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Abstract: In this study, we propose a new study to image compression based on the principle of Shapiro's
Embedded Zerotree Wavelet (EZW) algorithm. Owur study, the modified EZW (MEZW), distributes entropy
differently than Shapiro's and also optimizes the coding. This study can produce results that are a significant

improvement on the PSNR and compression ratio obtained by Shapiro, without affecting the computing time.
These results are also comparable with those obtained using the SPIHT and SPECK algorithms.
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INTRODUCTION

Todays massive use of digital images generates
increasingly significant volumes of data. Compressing
these digital images is thus necessary in order to store
them and simplify their transmission. Two classes of

image compression techniques can be defmed:
conservative, or lossless, technmiques and non-
conservative, or lossy techmiques’. The lossless

techniques guarantee an exact copy of the data after the
compression/decompression cycle, but tend to generate
rather low compression ratios. The lossy techniques, on
the other hand, offer high compression ratios and though
they do allow a degree of mformation loss, the quality of
the image perceived by the user is not affected. This
type of
significant computing time.

second compression, however, requires

Over the years, many compression algorithms have
been proposed and standarized, such as the IPEG
standard for still images and the MPEG standard"” for
videos images. These standards are based on the Discrete
Cosine Transform (DCT)¥. Recently, however, an
mteresting alternative transform has been developed,
called the Discrete Wavelets Transform (DWT). This
transform is able to attain significant compression ratios
without producing the artefacts (block effects) observed

in images compressed using DCTC,

Several compression algorithms using wavelets
have been proposed, with the most used being the
EZW (Embedded Zero-trees Wavelet)l, the SPIHT
{Set Partiticning in Hierarchical Trees)'™ and the SPECK
{(Set Partitioning Embedded Block)"!. These algorithms
which rely on embedded coding, create an embedded
binary flow, a progressive data transmission that allows
the image to be reconstructed using various compression
ratios. Thus, these algorithms can be used for either
conservative or non-conservative compression’'?,

In thus study, we propose a modification of the EZW
coding algorithm for coding wavelet coefficients. Our
modification is called the Moditied EZW (MEZW). This
modified algorithm has two specificities: it distributes
entropy differently than the original Shapiro EZW
algorithm and it optimizes the coding. In addition, the
robustness of the MEZW compares favorably with the
original EZW algorithm and both the SPTHT and SPECK
algorithms.

Shapiro's EZW algorithm: The objective of Shapiro's

encoder is  to exploit possible dependence
between the of
different sub-bands in order to successfully create
zero-trees™*" (Fig. 1). A “zerotree” is composed of

its descendants. In this

protocols wavelet coefficients

a parent (ancestor) and
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Fig. 1: Parent-descendant dependencies between sub-
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Fig. 2. Scanning order of the sub-bands for encoding a
sigrmificance map

tree, each parent on the scale | has four descendants on
the scale 3-1 (Fig. 1).

The wavelet coefficients are scanned for the path
presented mn Fig. 2, m order to make the “zerotree™ as
effective as possible. If a parent and all its descendants
are nsigmificant, then the ancestor is coded "zerotree"
and the descendants are not coded. Not coding the
descendants will save memory space, thus improving the
rate of compression.
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Fig. 3: Principle of Shapiro's EZW algorithm for a

compression cycle
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Fig.4: Example of decomposition to three resolutions for
an 8x8 matrix

Theoretically, the insignificance of an ancestor does
not mean that all of its descendants are insignificant. In
practice, however, the probability of this phenomenon
oceurring in teal images is high. The structure of the
“zerotree” makes it possible to code the significant
coefficients using a very low number of bits. Coding the
wavelet coefficients 1s performed by determining two lists
of coefficients (Fig. 3 )

»  The dominant list D contains information concerming
the significant coefficients, which will be coded using
entropy coding.

