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ABSTRACT: The information from patient’s body is captured as medical images and is used for surgical and diagnostic
purposes. Compression of medical images is essential for storage and transmission of patient's data. Due to high impact of
details in medical images, lossless compression is preferred. This paper presents colour medical image compression using
Curvelet transform with lifting and Huffman coding. It also presents the decompression using inverse transforms and the
performance is analysed using subjective and objective quality metrics. Most transforms though well suited to point
singularities have limitations with orientation selectivity and do not represent two-dimensional singularities and also
smooth curves are not represented effectively. The Curvelet transform is well suited for colour medical images which are
normally having curvy portions. Various medical images such as MRI, CT, etc are compressed for different image sizes and
the results are analysed using compression ratio, PSNR, bits per pixel value, mean square error, structural correlation,
normalized correlation and average difference.

KEYWORDS: Colour MRI and CT image compression, Curvelet transform, Lifting transform, Huffman coding,
Decompression, Quality metrics parameters.

l. INTRODUCTION

Medical image diagnosis plays a vital role now days to save the life and cure diseases and thus usage of medical images
have been drastically increased. Normally for the best quality medical images, spatial as well as colour resolutions are
increased which consumes more bandwidth to store images. Emerging technological advancements to meet the memory
requirements of day to day life seems not to fulfil the requirement of storage since data storage is proportionately
increasing. Image compression is the ultimate solution to fulfil the storage requirements. Colour medical images such as
Magnetic Resonance Images (MRI), Computed Tomography (CT) images, Ultrasound images, etc that result from
radiological techniques capture volumic acquisitions of images that could be considered as succession of slices. Here any
lapse in data leads to a big issue for surgical, diagnostic and telemedicine applications. So a heavy medical data
accumulation is essential and this leads to the requirement of both effective lossless compression and efficient
reconstruction algorithm.

1. LITERATURE REVIEW

Related works in the field of image compression from the recent literatures illustrate that the discrete wavelet transform,
3D integer wavelet transform[1], Daubechis wavelet transform and lifting wavelet transform in combination with the
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entropy encoding are used to compress medical images. These wavelet transforms are not so complex to compute but
compression ratio is less. The lifting wavelet transform provides better results over other wavelet transforms [2]. The lifting
transform in combination with the 1D-Daubechis wavelet transform provides a better compression ratio and bits per pixel
value but tested only for the natural Images [3]. These combinations of transforms did not efficiently reconstruct the exact
image after decompression process. Even though there is increased compression ratio but problem with diminishing quality
of the original Image [4]. Medical images like MRI images are having large amount of details in the curved surfaces. The
application of existing transforms was not able to reproduce proper information about these curved surfaces and edge
information [5]. Huffman coding is a lossless coding technique and is also most suited in hybrid compression methods [6].

1. PROPOSED WORK

In this paper, Curvelet transform with lifting scheme and Huffman encoding are used to compress medical images such
as MRI brain and CT heart images as per the block diagram shown in Fig.1. These images are acquired and pre-processed
using Weiner filter. Curvelet transform is applied over these pre-processed images. These are splitted into tiles and these
tiles are resized to be grouped together and then added to get the resultant image. Further lifting is applied to the co-
efficients of the resultant Curvelet transformed images that results in high detailed low-low image. Then after the
decomposition of medical images by Curvelet and lifting transform, Huffman encoding is used to compress. The
parameters of compressed images are tabulated. The reconstruction of the medical images is done by applying the inverse
lifting transform and inverse Curvelet transform and it matches with the original one.Figure.l interprets the proposed
methodology.
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Fig.1. Block diagram of proposed methodology
A. Curvelet transform

Curvelet transform was designed to represent edges and other singularities along curves much more efficiently than the
traditional transforms using fewer coefficients with accuracy of reconstruction [7]. To represent an edge to squared error
1/N requires 1/N wavelets and only about 1/YN for Curvelets. Unlike the wavelet transform, it has directional parameter
and the Curvelet pyramid contains elements with a very high degree of directional specificity [8], [9]. Among the two
approaches of discrete Curvelet transform, wrapping method is faster and easier to implement than the UnequiSpaced Fast
Fourier Transform (USFFT) method while having the same result as USFFT method [10].

