Engineering and Applied Scienc&y £&009).

[5] Y. T. Kim, Quantized bi-histogram equalizatjofEEE Conf. on Acoustics,
Speech, and Signal Processing 4 (1997), pp. 2700-28

[6] M. Kim and M. G. Chung, Recursively separatedd weighted histogram
equalization for brightness preservation and caehtranhancement, IEEE
Transactions on Consumer Electronics 54 (2008)1889-1397.

[71 S. M. Pizer, The medical image display andlysia group at the University of



70

(8]

(9]

[10]

[11]

Soumen Biswas and Dibyendu Ghoshal

North Carolina: Reminiscences and philosophy, IEB&ns. Med. Imag. 22
(2003), pp. 2-10.

H. S. M. M. Hanif, M. Y. Mashor and Z. Mohamebinage enhancement and
segmentation using dark stretching technique fasmbdium Falciparum for
thick blood smear, IEEE Trans. 7th International ll@mium on Signal
Processing and its Application, 2011.

R. Gonzalez and R. Woods, Digital image preg®s using MATLAB, 5th ed.
Pearson, 2009.

W. A., S. H. Chin and E. C. Tan, Novel apmioato automated fingerprint
recognition, IEEE Proceedings Vision, Image andch8&lig°rocessing, 145 (1988),
pp. 160-166.

Manpreet Kaur, Jasdeep Kaur and Jappreet, lsauwey of contrast enhancement
techniques based on histogram equalization, (IJACI&fernational Journal of
Advanced Computer Science and Applications 2(71120



