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Abstract—As medical imaging facilities move towards
complete filmless imaging and also generate a large volume of
image data through various advance medical modalities, the
ability to store, share and transfer images on a cloud-based
system is essential for maximizing efficiencies. The major issue
that arises in teleradiology is the difficulty of transmitting large
volume of medical data with relatively low bandwidth. Image
compression techniques have increased the viability by reducing
the bandwidth requirement and cost-effective delivery of medical
images for primary diagnosis.Wavelet transformation is widely
used in the fields of image compression because they allow
analysis of images at various levels of resolution and good
characteristics. The algorithm what is discussed in this paper
employs wavelet toolbox of MATLAB. Multilevel decomposition
of the original image is performed by using Haar wavelet
transform and then image is quantified and coded based on
Huffman technique. The wavelet packet has been applied for
reconstruction of the compressed image. The simulation results
show that the algorithm has excellent effects in the image
reconstruction and better compression ratio and also study shows
that valuable in medical image compression on cloud platform.
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1. Introduction

In recent years, many studies have been made on wavelets.
An excellent overview of what wavelets have brought to the
fields as diverse as biomedical applications, wireless
communications, computer graphics or turbulence, is given in
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Image compression is one of the most visible applications
of wavelets [2]. It is well known that medical imaging
facilities move towards complete filmless imaging and that
compression plays a vital role for storing, transferring and
sharing the patient's images across the computer system for
primary diagnostics [3]-[6].

Compression is the process of reducing large data files into
smaller files for efficiency of storage and transmission. In
general, image compression techniques can be classified into
two types, namely, lossy and lossless. In lossless image
compression, the reconstructed image from the compressed
data is identical to the original image. In lossy compression,
the reconstructed image from the compressed data is not the
same as that of original image. They are various techniques
and methods employed for image compression in both lossy
and lossless. Although lossy compression techniques yield
high compression ratios, the medical community has been
reluctant to adopt these techniques due to legal risks and they
prefer to use lossless compression techniques despite low
compression rates. The aim and goal of the compression
algorithm is to maximize the compression ratio and minimize
the mean square error of the image [7]-[9].

This paper presents comprehensive study with performance
analysis of medical image compression based on Discrete
Wavelet Transform (DWT) and Huffman techniques.
Motivation to this work was seeking new methods of
guantitative analysis of lossless image compression for
medical images on cloud platform [3]. Wavelets appear to be a
suitable tool for this task, because they allow analysis of
images at various levels of resolution. Compression is
achieved by the removal of redundant data. JPEG-2000 is a
recently developed compression standard for still images that
is based on Discrete Wavelet Transform (DWT) technique
[10]. DWT image compression includes decomposition
(transform of image), detail coefficients thresholding, and
entropy encoding (Fig 1- a,b).

(a) Coding Section

=

Original Image

Forward Discrete
Wavelet Transform

(FowT)

Bit Stream
Output
01010101

Quantization Entropy Coding

=

SEEK

(t

DIGITAL LIBRARY



Proc. of The Second Intl. Conf. On Advances In Computing, Control And Networking - ACCN 2015
Copyright © Institute of Research Engineers and Doctors, USA .All rights reserved.
ISBN: 978-1-63248-073-6 doi: 10.15224/ 978-1-63248-073-6-07
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Figure 1 The process of Image Compression based on
Wavelet Transform

This paper is organized as follows. Section 2 discusses the
fundamentals of Discrete Wavelet Transform (DWT). Section
3 talks about the proposed work and research methodology of
the hybrid algorithm. Section 4 cites the performance and
analysis of the implementation steps of the proposed
algorithm. Section 5 gives the conclusion and future work

1. Discrete Wavelets Transform

Wavelets are functions defined over a finite interval and
have an average value of zero. The basic idea of the wavelet
transform is to represent any arbitrary function (t) as a
superposition of a set of such wavelets or basis functions.

An image is a two Dimensional signal (2D) and that is
considered to be matrices with N rows and M columns. In
wavelet transform, decomposition of an image consists of two
parts, one is lower frequency or approximation of an image
(scaling function) and another is higher frequency or detailed
part of an image (wavelet function). At every level of
decomposition, the four sub-images are obtained, the
approximation (LL), the vertical detail (LH), the horizontal
detail (HL), and the diagonal detail (HH).

Then all the coefficients are discarded, except the LL
coefficients that are transformed into the second level (Fig 2).
To achieve the required compression ratio the LL coefficients
are passed through a constant scaling factor [13].
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Figure 2 Bub band notationsin the hierarchical Wawelet Transform

These basis functions or baby wavelets are obtained from a
single prototype wavelet called the mother wavelet, by
dilations or contractions (scaling) and translations (shifts). The
main feature of DWT is multiscale representation of function.

