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ABSTRACT

We evaluate the suggested employment of wavelet packet
subband structures in the different stages of the JPEG
2000 standardization process and find the solution fi-
nally adopted for JPEG 2000 Part II to be satisfactory
for amost all type of images.

1. INTRODUCTION

Wavelet packet subband structures [9] generalize the
pyramidal decomposition structure as used by most
classical wavelet-based coding schemes by iterating
the decompositions on the high pass subbands as well.
Especially for images with highly textured content
(compare for example the FBI fingerprint compression
standard [1]) rate-distortion performance of adaptively
generated wavelet packet subband structures is supe-
rior to classical pyramidal ones.

Best basis algorithms [2] are the computationally
most efficient techniques to find wavelet packet sub-
band structures for a given image. This is done by op-
timizing rate independent information cost functions
operating in the transform domain which provides
suboptimal rate-distortion performance only. Other
techniques involving rate-distortion based optimiza-
tion have been introduced [5, 6], often at a high com-
putational cost.

Whereas the first generation wavelet coding schemes
based on (possibly adaptive) uniform quantization and
subsequent entropy coding could be easily generalized
to the wavelet packet case, the extension of zerotree-
based schemes like SPIHT or similar have been more
tricky to generalize, especially concerning the parent-
child relationship of coefficients across subbands. How-
ever, these problems have been also solved in the last
years [4]. EBCOT and JPEG 2000 do not rely on
zerotree based coding and can therefore be extended
much easier to the wavelet packet case.

In this work we describe and experimentally eval-
uate the performance of the wavelet packet structures
admitted in the different stages of the JPEG 2000
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standardization process and try to answer the ques-
tion whether the scheme finally adopted for JPEG
2000 Part II is sufficient from the rate-distortion view-
point.

2. JPEG 2000

The JPEG 2000 image coding standard [7] uses a
scheme originally proposed by Taubman and known as
EBCOT (“Embedded Block Coding with Optimized
Truncation” [7]). JPEG 2000 is based on the wavelet
transform, the major difference between previously
proposed wavelet-based image compression algorithms
such as EZW or SPIHT [8] is that EBCOT as well as
JPEG 2000 operate on independent, non-overlapping
blocks of quantized wavelet coefficients which are coded
in several bit layers to create an embedded, scalable
bitstream (Tier-1 coding). Instead of zerotrees, the
JPEG 2000 scheme depends on a per-block quad-tree
structure since the strictly independent block cod-
ing strategy precludes structures across subbands or
even code-blocks. These independent code-blocks are
passed down the “coding pipeline” and generate sep-
arate bitstreams. Transmitting each bit layer corre-
sponds to a certain distortion level. The partitioning
of the available bit budget between the code-blocks
and layers (“truncation points”) is determined us-
ing a sophisticated optimization strategy for optimal
rate/distortion performance (Tier-2 coding).

It is well known that JPEG 2000 clearly outper-
forms JPEG with respect to rate/distortion perfor-
mance, especially at lower bitrates. Note that for all
subsequent experiments JPEG 2000 VM6.0 is used
which has been extended to support arbitrary isotropic
subband structures.

3. WAVELET PACKET SUBBAND
STRUCTURES IN JPEG 2000

During the standardization process of JPEG 2000 Part
I, wavelet packet subband structures have been con-
sidered but have finally not been included. This tech-
nology is now contained in Part II. The software veri-
fication model 6.0 (VM6.0) reflects the discussion dur-
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Figure 1: Definition of a resolution level’s subband
structure with the HP-descent parameter in VM6.0

ing the standardization process of Part I and conse-
quently posesses some limited possibilities to define
the subband structure of the wavelet decomposition.
The HP-descent parameter of a resolution level in-
dicates the number of decompositions for that level.
Different HP-descent parameters can be set for dif-
ferent resolution levels. The parameters are specified
via the -Fdecomp command line argument. Figure 1
illustrates the three possible decompositions for one
resolution level.

Figures 3, 5, and 7 in the next section show how
particular subband structures are approximated in
VM6.0. The choices of the HP-descent parameters
for the approximation have been selected to be opti-
mal in a way that the area below the rate-distortion
curve is maximized (for rate-distortion results of these
approximations see the next section as well, Figs. 4,
6, and 8, respectively). Note that the “optimal” de-
composition structures have been created by applying
the best basis algorithm with different cost functions.

Part II of the JPEG2000 standard provides ex-
tended functionality in defining the wavelet decom-
position and subband structure of an image to com-
press. However it is still not possible to define really
arbitrary structures, although this is pointed out in
the FCD document.

When constructing the several resolution levels,
there is now the choice to omit splitting a resolution
in one of the two directions. This results in resolutions
which — in one direction — have the same dimension
as their “mother” resolution. Figure 2 illustrates how
the division of a resolution into subbands can now
be performed. The subbands S0(ab) form the next
lower resolution level, while the remaining subband(s)
make(s) up the current resolution level. In VM6.0 and
JPEG 2000 Part I only case a) is possible.

