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SHARING WAVELET DOMAIN COMPONENTS
AMONG ENCODED SIGNALS

TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates generally to wavelets and
more particularly to sharing wavelet domain components
among encoded signals.

BACKGROUND OF THE INVENTION

[0002] Wavelet analysis of a signal transforms the signal
into a time-scale domain. The wavelet domain may produce
different interpretations of a signal than other common
transforms like the Fourier Transform or the Short-Time
Fourier Transform. Wavelets have been used 1n applications
for data analysis, data compression, and audio and video
coding. Wavelets may be described using filter bank theory.
A signal may be passed through a series of complementary
low-pass and high-pass filters followed by decimators 1n a
two-channel, analysis filter bank. At each stage 1n the filter
bank, the 1nput signal 1s broken down 1nto two components:
a low-pass, or coarse, part and a high-pass, or detailed, part.
These two components are complimentary as a result of the
way the filters are created. A Wavelet Transform further
decomposes the coarse part from each 1teration of the filter
bank. A Wavelet Packet Transform provides the option of
decomposing each branch of each stage. Many interesting
decomposition structures may be formed using Wavelet
packets.

[0003] Wavelet theory may also be described using Linear
Algebra Theory. In the discrete-time case, an input signal
can be described as an N-dimensional vector. If the 1nput
signal 1s infinite, the 1nput vector 1s infinite. If the 1nput
signal 1s finite and 1s n samples long, the vector 1s n-dimen-

sional. An N-dimensional vector lies in the Euclidean R™
vector sub-space. A signal transform, such as a Fourier
Transtorm or a Wavelet Transtorm, projects the mput vector
onto a different sub-space. The basis vectors of the new

sub-space also form a basis for the original sub-space, R".

10004] A Wavelet Transform includes two main elements:
a high-pass filter followed by decimation, and a low-pass
filter followed by decimation. These two operations can be
thought of as two separate transtorms. The high-pass chan-
nel projects the mput vector onto a high-pass sub-space, and
the low-pass channel projects the input vector onto a low-
pass sub-space. The high-pass sub-space may be called the
Wavelet Sub-Space, W, and the low-pass sub-space may be
called the Scaling Sub-Space, V. The low-pass channel in the
filter bank can be iterated numerous times, creating many
levels 1n the transtorm. With each iteration, the mput vector
1s projected onto another Wavelet and Scaling Sub-Space.
The Wavelet Sub-Space at level ) may be labeled as W,, and
the Scaling Sub-Space at level j may be labeled as V..

0005] Wavelet Packet Transforms allow any channel to
be 1terated further. With each iteration, the input vector 1s
being projected onto another Wavelet and Scaling Sub-
Space. A Wavelet Packet Tree decomposition requires a
slightly different naming convention for the various sub-
spaces. A node 1n the tree structure may be described by its
depth 1 and position 1. The Wavelet Sub-Space at depth 1 and
position ] may be labeled as W, ., and the Scaling Sub-Space

1.]?

may be labeled as V; ;. It may also be noted that for the
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Wavelet Packet Transform, the Wavelet Sub-Space may only
be located at odd j positions (with numbering beginning at
zero) and the Scaling Sub-Space may only be located at even
] positions.

SUMMARY OF THE INVENTION

[0006] Particular embodiments of the present invention
may reduce or eliminate disadvantages and problems tradi-
tionally associated with compressing and decompressing
encoded signals.

[0007] In one embodiment of the present invention, a
system for sharing wavelet domain components among
encoded signals receives a set of signals decomposed and
encoded according to a wavelet transform or a Wavelet
Packet Transform. The decomposed and encoded signals
cach include a set of wavelet coeflicients at each level of the
decomposition of the encoded signal. Using a vector quan-
tization technique, the system identifies one or more sets of
wavelet coeflicients that are sharable among two or more of
the decomposed and encoded signals at a particular level of
decomposition. The system then stores the sets of wavelet
coellicients of the decomposed and encoded signals. Each
identified sharable set of wavelet coetlicients at a particular
level of decomposition 1s stored only once and shared by two
or more of the decomposed and encoded signals.

[0008] Particular embodiments of the present invention
may provide one or more technical advantages. In particular
embodiments, a set of audio signals may be compressed to
case memory constraints while, at the same time, maintain-
ing perceptual integrity and real-time performance for music
or voice synthesis and similar applications. In particular
embodiments, wavelets, psychoacoustic modeling, and pos-
sibly other techniques may be used to compress PCM signal
data. Particular embodiments may be used to compress sets
of Wavetable samples.

