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Abstract- Image enhancement (IE) is the process of enhancing
visual appearance of image in order to make it more effective
for computer to process. In this paper, a new method has been
proposed for low contrast IE in the medical field based on
Lifting wavelet transform (LWT), Adaptive median filter
(AMF), Adaptive histogram equalization (AHE) and Gamma
Correction (GC) method. The given input image decomposes
in four sub-bands with LWT scheme. Then, we estimate the
noise free matrix of the low-high and high-high sub-band
image using AMF and by applying inverse LWT reconstruct
combined image. After that enhance the contrast of an image
using AHE and smoothen the image using GC. The proposed
method also compared with the existing traditional methods
like general HE, contrast limited adaptive histogram
equalization (CLAHE), AHE and brightness bi histogram
equalization (BBHE). The method is tested on different
images. The result of proposed method is measured using
Peak Signal Noise Ratio (PSNR) and Mean Square Error
(MSE). The results show that proposed method is better than
existing methods.
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1. INTRODUCTION

In medical X-ray image imaging process, due to the
equipment, the operator's experience, the patient's own factors
and some other reasons, which may cause the imaging effects
is not ideal, such as low brightness, low contrast, poor or
blurred details and other issues, at this time we need to
enhance these X-ray images. Some traditional methods such as
brightness transformation, piecewise linear gray level
transformation and histogram equalization can improve the
brightness and contrast of the image, but the treatment were
relatively homogeneous which are only singly change the
image's brightness or contrast, the ability of enhance the image
details is poor; Some frequency domain enhancement
methods, such as high frequency emphasis filter, unsharp
masking, etc., by superimposing weighted high frequency
information on the original image, can enhanced the detail
texture features of the image, but without considering the
effects of noise may cause the noise amplification and over-
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enhancement [1]. An ideal medical image enhancement
technology, can not only enhance the local contrast and global
contrast of image, but also enhance the edge and contour
information of image, so can highlight the internal details of
image and improve the visual effect [2][3]. Research shows
that the comprehensive use of various enhancement methods
can achieve the better enhancement results on medical images
[4-6], but low-contrast microscopic image enhancement
research is still relatively less. In this study proposed a work
on image enhancement for medical X-rays images to denoise
and improve the low contrast and brightness on different
enhancement methods. The rest paper is organized as, Section
Il describes the literature review of existing research work in
medical x-ray enhancement, Section 1l describe the proposed
methodology, algorithm and techniques for medical
enhancement used in work. In section IV, shows the
experiment result of work on different performance
parameters and in last section present the conclusion of overall
research study.

Il. LITERATURE REVIEW

Savitha et al. [8] discusses a unique technique of
chest x-rayimage enhancement where the enhancement is
carried outusing multiple ranges of operation. For an efficient
analysis, various numbers of images is used in experiment,
altering the various of weight, variance, correction factor,
etcand monitoring the outcomes. In this accomplishing better
PSNR values even in comparison to themost frequently used
median filters in medical imageprocessing.

Wen et al. [1] proposed an algorithm based on
homomorphic filtering and CLAHE to enhance the medical x-
ray image low contrast, brightness details, also effectively
suppress the noise amplification and avoid the over-
enhancement phenomenon.

The result of proposed algorithm is better from traditional
enhancement algorithm and enhances the details of medical X-
ray images.

Mayank et al. [9] proposed an efficient method to
enhance contrast as well as to preserve brightness of medical
images. The proposed work is done two stepprocess, in initial
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step use of adaptive gamma correction method to enhanced the
global contrast of an image and in second step, for sharpening
an image use of homomorphic filtering so as to preserve the
image brightness. The result of proposed method gives
images with significant contrast and good interpretation of
local details and reduces the mean brightness error more
accurately with other contrast enhancement methods.

G.N. Sarage [10]proposed a technique to enhance the
performance of hand X-ray images using different low and
high Pass Filter. For this high boost filter is used to increase
the image performance and to eliminate noise in image use of
low pass filter. The result of X-ray image shows the better
image quality contrast enhancement from the original image.

