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Abstract—Low contrast and poor quality are the often cited
problems in the generation of medical images. In this paper the
lung images are sharpened using a technique called Unsharp
Masking for contrast enhancement. A simple algorithm using
wavelet based unsharp masking is developed in order to improve
the quality of thevisual data and provide insightsto the physician
for better and faster diagnosis of diseases. The proposed
algorithm and the sharpened images with increasing level of
intensity are illustrated. Experimental results shows that in
addition to enhancing the details of the image, the proposed
algorithm also preserves the edge features of the lung images
effectively.

Index Terms. Lung Image, Haar Transform, Laplacian,
Unsharp masking, Wavelet Transform.

[.INTRODUCTION

Analog images that are digitized for analysis usually face
problem of lack of clarity. Such problems includes the issue
related to the contrast and the possible presence of shades.
These deficiencies can are caused possibly due to the lack of
focus, lighting and so forth [1]. So as to comprehend and
analyze the image, its quality needs to be enhanced using
techniques incorporating various methods of image
enhancement. Image processing techniques finds prominent
presence in various medical applications for early diagnosis
and treatment of various diseases [2]. Such improvement in
image quality can be achieved through systematic
enhancement of the image.

Image enhancement refers to sequential development of
an image to explicitly highlight the particular and select few
features [3]. The specific features of an image is highlighted
for better interpretation [4]. The objective of image
enhancement is providing with the better understandability
about the images for human viewers and providing
acceptable input for the users.

The ultimate aim of this approach is to ater the
characteristics of an image and to provide the best
convenience for a given process and a particular user in
which only few of the attributes are modified.
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The selection of image enhancement methods generally
depends on individual’s ability of visual perception and the
user’s capability to perform the task [5].

The purpose of image enhancement is to improve the
active sequence of the selected properties (such as the
internal features of the lung images) so that such structures
can be recognized effortlessly and can augment the data
contained in descriptions for the physician to identify the
diseases.

Lung images are obtained from physical body scans such
as Computerized Tomography (CT). The static images
obtained from these scans are considered as visual data. The
process of image enhancement is to identify the damaged
portion of the image and to conceptually enhance the
visibilty of the image [6]. In this process there will be no
increase in the characteristic information content of the
visual data, however it upgrades the desired features which
aidsin easy identification and for further diagnosis. One such
method of image enhancement isimproving the clarity of the
image.

Image sharpening isacrucia part in image enhancement.
Image sharpening refersto atechnique of image enhancement
technique that focusses on the edges to enrich the specific
area of an image using algorithms so as to reconstruct the
precise details of the image. Image sharpening aims to
enhance edge slopes while minimizing the production of
hal o-artefacts, nevertheless preserving edges of image [7].
Image enhancement accentuates or refines the parts of an
image, edges for instance. There are a plenty of methods that
can be utilized for image sharpening. However, a technique
known for its easiness to implement and simplicity to
executive isthe Unsharp Masking (UM) approach. One such
sharpening algorithm is attempted in this paper, which
enhances the image quality and increases the clarity.

A. Image Sharpening in Lung I mages

Dueto increasing levels of air pollution there has been an
alarming rate of breathing related diseases. It has been
highlighted that respiratory diseases such as asthma,
pneumonia, Bronchitis, Lung Cancer etc are on the rise [8].
An early detection and treatment could be a favorable
solution [9].

Medical practitioners need to have high resolution images
of lungsin order to identify the possibilities of such diseases.
A prognosis of the asthma related pulmonol ogy diseases may
be carried out based on the images obtained by CT or
Magnetic Resonance Imaging (MRI) or a Positron Emission
Tomography (PET).
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Identification of issues in the images at the beginning
stage is a difficult task. The CT scan images obtained using
thelatest techniques are used in the existing methods. [ 1][10].

The images obtained from these scanning
techniques, bring out the abnormalities in the images for a
comparative analysis. Better and proper diagnosis can be
performed if the images obtained are subjected to sharpening
so as to highlight the problematic areas. Accordingly the
images of lungs need to be processed in order to enhance its
clarity, so asto appreciate its distinct features.

