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ABSTRACT

This paper introduces a new Generalized Equalization Model for image
enhancement in graphical use. The algorithm for image enhancement is capable to
correct contrast for some certain areas of an image which is based on edges
contained in the image and some statistical properties; variance of the whole
image and mean value of an image block. A contrast correction gain is chosen for
each image tile based on statistical properties. The algorithm improves the visual
quality of an image and also restricts noise amplification. The algorithm is tested

with gray scale images as well as color images and results are compared with
histogram equalization (HE), Contrast-limited adaptive histogram equalization
(CLAHE), Bi-histogram Equalization (BBHE) techniques by image quality metrics
parameters that shows results of proposed method are best in compare to Peak
Signal-To-Noise Ratio (PSNR), Mean Square Error (MSE) values of other algorithms.
Keywords: Image Enhancement, Peak Signal-To-Noise Ratio (PSNR), Mean Square
Error (MSE), histogram equalization (HE), Contrast-limited adaptive histogram
equalization(CLAHE), Bi-histogram Equalization (BBHE).
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INTRODUCTION role in enhancing medical images’ quality[2]. Several
With the fast advance of technologies and previous studies proved that contrast enhancement
the prevalence of imaging devices, billions of digital techniques capable to clean up the unwanted noises
images are being created every day. Due to and enhance the images’ brightness and contrast.
undesirable light source, unfavorable weather or The resulting enhanced medical images provided
failure of the imaging device itself, the contrast and clearer images for better and easier disease
tone of the captured image may not always be screening process by doctor. Usually, the original
satisfactory. Therefore, image enhancement is often image is stored in RAW format, with a bit-length too
required for both the aesthetic and pragmatic big for normal displays. So tone mapping
purposes. In fact, image enhancement algorithms techniques, e.g. the widely known gamma
have already been widely applied in imaging devices correction, are used to transfer the image into a
for tone mapping[1]. For example, in a typical digital suitable dynamic range. More sophisticated tone
camera, the CCD or CMOS array receives the mapping algorithms were developed through the
photons passing through lens and then the charge years[3].
levels are transformed to the original image. Today, Motivation: The images which are taken in low light
contrast enhancement process plays an important do not give good appearance. To get good
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appearance of image, image must have good
contrast and white balancing. The algorithm
available either works on contrast enhancement or
white balancing, but not on both. If algorithm of
contrast enhancement is applied on image which
disturbs white balancing and if white balancing
algorithm is used which disturbs the contrast of
image? So there is limitation in using this algorithm.
So to enhance image this is taken in low light, we
have to go for contrast as well as white balancing
also. But no algorithm gives justification to both
enhancement parameter simultaneously, hence the
algorithm which can give justification to both image
enhancement parameter needs to be developed.

Objective: The objective of establishing the

generalized equalization model includes:

e Giving a unified explanation to white balancing
problem and contrast enhancement problem.

e Providing an explicit objective function for
these two problems and proposing a joint
algorithm for them.

e Controlling the performance of the algorithm by
as few parameters as possible.

a. White Balancing: Because of the undesirable
luminance or the physical limitations of
inexpensive imaging sensors, the captured
image may carry obvious color bias.1 To
calibrate the color bias of image, we need to
estimate the value of light source, the problem
of which called color constancy a suitable
physical imaging model, one can get an
approximated luminance, and then a linear
transform can be applied to map the original
image into an ideal one[4-10].

b. Contrast Enhancement: Contrast enhancement
algorithms are widely used for the restoration
of degraded media, among which global
histogram equalization is the most well liked
choice. Other variant includes local histogram
equalization and the spatial filtering type of
methods. In the fractional filter is used to
promote the variance of texture so as to
enhance the image. In a texture synthesis based
algorithm is proposed for degraded media, such
as old pictures or films. On the other hand,
transform based methods also exist, e.g.

curvelet based algorithm. In an adaptive
steering regression kernel is make to combine
image sharpening with denoising. Despite of the
abundant literature on image enhancement,
including those representatives listed above,

two challenging problems for image
enhancement are still not solved[11-13].
1) PROPOSED SCHEME
First step to achieve good contrast

enhancement with preserving a good tone. The
contrast and tone of an image have mutual
influence. Because of the complicated interaction,
those algorithms merely aiming towards contrast
enhancement or white balancing cannot provide
optimal visual effect. Most, if not all, of current
image enhancement systems divide white balancing
and contrast enhancement into two separate and
independent phases. This strategy has an obvious
drawback: although tone has adjusted in the white
balancing phase, contrast enhancement may
undesirably bias it again. This trouble has been
observed in many applications[14], e.g. the de-
hazing algorithms in achieve contrast enhancement
by increasing saturation of the image, but cause

tonal distortion in some cases.

