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Abstract

A very effective and computationally simplest teicjue for image compression is Embedded Zerc
Wavelet(EZW)coding. here we defined an alternagranciple of an operation of iage compression. the
principles are partial ordering by magnitude witbed partitioning sorting algorithm, ordered b transmissiot
and exploitation of sel§imilarity across different scales of an image viewv&ansform. We present a new ¢
different implementation based on set partitioninghierarchical trees(SPIHT),which provides betterf@grmance
than Embeddedzerotree Wavelet. SPIHT algorithm is used for seuwroding of an image to be transmitted.
image coding result, calculatécbm actual size and images reconstructed by dagodligorithm. In addition, th
new coding and decoding procedures are extremsty dad they can be made even faster, with onljldass in
performance, by omitting entropy coding of thedtieam byarithmetic code.

Keywords. EZW(Embedded Zerotree Wavelet), SPIHT(set partitig in hierarchical tree

I ntroduction

Image compression technique is especi:
nonreversible or lossy ones have been known to
computationally more complex as they grow m
efficient, confirming the tenets of source cod
theorems in information theory.EZW is a ims
coding technique whichsiintroduced by Shapir
interrupted the simultaneous progression
efficiency and complexity. This technique is notyo
was competitive in performance with most comp
technique but also was extremely fast in exect
and produced an embedded bit stream.

In this section we explain that the EZ
technique. thestechnique is based on three conc¢

1) Partial ordering of the transformed ima

element by magnitude, wittnansmission o

order by a subset partitioning algorithm t

is duplicated at the decoder.

2) Ordered bit plane transmission of refinem
bits Scales.

We say that an element is significant
insignificant with respect to a given threshc
depending on whether or not it exceeds 1
threshold.

The SPIHT algorithm has been introduc
by Said and Pearlman [1]. It is algorithm basedhar
wavelet transform, and restricts the necessity
random access to the whole image to small
images. Theprinciple of the SPIHT is partii
ordering by magnitude with a set partitioning gag!
algorithm, ordered bit plane transmission,
exploitation of self similarity across differentades

http: // www.ijesrt.com

of an image wavelet transform. The success of
algorithm in compression efficiency and simplici
makes it well known as a benchmark for embe
wavelet image coding. The SPIHT is used for im
transmission over the OFDM system in sev
research works because the SPIHT has a goo-
distortion performance fo still images with
comparatively low complexity and it is scalable
completely embeddable.

Arithmetic coding of the bit streams w
essential to compress the ordering informatior
conveyed by the result of the significance tesexek
the subset partitioning is so effective and
significance information so compact that even hjir
uncoded transmission achieves the b
performance. Arithmatic coding can reduced m
sequared error and increases the peak to av
ratio. Execution timeare also reported to indicate
rapid speed of the encoding and decoding algorit/
The encoding algorithms can be stopped at
compressed file size or let run until the compre:
file is a representation of an nearly lossless mnag
say nearlylossless because the compression may
be reversible,as the wavelet transform filters,ei
for lossy coding,have noninteger tap weights
produce noninteger transform coefficients,which
trucated to finite precision.For perfectly revelsi
compression,one rstiuse an integer multiresoluti
transform, such as the S+P transform, which vyi
excellent reversible compression results when
with the new extended EZW technig
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SPIHT Algorithm

The SPIHT algorithm defines and patrtitions
sets in the wavelet decomposed image using a $pecia
data structure called a spatial orientation tree. A
spatial orientation tree is a group of wavelet
coefficients organized into a tree rooted in thedst
frequency (coarsest scale) subband with offspnng i
several generations along the same spatial orientat
in the higher frequency subbands. In essence & aise
sub-band coder, to produce a pyramid structure
where an image is decomposed sequentially by
applying power complementary low pass and high
pass filters and then decimating the resulting iesag
These are one-dimensional filters that are applied
cascade (row then column) to an image whereby
creating a four-way decomposition: LL (low-pass
then another low pass), LH (low pass then high)pass
HL (high and low pass) and finally HH (high pass
then another high pass). The resulting LL vers®n i
again four-way decomposed, as shown in Figure 1.
This process is repeated until the top of the pydam
is reached.

