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Abstract Palmprint identification is a subcategory of biometrics identification, which can be efficiently used to identify
the people. Palmprint-based identification is currently a potential alternative to human identification method of a well known
fingerprint-based identification. In order to achieve high identification accuracy, all components of the scanned palmprint
image need to be enhanced, i.e. palmprint lines, textures and hand geometry features. Based on Histogram Equalization (HE),
a contrast enhancement scheme named Adaptively Increasing Value Histogram Equalization (AIVHE) can be used as an
enhancement technique. In AIVHE method, the enhancement is controlled by two user parameters beta and gamma. Fur-
thermore, AIVHE method enhances the contrast but the detailed information in the palmprint is not preserved. In order to
enhance the palmprint and preserve the information, Genetic Algorithm (GA) is used to optimize the value of beta and
gamma based on entropy value . The experiments results show that the proposed method does enhancement and brightness
preservation and thereby improves information in the palmprint. Entropy of images is used as a fitness function in this work.
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1. Introduction

Contrast enhancement is a display technology that im-
proves the exhibition effect by increasing the dynamic range
of gray intensity of the input image. It is an important tech-
nology for the improvement of digital image quality. Con-
trast enhancement techniques are classified into two catego-
ries. They are spatial domain methods and Frequency do-
main methods. Spatial domain methods perform the en-
hancement on the pixels of image itself. In Spatial Domain
Methods, there are number of contrast enhancement tech-
niques like Image Negatives, Contrast Stretching, Power-law
Transforms, Gray-level Slicing, Bit-plane Slicing, Histo-
gram Equalization, Histogram Specification, and Histogram
Modification. Frequency domain methods perform the en-
hancement by taking the transform of the input image like
Fourier Transform, Fast Fourier Transform, etc. Some of the
frequency domain methods are low-pass filtering, high-pass
filtering, band-pass filtering, unsharp masking, etc. Curvelet
Based Palmprint Enhancement (CBPE) method S.Palaniku
mar et al.[1] perform enhancement in the presence of noise.
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But it does not improve the contrast. It is necessary to de-
velop a better enhancement technique particularly for
palmprint images so that palmprint identification accuracy
can be improved further.

1.1. Global Histogram Methods

Global histogram equalization uses the histogram in-
formation of the whole input image as its transformation
function. This transformation function stretches the contrast
of the high histogram region and compresses the contrast of
the low histogram region. This global histogram equaliza-
tion method is simple and powerful, but it cannot adapt to
local brightness features of the input image. This fact limits
the contrast stretching ratio and causes significant contrast
losses in the background and other small regions.

1.2. Local Histogram Methods

To overcome the limitations of global histogram equali-
zation, a local histogram equalization method has been de-
veloped, which can also be termed block-overlapped histo-
gram equalization. This method allows each pixel to adapt to
its neighboring region, so that high contrast can be obtained
for all locations in the image. Local histogram equalization
must be performed for all pixels in the entire image frame.
The computational complexity is very high. Local Contrast
Palmprint Enhancement (LCPE) method S.Palanikumar et
al.[2] provides better contrast enhancement. But the com-
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putation cost is high.

2. Traditional Histogram Equalization
Method

HE obtains input-output transfer function by means of the
histogram of input images. The probability density function
(PDF), P(k) of the image is defined as follows,

P(k):% for k=0,12....L—1 (1)

Where k — k™ gray level of pixel ,n, — no. of pixels in k™
gray level, N — Total no. of pixels of an image, L — 1
Maximum gray level.

And cumulative density function CDF is defined as,

k
C(k)=Y PG for k=0,1,..L-1 )
i=0

And input-output transfer function is

f(x) = X + (X1 +X)*C(x) A3)

HE can not control the effect of enhancement. While
histogram is centralized in a narrow area, the method tends to
produce undesirable artefacts and occurrence of noise.

Nicholas Sia Pik Kong et al.[3] proposed multiple layers
block overlapped histogram equalization for local content
emphasis. This method consists of three stages, which are
enhancement stage, noise reduction stage and merging stage.
First, it generates three versions of the input image with three
different window sizes. Second, these three outputs are fil-
tered with median filter. Finally, these filtered three outputs
are merged as single output image. This method does not
need predefined parameters. Moreover, It reveals hidden
details in the image.

R. Crane[4] Histogram Stretching (HS) and H-C. Kim et
al.[5] Improved Histogram Stretching IHS are applied to
stretch the histogram of image to full dynamic range and
suitable to use on centralized histogram of image. Since both
methods work on gray levels to calculate input-output map-
ping curve, and hence they are sensitive to the noise influ-
ence.

