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ABSTRACT

Image compression has become an important proogsslay’s world of information exchange. Image coespion
helps in effective utilization of high speed neta@sources. Medical Image Compression is very itapbin the
present world for efficient archiving and transniigs of images. Integer wavelet Transform (IWT) shbe
effectiveness of the methodology used, differesgénguality parameters are measured and obseredhttreased
higher PSNR values. Homogeneous data in radioléginage databases consumes an extraordinary amofint
storage space. Lossless compression algorithmsngperative for efficient storage and transmissidrvalumetric
data sets. The proposed work is to compress thécalathta without any loss (i.e. lossless). Medicébrmation is
either in multidimensional or multi-resolution forrthis creates enormous amount of data. Retriek#ficient
storage, management and transmission of this volons data are highly complex. This technique coeshinteger
transforms and JPEGLS Prediction to enhance théop@ance of lossless compression.

Key words: IWT, PACS, DICOM GAP and GED.

INTRODUCTION

Applications involve image transmission within aachong health care organizations using public netsvoin
addition to compressing the data, this requiresdlvagy of security issues when dealing with sensitmedical
information system. Compressing medical data iredutligh compression ratio and the ability to dectde
compressed data at various resolutions (1). Inrordeprovide a reliable and efficient means forristp and
managing medical data computer based archivingsyssuch as Picture Archiving and Communicatiortedys
(PACS) and Digital-lmaging and Communications inditine (DICOM) standards were developed With the
explosion in the number of images acquired for wiegic purposes, the importance of compressionbleasme
invaluable in developing standards for maintairang protecting medical images and health records (2

Compression offers a means to reduce the costocdigd and increase the speed of transmission. Mieakcal
images have attained lot of attention towards cesgion. These images are very large in size andreeipt of
storage space. Image compression can be losslédesay. In lossless compression, the recoverealidatientical
to the original, whereas in the case of lossy casgion the recovered data is a close replica obtiginal with
minimal loss of data (3).

Various predictive based coding techniques witlir tifectiveness are shown in table below:
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Table: Predictive based coding techniques

Predictive based Coding

methods Comments

. Predictive algorithm used.
. Huffman or arithmetic entropy algorithm.
. Highest compression ratio.

LIPEG

. Near lossless

JPEG LS . High speed and compression ratio, mostly used

. Wavelet based method.
. High noise compensation ratio.
. JPEG 2000 delivers a typical compression gatheérrange of 20%, depending on the image charstiter
. Higher-resolution images tend to benefit mordiere JPEG-2000's spatial-redundancy prediction |can
contribute more to the compression process.
5. JPEG 2000 has quality advantage over JPEG

1
2
3
1
2
3. JPEG-LS algorithm is more scalable than JPEGI&#d5 2000
1
2
3
4

JPEG 2000

1. Belongs to the group of switching Predictors.

2. MMSE performs the adaptation prediction coeffition the basis of a training set of causal pixefss
approach can achieve better results.

3. Redundancy between frames is reduced by thécficedof each pixel based.

MED

. Gradient estimation around The current pixel.

GAP . Gradient estimation is estimated by the cormégurrent pixel.

GED predictor is a simple combination of gratieemd median Predictors.

GED . Pixel in context of horizontal edge, verticajedr smooth region

. Poor performance
High compression ratio
. More complex algorithm with more resources

CALIC

. Models for particular pixel designed by combioaif linear sub predictors
. Bayesion model averaging used(BMA), risk assediavith this model
. Better performance

Blending  predictor(mode
based)

WNRWwN RPN R

Mativation: The future of healthcare delivery systems and tetlioal applications will undergo a radical change
due to the developments in wearable technologiesdical sensors, mobile computing and communication
techniques. When dealing with applications of atiley, sorting and transferring medical data fromstaht
locations for performing remote medical collabavas and diagnosis (4, 5). E-health was born wighititegration

of networks and telecommunications. In recent yaaedthcare systems rely on images acquired indimensional
domains in the case of still images, or three dsimral domains for volumetric video sequences andges.
Images are acquired with many modalities includfigay, magnetic resonance imaging, ultrasound, tpmsi
emission tomography, computed axial tomography. isdnformation is either in multidimensional oruiti-
resolution form, this creates enormous amount tf.dRetrieval, Efficient storage, management aadsimission of
this voluminous data are highly complex. One of sbhutions to reduce this complex problem is to poass the
medical data without any loss (6-8).

Proposed System: The objective of the proposed system is to perféossless compression using Huffman
encoding and JPEGLS algorithms (7).

IWT Followed by JPEGLS: Figure shows, Method integer wavelet transform ppliad on the image which
divides the image into four sub bands ss, sd, dsdth Now JPEGLS is applied on the four differeands

separately giving outputs d1, d2, d3 and d4. Tafwéne perfect reconstruction the original and teeonstructed
images are subtracted and the output is a darkeméfy maximum values as zero (9, 10).

Implementation of Integer Wavelet Transform
In integer wavelet transform there is a mappingvieen integers to integers (1, 4).

Implementation Using Filter Bank

In signal processing, a filter bank is an arraybahd-pass filters that separates the input sigmtal multiple
components each one carrying a single frequencybsud of this original signal. In process of decosifon
performed by the filter bank is called analysis #mel output of analysis is referred to as a suldlsgnal with as
many sub bands as there are filters in the fil@nkb The reconstruction process is called synth@ddgi¥ After
performing decomposition, the important frequenceam be coded with a fine resolution. The minimum
requirement of the filters both the analysis fétand the synthesis filters are achieved by usie@nhalysis filters.
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Figurel: Block Diagram for IWT Followed by Predictive Coding

The final four outputs are combined to from thesfarmed image. The image is transformed in diffeseib bands
of which the first sub band is called LL (which regents the low resolution version of the image,gecond sub
band is called LH (which represents the horizofitaituations), the third band is called the HL (alhirepresents
the vertical fluctuations), and the fourth sub bandalled the HH (which represents the diagonadttiations) (12).