Ir HL
HL

IH HH

HH

Figl:1mage decomposition using wavelet.

This algorithm exists parent children dependanay an
it exits the following relationship

Parent=(i,j) (i)

children = [(2i,2)),(2i + 1,2)),(2i,2) + 1),(2i 4,2) +
1l (it)

Spatial Orientation Trees

Most of an image’s energy is concentraced
in the low frequency components.Consequently,the
varience decreses as we move from the higheseto th
lowest levels of the subband pyramid .Furthermibre,
has been observed that there is a spatial self-
similarity between subbands,and the coefficients ar
expected to be better magnitude-ordered if we move
downword in the pyramid following the same spatial
orientation.

A tree structure,called spatial orientation
tree,naturally defines the spatial relationshiptbe
hierarchical pyamid.spatial orientation tree isitled
in a pyramid constructed with recursive four —
subband splitting. Each node of the tree correspond
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to a pixel and is identified by the pixel cordinitte
direct desendants (offspring) correspond to thelpix
of the same spatial orientation in the next fireel

of the pyamid,the tree is defined in such a way tha
each node has no offspring (the leaves) or four
offspring,which always from a group of 2 by 2
adjacent pixels.

HH2

’ E
Iy
o e
croaind by o e strectuns I
=]
]

EH1

Fig2: Parent children dependency & spatial orientation
of subband tree across wavelet.

The basic principle is the same; a
progressive coding is applied, processing the image
respectively to a lowering threshold. The differenc
is in the concept of zerotrees (spatial orientatiens
in SPIHT). This is an idea that takes bounds betwee
coefficients across subbands in different levets in
consideration. The first idea is always the sarfie: i
there is an coefficient in the highest level of
transform in a particular subband considered
insignificant against a particular threshold, itvery
probable that its descendants in lower levels kgl
insignificant too, so we can code quite a largeugro
of coefficients with one symbol.

Stagesof SPIHT Algorithm

The SPIHT algorithm consists of three
stages: initialization, sorting and refinementsdirts
the wavelet coefficients into three ordered liske
list of insignificant sets (LIS), the List of
Insignificant Pixels (LIP), and the List of Sigraéint
Pixels (LSP). At the initialization stage the SPIHT
algorithm first defines a start threshold basedhen
maximum value in the wavelet pyramid, then sets the
LSP as an empty list and puts the coordinateslof al
coefficients in the coarsest level of the wavelet
pyramid (Le. the lowest frequency band; LL band)
into the LIP and those which have descendants also
into the LIS. In the sorting pass, the algorithmstfi
sorts the elements of the LIP and then the sets wit
roots in the LIS. For each pixel in the LIP it perhs
a significance test against the current threshold a
outputs the test result to the output bit streathtest
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results are encoded as either 0 or 1, dependirigeon
test outcome, so that the SPIHT algorithm directly
produces a binary bitstream. If a coefficient is
significant, its sign is coded and its coordinage i
moved to the LSP. During the sorting pass of Li®, t
SPIHT encoder carries out the significance test for
each set in the LIS and outputs the significance
information. If a set is significant, it is partitied
into its offspring and leaves. Sorting and pantitig

are carried out until all significant coefficierttigwve
been found and stored in the LSP .After the sorting
pass for all elements in the LIP and LIS, SPIHTsoe
a refinement pass with the current threshold for al
entries in the LSP, except those which have been
moved to the LSP during the last sorting pass. Then
the current threshold is divided by two and the
sorting and refinement stages are continued until a
predefined bit-budget is exhausted. It uses thébas
principle that if the execution path of any alganit is
defined by the results on its branching points, #nd

the encoder and decoder have the same sorting

algorithm then the decoder can recover the ordering
information easily

To take advantage of the spatial retestiop
among the coefficients at different levels and
frequency bands, the SPIHT coder algorithm orders
the wavelets coefficient according to the significa
test defined as:

Fraoc

i :| =2"
(1.7} = 1, !

