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Abstract: This paper proposed an efficient method for contrast enhancement of real world hyper spectral images. The contrast
of image is an important characteristic by which the quality of image can be judged as good or poor quality. The proposed
method is consists of two stages: In first stage the poor quality of image is process by automatic contrast adjustment in spatial
domain and in second stage the output of first stage is further process by adaptive filtering for image enhancement in
frequency domain. Simulation and experimental results on benchmark real world hyper spectral image database demonstrates
that proposed method provides better results as compared to other state-of-art contrast enhancement techniques. Proposed
method performs better in different dark and bright real world hyper spectral images by adjusting their contrast very
frequently. Proposed method is very simple and efficient approach for contrast enhancement of real world hyper spectral

images. This method can be used in different applications where images are suffering from different contrast problems.
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1. Introduction

The contrast enhancement techniques are commonly
used in various applications where subjective quality
of image is very important. The objective of image
enhancement is to improve visual quality of image
depending on the application circumstances. Contrast
is an important factor for any individual estimation of
image quality. It can be used as controlling tool for
documenting and presenting information collection
during examination.

The contrast enhancement of image refers to the
amount of color or gray differentiation that exists
between various features in digital images. It is the
range of the brightness present in the image. The
images having a higher contrast level usually display a
larger degree of color or gray scale difference as
compared to lower contrast level. The contrast
enhancement is a process that allows image features to
show up more visibly by making best use of the color
presented on the display devices. During last decade a
number of contrast enhancement algorithms have been
developed for contrast enhancement of images for
various applications. These are Histogram Equalization
(HE) [12], global HE [30], local HE [4], adaptive HE
and Contrast Limited Adaptive HE (CLAHE ) [27, 41],
other HE based algorithms [2, 3, 6, 7, 8, 9, 10, 11, 14,
15, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 28, 29, 31, 32,
33, 34, 35, 36, 37, 38, 39, 40] and other contrast
enhancement methods [5, 13, 16] have been proposed
by various researchers. One of the most widely used
algorithms is global histogram equalization, the basic
idea of which is to adjust the intensity histogram to
approximate a uniform distribution. It treats all regions

of the image equally and thus, often yields poor local
performance in terms of detail preservation of image.

The outline of this paper is as follows. Section 2
describes literature review. Section 3 describes
proposed method for contrast enhancement of real
world hyper spectral images. Section 4 gives
simulation results and discussions to demonstrate the
performance of proposed method. Finally, conclusion
is drawn in section 5.

2. Literature Review

The existing contrast enhancement techniques for
mobile communication and other real time applications
is fall under two broad categories that is contrast
shaping based methods and HE based methods [12].
These methods are derived from digital image
processing. These methods may lead to over-
enhancement and other artifacts such as flickering, and
contouring. The contrast shaping based methods is
work by calculating an input/output luminance curve
defined at every luminance level. The shape of the
curve must depend on the statistics of the image frame
being processed. For example, dark images would have
a dark stretch curve applied to them. Although,
contrast shaping based methods is the most popular
methods used in the consumer electronics industry but
they cannot provide a localized contrast enhancement
which is desirable. For example, when a dark stretch is
performed, bright pixels become brighter. However, a
better way to enhance darker images is to stretch and
enhance the dark regions, while leaving brighter pixels
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untouched [1, 12]. Another very popular technique for
image contrast enhancement is HE technique [4, 12,
31]. A HE is a technique that generates gray map
which change the histogram of image and
redistributing all pixel values to be as close as possible
to user specified desired histogram. This technique is
useful for processing images that have little contrast
with equal number of pixels to each the output gray
levels. The HE is a method to obtain a unique input to
output contrast transfer function based on the
histogram of the input image which results in a
contrast transfer curve that stretches the peaks of the
histogram (where more information is present) and
compresses the troughs of the histogram (where less
information is present) [12]. Therefore, it is a special
case of contrast shaping technique. As a standalone
technique, HE is used extensively in medical imaging,
satellite imagery and other applications where the
emphasis is on pattern recognition and bringing out of
hidden details. Therefore, HE provides too much
enhancement and artifacts like contouring which is
unacceptable in consumer electronics [28, 42]. During
last decade a number of techniques have been proposed
by various researchers to deal with these problems.

