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Contrast Enhancement of an Image Using ABC Based Discrete Shearlet Transform
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Abstract: Tmage enhancement plays a vital role in image processing technique. This study presents a novel
method for image enhancement by using Artificial Bee Colony (ABC) based discrete shearlet transform. In this
proposed algorithm, the RGB 1image converted mto HSI (Hue, Saturation and Intensity) Model where as
intensity and Hue colour considered for image enhancement after conversion. The Hue component decomposed

mto  directional co-efficient by discrete shearlet transform. The higher directional coefficients are eliminated

as 1t causes artifact and unnatural efforts in a umage and the intensity components of mnage 15 contrast

enhanced by using ABC algorithm. The performance of the proposed image enhancement method 1s compared
with existing histogram equalization and discrete shearlet transform based image enhancement. The result of

the proposed method achieves satisfactory performance in visualization.
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INTRODUCTION

Tmage enhancement techniques make an image easier
to analyze and interpret. The range of brightness values
present on an image 1s referred to as contrast. Contrast
enhancement 1s a process that makes the image features
stand out more clearly by making optimal use of the colors
available on the display or output device. Contrast
enhancement, a process applied on mmage to mncrease their
dynamic range.

Contrast enhancement is an important area in image
processing for both human and computer vision (Haack,
1995). It 1s widely used for medical image processing and
as a preprocessing step n speech recognition, texture
synthesis and many other image/video processing
applications.  Contrast enhancement automatically
brightness the images that appear very dark or hazy and
apply appropriate tone correction to deliver improved
quality and clearly. It will be used to perform adjustment
on darkness or lightness of the image and mainly used to
bring out the feature hidden in an image or increase the
contrast of low contrast image. This can be done using

several contrast enhancement techniques. These
techniques applied for wvarious applications such as
remote sensing and general images. Histogram

Equalization (HE) is most popular technique in contrast
enhancement (Pei et al., 2004). There are variants of HE
techniques are available. Dualistic sub-image histogram
equalization produces good image contrast enhancement
and the enhanced image mean brightness 13 similar to

input image but equalization effect is reduced (Stark,
2000). Automatic weighting mean separated histogram
equalization is more suitable for gray scale images.
Recursive sub-image histogram equalization has a good
contrast enhancement effect. Recursively, separated
weilghting histogram equalization (Pizer ef al., 1987) the
enhanced image has no severe effect also mamtain mean
brightness of the mput image. Automatic weighting
mean-separated lustogram equalization 1s suitable for gray
scale images.

A new method for un-sharp masking for contrast
enhancement of images is explained by Cheng et al.
(2011). The approach employs an adaptive filter that
control the contribution of the sharpeming path in such a
way that contrast enhancement occurs in high detail areas
and little or no image sharpening occurs in smooth areas.
The enhancement is reduced mn umiform areas of an image
which prevents over enhancement of noise and reduces
edge shadowing effect of unlimited adaptive histogram
equalization. The size of pixel’s contextual region and
clip level of lustogram are basic parameters of contrast
limited adaptive histogram equalization (Polesel ef af.,
2000). Another efficient method is enhancement using
discrete shearlet transform (Premkumar and Parthasarathi,
2014) and is only enhanced the contrast colour of an
image.

ABC algorithm: The revolution of Bee’s algorithm is
started during 2005 for optimizing parameters. This
technique 1s based on mtelligent foraging behavior of
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honey bee swarms. The purpose of bees is to find the
places of food sources where high amount of nectar is
present. It consists of three phases: employee bees,
onlooker bees and scout bees.

The employed bees: Tt flies around the multidimensional
search space and find food sources depending on their
experiences and their neighbor bees. The colony size
consists of sum of same number of employee bees and
onlooker bees. Initially the food source positions are
randomly generated by using Eq. 1. Then by using the
fitness function the fitness value 1s calculated. If the
current fitness value is higher than that of the previous
fitness value then the current value is replaced by the
previous one. Otherwise, the value 1s not replaced and
remams the same. By using greedy mechanism the
process of comparing and replacing the value is done:

V, =X, (X Xy) (1)
Where:
\'2 = The new feed position
kandj = The randomly chosen parameters of different

values

where, ke[, 2, ., SN] and je[l, 2, .., D]. (X;-X;) is the
difference between two old food source positions. D is
the number of optimization parameters and SN is the
number of employed bees. The @, is a random number
between {-1,1].