¢ The significant list S contains the amplitude values

of the sigmficant coefficients, which will undergo
uniform scalar quantization followed by entropy
coding.
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Let us consider the matrix test shown in Fig. 4, in
9,5,1%,15]

terms of the steps of Shapiro’s algorithm! :
Initialization: The wavelet transform is applied to the
image and then the threshold 7, 1s determined so that so
that: T, = 2"50° " where C,.is the largest wavelet
coefficient™ For the test matrix in question (Fig. 4), T;=32
for C_ .= 63.

Significance test: The wavelet coefficients are scanned
for the path presented in Fig. 3. Each coefficient is
assigned a significance symbol (P, N, Z or T), by
comparing each coefficient with the actual threshold
T,(T;= T2, where 1s the iteration count):

* P (sigmficant and positive): if the absolute value of
the coefficient i1s higher than the threshold 7) and is
positive. This 1s the case for the coefficients {63, 49
and 47} i the matrix test (Fig. 4).

+ N (significant and negative): if the absolute value of
the coefficient is higher than the threshold 7, and is
negative. This is the case for the coefficient {-34} in
the matrix test (Fig. 4).

T (zerotree): if the value of the coefficient is lower
than the threshold T, and has only insignificant
descendants. Like coefficient {23} in the matrix test
(Fig. 4), the descendants of this type of coefficient
will not be coded.

« 7 (isolated zero). if the absolute value of the
coefficient 1s lower than the threshold and has one or
more significant descendants with respect to T;. This
is the case for the coefficients {-31 and 14} (Fig. 4).

The insignificant coefficients of the last sub-bands,
which do not accept descendants and are not themselves
descendants of a zero-tree, are also considered to be
isolated zeros. This is the study for the coefficients {7,-13,
3 and 4}. The sigmficance symbols of the image
coefticients are then placed in list D, which 1s subjected to
entropy coding before being transmitted (Fig. 3). The
amplitudes of the significant coefficients are placed in the
list 8. Their values m the transformed image are set to zero
1 order to not undergo the next step.

Quantization and refinement: A bit corresponding to 2
is emitted for all the significant values in the list S in order
to increase the precision of those values transmitted™".

The significant values {63, -34, 49 and 47} from the matrix

test shown in Fig. 4 are quantified respectively by the
bits " 1 01 0" Then, step B of the algorithm is repeated
on the unage residue by incrementing | by one and by
dividing the threshold T, by two. This process is reiterated
until the deswed quality of the reconstructed image 1s
reached or until the number of transferable bits required
1s exceeded. Let us consider the matrix test shown in Fig.
4 for a first iteration (T, = 32). After covering the matrix
coefficients according to the Shapire algorithm, the
following results are obtained:

D:PNZTPTTTTZTTZZZZZPZZ
51010

The above summary of the Shapiro algorithm was
provided i order to facilitate comparison of our algorithm
to Shapiro's. In general, we have modified the original
algorithm m the following manner:
s+ Symbols

were added to the significance test

stage to allow a better redistribution of the
entropy .

¢+  The coding of the list ID elements and the list S
quantization bits was optimised by the use of

block coding.

Proposed algorithm (modified EZW): The difference
between the MEZW algorithin that we propose and the
Shapiro algorithm lies m the significance test process
used for the wavelet coefficients and the coding
procedure used for the significance symbols.

Coefficient significance test: If a coefficient is tested and
found to be significant, its descendants must also be
tested. If at least one descendant is significant, then the
coefficients are coded according to the doing rules of the
Shapiro’s algorithm, which is the case for the coefficients
{63, -34 and 47},

if all the descendants

insignificant, the coefficients are coded according to our

However, are Judged
MEZW algorithm's coding rules, using the symbols P, for
positive coefficients and N, for negative coefficients.
Thus, coefficient 49 is coded P, In this situation, it is
no longer useful to code this coefficient’s descendants
{7,-13, 3 and 4}, whereas in the EZW algorithm, they
would be coded "ZZ77".