LL |[LLH

HI. |HH

Original Transformed

Figure2: Image after applying IWT

JPEGLS

Lossless JPEG refers to a 1993 addition to JPE@datd by the Joint Photographic Experts Group tabkn
lossless comparisons. However, it might be useanasmbrella term to refer to all lossless compossichemes
developed by the Joint Photographic Expert grougeyTinclude JPEG 2000 and JPEG-LS. Lossless JPEG wa
developed as a late addition to JPEG in 1993, usiogmpletely different technique from the lossiEGPstandard.

It uses a predictive scheme based on the threesig@ausal) neighbors (upper, left, and uppej;lafid entropy
coding is used on the prediction error. It is nopgorted by the standard Independent JPEG Grouagrikis,
although Ken Murchison of Oceana Matrix Ltd. wratpatch that extends the IJG library to supporslass JPEG.
Lossless JPEG has some popularity in medical ingagind is used in DNG and some digital camera®mapcess
raw images, but otherwise was never widely adofted3).

Lossless JPEG is actually a mode of operation &GIPThis mode exists because the Discrete Cosiapsiarm
(DCT) based form cannot guarantee that encodet iwpuld exactly match decoder output since the Hee®CT
is not rigorously defined. Unlike the loss mode ethis based on the DCT, the lossless coding proaessoys a
simple predictive coding model called differentfailse code modulation (DPCM). This is a model iniclth
predictions of the sample values are estimated ffmmeighbouring samples that are already codéldeinimage.
Most predictors take the average of the sampleseidistely above and to the left of the target sampleCM

encodes the differences between the predicted eangtead of encoding each sample independerdtig g}

The main steps of lossless operation mode are teelpic Fig.2. In the process, the predictor combing to three
neighbouring samples at A, B, and C shown in Fig.8rder to produce a prediction of the sample e@at the
position labelled by X. The three neighbouring skmmpmust be already predicted samples. Any onehef t
predictors shown in the table below can be usegbtionate the sample located at X. Any one of thhtgiredictors
listed in the table can be used. Note that selestlg 2, and 3 are one-dimensional predictors alettions 4, 5, 6,
and 7 are two-dimensional predictors. The firséstbn value in the table, zero, is only used fffecential coding
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in the hierarchical mode of operation. Once all gheples are predicted, the differences betweesahgples can
be obtained and entropy-coded in a lossless fashsiony Huffman coding or arithmetic coding (3, 111&).

Typically, compressions using lossless operatiodeman achieve around 2:1 compression ratio faucdmages.
This mode is quite popular in the medical imagiieidf and defined as an option in DNG standard dblérwise it
is not very widely used because of complexity ahdaarithmetic’s on 10, 12 or 14bpp values on tgpembedded
32bit processor and a little resulting gain in spgkb).

Selection-value| Prediction

] Mo prediction

1 A

2 B

3 C

4 A+B-C

5 A+ (B-Cl>1
6 B+ (A-C)==1
7 (A + B)==1

Figure3: Prediction of the sample (A, B & C) value at the position labelled by X

JPEG-LS is a lossless/near-lossless compression standarcoftinuous-tone images. Its official designatisn
ISO-14495-1/ITU-T.87. It is a simple and efficielbaseline algorithm which consists of two independamd

distinct stages called modelling and encoding. H2EGvere developed with the aim of providing a loamplexity

lossless and near-lossless image compression stiatidd could offer better compression efficienbgirt lossless
JPEG (1, 4). It was developed because at the tineeHuffman coding-based JPEG lossless standardbued

standards were limited in their compression perforoe. Total decorrelation cannot be achieved kst firder

entropy of the prediction residuals employed byséhmferior standards. JPEG-LS, on the other hean,obtain
good decorrelation (3, 8). The core of JPEG-LSaisell on the LOCO-I algorithm, that relies on preaii; residual
modelling and context-based coding of the residuMdtsst of the low complexity of this technique carfeom the
assumption that prediction residuals follow a twaed geometric distribution (also called a discretplace

distribution) and from the use of Golomb-like codefich are known to be approximately optimal feometric

distributions. Besides lossless compression, JPEGalso provide a lossy mode ("near-lossless") whbes
maximum absolute error can be controlled by thewdac Compression for JPEG-LS is generally muctefakan

JPEG 2000 and much better than the original lossIBEG standard (16-18).

Raw image——»| Predictor ¢  Model

L

<*+— Predicted Image

Error image Entropy coder (Huffman coding)

Compressed Image
Figure4: Flow diagram of IWT process

CONCLUSION

In the lossless compression method, the imageaisftormed into four sub-bands using lifting teclweigthen
predictive coding is applied to each sub-band udglifferent predictor coefficients alpha and betajing an
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encoded image as output. Now the reverse procegpled to the encoded and the transformed imatgag back
the original image. The lifting scheme used is antyvo-level lifting scheme. In order to improve thntropy of the
transformed image, a multilevel lifting schemedsbe implemented. The performance of the prediabding can
be increased by using higher order predictors with-dimensional predictions. Another possibility fmproving

the performance would be to use model-based amgtiedapproaches. The performance for lossless pesajpn
techniques can also be improved by performing dffe combinations of various transforms and codéuiniques
involving IWT and predictive coding, for exampl&YT followed by predictive or predictive followed BWT, and

by realizing the most optimal combination that gitkee least entropy.
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