Hence wrapping method is employed in this work which assumes a regular rectangular grid to wrap the object. The
idea is to first decompose the image into a set of frequency bands and to analyse each band by a Curvelet transform. The
block size can be changed at each scale level. The discrete Curvelet transform is applied as splitting the image into three
primary colour bands (i.e., Red, Green, and Blue) as shown in Fig.3,4 and 5 respectively and for each colour band the
following wrapping algorithm is applied.

e Compute the Fast Fourier Transform(FFT) of the image

o Divide FFT into collection of digital tiles

e For each tile
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(a) Translate the tile to the origin

(b) Wrap the parallelogram shaped support of the tile around a rectangle centered at the origin.

(c) Take the inverse FFT of the wrapped support. Add the Curvelet array to the collection of Curvelet
coefficients as shown in Fig.5.

ey = i ot e oty i e

ST I

D9AP Plr 0@n% T 08 8B
Lo b i e 00 s b
T

i e

Fig.4.Blue colour band F ig.5.Addition of bands

B. Lifting wavelet transform
Lifting scheme as shown in Fig.6 is a rather new method for constructing wavelets [1]. The main difference with the
classical constructions is that it does not rely on the Fourier Transform. In this way, lifting can be used to construct second-
generation wavelets. The basic idea behind the lifting scheme is the usage of correlation in the data to remove redundancy.
In split phase, the data is split into odd samples and even samples. N even samples are used to predict the value of
neighbouring odd value in predict phase. This updates the even samples using the newly calculated odd samples such that
the desired property is preserved.
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Fig.6.Lifting methodology

Splitting:SP° =I5 d® I, (1) Lifting: dif =d® - (1/2)(S°+ Si®) (2) Si*=S? +(1/4) (diit + diY) (3)
IT - Total samples of input data; S — Even Samples of input data; d — Odd Samples of input data

Fig.7 shows one of the lifted images which has low-low, low-high, high-low and high-high images and it is evident that
low-low image has high details.
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Fig.7. Lifted image
V. STEPS IN MRI AND CT IMAGE COMPRESSION

Acquisition of medical images and pre-process by using median and Wiener filters

Applying Curvelet transform to the pre-processed images and decomposing them.

Performing lifting scheme and extracting the high detailed Low-Low image.

Applying Huffman coding to compress images.

The reconstruction of the image is done by performing inverse lifting and Curvelet transforms
Compression ratio and other quality metrics parameters are computed using appropriate formulae.

Inverse wrapping algorithm:
e  For each Curvelet coefficient array

(&) Take FFT of the array
(b) Unwrap the rectangular support to the original shape.
(c) Translate to the original position
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(d) Store the translated array
e Add all the translated Curvelet arrays
e Take the inverse FFT to reconstruct the image

V. QUALITY METRICS

A. Mean square error

In the image coding, the most frequently used measures are deviations between the original and coded images of which the
mean square error (MSE) or signal to noise ratio (SNR) being the most common measures. The effectiveness of the coder is
optimised by having minimum MSE.

MSE = = EM, BN (G - FG.D)? @)
B. Peak signal to noise ratio

Larger PSNR indicate a smaller difference between the original (without noise) and compressed image. This is the most
widely used objective image quality or distortion measure. The main advantage of this measure is ease of computation but
it does not reflect perceptual quality.

