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Abstract—Images that are obtained in the real world in low contrast are in-
appropriate for human eyes to read the medical images. Enhancement and seg-
mentation have an important role to play in digital image processing, pattern
recognition, and the computer vision. Here, this paper presents an effective way
of changing histograms and improving contrast in digital images. Segmentation
is done on Adaptive Gamma Correction Weighted Distribution (AGCWD) en-
hanced images. Histogram equalization is an important technique for contrast en-
hancement. Nevertheless, modern Histogram Equalization commonly results in
unnecessary contrast enhancement, which in turn offers an un-natural presence
to the processed image and produces visual artifacts. We present an automated
transformation technique that helps boost dimmed image brightness by gamma
correction and weighted distribution, commonly known as Adaptive Gamma
Correction Weighted Distribution (AGCWD). The contrast enhancement level
can be modified using this technique; noise robustness, white or black stretching,
and the protection of medium brightness can be easily integrated into the optimi-
zation process. Finally, a contrast enhancement algorithm with low complexity is
introduced. All the process of enhancement will be done during the process of
pre-processing the image. Later, in post-processing, we introduce a specific level
set method known as Online Region based Active Contour Model (ORACM) for
better segmentation of an enhanced AGCWD image, and it is compared with the
traditional level set method.

Keywords—Image Enhancement, Histogram Equalization, AGCWD, Image
Segmentation, ACM with SBGFRLS, ORACM Level Set-Method

1 Introduction

Medical images are a special type of image that can be used to diagnose the disease
in patients. There are several methods for obtaining these images, just like computed
tomography scan, magnetic resonance imaging and X-ray imaging. Generally, these
types of imaging methods result in poor contrast to medical images. The physician's
observation is imminent and may lead to a misdiagnosis. Conversely, the attained
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medical images are commonly categorized by a low signal to noise ratio (SNR) in ad-
dition to low contrast to noise ratio, along with multiple and discontinuous edges. Var-
ious methods of image enhancement have therefore been suggested in the literature [5]
to improve the appearance of images for better visual interpretation, understanding, and
also for analysis.

Contrast enhancement is a method that adjusts the image histogram to redistribute
the pixels between the highest and dimmest portions of the image. In particular, contrast
enhancement extends or contrasts the range of intensities in the image, depending on
the desired effect. Contrast enhancement is the most widely used technique for image
enhancement. In this Image Enhancement, we can observe that there are a lot of side
effects while we're going through the process. When there's a low contrast in the image,
we're improving the image. They are certain techniques to overcome the shortcoming
of this process and they are Histogram Equalization.

A traditional contrast enhancement technique is Histogram equalization [1]. It maps
the level of gray based on the input image's probability distribution. But the image pro-
duced by this approach will create undesirable effects in the image, and it does not
maintain the original brightness of the image. Histogram equalization [2] methodology
redistributes probability density. Adaptive Gamma Weighted Distribution Correction
technique (AGCWD) is based on the method of modification of histograms. This ap-
proach incorporates techniques for gamma correction, as well as techniques for histo-
gram equalization. Gamma correction is a technique for changing the histogram based
on transformation, using a variable parameter y (gamma) [8].

The applications of medical images along with object detection as well as image
classification have been involved in research progress recently in image segmentation.
Image Segmentation [15] plays a crucial part in computer vision and in image pro-
cessing. A group of the pixels which represent similarly will be in the same region
during the segmentation of medical images while the dissimilar pixels are in different
regions at the same time.

The main difficulties in the study of images are mainly image segmentation. Many
segmentation algorithms [10] in terms of level set method are introduced and generated
for various applications. For the most part, we are going over the ORACM Level Set
Method (LSM), among various segmentation strategies. A few LSM algorithms had
recognized and proven to be successful for both accurate and robust segmentation. The
methodology could be applicable for optimized issues of giant proportions, generating
prominent arrangements faster than elective methodologies regularly and it also has a
low convergence rate in an iterative progression.

This paper had systematized as follows: section 2 describes the literature review; an
updated version of the level-set approach is suggested in section 3 as proposed method.
Section 4 deals with a thorough description of the experimental tests. Finally, section 5
provides conclusions of this work.
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2 Literature Review

There are several reasons for poor image contrast, such as quality of capture devices,
operator knowledge, or a partially observable environment. Due to poor image quality,
it’s not an easy task to extract the information that exists in a image. Contrast enhance-
ment rejects the problem by increasing the dynamic array of digital pixel values.