The localized contrast manipulation method Z. Yu et al.[6]
achieves the enhancement by analysing local statistical in-
formation, and then obtaining the function to transfer the
effect of images. The method of Automatic Video Contrast
Enhancement K.H. Goh et al.[7] performs histogram analy-
sis by computing some statistical information of the image to
select the mapping function for enhancing. Both methods
achieve contrast enhancement from the view point of char-
acters of image distribution. The lack of both the methods is
that they can not provide the full variety of input/output
transfer function.

R. C. Gonzalez et al.[8] discuss about traditional histo-
gram equalization. Global Enhancement methods are rela-
tively simple than other methods. The weakness of these
methods is that they can not provide precise image contrast
enhancement effect because the inflexibility of these meth-

ods and the inability of noise elimination.

2.1. Histogram Equalization Based Methods

The method performs the remapping in the gray levels to
produce uniform distribution in the order of input images.
But it is also being criticized that it always causes unac-
ceptable visual artifacts. There are many solutions been
proposed to conquer the weakness of the traditional HE
method[9-14]. The three most famous adaptive histogram
equalization methods are Improving HE methods, Spatial
processing HE methods, and Probability density function
(PDF) shaping HE methods. Some of the PDF shaping
methods are,

2.1.1. Bin Underflow and Bin Overflow (BUBO)

To improve the undesirable artifacts caused by traditional
HE method, the S. Yang et al.[13] BUBO method puts con-
straints to avoid over enhancement, where Cyy and Cgg are
bin underflow and bin overflow thresholds. BUBO is an
effective technique for contrast enhancement but in some
cases the method still can not expand gray level distribution
to expand dynamic range of input image. Although we can
add the function of adjusting parameter into BUBO to ex-
pand image for more dynamic range the method still need to
adjust different parameter for input images. To overcome the
drawbacks of the Traditional HE Methods, the BUBO
method puts constraint avoid over enhancement by,

Cro Jf - Pk)> Cyg
Pygo (k) = P(k) i Gy 2PK)<Cyy “4)
Chy Jif Pk <Cyy

Cgy = (1I- )N
Cpo = (I+a)/N

Where « varies from 0 to infinity, and N is the total
number of pixels in the given input image. It can’t expand
grey-level distribution to expand dynamic range of input
image. To expand image for more dynamic range the method
still need and adjust different parameter for input images.

The former puts constraint on the PDF with the bin un-
derflow and bin overflow thresholds to prevent a significant
change of gray levels. In H-J Kim et al.[14], the AMHE
method scales the original shape of the PDF based on the
middle value from the maximum and minimum values with
original image. For providing a well designed adaptive con-
trast enhancement effectively and prevent a significant
change of gray levels, this study focuses on the PDF shaping
HE techniques to propose a simple contrast enhancement
scheme Ching-Hsi Lu et al.[15], named AIVHE to enhance
the contrast in a more efficient way.

Hashemi et al.[16] uses a simple and novel chromosome
representation together with corresponding operators. This
method makes natural looking images especially when the
dynamic range of input image is high. Termination is based
the difference of best fitness in two last consecutive genera-
tions or the maximum number of generations specified by
the user. Changjiang Zhang et al.[17] presented a enhance-
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ment algorithm for typhoon cloud image based on combin-
ing discrete undecimated wavelet transform (UWT) with
Genetic Algorithm(GA).

Om Prakash Verma et al.[18] uses fuzzy logic and mod-
ified artificial ant colony system techniques for enhance-
ment of high dynamic range color images. C. Munteanu et
al.[19] introduces a new automatic image enhancement
technique based on real-coded GA. Omid Khayat et al.[20]
presented an algorithm for image enhancement. Here, pa-
rametric indices of fuzziness(PIF) is introduced, which
servers as the optimization criterion of the contrast en-
hancement procedure.

Mark'us Gud mundsson et al.[21] developed an algo-
rithm that detects well-localized, unfragmented, thin edges
in medical images based on optimization of edge configura-
tions using a GA. Nemanja 1. Petrovic et al.[22] presented a
novel method for impulse noise filter construction, based on
the switching scheme with two cascaded detectors and two
corresponding estimators. Genetic programming as a super-
vised learning algorithm is employed for building two de-
tectors with complementary characteristics.

Sara Hashemi et al.[23] presented a novel and efficient
contrast enhancement method based on GA. This method
was stronger than counterpart methods in terms of contrast
and detail enhancement and producing natural looking im-
ages. C.J. Zhang and X.D. Wang[24] presented an effi-
cient de-noising and enhancement algorithm for typhoon
cloud image .GA and non-linear gain operator are used to
modify the stationary wavelet coefficients at coarse resolu-
tion levels in order to enhance the details of a typhoon
cloud image. Xia Fei and Ye Qing[25] worked with GA
for enhancing the misty images. The method seeks the
threshold value using genetic algorithm which segment the
establishing shot and the close shot.