Input Image

‘White Balance
(Max RGB
gray world)

~ 4 Contrast Enhance
<4— (Gama correction and
histogram equilization)

Output Image

—>

Fig. 1: Traditional Method for image contrast
enhancement

It is easy to imagine that joint white
balancing and contrast enhancement, is a more
efficient  solution towards overall quality
enhancement. Different types of enhancement
algorithms to each other are related theoretically. In
this aspect[15], the work in unifies spatial filtering
based enhancement methods, including bilateral
filter, non-local means filter, steering regression and

so on, which has potential applications in image

294 HINAL WANI, O. K. FIRAKE



International Journal of Engineering Research-Online
A Peer Reviewed International Journal
Email:editorijoer@gmail.com http://www.ijoer.in

Vol.4., Issue.4., 2016

(July-August)

enhancement. However, the computational
complexity of filtering based method is much higher
than traditional histogram based method in most
situations. In many cases, such as real-time video
surveillance, the histogram based methods are still
being widely used. Taking its significance in practical
situations into consideration, finding a unified
framework of histogram based methods is a
meaningful work that may bring more inspirations
to the image enhancement problem and facilitate
future research[16]. Although being originated from
different

enhancement and white balancing are essentially

applications, both of  contrast

tone manipulation processes[17].

Input Image Output Image

Proposed Method i y
(The generelised >
equilization model) ¢

Fig. 2: Generalized equalization model for image

contrast enhancement

In fact, it is noticed that almost all global
algorithms of contrast enhancement and white
balancing are based on histogram transform.
Recently on the concept of low-level visual
information contents, however this unified model
does not take contrast into consideration, so it is
limited to the application of white balancing[18]. A
strict definition of expected context-free contrast
and devised a method called Optimal Contrast-Tone
Mapping (OCTM) to solve contrast enhancement
problem by maximizing the expected contrast gain
subject to an upper limit on tone distortion. OCTM is
a promising solution for the intensity channel, but it
does not elucidate the relationship between
contrast and tone on the color channels. In this
dissertation | will analyze the relationships between
image histogram and tone/contrast of image, and
establish a generalized equalization model [18]. We
will propose a series of definitions for context free
contrast, tone distortion and its nonlinearity, and
clarify their relationships in terms of different
parameters in the unified model. The generalized
equalization model amalgamates histogram-based
algorithms in a

tone mapping generalized

framework of convex programming and therefore is
a joint strategy as shown in Fig. (b). Experimental
results show that the proposed method can be
widely used in a series of enhancement applications
with promising results.
2) SIMULATION RESULTS

A basic application of the proposed
algorithm is image contrast enhancement. In the
experiments we have used data sets from [31-37],
the configuration of parameters is chosen according
to the optimal image enhancement algorithm
introduced in the former section. To demonstrate
the validity of the proposed algorithm we design a
subjective experiment. In this paper, we analyzed
the relationships between image histogram and
established a

contrast/tone. We generalized

equalization model for global image tone
mapping[19-22].

Extensive experimental results suggest that
the proposed method has good performances in
many typical applications including image contrast
enhancement, tone correction, white balancing and
post-processing of de-hazed images. In this work, all
types of images are used for evaluating the
performance of proposed system. Images are taken
from the website and also from daily use camera or
mobile camera[23]. Images are taken from the
These

infrastructure, mining, environmental monitoring,

websites. images are of tourism,
disasters, oil spill, defense and intelligence, etc.
Analysis of enhancement of images is done on the
basis of two parameters mean square error and
peak signal to noise ratio which is explored in details
next section[24-26].