(iii)

where Ci,j is the wavelet coefficient at the nth bit
plane, at location (i,j)of thetm subset of pixels,
representing a parent node and its descendarte If
result of the significance test is yes an S flagesto

1 indicating that a particular test is significalfitthe
answer is no, then the S flag is set to 0, indicati
that the particular coefficient is insignificanthis is
represented by equation

-

M

{1 max Ci.-_;.-‘::z
Sp(r) =+ (Lper’
10, otherwise .
- (iv)
Wavelets coefficients which are not
significant at the nth bit-plane level may be
significant at (n-1)th bit-plane or lower. This

information is arranged, according to its significe,
in three separate lists: list of insignificant s@tS),
the list of insignificant pixels (LIP) and the lisff
significant pixels (LSP).

The SPIHT algorithm can be summarized as
follows
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1. Initialization:Output
n=msn = Llogz (maxg; {|C,—_ ;|}J :

set the LSP as empty list and add the
coordinates H to the LIP and only those with
descendents also to the LIS, as type A
entries.
2. Sorting Pass:
2.1 for each entry (i,j) in the LIP do:
2.1.1 Outp#n(i ,j)
2.1.2 IBn(i ,j)=1 then move (i,j) to the LSP
and output the sign @i j
2.2 for each entry (i,j) in the LIS do:
2.2.1 if the entry is of type A then
« output Sn(D(i ,j))
«if Sn(D(i ,j))=1¢h
* for each (k,80((i ,j)do:
o Output Sn(k,l)
o If Sn(k,l)=1 thadd (k,)to the
LSP and output the sign of Ck,|
o If Sn(k,)=0 thedd (k) to the
end of LIP
*If L (i,jj # ¢ then move to the end of the LIS as
entry of type B, and go to step 2.2.2; otherwise
remove entry from the LIS:
2.2.2 if the entry is of type B then
* Output Sn(L(i ,j))
* If Sn(L(i ,j)) then
* add each( k,kO(i ,j) to the end of the LIS as entry
of type A
* remove(i,j) from the LIS
3. Refinement Pass. For each entry(i,j) in
the LSP except those included in the last sortegsp
(i.e. with the same n), output the nth most sigatifit
bit of |Cij|
4. Quantization step update: decrement n
by 1 and go to step 2
Notations used in the algorithm are defined as
follows:
O(i,j): set of coordinates of the off-spring (i)
D(i,j): set of coordinates of all descendants (i,j)
H(i,j): set of coordinates of all tree roots in the
highest level of the pyramid

L(1.)=D(i.)-O(i.j)

Simulation Results: The fidelity was measured by

the Peak Signal-to-Noise Ratio, PSNR, which usually
expressed in terms of the logarithmic scale. It can
bedefined as follows:

[ Peak® '
PSNR =101 —
o2 MEEJ

\

where, MSE is the mean squared error between the
original and the reconstructed image, and Pedhkeis t
maximum possible magnitude for a pixel inside the

(C) International Journal of Engineering Sciences & Research Technology[ 946-950]



[Mane, 2(4): April, 2013]

image.we can calculate PSNR at different rates with

different filters.

SPIHT PSNR | PSNR PSNR PSNR

Rate with with with with
Bior Bior db2 db15
15 4.4

0.5 34.42 37.01 35.41 36.03

1 39.13 57.38 40.77 40.11

1.9 81.79 61.69 48.04 46.79

2 83.58 61.74 48.75 60.25

Tablel: PSNR calculations at different SPIHT rates.

In above table we have shows PSNR calculations at

different rates with different filters .Image quglis

depends upon PSNR values. High PSNR improves
the quality of image. we can used the different
decomposition levels.
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decomposition.

Fig: Pyramid tree generated by the four-way
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Fig 5: Recovered imageat 5 level

Conclusion

We have presented an algorithm thatates
through an set partitioning in hierarchical
trees(SPIHT) and  accomplishes  completely
embedded coding. This algorithm uses the principles
of partial ordering by magnitude, set partitionimg
significance of magnitudes with respect to a segeen
of octavely decreasing thresholds, ordered bit gplan
transmission and self-similarity across scales nn a
image wavelet transform .
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