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Abstract

A suitable algorithm suggested with wavelet compression for gray scale
images based on one- and two-dimension combined hierarchical structure, in the
sub-band which has been generated by the aid of several types of wavelet
functions. It is shown that the using of combined based hierarchical structures
adlows us to reduce the calculations complexity of compression and
decompression at constant va ues of compression coefficients.
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1. Introduction

Related to the intensive
growth of the video traffic in
networks of telecommunications, the
mgor scientific and technical
direction of development of
technigues of transfer  and
distribution of the information are
compression of video-data. The most
effective algorithms are JPEG 2000,
EZW, SPIHT, SPECK, etc. [1 - 11]
which redize progressive
compression of imagesin the field of
wavel et-transformation. For

achievement of high factors of
compression in these algorithms, asa
rule they are used the wavelet-
factors calculated on the bass of
biorthogonal wavelet-functions. It
leads to the growth of computing
complexity in comparison with a
variant of use for compression of
wavel et-functions Haar. The purpose
of the present work is the estimation
of efficiency of compression of half-
tone pictures on the basis of the
combined hierarchical structures in
which wavelet-factors of various
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levels are generated by means of
different wavelet-functions.
2. Rational and integer-valued
wavelet-transformations

The most effective approaches
for lossy image compression and
losdess based on the discrete
wavelet transform coding, and tree
structure of wavelet coefficients,
formed in the frequency-spatid
domain [1 - 4]. Discrete waveet
transform is implemented due to the
using of two types of functiond
approximation (gpproximation and
detailing), applied to discrete signas
a different levels of decomposition.
Approximation (scaling) functions
have a smooth shape envelope.
Detailing of the functions (wave et
function) characterize the locd
features of a different order in a
discrete signa (gaps, jumps, €tc.).
One of the most important properties
of wavelet functions is the spatia
and frequency localization,
guantitative measure that defines the
spatial-frequency resolution. The
lowest spatial-frequency resolution
of wavdet functions are Haar (Fig.
1, a b), and the largest - of
biorthogonal wavelets. Thisis due to
the use of biorthogonal waveet
functions 9.7 (Fig. 1, ¢, d) and 5.3
(Fig. 1, e, f) in the algorithm for
JPEG 2000 image compression with
losses and without |osses. However,
the wavelet transform based on
biorthogonal  wavelet  functions
requires significantly greater
computational resources than the
wavelet-transform based on Haar
wavelet functions. Fig. 2 presents the
basic scheme of one-dimensiona
sound and the direct integral wavel et
transform based on Haar wave et
functions and biorthogona wavd et
functions, which are formed as a

result of alow (L) and one high (H)
wavel et coefficients.

Fig. 2, aand 2, b shows that the
basic rational wavelet transform
based on biorthogonal wavelet
functions requires 9.7 to 4 times
more multiplicative operations and 7
times more than double additive
operations compared to the rationa
wavelet transform based on Haar
wavelet function. From Fig. 2, ¢ and
2, d it is shown that the basic
integer-valued wavelet transform
based on biorthogonal wavelet
functions requires 5.3 to 2 times
more than multiplicative and
additive operations, compared with
an integer-valued wavelet transform
on Haar wavelet functions.
3. Hierarchical structure of the
wavelet coefficients

In the frequency domain the
wavel et transform can be represented
as a bank of filters. Fig. 3 shows
three-cascaded filter bank analysis
and synthesis, carrying out a direct
and inverse wavelet transform
sound. multilevel discrete wavelet
decomposition of signals obtained by
recursive gpplication of the low-
frequency and high freguency
filtering to the original vaues of the
signa at the first iteration and the
low wavelet coefficients a
subsequent iterations. The direct and
inverse wavelet transforms sound
described by the following recurrent
expresson:
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wheref - and y o -direct rationd
wavelet  transform  using the
approximation, and detailing the
wavelet functions, f ,':l and y ,':1 are
inverse rational wavelet transform
,r:],_R the number of wavdet
decomposition, coinciding with the
number of iterations R the number
of Ievels of wavdet decomposition,

and WH
&%f e
matrices of low and high frequency
wavelet coefficients at the level r

are a

of wavel et decomposition,
W N() Xy N the matrix  of
wavelet coefficients of  zero,

coinciding with the vadues of

discrete tone XNt N turned the

L

C:
number of discrete signal * Nt and
cH
T'Nu  the matrix of coefficients of
the low-and high-frequency filter,
and - the number of coefficients of

the low-and high-frequency

filtersNL and  NH are the direct
and inverse integer-valued wavel et
transform described by the following

recursive expressions
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Where f, and y , direct integra
wavelet  transform  using the
gpproximation, and detailing the

wavelet functions, f | ! and y ,'1

the backward integer-valued wavel et
transform.
The tree structure is obtained by
combining the wavelet coefficients
a al levels of transformation and
accession to the low-frequency
coefficients of the last level (Fig. 4).
One dimensiona tree structure
includes a degenerate tree of L
(approximation ratio) and the tree H
(detailing the factors). When
building two tree structures using a
one-dimensional wavelet transform
gpplied to the first row and then two
columns to the matrix of input data
or the wavelet coefficients. In doing

