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Abstract

In this paper, a modified discrete wavelet transfenethod with a hierarchical adaptation to
the signal size is developed to enhance wavelepoession performance: reduction of the bit rate,
enhancing the quality of reconstruction, and tlticdon of computational complexity. The method
is based on adaptive padding alignment waveletficterits to an approximation coefficient
sequence of a certain wavelet-decomposition legel fbrming an even length sequence. The
presence or absence of the alignment wavelet-ctesits is determined by the binary values of the
alignment vector components. A comparative efficierevaluation, of the methods of one-
dimensional and two-dimensional rational (or intg@geavelet-transform with and without a
hierarchical adaptation to the image size, is priesk It is found that the developed method pravide
a gain in terms of compression coefficients, pegkad-to-noise ratio and computational complexity.

Keywords: Discrete wavelet-transform, Adaptation to the sigize, Image compression.

1. Introduction

Improving the efficiency of information [1-6]. The efficiency of hardware-software
processing is a challenge for many applications.implementation of discrete wavelet transform is
Practically, the increasing productivity of limited to the requirements of input signal
hardware and software allows us to solve this

problem only partl_y._ Currently, one O_f the_ Ways \where D is the signal dimension and n is a
to enhance the efficiency of the multimedia data . 5: ,ral number. This is due to using iterative

processing is the application of methods basedbinary scaling of wavelet-transform result that

on multi-resolution  representation.  Multi- o cures the equality between the wavelet

resolution hrefpresient?nor?_ hIS a. hlera}:c_chlcal coefficients number and the input signal samples
structure, the first level which contains suffidien -\ nher If the input signal samples number is

information for the coarse (low resolution) Dn _ _
reconstruction of media-data [1]. When adding ot equal t&™", the signal is extended out of

information for each subsequent level of detail its boundaries by symmetrical, asymmetrical or
increases as the media would not be fully Periodical extension methods. This leads to an

restored with full resolution. The processing increase in the number of wavelet-coefficients,
algorithms of multi-resolution representation reducing the efficiency of wavelet transform and
based on wavelet transform, are simple enoughthe deterioration of wavelet-compression
and efficient in implementation. performance. In this regard, the actual task is to

Modern dyadic wavelet-transform has the €nhance the adaptation degree of wavelet-
important properties that are absent in the othertransform to the size of the processed signal.
transforms: a large set of basic wavelet- This work is aimed to develop a modified
functions with different ratio of the frequency Method of wavelet-transform with adaptation to
and temporal resolution, energy compactness,he signal size in order to improve wavelet-
simultaneous local spatial and scale relationshipcompression performance: bit rate decrease,
of large / small values of wavelet coefficients

samples number, which must be equeﬂ%,
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reconstruction quality enhancement, and computaticomplexity reduction.

2. Basic Principle

2.1 Discrete Wavelet Transform (DWT).
For an original signal  which is defined as a set of subbafitiers, the

X = (X(O),...,X(n),...,X(N —l)) of time sample  transform coefficients (approximatiors; (k)

length N =27, where J is a positive integer or  and waveletd J.(k) coefficients at the resolution
signal resolution of X, the one-dimensional
DWT is computed using the hierarchical
algorithm of Mallat [1], which uses the computed on the basis of approximatisp, (k)

relationship between the adjacent scale DWT qefficients of the previous scalie—1 using the
coefficients and linear filtering operation. Thus,

21y of the current scalej (1< j<J) are

when representing DWT in terms of filter bank, relations:
ly2]
s, (k) = g(h,.s,4(K))= ; " (1)s,.. (@< +1ymodN ), ()
I=-[L/2
|2
d,(K)=¢lh, s.(K)= Y h,()s.(@k+1)modN, ), - (2)

I=-[L/2]
where ¢([)] and 4[/([)] are the linear convolution between two low-pass biorthogonal filteiy and

functions of approximation coefficient sequence h
and finite impulse responses of low-pass scaling- ¢’

filter h¢ and high-pass  wavelet-filter filters hw andh, , has the following form due to the

h, respectively; J =log, N is the maximum well-known biorthogonal relations and perfect

possible number of decomposition levels of the reconstruction conditions:

original signal X; s,(k) = x(k); fy(l):(—l)' ﬁ¢(|), .(3)
k=02"7-1=0,..,N, -1; N;=N/2 is h()=-(-1'n,(), ... @
the number of approximation or wavelet where {h¢,h¢,} and {h¢,h¥,} are pairs of

coefficients at scalg ; modN,_, is the modulo  biorthogonal filters for decomposition (analysis)
and reconstruction (synthesis) of signals,
respectively.