Mu Dongzhou et al.[26] combines the differential evolu-
tion and GA in the image enhancement process and utilize
the quickly searching ability of the algorithm to carry out
the adaptive mutation and searches. Sandra Sovilj-Nikic[27]
presented partition based median filtering using genetic
algorithm. Mantas Paulinas and Andrius USinskas[28] em-
phasis that GA are the most powerful unbiased optimization
techniques for sampling a large solution space.

Here,[17-27] uses the genetic algorithm to optimize pa-
rameters in enhancement algorithm or perform enhancement
in genetic domain. Furthermore, it improves the contrast and
detail preservation with natural looking. This paper apply
GA in AIVHE method.

2.1.2. AIVHE Contrast Enhancement Method

The method reshapes the original PDF to obtain new PDF
to prevent a significant change in the gray levels. It also
provides a mechanism of adjustment to contrast enhance-
ment by means of adaptive constraint parameter o(k) for
adjustment automatically, which is determined by the initial
value y and user defined parameter . AIVHE divides the
original PDF into upper and lower blocks on the basis of Py,;.
A value of maximum threshold P;, is then be set to restrict the

variation of the Parvyg (K), and then limit the value of Papyug
(k) be not greater than P,. AIVHE reshapes original PDF and
obtain the PAIVHE (k) by,

h Jf P2
Pae () = {P0= @ (6) (P0)-By )xB. If By <PU)<E ()
Pt (k) ( By-PW) B, if PUISE,

Where Py, is the average PDF, Py, - is double of Py, -
To adjust the enhance effect by user, and a(k) - automatic

adjusted adaptive constraint parameter . The initial value for
B is areal number in the range of[0, 1]. The function of HE

is produced when S is set to zero and Py, is the mean value

of the maximum and minimum value of P(k). Dark and
bright regions stretching is controlled by y at a(k). Whole
contrast enhancement effect of the image by is obtained by
f . The effective constraint parameter can be calculated as

a(k)=(1-(X,, -k)/ X)) x(1-p)+y if k<X
(1-(k- X AL-1)-X ) x(1-p)+7if k> X, (6)

Where, X, - Mean brightness to increment the mean
value of brightness gradually, y - The initial value is a real
number in the range of[0, 1]. It decides the distribution of
pixels in dark and bright region. By the P,y (k), the

cumulative distributive function, C .y (k), is straight

forward accumulated. C (k) is normalized to gray
level[0, L-1] and then the output image is as follows,

fk) = (L -1)*(C zrvue (V(C ppvpe (L-1)) (7)

Where f(k) — input/output transfer function, L-1 — maxi-

mum gray level, k — k™ gray level, C arvge (K) — cumulative

density function.

3. Entropy Optimized Palmprint
Enhancement (EOPE)

In AIVHE method, there are two user controlled parame-
ters namely S and y . These two parameters control the
enhancement. Moreover, using AVIHE method the contrast
is enhanced while the brightness is not preserved .Since the
parameters are user controlled, that leads to ineffective en-
hancement. The proposed algorithm is based on GA which
optimizes the value of fand y based on the fitness func-
tion entropy and hence preserve the brightness.

3.1. Genetic Algorithm

Genetic Algorithms are search algorithms based on the
mechanics of the natural selection process (biological evo-
lution). The most basic concept is that the strong tend to
adapt and survive while the weak tend to die out. That is,
optimization is based on evolution, and the survival of the
fittest concept. GAs have the ability to create an initial
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population of feasible solutions, and then recombine them in
a way to guide their search to only the most promising areas
of the state space. Each feasible solution is encoded as a
chromosome (string) also called a genotype, and each
chromosome is given a measure of fitness via a fitness
(evaluation or objective) function. The fitness of a chromo-
some determines its ability to survive and produce offspring.

A finite population of chromosomes is maintained. GAs
use probabilistic rules to evolve a population from one gen-
eration to the next. The generations of the new solutions are
developed by genetic recombination operators such as re-
production, crossover and mutation.

Reproduction means selecting the fittest to reproduce.
Crossover means combining parent chromosomes to produce
children chromosomes. Cross over combines the fittest
chromosomes and passes superior genes to the next genera-
tions. Mutation means altering some genes in a chromosome.
Mutation ensures the entire state-space will be searched and
can lead to population out of a local minima.

The process of GA follows this pattern.

1) Create an initial population (usually randomly gener-
ated string).

2) Evaluate all of the individuals (apply some function or
formula to the individuals)

3) Select a new population from the old population based
on the fitness of the individuals as given by the evaluation
function.

4) Apply some genetic operators (mutation & crossover)
to members of the population to create new solutions.

5) Evaluate these newly created individuals.

6) Repeat steps 3-6 (one generation) until the termination
criteria has been satisfied (usually perform for a certain fixed
number of generations).