Kim [18], the histogram is divided into two parts
based on the input mean, and each part is equalized
separately. This preserves the mean value of image to a
certain extent. In [6], each peak of the histogram is
equalized separately. An adaptation of HE, termed as
CLAHE [42] divides the input image into a number of
equal sized blocks and then performs contrast limited
HE on each block. The contrast limiting is done by
clipping the histogram before HE. This tends to tone
down the over enhancement effect of HE and gives a
more localized enhancement. However, it is much
more computationally intensive than HE. If the blocks
are non-overlapping, an interpolation scheme is needed
to prevent blocky artifacts in the output picture.
Therefore overlapping blocks can solve this problem
(every pixel is replaced by the HE output using a
neighborhood) but it is more computationally intensive
than using non-overlapping blocks. So, the CLAHE
also requires a field store. Finally one more contrast
enhancement method that is homomorphism filter is
proposed in spatial domain [12]. In this filter images
normally consist of light reflected from objects. The
basic nature of the image may be characterized by two
components: The amount of source light incident on
the scene being viewed; and the amount of light
reflected by the objects in the scene but this method
does not provide good image quality [28]. Another
method is Histogram Specification (HS) which takes a
desired histogram by which the expected output image
histogram can be controlled [12]. However, specifying
the output histogram is not a smooth task as it varies
from image to image.

During past years various researchers have also
focused on improvement of HE based contrast

enhancement techniques such as mean preserving Bi-
HE (BBHE) [18], Dualistic Sub-Image HE (DSIHE)
[35] and Minimum Mean Brightness Error BHE
(MMBEBHE) [7]. The BBHE separates the input
image histogram into two parts based on input mean.
After separation, each part is equalized independently.
This method tries to overcome the brightness
preservation problem. The DSIHE method uses
entropy value for histogram separation. The
MMBEBHE is the extension of BBHE method that
provides maximal brightness preservation. These
methods can perform good contrast enhancement, but
they also cause more annoying side effects depending
on the variation of gray level distribution in the
histogram. Therefore, Recursive Mean-Separate HE
(RMSHE) is proposed which provides better contrast
results over BBHE [6]. This algorithm is the
improvement in BBHE. However, it has also some side
effects. Hassan and Akamatsu [13] is proposed new
approach for contrast enhancement using sigmoid
function. The objective of this new contrast enhancer is
to scale the input image by using sigmoid function.
However, this method is also have some side effects.
In order to overcome the side effects of many methods
another algorithm that is Exact Histogram
Specification (EHS) is proposed for contrast
enhancement of images [9]. In order to provide better
result another technique that is Brightness Preserving
Dynamic Fuzzy HE (BPDFHE) is proposed [30]. This
technique is the modification of the brightness
preserving dynamic HE technique to improve its
brightness preserving and contrast enhancement
abilities while reducing its computational complexity.
This technique uses fuzzy statistics of digital images
for their representation and processing. Therefore,
representation and processing of images in the fuzzy
domain enables the technique to handle the inexactness
of gray level values in a better way which results
provide improved performance. Celik and Tjahjadi [5]
proposed contextual and variational contrast
enhancement for image. This algorithm enhances the
contrast of an input image using interpixel contextual
information. This algorithm uses a 2D histogram of the
input image constructed using a mutual relationship
between each pixel and its neighboring pixels. A
smooth 2D target histogram is obtained by minimizing
the sum of frobenius norms of the differences from the
input histogram and the uniformly distributed
histogram. The enhancement is achieved by mapping
the diagonal elements of the input histogram to the
diagonal elements of the target histogram. This
algorithm produces better enhanced images results as
compared to other existing state-of-the-art algorithms.
On the other hand various researchers also proposed
many algorithms for contrast enhancement in DCT
based compressed domain such as Alpha Rooting (AR)
[2], Multi Contrast Enhancement (MCE) [32], MCE
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with Dynamic Range Compression (MCEDRC) [23]
and wavelet based domain that is ACEWD [21].