also between two high-pass biorthogonal

N;to account the signal boundaries of finite

Iength,L J is the floor operation.
Moreover, in this case, the following

Fig.1 demonstrates the features of the biorthogonal relations will be true:
standard one-dimensional wavelet-transform
structure without adaptation

For two-channel biorthogonal filter bank
ensuring the original signal reconstruction and

consisting of {h¢,h hwhw} the relationship

>h,()=>h,()=v2, Sh()=>h,()=0, S h, ()R, (1 +2K) =3,

S h,()h, (1 +2k)=6,, S h,()h,(+2k)=0, S h,(1)h, (I + 2k) =0, where 2k is the shift at

even number of points;
1if k=0, The forward and inverse integer lifting
o :{ . is the Kronecker symbol or  wavelet-transforms [5, 6] for one decomposition
0if k#0 level have the following form:

two integer variables function.
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5;.4(2K) = 2 (k).
where p, (I) and u, (I) are the coefficients of
prediction b_,(k) and refinement a_,(k) on
the nearest neighboring coefficients at tHe
liting-step respectively;a, (k) and b (k) are
approximation and wavelet coefficients at the
i's lifting-step respectively; \_Eﬂ is the floor

.. (5)

.. (6)

Sj L2k +1) =1y (k)

operation; i =:Ij; | is the number of the

lifting-steps for the use of wavelet-functionk;
is the scaling coefficient.

Wavelet-transform of two-dimensional
signals (images) can be implemented as a
sequence of one-dimensional transform over
image rows and columns.
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Fig. 1 The standard one-dimensional wavelet-transfm structure without adaptation
a) The forward wavelet transform; b) The inverse waelet transform; ¢) The sequence of
approximation and wavelet coefficients
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3. Proposed Methods

3.1 Rational Wavelet Transform with a Hierarchical Adaptation to the Signal Size.

For processing signalsvith an arbitrary

The forward rational wavelet-transform

length, a method is suggested which is calledwith a hierarchical adaptation to the signal size

rational DWT with adaptation to the number of
signal samples at each decomposition level.

d, N =¢’(|'IU’§J—LN,.1) if
d; N, =‘»”(|'1w§1—1(N,.1+1)) if
s, (k) if 0<k<N_,
h s — -1 j-1
where 5_(k) {Sj_l(k—q) it k=N,

is the value of theK™ element in the vector
Sica(n, 1) = (§j_1(0),...,§j_l(k),...,§j_l(Nj_l)) at
the level j—1, associated with the values of
elements in the vector
Sn,, = (sj_l(O),...,sj_l(k),...,sj_l(Nj_l));
§j_l(Nj_l)=§j_l(Nj_l—q) is the alignment
wavelet-coefficient;q is a parameter for taking into
consideration the boundary artifactsf; , / 2 is

the number of approximation coeﬁicierﬂ;';(k) at

the resolution level i
§J’—lNH :¢_l(h¢’§J.Nj )+‘/’_l(hw’aJ,Nj)
. N;_, = 2N, if A =0,
N, =2N,-1 if A=1

where ¢(JJ] and ¢ () are the linear

convolution functions of approximation and
detail coefficient and finite impulse responses

of low-pass ﬁ;, and high—passhw filters,

respectively;

Lofo IN,,/2]=N,,
Tl [N /2]mEN,

even (two) multiplicity indicator (or the value of

the alignment vector element of low-pass

is an

28

can be defined by the following recursive
expression:

. (7N

N,./2 it [N/2e=N,,

N, = _

J {(Nj_l+1)/2 it [N /2JezN,,

is the number of approximation coefficients at the
resolution level] ; N, = N.

Consequently, forward wavelet-transform
with a hierarchical adaptation to the signal size
forms a sequence of approximation and detail
coefficients with an insignificant extension

J J
DN =N, butd N,-N<J.
j=1 j=1

The inverse rational wavelet-transform
with a hierarchical adaptation to the signal size
can be defined by the following recursive
expression:

.. (8)

subband size of levelj(—1 )) at the resolution
level j.

It is seen from Fig. 2 that the
approximation and detail coefficients sequence
may include additional aligning wavelet-
coefficients, and the presence or absence of
which is determined by the alignment vector

components A= (A, oA s AY)

consists of the binary valued (— there is no
alignment, 1 — there is an alignment). The
alignment vector is automatically constructed in
a decoder according to the valudsand J .

which
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Fig. 2 The one-dimensional wavelet transform structre with adaptation
a) The forward wavelet transform with adaptation; b) The inverse wavelet transform with
adaptation;

) The result of adaptive wavelet transform is a sgience of approximation and detail coefficients
with the alignment wavelet coefficients

3.2 Integer Wavelet Transform with a Hierarchical Adaptation to the Signal Size.

For lossless compression of signals with The forward integer wavelet-transform
an arbitrary length, a method is suggested whichwith a hierarchical adaptation to the signal size

is calledinteger DWT with adaptation to the can be defined by the following recursive
number of signal samples at each level. expression:

;j,Nj :¢| (-éj_erj—liaerjj if \_Nj—l/ZJQ: Nj—l

_éj,Nj :¢|(§j—1,Nj_1,aj,ij if \_Nj_l/ZJD??'—' N,

aerj :l//| (_éj—l,Nj_lj
aerj :l//| (éj—l,Nj_lj

where ¢, and ¢, are integer lifting wavelet

transforms for computing the approximation and
detail coefficients.

