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Image compression plays a vital role in reducing the storage space and bandwidth
for efficient image transmission. This paper proposes an efficient image compression
technique using DWT (Discrete Wavelet Transform), SWT (Stationary Wavelet Transform)
and SVD (Singular Value Decomposition). In the proposed method, a new LL frequency
band is computed using SVD and all the sub bands are reconstructed using ISWT (Inverse
Stationary Wavelet Transform). The experimental results of the proposed method yield
good compression ratio with resolution requirement and reduces the computational
complexity than other traditional techniques.
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Medical images as MRI (Magnetic
Resonancelmage), CT (Computer Tomography),US
(Ultra Sound) needed large amount of space for
storage'. Many image compression schemes are
based on wavelet coding techniques such as
Predictive coding, which is used to remove the
redundancy by using the de-correlation between
the similar neighboring pixels within the
image?.Some other techniques like transform
coding[3], fractal compression[4] are used in
compression. In paper®, the authors reported a
lossless medical image compression using 2D
Integer Wavelet transform (IWT) with Embedded
Block Coder with Optimized Truncation (EBCOT),
it providesagood scal ableimage compression with
high quality. Paper® suggested lossless medial
image compression using approximate matching
and run length coding. Paper” reported on DWT,
isthemost familiar dueto itsdecorrel ation property.
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Iné, the authors presented a scale 3D JPEG2000
withVOI codingusngMAXSHIFT ina3-D medica
image which achieves higher reconstruction quality
and peak signal-to-noise ratio. After DWT, some
efficient codec algorithms were proposed to
compressthetransform coefficient. SWT isanother
recent wavelet transform used in image
processing®.

SWT overcomesthe tranglation property
which is dearth of in DWT retrieve the image
quality® efficiently. There are several other
techniques which use Discrete Cosine transform
for compressing an image. In the proposed work
besides DWT, SVD is also adopt to give better
compression SVD isthelinear transformation used
for compressing the images.SV D2 achieves better
compression with less computational complexity.
Embedded Zero Tree Wavelet (EZW) is a most
effective and efficient image compression
algorithm produces fully embedded code which
makes use of the multi resolution properties of the
wavelet transform?, EZW depends on the
progressive encoding to compress the image as
bit stream“.With an embedded coding algorithm,
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the encoder can stop the encoding process exactly
when reaches the target rate. Set Partition In
Hierarchical Trees (SPIHT) achieves high
compression ratio by progressive coding with
minimum threshold at each level*®. The algorithm
is used to code the transform coefficient and
transmit the bits, thus progressively the refined
copy of the original image can be obtained. Spatial
oriented Tree Wavelet transform (STW) is very
similar as SPIHT algorithm. The main difference
between the STW and EZW isthat STW approach
is different to encode the zero tree
information.STW appliesthe state transition model .
From one threshold to the next the locations of
transform values undergo state transition.
Proposed method for image compression

In the proposed method, the input image
is decomposed as frequency bands using on SWT
and DWT. The DWT is adapt to provides an
increase image quality and for preserving the
edges®. In the proposed method, one level
decomposition with LeGall 5/3 is used to
decompose the input image into four frequency
subbands. The sub band coefficients are
interpolated using bicubic interpolation technique
with the enlargement factor of 2.Downsampling
leads to information loss in the DWT subbands
and smoothing effectsis produced by interpolation
techniques this loss is overcome by using SWT.
For compressing the LL band of DWT and SWT,
SVD isapplied to obtain the singular valuesonly a
few singular values are retained and other values
are discarded by arranging the values in
descending order in the diagonal matrix2. Large
informationinthefirst singular valuesand thelower
singular values which hasthelessinformation can
be discarded without affecting the image
quality.SVD produces the singular value matrix
using the below equation.
TheL L bandiscompressed by singular value matrix
and is given by

Il = Gu: EHJGHI" (D)
11,=0,%,0,° (2
where,

LI, : Singular ValueMatrix of SWT
LL,: Singular Value Matrix of DWT

-

0. "0, ": Orthogonal transpose matrices
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T, I, :Singularvalueson themaindiagonal

The correlation coefficient of the singular
value matrix iscalculated by theformula

- max E%
= ——— (3
The new LL is obtain by the
followingequation
E =¢{ELL, (4)
II_=U, TV, (5)

The proposed compression technique is
compared with other traditional technique such
asl

. Embedded zero tree wavel et(EZW)
. Set Partitionin Hierarchical tree(SPIHT)
. Spatial oriented Tree Wavelet (STW).

RESULTS AND DISCUSSIONS

To analysisthe proposed method ten test
images have been taken of size 256x256 is shown
in Fig 2-(a),(b),(c),(d),(e)shows the results of the
proposed compression technique. The
experimental results shows that the proposed
method achieves required good reconstructed
image compared with the existing method. While
comparing the conventional method, the proposed
method would yield good compression ratio with
better image quality. The performance of the
proposed method have been analyzed using
metrics like Peak Signal to Noise ratio
(PSNR),Structural Similarity index Method(SSIM)
and Compression Ratio(CR) .For variousimagethe
proposed method is compared with other methods
asEZW,SPIHTand STW.

