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Abstract
Medical images are having a very significant riolénealth sciences. Medical images are producethéy
mechanism of medical imaging which is the procdssreating images of the human body or body pastagu
various techniques to reveal, diagnose or treaseade. Analysis of these images by the expertsttedetection of
a certain and specific medical condition. Storage sharing of medical image data are expensiveexudssive
without compressing it because various technigdesedical imaging produce large sized data theectbese

medical images are compressed before saving oinghillem. We present a new hybrid discrete cosiesform
and Huffman encoding to bring about compression moide removal in further steps and then imagelaiityi

correlation is done.
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Introduction

Medical image Compression techniques reduce
the irrelevance and redundancy of the image data in
order to be able to store or transmit data in diciefit
form. Image compression is a process of decreasngg
in bytes without compromising with the image qualit
upto below par level. Compressed images have
advantage over uncompressed images in low memory
requirement for storage. And also reduction of éosbnt
over the Internet or downloaded from Web pages hé
useful process to save a lot of space and resoureiés
sending images from one place to another. It ehiteis
the redundant part and functions which can be geeer
at the time of decompress. Hence, Compression of
medical images plays an important role for effitien
storage and transmission [1].The main goal is tuea®
higher compression ratios and minimum degradation i
quality [2]. The medical image compression techegu
uses different medical images like X-Ray angiograms
Magnetic resonance images (MRI), Ultrasound and
Computed Tomography (CT). DICOM (Digital imaging
and communications in medicine) is used for stqring
transmitting and viewing of the medical images

Medical images

The biomedical imaging’s scope covers image
reconstruction, data acquisition, and image amslysi
methods, systems, involving theories, and appboati
While post-processing and tomographic techniques
become increasingly advanced, traditional and eimgrg
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techniques play more and more crucial roles in
anatomical, molecular, cellular and functional inmag
Medical imaging is the technique and process used t
create images of the human body and structures for
clinical purposes (medical processes looking toeinv
diagnose, or examine disease) or medical science
(invloving the study of basic anatomy and physiglog
Although for medical reasons imaging of removed
organs and tissues can be performed, but suchquoese
are usually referred to as part of pathology nathan
medical imaging. In its widest sense and as alise,
it is part of biological imaging and incorporates
radiology (in the wider sense), nuclear medicine,
investigative endoscopy , radiological sciencesedical
photography ,(medical) thermography, and microscopy
(e.g. for human pathological investigations). Priiga
designed Measurement and recording techniques which
are not supposed to produce images, such, magneto
encephalography (MEG), as electroencephalography
(EEG), electrocardiography (EKG), and others, can b
seen as forms of medical imaging because they peodu
data susceptible to be represented as maps (i.e.
containing positional information).
Biomedical Imaging technologies:

» Radiography

* Magnetic resonance imaging (MRI)

e Fiduciary Markers

* Nuclear medicine
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» Photoacoustic imaging
e Breast Thermography
e Tomography

» Ultrasound

e Echocardiography

PET scanning

Positron emission tomography (PET) scanning,
also a nuclear medicine procedure, deals with uosit
The positrons annihilate to produce two opposite
traveling gamma rays to be detected coincidentéilys
improving resolution. In PET scanning, a radioagtiv
biologically active substance, most often 18F-FD5,
injected into a patient and the radiation emittgdthe
patient is detected to produce multiplanar imadeth®
body. Metabolically more active tissues, such aseg
concentrate the active substance more than normal
tissues. PET images can be combined (or "fusedh wi
an anatomic imaging study (currently generally CT
images), to more accurately localize PET findingsl a
thereby improve diagnostic accuracy. The fusion
technology has gone further to combine PET and MRI
similar to PET and CT. PET/MRI fusion, largely
practiced in academic and research settings, could
potentially play a crucial role in fine detail ofrdin
imaging, breast cancer screening, and small joint
imaging of foot. The technology recently blossomed
following passing a technical hurdle of altered ipos
movement in strong magnetic field thus affecting th
resolution of PET images and attenuation correction

Medical | mage Compression System

The basic system for the purpose of
compression is represented and its various methosls
given. Later on, the hybrid technique of discretsice
transform is discussed. The discrete cosine tramsfo
belongs to the family of sinusoidal unitary transfe.
They are real, orthogonal and separable with fast
algorithms for its computation.