Mean Square Error (MSE): The Mean Square Error
(MSE) measures the square of errors. The MSE
represents the cumulative squared error between
the reconstructed image and the original image. The
squaring of the errors tends to heavily weight
statistical outliers, affecting the accuracy of the
results[27]. Mean Square Error (MSE) is defined as in
equation below Where, I and R can be interpreted
as input and reconstructed images respectively. m
and n defines number of pixel in vertical and
horizontal dimension of images | and R.. MSE is the

mean square error.
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MSE = Vmn X0 Zh 30 (G — RG,))
.1
Peak Signal to Noise Ratio (PSNR) : The Peak Signal-
To-Noise Ratio (PSNR) represents a measure of the
peak error. PSNR is an engineering term for the ratio
between the maximum possible power of a signal
and the power of corrupting noise that affects the
fidelity of its representation. PSNR generally
indicates that the reconstruction is of higher
quality[28], in some cases it may not. Following
formula shows PSNR is most easily defined via the
mean squared error (MSE).
PSNR = 10 log, (255 * 255/M5E) w2
In case of ideal condition, if noise is zero,
then MSE=0 and PSNR=oo. Results of images using
proposed,  histogram  equalization,  adaptive
histogram equalization and bi-histogram
equalization  methods shown in following
images[31], left most images shows result of
enhanced image with HE, middle left images shows
Enhanced image with CLAHE, right middle images
shows result with BBHE and right most images
shows Enhanced image with Proposed method.
From figure 3 it is clear that the image obtained
through histogram equalization and bi-histogram
equalization is looks like over enhanced. It shows
that images will loss the details[28-30]. To enhance
those images with low contrast proposed method is
used. While working with these contrast and
brightness issues proposed method preserves both
of them. Also proposed method produces less mean
square error, high PSNR. Above analysis of results
for proposed work shows that the work is promising.
Table 1 Peak signal to Noise

Values in table 1 and figure 4 clearly
indicate that the yellow colored bars of proposed
method having approximately high value. Maximum
PSNR value shows that amount of noise is less and it
ultimately produces maximum power of a signal.

MSE values in table 2 and figure 5 states that MSE is
cumulative squared error between compressed and
original image. A lower Value of MSE means lesser
error. Lesser values of MSE show that proposed
method produces fewer errors.

Fig. 3: Shows Results of 4 Different Input Images
with HE, CLAHE, BBHE and Proposed Method

Ratio for High Resolution Images

PSNR
Sr. Name CLAHE HE BBHE Proposed
__No Method |
1 Image 1 19.7949 14.1757 14.5454 15.0460
2 Image 2 15.9670 12.4756 16.4168 14.6117
3 Image 3 18.8431 19.5798 19.2056 21.4703
4 Image 4 18.7625 19.4582 22.9800 223813
5 Image 5 16.7176 23.4560 24.1997 25.4972
6 Image 6 17.0125 21.4352 21.7250 20.9290
7 Image 7 17.0069 20.4294 21.8672 21.8108
8 Image 8 14.6941 15.4459 22.2464 16.9157
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9 Image 9 17.7277 14.4526 20.9996 15.9469
10 Image 10 14.5665 11.6476 22.8017 12.9405
Table 2 Mean Square Error for High Resolution Images
MSE
Sr. Name CLAHE HE BBHE Proposed
No. Method
1 Image 1 0.0105 0.0382 0.0351 0.0313
2 Image 2 0.0253 0.0566 0.0228 0.0346
3 Image 3 0.0131 0.0110 0.0120 0.0071
4 Image 4 0.0133 0.0113 0.0050 0.0058
5 Image 5 0.0213 0.0045 0.0038 0.0028
6 Image 6 0.0199 0.0072 0.0067 0.0081
7 Image 7 0.0199 0.0091 0.0065 0.0066
8 Image 8 0.0339 0.0285 0.0060 0.0203
9 Image 9 0.0169 0.0359 0.0079 0.0254
10 Image 10 0.0349 0.0684 0.0052 0.0508
Mean
0.03
0.025 _A& 0.02707
0.02 e Gos N\ ¥ 001928
0.015 v
0.01 0.0111 =—&— Mean
0.005

Fig. 3: Shows Results of 4 Different Input Images with HE, CLAHE, BBHE and Proposed Method
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Fig. 3: Shows Results of 4 Different Input Images with HE, CLAHE, BBHE and Proposed Method

CONCLUSION
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In this paper, we have presented a color
image enhancement method for low contrast
images. We established a generalized equalization
model for global image tone mapping. Extensive
experimental results and The RGB images are first
enhanced using HE, CHALE and BBHE algorithm then
compared with proposed method suggest that the
proposed method has good performances in many
typical applications including image contrast
enhancement, tone correction, white balancing and
post-processing of de-hazed images and A lower
Value of MSE means lesser error. Lesser values of
MSE show that proposed method produces fewer
errors and Maximum PSNR value shows that amount
of noise is less and it ultimately produces maximum
power of a signal.
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