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ABSTRACT

Advance medical imaging requires storage of large quantities of digitized clinical data. Due to
the bandwidth and storage limitations, medical images must be compressed before transmission
and storage. Diagnosis is effective only when compression techniques preserve all the relevant
and important image information needed. There are basically two types of image compression:
lossless and lossy. Lossless coding does not permit high compression ratios where as lossy
achieve high compression ratio. Among the existing lossy compression schemes, transform
coding is one of the most effective strategies. In this paper, a review has been made on the
different compression techniques on medical images based on transforms like Discrete Cosine
Transform(DCT), Discrete Wavelet Transform(DWT), Hybrid DCT-DWT and Contourlet
transform. And it has been analyzed that Contourlet transform have superior overall
performance over other transforms in terms of PSNR.
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1. INTRODUCTION
1.1. Motivation

In recent years, advances in information technology and telecommunications have played a
crucial role as catalysts for significant developments in the sector of healthcare. These
technological advances have played a very strong role in the field of medical imaging. The
number of digital medical images has increased rapidly on the Internet. The necessity of fast and
secure diagnosis is vital in the medical world. Due to rapid increase in medical data produced by
hospitals and because of the high cost of providing a large transmission bandwidth and huge
amount of storage space, compression of images is becoming increasingly important. The purpose
of medical image compression is to express images with less data to save storage space and
transmission time, based on the premise that true information in the original image will be
preserved [1]. Especially in medical imaging application diagnosis is effective only when the
compression technique preserve all relevant and important information needed [2].

1.2. Underlying Techniques

Compression methods used in medical applications are most of the time lossless methods in order
to preserve the data integrity and to facilitate a true diagnosis. However, lossless coding does not
permit high compression ratios. Thus, most of applications such as telemedicine and fast
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searching and browsing of medical volumetric data suffer from this limitation [3]. However, lossy
coding can achieve higher compression. Among the existing compression schemes, transform
coding is one of the most effective strategies.

A typical lossy compression system mainly consists of three major steps: First step is the
transformation which is the step that gives rise to higher compression. The second process is
quantization which is the key issue for lossy methods and it is the difference between lossless and
lossy methods. Quantization reduces the symbols used to represent the image. Last part of lossy
compression process is entropy encoding. Quantized symbols are encoded using different entropy
coding algorithms, like Huffman encoding [4].

1.3. Peak Signal to Noise Ratio

The objective performance is measured by peak signal-to-noise-ratio (PSNR) of the reconstructed
image. PSNR measured in decibels (dB) is given by:

PSNR =10log1014x)" (L.1)

MSE

Where MAX is the maximum gray level value of the image and MSE is the mean square error
between the original image and reconstructed image which is defined by

1 M-1N-1 >
MSE = mz Z x(m, m)= x, (m, n) (12)

Where x(m,n) is the original image and X4(m,n) is the reconstructed image and M*N is the size of
original image.

There are various transforms like discrete cosine transform, discrete wavelet transform,
Contourlet transform that are used for effective compression. In this paper, a review on
compression techniques using different transform like discrete cosine transform (DCT), discrete
wavelet transform (DWT), and Contourlets transform are reviewed and their effectiveness on
medical image compression have been studied. The remainder of the paper proceeds as follows:
Section 2 covers Literature survey and observation and Analysis. Section 3 presents the future
scope of work and Conclusion.

2. LITERATURE SURVEY

Compression using Discrete Cosine Transform (DCT) [5] divides up the image into 8 by 8 pixel
blocks and then calculates the discrete cosine transform (DCT) of each block. A quantizer rounds
of the DCT coefficients according to the quantization matrix. This step produces the "lossy"
nature, but allows for large compression ratios. This compression technique uses a variable length
code on these coefficients, and then writes the compressed data stream to an output file. For
decompression, it recovers the quantized DCT coefficients from the compressed data stream,
takes the inverse transforms and displays the image. Figure 1 shows this process. DCT is given by
the equation 2.1:

D(u,v) = \/%\/%C(M)C(V)z Z P(x,y) cos[ (2x ;1\; [u } cos{ Qy;til) HV} 2.1

i=1 j=1
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Figure 1: Compression using DCT

