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In medical field the volume of medical image data produced every day is ever
growing, particularly in grouping with the improved scanning resolutions and the
importance of volumetric medical image data sets. In this work, five image compression
methods are simulated. They are Karhunen-Loéve Transform (KLT), Walsh-Hadamard
Transform (WHT), Fast Fourier Transform (FFT), proposed Sparse Fast Fourier Transform
(SFFT) and Discrete Cosine Transform (DCT). The results of simulation are shown and
compared different quality parameters of it are by applying on various lung cancer CT
Scan medical images. The DCT method algorithm was given better results like Compression
Ratio (CR), Structural Content (SC), Mean Square Error (MSE) and Peak Signal to Noise
Ratio (PSNR) compare to other Transform methods. The DCT technique given improved
result compared with other methods in all evaluation measures.

Keywords: Image compression, KLT, WHT, FFT, SFFT, DCT, lung cancer CT images, CR, SC, MSE, PSNR.

The health care field have large amount
of medical images. So they need decreasethelarge
volume amount of medical images. The Image
compression is a process that focused on
decreasing the sizewithout losing quality, decrease
the storage space of images and information of
image. Lung cancer isthe most common cause of
cancer death in the world. Tobacco smoking
cause's etiology breath and lung cancer. Patients
at highly effected by the lung cancer?. It's could
present with avariety of indicationsandisregularly
screened by more common sicknesses. Several
patients report no indications what so always, so
itisvital that exact questionsbe enquiredtotry to
produceinfo about symptomsthey may not reflect
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abnormal?. In the case of an abnormal chest x-ray,
the patient should directly undergo achest CT scan
for further evaluation. Figure 1 shows that the
unusual lung CTs inpatients who originally
obtainable with weight loss and cough. The
positron emission tomography was clarifying that
the extent of the cancer®. When lung cancer is
assumed, the patient stated to an oncologist, who
will decidethe supreme suitabl e diagnostic process
(e.g., bronchoscopy, CT guided lung biopsy,
sputum cytology or media stinoscopy) and utmost
favorable whole course of therapy for the lung
cancer patient’s specific needs. The image
compression techniqueslike KLT, WHT, FFT, SFFT
and DCT were used to compress the lung cancer
CT scan medical images. Anamitra Bardhan Roy
discussed comparison of FFT, DCT, DWT, WHT
Compression Techniques. WalaaM . Abd-Elhafiez
et.al said the compression analysis results have
indicated that the performance of the suggested
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method is much better, where the constructed
images are less distorted and compressed with
higher factor.

The actual context that determineswhen
to use lossless versus lossy compression and the
actual parameters for tweaking the compression
system areleft to the judgment of theimplementer
and the use case. Compression standards, such as
JPEG or JPEG-L S, haveavery limited set of options
regarding their setup. Harjeet pal singh et.al defined
compression is reducing the size of graphicsfile,
without compromising on its quality.

Image Compression M ethodology

I mage compression is process to remove
the redundant information from the image so that
only essential information can be stored to reduce
the storage size, transmission bandwidth and
transmission time*®. Figure 2 shows that the
essential information is extracted by various
transforms techniques such that it can be
reconstructed without losing quality and
information of the image[6][7][8]. In this work
comparative analysis of image compressionisdone
by seven transform methods®1t, which are
Karhunen-Loéve Transform (KLT), Walsh-
Hadamard Transform (WHT), Fast Fourier
Transform (FFT), proposed Sparse Fast Fourier
Transform (SFFT) and Discrete Cosine Transform
(DCT).

Karhunen-LoéveTransform (KLT)

Hotelling transform also known as
Karhunen-Loéve Transformor KLT, minimizesM SE
that is present between original (sub) image and
(decompressed) reconstruction?®3, Thus for any
image KLT isthe optimal information compaction
transformation aswell asfor any number of retained
coefficients. KLT basic functioning is dependent
on image but, this however makes pre-computing
impossible and hence this does not qualify it asa
practical option suitable for image compression.

There are several applications where
KLT™ has been widely used as in multi-spectral
analysis of satellite-gathered images through the
resulting spectral signature of imaged regions. Also
there is significant data reduction that is attained
while storing satellite images considering multi-
spectral setshave been transformed to KLT space.
Recently KLT hasbeen used to facilitateimagesin
facial recognition®™. Itisimportant to notethat image

set sizeispossibly much bigger in the subsequent
two applications.