3. Proposed Method

The proposed method is consists of two stages: In first
stage the poor quality of image is process by contrast
enhancement algorithm in spatial domain and in
second stage the output of first stage is further process
in frequency domain. The proposed method is
abbreviated as ACE. The model of proposed method is
shown in Figure 1. A two dimensional original image
is denoted by a function f{x, y). The amplitude of f at
spatial coordinates (x, y) is a positive scalar quantity
whose physical meaning is determined by the source of
image. When an image is generated from a physical
process, its values are proportional to energy radiated
by a physical source such as electromagnetic waves
and infrared waves. As a consequence, f{x, y) must be
non zero and finite. The two dimensional function f{x,
y) may be characterized by two components: The
amount of source illumination incident on the scene
being viewed; and the amount of illumination reflected
by objects in scene.
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Figure 1. Block diagram of proposed adaptive contrast
enhancement.

First one is called illumination component and it is
denoted by i(x, y) and second one is called reflectance
component and it is denoted by r(x, y). These two
components are combined as a product to form two
dimensional function f{x, y). Therefore, it is given by
S, )=ice, )X r(x, y).

The nature of i(x, y) is determined by illumination
source and 7(x, y) is determined by the characteristics
of the image objects. The function f{x, y) cannot be
used directly to operate separately on the frequency

components of illumination and reflectance because
the Fourier transform of the product of two functions is
not separable. However, if we define:

z(x,y)=1In [/'(x,y)] =In [i(x,y)]Jrln [r(x,y)] (1)
Then, the Fourier transform of z(x, y) is given by:

w vy
—jon| —+—
M N
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2

Z(u,v)= ML Mil El {ln [i (x,y )] +In [V(x Ly )]}eii“(ﬁTj 3)

x=0 y=0
Zw,w)= LWZI NZl In [i (x,y )]ei/z/{viT) + LWZl ‘\ZL In [r(x L,y )]E*/M{va) (4)
MN x=0y-0 MN s=0y-0

Z@w,v)=F @,v)+F (u,v) (5)

Where Fiu, v) and F.(u, v) are the Fourier transform of
mmfi(x, y)] and In[r(x, )], respectively, The output of
subtractor in frequency domain is given as:

Swo)=Z@v)-[r, @v)-Y, @] 6)

Where Y,, (4, v) is the output frequency response of
Gaussian Low pass filter, Y, (u, v) 1is the output
frequency response of Gaussian High pass filter.

S(u,v):Z(u,v)7|:Z(u,v){Hl(u,v)th(u,v)}]

Where H, (u, v) is the transfer function of Gaussian low
pass filter, H;, (u, v) is the transfer function of Gaussian
High pass filter.
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The output of multiplier in frequency domain is given
as:

M@y)=Y, X F(f) X Swu.v) (8)

Sv) =Y, XF() X[ 1-{H ) ~H, ()} X
|:1 Wf \i ln[z' (x ,J’)] L’i/ 2{;?) +—1 Mi E ]n[r(x,y)] ei/ Z{WT):l )
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Where F(f)) is defined as: F(f)=I+kf;, and the value of &
is different for each 17x17 block The output of summer
in frequency domain is given as:

Rw,v)=M@uyv)+K XY +K,XY (10)

Ru.w)=M @uyv)+Zwv)[K H@y)-K,H, @] (11)

Therefore, in spatial domain:

1 M-inN- jan| S
r(x,y)=——X LR,y ( ) (12)
MN =0 v=0
Fry) =i () +r(ey) (13)

Finally as z(x, y) was formed by taking logarithm of
the original image f{x, ), therefore in spatial domain
inverse (exponential) operation yields the desired
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output enhanced image which is denoted by g(x, y) and
it is given as:

g(x )y) — er(.x,v) — e[‘(.x,y)+r‘(x,y) (14)
g, y) =i, (x,y)Xr(x,y) (15)

The illumination component of two dimensional
images generally is characterized by slow spatial
variation, while the reflectance component tends to
vary abruptly, particularly at the junction of dissimilar
components. These characteristics lead to associating
low frequencies of the Fourier transform of the
logarithm of an image with illumination and the high
frequencies with reflectance. A good deal of control
can be gained over the illumination and reflectance
components by defining a filter function that affects
low and high frequency components of the Fourier
transform in different ways. The filter function should
be such that it tends to decrease the contribution made
by the low frequencies (illumination) and amplify the
contribution made by high frequencies (reflectance).