I11. PROPOSED METHODOLOGY

This proposed algorithm presented medical IE using
LWT, AHE and Gamma correction technique. In this process,
first take an input gray image. Change the size of an input
image with NXN dimension. As we know that after applying
the LWT the whole image is decomposed into four different
sub-bands and each sub-band has different significance. The
Low-Low sub-band contains average information of the image
and other three sub-bands (LH, HL, and HH) contain the detail
coefficients of image. These three sub-bands give the
information about edges. Now, we consider the last three sub-
bands for further processing. Select all three bands for further
processing because it is noisy pixels and remaining one band
is clear image. For the high frequency coefficients of image
wavelet decomposition, considering that it may contain the
details and noise information, so carry on the AMF
processing, in order to reduce the impact of the image noise.
After applying the inverse LWT one can get the reconstructed
image. After that, applying AHE for enhance contrast of an
image. Finally, apply GC for improving the smoothness of an
image.

a) Lifting Wavelet Transform

The signal transform is utilized to change the signal
to the distinctive area, play out a few operations on the signal
transform and reverse the change and prepare to the first space
i.e. change ought to be invertible Wavelet transform can be
performed using filter bank i.e. Low pass filter and high pass
filter. Lifting scheme splits the samples into odd and even
samples. In 1998, Sweldens et al. present the LWT, second era
wavelet transform to expand the utility of wavelet strategies.
Lifting technique is straightforward and effective as there is no
complex mathematical computation. In LWT, digital signal
are integer number and wavelet transform is floating point
number as output, so for inverse transformation integer to
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integer conversion is required and in LWT it can be modified
to operate on integers and thus during inverse transform
rounding error can be avoided [11].

The process of LWT transform is divided into three steps as:

1. Split:

In this step a signal is split into an odd signal subsets
(the wavelet coefficients filtered through high-pass filter) and
even signal subsets (filtered through low-pass filtered).

2. Predict:

In this step use only an even signal subsets to divide
the signal into even and odd signal subsets by transforming
odd signal subsets into wavelet coefficient.

3. Update:

In Update step, only even signal subsets is processed
using wavelet coefficient and those processed in predict phase
for calculating the scaling function.

In Lifting wavelet decomposition (LWD)an image is
decomposed into approximation coefficient subset (cA) and
detail coefficient subsets, horizontal (cH), vertical (cV) and
diagonal (cD).

b) Adaptive Median Filtering(AMF)

The AMF has been applied widely as an advanced
method compared with standard median filtering. The AMF
performs spatial handling to figure out which pixels in a
picture have been influenced by impulsive noise. The
Adaptive Median Filter arranges pixels as clamor by
contrasting every pixel in the picture with its encompassing
neighbor pixels. The measure of the area is customizable, and
in addition the limit for the examination. A pixel that is unique
in relation to a greater part of its neighbors, and in addition
being not basically lined up with those pixels to which it is
comparable, is named as impulsive noise. These noise pixels
are then replaced by the median pixel value of the pixels in the
neighborhood that have passed the noise labeling test [12].

c) Adaptive Histogram Equalization (AHE):

Adaptive Histogram Equalization (AHE) is a massive
contrast enhancement method for both Natural images and
Medical images. The method engagesapplying to each pixel in
HE [13]. In the adaptive each pixel is customized based on the
pixels that are in a region neighboring that pixel. This region
is called contextual region. If an image of n x n pixels, with k

www.ijsart.com



IJSART - Volume 3 Issue 12 - DECEMBER 2017

intensity levels and the size of contextual region is m x m,
then the time required for calculations is O(n2 (m + k))[14].
The results are better obtained through four nearest grid points
of a moving window instead using histogram of neighborhood
pixels.

d) Gamma Correction

Gamma correction is a non-linear operation adjusting
lightness or darkness of image [15]. Gamma is the term used
to describe non-linearity of a display monitor. According to
the gamma value only image brightness can be adjust. Gamma
value ranging from 0.0 to 10[7].

0.0 >Darker
1.0 >No change
10.0 >Lighter

If gamma value less than 1.0(<1.0), darken an image.
Else if gamma value greater than 1.0(>1.0), lighten an image.
Else gamma value equal to 1(=1), produce no effect on image
[16]. Gamma is applied only for display image not to the data
of image. Monitor of identical gamma are used for any single
image and as long as nothing further is done in the image,

computationally [17].
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Fig. 1 Proposed Architecture
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In fig 1 of proposed architecture, first of all take gray
image. Apply LWT, split the input image into four bands:
imLL, imLH, imHL and imHH. Consider LH, HL and HH
band for further processing. Apply the AMF filter on all
channels. Finally, all bands are combined using inverse LWT.
After that, applying AHE for enhance contrast of an image.
Finally, apply GC for improving the smoothness of an image.