S0, formed four sub-band
coefficients (LL - approximation
ratiop HL, HH, LH - detaling

coefficients). Similarly, we construct
three-dimensional tree structure,
which includes eight sub-bands. The
number of wavelet coefficientsin the
tree structure is equal to the number
of discrete and dimension (the
dimenson of the space) tree
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structure of wavelet coefficients
coincides with the dimension turned
the discrete signal.

4. Combined tredike structure of

thewavel et coefficients

In image compresson agorithms,
aready used homogeneous
hierarcha structure of the wave et
coefficients generated using the
wavelet functions of the same type,
asarule, biorthogonal. To reduce the
computationa compl exity of
compression and decompression of

images with lossy and lossless
proposed  agorithm  combined
forming trees in which the

coefficients of the different levels of
decomposition are formed by using
different wavelet functions. The
algorithm is based on the following
terms

_f CWL
LS

e

oy ot
l?\/zrl

a‘%r
WH

ST

A
:/

i
Y
W
I
i
i
i
i
t

..(5)

(r.ci, (r )

~(7)

6
-k, 0=
g At
. decomposition is proposed to use

-t 0

2}

1027

")
&%y, 1) )

i
i
i
’[ For even coefficients,
I
i

0 gy,

2r1

)=

1 For odd coefficients,

Where Cl'rNL(r) and Cl'T'NH (r) the

matrix of coefficients of the low-and
high-frequency filters at the levelr

of  decompositionf (r) v Y (r) ,

f 1(r), y ,'1(r) forward and
backward integer-valued wavelet
transfoom a the level of
decomposition.

lower levels of wavelet
biorthogona wavdet functions that
provide high  spatial-frequency
resolution and a  compact
presentation of information on small
parts of images, but on top - Haar
wavelet function for high spatid
resolution and a  compact
representation of the major details of
the prevailing in the low-frequency
area of the upper levels of wavelet
decomposition. This reduces the
computationa compl exity of
constructing combined trees of
wavel et coefficients.
For one-dimensiona signa
consisting  of N  discrete

Multiplicative gy (R) and additive

ga(r) computationa complexity of
constructing tree structures for R
iterations are determined based on

the number of multiplicativegy (r)
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and additive gh(r) operations,
redizing the basic wavelet transform
at each iteration r for one low and
one hi gh-frequency wavd et
coefficients, using the following
Expressions:

R )
gM (R) - é 9 r_]_)gil\-/l (r)g;
r=1 %]

..... )

Rae N 0

9a(R = a6 @k(r);-
..... (10)

Table. 1 presents the quantitative
characteristics of computationa
complexity of congructing one 18-
level similar and combined trees of
rational and integer-vaued wave et
coefficients for test images of half-
size512” 512 pixels, in the form of
one-dimensional
matricesl” 262144 . In the table

used the following designationsB™

and HM-

treelike structure, using biorthogonal
wavelet functions, 9.7 or 5.3 and

Haar wavelet functions B™H" —

m-level homogeneous

(m+n) combined treelike-tiered

structure, using biorthogonal wavel et
functions 9.7 and 5.3 at the lower m
levels and Haar wavelet functions on

the upper levels of n level H1BMH"

~ (@+m+n) combined treclike
structure, using Haar wavdet
functions on the Ilower levd,

biorthogonal wavelet functions 9.7
and 5.3 m at the following levels and
Haar wavelet functions on the upper
level n. TheF and | are subscripts,
in the notation of tree structures to
indicate the type of wavdet

1028

transform in rational or integer-
valued.

From the table. 1 shows that the
combined use of trees instead of a

uniform tree-based biorthogona
wavelet functions reduces the
multiplicative (additive)

computational complexity in the 38-
42% (43-48%) for the management
of wavelet transform and 23-28%
(25 -28%) for the integer-valued
wavel et transform.
5. Valuation descriptions
compactness combined trees

The effectiveness of combined
trees can be evauated by using
agorithms of wavelet compression,
lossy and lossless. In thetables 2 and
3 they are shown the characteristics
of compression, lossy and lossless
for standard grayscde test images
«Lena» (low) and «Barbara» (a high)
pixels in size, obtained through a
one-dimensional version of the
agorithm MECT [4] when using 18-
level one-dimensi onal trees
presented in the table. 1. The table

shows that in comparison with
similar trees derived from the
biorthogona  wavelet  functions,

more complexity in simple combined
treelike structuresB™H"  provide

roughly the same, and sometimes
higher peak signal-to-noise ratio and

compression ratio. To compress
grayscade images with  the
gppropriate use of the combined
losses of treelike  structures
HIBZHY that reduce

computational complexity of the
implementation of the wavelet
decomposition of 28% compared
with similar  trees based on
biorthogona wavel et functions.