In our method we have suppressed the low
frequency components by 90% and increased the
clearly visible high frequency components by 110%.
Therefore the hidden frequency components are locally
enhanced depending on illumination of that particular
region. The hidden frequency components are
convolved with the function F(f)).

Now, the modified high frequency components, low
frequency components and hidden frequency
components are added together to give new enhanced
two dimensional images in the frequency domain.
After that inverse discrete Fourier transform is taken to
get the enhanced image in spatial domain. Finally, as
z(x, y) was formed by taking the logarithm of the
original image f{x, y), the inverse (exponential)
operation yields the desired new enhanced image.

3.1. Implementation of Proposed Method

e Step 1: Read the input image.

e Step 2: Convert input image into gray scale image if
it is color image.

o Step 3: Apply automatic contrast enhancement
adjustment i.e. misadjusts function of MATLAB.

o Step 4: Apply logarithmic transform.

e Step 5: Find DFT of output from Step4.

o Step 6: Perform adaptive filtering for image
enhancement.

e Step 7: Find IDFT after adaptive filtering operation.

e Step 8: Find exponential of IDFT from Step 7.

4. Simulation Results and Discussions

In order to demonstrate the performance of proposed
ACE method, it is tested on different gray scale real
world hyper spectral images with dimension M;xM,
(512x512). In order to obtain simulation and
experimental results of proposed ACE method and

other existing algorithms are implemented in
MATLAB software (MATLAB 7.6, release 2008a).
Therefore, two experiments have been conducted on
different gray scale real world hyper spectral images.
In the first experiment the quality metrics is presented
and in the second experiment visual quality of image
has been presented. In order to judge the performance
of proposed ACE method the quality parameters such
as Measure of Enhancement (EME) and Measure of
Enhancement Factor (EMF) are the automatic choice
for the researchers. Therefore, a better value of EME
and EMF implies that the visual quality of the
enhanced image is good. The measure of enhancement
EME and EMF are defined in Equations 16 and 17
respectively for gray scale real world hyper spectral
images. These image quality metrics are used to
compare the performance of proposed ACE method
and other existing contrast enhancement techniques
such as MCE [32], MCE with MCEDRC [23], EHS
[9], and BPDFHE [30].

The test real world hyper spectral images used for
the experiments are available on the website
http://vision.seas.harvard.edu/hyperspec/explorei.html.
The EME [1, 27] of image I(i, j) with dimensions
M xM, pixels is defined as:

1 ki ok I
EME =—— 33| 20n|
ke T, ,M[ “[, ﬂ (16)

nnnnn k.l

Where an image (/) is divided into k| xk, blocks, Iy «. 1
and 1, ¢, ; are the maximum and minimum values of
the pixels in each block.

The EMF between output image and input image is
defined as:

EME of output image

EMF = 17
EME of input imgae ( )

4.1. Experiment 1

In this experiment the performance of proposed ACE
method is tested on different gray scale real world
hyper spectral images. The performance of proposed
ACE method and many existing contrast enhancement
techniques has been evaluated and compared with
many existing contrast enhancement techniques for
image 1512, image 2512, image 3512, image 4512 and
image 5512 in terms of quality parameters such as
EME and EMF. The EME, EMF and CPU processing
time of proposed ACE method and many existing
contrast enhancement techniques for image 1512,
image 2512, image 3512, image 4512 and image 5512
is given in Table 1. Therefore, it can be noticed from
Table 1 that the proposed ACE method provides better
results as compared to other state-of-art contrast
enhancement techniques such as MCE [32], MCE with
MCEDRC [23], EHS [9], BPDFHE [30].
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Table 1. Comparative performance of different methods and gray-
scale image.