[0009] Certain embodiments may provide all, some, or
none of these technical advantages, and certain embodi-
ments may provide one or more other technical advantages
which may be readily apparent to those skilled 1n the art
from the figures, descriptions, and claims included herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] To provide a more complete understanding of the
present invention and the features and advantages thereof,
reference 1s made to the following description, taken in
conjunction with the accompanying drawings, in which:

[0011] FIG. 1 illustrates example compression of a data
set according to a vector quantization technique;

10012] FIG. 2 illustrates example data elements that have
been projected onto a Wavelet Sub-Space or Scaling Sub-
Space;

[0013] FIGS. 3A and 3B illustrate example plots of
signals;

[0014]

signals;

FIGS. 4A and 4B 1llustrate example plots of noisy

[0015] FIG. 5 illustrates example wavelet coefficients of a
signal;

[0016] FIG. 6 illustrates example wavelet coefficients of
another signal;
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10017] FIG. 7 illustrates example wavelet coefficients of a
noisy signal;

[0018] FIG. 8 illustrates example wavelet coefficients of
another noisy signal;

10019] FIG. 9 illustrates example norms of signals at
various decomposition levels;

10020] FIGS. 10A, 10B, and 10C 1llustrate example inner

products, angles, and distances of various signals;

10021] FIG. 11 illustrates example level-three coefficients
of signals;

10022] FIG. 12 illustrates example signals reconstructed
using shared coeflicients;

10023] FIG. 13 illustrates other example signals recon-
structed using shared coefficients;

10024] FIG. 14 illustrates example noisy signals recon-
structed using shared coelflicients;

10025] FIG. 15 illustrates other example noisy signals
reconstructed using shared coeflicients; and

10026] FIG. 16 illustrates an example method for sharing
wavelet domain components among encoded signals.

DESCRIPTION OF EXAMPLE EMBODIMENTS

10027] Wavelet theory may be described using Linear
Algebra Theory. In the discrete-time case, an input signal
can be described as an N-dimensional vector. An N-dimen-

sional vector lies in the R™ vector sub-space. A signal
transform, such as a Fourier Transform or a Wavelet Trans-
form, projects the mput vector onto a different sub-space.
The basis vectors of the new sub-space also form a basis for

the original sub-space, R".

10028] A Wavelet Transform includes two main elements:
a high-pass filter followed by decimation, and a low-pass
filter followed by decimation. These two operations can be
thought of as two separate transtorms. The high-pass chan-
nel projects the mput vector onto a high-pass sub-space, and
the low-pass channel projects the input vector onto a low-
pass sub-space. The high-pass sub-space may be called the
Wavelet Sub-Space, W, and the low-pass sub-space may be
called the Scaling Sub-Space, V. The union of the sub-spaces

is the original Euclidean R" sub-space. The low-pass chan-
nel 1n the filter bank can be iterated numerous times, creating
many levels 1n the transform. With each iteration, the input
vector 1s projected onto another Wavelet and Scaling Sub-
Space. The Wavelet Sub-Space at level 1 may be labeled as

W., and the Scaling Sub-Space at level j may be labeled as
V..

]

0029] Wavelet Packet Transforms allow any channel to
be 1terated further. With each 1iteration, the input vector 1s
being projected onto another Wavelet and Scaling Sub-
Space. A Wavelet Tree decomposition requires a slightly
different naming convention for the various sub-spaces. A
node 1n the tree structure may be described by its depth 1 and
position 1. The Wavelet Sub-Space at depth 1 and position j
may be labeled as W, ;, and the Scaling Sub-Space may be
labeled as V;;. It may also be noted that for the Wavelet
Packet Transform, the Wavelet Sub-Space may only be
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located at odd j positions (with numbering beginning at
zero) and the Scaling Sub-Space may only be located at even
] positions.