Image Compression Model

The compression system removes the
redundancies from the images through a sequence of
three independent operations. In the initial stage,
image is fed into the mapper, which reduces spatidl
temporal redundancy from the image. The functiora of
Quantizer is to keep the irrelevant information ofithe
compressed form. In the final stage, the symbolecod
generates a fixed- length or variable- length cdale
represent the quantizer output and maps the output
according to the code [3].The model of image
compression system is shown below in Figurel.
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IMAGE CODER IMAGE

Figure 1 Image Compr ession model

Image Compression techniques

The image compression techniques can be
broadly classified into two categories as Loosekass
Loosy Compression. In Looseless Compression, the
original image can be reconstructed from the cosgae
image. This technique is widely used in medicalgmg
since they do not add noise to an image [4]. Insyoo
compression technique, the reconstructed imageirent
some degradation as compared to the original ohét bu
is nearly close to it. Lossy compression produceeso
compession by-products when used at low bit rates.
These compression methods also introduce compressio
artifacts. This technique provides much higher
compression ratios than the looseless scheme [5].
Following are some Looseless and Looosy data
compression techniques:

1. Looseless techniques

i) Run-Length encoding

i) Huffman encoding

iii) Arithmetic coding

iv) LZW coding

v) Area coding

2. Loosy Techniques

i) Transform coding (DCT/DFT)

i) Predictive coding

iii) Wavelet coding

Discrete Cosine Transform

It involves expression of data points in finite
sequence in terms of cosine function’s sum ositilicat
different frequencies. DCT’s are important to nuouer
applications in science and engineering, from loosy
compression of audio and images, to spectral method
for the numerical solution of partial differential
equations. The use of cosine rather than sine iimds
critical in these applications. The cosine funcsicare
much more efficient for compression(as describddvibe
fewer functions are needed to approximate a typical
signal), whereas for differential equations the ines
expresses a particular choice of boundary conditidm
particular, the DCT is a Fourier-related transfaimilar
to the discrete Fourier transform (DFT), but usordy
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real numbers. DCTs are equivalent to DFTs of roughl
twice the length, operating on real data with even
symmetry (since the Fourier transform of a real anen
function is real and even), where in some variahts
input and/or output data are shifted by half a damp
There are eight standard DCT variants, of which fne
common.

The most common variant of discrete cosine
transform is the type-ll DCT, which is often called
simply "the DCT",[1][2] its inverse, the type-lll OT, is
correspondingly often called simply "the inverse DC
or "the IDCT". Two related transforms are the diser
sine transform (DST), which is equivalent to a D&fT
real and odd functions, and the modified discretsire
transform (MDCT), which is based on a DCT of
overlapping data.

The transform coding comprises an important
component of image processing applications. A
transform coding involves subdividing an NxN image
into smaller non-overlapping nxn sub-images blcakd
performing a unitary transform on each block. Tfarm
coding relies on the fact that pixels in an imaghilgt a
certain level of correlation with their neighboripgels.
These correlations can be exploited to predictviilee
of a pixel from its respective neighbors [6]. THere,
transformation maps the spatial (correlated) data i
transformed (uncorrelated) coefficients. Dct domse
sine functions, instead of this it uses cosine tionc
DCT has some advantages over DFT as DCT is having
better computational efficiency as it's a real #f@nm
system and moreover DCT does not produce
discontinuity in the time signal in the process of
periodicity. The most common discrete cosine trammsf
definition of a one dimensional sequence of lendtts
given by the equation

Fu) = (3) : iﬂl Ali).cos

- (20 +1)] 1)

and the correspona_iﬁgverse 1D DCT transform is
simpleF(u), i.e.:

where
, L forf =0
Aiy={ vz ot =
1 otherwise
The general equation for a 2N by M image) DCT is

defined by the following equation:
9 EN-1M-1 -
Flu,v) = (r) ( ) ZE Afi). j')(,()h[2m 21+1:|ma[2M 23+1)} S 5)

and the correspondmgverse 2D DCT transform is
simpleF*(u,v), i.e.:
where
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forf =10

otherwise

DC
Coefficients

DC
Source
Image

To Entropy
Coding

AC Coefficients

Huffman Encoding

The Huffman coding is a looseless data
compression technique for removing the coding
redundancy. It uses a small number of bits to eacod
common characters. The Huffman encoding is uniquely
decodable and instantaneous because the code symbol
in a string can be decoded in one way only andaowith
referencing any succeeding symbols. It createsmabti
code for a set of symbols and probabilities subied¢he
constraint that the symbols can be coded one ahe t
[1]. The Huffman code procedure is based on thé¢ fac
that the symbols which occur more frequently have
shorter code words than symbols which occur less
frequently. Also, the two symbols which occur least
frequently will have the same length. [7]

Huffman Encoder Scheme

Symbols

Descriptors Huff Huff Encoded

Data

Code words

Huffma
Code Table

Huffman entropy
coding table

The first step in Huffman coding algorithm is to
produce a sequence of source reductions by congpinin
the lowest probability symbols into a single symbat
this process is repeated until a reduced sourde twio
compound symbols is left. This is shown by an examp
in table 1.