.. (9)

\_Nj—l/ZJQ: N,

N /2J2#N

The inverse integer wavelet-transform
with a hierarchical adaptation to the signal size
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can be defined by the following recursive
expression:

]

-

San = ... (10)
wl_l(gj v d J,Nj] for odd coefficients s 4,

¢,‘l(sj,Nj (i, j for even coefficients sj-in

[N=aNg it A =0,
N, =2N, -1 if A(j)=1

Consequently, the result of adaptive integer wamedmsform is a sequence, similar to the
sequence, as shown in Fig. 2.

4. Evaluating the Efficiency of the Wavelet Transform with a Hierarchical Adaptation
to the Signal Size for Image Compression.

In [7] a new fast scalable embedded wavelet Table 2 shows the values of peak signal-
structure coding method MECT based on anto-noise ratio (PSNR) in decibels, obtained in
adaptive hierarchical clustering for progressive lossy compression coefficient equal to 16 for the
image compression with and without loss and test image «Town» using one-dimensional and
forming hierarchical embedded code structure withtwo-dimensional versions of the algorithm
scalability on spatial and frequency resolutiors an MECT, as well as one-dimensional and two-
quality is proposed. The adaptive hierarchical dimensional rational wavelet-transform based on
clustering is aimed to select clustering level biorthogonal wavelet 9.7 with a hierarchical
guantity, cluster size and detecting zero andadaptation and without adaptation to the image
nonzero cluster trees. The method allows us tosize. Figures (4-8) show the reconstructed image
decode progressively versions of the image with «Town» fragments of different sizes using the
various resolution and quality from the same compression coefficient equal to 16, the
code for adapting to limited communication adaptive wavelet transform and the biorthogonal
channel throughput, monitor resolution, and wavelet 9.7
hardware computational platform productivity It is shown in Table 2 that the gain in the
of user terminal. The simulation results have peak signal-to-noise ratio in using adaptive tree-
shown that the method provides high like structures (Fig. 2) depends on the image
compression speed, flexible embedded codesize and equals to about 1.3 dB for the image

scalability in resolution and quality, and size3oa30c, but equals to 0.85 dB for the image
compression ratio up to the well-known SPIHT, size4ooc40¢, etc.

SPECKu JPEG 2000 algorithms. It is well-known that the integer wavelet
Table 1 shows the compression piorthogonal 5.3 and rational wavelet
coefficients without the loss of fragments of the biorthgonal 9.7 provide maximum lossless and
test image «Town» (Fig. 3), obtained in using Jossy compression coefficients, respectively.
one-dimensional (1D) and two-dimensional They provide optimal balance between
(2D) versions of the algorithm MECT of parameters such as the spatial and frequency

wavelet-compression based on multilevel resolution compared to the other wavelet
clustering [7] as well as one-dimensional and fynctions.

two-dimensional integer wavelet-transform It is well-known, that the computational
(Haar (HW) and biorthogonab.3 (BW)) with  complexity is determined with the operation
a_nd without hierarchical adaptatl_on to th_e image nymber per pixel. Consequently, for evaluating
S|ze._T_abIe 1 shows that there is a gain m_thethe efficiency of implementation of DWT with
coefficient of lossless compression usw;]g the adaptation to the image size compared to the

adaptive  free-like  structures  which giandard DWT, the coefficient of reducing the
reaches](138-123/123 (100% =12% for computational complexity can be used which is
Haar wavelet and calculated in the following form:

[(151-133/133 100% =14% for
biorthogonal wavelet 5.3.
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horizontal directions of the original image,

C. = Nowr /Naowr respectively;]_ -| is the ceiling operation.

- (11) Table 3 shows the coefficients,, whose
where Npyr = Ny [N, is the pixel number of  y51yes determine the reduction of computational
original image which is used in DWT with complexity of wavelet transform with a
adaptation; No,,; =4’ is the pixel number of hierarchical adaptation to the image size. It is

ginal | hich | tended ¢ obvious from Table 3 that the computational
orginal. image which 1s_extende up 10 a complexity of the adaptive wavelet transform

specific test image size required by the standarddepends on the image size and can be reduced to
pwT; J =[log,(maxN,.N,))| is the

C. =(4°)/(300m800) = 291times  for the
resolution level number of DWT IN,, and N,

_ . _ image sizeox3o(, but can be reduced to 1.64
are the pixel numbers in the vertical and times for the image sizewa4oc, etc.