Elham Shahhoseini [6] presents a new lossy technique based on wavelet transform for
compression of breast ultrasound images. The experiments are performed on 16 different wavelet
functions and the quality of reconstructed images is evaluated by using Compression Ratio (CR),
Normalized Mean Square Error (NMSE), Normalized Absolute Error (NAE), and Peak Signal to
Noise Ratio (PSNR) criterion. Two dimensional wavelet transform is usually performed by
applying a separable filter bank to the image. Typically, a low pass filter and a high pass filter are
used (h and g, respectively). A group of transforms coefficients resulting from the same sequence
of low pass and high pass filtering operations, both horizontally and vertically are called
subbands. Applying the one dimensional transform in each row, produce two subbands in each
row (L and H subbands). Then applying a one dimensional DWT column-wise on these L and H
subbands (intermediate result), produce four subbands LL, LH, HL, and HH. LL is a coarser
version of the original input signal called approximation image. LH, HL, and HH are the high
frequency subbands containing the detail information (details images). The number of
decompositions performed on original image to obtain subbands is called subband decomposition
level. The method used to perform lossy image compression via wavelet thresholding consists of
the following processes: The images are initially transformed by wavelet transform at one level.
Then the threshold value, Thr, based on the transform coefficients is defined by (2.3).

Thr =C(r) (2.3)
Cnew = Ci|vi < Thr’ C(l) = 0 (24)

where n is the number of detail coefficients, C is the wavelet coefficient vector and r is the
remaining rate in percent. Then the renewed wavelet coefficients C,,, is as described in (2.4). In
this work, the compression process is done at 10% and 20% remaining rate.
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Figure 2: Decomposition of wavelet transform

Aree Ali Mohammed et al [7] present a scheme for medical image compression based on hybrid
compression technique (DWT and DCT). The goal is to achieve higher compression rates by
applying different compression thresholds for the wavelet coefficients of each DWT band (LL
and HH) while DCT transform is applied on (HL and LH) bands with preserving the quality of
reconstructed medical image. The retained coefficients are quantized by using adaptive
quantization according to the type of transformation. Finally the entropy coding (variable shift
coding) is used to encode the quantization indices. A novel algorithm for medical image
compression is developed using 917 Tap wavelet filter, DCT transform and optimized entropy-
based coding technique [9]. The diagram of proposed work is shown in the Figure 3. Step1: color
space conversion. In order to compress bandwidth, C, and C, are sampled at a lower rate than Y,
which is technically known as "chroma subsampling." This means that some color information in
the image is being discarded, but not brightness (luma) information. Step2: Forward Discrete
Wavelet Transform (FDWT) is applied to the image. After applying FDWT on the medical
images data, one can obtain different level of bands. LL. and HH bands coefficients are directly
sent to the adaptive quantizer according to the nature of bands. The remaning bands (HL and LH)
coefficients are subjected to DCT transformation. Each of HL and LH bands are divided into 8X8
blocks and converted to frequency domain using 2D FDCT as in equation 2.1. Both DCT(HL,LH)
and DWT(LL,HH) band coefficients are then quantized. The LL, HH coefficients must be
quantized using adaptive quantization. The luminance component Y requires the small step of
quantization while Cb and Cr need a large step. After this step, a large sequence of zeros is
obtained especially in HH part of the image. Step4: The forward differential pulse code
modulation is applied on the quantized (LL band) wavelet coefficients and quantized DC
coefficients of DCT transform. And then all the coefficients must be converted into positive
values by mapping to positive technique. Step5: The proposed coding scheme is a variable shift
coding technique which gives a few bits to the short codeword and many bits to the long
codeword. The reconstructed image is obtained by applying the inverse steps of coding process.
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Figure 3: Compression using hybrid DCT-DWT