The histogram is a graphic illustration of the distribution of an intensity of the image.
In easy terms, it indicates the number of pixels for each of the values of intensity con-
sidered. Histogram equalization is achieved by having a transformation function that
can be well-defined as "cumulative distribution function"-CDF of a given "probability
gray density function"-PDF of a specified image Equalization of histograms is a method
used in computer image processing to increase the contrast between images. It is done
by allotting the most commonly used intensity standards widely, i.e. by increasing the
image intensity range. Typically, this approach improves the total contrast of the image
when closely contrast values reflect its accessible data. This allows for higher contrast
in places where local contrast is smaller. The image's color histogram reflects the num-
ber of pixels for every type of color variation. The histogram equalization couldn’t be
applied independently to the images' red, green, and the blue components, as this leads
to a dramatic variation in the image's color balance.

Some drawbacks refer to existing approaches, like Low Peak SNR, High MSE. Im-
proper photo acquisitions, such as insufficient lighting conditions, may also lead to poor
image segmentation. And we need to incorporate an automated technique of transfor-
mation to improve contrast and eradicate poor image quality. Adaptive gamma correc-
tion via weighted distribution (AGCWD) hybrid HM (Histogram Modification) ap-
proach is a combination of transform dependent gamma correction (TGC) along with a
traditional histogram equalization (THE) method [8]. This is an automated technique
of transformation which increases the dimmed image brightness by gamma correction
and by a grayscale probability distribution.

2.1  Weighted distribution

Weighted distribution is applied in such a way that high probability image areas
shouldn’t be over enhanced and the lower-probability image areas must not be less well
enhanced, so there should be no loss of important visual information. The input histo-
gram is modified in such a way that greater probabilities or weights are given to less
frequent gray rates. Weighted Pdf is given in eq (2). The modified cdf is shown in an

eq (3).

2.2  Gamma correction

When a value of gamma v is less than 1 then it is treated as gamma encoding, and
the process of this compressive power-law non - linearity is called as a gamma com-
pression; conversely, the value of gamma vy is greater than 1 then it is a gamma decod-
ing, and the process of an expansive power-law non - linearity is known as a gamma
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expansion [7]. After weighted distribution, Sub-histograms are mapped to the final his-
togram, later gamma correction is applied [6]. In this method, gamma correction is done
with the help of cumulative density function-CDF. Using Gamma correction which is
shown in section 3.1.3, the final image in image enhancement is obtained.
Osher-Sethian [16] developed a Level set of methods to match and monitor the in-
terested objects by changing the function of energy instead of the function of a curving.
Simultaneously, a system with new ACM’s is being developed to overcome the prob-
lems related to minimization methods of a classical energy. The Level Set Methods
provide robust and resourceful algorithms to search for clarifications to curve equations
of evolution. In this paper, we discuss ACM with the model SBGFRLS and ORACM.

2.3  ACM with SBGFRLS

Active Contour Model Selective Binary and Gaussian Filtering Regularized Level
Set method (ACM with SBGFRLS) involves global and local segmentation properties
where Geodesic Active Contour (GAC) and Chane-Vese (C-V) models are to be com-
bined to raise the performance of active segmentation contours of an image. Neverthe-
less, this procedure does have two big drawbacks. It deforms the active contour initially
by using a current level gradient and operates little by little due to a smaller time-stage,
boundary balloon leakage, unstable evolution, a low resolution with changes in illumi-
nation, and less segmentation precision. Second, it needed a limitation to be adjusted to
the input images to play a key role in results. And ORACM can solve the drawbacks
described here [11].

24 ORACM

ORACM is the region-based active contour approach that needs no parameter and
less time without altering the precision of the segmentation over conventional ACMs
[13].

3 Proposed Method

The proposed method of Image Contrast Improvement and the image segmentation
is discussed in this section. An algorithm is planned to progress the contrast efficiently
and sustain the brightness of input images. Segmentation is performed on the enhanced
AGCWD image. The suggested process consists of phases which are shown in the
flowchart shown in Figure 1.

3.1  Image enhancement during pre-processing

Acquisition of image: Every digital computer, such as cell phones, laptops, and
other cameras, can take the image. An image may be grayscale or a color image. In this
paper we have taken four standard images. Initially, we verify whether the input image
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is color or a grayscale image. Unless an image is the color image in RGB format, it
should be transformed into a grayscale image.

