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ABSTRACT: Image enhancement is carried out to improve some characteristic of an image to make it
visually better one. This paper introduce a method for improving the dark region in digital images.It consist of
two independent processes: luminance enhancement and contrast enhancement. The luminance enhancement,
also regarded as a process of dynamic range compression, is essentially an intensity transformation based on a
specifically designed nonlinear transfer function .The V channel is enhanced in two steps.First the V component
image is divided into smaller overlapping blocks and for each pixel inside the block the luminance enhancement
is carried out using nonlinear transfer function.then the contrast enhancement depending upon the central pixel
value and its neighborhood pixel value. Finally enhanced V component image are converted back to RGB
image. For measuring the visual quality of enhanced images reduced reference(RR) metrics are proposed.
Experimental result showed that the proposed RR metrics work well for measuring the visual quality of
spatially enhanced images.

Keywords: luminance enhancement, contrast enhancement, intensity transformation, reduced reference
metrics.

l. INTRODUCTION

Color images provide more and richer information for visual perception than that of the gray images.
Color image enhancement plays an important role in Digital Image Processing . The purpose of image
enhancement is to get finer details of an image and highlight the useful information. Whhen an image capture
under poor illumination conditions, the images appear darker or with low contrast. Image enhancement is a
process involving changing the pixels’ intensity of the input image, so that the output image should subjectively
looks better [1]. The purpose of image enhancement is to improve the interpretability or perception of
information contained in the image for human viewers, or to provide a “better” input for other automated image
processing systems.

The main purpose of image enhancement is to bring out detail that is hidden in an image or to increase
contrast in a low contrast image. Whenever an image is converted from one form to other such as digitizing the
image some form of degradation occurs at output. Improvement in quality of these degraded images can be
achieved by using application of enhancement techniques. Processing techniques for image enhancement can be
classified into spatial domain enhancement and transform domain enhancement distribution.

Various enhancement schemes are used for enhancing an image which includes gray scale
manipulation, filtering and Histogram equalization. Histogram equalization is one of the well known image
enhancement technique. Histogram Equalization became a popular technique for contrast enhancement because
this method is simple and effective. HE technique can be applied in many fields such as in medical image
processing, radar image processing, and sonar image processing. The basic idea of HE method is to remap the
gray levels of an image based on the image’s gray levels cumulative density function. HE flattens and stretches
the dynamic range of the resultant image histogram and as a consequence, it enhances the contrast of the image
and gives an overall contrast improvement. HE normally changes the brightness of the image significantly, and
thus makes the output image becomes saturated with very bright or dark intensity values. Hence, brightness
preserving is an important characteristic needed to be considered in order to enhance the image for consumer
electronic products [4].

1. RELATED WORK
Histogram equalization usually increases the global contrast of images. This allows for areas of lower
local contrast to attain a higher contrast.Y.-T. Kim[3] developed a method for contrast enhancement using
brightness preserving bi-histogram equalization. In this method he decomposes an image into two sub images
based on the mean value of the image and then equalizes the subimages independently based on their
respective histograms . Similar method for image contrast enhancement is developed by Y. W. Qian [4]. Here
instead of mean, median is used for decomposing an input image into two sub images.T.K.Kim[5] proposed
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block-overlapped histogram equalization algorithm for spatially adaptive contrast enhancement. Paul
Scheunders[6] an orthogonal multivalued wavelet representation is developed.In this method detail images from
different bands are combined into one single band.

In a different approach, Choi et al [7] proposed a color image enhancement method based on the
single-scale retinex.All the processing was done in the HSV color space.In which only VV component image is
enhanced and H and S component images remain as they are.So it does not yield the color change.

Figure 1.1.An unequalised image
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Figure 1.2.The same after histogram equalization

The proposed algorithm has two steps. Luminance enhancement and contrast enhancement. Luminance
enhancement is applied to the image through a pixel intensity transformation that is implemented by using a
nonlinear transfer function. This transfer function can be manually or automatically adjusted to achieve
appropriate luminance enhancement.

1. PROPOSED METHOD

In this paper we follow the algorithm described in [10] for the luminance and contrast enhancement of
V component of the input image. In the original implementation of this process the shape of the nonlinear
transfer function for luminance enhancement remains same for all the pixels.
The color image are represented in RGB color space.HSV space is closer to human perception in which the (H)
refers to the spectral composition of color, saturation (S) defines the purity of colors and (V) refers the
brightness of a color or just the luminance value of the color. The RGB values of an image are converted into
HSV values using the following equations:
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Input RGB imagel
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RGB to HSV conversion
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3.1. Luminance Enhancement

The luminance enhancement also known as process of dynamic range compression, which is the first
step for enhancing the images captured under low or non uniform illumination conditions, is applied to the value
component of the input image using specially designed nonlinear transfer function provided in [11]. The V
channel image given by (4) is subjected for luminance enhancement. Suppose VLE be the transferred value by
applying nonlinear transfer function defined below:

v (079029 1 0.4(1—x)(1-V) +V (1-X)
V .= ; 5)

The shape of transfer function of (5) depends upon the parameter x, which is the image dependent parameter and
is calculated by using the image histogram and is defined as:

OforL>=50
L-50

for50 < L <=150¢ (6)
1forL > 150

This transformation can largely increase the luminance for those dark pixels (regions) while brighter
pixels(regions) have lower or even negative enhancement.
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Fig. 2 shows an image with global L and x parameter value as well as some local region bounded by
rectangle and their corresponding L and x parameter values. The parameter x is different for different region of
the image. Therefore the shape of transfer function is also different for different regions of that image. On the
other hand luminance enhancement using global x parameter produces the output image with grayed out effect.