SeyyedHadi Hashemi-Berenjabad et al[7] present a new Contourlet based lossy image
compression method for medical ultrasound images. In this algorithm Contourlet transform for
image decomposition is used. In [7] Contourlet transform is used to decompose the image into
coefficients. After decomposition, a threshold is chosen from Contourlet coefficients. Then, a
thresholding process is applied on the coefficients and routine quantization process is performed.
In this algorithm choosing the threshold plays a significant role. So, in order to minimize the
important information loss the most frequently occurring Contourlet coefficient of the image is
selected as the threshold. After thresholding the coefficients is quantized. Huffman coding is
applied on quantized coefficients and the coded bit-stream is generated. Block diagram of this
algorithm is shown in figure 4. This threshold based process reduces the number of coefficients
necessary to reconstruct the image. Scalar quantization is selected due to its simplicity and
performance. The coded bit-stream includes coefficients and Contourlet filter information. The
Contourlet transform is a directional transform, capable of capturing contours and fine details in
images. The Contourlet expansion is composed of basis function oriented at various directions in
multiple scales, with flexible aspect ratios. Using this rich set of basic functions, the Contourlet
transform effectively capture the smooth contours that are dominant feature in images [12]. The
Contourlet uses a double filter-bank structure, namely pyramidal directional filter banks (PDFB)
which is composed of Laplacian Pyramid (LP) and Directional Filter Banks (DFB). LP
implements multiresolution decomposition to generate multiscale representation of the image.
PDFB uses DFB to process subband images from LP and reveal directional details in each scale
level.
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Figure 4: Compression using Contourlet Transform

1.2. Observation and Analysis

Evaluation of the diagnostic quality of compressed medical image still re-mains an important
issue. However, two measurement methods have dominated the assessment of medical image
quality, which are computable objective distortion measure and subjective quality as measured by
psychophysical tests [7]. The objective quality of a reconstructed image could be measured by the
Peak Signal to Noise Ratio (PSNR) between the original and reconstructed images. Compression
Ratio (CR) is equal to the size of the compressed image divided by the size of the original image.

For a lower compression ratio, DCT based image compression yielded higher quality image than
Wavelet. While the DCT-based image JPEG coders perform very well at moderate bit rates, at
higher compression ratios, image quality de-grades because of the artifacts resulting from the
block-based DCT scheme. For CT scan image DCT based compression method outperforms the
Peak Signal to Noise Ratio (PSNR) and degree of compression than wavelet compression
method.

Wavelet-based coding is more robust under transmission and decoding errors, and also facilitates
progressive transmission of images. In addition, they are better matched to the Human Visual
System characteristics [9]. Because of their inherent multi resolution nature, wavelet coding
schemes are especially suitable for applications where scalability and tolerable degradation are
important [10, 11]. Good applications for wavelet compression are large images, images with
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low-contrast edges e.g., medical images. It offers numerous benefits over current compression
methods, including the ability to do both lossless and lossy compression, the ability to obtain
higher image quality and higher compression ratios, and the ability to view the same file at
multiple resolutions. Wavelets are good at isolating the discontinuities at edge points, but will not
see the smoothness along the contours [7].

The hybrid using DCT-DWT compression technique is tested against different medical images
using different values of compression factors (i.e. DWT and DCT quantization factors). As the
quantization factors increase the Compression ratio increase and the quality measurement (PSNR)
decrease [7].

Contourlets not only possess the main features of wavelets (i.e. multi-scale and time-frequency
localization), but also offer a high degree of directionality and anisotropy. Similar to wavelet,
Contourlet can decompose the image into different scales. But unlike the wavelet which can only
decompose each scale into two directions, Contourlet can decompose each scale into any
arbitrarily power of two's number of directions and different scales can be decomposed into
different number of directions [8]. Contourlet transform produces more data related to original
data, which is not the case for wavelet transform, the entropy of subbands in Contourlet transform
is much less than that of wavelet transform. Besides, the Contourlet preserves better the edges
than wavelet causing better PSNR. So, these two facts cause that the overall performance of
Contourlet transform is better for the compression of CT images. However, at lower compression
ratios, effect of producing more data in Contourlet transform is dominant which causes that
wavelet and Contourlet transform produce nearly the same results. The results reveal the superior
overall performance of Contourlet against wavelet transform at higher compression ratios.
However at lower compression ratios wavelet transform is still suitable approach. Contourlets
offer a much richer set of directions and shapes, and thus they are more effective in capturing
smooth contours and geometric structures in images [12]. It has been observed that proposed
method using Contourlets has acceptable performance and good performance over common
compression methods.

3. CONCLUSIONS

The observation from literature survey revealed superior performance of Contourlet transform
over other transforms in terms of PSNR and compression ratio. There is a superior overall
performance of Contourlet against wavelet transform at higher compression ratios. However at
lower compression ratios wavelet transform is still suitable a approach [10]. Contourlets offer a
much richer set of directions and shapes, and thus they are more effective in capturing smooth
contours and geometric structures in images especially in medical images. Compression of
images using Contourlet transform can be extended to real time application for video compression
in medical images.
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