Meth
ethod o ers | EHS ‘ BPDFHE ‘ MCEDRC ‘ MCE ‘ (Pr‘:li]';:e "

imagel512.tif

EME(Original) 10.22 10.22 10.22 10.22 10.22

EME(Output) 22.44 17.77 10.64 12.84 26.87

EMF 2.19 1.74 1.04 1.26 2.62

CPU Time (second) 1.46 0.23 1.75 0.38 0.83
image2512.tif

EME(Original) 2.47 2.47 247 2.47 2.48

EME(Output) 5.65 3.36 2.52 3.02 6.29

EMF 3.90 1.36 1.02 1.22 2.55

CPU Time (second) 1.56 0.19 1.77 0.38 0.76
image3512.tif

EME(Original) 3.03 3.03 3.03 3.03 3.03

EME(Output) 7.34 3.63 3.07 3.67 9.94

EMF 243 1.20 1.01 1.21 3.28

CPU Time (second) 1.44 0.19 1.76 0.37 0.82
image4512.tif

EME(Original) 3.35 3.35 3.35 3.35 3.35

EME(Output) 10.44 3.89 3.38 3.98 13.15

EMF 3.11 1.16 1.01 1.19 3.92

CPU Time (second) 1.55 0.18 1.75 0.38 0.80
image5512.tif

EME(Original) 2.58 2.58 2.58 2.58 2.58

EME(Output) 16.86 6.05 2.60 3.09 18.60

EMF 6.53 2.34 1.01 1.20 7.20

CPU Time (second) 1.77 0.19 1.76 0.37 0.83

4.2. Experiment 2

In order to demonstrate the superiority of proposed
ACE method another experiment has been conducted
on different gray scale real world hyper spectral
images. In this experiment visual contrast enhancement
performance is presented. The enhanced contrast of
image 1512 and image 2512 have been obtained and
compared with result of proposed ACE method with
many existing contrast enhancement techniques. The
visual contrast enhancement results of proposed ACE
method and many existing techniques are given from
Figures 2 and 3. Therefore, it can be noticed from
Figures 2-b to f and Figures 3-b to f that proposed
ACE method gives better visual contrast enhancement
results as compared to other existing techniques.

b) Output of EHS.

a) Original image.

¢) Output of BPDFHE. d) Outputof MCEDRC.

) Output of ACE Method (Proposed).

e) Output of MCE.

Figure 2. Visual Enhancement results of different algorithms for
imagel512.tif

a) Original image. b) Output of EHS.

¢) BPDFHE. d) Output of MCEDRC.

e) Output of MCE.

) Output of ACE method(proposed).

Figure 3. Visual Enhancement results of different algorithms for
image2512.tif.

5. Conclusions

This paper highlighted contrast enhancement of scale
real world hyper spectral images. In this paper an
efficient method has been proposed for contrast
enhancement of gray scale real world hyper spectral
images. The qualitative and subjective enhancement
performance of proposed ACE method has been
evaluated and compared to other state-of-art contrast
enhancement techniques for different gray scale real
world hyper spectral images. The performance of
proposed ACE method was evaluated and compared in
terms of EME, EMF and Execution time. The
simulation results demonstrated that the proposed ACE
method provided better results as compared to other
state-of-art contrast enhancement techniques. The
visual enhancement results of proposed ACE method
were also better as compared to other state-of-art
contrast enhancement techniques for different gray
scale real world hyper spectral images. Therefore,
proposed ACE method performed very effectively and
efficiently for contrast enhancement of gray scale real
world hyper spectral images. The proposed ACE
method can also be used for many other images such as
remote sensing images, electron microscopy images
and even real life photographic pictures suffer from
poor contrast problems during its acquisition.

References

[1] Agaian S., Silver B., and Panetta K., “Transform

Coefficient Histogram-Based Image
Enhancement  Algorithms Using Contrast
Entropy,” [EEE Transactions on Image

Processing, vol. 16, no. 3, pp. 741-757, 2007.

[2] Aghagolzadeh S. and Ersoy O., “Transform
Image Enhancement,” Optical Engineering, vol.
31, no. 3, pp. 614-626, 1992.