Conversion of RGB image to a gray scale image: Converting an RGB image (red,
green, and blue) to a grayscale image, only 8 bits is required to store one pixel of the
image. An RGB image is essentially a A*B*3 color pixel array in MATLAB, at which
a single-color pixel is the triplet corresponding to the RGB image's red, blue, and green
portion at a given spatial position. Similarly, an image of a grayscale is an A*B array
whose values are mounted to indicate the intensities.

Image histogram: The algorithm is based on a technique of histogram equalization.
Therefore, after the processing of an image, the histogram image is obtained. Histogram
of an image is attained by imhist (built-in function).

Adaptive gamma correction via weighted distribution: Rendering to AGCWD
process [8], an expression for adaptive gamma correction is expressed as below:

T (1) = 1MAX (1/ 1M AX )7 = 1MAX (1 / 1MAX )l—CDF(l) o

Weighting Distribution Function is applied as shown below:
Pdfw (1) = pdfMAX (pdf (1) - pdfMIN / pdfMAX - pdfMIN )a @)

At which a is an adjusted parameter, pdf,,,, & pdf,,, represent maximum and
minimum pdf of a statistical histogram. Then modified cdf is expressed as below:

cdf, (1) = 12”: Pdfw()/ S pdfw

®)
Where the sum of pdfw can be calculated as below:
Lrna
> pdfw =" Pdfw(L)
=0 4)
Gamma for eqn (1) is deliberated as:
y=1—cdf, (1) 5)

Image enhanced output: Enhanced image is obtained after the completion of
gamma correction process. Now, the final enhanced output image is tested with differ-
ent constraints that will be discussed in the experimental results.

3.2 Image segmentation during post-processing

To segment the output of AGCWD image we use conventional Level Set Methods
[12].
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ACM with SBGFRLS: It’s a region based active contour method. During the initial
stage, user-defined active contour is obtained and then unceasingly modernized through
region-based signed pressure function (SPF). And the expression is defined as below:

|(x,\()—ClJ£C2
spf (1(X,Y)) =
MAX(‘I(X,Y)—ClJrC"-)
(6)
C, &C, Represented as
[1(X,Y)H (#)dxdY
€)= [H(#)dxdy
@ (7
II(X,Y)(l—H(gﬁ))dXdY
C.09)= [@-H(#)axay
0 (8)

Active Contour Model Selective Binary and the Gaussian Filtering Regularized
Level set method, uses the Heaviside function with eps = 0. The signed pressure func-
tion role is that it modulates the signs of a pressure force inside as well as outside the
interested area. So, contour will shrink outside an object or expand within an object.
The same defined definition of degree of variance as shown below is also utilized by
the ACM with SBGFRLS:

o0p s
—-=spf(1(X)a|V¢
- V4] o

From eq (9) a represented as the constant function and it regulates the speed of a
level set up to be changed. The main drawback of the ACM with SBGFRLS is that it
must be adjusted according to the image, although it has a significant impact on the
outcome. This condition makes it difficult to use the SBGFRLS for simple images, and
impossible for video files in real-time. The other downside is slowness.[V@| denotes as
a gradient function of a level set. Using |V@| the formulation of a level set broadcasts
the output of a SPF function only at a limit of the Level Set Method. In this circum-
stance, only the level set limit is modified, which results in slowness.

ORACM model: ORACM is an active contour-based region which covers the AC-
M's drawbacks with SBGFRLS. No parameter is required and it takes less time to detect
boundary objects. It uses a simple and an effective level collection of modified formu-
lations as follows when compared to the ACM with SBGFRLS:

50 http://www.i-joe.org



0p _
" H (spf (1(X)))#(X)

(10)

From the above equation, H (.) represents the function of Heaviside and SPF (.)
shown as signed function of the pressure force described in (10).

Compared to the ACM's level-set formulation with SBGFRLS, ORACM doesn’t re-
quire parameter’s to be tuned to the input images to sort the parameter secure. Direct
use of the existing level set function reduces measurement time instead of its estimation
to curvature. Besides, ORACM uses basic morphological opening as well as closing
processes to update the level range smoothly, instead of Gaussian smoothing.

Acquisition of image

J.

Input gray
image

Conwvert to gray
image

Histogram analysis

v

Weighting Distribution

+

| Gamma correction |

| Enhanced output image |

v

| AcM with SBGFRLS |

v

ORACM

¥

Segmented output Image

Fig. 1. Flow chart of Proposed Method
Despite a substantial increase in speed and parameter reliability, the use of global

information in the SPF feature continues to result in incorrect segmentation, with im-
ages having an inhomogeneity of strength.
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Output segmented image: Finally, the segmented image is obtained using ORACM
level set method. Now, the output image is tested and compared with the other conven-
tional level set methods by using various constraints which are discussed in the exper-
imental results.