In general, methods of image enhancement techniques fals
either under the category of spatial domain methods or under
the category of frequency domain methods[11]. Asthe visua
data is accessed on need basis, an umbrella mechanism of
sharpening the medical imagesis not advisable. In this paper
anew method for enhancing the sharpness of the lung images
is proposed. The proposed algorithm for image sharpening
works on the principle of Unsharp Masking based on Discrete
Wavelet Transform (DWT) Method. The noise level is
reduced by passing theimagesthrough filters and the wavel et
transform of the original image would be obtained. Further an
Inverse DWT isperformed on the filtered image so that’s the
sharpness of the image is increased. This method enhances
the acute features of the visuaized lung images by
highlighting the necessary information for better and precise
diagnosis. The rest of this paper is organized as follows: A
brief description of the research problem is provided in
Section 2, which aso enlists the research objective; Closely
related literatureisreviewed in Section 3 indicating the use of
image processing methods for sharpening; Section 4 briefs
the WUM approach, Section 5 details the modified WUM
algorithm implemented in Medical images along with an
illustration of the algorithm on few pulmonary images.
Finally, Section 6 concludes the paper.

1. RESEARCH PROBLEM

Interstitial lung disease (ILD) or diffuse parenchymal lung
disease (DPLD), is a group of lung diseases affecting the
interstitium (the tissue and space around the air sacs of the
lungs)[12]. Ideopathic Pulmonary Fibrosis (IPF) is classified
asalung disease banded by fibrosis and makeover of thelung
parenchyma [13]. Most research in developed countries has
exposed that the death rate of people affected by IPF has
increased over the past three decades [ 14]. Today, one of the
major causes for the increase in fatality among adults and
aged people is ILD. Accurate and reliable methods for
objective quantitative evaluation of variationsin the lung are
required for diagnosis and treatment of pulmonary diseases.
Although chest radio-graphs have played a prominent rolein
ascertaining the existence and extent of abnormality in the
lungs, it has been shown that radio-graph-based examination
cannot reliably distinguish between the different categories of
ILD [15]. Researches have also highlighted that subjects
whose radiographs appear to be normal may have underlying
pathologic evidence of interstitial lung disease [16]. From
various studies, it can be synthesized that CT appearsto offer
superior support in the characterization of pulmonary
diseases when compared to radiograph [17].

It is necessary to identify the specific features and
characteristics of the lung images for diagnosis of lung
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diseases such as Intergtitial Lung Diseases. The images
obtained from the various scanning techniques often do lack
image clarity. Therefore such images need to be enhanced so
asto increase the image clarity [18].

1. CLOSELY RELATEDLITERATURE

It has been demonstrated, through both a statistical study
and some computer simulations that the cubic unsharp
masking method has the advantage of reduced noise
sengitivity when compared to the linear unsharp masking
technique and it facilitates visuals that are better
comprehendible. The proposed operator also compares
favorably with different algorithms which appears in recent
studies aimed to compare and enhance the approaches of
unsharp masking [19]. A generalized Histogram Equalization
with DWT is discussed [20]. In histogram equalization the
method of distributing gray level within an image is explored
so that the occurrence of all the gray level are equally likely.
Hence histogram equalization aimsto increase the brightness
aswell asthe contrast level of dim and shadowy images. Such
approaches focuses prominently on contrast enhancement.

Typicaly digital imaging with extreme zoom are found
in fields such as astronomy and wild life monitoring [21].
More recently, the scope and need for such deep zooming
capabilities also serves wide area monitoring such as traffic
surveillance, monitoring forest fires, harbors and so forth. It
also describes user interfaces that are built to control the
system remotely and data acquisition and processing. Both
hardware as well as software considerations are addressed,
which focuses on optical arrangements and de-blurring
methods of images. An agorithm, to restore images
customized to such systemisdevel oped, in which an accurate
point spread function (PSF) search is guided by a flexible
measure of sharpness for image de-blur. Researchers have
demonstrated  enhancement in  robustness  through
experiments and the capability to choose the optimum PSF so
that it produces images with extended clarity [22].

An approach to image enhancement of digital chest
radiographs is described [23].The method is to employ
various non-linear mapping functionsto different scale levels
at the transform domain involving discrete wavel et transform
(DWT). The mapping functions are used to project a set of
DWT coefficients to that of a new set of DWT coefficients.
Such mapped coefficients are subjected to inverse wavelet
transformation. It was identified that the results provides
improved enhancement capabilities compared to fast Fourier
transform method and the conventional DWT method. A new
image enhancement technology discussed in [24] which is
based on a multidimensional measure of contrast in the
wavelet domain helps the radiologists in screening of
mammograms. Since the approach modifies the contrast of
the images directly it is considered as one of the direct
approaches of contrast enhancement. From the synthesis of
the above literature it can be observed that there has been no
known method of UM being used for sharpening the Medical
images.
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Enhancing the resolution of images by utilizing a
multi-wavelet approach and interpolation discussed in [25].
A Wavelet based UM (WUM) method initially proposed in
[26] is modified in this paper. The working principle of
Unsharp masking is discussed in the next section.