Ouwr study requires about the same amount of
computing time as the EZW approach. In fact, the
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Fig. 5. Example of decomposition to three resolutions for
an 8x8 matrix in which all the descendants of the
root (63) are msigmficant compared to the
threshold T, = 32. The matrix 1s coded 'PTTT with
the EZW algorithm and by the symbol P, alone
with the MEZW algorithm

Table 1: Appearance firequency, probability and entropy of the four symbols
of the EZW algorithm applied to the Lena image 512*512 for a

threshold T=13 (PSNR = 36.71 dB, CR=0.57 bpp)

Symbol Appearance frequency Probability Entropy (bits)
T 86278 0.7111 0.4918
Z 15340 0.1264 2.9835
P 9935 0.0812 3.6102
N 9775 0.0806 3.6337

Total information = 159590 bits

computing time difference can be supposed negligible
because the same number of test operations is performed.

If the sigmficant coefficient is in the root of the matrix
representing the parent and its descendants, then a
symbol P, (or N,) represents four symbols “PTTT”
(or “NTTT™). (Though this does not occur in the example
in Fig. 4, it does occur in the example given in Fig. 5.)

If the sigmificant coefficient 13 not m the root, P,
(or N,) represents five symbols “PTTTT” (or “NTTTT”),
which 1s the case for coefficient 49 in the matrix test
shown in Fig. 4.

By introducing the two symbols, P, and N, , the
probabilities of the symbols in the dommant list D can be
redistributed. Tn fact, the symbol T is generally the most
probable in both Shapiro's algorithm and ours, but this
probability is lower in our MEZW algorithm (Table 2).

Thus, the entropy of the symbol T in the MEZW
algorithm 1s close to 1 bit, making the coding more
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Table 2: Appearance fiequency, probability and entropy of the six symbols
of our MEZW algorithm applied to the Lena image 512%512 for a
threshold T=13 (P§NR=36.71 dB, CR=0.47 bpp)

Symbol Appearance Frequency  Probability Entropy (bits)
T 38486 0.5234 0.9341
Z 15340 0.2086 2.2612
N, 6174 0.0840 3.5742
P, 5838 0.079%4 3.6549
N 3937 0.0535 4.2233
P 3761 0.0511 4.2893

Total information =146800 bits

effective. Thus, the total amount of information contained
in the symbols (Table 2) of the MEZW algorithm is less
than in the symbols of the EZW algorithm (Table 1). This
redistribution of probabilities makes it possible to obtain
an optimal entropy coding!!.

By applying the MEZW to the matrix in Fig. 4 for the
first iteration, we obtain the following results:

D PNZT Pt TTTIZTTZPZZ
SE: 1010

I\JEZW{

The code for coefficient 49 and its four descendants

(Fig. 4) is the symbol *P/, rather than the “P, 7, 7, 7 and
Z” wsed in Shapiro’s algorithm.

Coding procedure used for the significance symbols: In
Shapiro’s EZW algorithm, the dominant list D is
composed of four symbols {P, N, 7Z and T}, each one
coded into binary on two bits; these symbols are coded
arithmetically before transmission. Practically, we find
that such entropy coding becomes more effective
when the size of the symbols 15 sigmficant. This
significant size 1s obtained by binary regrouping of
several juxtaposed symbols. In our MEZW algorithm,
since the six symbols in list D (P, N, Z, T, P, and Z,) are
coded on three bits, entropy coding 1s no longer effective
for these symbols. Our method regroups the list D
elements on 9 bits (a binary regrouping with three
juxtaposed symbols) before performing entropy coding.
Then, the elements on the significant list S are regrouped
on 8 bits (bits obtained by refining the significant
coefficients); this regrouping 1s followed by an
entropy coding.