Let us take into consideration a sample
set of real-valued images from an ensemble of
images'®. Create vectors with the equivalent pixel
taken from each of the images, i.e. if there are D

images each of size M * N then form the column
vectors

T
— (0 1 LD-1
X = [x-lj,x-lj e X5

fork=1,2..MN — 1,
i=01.M—1landj=01..N—1

(with superscript T representing the transpose).
Calcul ate the sample mean vector using theformula
— loMN-1
m, = ;Ekzl '
Use acomputational formulato create the sample
covariance matrix as

[ijuk = lkuk,k = 0,1,... D—-1
where {u,} are the eigenvectors with
associated eigenvalue setfA, }. TheKLT kernel isa

unitary matrix, [V], whose columns, [iflfj(arranged

in descending order of eigenvalue amplitude), are
used to transform each zero-meaned vector:

i = V17 (i — )
Walsh-Hadamard Transform (WHT)

Walsh system functions forms the very
basis for Walsh transform. Walsh functions are
orthogonal and have only +1 and -1 values”. In
general, the Wal sh transform can be generated by
the Hadamard matrix asfollows:

Ha-1  Hje

, Jvk= 12 .= H, =1fork=10
—Ha

Hz.‘ = lek—:

WHT herewas employed to facilitate face
as well as signature!®!® recognition as WHT
coefficientsoutput array comprisesonly of integer
values, resultantly Hadamard transform thus
becomes aquick transform, and implementationis
feasible in O (N log N) additions as well as
subtractions.

Fourier Transform

Fourier Transformisknownto decompose
image astwo components: sinusand cosines. This
impliesthat FT will transform any imagefrom spatial
to frequency domain respectively®. Fact is that
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any function can be precisely approximated using
sum of infinite sinus and cosines functions?.
Fourier Transform essentially isamethod to execute
this. Mathematically a two dimensional images
Fourier transformis:

ki +15

N-1 N-1 _igﬂ(l_lJ )
F(k1) =Z Z f(i.j)e N /e = cosx +isinx
i=0 £=j=o

-2

Here f is the image value in its spatial
domain and F in its frequency domain.
Transformation resultsin complex numbers. This
can be showing either using areal and complex
image or using a magnitude and phase image?.
Though, in image processing algorithms it
the magnitude image alone which is of interest as
it has the information required regarding the
geometric structures of the images. Nonethel ess,
in casethereisanecessity to modify imagein the
particular formswhat isrequired to retransformis
the need to preserve both.

Fast Fourier Transform

The Fast Fourier Transform (FFT)
algorithm was established by Carl Friedrich Gauss
nearby 1805. The FFT is used to compute the
Discrete Fourier Transform (DFT). Thebigger size
M =NxN matrix splitintosmaller szeN’sof DFT in
thetime domain. The new Radix-2 Decimationin
Time(DIT) FFT istheeffectiveand smplest method.
It’salso used to compute 2" point DFT. Inthe FFT
method the given weightsare multiplied by indexes.
The output should be the bit reverse form of the
given input signal. The compound conjugate
regularity is used to signify the imaginary part.

M ethodology (Spar seFast Fourier Transform —
SFT)

For any algorithms which is used to
compute DFT must take time at least proportional
to its output size, &!(n). Most of the signalsin
frequency domain are sparse®. In general signa
processing techniques many applications contain
small value of Fourier coefficientsor equal to zero.
Sotheresultant DFT isapproximately sparse. This
isgeneral in video, that is most of the coefficient
are negligible. Images and videos are equally
sparse?. An efficient algorithm is needed to
compute FFT for the signals that are sparse in
frequency domain. sFFT computes k — sparse
approximation, whose runtime depends upon Kk,

thelarger coefficient inthe signal. Thisalgorithm
worksin the process of identifying these k values
by a filter G. G concentrates in both time and
frequency. Giszerofor all valuesexcept at asmall
number of time co-ordinates, and the Fourier
Transform of G (G isnegligible except at a small

1
fraction value which is about ;; of the frequency

co-ordinates®. Gaussian or Dolph-Chebyshev
function convolved with abox-car functionisused
to identify the large coefficients in sSFFT. Using
this filter to find location and magnitude of the
higher frequency component, parallel acceleration
isachieved easily® .

Previous sub-linear algorithms have a
runtimewhichisapolynomial ink andlog n®. The
fastest runtime of these algorithmswill be

O(k@ogn) or O(k logen ) (3

For some constants C>2.