A.Unsharp Masking (UM)

The concept of UM isto augment the contrast of any given
image [5].The underlying principle of UM is as follows: in
the first step, the original image is blurred and then that
blurred image is subtracted from the original image. In the
next step, this difference (referred in step one) is
superimposed with the actual input (original) image to obtain
the processed (sharpened) image. The final output obtained
as the final image will be an enhanced image without noise.
Asaresult the UM provides better visual data.
Mathematically:

Iab) =1(ab) - I"(a,b) D
where I{(a,b) represents image that is sharpened by unsharp
masking and | (a,b) in the Eq (1) denotes a hazy (blurred)
representation of 1(a,b).

B. Applications of UM

Generally unsharp masking filters enhances the edges of the
images. Images are passed through low pass and high pass
filters so as to obtain smoothed image. A generalized
Unsharp masking algorithm is discussed in [27][28]. The
halo-artifacts are reduced [29] where an adaptive guided
image filtering (AGF) with a shift-variant technique is used
which highlights the edges and contours while reducing
hal o-artifacts or noise amplification. A method of geographic
data visudization using WUM is developed in [30].
Typically, the wavelet based approach is predominantly
utilized to enhance the images represented using the
frequency domain. One of the popular methods used for
image processing that offers a multi-resolution depiction of a
signal that is shown in the frequency domain is the Discrete
Wavelet Transform (DWT). Further, wave-let coefficient
mapping functions and the inverse transform of the mapped
coefficients [23][31][22] are obtained for contrast
enhancement.

C. Discrete Wave-let Transform (DWT)

The underlying principle of UM approach isto enhance
theimage by sharpening its edges. Nonethel ess, there appears
to be arisk of inducing artificiality in the images if it is over
sharpened. This can be mitigated by employing a discrete
wavelet transform (DWT) approach to select the appropriate
sharpness level as required by the user. DWT is a tool by
which the images are transformed and generally represented
in a time-frequency domain [32]. In DWT, the images are
decomposed into levels by the help of a multi-resolution
wave-let transform. Wave-lets represents the replications of
the length of awavering transform that decays quickly. Such
wavelets are either scaled or translated from the source. As
indicated in Eq. (1), the underlying idea in obtaining a
sharpened image using the DWT is a two-fold process: first,
to decompose the original image and second, to rebuild the
image from decomposed version. The first step
(decomposition) is carried out using a method of Forward
Discrete Wavelet Transform (FDWT), which usesfilters that
generate coefficients of wavelets. During the process of
FDWT, the replicated wavelets (referred as daughter
wavelets) are generated from the parent wavelet (referred as
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mother wavelets). The daughter wavelets are essentially the
scaled and shifted versions of mother wavelet that
progressively differs based on varying decomposition levels
[33]. The process of decomposition is meticulously carried
out vertically and horizontally [24]. In the second step, the
reconstruction of the image is achieved by mapping the
appropriate wavelet coefficients. This is performed using a
process known as Inverse Discrete Wavelet Transform
(IDWT) [23]. The abovementioned DWT based approach is
widely employed for enhancing satellite images [34][35][36].

In general, wavelet filters entwine each vertical and
horizontal of the image, which results in 4 sub bands. The
sub-bands are represented as. HH1, HL1, LH:andLL:. Among
these, the sub band coded as L L: isthe low frequency one and
it denotes the most important feature of the image [6]. Upon
iteration, the LL; will be further divided into four more
sub-bands. This iterative process is continued for multiple
(say Jtimes) that creates multiple (J) level s of decomposition.
This procedure finally results in the creation of (Ix3)+1 sub
bands[28]. For instance, the number of sub bandsthat will be
generated from a three level decomposition (J=3) would be
ten. Thisisillustrated in Figure. Asindicated in Figure 1, Jyq
denotes the decomposition, where p represents the
decomposition level and the sub band is shown by q. Filtuers
such as Symlets, Haar or Daubechies (db) are the commonly
applied filtersfor FDWT process.