In the tables 4 and 5 it is shown
that the characteristics of lossy
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compression and lossless for the two
versions of the algorithm MECT,
obtained from the use of two 9-leve
tree structure. To compress grayscale
images with a loss to use treelike
structure of the combined

typeBEHE and H ,1: BE H E when
compression of 16 and 32 times
using a tree structure BEHE for the

combined restoration of the images
are much better preserved fine
details than with homogeneous

structures H,% and B,g. Using the

tree structure B,l:HE provides a

reduction of computationa
complexity of approximately 1.5
times compared with the tree

structureB,%. When compression of

16 and 32 times, using a combined
tree-structure on the reconstruction
of the image block effect and no
small parts saved about the same as
when using a homogeneous

structure H ,1: BE HE . The using of
the tree structure provides a
reduction of computationa
complexity of approximately 1.7-
fold compared with the tree (a

9
branch of hierarcha) structureBF |
Fig. 5 and 6 show the reconstructed
test image «Lena» and «Barbaray,
compressed to 0.0625 hits per pixe
(picture «Lena») and up to 0,125 bits
per pixel (picture «Barbara») using
two-dimensional agorithm MECT
wavelet-based structures, indicated
in Table. 4. From Fig. 5 and 6 shows
thaa the use of wavde

structures,H,%,B,leE, B,%H,Z is
affects the parameters of two-
dimensiona wavelet compression

(on the reconstructed images clearly
revea a block effect). The waveet

1029

structure B,% H E ,

B‘r,éHéandH,lzBEHE provides
roughly the same quality of
reconstruction of compressed

images, Wavelet—structureB,g , while

reducing the computational
complexity up to 1.7 times from
(wavel et-structureH ,1: BE H E ).
6. Conclusions

The proposed agorithm has
been used for formation of one-
dimensional multi-layered combined
trees of wavelet coefficients at the
lower levels which the wavelet
transform based on spatial-frequency
localized biorthogonal  wavelet
functions, and on the upper level, a
simple  computationa  wavelet
transform based on Haar wavelet
functions. We show that in
comparison with similar trees based
on biorthogonal wavelet functions,
the combined use of trees reduces
the computational complexity of
one-dimensional compression  of
grayscale images by approximately
40% for the management of wavel et
transform and roughly 30% for
integer-valued wavel et
transformation while maintaining or
improving peak signal-noise raio
and compression ratio. Using two-
dimensional hierarcha structure of
wavelet coefficients provides a
reduction of computationa
complexity up to 1.7 times compared
with homogeneous biorthogonal 9.7
wavelet structure with preservation

of the quaity of image
reconstruction.
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Table (1) Computational complexity of forming one-dimensional trees complexity

. owm (18) galt8) || . owm (18) gal18)
Complexity Complexity
Hierarchal Hierarchd
tructure structure
B,1:8 8388576 7340004 B|18 1048572 2097144
H I1:8 2097144 1048572 H I18 524286 1048572
1,,17 1,17
BEHf 5242872 4194300 BiH] 786430 1572860
2,1 2,1
BZH FG 6815736 5767164 BH] 6 917502 1835004
15 15
BE HE 7602168 6553596 B|3H ; 983038 1966076
4,,14 4,14
BEH{ 7995384 6946812 B{'H; 1015806 2031612
1 1
B,S: H I:3 8191992 7143420 B|5H ] 3 1032190 2064380
H 'l: BE H I1:4 4849656 3801084 H IlBISH I14 753662 1507324

Table (2) Dependences of the peak signal-to-noiseratio (dB) of the compression ratio
(bits per pixel) images «L ena» and «Barbara»

image «Lena» «Barbara»
2 1 0.5 0.25 2 1 0.5 0.25
Compression
Coefficient
Hierarchd
dructure
B|1:8 35.87 | 30.09 | 25.71 | 22.02 | 31.27 25.09 22.56 20.13
H,1:8 34.08 | 2889 | 2498 | 21.82 | 29.07 23.69 21.88 19.92

B|l: H JIJ 3458 | 2931 | 2512 | 21.87 | 29.53 24.20 21.38 19.95
BE H :|L:6 3594 | 3001 | 2521 | 21.94 | 29.12 24.03 22.04 19.94
BE H :|L:5 3591 | 30.14 | 2573 | 21.96 | 30.67 2517 22.00 20.03
Bé H Jli4 35.88 | 30.11 | 2572 | 22.16 | 31.17 2511 22.49 19.97
B|5: H Jli3 35.87 | 30.10 | 2571 | 22.16 | 31.19 25.08 2247 19.79
H :IIi BE H Jlf4 35.00 | 29.71 | 25.66 | 22.16 | 28.92 24.84 22.37 19.83
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Table (3) Compression ratio (times) L ossless of image «L ena» and «Bar bar a»

