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Abstract

Nowadays, still  images are used
everywhere in the digital world. Images take
lot of computer space, in many practical
situations, all original images cannot be
stored, and a compression must be used.
Moreover, in many such situations,
compression ratio provided by even the best
lossless compression is not sufficient, so lossy
compression isused.

In this paper ,Differential pulse code
modulation (DPCM) in dantlet transform
and Run Length Code for image compression
isused.

Apply dantlet transform on each
component in the color image(after applying
color space conversion from RGB to
Y CbCr)and encoding Y component by DPCM
and encoding Cb and Cr with RLC.The
compression ratio and Peak Signal to Noise
Ratio (PSNR) are used as measur ement tools.
When comparing the proposed approach with
other compression methods Good result
obtained.

K ey wor ds: Image Compression, Slantlet
Transform , DPCM, RLC

1. Introduction

With the increasing use of multimedia
technologies, address needs and requirements of
multimedia and Internet applications, many
efficient image compression techniques, with
considerably different features, have recently
been developed. Image compression techniques
exploit a common characteristic of most images
that the neighboring picture elements[1-3].

The am of image compression is to
reduce the size of an image with or without loss
of information (lossy or lossless compression).
One of the most commonly used lossy
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compression methods is that of transform coding
using one of the many images transforms
available. The idea of any transform is to
transform the image into a new domain, where
the image is now represented (approximated) by
a set of decorrelated coefficients. However, in
order to achieve (lossy) compression, the
coefficients ~ containing less  important
information are removed while those with the
most important information are kept. At this
point, we can inspect qualitatively (visually) and
guantitatively (signal to noise ratio) the
compressed image by reconstructing it via the
inverse transformation.[4 ]

This paper is organized as follows.
Section 2 describes color images, the process of
the Slant transform scheme and analysis of all
the filters.. The proposed algorithm based on
Slant transform and DPCM is given in the
section 3. Finally, conclusions are presented in
Section 4.

2 Backgrounds
2.1 Color image

In a typical color image, the spatial
intercomponent correlation among the red, green,
and blue color components is significant. In
order to achieve good compression performance,
correlation among the color components is first
reduced by converting the RGB image into a
decorrelated color space [5].The color space
conversion modules transforms Red Green Blue
(RGB) encoded data into YC,C, coding. Y
represents luminance (based on inverse gamma-
distorted data) and C,C, represents chrominance
[6].The advantage of converting the image into
luminance-chrominance color space is that the
luminance and chrominance components are
very much decorrelated between each other the
transformation from RGB to YCbCr is done
based on the following mathematical
expression[7].
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Y =

G=05*R

0.299000 *R + 0.587000*G+ 0.114000*B+ 0
C, =-0.168736*R -0.331264*G +0.500002*B+ 128 1

-0.418688*G -0.081312* B +128

For values of R,G, and B between 0 and 255.

Accordingly, the inverse transformation from
YC,C,; to RGB isdone as[7].

R=1*Y +0* G+ 1.40210*
Co= 1*Y  -0.34414* C,- 0.71414*
C=1*Y +177180* C. + O*

C+ O }
C - 128 2
C.- 128

2.2 Slant Transform
221 Theoretical Background of

Slantlet Filterbank

It is useful to consider first the usua iterated
DWT filterbank and an equivalent form, whichis
shown in Figure (1). The “dantlet” filterbank
described here is based on the second structure.
With the extra degrees of freedom obtained by
giving up the product form, it is possible to
design filters of shorter length while satisfying

orthogonality and zero moment conditions, as it
will be shown. For the two-channel case, the
shortest filters for which the filterbank is
orthogonal and has k zero moments are the well
known filters described by Daubechies . For k=2
zero moments, those filters H(z)and F(z) are of
length 4. For this system, which is designated D,
, the iterated filtersin Figure( 1) are of length 10
and 4[9]
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Figure (1) Two-scale Filterbank and an Equivalent Structure.
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Without the constraint that the filters are
products, an orthogonal filterbank with k=2 zero
moments can be obtained where the filter lengths
are8and 4.