4 Experimental Results

Medical images are a distinct kind of image that can be used for the diagnostics of
disease in the patients. These types of imaging methods generally result in poor contrast
medical images. Results of the proposed methods are contrasted with the techniques
such as Histogram equalization (HE), Adaptive gamma correction via weighted distri-
bution-AGCWD, ACM with SBGFRLS, ORACM. Dataset of 4 images are taken into
consideration which are used in reference papers previously to relate the results in terms
like covered area, less CPU time, and medical images.

Figure 2(a) shows the input MRI image and its histogram output. Similarly, we also
have figure 2(b) enhanced output concerning the input image and its histogram output.
To have better enhancement during preprocessing we introduce AGCWD shown in fig-
ure 3(a). It is clearly shown that, relative to other approaches, the enhanced improve-
ment made by the proposed technigue is normal and also stronger. The technique also
has improved preservation of original image brightness. On these images performance
metrics for example “Peak signal to noise ratio” -PSNR and “Mean Square error” -MSE
is measured, and results are given below. As contrasted with traditional ACM methods
with SBGFRLS, the proposed level-set method (LSM) ORACM segments the areas or
regions correctly and proficiently during post-processing as shown in figure 3 (b) and
3 (c) respectively.

4.1 Performance measurement

Output results are calculated using Peak Signal to Noise Ratio (PSNR), Mean Square
Error (MSE) for AGCWD as shown in table 1 and table 2.

Peak signal to noise ratio - PSNR: It’s a standard assessment of re-constructed
excellence of an image, and it is measured in decibel terms (dB) and the equation is
expressed through

PSNR = (10log 255/ 2 MSE) (1)

From the above equation, the maximum possible value is 255 at which the image
signal can achieve. Greater, the PSNR value improves the image being reconstructed.

Mean square error - MSE: Among reference signal and the corrupted signal, dif-
ference of mean square is treated as a means square error. The expression for these two
signals is shown below:
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S'[L@b)-1,@b)]
MSE = A8

A*B (12)

Lesser, the MSE value gives the better image quality.
All the algorithms mentioned here are performed with the help of MATLAB R2017a
64 b in Windows 8.
Simulation Results of histogram equalization and image enhancement

Input Image and its histogram AGCWD and its histogram
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Fig. 2. First column shows the original input medical images and its Histogram output. Second
column shows the enhanced output w.r.t input image and its histogram output.
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Simulation Results of AGCWD image enhancement and image segmenta-
tion using ACM with SBGFRLS, ORACM

AGCWD ACM with SBGFRLS ORACM output
output
Column (a) Column (b) Column (c)

Fig. 3. First column depicts the AGCWD output. Second column depicts the ACM with SBG-
FRLS output w.r.t AGCWD output. Third Column depicts the ORACM output w.r.t
AGCWD output.
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Table 1. Performance Metrics of Adaptive Gamma Correction Weighted Distribution based
ORACM and ACM with SBGFRLS

Images AGCWD based ACM with SBGFRLS AGCWD based ORCAM
Iterations CPU time |Total Area Cov-| Iterations CPU time (Total Area Cov-
ered(mm2) ered(mm?2)
Imagel 126 88.39s 24316 5 2.79s 30883
Image2 87 55.68s 35149 5 2.96s 45872
Image3 15 8.244s 103987 6 4.00s 145432
Image4 2 1.40s 9642 12 6.68s 131216

Table 2. Performance Metrics of AGCWD algorithm for contrast enhancement

Image 1 Image 2 Image 3 Image 4
PSNR=13.9532 PSNR=11.2460 PSNR=14.2706 PSNR=16.8362
MSE=2616.7 MSE=4880.7 MSE=2432.3 MSE=1347.3

5 Conclusion

Methods for contrast enhancement established on histogram equalization are com-
monly applied. To smooth down the histogram weighted process is applied. In order to
rise the brightness of an image additionally gamma correction is also taken into consid-
eration. The work improves the AGCWD method that had implemented Gamma Cor-
rection as well as Weighted Distribution methods that helps in better enhancement of
images during pre-processing of an image. Later in post-processing to an image
ORACM level set method is applied on AGCWD for segmentation and is compared
with ACM with SBGFRLS.
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