By using the wavelets, given function can be analyzed at
various levels of resolution. The DWT s also invertible and
can be orthogonal [11]. Wavelet transform has emerged as
very powerful tool for data compression [12].
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After applying forward discrete wavelet transform, one can
employ proper method to process the image coefficients for
achieving effective compression [15]. For reconstructing the
cosefficients are rescaled followed by padding zeros and then
passed through wavelet filter.
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Proposed Work And

Environment Used

The research methodology of the proposed work and
algorithm steps are summarized as follows(Fig 3):
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Figure 3 Flow Diagram of the proposed Method

The following figures give the visual and quantitative results
of the method considering the hybrid transformation for block
size 32x32. The test medical image (X-ray hand.jpg) is
compressed and decompressed using the proposed method.

The following figures depict the output of the algorithm in
the sequence of execution.

Figure 4 shows the original image and its gray scale
converted form (RGB to YChCr transformation for the block
size of 32x32). The histogram of the image is used as
reference to evaluate the mean squared error of the image.
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Figure 4 Original Image and Histogram

Figure 5 depicts the decomposed image after applying
forward Discrete Wavelet Transform in the First level and
second level of DWT2.
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Figure 5 Decomposed Image after applying FDWT
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Figure 6 shows the reconstructed image after applying
dequantization, Huffman decoder and Inverse Discrete
Wavelet Transform (IDWT2). The mean squared error of the
image between original and the reconstructed image along
with the histogram is displayed in order to find out the visual
and quantitative performance of the proposed compression
algorithm.
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TABLE1 EXPERIMENTAL PERFORMANCE UNDER DIFFERENT
IMAGE FORMATS OF MEDICAL IMAGES
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Figure 6 Reconstructed image and its Histogram

iv. Results and Discussions

The proposed image coding scheme is implemented according
to the description in section-I11 and tested with different image
formats of bench mark medical images. A set of test medical
images is shown in the Fig 7. The effectiveness of the
proposed method is elucidated by means of the experimental
results. The proposed method is implemented in MATLAB-
2014a. The input images used in the experiments include X-
ray hand.jpg, CT brain.gif, MRI head.jpg, US liver.jpg, X-ray
chest.jpg, and CT brain.png format.
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Figure 7 Bench mark test medical images

Here compression ratio is measured in terms of Bits Per
Pixel (bpp) and image quality in terms of PSNR and visual
fidelity index [2]. Performance parameters of the images are
determined by measuring the compression ratio, peak signal to
noise ratio and mean square error of the compressed images.
Table-1 summarizes the experimental performance under
different image formats of medical images.
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The peak signal to noise ratio (PSNR) is the ratio between a
signal's maximum power and the power of the signal's noise.
PSNR is most easily defined via the mean squared error
(MSE). Given a noise-free mxn monochrome image | and its
noisy approximation K, MSE is defined as:

m—1n—1

MSE = # DD UG - K65

i=0 j=0

The PSNR (in dB) is defined as:

MAX?2
PENE = 10 - logq ( Ms,ﬂ)

MAX

= 20 -log,, (
— 20 - log,o (MAX 1) — 10 - log, o (MSE)

Here, MAX, is the maximum possible pixel value of the
image. When the pixels are represented using 8 bits per
sample, this is 255. Figure 8 shows the comparison of PSNR
versus types of medical image formats. Medical images which
are stored in the JPEG formats give better PSNR values than
those that are stored in the PNG format.

PSNR vs Types of Image Format

314.00 -
313.00 ~
P 312,00
311.00
3110.00
N  305.00
38.00 -
R 30700
306.00 +

D S _ D o %
& IS
ob“q & ¥ D & <\Qq &8
o > o a & &
o Y N &> <
P < & ) o o7

Types of Medical Images

Figure 8 PSNR versus Types of Medical Images
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Compression ratio and Space savings

The compression ratio is the ratio of original image to the
compressed image. The space saving of a compression
algorithm can be calculated in the following formula.

Compressed Size
Space Saving=[1- ———— 1
Uncompressed Size

Figure 9 shows the comparison of space savings versus
different types of medical image formats. The proposed
algorithm shows that about 57.8% of space can be saved
effectively without losing the quality of the image.
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Figure 9 Percentage of space savings versus Types of Image Formats

v. Conclusions And Future Work

In this proposed paper, we are using hybrid algorithmic
approach for medical image compression based on multilevel
decomposition using Haar wavelet transform and Huffman
variable entropy coding and the image reconstruction is done
with wavelet packet. The experimental results show that the
proposed hybrid algorithmic approach provides high
compression ratio, least mean square error (MSE) and better
Peak Signal to Noise ratio (PSNR) between original and
reconstructed image. There are various possible directions for
future investigations using evolutionary computation such as
Fuzzy Logic, Genetic Algorithms (GA) and Artificial Neural
Networks (ANN) in order to optimize compression techniques.
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