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))(|( K
ii MEQmP . Because similar probability model is used in arithmetic encoding of

quantized coefficients, lower conditional probability of symbols of source alphabet means

poorer coding efficiency and increased bit rate of final code. Increased value of iη  should

reduce unsuitability of conditional model to improve compression effectiveness.

Data significance is  of coefficient ic  in relation to threshold T (or τ  as the width of

zero bin) means that Tcs ii ≥⇔= 1  and oppositely, insignificance means

Tcs ii <⇔= 0 . We used the status of surrounding data }{ ,lis  in causal context (order L)

of current and higher level to estimate significance expectation for coefficient ic :

          ∑
=

=
L

l
liLi ss

1
,

1)( &E .        (3)

Locally, we can state that )( isM E∝ . Profits of threshold increase are mainly the result of

the removal of encoding inefficiency of significant coefficients surrounded by insignificant
pixels. Information content expressed in coefficient value does not make up for the costs
of such value encoding (small slope of R-D curve). Significance expectation can be
considered as local area activity estimation to improve R-D performance of the coder.
Finally, we state the following expression for adaptive zero bin ratio modification:

)(

))(|(log))(|( 2

i

l

K
il

K
il

i s

MEQmPMEQmP

E

∑−
∝η ,        (4)

where l is an index of symbol of current magnitude source alphabet. Such quantization
procedure is called adaptive DUTQ (ADUTQ). Let us consider the problem of
significance estimation in greater detail in the next section.

3. THRESHOLD DATA SELECTION IN QUANTIZATION ALGORITHM

The most efficient coders are based on zerotree structures, which describe and exploit the
relationships between the wavelet coefficients across subbands. Simple and useful model
of zerotree structures could be disturbed by hypothetical situation, where only a small
group of significant pixels (even one) as an edge sign appear in the middle of large low
activity area which could be efficiently covered by well fitted zerotree structure. Let us
assume that a single pixel is located at the bottom of great zerotree extended across
several tree levels. It is possible to happen in first steps of iterative EZW-like algorithm
(e.g. [11]). The profits of very efficient coding of a large set of data by single index of
large zerotree are lost in that case. A few smaller zerotrees and single coefficients are
probably coded instead, with additional code bits. In rate-distortion (R-D) sense to ignore
this single pixel is more efficient than to preserve this pixel and lose coding efficiency.
Entire wavelet coefficient selection is a good tool to eliminate these undesirable single
significant pixels in large low activity areas.
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Figure 2. Empirical rate-distortion curve of UTQ, DUTQ, TSUQ, ADUTQ and ATSUQ
applied in wavelet coder. Lena was coded and MSE, as distortion D measure was used.

Table 2. The evaluation of compression efficiency of presented wavelet coder. Optimal
filter banks ([9] - for Lena and Goldhill, [10] - for Barbara) and decomposition scheme
(standard for Lena and Goldhill, 3 levels of uniform plus dyadic for Barbara) were used.
SPIHT[11], SFQ[12], C/B[10], PACC[4], PC-AUTQ[5] and EQ[3] are the reference.

Lena Barbara Goldhill
Technique

0.25 0.5 0.25 0.5 0.25 0.5
SPIHT 34.11 37.21 29.36 33.07 30.56 33.13
SFQ 34.35 37.41 29.67 33.51 30.71 33.37
C/B 34.57 37.52 28.75 32.64 30.80 33.53
PACC 34.53 37.51 28.65 32.54 30.84 33.51
PC-AUTQ 34.46 37.56 - - 30.78 33.46
EQ 34.57 37.68 - - 30.76 33.42
Wavelet coder with ATSUQ 34.60 37.58 30.17 33.95 30.99 33.60

Final compression efficiency of wavelet coder with ATSUQ is significantly better than
other coders for Barbara (improvement is up to 0.5 dB), slightly better for Goldhill (up to
0.15 dB) and comparable for Lena. Two versions of wavelet coder (progressive in
resolution and quality) have comparable compression efficiency results (maximum
difference is 0.05 dB of PSNR).
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