[0030] A data set may be transformed into the wavelet
domain using a Wavelet Transform or a Wavelet Packet
Transform. Every element of the data set 1s transformed into
the wavelet domain. The clements of the data set may
contain scalar information or vector information. In particu-
lar embodiments, the transformed data set may be further
processed according to various compression techniques and
other signal modifications. After the data set has been
transformed 1nto the wavelet domain, the data set may be
compressed by applying a type of vector quantization tech-
nique to the wavelet domain coefficients, as illustrated 1n
FIG. 1. Each element, X, in data set 10 1s transformed 1nto
the Wavelet domain via a Wavelet Transform or a Wavelet
Packet Transform. Elements transformed via a Wavelet
Packet Transform need not have the same decomposition
structure. Each element WT; (meaning Wavelet-Tree struc-
ture 1) 1n Wavelet domain data set 12 consists of Nband.,
levels with each level containing sets of wavelet domain
coeflicients corresponding to W, ; and V; .. The dimensions
of the wavelet domain coeflicients at each level of element
W. depends on the size of X.. Optional processing 14 may
include compression or any other operation that modifies the
clements 1n Wavelet domain data set 12. Daifferent data
clements that have been projected onto a certain Wavelet
Sub-Space or Scaling Sub-Space may be similar enough that
only one representation can be used for the similar data
clements, as illustrated 1n FIG. 2. Similarity measures may
include vector norms, projections, distance measures, and
other correlation measures. For certain applications (such as
audio sample set coding), the similarity measures may also
include one or more psychoacoustic measures.

[0031] In particular embodiments, the notion of the sub-
spaces W, . and V; ., are central to the “sharing™ algorithm.
The projection of a signal onto one of the sub-spaces may
reveal a certain quality of that signal that was not as visible
in 1its original domain. Examining two signals using only
their projections on the wavelet sub-spaces may reveal more
information then trying to compare the signals 1n their
original form. An example 1llustrates this i1dea. Let
x=sin(w_n) for n€[0,167t] with intervals of m/32 (five hun-
dred thirteen samples), and let y=sin(w_n)+sin(2mw_n)+
sin(3m_n). FIG. 3A illustrates an example plot of x, and
FIG. 3B illustrates an example plot of y. A noise vector r;
may be added to x and y (noise vector may be created using
the “randn” function in MATLAB), and xnoise=x+r; and
ynoise=y+r,. FI1GS. 4A and 4B 1llustrates example plots of
the noisy signals. FIG. 4A 1llustrates r; added to x, and FIG.

4B 1llustrates r, added to vy.

[0032] Examining FIGS. 3A, 3B, 4A, and 4B in the time
domain, one may conclude that both signals have roughly
the same period, but, beyond that, results are not entirely
obvious. Fourier analysis of these signals may provide
uselul information, pointing out that both signals share a
common fundamental frequency. However, a wavelet analy-
sis of these signals may show other results. In this example,
the Daubechies 6-tap (db3) wavelet was used to decompose
these signals. The signals are five hundred thirteen samples
long. The signals were decomposed using a 7-level Wavelet
Transform.
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10033] FIG. 5 illustrates the wavelet coefficients for x.
FIG. 6 1llustrates the wavelet coetficients for y. FIG. 7
illustrates the wavelet coetlicients for xnoise. FIG. 8 1llus-
trates the wavelet coeflicients for ynoise. FIGS. 5-8 1llustrate
the wavelet coeflicients for each of the signals with the
coellicients from each level concatenated to form one vector.
It may be desirable to store these four signals efficiently.
Each signal has five hundred thirteen coefficients 1n the time
domain, and five hundred twenty wavelet domain coefl-
cients. There are more wavelet domain coefficients because
a signal extension technique was used during the transfor-
mation. If lossy compression 1s acceptable, sharing coelli-
cients at certain levels may result 1n significant storage space
reduction. Quantitative measures for determining which
coellicients may be shared are described more fully below.

10034] Coefficients from two signals at the same decom-
position level that are highly correlated may be good can-
didates for sharing. However, finding a suitable measure for
determining the correlation of a set of coeflicients may be
difficult. Standard correlation functions are based on the
convolution function and may be used, but may not provide
substantially intuitive and concise results. Vector projections
and inner products, however, may provide more intuitive
and concise measures. To explain the methodology, suppose

there are two vectors X,yER"™ with equal norms (for sim-
plicity the norms may be equal to 1), |[x||,=|y||,=1. The inner
product of these vectors, <x,y>=| .||, cos 6,,, is a function
of each vectors magnitude and the angle between them.
Since both vectors have unit magnitude, the only substantial
difference between them 1s the angle. Even though these are
N-dimensional vectors, they may be visualized as both lying
on a ball with radius one. A vector within a three-dimen-
sional ball can be represented by the spherical coordinates [r,
¢, 0]. Likewise, an N-dimensional ball can be represented by
its radius and N-1 angles. The larger N 1s, the greater the
likelihood that the two random vectors in that sub-space will
be linearly independent of each other, since there are more
degrees of freedom. If the vectors are perfectly aligned, then
<x,y>=|x|l,>=||v||.*=|[x||.|[¥|l,, and it may be concluded that

X=Yy.