The key feature of sFFT is its simple
structure. It has an efficient runtime with low big-
0" Constant. For a typical case of n which is a
power of 2, theruntimeis
O foz oy nklog o (4

The implementation method and the
working of sSFFT with mathematical derivative. The
research is made with 128x128 medical image to
compression and decompression with KLT, WHT,
FFT and Proposed sFFT and calculating PSNR,
MSE, CR, SC?.

SFFT Algorithm

The structure of the proposed method
contains following steps:

Sep 1: Theresearchismadewith FFT to compute
the Fourier TransforminaMATLAB application.
Sep 2: The execution of the FFT algorithm in
MATLAB application.

Sep 3: Theresearchismadewith SFFT to compute
the Fourier Transform inasingle array.

Sep 4: Theexecution of the SFFT agorithm Coding
is based on Matlab library function and header
files.

Sep 5: The development and implementation of
SFFT agorithm for computing DFT should be

R T [
Y= Thlxe tmENTL/A (5)

Herethevalueof i =y—1.
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DiscreteCosine Transform

The Discrete Cosine Transform (DCT) is
an orthogonal transform, its attempts to the de-
correlate the medical image data. After the de-
correlation each transform coefficient can be
independently encoded without losing the
compression efficiency?. The DCT transformsthe
signal from the spatial representation into the
frequency representation. The DCT signify an
image as a summation of sinusoids of the varying
magnitudes and frequencies. DCT property is a
typical image utmost of the visually substantial
information about an imageisfocused in just few
coefficients of DCT. Afterwards the computation
of the DCT coefficients, they are regularized
according to aquantization table with the different
measures provided by the JPEG image standard
computed by the psycho visual evidence. The
Selection of quantization table affects the
compression ratio and entropy. The value of
guantization isinversely proportional to quality of
reconstructed image. Its gives better compression
ratio and better mean square error®®. In a
Quantization, the less significant frequencies are
discarded, and then the maximum important
frequencies that remain are used to recover the
imagein decomposition method. After quantization,
the quantized coefficients are rearranged in the
zigzag order for the further compressed by an
effectivelossy coding algorithm. DCT has several
merits: (1) It hastheability to pack moreinformation
inleast coefficients. (2) It decreasestheblock like
appearance called the blocking artifact that outputs
when margins between sub-images become
visible®.

An image is signified as the two
dimensional matrix, the2-D DCT isused to compute
aDCT Coefficientsof animage. The2-D DCT for
an NXN input order can be defined as follows™:

D) = ClCH) I3 TR Ple 37 = cos (457 cos [T
.(6)

Where, P(x, y) isthe input matrix image
NXxN, (X, y) arethe coordinate of the matrix elements
and (i, j) arethe coordinate of the coefficients, and

confr 72~
1 ifu=no

(7

Thereconstructed imageisthe computed
by using theinverse DCT (IDCT) according to the

eyl TS TS C(AC(ID (L) % coa (R ey (THIT)

(8

The black and white image pixels are
ranged from O to 255, where 0 matches to pure
black and 255 matchesto apurewhite. AsDCT is
constructed to work on pixel the values ranging
from-128t0 127, theoriginal block isthelevel off
by 128 from every entry®2. The Step by step
Procedure of getting compressed image is using
DCT and getting reconstructed image from the
compressed image.

Currently encoding is completed and
transmitted to receiver sidein the form of the one
dimensional array. Thistransmitted order savesin
the text format. The array of compressed blocks
that establish the image is stored in a extremely
reduced amount of the space. Further the
compression can be reached by applying suitable
scaling factor®. In order to rebuild the output data,
the rescaling and the de-quantization should be
achieved as given in Equation.

DDaqunnt(il.}:} = Q[I,_J’]X unﬂnt(ilj}

©

The de-quantized matrix is then
transmuted back using the 2-D inverse-DCT*. The
equation for the 2-D inversed DCT changeisgiven
in the above said Equation.
B{ry) =gy Bt A COIC (DG ¢ com (2 oo [BTE0E)

..(10)

DCT separates images into the parts of
different frequencies where less important
frequencies are the discarded through quantization
and important frequencies is used to retrieve to
the image through decompression.The following
equation is given by the forward 2D_DCT
transformation:

|1'315l1,11”]'']:"[l-‘tf:l]'-'l'["f.lq,z‘l g s yoeos{ e+ 1o M Jeos[ (- D)
a4 =i

..(11)
Whereuv=0,1,23,............... ,N-1
The following equation is given by the
inverse 2D-DCT transformation:

EM'FE Eb DD (wv)cos[ (oL um TN seos [T+ 1 3]

..(12)
where
D(u)=(/N) *1/2for u=0
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D(u)=2(/N)*"1/2foru=1,23....... ,(N-1)

Compared to the other input dependent
transforms, DCT have several advantages: (1) It
have beenimplemented in single combined circuit;
(2) It hasthe capability to pack most infoin fewest
coefficients; (3) It reducesthe block like appearance
so-called blocking artifact that resultswhen limits
between sub-images convert visible®*%37,

PerformanceEvaluation
Peak Signal to NoiseRatio (PSNR in dB)

PSNR called as Peak Signal-to-Noise
Ratio. PSNR approximates image quality index,
however on itsown it does not have the capability
of drawing a comparison between the features of
two distinct images®=°. There is a possibility
however that lower PSNR image may be
considered as an image whose tone quality is
comparatively better than one with ahigher signal
to noise ratio®.

-(13)

(a)  (b)
Fig. 1. CT scan Lung Image
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Fig. 2. Compression Techniques

Itsrefersto therelation between the power
of the humiliating noise that affects the loyalty of
its representation and the supreme imaginable
power of thesignal*. Asseveral signalsinherently
have an extensive dynamic range, PSNR generally
isexpressed aslogarithmic decibel scale.

Mean SquareError (MSE)

Mean square error isameasure of image
quality index. Large value of mean square basically
implies that a poor quality image*. Mean Square
Error called asM SE. Generally, itisacriterionthat
has been widely used and is representative of the
classical error estimate as denoted by equation
below:

1 M N
- s 52
MSE =ﬁzzl~x-ﬂ‘ -

=l k=l

(1)

whereM and N are the image dimensions.
Compression Ratio (CR)

Compression Ratio istheratio of number
bits required to represent the data before
compression to the number of bits required to
represent data after compression®®. Increase of
compression ratio causes more effective
compression technique employed and vice versa™.

Number of coded bits

CR(bpp) = n ¥ m

..(15)
Sructural Content (SC)

Structural content measure that is
employed to draw a comparison between two
imagesinherent in several small image patchesand
to determine the images have in common*46, A
comparison is drawn between patches by
deploying 2D continuous wavelet that acts as a
low level corner detector’*8, Large value of
structural content SC basically implies a poor
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Fig. 3. Zig-zag ordering for DCT coefficients
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quality image®.

B E]M =1 EE=1 xj%k

SC= —
1 T X (16

RESULTSAND DISCUSSIONS

Theexperimentiscarried outinMATLAB
environment. In thisresearch, theimages deployed

herefor compressionareall 128 X 128, 8-bit medical
images. Basically meaning that images comprise
of 128 X 128= 16,384 pixels, wherein each pixel is
represented by 8 bits or 1 byte. KLT, WHT, FFT,
SFFT and DCT agorithm implementation has been
carried out on MATLAB software and severa
different parameters have been ascertained with
respect to the three medical images; comparison
of reconstructed and original images PSNR, M SE,
CR, SC values have been estimated.

In Table-1 we have taken 128X 128 size

Table 1. Medical image encoding is simulated by using CT images of size 128X 128

with different compression techniques like KLT, WHT, FFT, SFFT and DCT

Medical Image Image PSNR MSE CR e
compression
Technique Used
CT IMAGE 1 KLT 43.3436 2.342 2.6822 3.984
WHT 41.0181 3.165 3.7365 3.098
FFT 40.7637 8.437 4.4844 2.965
SFFT 39.7656 10.373 5.3433 2.615
PROPOSED DCT 38.9746 14.424 5.9784 2.105
CT IMAGE2 KLT 51.9335 7.0676 1.369 4534
WHT 48.5279 9.9067 2.9231 4.053
FFT 44.6743 10.0932 3.242 3.785
SFFT 42.3932 12.3254  4.043 3.166
PROPOSED DCT 40.6542 16.232 4.985 2.816
CT IMAGE 3 KLT 52.8757 6.874 2.836 3.723
WHT 50.6854 7.429 3.1302 3.108
FFT 47.9874 10.453 4.043 2.768
SFFT 45.0043 12.842 5.132 2.564
PROPOSED DCT 38.8023 19.313 6.382 2.008
PSNR
66
2
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Fig. 4. Graphcial Results of PSNR Value
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three CT medical images and simulated images
using KLT, WHT, FFT , SFFT and DCT compression
techniques. Infirst CT Image gave good result in
DCT for PSNR value is 38.9746 less than KLT,
WHT, FFT and SFFT valueis 43.3436, 41.0181
,40.7637 and 39.7656 respectively. In second CT
Image gave good result in DCT for PSNR valueis
40.6542 lessthan KLT, WHT , FFT and SFFT vaue
i$51.9335,48.5279, 44.6743 and 42.3932 respectively.
In third CT Image gave good result in DCT for
PSNR valueis 38.8023 lessthan KLT, WHT, FFT
and SFFT valueis52.8757, 50.6854 , 47.9874 and
45,0043 respectively.