As shown in figure ( 2), side by side with the
iterated D, system. That is a reduction by two
samples, which is a difference that grows with
the number of stages

M@

Z°G,y(1/2) -

Figure(2) Comparison of two-scale iterated D2 filterbank (Ieft-hand side) and two-scale slantlet filterbank
(right-hand side).

2.2.2 Derivations of Filters

That the filters gi(n) , fi(n) , and h(n) are
linear which they are central to the following
derivation. When coupled with the zero
moments, it simplifies orthogonality conditions.
First, suppose that gi(n) , fi(n) , and hy(n) are

each linear over the interval n € {0,....... 2'-
1} and over theinterval
n€ {2,...., 2*1.1}, asin Figure. (2).
Because the sought-after filter gi(n) is
to be linear over the two above-mentioned
intervals, it is described by four parameters and
can be written as

a,, +ay,Nn, for

n=0,..2" -1

a,+a,(n-2"), for n=2"..2" -1

Therefore, to obtain such that the sought-after —
scale filterbank is orthogonal with two zero
moments requires obtaining parameters and so
that we have the following.

1)gi(n) isof unit norm.
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2i +1 _1

Zgiz(n) =1 4
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2) gi(n) is orthogonal to its shifted time reverse.

Gotqn  forn=Q.2-1

f(=
& Go+C,(-2),for n=2,.. 2"~

17

The orthogonality and moment conditions
require the following.
1) fi(n) and hj(n) are of unit norm.

2I +1_1

Z h’(n) =1 18

2i +1_l [

Z fiz(n) =1 |

2) fi(n) and hy(n) are orthogona to their shifted
versions.

Zifhi (Mh(n+2)=0 |2

2iZlfi(n)fi(n+2‘)=0 21

2i+1 -1

Zh(n)fi(n)zo, 22

ilhi(n)fi(n+2‘):0 23

3) fi(n) annihilates linear discrete time
polynomials.

Zilgi (n)gi (2i+1 -1- I"I) =0 S
3)gi(r]r;) annihilates linear discrete time
polynomials.

2i+l_q

Z g (n)=0 6

n=0
ol+1_q
Yngm=0 |
n=0
where
m=2 |
s=&)nf((f -Y@ni-p) |8
t, = 2¢/3/(m(m? - 1)) 5
= _S_-(m_])/ 2 10
t=(Ds/3-m)(m-3/2r |4
Ao = (Sb +t0)/2 12
a,=(%-1%)/2 13
1 = (S_ +t1)/ 2 14
a, =(s-14)/2 "
hotn  forn=0.2-1 1
16

h(N=
0 q0+q1(m2'),forn=2',..2'+1—JJ

2i+171
> fi(n)=0 24
n=0
9i+l_q
. > nf(n)=0 25
n=0
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By expressing the orthogonality and moment
conditions as a multivariate polynomia system,
we obtain the following solution for fi(n) and
hi(n) :

m:2i 26

u=1/ym 27

v=4(2m* +1)/3 28

by, = u.(v+1)/(2m) 29

bl,O =u- bo,o %0

bO,l = u/ m o

b1,1 = _bO,l 5

q=3(m(?-1)/m [ =
Cox = G.(V—) 34
G, =—0a.(v+m) >
Cio =Cp.(V+1-2m)/2 | 36
.Coo =Cos.(V+1)/2 £

In these expressions for hi(n) ,fi(n) , and gi(n), the
signs of any of the sguare roots can be negated.
Doing so merely negates or time reverses the
sequences. We note that h;(n) and f;(n) specialize
to the Daubechies length-4 filters for i=1 , as
expected[8].

2.2.3 Inverse Transform

The reconstruction (inverse transform )is very
easy since haf band filters form orthonormal
bases[9]. The above procedure is followed in
reveres order and the signals at every level
passed through the synthesis filters . The
interesting point that the analysis and synthesis
are identical to each other ,except for a time
reversal[9].

2.3 Run Length Coding (RLC)

The idea behind this approach to data
compression is this: If a data item d occurs n
consecutive timesin the input stream, replace the
n occurrences with the single pair nd. The n
consecutive occurrences of a data item are called
a run length of n, and this approach to data

compression is caled run length coding or
RLC[10Q].