PSNR = 20 log 10 (255/\MSE)  (5)

C. Structural Correlation

Structural correlation (SC) estimates the similarity of the structure of two signals. This measure effectively compares the
total weight of an original signal to that of a coded or given. A large value of structural correlation means that the image is
of poor quality.
=M ENL TG DI
C=grao——s 6
M S IPGDI? ©)

D. Normalised Correlation

The closeness between two digital images can also be quantified in terms of Normalized Correlation (NK) function. These
measures measure the similarity between two images, hence in this sense they are complementary to the difference based
measures.
NK = mfi’ii,gf(id)._.{(i’j)] @

Zi:1Zj:1[f(lv])]2

E. Average difference

A lower value of Average Difference (AD) gives a cleaner image as more noise is reduced and it is computed as
AD = —3M SN -FGD)  (©)
VI. RESULTS AND DISCUSSIONS
The transformation is performed on CT and MRI images with varying pixel sizes and obtained from various portions of

the body. Compression ratio (CR) is computed from the ratio of original file size to the length of output bit stream and Bits
per Pixel (BPP) is also calculated. Fig. 8 show the snapshots of MRI brain image compression and decompression

Copyright @ 1JIRCCE WWW.ijircce.com 1275



- ISSN(Online): 2320-9801
gzmccs ISSN (Print): 2320-9798

International Journal of Innovative Research in Computer and Communication Engineering

(An 1SO 3297: 2007 Certified Organization) Vol.2, Special Issue 1, March 2014

Proceedings of International Conference On Global Innovations In Computing Technology (ICGICT’14)
Organized by
Department of CSE, JayShriram Group of Institutions, Tirupur, Tamilnadu, India on 6" & 7" March 2014

processes and quality metrics parameters. They show the original image acquired, gray converted, pre-processed image,
curvelet transformed image, lifted one, compressed image, inverse lifted and decompressed image. MSE and PSNR, SC,
NK and AD are computed and displayed in the window by clicking the corresponding bar shown in figures 8. The results
are tabulated in Tables 1, 2 and 3.

} complete | cnisle 3]

Fig.8. MRI Brain image compression

TABLE .|
CALCULATION OF CR, BPP AND PSNR
Image Size of the Compression Ratio Bits Per Pixel Peak Signal to Noise
Image (CR) Value (BPP) Ratio (PSNR)
CT Heart Image 650*1105*3 6.8093 1.6342 73.9361
MRI Brain Image 650*1105*3 9.7280 2.3347 66.1827
CT Bone Image 650*1105*3 7.3110 1.7546 69.9181
CT Nervous system 650*1105*3 7.1873 1.7249 66.3036
MRI Brain image 253*350*3 18.4732 2.1336 64.3656
TABLE Il
CALCULATION OF SC AND NK
Image Size of the Image Structural Content(SC) Normalised
correlation(NK)
CT Heart Image 650*1105*3 0.7498 1.0470
MRI Brain Image 650*1105*3 0.8563 1.0766
CT Bone Image 650*1105*3 0.3849 1.1554
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CT Nervous system 650*1105*3 0.1310 1.7896

MRI Brain image 253*350*3 0.503 1.1969

TABLE Il

CALCULATION OF MSE AND AD

Image Size of the Image Mean Square Error(MSE) Average Difference(AD)
CT Heart Image 650*1105*3 0.0290 0.0068
MRI Brain Image 650*1105*3 0.1730 0.0163
CT Bone Image 650*1105*3 0.0732 0.0153
CT Nervous system 650*1105*3 0.1682 0.0288
MRI Brain image 253*350*3 0.2629 0.0383

As per the Table.1, Compression ratio is improved much than the existing methods for colour medical images. Bits per
pixel value are less than two and it ensures optimum storage requirement. The PSNR value is around 70% and it seems
to be better than the existing values.

Table.2 reveals that the Structural content is less than one and seems to be optimum. Normalized Correlation is also
very close to one which shows the similarity between original image and reconstructed image.

As per the Table.3, MSE with mean of 0.08 is within acceptable limit. Average difference shows minimum value and
ensures high quality.

VIL. SUMMARY AND CONCLUSION

Thus colour medical image compression by Curvelet transform with lifting and Huffmann coding alleviate memory

problem by increasing the compression ratio without degrading its original quality. It works well for variety of images with
different sizes. The proposed method gives higher compression ratio when compared to other compression schemes with
perfect post reconstruction quality. It finds applications in telemetry and telemedicine.
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