J31 | J32
J22
J34 | j33
J12
J24 J23
J14 J313

Fig 1: Illustration of subbands obtained of a DWT level
of three (J=3)

IV. WAVE-LET BASED UNSHARP M ASKING

As the name indicates a wave-let based unsharp masking
(WUM) suggests an integration of wavelet and UM based
approaches [17]. A WUM algorithm is if the focus of this
paper. The proposed WUM concentrates on sharpening
monochromatic or grey scale images. Here, information
regarding the edges traced from the original image is
obtained based on alist of available wave-let coefficients. An
elaboration of the proposed algorithm follows.

Any original image which needsto be sharpened (i.e., the
input image) could be expressed as X(i,j) such that 0 < i< W
and 0 < j < H, where the width of the input image is
represented as W and its height is H. Simultaneously, the
wavelet coefficients of that image is aso identified, which
can be represented as ¢ (m,n), such that 0 <m< W and 0 <
n<H. One set of coefficientsin higher frequency are selected
from ¢ (m,n).
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The corrected (i.e. sharpened) imagey (i, j), where 0 <i<
W & <j<Hisattained by enforcing IDWT on the wave-let
coefficient: ¢ (m,n)

The wavelet coefficients that resulted due to the
application of Forward transform (i.e. FDWT) on the input
originad image are recorded. Such wave-let coefficients
would be represented that range across varied frequencies.
Among these a selective set of wavelets with high frequency
coefficientsare considered to be included while the sub bands
that have low frequency information are not selected. Careis
taken to select only those high frequency coefficients so asto
minimize the unwanted selection of those which may contain
noise. Needlessto mention, that the occurrence of noiseinthe
selected coefficients adversely affects the quality of output.

When the UM technique is applied to the original
image, it not only sharpens the edges, but also amplifies the
noise. This issue of noise amplification can be addressed by
sequentially eliminating those wavelet coefficients which
represents the noise in the image. So as to discriminate the
coefficients that cause noise aimed to remove them, the
correlation method is used between different wave-let planes
are used [17]. With the removal of noise from the image, the
processed image that contains the edge information of the
original image is attained. It would result as an output from
the IDWT process. As shown in Eq. (1), the image from
IDWT, is clubbed along the input (original) image that
culminates in a sharpened image.

Effectiveness of the process can be visually analyzed
by ahuman interpreter. Neverthel ess, the enhancement of the
output image could be ascertained by Laplacian filter [37].
Although Laplacian filter provides an accurate measure of the
sharpness, the commonly used measure specifically on the
high past filtersis Tenenbaum gradient (commonly recognize
as Tenengrad) [38] [30]. This measure of Tenengrad is
known to be extensively used [26] so as to appraise the
process and enactment of image precision. Tenengrad is
considered to be a measure of image sharpness that is based
on gradient. It is widely accepted and renowned for its
effectiveness and minimum complexity in computation. It
evaluates the sum of the squared of the responses obtained by
horizontal and vertical Sobel masks [39] and can be counted
as a method that maximizes the gradient magnitude. The
underlying principle behind Tenengradisthat it isdependson
standard masks for edge-detection that has zero as its
threshold value [38]. In situations where the features of edges
of image are accounted for image (enhancement) sharpening
process, an appropriate edge-detector is recommended so as
to calculate and enhance the focus quality [40].

V. WAVELET BASED UNSHARP M ASKING (WUM) FOR
SHARPENING LUNG IMAGES

As indicated, the WUM agorithm proposed in [14]
modified to sharpen lung images, in this paper. Using this
algorithm few lung images are sharpened to illustrate the
working mechanism of the modified algorithm.

A. Modified WUM Algorithm

Thefollowing isthe agorithm which is used in this particular
WUM process.
Step 1: Input the original lung image |, represented as a
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function of pixelsasf(x,y).

Step 2: Fix theinitial filter value (J) as 1 and sharpness value
(S) as 50% (based on heuristics).

Step 3: Using FDWT, calculate the wavelet coefficients for
the input image.

Step 4: Perform IDWT to obtain the corrected image of lung
f (x,y).

Step 5: Obtain the sharpened image by adding the corrected
lung image with the original lung image, i.e., |=1-1" [where |
isfs(x,y); I isf(x,y), and I'isf*(x,y)].

