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Abstract— The proper diagnosis of diseases results in treatment of the same in a perfect way. Ultrasound imaging which is a means to see
what's happening inside the body solves the mystery of disorders/infections in the body. The universe around us is surrounded by different
noises, some controllable and some behind our control. A small noise inside the diagnosis can route the investigations in a wrong way. In
this research, ultrasound images are treated with different noises of varying noise level and the images so obtained are then treated with
singular value decomposition method. The quality of the images before and after processing through SVD technique is compared

qualitatively and quantitatively.
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l. INTRODUCTION

igital image processing is an interesting and

widely spread area of research finding its

application in every field of technology
surrounding us [1-3]. Digital camera is the primary means of
obtaining digital images of the real world. The images so
obtained are processed through various computer algorithms
and techniques to filter out noises in the images which coined
the term digital image processing [3-5]. The images of the 3D
world are captured using camera when light reflected by the
object is captured by the camera and is converted into 2D
image hence result in image formation. This image is digitized
by signal processing and then is handled by digital image
processing [6-10].
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Fig. 1. Editing image.

Fig. 1 shows that an image is captured by a camera and has
been sent to digital system to remove all the other details and
just focus on the image of Kalpana Chawla. The other
methods of obtaining digital images are by using animation
techniques where computer graphics is taken help to frame
images [11-14].

There are numerous applications of digital image
processing. Sitting in one part of the universe and seeing live
what's happening in the other part is a simple application of
DIP [15] [16]. The space research projects which gives us
clear cut picture of the universe above us is nothing but DIP
application [15], [17]. Keeping the world secure by keeping an
eye on them by CCTV's is DIP. A number of criminal cases
are solved with the help of this wonderful application of DIP

[18]. Security system developed using iris recognition or
finger prints recognition of heart beat scan is the wonderful
application of DIP. Videos can be edited and specific
information is derived through DIP [19], [20]. It is impossible
to have surveillance on each part of the universe manually.
Drones which are put to seek information are an imaging
application of technology assisted by DIP [21], [22]. When a
fire broke out in dense forest, the information is passed
through satellites in the form of images to controlling
authorities so that an action should be taken upon [23]. No
human being has yet visited Mars or Jupiter, but the
probability of having signs of life is there. It is the DIP which
enables the researcher to draw conclusions about the planets
far away from us [15].

The disease which affects our internal body parts was not
easily diagnosed in the past. It was totally a work of
predictions and analysing the symptoms which sometimes
went wrong and finally worked against the patient. Medical
imaging helps the doctor to diagnose the diseases inside the
body. Images inside the body are captured using MRI, CT
scan and Ultrasound [24], [25]. Out of this ultrasound is safer
and is and easy tool of diagnosing the diseased part inside the
body. The working of ultrasound is similar to sonar which
works on the principle of echo [26]. In ultrasound technique,
an ultrasound probe, a monitor and a gel (chemical) is used to
take the images of the internal organs. The gel is applied on
the skin above the body part that is to be analysed. The
ultrasound probe which is a transducer/electric instrument
meant for conversion of energy transmitted high frequency
sound waves. The sound energy goes deep into the body and is
reflected by the internal body parts. The reflected energy is
collected by the probe and is transferred to the computer.
Software is there which calculates the amount of reflected
energy and the delay it takes to get the energy reflected. The
specified computer software works upon to convert the data
received into a two dimensional image. The higher frequencies
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displays softer tissues, muscles, neonatal brains and
comparatively lower frequencies display deeper body organs
such as liver, pancreas, gall bladder etc.[17], [27], [28]. The
images obtained through ultrasound are not very clear so
various enhancement techniques are worked upon to obtain
more clarified information that will help the pathologist with
more accurate results and thus help in the doctor and patient
[17], [28]. Different enhancement techniques are purposed by
different researchers to enhance the quality of digital images.
Enhancement techniques for non- uniform and uniform dark
images were used to grab more information from the darker
areas [17], [29], [30]. Aura transformation which is basically
used for analysis and synthesis of texture is worked upon
ultrasound images [28].

In this research we are using singular value decomposition
to refine the ultrasound images interfered with various noises
of differing levels. The singular value decomposition (SVD)
plays an important role in matrix theory. In the linear algebra
the SVD is a factorization of a real or complex matrix
analogous to the digonalization of symmetric using a basis of
eigenvectors. SVD is a stable and effective technique to split
the system into a set of linearly independent components, each
of them bearing own energy contribution. SVD is a numerical
technique used to diagonalize matrices in numerical analysis.
SVD is a matrix factorization technique which takes a
rectangular matrix defined as A where A is an m x n matrix in
which the m rows represents the users, and the n columns
represents the items. The SVD state that [33].