To solve all the problems stated above we treat the value component image locally for luminance
enhancement. First the value component image is divided into smaller overlapping blocks. The parameter x in
(5), which determines the shape of the transfer function, is now calculated for each overlapping blocks.

30/12/2005

Fig. 2. Animage and value of parameter x for whole image and for different regions bounded by
rectangle.

A window of size N x N is taken and by using the histogram of the image inside this window the
parameter x is calculated. The window is now shifted with some pixels n (less then N) along the row. The
number of shift pixels of the window defines the amount of overlapping. After finishing along the first row of
the image, the window is shifted along the column and process is repeated as before. In the similar way the
window is moved all over the image for determination of the local x parameter of the transfer function (5). Here
the window is shifted by an amount of n pixels in horizontal and vertical direction each, therefore now for each
n x n small blocks of the image we have four values of parameters x belonging to four corner of the n x n
window. Now the parameter value x for each pixels inside the n x n window are calculated by using the bilinear
interpolation. Here the interpolation is used to remove the problem of the region transition and blocking artifacts
in luminance enhancement process. Now for each pixel the amount luminance enhancement is calculated by
using the local x parameter in (5). Fig. 3 shows the result of luminance enhancement using global x parameter as
well as local x parameter. In Fig. 3 (c) the local detail in the image are stronger then in Fig. 3 (b) as well as the
gray out problem of the luminance enhancement using global x is also solved partially.

V(X y) =Ve (X, y) ®G(x,) )

T
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Fig. 3. Result of luminance enhancement using (a) global x parameter and (b) local x parameter in (5).

3.2. Contrast Enhancement

To improve the overall quality of the image a center-surround contrast enhancement is applied after
luminance enhancement. As illustrated in [9] the normal global contrast enhancement technique simply
increases the luminance for bright pixel and decreases the luminance for the dark pixels.Next, 2D discrete
convolution is carried out on the original V channel image Vc(x, y) by using Gaussian function G(x, y) as the
convolution kernel, which has a form like
The following equations defines the process of center surround contrast enhancement:

Vee (X, y) = 255V ¢ (X, y)EY (8)
Where E(X,y) is defind by:
E(xy) =R(XxY)" =V (X Y)/Ve (X )17 9)

VCE(X, y) is the contrast enhanced V channel image, R(x, y) is the ration between Gaussian filtered and original
value component image. P is an image dependent parameter determined by using global standard deviation of
the input value channel image VF.
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(a)

Fig 5:Result of image enhancement using different methods (a)original image.(b)Histogram
Equalization.(c)AINDANE.(d)proposed method

Fig. 5 shows two input color images containing both dark and bright regions and result of the image
enhancement by histogram equalization, AINDANE,and proposed method. histogram equalization changed the
original color of the images,but the contrast is increased unnecessarily. AINDANE enhance the image globally
but not consider the local detail. The global enhancement using AINDANE is satisfactory but the local details
are still to be enhanced and the color is also changed slightly due to the use of color restoration process in RGB
space. In the output images of proposed method one can see that both local and global contrast increase well
with preserving image details.
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Fig 6:Original image and enhanced iage using roposd method (ourtesy: Google —image enhanced
by proposed method)

3.3. Quality Measurement

Fig. 5 shows two input color images containing both dark and bright regions and result of the image
enhancement by histogram equalization, AINDANE, MSRCR and proposed method. The original color of the
image is changed after enhancing using histogram equalization and AINDANE
Mean square error (MSE) is the simplest FR metric between the reference image x and the processed image y:

MSE(x, y) =ﬁz(y(i, D) -x(, i) 20

Peak signal to noise ratio (PSNR) is also a popular FR metric to measure the quality of a reconstructed
image, and it is defined as:

PSNR(x, ) =10log,, ( max(x)” ) (A1)
NZ(V(L i) —x(, j))?

The PSNR has been used as a standard metric in image denoising and other related image processing
tasks. Wang et al (2004) also developed the structural similarity (SSIM) index, which is also a FR metric, by
comparing local correlations in luminance, contrast, and structure between the reference and distorted images.
The SSIM index is defined as:

oy, +tCl 2uu, 20,0

SSIM(x,y) = - (12)

2 2" 2
0,0y Wx+tpu, o, +o,

Let the size of the low spatial resolution mage f be P.Q, and the size of the corresponding spatial
resolution enhanced image g be 2P.2Q. This means that the spatial resolution of image f is enhanced at a factor
of 2.2. The following four down-sampled images at a factor of 2.2, can be defined as:
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g,=0@2:2:2P1:2:2Q) (13)

01,
O
92

=0(1:2:2P,2:2:2Q) (14)
=0(2:2:2P1:2:2Q) (15)
=g(2:2:2P,2:2:2Q) (16)

The following four RR metrics are proposed[12] for quality measurement:

1 2 2

PSNR(f;g) == PSNR(f;g;) (17)
4 i

i=1 j=1
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Q(f;9) =_ZZQ(f;gij) (18)
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MSSIM(f;g) =
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VIF(f;g):ZZZVIF(f;g“) (20)

i=1 j=1

V. CONCLUSION
In this paper we propose a color image enhancement method for both luminance and contrast

enhancement .The luminance enhancement is carried out only on V component of the image. H and S
component are not changed during enhancement..So that the original color of enhanced image cannot change
after enhancement.Our proposed four new reduced reference(RR) metrics measuring the visual quality of
images. The experimental result shows that our proposed method produces better images.
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