[3] Arici T., Dikbas S., and Altunbasak Y., “A
Histogram Modification Framework and its



An Efficient Method for Contrast Enhancement of Real World Hyper Spectral Images

[3]

[6]

[8]

[9]

[10]

[12]

[13]

[14]

[15]

[16]

Application for Image Contrast Enhancement,”
IEEFE Transactions on Image Processing, vol. 18,
no. 9, pp. 1921-1935, 2009.

Caselles V., Lisani J., Morel J., and Sapiro G.,
“Shape Preserving Local Histogram
Modification,” [EEE Transactions on Image
Processing, vol. 8, no. 2, pp. 220-230, 1998.
Celik T. and Tjahjadi T., “Contextual and
Variational Contrast Enhancement,” [EEE
Transactions on Image Processing, vol. 20, no.
12, pp. 3431-3441, 2011.

Chen S. and Ramli A., “Contrast Enhancement
Using Recursive Mean-Separate Histogram
Equalization for Scalable Brightness
Preservation,” I[EEE Transactions on Consumer
Electronics, vol. 49, no. 4, pp. 1301-1309, 2003.
Chen S. and Ramli A., “Minimum Mean
Brightness Error Bi-Histogram Equalization in
Contrast Enhancement,” IEEE Transactions on
Image Processing, vol. 49, no. 4, pp. 1310-1319,
2003.

Chen S. and Ramli A., “Preserving Brightness in
Histogram  Equalization = Based  Contrast
Enhancement Techniques,” Digital Signal
Processing, vol. 14, no. 5, pp. 413-428, 2004.
Coltuc D., Bolon P., and Chassery J., “Exact
Histogram Specification,” IEEE Transactions on
Image Processing, vol. 15, no. 5, pp. 1143-1151,
2006.

Dhariwal S., “Comparative Analysis of Various
Image Enhancement Techniques,” International
Journal on Electronics and Communication
Technology, vol. 2, no. 3, pp. 91-95, 2011.

Garg R., Mittal B., and Garg S., “Histogram
Equalization Techniques for Image
Enhancement,”  International  Journal on
Electronics and Communication Technology, vol.
2,no. 1, pp. 107-111, 2011.

Gonzalez R. and Woods R., Digital Image
Processing, Addison-Wesley Publishing
Company, 2" edition, 1992.

Hassan N. and Akamatsu N., “A New Approach
for Contrast Enhancement Using Sigmoid
Function,” the International Arab Journal of
Information Technology, vol. 1, no. 2, pp. 221-
225,2004.

Ibrahim H. and Kong N., “Brightness Preserving
Dynamic Histogram Equalization for Image
Contrast Enhancement,” IEEE Transactions on
Consumer Electronics, vol. 53, no. 4, pp. 1752-
1758, 2007.

Ibrahim H. and Kong N., “Image Sharpening
using Sub-Regions Histogram Equalization,”
IEEE Transactions on Consumer Electronics,
vol. 55, no. 2, pp. 891-895, 2009.

Kabir H., Wadud A., and Chae O., “Brightness
Preserving Image Contrast Enhancement Using
Weighted Mixture of Global and Local

[17]

[18]

[20]

[21]

[22]

[24]

[26]

[27]

677

Transformation Functions,” the International
Arab Journal of Information Technology, vol. 7,
no. 4, pp. 403-410, 2010.

Kim M. and Chung M., “Recursively Separated
and Weighted Histogram Equalization for
Brightness Preservation and Contrast
Enhancement,” IEEE Transactions on Consumer
Electronics, vol. 54, no. 3, pp. 1389-1397, 2008.
Kim Y., “Contrast Enhancement Using
Brightness Preserving Bi-histogram
Equalization,” IEEE Transactions on Consumer
Electronics, vol. 43, no. 1, pp. 1-8, 1997.

Kumar V. and Bansal H., “Performance
Evaluation of Contrast Enhancement Techniques
for Digital Images,” International Journal of
Computer Science and Technology, vol. 2, no. 1,
pp. 23-27, 2011.