In first CT Image gave good result in
DCT for MSE value is 14.424 higher than KLT,
WHT, FFT and SFFT valueis2.342, 3.165, 8.437and
10.373 respectively. In second CT Image gave good
resultin DCT for MSE valueis 16.232 higher than
KLT,WHT , FFT and SFFT vaueis7.0676, 9.9067,
10.0932 and 12.3254 respectively. Inthird CT Image
gavegood result in DCT for MSE valueis 19.313
higher than KLT, WHT, FFT and SFFT value is
6.874,7.429,10.453 and 12.842 respectively.

In first CT Image gave good result in
DCT for value CRis5.9784 higher than KLT, WHT,
FFT and SFFT vaueis2.6822, 3.7365, 4.4844 and
5.3433 respectively. Insecond CT Imagegave good
result in DCT for CR value is 4.985 higher than
KLT, WHT , FFT and SFFT valueis 1.369, 2.9231,
3.242 and 4.043 respectively. In third CT Image
gave good result in DCT for CR value is 6.382
higher than KLT, WHT, FFT and SFFT value is
2.836, 3.1302, 4.043 and 5.132 respectively.

In first CT Image gave good result in
DCT for value SCis2.105 lessthan KLT, WHT,
FFT and SFFT vaueis3.984, 3.098, 2.965 and 2.615
respectively. In second CT Image gave good result
inDCT for SCvalueis2.816 lessthan KLT, WHT,
FFT and SFFT valueis4.534, 4.053, 3.785and 3.166
respectively. Inthird CT Image gave good result in
DCT for SC value is 2.008 less than KLT, WHT,
FFT and SFFT valueis3.723, 3.108, 2.768 and 2.564
respectively.

InFigure-4, Figure-5, Figure-6 , Figure-7
chartsand Table-1 explained the PSNR, MSE, CR
and SC parameters.

The DCT method gave less SC value are
giventhree CT image. Alsoit produced high MSE
and CR Vaue compareto the other exiting methods.

It also shows in Figure-3, Figure-4, Figure-5 ,
Figure-6 and Figure-7.

CONCLUSON

This paper isfocused on the comparison
among four important KLT, WHT, FFT ,SFFT and
DCT methods of image compression. In this paper
analysis of various Image compression methods
for different images is done based on parameters,
mean square error (M SE), compression ratio(CR),
and peak signal to noise ratio (PSNR). The
comparison of KLT, WHT, FFT , SFFT and DCT
after compression the parameterslike PSNR val ues,
MSE, CR and SC values were good outcome in
proposed DCT work. From the above study it can
be seen that Proposed DCT take less PSNR value
and SC valuethan KLT, WHT, FFT and SFFT. The
Proposed method has more compression ratio and
MSE than KLT, WHT , FFT & SFFT. Our smulation
results from result and discussion chapter shows
that we can achieve higher compressionratio using
DCT compression technique. DCT transform
gives higher compression ratio but for getting that
clarity of theimageispartially trade off. It ismore
suitable for regular applications as it is having a
good compression ratio a ong with preserving most
of theinformation.

FutureWork

Theresult in this paper providesastrong
foundation for future work for the compression
method. All of the analysis presented in this paper
work involved exhaustive simulations using
128X 128 pixel medical images, in future we take
256X 256 pixel medical imagesand 512X 512 pixcel
medical images. The algorithm can berealized in
hardware and softwareimplementation asafuture
work. It can also be a good choice for the image
processor of the transform system. This research
work hasbeen analysed for high compressionratio.
Further research work can be performed to relax
high compression ratio constraint and transform.
Thiswork has been concentrate transform image
using for the elimination of the spatial redundancy
by DCT compression of medical images.
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