[0035] Vectors of the same dimension that may be linearly
independent of each other may be rotated using a rotation
matrix to align the vectors. The vectors may also be thought
of as one period of an infinite periodic signal. With that
interpretation, a phase shift may also be applied to the vector
to achieve alignment. More generally, vectors of the same
dimension that have an angle between them that 1s greater
than O may be rotated or phase-shifted to reduce that angle
bringing them closer together. Therefore, 1t may be nsuifi-
cient to take the mnner product of only x and y. The inner
product between x and rotated versions and phase-shifted
versions of y should be considered. One way to accomplish
the phase-shift may be to create a circulant matrix, from one
of the vectors, which may be described as follows:

X (1)
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-continued
(XL Xy ot Xy (2)
AN A1t AN—]
Xeir =
| X2 X3 A
<-xsh1'ﬁ‘0= Y ) ] (3)
(-xshiﬁ‘h y)
Xciry — .
XshiftN—1)» ¥) |

[0036] The circulant matrix 1s formed by creating N
phase-shifts of the original vector.

[0037] The inner product operation may now become a
matrix-vector multiplication, with each entry in the output
vector being the mner product between the vector y and a
permutated version of X.

[0038] A related measure to the inner product is the
distance between two vectors. The distance may be found by
calculating the projection of one vector onto the other. The
error vector, or the difference between the projection and the
projected vector, represents the distance. The projection, p,
of v onto x 1s defined below. The error and distance
equations are also shown below.

(X, V) (4)
= X
X115

P

err=y—p ()
distance=|jer1||, (6)

[0039] As before, the mnner product portion of the distance
measure may use the entries from the circulant matrix output
in equation (3). In the case where |x|,=[y|],, the distance
metric may not give much more information than the 1nner
product defined earlier, since projection 1s based on the inner
product. However, these metrics may provide a suitable way
of judging how “close” two vectors are to each other.

[0040] To further generalize these measures, the case
where |x||,=|ly|, may be examined. The mathematics in this
case may not change, but the interpretation of the measures
described above may need to be modified. In this situation,
the vectors x and y, although both 1n the same sub-space, lie
on balls of different diameters. In addition to the distance
and 1nner product measures, the norm of the vectors may
also become a useful measure. These measures may be
inherently related, but the weight each one has on its own 1s
what makes them significant. For example, if ||x|,>>|ly|,, the
distance between the two vectors might still be very small.
In this situation, the angle between the two vectors and the
vector norms may have more weight. These measures may
be interesting when applied to each of the sub-spaces
ogenerated from the Wavelet Transform. At each level, the
dimension of the sub-space may be approximately halved.
Furthermore, each sub-space may extract a part of the
original signal that may not exist in any other sub-space. By
examining these measures at each wavelet sub-space, a
correlation may be found more readily than by examining
the signals 1n their original domain or 1n the Fourier domain.
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[0041] The vectors in the original example are five hun-
dred thirteen samples long. Each sample has a different norm
and consequently lie on balls of different radii. The coefli-
cients for each of the levels may be denoted as follows: X,
for 1=1, 2, . . . , N, where N 1s the number of levels and 1
indexes each level. X, is the approximation level coefficient
vector. Since the signals 1n the example are periodic, the
wavelet coellicients may be redundant. FIG. 9 illustrates
norms of signals at various decomposition levels. FIGS.
10A, 10B, and 10C illustrate the inner product, angle, and
distance of various signals. As described above, the 1nner
product, angle, and distance are useful measures. These
measures were calculated for each of the signals. Phase
shifts and rotations were not applied during these calcula-
fions.