Khan M., Khan E., and Abbasi Z., “Multi
Segment Histogram Equalization for Brightness
Preserving Contrast Enhancement,” Advances in
Computer Science, Engineering and Applications
Advances in Intelligent and Soft Computing,
Springer Link, vol.166, pp. 193-202, 2012.

Lal S. and Kumar R., “Enhancement of
Hyperspectral Real World Images using Hybrid
Domain Approach,” International Journal of
Image, Graphics and Signal Processing, vol. 5,
no. 5, pp. 29-39, 2013.

Lal S., Chandra M., and Upadhyay G., “Contrast
Enhancement of Compressed Image in Wavelet
Based Domain,” in Proceedings of International
Conference on Signal Recent Advancements in
Electrical Sciences, India, pp. 479-489, 2010.
Lee S., “An Efficient Content-Based Image
Enhancement In The Compressed Domain Using
Retinex Theory,” IEEE Transactions on Circuits
Systems and Video Technology, vol. 17, no. 2, pp.
199-213, 2007.

Menotti D., Najman L., Facon J., and De-
Araujo A., “Multi-Histogram Equalization
Methods for Contrast Enhancement and

Brightness Preserving,” IEEE Transactions on
Consumer Electronics, vol. 53, no. 3, pp. 1186-
1194, 2007.

Ooi C. and Isa N., “Adaptive Contrast
Enhancement  Methods  with  Brightness
Preserving,” [EEE Transactions on Consumer
Electronics, vol. 56, no. 4, pp. 2543-2551, 2010.
Ooi C. and Isa N., “Quadrants Dynamic
Histogram Equalization for Contrast
Enhancement,” IEEE Transactions on Consumer
Electronics, vol. 56, no. 4, pp. 2552-2559, 2010.
Panetta K., Zhou Y. Agaian S., and Jia H.,,
“Nonlinear Unsharp Masking for Mammogram
Enhancement,” IEEE Transactions on
Information Technology in Biomedicine, vol. 15,
no. 6, pp. 918-928, 2011.



678 The International Arab Journal of Information Technology, Vol. 12, No. 64, 2015

[28] Pizer S., Amburn E., Austin J., Cromartie R.,
Geselowitz A., Greer T., Romeny B,
Zimmerman J., and Zuiderveld K., “Adaptive
Histogram Equalization and its Variations,”
Computer  Vision, Graphics and Image
Processing, vol. 39, no. 3, pp. 355-368, 1987.

[29] Sengee N., Sengee A., and Choi H., “Image
Contrast Enhancement using Bi-Histogram
Equalization with Neighborhood Metrics,” IEEE
Transactions on Consumer Electronics, vol. 56,
no. 4, pp. 2727-2734, 2010.

[30] Sheet D., Garud H., Suveer A., Mahadevappa A.,
and Chatterjee J., “Brightness Preserving
Dynamic Fuzzy Histogram Equalization,” /EEE
Transactions on Consumer Electronics, vol. 56,
no. 4, pp. 2475-2480, 2010.

[31] Stark J., “Adaptive Contrast Enhancement using
Generalization of Histogram Equalization,” /EEE
Transactions on Image Processing, vol. 9, no. 5,
pp- 889-906, 2000.

[32] Tang J., Peli E., and Acton S., “Image
Enhancement Using A Contrast Measure In the
Compressed Domain,” IEEE Signal Processing
Letter, vol. 10, no. 10, pp. 289-292, 2003.

[33] Wadud M., Kabir M., Dewan M., and Chae O.,
“A Dynamic Histogram Equalization for Image
Contrast Enhancement,” IEEE Transactions on
Consumer Electronics, vol. 53, no. 2, pp. 593-
600, 2007.

[34] Wang C. and Ye Z., “Brightness Preserving
Histogram Equalization with Maximum Entropy:
A Variational Perspective,” I[EEE Transactions
on Consumer Electronics, vol. 51, no. 4, pp.
1326-1334, 2005.

[35] Wang Q. and Ward R., “Fast Image/Video
Contrast Enhancement Based on Weighted
Thresholded Histogram Equalization,” [EEE
Transactions on Consumer Electronics, vol. 53,
no. 2, pp. 757-764, 2007.