It is very important to define a good fitness function that
rewards the right kinds of individuals. The proposed algo-
rithm uses entropy as the fitness function

Fitness = Entropy measure ®)

4. Results and Discussion

4.1. Quality Measurements

Here the enhancement level of proposed method is com-
pared with that of Histogram Equalization, BUBO, AIVHE
method using two quality measurements, Absolute Mean
Brightness Error (AMBE) and Entropy.

4.1.1. AMBE

AMBE is the difference between the Global Mean of input
image to the Global Mean of the output image.
AMBE = abs ((Mean of inputimage)- (Mean of outputimage) (9)

4.1.2. Entropy

It is defined as a measure of the average information
content of an Image an. It is calculated using the formula

=->" P(x)*log,P(x;)

Where P(x;) is the probability of the i " gray level.

The input palms are acquired by using Nokia 2700 with
resolution of 1200 x 1700. Experiments are done with
palmprint image of size 256 x 256 .The simulation is done in
Matlab R2008a with 100 test images.

The observations show that the proposed algorithm en-
hances the contrast of the image and also preserve the
brightness. The original image and output from different
enhancement methods are given in Fig 1 and Fig. 4. Fig. 2
and Fig.5 shows how the contrast of the palmprint is en-
hanced. From Fig.3 and Fig.6, it is clear that the brightness of
the palmprint image is well preserved.

Table 1 gives the comparison of entropy of the proposed
method with other methods. The entropy of the EOPE
method is higher than that of all other methods. Hence, this
method gives enhancement of palmprint with more infor-
mation.

Table 2 gives the comparison of AMBE of the proposed
method with other methods. The proposed method gives
lesser AMBE value than the other methods. The AMBE of
the EOPE method is lesser that of all other methods. Hence,
this method gives enhancement of palmprint while preserv-
ing the brightness.

Fig.7 and Fig.8 shows the comparison chart of entropy
value and AMBE of different methods. From Fig.7 ,EOPE
technique has the higher entropy value. By observing the
results of Fig. 8, the EOPE technique has lowest AMBE
value. So this method has more information and preserves
more brightness than BUBO ,HE and AIVHE method.

The initial population for GA is kept as 20 and the gen-
erations are limited to 20.

(10)

z
|

B~



16 S.Palanikumar et al.: Entropy Optimized Palmprint Enhancement Using Genetic
Algorithm and Histogram Equalization

{e)

Figure 1. (a) original image (b) enhanced by HE (c) enhanced by BUBO
(d) enhanced by AIVHE y=0.35,8=0.35 (e) enhanced by EOPE
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Figure 4. (a) original image (b) enhanced by HE (c) enhanced by BUBO

Figure 2. Histograms of figure 1. (a) original image (b) enhanced by HE (d) enhanced by AIVHE y=0.35,3=0.35 () enhanced by EOPE

(c) enhanced by BUBO (d) enhanced by AIVHE y=0.35,8=0.35 (e) en-
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Figure 3. CDF of figure 1. (a) original image (b) enhanced by HE (c) Figure 5. Histograms of figure 4. (a) original image (b) enhanced by HE
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Figure 6. CDF of figure 4. (a) original image (b) enhanced by HE (c)
enhanced by BUBO (d) enhanced by AIVHE y=0.35,3=0.35 (e) enhanced

by EOPE
Table 1.  Entropy
Entropy Palml1 Palm2 Palm3 Palm4 Palm5
HE Method | 5.7810 5.5429 5.8498 5.4927 5.6188
BUBO
5.7799 5.5429 5.8498 5.4966 5.6188
Method
AIVHE
5.8696 5.6554 5.9146 5.6672 5.7696
Method
GA-AIVHE
5.8847 5.6699 5.9300 5.6829 5.8037
method
3
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Figure 7. Enhancement Methods Vs Entropy
Table 2. AMBE
AMBE Palm1 Palm2 Palm3 Palm4 | Palm5
HE Method 62.20 23.04 46.547 17.40 10.40
BUBO
79.44 38.99 66.61 31.238 25.54
Method
AIVHE
48.27 40.726 53.60 44.44 28.44
Method
GA-AIVHE
25.85 24.13 30.82 19.13 21.15
method

90 ~
80 A
70 A
60 - —&— GA-AIVHE
50 4 —&—HE

40 —&— BUBO

30 4 —a— AIVHE
20 ~
10 4

AMBE Value

Palml Palm2 Palm3 Palm4 Palm5
PALMPRINT
Figure 8. Enhancement Methods Vs AMBE

5. Conclusions

The EOPE method for image contrast enhancement en-
hances image quality. The simulation results show that the
method can enhance image contrast effectively by improving
the information and preserving the brightness. The GA pro-
vide optimum value for £ and y based on the fitness
value.
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