[0042] For this example, the tables and the figures show
that coeflicients at level three for all the signals seem
correlated. FIG. 11 illustrates the level-three coethicients for
X, y, Xxnoise, and ynoise. One set of coefficients may be
stored 1nstead of four sets. In this example, the average of
the four level-three coeflicients 1s stored along with a scale
factor to adjust the amplitude. Other coeflicients that may be
shared include the level-four coeflicients between x and
xnoise, the level-four and level-three coeflicients between y
and ynoise, and the level-two and level-one coefficients of
xnoise and ynoise. FIG. 12 1llustrates the original x and a
new version of x reconstructed using the shared coefficients
described above. F1G. 13 1llustrates the original y and a new
version of y reconstructed using the shared coefficients
described above. F1G. 14 1llustrates the original xnoise and
a new version of xnoise reconstructed using the shared
coellicients described above. FI1G. 15 1llustrates the original
ynolise and a new version of ynoise reconstructed using the
shared coeflicients described above. Storing the original
coellicients requires storing 4*520=2080 samples. With the
sharing scheme described above, only one-thousand five
hundred twelve samples need to be stored. This corresponds
to approximately twenty-seven percent fewer samples that
nced to be stored. The reconstructed samples may be
degraded versions of the original, but more sophisticated
techniques for sharing coeflicients may improve the signal.
Furthermore, the example did not employ the more sophis-
ficated similarity measures described above.

[0043] In this example, the compression factor is not
substantially large, but no other compression techniques
were applied. The sharing algorithm does not exclude the
possibility of further compressing the signal using standard
techniques, which may ultimately create better compression.
Thus, sharing wavelet coetlicients 1s a practical option for
sound compression. In this example, no weight was given to
the wavelet used. The db3 wavelet was arbitrarily chosen.
The results of the techniques described above can be sub-
stantially improved by searching over the space of wavelets
to find the wavelet that yields the best results for this
method. The best wavelet for this method may also depend
on the class or type of data set used. Furthermore, various
applications may dictate different type of sharing measures
than those described above. One example may include the
wavelet domain signals having been generated from an
audio sample set. In this case, psychoacoustic measures may
be used to determine which levels may be shared between
various levels.
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10044] FIG. 16 illustrates an example method for sharing
wavelet domain components among encoded signals. The
method begins at step 200, where a set of signals 1s decom-
posed and encoded in the wavelet domain. In particular
embodiments, the set of signals may include a Wavetable
sample set. The wavelet domain coeflicients may then be
quantized using a bit-allocation scheme based on a psychoa-
coustic model to achieve compression. At step 202, vector
quantization techniques are used to determine which wavelet
levels may be shared among the wavelet domain coefficients
of the signals. At step 204, the compressed and encoded
signals are stored, with the sharable wavelet levels among
the wavelet domain coelflicients of the signals being stored
only once, at which point the method ends. When a signal 1s
subsequently requested and the requested signal, as stored,
shares one or more wavelet coeflicients with one or more
other signals 1n the set of signals, those shared wavelet
coellicients and other wavelet components of the requested
signal that are unique to the requested signal may be used to
decode the requested signal.

[0045] Although several embodiments of the present
invention have been described, the present invention may
encompass sundry changes, substitutions, variations, alter-
ations, and modifications, and it 1s intended that the present
invention encompass all those changes, substitutions, varia-
tions, alterations, and modifications falling within the spirit
and scope of the appended claims.

What 1s claimed 1s:
1. A system for sharing wavelet domain components
among encoded signals, the system operable to:

receive a set of signals decomposed and encoded accord-
ing to a wavelet transform, the decomposed and
encoded signals each comprising a set of wavelet
coellicients at each level of the decomposition of the
encoded signal;

using a vector quantization technique, identify one or
more sets of wavelet coeflicients that are sharable
among two or more of the decomposed and encoded
signals at a particular level of decomposition; and

store the sets of wavelet coeflicients of the decomposed
and encoded signals, each i1dentified sharable set of
wavelet coeflicients at a particular level of decompo-
sition being stored only once and shared by two or more
of the decomposed and encoded signals.

2. The system of claim 1, wherein at least one measure
used to 1dentily a sharable set of wavelet coeflicients accord-
ing to the vector quantization technique comprises the 1nner
product of two or more vectors.

3. The system of claim 1, wherein at least one measure
used to 1dentify a sharable set of wavelet coeflicients accord-
ing to the vector quantization technique comprises a distance
separating two or more vectors.

4. The system of claim 1, wherein at least one measure
used to 1dentify a sharable set of wavelet coeflicients accord-
ing to the vector quantization technique comprises a vector
norm.

5. The system of claim 1, wherein the signals are audio
signals.

6. The system of claim 5, wherein one or more psychoa-
coustic measures are used 1n addition to the vector quanti-
zation technique to i1dentify the one or more sharable sets of
wavelet coeflicients.
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7. The system of claim 1, wherein the signals have been
decomposed and encoded using a db3 wavelet.