[36] Wang Y., Chen Q., and Zhang B., “Image
Enhancement Based on Equal Area Dualistic
Sub-Image Histogram Equalization Method,”
IEEE Transactions on Consumer Electronics,
vol. 45, no. 1, pp. 68-75, 1999.

[37] Wongsritong K., Kittayaruasiriwa K.,
Cheevasuvit F., DejhanK., and Somboonkaew
A., “Contrast Enhancement using Multi-Peak
Histogram  Equalization = with  Brightness
Preserving,” in Proceedings of IEEE Asia-Pacific
Conference on Circuits and Systems, Chiangmai,
pp. 455-458, 1998.

[38] Yeganeh H., Ziaei A., and Rezaie A., “A Novel
Approach for Contrast Enhancement Based on
Histogram Equalization,” in Proceedings of IEEE
International Conference on Computer and
Communication Engineering, Kuala Lumpur, pp.
13-15, 2008.

[39] Yoon H., Han Y., and Hahn H., “Image Contrast
Enhancement Based Sub-Histogram Equalization
Technique without Over Equalization Noise,”
World Academy of Science, Engineering and
Technology, vol. 3, no. 2, pp.176-182, 2009.

[40] Yun S., Kim J, and Kim S., “Image
Enhancement Using A Fusion Framework of
Histogram Equalization and Laplacian Pyramid,”
IEEE Transactions on Consumer Electronics,
vol. 56, no. 4, pp. 2763-2771, 2010.

[41] Zhiming W. and Jianhua T., “A Fast
Implementation  of  Adaptive  Histogram
Equalization,” in Proceedings of the 8"

International Conference on Signal Processing,
pp. 1-4, 2006.

[42] Zuiderveld K., Contrast Limited Adaptive
Histogram Equalization, Academic Press, 1994.

Shyam Lal received his BTech
degree (with Hons.) in electronics
and communication engineering
from Bundelkhand Institute of
Engineering and Technology Jhansi
(U.P.), India and MTech (with

u Hons.) in electronics and
communication engineering from National Institute of
Technology, Kurukshetra (HR.), India in year 2001
and 2007, respectively and PhD degree in engineering
from Birla Institute of Technology, Mesra, Ranchi
(JH.), India in year 2013. He worked as Associate
Professor and Assistant Professor in the Department of
Electronics and  Communication  Engineering,
Moradabad Institute of Technology, Moradabad (U.P.),
India from 28" August 2001 to 14™ December 2013.
Currently he is working as Assistant Professor in the
department of Electronics and Communication
Engineering, National Institute of Technology
Karnataka, Surathkal, Mangalore (KA), India since
17" December 2013. ). He has more than 12 years of
teaching and research experience. He has published
more than 45 papers in the area of Digital Image
Processing and Wireless Communication and
Computing at International/National Journals and
Conferences. He is Member of IEEE (Since 2011), life
member of Indian Society of Technical Education
(ISTE), New Delhi-India (LM-39989), International
Association of Engineers (IAENG), Hong Kong
(M.No.-103480) and Life member International
Association of Computer Science and Information
Technology (IACSIT), Singapore (LM- 80333445. He
has been Guest Editor of International Journal of
Signal and Imaging System Engineering (IJSISE),
Inderscience Publishers. His area of interest includes
digital image processing, digital signal processing and
wireless communication.




An Efficient Method for Contrast Enhancement of Real World Hyper Spectral Images 679

Rahul Kumar received his BTech
degree in electronics and
communication engineering from
Uttar Pradesh Technical University
year 2010. He worked as Assistant
Professor in the Department of
. Electronics and Communication
Engineering, Moradabad Institute of Technology,
Moradabad (U.P.), India from August 2012 to July
2013. He is currently pursuing MTech in Signal and
Image Processing from, National Institute of
Technology, Rourkela, Odisha, India. He has more
than 3 years of Teaching and Research experience. His
area of interest includes Digital Image Processing,
Digital Signal Processing and Robotics.