Anxr= Unxn Smen Ve, Where UTU = Ly VIV = Ly

Where the columns of U are the left singular vectors; S (the
same dimensions as A) has singular values and is diagonal;
and V' has rows that are the right singular vectors. Calculating
the SVD consists of finding the Eigenvalues and Eigenvectors
of AAT and A'A. The Eigenvectors of ATA make up the
columns of V, the Eigenvectors of AAT make up the columns
of U. Also, the singular values in S are square roots of
Eigenvalues from AAT or ATA. The singular values are the
diagonal entries of the S matrix and are arranged in
descending order. The singular values are always real
numbers. If the matrix A is a real matrix, then U and V are
also real. Matrix S is a diagonal matrix having only r nonzero
entries, which makes the effective dimensions of U, S and V
matrices m x r, r X r, and r x n, respectively. The diagonal
entries (S, Sz, - - Sy) Of S have the property that s; > 0 and s; >
S >...>s.. SVD is powerful and reliable orthogonal matrix
decomposition method. Due to SVD conceptual and stability
reasons, it becomes more popular in signal processing area
[31], [32]. SVD is an attractive algebraic transform for image
processing [34]. Other application of SVD is made for
separation of image data and noise subspaces using SVD. The
SVD characterized the signal and noise subspace eigen modes.
Because the noise has much lower power compared with the
signal, the eigen modes corresponding to the dominant
singular values. SVD is applied also for detection of faint
stars, noise removing, continuum subtraction of spectral lines
for radio-astronomical images, and automatic image
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classification [35]. In previous year ago SVD was also
investigate for water marking. For dimension reduction and
data processing of principal component analysis (PCA)
technique is used [36]. SVD and PCA are common techniques
for analysis of multivariate data into fewer dimensions while
retaining important information. SVD and PCA have many
applications such as Image processing and compression,
Immunology, Small-angle scattering etc.

Il. METHODOLOGY

The ultrasound image of liver is taken from an internet
source and converted into grayscale image and processed
through SVD. Singular values are extracted out of the
grayscale matrix. This singular matrix is treated with
polynomial equation of different orders. Here, we have treated
it with order varying from 1 to 50. Root mean square value for
different orders w.r.t. the SVD matrix is calculated. The image
is reconstructed for different orders and all the total set of 51
images are compared manually. Fig. 3 shows the ultrasound
of the liver of an adult female patient. Images show a large (8
cms) rounded, hyperechoic, non-calcific mass in the right lobe
of liver. There is a reasonable amount of acoustic
enhancement posterior to the lesion.

Ultrasound Image

Gray scale conversion

Singular value
extraction

Polynomial
equation of
different order

Comparison ¢———

Fig. 2. Steps of the experiment.

Fig. 3. Unpcsse ultrasound image of diseased liver.

Fig. 4 to Fig. 7 shows the processed image at an order of 5,
10, 15, 20 shows enhancement in quality with increasing
orders.

Fig. 4. Order 5 ultrasound image.
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Fig. 7. Ultrand iage at order 20.
Fig. 8 shows the zigzag pattern of root mean square error

w.r.t. the original image at different orders.
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Fig. 8. Order verses Root Mean Square Error.

IIl.  RESULTS

After processing the images, the results were obtained. The
maximum value of root mean square value at order 1 is
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15.004% as provided in Fig. 9 and minimum value of root
mean square at order 22 is 3.5174% as shown in Fig. 10.

Fig. 9. Processed image at order 1.

Root mean square value shows a linear decrease up to
order 22 after that it fluctuates showing a zig-zag pattern. The
images were compared manually and it was observed that the
contrast and brightness increases with increasing decreasing
mean square error. The quality of the image is inversely
related to the root mean square error.

Hemangioma REs
liver

Fig. 10. Processed image at order 22.

IV. CONCLUSION

The investigation shows that the quality of processed
ultrasound image increases with increasing order. At
minimum root mean square the clarity is maximum. The
manipulation of root mean square error will give better results.
The time required process the quality of images is less. To
enhance the images by manipulating root mean square error is
in future prospectus.
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