Proposed Algorithm

1. Consider an input image is represented as fimwith
418X602 sizes.
[r. €] = size Uiﬂ](z)

Where [ €l is a row and column offin

2. Apply I-LWT on the fin to divide into 4 sets such
asimLL imLH, imHL imHH imLL4jd not consider for
further processing because this band shows clear image
and remaining bands is noisy.

3. Apply AMF on remaining three bands for removing
noise.

4. Apply 1 level inverse LWT (ILWT) on the LWT
transformed image, to create the noise free image

Tnoise fres on 4 coefficients

5. Applying the obtain mapping to each pixel tolnoise fresto
get the contrast image by using AHE.

6. Apply Gamma Correction on enhanced image from
previous step. The value of Gamma lies in between Oand
infinity. If the value of Gamma is 1(default) then linear
mapping is done, if the value of Gamma is less than 1, the
mapping is weighted toward higher (brighter) output
values. If the value of gamma is greater than 1, the
mapping is weighted toward lower (darker) output values.

7. Finally get the improved medical image limprove |
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RESULT COMPARISON BETWEEN PROPOSED WITH BASE SYSTEM, BBHE AND CONTRAST

ADJUSTMENT SYSTEM

Label Name Input Image Base [1] Result

@

(b)

(©

(d)

(®)

®

IV. PERFORMANCE MEASURE
i) Mean Square Error (MSE):

It is defined as the average square difference between
reference signals to distorted signal. It can be calculate by
adding up the squared difference pixel-by-pixel and dividing
by the total pixel count. Suppose M x N is an input image

Iinand limproveis defined as the improved image. Then the
MSE between these two signals is defined as:
— Eﬂizf: L[I:n(i-'-i'-} _-r_-mrrau.p(i-'j}]z

M=N (3)

MSE
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BBHE CA Result Proposed Result

ii) Peak Signal to Noise Ratio (PSNR):

PSNR is the evaluation standard of the reassembled
image quality and is the most wanted feature. It can be
calculate in decibels (dB) and it is given by

_ 10 Xiogy g limgy—min”
PSNR = g @)

Where ‘max and ‘mirare the maximum and minimum
of the image gray values, usually taken 255 and 0.The higher
value of PSNR shows the better reassembled image.
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Table I1. psnr comparison between proposed with base system,
bbhe and contrast adjustment (ca) system

Label Name | Base [1] BEEHE CA Proposed

PSNR PSNR PSNR PSNR
(a) 4545 22.10 2330 60.31
(b 46.03 1933 2397 3006
(c) 4561 2148 2285 6102
(d) 4584 2089 2022 61.34
(&) 4363 22.56 2478 63.20
(£ 4353 2067 1997 3g67

PSNR COMPARISON BETWEEN PROPOSED WITH BASE, BBHE AND ©
CONTRAST ADJUSTMENT SYSTEM
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Fig 2. Shows PSNR Comparison
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Table I11. mse comparison between proposed with base system

Label Name Base Proposed
MSE MSE

(a) 1.8320 0.0603

(b 16137 0.0806

(c) 1.7831 0.0514

(dy 16932 0.0477

) 17766 | 00311

0 18180 | 0.0883
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MSZE Comparison between Base and Proposed Method
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Fig. 3 Shows MSE Comparison between Base and Proposed
Method
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V.CONCLUSION

In this research, we have proposed a simple, efficient,
and effective technique for contrast enhancement in the
medical field using LWT, AHE, AMF and GC method. The
PSNR of proposed technique for medical images is better
where the main problem in such images is low illumination
and low down contrast. With the implementation, we can
assert thatthe proposed algorithm is able to get good
contrasted imagewhich increases the brightness of the low
contrasted images.This algorithm is tested on various types of
images and resultsare encouraging.The proposed can be
further extended for other medical images, satellite pictures
with the other optimization algorithm.
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