Performanceanalyses

Visual observations of thetest imagesare
insufficient to estimate the data compression
compatibility of the proposed method. The
proposed method is also evaluated objectively
withPSNR, SSIM and CR.Also the proposed
method is compared with the conventional
methods. The following performance metrics is
used to provide the proposed method is better
than the other existing
Peak Signal toNoiseRatio

Peak signal to noise ratio value of the
proposed method is compared with other
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conventional techniques and are reported in table
1 .PSNR value of the image Boat.jpg for the
conventional technique asEZW,SPIHT and STW
are 28.6776,29.4439%nd 29.5636 respectively. But
the proposed method which shows the improved
PSNR valueas34.1267 dB.

{Max®
PSNR =10.log,| 5 | .(6)

1 m—1 =1

MSE = — 3 3 [I(i.j)- 1 )P (7

M jad el
Where MAX-maxium pixel value of the
image
MSE: Mean square error
MxN: Size of theimage
[(i,j): Origina image
1i:,;): Compressed image

Input image

SWT DWT
LL LH HL HH LL LH HL HH
J v
Interpolation
by a factor
of 2
l ) 4
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—
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Calculate the new ¥ and reconstruct
the new LL image by using formula
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Fig. 1. Block diagram of the proposed method
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(2) (B) (c) (d) (e)

Fig. 2. (a) Original TestsImage 1.jpg, Image 2.jpg, Image 3.jpg, Image 4.jpg, Image 5.jpg, Image 6.jpg, (b) EZW
Output Images(c) SPIHT Output Images (d) STW Output images(e)Reconstructed Image using proposed method.
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Structural SIMilarity index method

SSIM is the recent technique which
shows the similarity between the two images. It
valuesmust liesbetween [0 1].1t isbased on human
visual system which is used to measure the
traditional metrics like PSNR,MSE etc.The idea
behind the structural information isthat the pixels
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isof interdependencies'®. The dependency carries
the important information about the structure of
the object in the visual perception. Table 1 shows
the SSIM values comparison between the other
traditional technique and the proposed method.
For the test image satellite.jpg the SSIM valueis
0.9765 it isbetter that the other traditional methods.

Table 1. Comparison between EZW, SPIHT, STW and Proposed method using

PSNR, CR,SSIM.

Test samples  Algorithms PSNR(db) CR SSIM
Image 1 EZW 34.5584 4.0878 0.9406
STW 33.3181 5.2185 0.9372

SPIHT 34.8032 3.7231 0.9417

Proposed method 35.9994 19.9396 0.9987

Image 2 EZW 33.6278 16.6626 0.9136
STW 28.6776 5.2185 0.8062

SPIHT 29.5127 7.5653 0.8188

Proposed method 35.0994 27.6987 0.9592

Image 3 EZW 29.4439 8.2687 0.8160
STW 28.7326 5.6180 0.8062

SPIHT 29.5636 8.3328 0.8182

Proposed method 34.1267 37.3141 0.9080

Image 4 EZW 33.9228 14.0060 0.8693
STW 33.0053 9.1766 0.8574

SPIHT 34.4878 12.9547 0.8781

Proposed method 34.9803 26.5894 0.9117

Image 5 EZW 35.0813 10.8322 0.9053
STW 34.0915 7.1121 0.8943

SPIHT 35.6065 9.6939 0.9012

Proposed method 37.9032 55.3076 0.9432

Image 6 EZW 36.3628 9.5014 0.9414
STW 35.2842 6.0687 0.9338

SPIHT 36.7774 9.1034 0.9445

Proposed method 39.4657 40.2757 0.9998

Image 7 EZW 34.4811 14.8163 0.9238
STW 29.6095 5.1331 0.8528

SPIHT 30.6702 7.5348 0.8651

Proposed method 39.2389 29.1453 0.9072

Image 8 EZW 34.0349 3.6026 0.9099
STW 33.1934 2.3529 0.9073

SPIHT 34.1351 13.3496 0.9101

Proposed method 36.2452 28.9706 0.9575

Image 9 EZW 31.2956 29.1412 0.9024
STW 26.0598 8.9009 0.7225

SPIHT 26.7464 13.3496 0.7500

Proposed method 38.4316 33.9639 0.9765

Image 10 EZW 37.0916 7.5348 0.9223
STW 32.2878 2.6672 0.8336

SPIHT 33.3181 3.8245 0.8592

Proposed method 39.4122 41.2427 0.9612
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SSIM isgiven as
SSIM(X.F) < (24, + i, + C._;H:_E-::rq +C, }
R PREYTRETSN PR ARy
(9
Where

4. 1 isthe mean intensity.

7.7, isthe standard deviation

&_ isthecorrelation coefficient

¥

C,C2 aretheconstant
Compression Ratio

Compression Ratio defines the amount
of redundancy removed from the original image.ln
table 1 it is clearly observed that the proposed
method shows better compression ratio as41.2427
for the test image X-ray.jpg than the other
conventional methods.Compression ratio is
represented as

Compression Ratio=Uncompressed file size/
Compressedfilesizer ..(10)

CONCLUSON

The proposed methodology for image
compression which uses wavelet transforms and
SVD technique helps in achieving better
compression of theinput image. Asaresult of using
SVD theimage quality isretained compared to other
conventional methods. The proposed
methodology istested over variousimagesand is
efficiency is proved from performance analysis
metrics like PSNR, SSIM and CR. The results
obtained shows that the proposed methodology
compresses the image and still retains quality.
Assessment of the medical imagestaken has shown
significant efficiency in compression. Thereforeit
can be used in real time applications.
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