Table 1 — Coefficients of lossless compression bktimage «Town» for Haar wavelet

Wavelet-T ¢ Size of the image fragment
avelet-fransiorm 300:30( 40C% 40C 50Cx50C 480x512 384x512
Dimension 2D 2D 2D 1D 1D
Type of wavelet HW BW HW BW HW BW HW BW HW BW
With adaptation 1.38 151 1.42 1.54 1.40 1.53 1.21.30 1.21 1.29
Without adaptation 1.23 1.33 1.32 1.3p 1.36 1.47 171 1.25 1.12 1.11

Table 2 — The values of the peak signal-to-noisetra in decibels, obtained in lossy compression
coefficient equal to 16 for the test image «Townxitt using biorthogonal wavelet 9.7

Wavelet-transform Size of the image fragment
300x30( 40Cx 40C 50Cx50C 480x512 384x512
Dimension 2D 2D 2D 1D 1D
With adaptation (dB) 29.00 30.03 30.05 24.13 24.17
Without adaptation (dB) 27.74 29.18 29.82 24.08 .0e4

Table 3 — Coefficients of reducing the computatiolacomplexity of wavelet-transform

Image size 300%x 300 400x 400 500x500 480x512 | 384x512
Coefficients of reducing the computational 201 164 1.05 1.07 133
complexity of wavelet transform ) ) ) ) )

M= |

Fig. 3 The test image «Town» of siz§12517
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Fig. 4 The reconstructed image «Town» fragmensoo30( using the compression coefficient equal to 16,
the adaptive wavelet transform and the biorthogonalvavelet 9.7
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Fig. 5 The reconstructed image «Town» fragmentook40¢ using the compression coefficient equal to 16,
the adaptive wavelet transform and the biorthogonalvavelet 9.7

Fig. 6 The reconstructed image «Town» fragmens00x50( using the compression coefficient equal to 16, tlelaptive
wavelet transform and the biorthogonal wavelet9.7
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Fig. 7 The reconstructed image «Town» fragmen#80x512 using the compression coefficient equal to 16,
the adaptive wavelet transform and the biorthogonalvavelet 9.7

Fig. 8 The reconstructed image «Town» fragmen884x512 using the compression coefficient equal to 16,
the adaptive wavelet transform and the biorthogonalvavelet 9.7

28
PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Journal of Basrah Researches ((Science§jdl. (36). A/ No.(5) .15 October (( 2010))

5. Conclusion

In this paper, a modified discrete wavelet adaptation to the image size, is presented. It was
transform method with a hierarchical adaptation found that the gain in the lossless compression
to the signal size is developed to enhancecoefficients in using the adaptive two-
wavelet-compression performance: the reductiondimensional tree-like structures reaches 12%
of the bit rate, enhancing the quality of and 14% for the Haar and the biorthogonal 5.3
reconstruction, and the reduction of wavelet functions, respectively.
computational complexity. The method is based A comparative analysis of the peak signal-
on adaptive padding alignment wavelet- to-noise ratio values obtained in using the lossy
coefficients to an approximation coefficient compression coefficient which equals to 16 for
sequence of a certain wavelet-decompositionthe test image «Town» of different sizes, the
level for forming an even length sequence. Thealgorithm MECT, as well as one-dimensional
presence or the absence of the alignmentand two-dimensional rational  wavelet
wavelet-coefficients is determined by the binary transforms (the biorthogonal 9.7 wavelet
values of the alignment vector components. Thefunction) with and without a hierarchical
alignment vector is automatically constructed in adaptation to image size is presented. It has been
the decoder based on the number of samples andetermined that the gain in the peak signal-to-
the maximum possible number of decomposition noise ratio using the adaptive two-dimensional
levels of the original signal. tree-like structures equals to about 1.3 dB for the

A comparative evaluation of the lossless image sizesoo3oc , but equals to 0.85 dB for the
compression coefficients of the test image image sizesooc40(, etc.
fragments «Town» with the It has been shown that the computational
SIZ€3300x 300, 400% 400,500%500, 480x512 and  complexity of the adaptive wavelet-transform
384x512, obtained using the algorithm MECT with a hierarchical adaptation to the image size
of wavelet compression based on multilevel 3px30¢ can be reduced to 2.91 times, but can be

clustering by using one-dimensional and two- reduced to 1.64 times for the image gi@®4oc,
dimensional integer wavelet-transforms (Haar gtc.

and biorthogonal 5.3 wavelet functions) with a
hierarchical adaptation and without an
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