Hierarchd BI18 H I18 B|1H I17 B|2H I16 B|3H I15 B|4H I14 B|5H I13 H |1B|3H |1
dructure
Image
«L ena» 113 1.06 111 112 113 113 113 1.10
«Barbara» 1.04 0.99 1.02 1.03 1.04 1.04 104 1.01

Table (4) Dependences of the peak signal-to-noiseratio (dB) of the compression ratio
(bits per pixd) images,L ena» and ,Barbarax»

Image ,Lena» ,Barbara»

Compression| 2 1 0.5 | 0.25 | 0.062 2 1 0.5 0.25 0.125

5

Coefficient
Hierarchd
dructure

Bg 4273 | 3860 | 3535 | 3216 | 2651 | 39.10 | 3382 | 2953 26.07 2376

F

Hg 4049 | 3566 | 3225 | 2924 | 2509 | 36.34 | 3008 | 26.10 24.64 2258

F

1,,8 4204 | 3738 | 3389 | 3043 | 2529 | 3850 | 3328 | 2817 25.46 22.90
BEHE

2. .7 4269 | 3854 | 3515 | 3181 | 2589 | 3885 | 3366 | 29.35 25.90 2329
BEHE

3,,6 4274 | 3860 | 3533 | 3202 | 2642 | 39.08 | 3380 | 2952 26.06 2354
BEHE

4,,5 4274 | 3857 | 3534 | 3215 | 2649 | 39.10 | 3383 | 2953 26.05 2350
BEHE

4 4274 | 3861 | 3537 | 3199 | 2641 | 39.10 | 3383 | 2953 26.05 2375

BRHE

153,5 4094 | 3634 | 3298 | 3030 | 2631 | 3745 | 3091 | 26.80 25.11 2357
HEBEHE

Table (5) Compression ratio (times) without loss of image «L ena» and «Barbara»

9 9 | rlu8 | 247 | R36 | rAu5 | RO A | HiEdHS
BIHE | B7H/ | BRHP | BHP | BPH{ | HiBH
Hierarchal By Hi HI | BIH{ | BYH | BIHP | BPH|™ | HiBH|
structure
Image
«Lena» 1.63 175 172 174 1.75 1.75 1.75 1.67
«Barbar a» 144 1.56 154 1.55 1.56 1.56 1.56 1.46
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Figure (1) Wavelet-functions:
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aand b are, Haar detailing (a) and approximation (b);
c¢,d- biorthogonal 5.3 detailing (a) and approximation (b);
g f- biorthogonal 9.7 detailing (a) and approximation (b)
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Pixels input data or low-pass wavelet coeffiients Pixels input data or low-pass wavelet coefficients

Resultant values of wavelet coefficients Resultant values of wavelet coefficients

(©) (d)
Figure (2) The elementary one-dimensional wavelet transform:
a - rational wavelet transform based on biorthogonal wave et functions, 9.7.
b - therational wavelet transform based on Haar wavelet functions;
C - integer-valued wavelet transform based on biorthogonal wavelet functions, 5.3.
d- integer-valued wavelet transform based on Haar wavelet function.

Direct wavelet transform Inverse wavelet transform

i=0,.M-1
0 }Ei 1 ‘r;i 2 }Ei 3 }E Ei 3 }Ei 2 }Ei 1 ;E:O
qLevels of wavelet decompositions; . Levels of wavelet decompositions
@Subsampling High pass filter Low-pass filter @

Figure (3) Block diagram of three-cascaded filter bank analysisand synthesis
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Figure (4) Hierarchal structureof the wavelet coefficients:
a - one-dimensional; b - two-dimensinal; ¢ - three-dimensional
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(9 (h)
Figure (5) Therestored version of theimage «L ena», compressed to 0.0625 bpp

using two-dimensional algorithm MECT bit wavelet-based structures:
a- BY (2651dB);b— HY (25.09dB); c— BEHE (25.29dB); d— BZH [ (25:89dB);
e- BEHE (26.42dB); f— BRH2 (26490B); g— BEHE (26410B); h— HEBEH2
B)
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g (h)
Figure (6) The restored version of theimage «Barbara», compressed to 0.125 bpp
using two-dimensional algorithm MECT bit wavelet-based structures:

a— BY (2376dB); b— HP (2258dB); - BEHE (2290dB);d - BZH{ (23.29dB);
e- BEHE (2354dB); f— BRHZ (2350dB);g— BEHP (23750B); h— HEBEH
(2357 dB)
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