Step 6: Increase the sharpness S by one percentage point (i.e.
S=S+1%).

Step 7: Repeat the process from Step 3, until there is no
difference in sharpness in the image between the two
immediate S values.

Step 8: Thelevel of sub-bands (J) isincremented by 1 (i.e. J=
J+1).

Step 9: Repeat the process from Step 3, until there is no
difference in sharpness in the image between the two
consecutive J values.

Step 10: Store the sharpened final image.

Using this algorithm, three images are sharpened to illustrate
its effectiveness. Thisis explained in the following section

B. lllustration of the Proposed Modified WUM Algorithm

An illustration of the modified WUM agorithm that is
proposed is shown in this section. By exploring and using the
properties of WUM and DWT, the sharpness of the input
images (lung images) can be obtained. The WUM can be
applied using the principle of DWT. For the purpose of
illustration, the DWT uptothreelevel (i.e. J=3) is performed.
For the three images, any further increase in the level did not
make any major changes in the sharpness of the image.

i Set=1, m=3, $=50%

[ Inputimage [fi(x,y)] ]-)l Perform FDWT on the inputimage |

| Perform IDWT on the correctedimage [f(x,y)] |
¥

Obtain Sharpened Image
[fby)=filxy) - F(xy)]

{

Compare the sharpened image with
ideal or previous output

Significant
difference
between fi(x,y)
andfdxv)

J=liel |

No
J>m

filxy)= fslb,y)

S=5+1
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. Two images are chosen for the illustration of the modified
WUM agorithm [25] [26]. Each of the two images contains
four representations as follows: (a) the first image is the
original image, (b) second the sharpened image with J=1 and
S=50%, (c) third the sharpened image with J=2 and S=70%, and
(d) finally the sharpened image with J=3 and S=85%. These
are shown in Figure 2 and Figure 3.

Fig 3(a): Input (Original)
Image

Fig3(b): Sharpened Image
obtained with J=1 and
S=50%

Fig 3(c): Sharpened Image
obtained with J=2 and
S=70%

Fig 3(d): Sharpened Image
obtained with J=3 and
S=85%

The sharpness value (i.e. S) is arbitrarily determined
50%, 70% and 85%, because of lack of signific
differences that could be observed between the success

sharpness val ues.

Table 1: Evaluation of M easurement Results Based o

Statistical Metrics

Proposed | Median | Mean
Filter Filter
PSNR 71.2137 26.7480 | 22.586
6

Entropy 6.8516 0.0480 6.7768
Cross-Cor | 0.8633 0.9243 0.9270
relation
SSIM 0.9510 1.0055 0.9866
Average -6.2748 0.1179 6.4308
Difference
Absolute 0.0755 0.0158 0.0679
Error

Asshownin Table 1, the different statistical metrics used for
the evaluation generated diverse evaluation results for these
enhancement methods. PSNR value in the proposed
algorithm is very much higher compared to the other
approaches for enhancement. Higher the PSNR, better the
sharpness. Additionally other performance parameters such
as Entropy which indicates randomness could be employed to
portray the texture of input image. Cross- Correlation, SSIM,
Average Difference and Absolute error evaluated to provide
positive performance for the proposed approach. Henceit has
been identified that the proposed algorithm considerably
over-performs the other available legacy as well as the
contemporary techniques of image enhancement.
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VI. CONCLUSION

An important issue of medical image enhancement based
on wavelet transform is the extraction of the information of
high-frequency. The high frequency sub-images of
wave-lets in this algorithm is decomposed using Haar
transform. This ads in extracting high-frequency
information effectively. The clarity of images can be
enhanced by sharpening theimages using Unsharp Masking
(UM). A modified Wavelet based UM (WUM) is proposed
in this paper to enhance the sharpness of lung images. It was
also observed in the proposed algorithm that in addition to
enhancing an image’s contrast, it also effectively preserves
the edge features of the origina image. The WUM
algorithm can also be illustrated in various other medical
images like MRI brain images etc to sharpen its features.
Further, it also need to be validated whether the proposed
WUM algorithm can also be used for other image sources
such as satellite images etc. It would be interesting to
determine the utility of this agorithm for such purposes
which enable between and faster decision

making by enhancing the acute features of the visualized
geographic data by highlighting the necessary information
involving image processing.
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