The onlooker bees: It gets the mformation of food
sources from the employed bees and selects one of the
best food position which is having high nectar amount.
Then by using Eq. 2 the probability value is calculated.
Now, based on the probability information the current and
previous value are compared by using greedy approach.
If the present value is higher than the previous then the
current value is replaced by the best value. During this
process a limit value is assigned. Hach time when the
values are compared and if best result is obtained then the
counter 1s set to zero otherwise, the limit value will be
mcremented. Similarly, the process 1s repeated for other
bees:

fit
=y @)
Where:
P, = The probability value associated with ith food
source
fitt = The ith food source’s nectar amounts

The number of food source which 1s equal to the
number of employed bees

Best food source: The best value that is obtained from the
above process 13 stored in the memory. The scout bees
finds the new food positions randomly without any
experience for the exhausted food sources and the
iteration are repeated. The scout bee finds a new random
food source position using Eq. 3:

x! = x rand(0, D(x,-x,) 3)

where, ¥, and % are lower and upper bounds of
parameter j, respectively.

Stopping criteria: If the previous value 1s equal to the
current value while comparing the value by using greedy
mechanism then the algorithm 1s stopped. A particular
limit value is assigned while comparing the value by using
greedy 1f until the limit, the value obtamed 1s not best then
the algorithm is stopped If the maximum numbers of
iterations are executed then the Algorithm 1 is terminated:

ABC Algorithm:

Step 1: Create an initial population of artificial bees within the search space
Xij

Step 2: Evaluate the fitness of the population using sphere function given in
Eq. 4

fx) =" x! “h

Step 3: While (stopping criterion not met) where stopping condition is
Maxirmum Number of Tterations (MNT). Produce new solutions (food source
positions) v; ; in the neighborhood of x, ; for the employed bees. Memorize
the best food source position (solution) achieved so far

Step 4: End while

The application of this algorithm for assigning fusion
weight in multi feature similarity score fusion method 1s
helped to gain a better image contrast enhancement.

Discrete shearlet transform: The proposed contrast
image enhancement is based on new multi-scale
directional representations called the shearlet transform
wntroduced by Munteanu and Rosa (2000)  and
Qinging et al. (2011). An NxN image consists of a finite
sequence of values {x[n, n,]"™" ™  .,_, where, NeM
identifying the domain with the finite group Z°N, the inner
product of image x, y: Z’N—C is defined as:

(xv) = E E x(u, v)y(u, y) (5)

Thus, the discrete analog of (L*R?) is 1°7°,. Giiven an
image fel’(Z°N) let, ilki.k:] denote its 2D Discrete
Fourier Transform (DFT):
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- 1 TGy +2Lk )
flk, k] B nz fln 0 Je

1, 1y =0

(6)

The brackets in the equations [. .] denote arrays of
indices and parentheses (. .) dencte function evaluations.
Then the interpretation of the mumbers f[ki.k:1 as samples
Tk, ;1= Tk k) s given by the [ollowing equation from
the trigonometric polynomial:

AL+

fE.e)= 3 In.n k B
First, to compute:
FE,8,V27E, 27E,) &

In the discrete domain, at the resolution level j, the
Laplacian pyramid algorithm is implemented in the time
domain. This will accomplish the multi scale partition by
decomposing P [n,, n,], O<n, n,<N;-1, into a low pass
filtered image f [n,, n,], a quarter of the size of ' [n,, n,]
and a high pass filtered image f[n,, n,]. Observe, that
the matrix P,[n,, n,] has size NN, where, N, = 2N and
[0, n,] = fln,, n,] has size N*N. In particular:

F1(5,.5) ~EE 5)V2PE,27E,) ©)

Thus, £,[n,, n,] are the discrete samples of a function
£.[x,, x,] whose Fourier transform is &1, &:1. Tn order to
obtain the directional localization the DFT on the
pseudo-polar grid is computed and then one-dimensional
band-pass filter 1s applied to the components of the signal
with respectto this grid. More precisely, the definition
of the pseudo-polar co ordinates (u, v)eR* as follows:

=i, %m if ¢, 8)eD, (10)
(u,v)=(%, E—‘), if ¢, &£,)e D, )

After performing this change of co ordmates
gv, v = Facry. ey is obtained and for1=1-2, . 2-1:

G-V PEWEL= oy
g, (u V)W)

This expression shows that the different directional
components are obtained by simply translating the
window function w. The discrete samples g [n,, n,] = g,(n,
n,) are the values of the DFT of fn. n] on a
pseudo-polar grid. That is, the samples in the frequency
domain are taken not on a Cartesian grid but along lines
across the origin at various slopes. This has been recently
referred to as the pseudo-polar grid. One may obtain the
discrete frequency values of i, on the pseudo-polar grid
by direct extraction using the Fast Fourier Transform
(FFT) with complexity ON® log N by using the
Pseudo-polar DFT (PDET).

MATERIALS AND METHODS

The proposed contrast image enhancement approach
using ABC based DST is shown in Fig. 1. The input RGB
image is initially, converted into HSI Model. Further, Hue
and mtensity components are used as the inputs for the
proposed resolution enhancement process. Hue 1s
decomposed by DST at 2 levels with 2 directions which
produces five shearlet bands includes four higher
sub-bands and one lower sub-band. The decomposed
lower frequency 1s alone taken mto the account for
inverse shearlet transforms. Then intensity values are
transformed by using ABC algorithm. Finally, the HST
Model (modified Hue by DST and modified mtensity
values by ABC and preserved saturation) which are
converted into RGB Model to obtain enhanced image.

| RGB input image |
L 2
[ RGB to HSI conversion ] h
v k 2 L 2
| Hue || Satoration || Intemsity |
| Hue component | | Intensity vatue |
k 2
. Find the of
ET
L 2
Low directional [l ITigher directional | Find the optimal
coefficients coeflicients "’hﬁm;y iteration
i Best particles are selected
DST reconstruction Eliminated by ing and replaced in
I ] tracking I
h 2
Hue compenent saturation value | Wl.M, ;‘;‘yﬁﬁlgmnmy dlgoritimm
— v L 2
[ HSI 1o RGB conversion |

¥
|’7;  image by proposed mothod

Fig. 1: Block diagram of the propesed image enhancement
system using DST and PSO
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Fig. 2: Comparison of proposed technique with histogram
equalization method and DST: a) Input image; b)
Histogram equalization image; ¢) Discrete shearlet
transform and d) Proposed technique

RESULTS AND DISCUSSION

In this study, to demenstrate the performance of the
proposed algorithm, the proposed method 18 compared
with other image enhancement techniques in terms of
ability in contrast and detail enhancement, the proposed
method to produce fundal images. Histogram equalization,
DST contrast enhancement methods which are used for
comparison. In this study, the proposed method was
simulated on 512x512 images (Fig. 2).

CONCLUSION

A novel approach for image enhancement has been
proposed m this study based on ABC based discrete
shearlet transform. Initially, the color image converted into
HEI Model. Tn order to improve the contrast of the image,
the Hue colour and intensity channels only considered.
The shearlet decomposition produces low and high
directional sub bands on the Hue channel. The lower
directional sub band 1s used for mverse shearlet
transform to reconstruct the Hue channel. Intensity
value is transformed by ABC algorithm and saturation is

preserved. Then, the enhanced umage 1s obtamned by
converting HSI to RGB Model. The satisfactory result is
achieved from the proposed ABC based DST image
enhancement approach.
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