In the same manner as the resolution formation
is performed, the subbands of a decomposition level
can be further divided into a maximum depth of three
sub-levels, counting the first sub-level as the one re-
sulting from the construction of the current resolution
as described above. In each division process again, ei-
ther horizontal or vertical splitting can be omitted.

The concept of sub-levels was also already imple-
mented in VM6.0 with means of the HP-descent pa-

Figure 2: Possible division of a resolution or a sub-
band ab in JPEG2000 Part II.

rameter, although only a bi-directional division into
four subbands (Figure 2 a)) was possible. JPEG2000
Part I allowes no further division of the high-pass sub-
bands at all.

The most interesting innovation in JPEG2000 Part
II is however the fact that arbitrarily selected sub-
bands can be further divided within the range of three
sub-levels while others are kept as they are. This en-
ables non-uniformly sized subbands at a single reso-
lution level which is impossible in JPEG2000 Part I
and VM6.0.

The figures in the following section also contain
an approximation of an optimal subband structure
with the extended possibilities of JPEG2000 Part II.
The maximum number of three sub-levels per decom-
position level however still prevents really arbitrary
subband structures.

4. EXPERIMENTAL RESULTS

For the “Barbara” image the optimal subband struc-
ture has been found using the best basis algorithm
with cost function log. of energy. Especially the deep
decompositions in the high pass subband of the opti-
mal structure show the limits of the VM6.0 and Part
II approximations (Figure 3) where only very coarse
approximations are possible.

Interstingly, the coarseness of the approximations
are not reflected in the results concerning rate/distortion
performance. In Fig. 4 we see that all three wavelet
subband structures (the optimal one, and the VM6.0
and Part II approximations, respectively) perform al-
most identically and outperform the pyramidal struc-
ture by 0.8 dB across the entire range of bitrates.

The “D105” image is contained in the Brodatz
texture collection (see Fig. 5). The optimal sub-
band structure exhibits a different amount of high fre-
quency emphasis in horizontal and vertical direction,
which can be approximated only very poorly with the
original VM6.0 techniques. The JPEG 2000 Part II
approximation is better, but limited to the more low
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Figure 3: Testimage “Barbara”, its optimal sub-
band structure (top right), and the approximations
in VM6.0 (argument -Fdecomp 321, bottom left) and
JPEG2000 Part II (bottom right).
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Figure 4: Compression results, Barbara testimage.

frequency subbands.
It turns out that we get a slightly different result

with respect to compression behaviour as compared to
the Barbara image (Fig. 6). Again, all three wavelet
packet subband structures outperform the pyramidal
scheme, in this case by more than 2 dB. Whereas the
behaviour of the wavelet packet schemes is again iden-
tical for higher bitrates (i.e. 0.4 – 0.9 bpp), there is
still a performace gap of up to one decibel between the
optimal stucture and the approximations, the Part II
approximation being the superior one.

The “Artificial” image is an artificially generated
image with high frequency fluctuations in vertical di-
rection and low frequency behaviour in horizontal di-
rection. The optimal subband structure for this im-
age (Figure 7) has the same small subbands at the

Figure 5: Testimage “D105”, its optimal subband
structure (cost function: norm l, top right), and the
approximations in VM6.0 (argument -Fdecomp 3221,
bottom left) and JPEG2000 Part II (bottom right).
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Figure 6: Compression results, D105 testimage.

horizontally-low-pass sections in all decomposition lev-
els. This results in a significantly non-pyramidal sub-
band structure — almost impossible to approximate
with the rather pyramidal oriented possibilities of VM6.0.
The smallest subbands can only be reconstructed from
the third decomposition level on, which prevents a big
refinement potential in the highest decomposition lev-
els from being exploited. The Part II approximation
is much better, but again restricted to the more low
frequency parts.

The compression performance with respect to the
“Artificial” image is shown in Fig. 8. The VM6.0 ap-
proximation hardly improves the pyramidal scheme
at all (only at low bitrates), whereas the Part II ap-
proximation is cleary better on the one hand. On the
other hand, the Part II scheme is still more than 2
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Figure 7: Testimage “Artificial”, its optimal subband
structure (cost function: log. of energy, top right), and
the approximations in VM6.0 (argument -Fdecomp
12321, bottom left) and JPEG2000 Part II (bottom
right).

dB below the results of the optimal subband struc-
ture. Note that this result is not a typical one and
is caused by the highly unnatural frequency content
of this image. Images of this type can be compressed
much better with anisotropic decomposition schemes
as allowed as well in Part II [3].
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Figure 8: Artificial Testimage.

5. CONCLUSION

It turns out that the possibility to use wavelet packet
subband structures in JPEG 2000 Part II clearly im-
proves the suggestions evaluated in JPEG 2000 VM6.0.
However, the techniques contained in VM6.0 are al-
ready sufficient for most natural images to reach al-

most optimal coding performance. Only in the case
of the highly specific image material the enhanced fa-
cilities of JPEG 2000 Part II result in significantly
better performance as compared to VM6.0. It seems
that the minor restrictions still present in JPEG 2000
Part II are almost entirely irrelevant with respect to
rate-distortion performance for almost all types of im-
ages.
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