2.4 DPCM

Data compression can be further achieved
using differential pulse code modulation
(DPCM). The general idea is to use past
recovered values as the basis to predict the
current input data and to then encode the
difference between the current input and the
predicted input. Since the difference has a
significantly reduced signal dynamic range, it
can be encoded with fewer bits per sample
[11].Therefore, we obtain data compression.
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Figure 3 DPCM block diagram: (A) encoder; (B) decoder

Fig. 3 shows a schematic diagram for the DPCM
encoder and decoder. We denote the original
signa x(n); the predicted signa  x(n); the
quantized, or recovered signal ”x(n); the
difference signa to be quantized d(n); and the
quantized difference signal dq(n). The predictor
uses the past predicted signa and quantized
difference signal to predict the current input
value x(n) as close as possible. On the other
hand, the decoder recovers the quantized

NUCEJ Val.13, No.1 Color Image Compression based DPCM 102




difference signal, which can be added to the
predictor output signal to produce the quantized
and recovered signal, as shown in Fig. 3(b)[11].

3. Proposed method

The following steps are followed in the

encoder phase;

1: Color space conversion:-in this step the color
components RGB are transformed to Y CbCr
according to eq (1).
2- Slant transform:-in this step 2D Sant
transform is applied on the each component
which result from step 1 , according to equations
3,16 and 17 after resizing it to power of two
[256 x 256]pixels.
3- Thresholding:- the Slant coefficients whose
magnitude values are less than a prespecified
value caled (Threshold value) are set zero
(discarding). So that the transformed image after
thresholding will contains long strings of zeros
4-Applying the DPCM for the low frequencies
(Approximate coefficients) in the Y component.
5-Because the importance of high frequencies in
the Y component is less than importance of the
low frequency in this component, therefore it
will be encoding with RLC.
6-The chrominance channels contain much
redundant information and can easily be
compressed without sacrificing any visual
quality for the reconstructed image, therefore
most coefficients of dlant transform in the Cb
and Cr components are zero and will contains
long strings of zeros ,therefore RLC will be very
useful to encoding it.

3.1 Decompression
Decompression Steps
The steps of decompression process are:

Step 1. Decoding the apprioxmat coffiecnets in
the Y component with DPCM decode while the
other coffiencts are decoding by RLC.
Step 2. Applying inverse dant transformation
(discussed in section 2.2.3).
Step 3: Inverse transformation from Y CbCr to
RGB is applied on the image using eq.(2).
Figure 8 shows the flowchart of compressed
procedure while figure 9 shows the
decompressed procedure.
4. Simulation Results

In this section, the implementation
results and the performance of the proposed
algorithm when compared to other available
approaches are presented. The proposed
algorithm is implemented using Matlab package
with test images with size 256* 256 pixels. After
applying the proposed method on the image and
thresholding the images with different value for
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thresholds we get different compression ratios.
The comparison is measured by the compression
ratio (CR) and Peak to Signal Ratio (PSNR), i.e.
the ability of reconstructing the origina image
(measured in term of PSNR)[8].Several
guantities are commonly used to express the
performance of a compression method [8].
Compression Ratio

CR) = (1 - (Compressed Image Size/Origind

Image Size)

Image Size)) x 100. ... -
Compression Factor
(CF) = (Origina Image Size/ Compressed 39

Where Origina Image Size =256*256 pixels,
pixel=8 bit for gray image and 24 for color
image. fig.4 show the flowchart of image
compression procedure wile fig. 5 show
flowchart of image decompression procedure.
Table No.2 shows different compression ratio
(80%,85%,90%,95%) and the PSNR in dB
obtained using the proposed method and wavel et
based compression for different color images
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Fig. 7 Compression Procedure

Fig. 8 Decompression Procedure
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Tablel

Compression ratio and the PSNR in dB obtained using the slantlet and wavelet based compression for

different image .
Image Transform CR=80% CR=85% CR=90% CR=95%
CF=5 CF=6.7 CF=10 CF=20