The example detailed in Tables 1 and 2 shows that the
total amount of information calculated for the MEZW
algorithm 15 less than the amount calculated for the EZW
algorithm.
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Fig. 6: Results for the Lena image reconstructed using the MEZW algorithm : #) the original Lena image 512x512, #) the
Lena Image reconstructed with PSNR = 40.64db and TC=1 bpp, ) the Lena Image reconstructed with
PSNR=36.93db and TC= 0.50 bpp and d) the Lena Image reconstructed with PSNR = 33.20db and TC= 0.25 bpp
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Fig. 7: Results for the Barbara image reconstructed using the MEZW algorithm: «) the original image Barbara 512x512,
*) the Barbara Image reconstructed with PSNR = 36,77 dB and TC=1 bpp, ) the Barbara Image reconstructed with
PSNR =31,41 dB and TC = 0.50 bpp and d) the Barbara Image reconstructed with PSNR =27,23 dB and TC =0.25

bpp
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Fig. 8: Results for the Goldhill image reconstructed using the MEZW algorithm: #) the original Goldhill image 512x512,
*) the Goldhill Image reconstructed with PSNR = 36,86 dB and TC=1 bpp, *) the Goldhill Image reconstructed with
PSNR=32.92 dB and TC = 0.50 bpp and d) the Goldhill Image reconstructed with PSNR = 29,91 dB and TC = 0.25

bpp
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RESULTS AND DISCUSSION for the EZW algorithm®™ well as to those obtained with

the SPIHT and SPECK algorithms™™". These

The MEZW algorithim was performed using Matlab parameters are expressed by the following relations”
on an INTEL Pentium 4 PC (3 Ghz; RAM 512 Mo).

We tested our algorithm on three different still images (255)2
{Lena, Barbara and Goldhill 8 bpp, 512x512), according to PSNR(db) =101031{ MSE }
a five-level wavelet decomposition using biorthogonal
filters 9/7%" and arithmetic coding,

The PSNR (dB) performance and compression ratio MSE =
CR (bpp) of our MEZW algorithm were compared to those

03],

L 33 -v)

1 x 1M i=13=1
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Fig.11: Comparison of different compression methods
applied to the Goldhill image
Table 3: Results of the various algorithmns applied to the three test
images (Lena, Barbara and Goldhill)
PSNR (db)
Coding
Image algorithm 0.25 bpp 0.5 bpp 1 bpp
Lena (512x512) MEZW 33,20 36,93 40.64
EZW 33,17 36,28 39,55
SPTHT 3411 37,21 40,44
SPECK 34,03 37,10 40,25
Barbara (512x512) MEZW 27,23 3141 36,77
EZW 26,77 30,53 3514
SPTHT 27,58 31,40 36,41
SPECK 27,76 31,54 36,49
Goldhill (512x512) MEZW 29,91 32,92 36,86
EZW 30,31 32,87 36,20
SPTHT 30,56 33,13 36,55
SPECK 30,50 33,03 36,36

number of coded bits

CR(b =
(bpp) number of initial bits

Where n, m is the image size, x; the initial image and
y, the reconstructed image

In the majority of studies, the results obtained by the
MEZW are better than those obtamed by Shapiro’s
algorithm (Table 3). For rates higher than 0.70 bpp, the
MEZW performs better than the SPTHT and SPECK
algorithms (Fig. 9, 10 and 11). Even for lower rates, the
MEZW performance is still very close to that of the
SPIHT and SPECK algorithms and the results start getting
better around 0.60 bpp for the Barbara image, 0.55 bpp for
the Goldhull images and 0.70 bpp for the Lena image.

The Lena, Barbara and Goldhill images reconstructed
by the MEZW algorithm for compression ratios 0.25, 0.50
and 1 bpp (Fig. 6, 7 and 8) are shown as examples below.
The comparison of the different compression methods
applied to the three test images 1s shown in Fig. 9, 10
and 11.
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CONCLUSION

In this study, we developed an image compression
algorithm (MEZW) based on the same principle as
Shapiro's EZW algorithm. This algorithm 15 able to
improve the performance of the EZW algorithm because
) using six significance symbols instead of four better
optimizes the entropy and ) the bmary regrouping of
these symbols on 9 bits better optimizes the coding. The
proposed algorithm is able to accomplish this without
increasing computation time. In addition, this algorithm
performed comparably with the SPIHT and SPECK
algorithms, which could be very interesting for the field of
hierarchical coding.
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