At the far left of the table 1 a series of source
symbols is listed and their corresponding probgbis
arranged in their decreasing order. The first seurc
reduction is formed by merging the lowest two
probabilities, 0.06 and 0.04 and this yields the
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probability of 0.1, which is placed in the firstlamn of

the source reductions. The probabilities are plaeth

that they are always in their decreasing order.sThi
process is repeated until the two probabilities,ahd 0.4

are left at the end as shown in the last columgsoofce
reduction.The second step in this method is to gdaa
code tree starting with the smallest source anagyoi
back towards the original source. This is illusttaby in
table 2. The minimum length of binary code for & tw
symbol source is the symbols 0 and 1.The reducagtso
symbol with probability 0.6 was generated by meggin
the two symbols in the reduced source to its kb, O
which was used to code it is now assigned to btsth i
symbols and these symbols are further appended by
adding 0 and 1 to each of them so that they can be
distinguished from each other. This procedure peated
until the final code is produced at the far lefttloé table
2[8].

Table 1 : Huffman source reductions

Original Source Source Reductions

Symbol Probability 1 2 3 4

) 04 04 04
1 03 03 03 03 04
1 01 01 02 03

Y 01 01 01

8 0.06 0.1

3 0.04

Table 2. Huffman code assignment procedure

Original Source Source Reductions

§ P Code 1 2 3 4

n 04 1 041 041 041 106 0
% 03 00 03 00 0.3 00 : 04 1
a 01 01 01011 0201 3 01

y 01 0100 01 OIOﬂOI Oli.:]—O

a3 006 01010401 010

i 004 01011:]_D

The average length of the code is given by:

Lavg= (0.4)(1) + (0.3)(2) + (0.1)(3) + (0.1)(4) + (0)2B)
+ (0.04)(5)
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= 2.2 bits/symbol

Entropy of the source is 2.14 bits/symbol.
The resulting Huffman code efficiency is 2.14/2.2848.

Entropy, H=2% P(a) log P (a)

Huffman decoding

The process of decompression involves the
prefix codes stream translation to individual by&tues,
usually by reading each bit from input stream and
traversing the Huffman tree node by node. The
reconstruction of Huffman tree must take placetfis
process. Preconstruction of tree could take placthe
case of predictable character frequencies and at th
expense of at least some measure of compression
efficiency, is reusable every time. Otherwise, tree
reconstruction information is to be sent a pridfo
prepend each character to the compression stredireon
basis of frequency count a naive approach mightdeel.
If thr canonical encoding is used in data compogssi
then reconstruction of compression model can besdon

with justJBQB bits of information (where number of
bits are represented hB ). One more way is to prepend
Huffman tree to the output stream bit by bit. For
example, 0 is assumed as the value representiageatp
node and a leaf node is represented by 1, tredibgil
routine reads the next 8 bits on encounter of rigftie
character value determination of particular leafffrhan
tree is reconstructed on reaching last leaf nod#, then

the process continues. The decompressor must baabl
determine when to stop producing output since the
compressed data can include unused "trailing bBg'.
defining a special code symbol to signify the ehthput

or by either transmitting the length of the decoasgsed
data along with the compression model , this can be
accomplished.

Proposed Algorithm

The compression algorithm for medical
images is based on the discrete cosine transfodnitan
comprises of the following steps:
1. Retrievel of images from medical databases.
2. Conversion of the colored image into grayscalage.
3. Preprocessing of medical images by discreteneosi
transform based compression to eliminate undesired
signals, symbols that arise with acquisition preces
4. Further, Huffman encoding will be performed for
eliminating any unwanted noise and pending redueyglan
of sequence and symbols.
5. Finally, the comparison of the images will benelo
with the correlation method to find the best simiila
result of the images.
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medical image

dct algorithm

R

huffman encoding

r

huffman decoding

r

compressed image

r

correlation and

other parameter
calculation

Figure 2.1 Steps of proposed method

Huffmann algorithm steps

1) The output of DCT is taken as input in
Huffman algorithm.

2) Dictionary formation using probability and
symbol.

3) Huffmann encoding of the dictionary

4) Huffman decoding by using Huffman code
and Huffman tree reconstruction.

5) Output as unit8 image.
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conversion to
single vector

:

symbol nd
probakbility
calculation

!

huffman dictionary
formation

!

hufmann encoding

:

huffman decoding
using huffman
cade

!

conversion of
single vector to
unit 8 vector

huffman process

Figure 2.2 Huffman process

Results

After experimentation we came across
improved results with good Psnr value and less Mse
value which shows utility of our compression praces
Correlation comes out as 0.9986 which shows good
correlation between the input image and output enag
after compression. Following are the results wefigeh
our proposed scheme.

PSNR 13.01
MSE 57.22
Correlation 0.9986

Table 3.1 PSNR value, M SE value, correlation and
compression ratio.
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B Figue: eraErs] compression of the medical images. The correlation
File Edit View Inset Toolks Desktop Window Help 5 value shows similarity between images to a gooérext
Oede R3O0 EL- 2 08 a0 which shows that our process is not only based on

compression but also on maintaining proper quaity
the images. Our main focus is to bring about
compression in images without compromising its iqyal
Our technique will proved to be recent advancenient
medical image compression.

Original Image
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