1 wavelet 30.dB 29.33dB 29.dB 25dB
Proposed 34.25dB 33dB 31dB 28.36dB

2 wavelet 32dB 30.dB 27.0B 22.60B
Proposed 36dB 33dB 29dB 24.97 dB

3 wavelet 38 dB 36.95 dB 34.40 dB 29 dB
Proposed 43.14 dB 38.59 dB 37.96 dB 32.25dB

a) Image 1

b) Image 2

c) Image 3

Fig

9. Test Images
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In this paper, the proposed moded has been
applied for compression of image. The
compression performance of the new approach is
assessed through computer simulation and the
results are compared with the DWT approaches
Since the digital filter is achieved by shifting and
delay operations and the dantlet transform has
short filters with length approach to (1/3) length
of iterated wavelet filter bank, the dlantlet
transform is faster than wavelet transform. The
slantlet transform gives good result in the image
which contains large smooth region because it
has linear filters which work well in linear data
and the data in the smooth region is linear.
Results obtained show high compression ratio ,
because the color image has C, and C
components which have large redundant
information and more smoothness.

References

[1] M. Golner, W. Mikhadl,” Region Based
Variable Quantization for JPEG Image
Compression”|EEE val. 2,pp. 604-607,2000.

[2] M. LIN,”A Hardware Architecture for the
LZW Compression and Decompression
Algorithms Based on Parallel Dictionaries”
International Symposium on VLS Technology,
Systems, and Applications, June 3-5, 2000,

[3] M. TIAN, S. WEI , L. ZHI LIAO“An
Investigation Into Using Singular Value
Decomposition As A Method Of Image
Compression” Proceedings of the Fourth
International Conference on Machine Learning
and Cybernetics, Guangzhou, 18-21 August
2005 2005 |EEE

NUCEJ Vol.13, No.1

[4] V. Strela, P. N. Heller, G. Strang, P.
Topiwala, and C. Heil, “The application of
multiwavelet  filter banks to image
processing,” IEEE Trans. Image Processing,
val. 8, pp. 548-562, Apr. 1999.

[5] K. S Thyagargian,” Digital Image
Processing with Application to Digital
Cinema”, Focal Press 2006

[6] M. Moazam, A. Taheri, M. Pooyan”
Multiwavel et and Biological Signal
Processing”, Transactions on Engineering,
Computing and  Technology V2 December
ISSN pp.1305-1313,2004.

[7] 1. Selesnick,” Multiwavelet Bases with
Extra Approximation Properties’, |EEE
Trans. Inform.Theory, vol. 46,No0.11, pp. 2898-
2908, NOVEMBER 1998.

[8]T. Acharya, P.Tsa “JPEG2000 Standard
for Image Compression Concepts, Algorithms
and VLSl Architectures” A JOHN WILEY &
SONS, INC., PUBLICATION,2005

[9]l. W. Selesnick, “The dantlet transform,”
IEEE Trans. Signal Processing, vol. 47, pp.
13041313, May 1999.

[10]David Salomon “Data compression The
Complete Reference”. Fourth Edition

ISBN 0-387-40697-2 (alk. paper) Springer
2007

[11] Li Tan  “Digital Signal Processing
Fundamentals and Applications” Copyright
2008, Elsevier Inc

Color Image Compression based DPCM 106



ey Jagatg cild g Al Ol (s Jalalie | 45 glad) 3 gual) Jatuia
Jalal)
Goa Oex e Guytall
i g il all datin aud e ) g1 daigh) 4418 030y daala

LAl

plina Gy ) S o 2Al LSy | i)l allall 8 1508 1 g0 ali ) geall Cansal juslal) Ujae B
Pt L 2 Y ) Lzl (9 )k Aol g Jaziall s Gl g e oy i3 seall 38 (S ¥ il
sl dasais 5 (DPCM) <l gLl (e 38 )k chaddin) Gl 14 243 je Capal
.Run Length Code s (dantlet transform )il

to s J) RGB Ui (e Ll gad amy Y sl ) guall S ja (00 S e IS e Jilal Jlasi¥) s (Buka
bl i RLC JVdgyky Cr 5 Ch J) @€ 09 DPCM 44 ks Y JI A4S e w35 YCBCr
Ll 5k ae dojEally sas il e Jganl) 235 (el Gl palS Crandiind plia gl ) 3 LY A

s AV

NUCEJ Vol.13 No.1 mary 107



This document was created with Win2PDF available at http://www.daneprairie.com.
The unregistered version of Win2PDF is for evaluation or non-commercial use only.