8 The system of claam 1, wheremn one or more of the
signals have each been decomposed and encoded using one
or more wavelets that are substantially optimal for the
signal, the one or more substantially optimal wavelets hav-
ing been selected from a space of wavelets.

9. The system of claim 1, wheremn the signals in the
received set of signals have been transtormed into the
wavelet domain using a Wavelet Packet Transform for
further processing before 1dentification of the one or more
shareable sets of wavelet coeflicients.

10. The system of claim 9, wherein the further processing
comprises compression of the signals.

11. A method for sharing wavelet domain components
among encoded signals, the method comprising;:

receiving a set of signals decomposed and encoded
according to a wavelet transform, the decomposed and
encoded signals each comprising a set of wavelet
coellicients at each level of the decomposition of the
encoded signal;

using a vector quantization technmique, identify one or
more sets of wavelet coeflicients that are sharable
among two or more of the decomposed and encoded
signals at a particular level of decomposition; and

storing the sets of wavelet coellicients of the decomposed
and encoded signals, each i1dentified sharable set of
wavelet coeflicients at a particular level of decompo-
sition being stored only once and shared by two or more
of the decomposed and encoded signals.

12. The method of claim 11, wherein at least one measure
used to 1dentify a sharable set of wavelet coeflicients accord-
ing to the vector quantization technique comprises the inner
product of two or more vectors.

13. The method of claim 11, wherein at least one measure
used to 1dentify a sharable set of wavelet coetlicients accord-
ing to the vector quantization technique comprises a distance
separating two or more vectors.

14. The method of claim 11, wherein at least one measure
used to 1dentily a sharable set of wavelet coeflicients accord-
ing to the vector quantization technique comprises a vector
norm.

15. The method of claim 11, wherein the signals are audio
signals.

16. The method of claim 15, wherein one or more
psychoacoustic measures are used in addition to the vector
quantization technique to identify the one or more sharable
sets of wavelet coellicients.

17. The method of claim 11, wherein the signals have
been decomposed and encoded using a db3 wavelet.

18 The method of claim 11, wherein one or more of the
signals have each been decomposed and encoded using one
or more wavelets that are substantially optimal for the
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signal, the one or more substantially optimal wavelets hav-
ing been selected from a space of wavelets.

19. The method of claim 11, wherein the signals in the
received set of signals have been transformed into the
wavelet domain using a Wavelet Packet Transform for
further processing before 1dentification of the one or more
shareable sets of wavelet coeflicients.

20. The method of claim 19, wherein the further process-
ing comprises compression of the signals.

21. A system for sharing wavelet domain components
among encoded audio signals, the system operable to:

receive a set of audio signals decomposed and encoded
according to a wavelet transform, the decomposed and
encoded audio signals each comprising a set of wavelet
coellicients at each level of the decomposition of the
encoded signal, one or more of the audio signals having,
cach been decomposed and encoded using one or more
wavelets that are substantially optimal for the audio
signal, the one or more substantially optimal wavelets
having been selected from a space of wavelets;

using a vector quantization technique and one or more
psychoacoustic measures, 1dentify one or more sets of
wavelet coeflicients that are sharable among two or
more of the decomposed and encoded audio signals at
a particular level of decomposition; and

store the sets of wavelet coeflicients of the decomposed
and encoded audio signals, each i1dentified sharable set
of wavelet coeflicients at a particular level of decom-
position being stored only once and shared by two or
more ol the decomposed and encoded audio signals.
22. A method for sharing wavelet domain components
among encoded audio signals, the method comprising:

receiving a set of audio signals decomposed and encoded
according to a wavelet transform, the decomposed and
encoded audio signals each comprising a set of wavelet
coellicients at each level of the decomposition of the
encoded signal, one or more of the audio signals having,
cach been decomposed and encoded using one or more
wavelets that are substantially optimal for the audio
signal, the one or more substantially optimal wavelets
having been selected from a space of wavelets;

using a vector quantization technique and one or more
psychoacoustic measures, 1dentifying one or more sets
of wavelet coellicients that are sharable among two or
more of the decomposed and encoded audio signals at
a particular level of decomposition; and

storing the sets of wavelet coeflicients of the decomposed
and encoded audio signals, each 1dentified sharable set
of wavelet coeflicients at a particular level of decom-
position being stored only once and shared by two or
more of the decomposed and encoded audio signals.
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