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QUANTIZATION OF SPEECH AND AUDIO CODING PARAMETERS
USING PARTIAL INFORMATION ON ATYPICAL SUBSEQUENCES
PRIORITY
[0001] The present patent application claims priority to and incorporates by
reference the corresponding provisional patent application serial no. 60/673,409,
titled, “A Method for Quantization of Speech and Audio Coding Parameters Using

Partial Information on Atypical Subsequences” filed on April 20, 2005.

FIELD OF THE INVENTION

[0002] The present invention relates to the field of information coding; more
particularly, the present invention relates to quantization of data using information

on atypical behavior of subsequences within the sequence of data to be quantized.

BACKGROUND OF THE INVENTION

[0003] Speech and audio coders typically encode signals by a combination of
statistical redundancy removal and perceptual irrelevancy removal followed by
quantization (encoding) of the remaining normalized parameters. With this
combination, the majority of advanced speech and audio encoders today operate at
rates of less than 1 or 2 bits/input-sample. However, even with advancements in
statistical and irrelevancy removal techniques, the bitrates being considered, by
definition, often force many normalized parameters to be coded at rates of less than

1 bit/scalar-parameter. At these rates, it is very difficult to increase the performance
of quantizers without increasing complexity. It is also very difficult to control or

take advantage of the perceptual effects of quantization and/or irrelevancy removal
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since the granularity of bit-assignments (resource assignments) and the performance
of quantizers are limited, in particular when bits are assigned equally among
statistically equivalent parameters.

[0004] Much of the compression seen in advanced coder design, including
design of audio and speech coders, is due to a combination of the early stages of
encoding where redundancy and irrelevancy are efficiently encoded and/or targeted
for removal from the signal, and the latter stages of encoding which use efficient
techniques to quantize the remaining statistically normalized and perceptually
relevant parameters.

[0005] At low bit rate, the stages of redundancy and irrelevancy removal
must be efficient. There are a number of examples of how the stages of redundancy
and irrelevancy removal are made efficient. For example, the stages of redundancy
and irrelevancy removal may be made efficient using a Linear Predictive Coefficient
(LPC) Model of the gross (short-term) shape of the signal spectrum. This model is
a highly compact representation that is used in many designs, e.g. in Code Excited
Linear Predictive Coders, Sinusoidal Coders, and other coders like the TWIN-VQ
and Transform Predictive Coders. The LPC model itself can be efficiently encoded
using various state of the art techniques, e.g., vector quantization and predictive
quantization of Line Spectral Pair parameters, etc.

[0006] Another example of how the stages of redundancy and irrelevancy
removal may be made efficient is using compact specifications of the harmonic or
pitch structure in the signal. These structures represent redundant structure in the
frequency domain or (long-term) redundant structure in the time domain. Common

techniques often use a parameter specifying the periodicity of such structures, e.g.,
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the distance between spectral peaks of frequency domain representations or the
distance between quasi-stationary time-domain waveforms, using classic parameters
such as a pitch delay (time domain) or a “delta-f” (frequency domain).

[0007] An additional example of how the stages of redundancy and
irrelevancy removal may be made efficient is using gain factors to explicitly encode
the approximate value of signal energy in different time and/or frequency domain
regions. Various techniques for encoding these gains can be used including scalar or
vector quantization of gains or parametric techniques such as the use of the LPC
model mentioned above. These gains are often then used to normalize the signal in
different areas before further encoding.

[0008] Yet another example of how the stages of redundancy and irrelevancy
removal may be made efficient is specifying a target noise/quantization level for
different time/frequency regions. The levels are calculated by analyzing the spectral
and time characteristics of the input signal. The level can be specified by many
techniques including explicitly through a bit-allocation or a noise-level parameter
(such as a quantization step size) known at the encoder and at the decoder or
implicitly through the variable-length quantization of parameters in the encoder.
The targets levels themselves are often perceptually relevant and form the basis for
some of the irrelevancy removal. Often these levels are specified in a gross manner
with a single target level applying to a given region (group of parameters) in time or
frequency

[0009] Once these techniques have reached to limit of their capabilities, e.g.
in the extreme case where they have completely normalized the signal statistics and

created a bit-allocation or noise-level parameter allocation on these normalized
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parameters, the techniques can no longer be used to further improve the efficiency of
encoding.

[0010] It should be noted that even with the best of the fore-mentioned
redundancy and irrelevancy techniques the normalized parameters may have
variations within them. The presence of variations in subsequences of parameters is
well known in some engineering fields. In particular, at higher parameter
dimensions, the variations have been noted in fields such as Information Theory.
Information Theory notes that subsequences of statistically identical scalars (random
variables) can be divided into two groups: one group in which the subsequences
conform to a “typical” behavior based on a relevant measure, and another “atypical”
group in which the sequences deviate from that “typical” behavior based on the same
measure. A precise and complete division of sequences into these two groups is
required for the purposes of theoretical analyses in Information Theory.

[0011] However, one observation used by Information Theory is that the
probability of encountering these latter “atypical” sequences becomes negligible as
the subsequences themselves increase in length, i.e. dimension. The result is that the
“atypical” subsequences (and their effect and precise handling) are discarded in
asymptotic theoretical analyses of Information Theory. In fact, the theoretical
analyses use a very inefficient handling of these “atypical” subsequences, the
inefficiency of which is irrelevant asymptotically. At lower dimensions, the main
issue is whether or not these variations are significant enough to merit more careful
handling, or whether they can or should also be ignored.

[0012] Local variations in signal statistics have been implicitly (indirectly)

handled previously using higher dimensional vector quantizers, e.g. a quantizer with
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dimension that can be as large as the entire length of the sequences being considered.
Therefore while the codewords in a high-dimensional quantizer may, or may not,
reflect some of the local average variations within the sequence, there is no explicit
consideration of these variations. There are many approaches to using higher
dimensional vector quantizers. The most basic is the straight-forward (brute-force)
approach of generating a quantizer whose codebook consists of high-dimensional
vectors. This is the most complex of the approaches but the one with the best
performance in terms of rate-distortion tradeoffs.

[0013] There are also other less complex approaches that can also be used to
approximate the straight-forward high-dimensional quantizer approach. One
approach is to further model the signal (e.g. using an assumed probability marginal
density function) and to then do the quantization using a parameterized high-
dimensional quantizer. A parameterized quantizer does not necessarily need a stored
codebook since it assumes a trivial signal statistic (such as a uniform distribution).
An example of a parameterization is a Trellis structure. Such structures also allow
for easy searching during encoding. There are also a multitude of other techniques
known as structured quantizers.

[0014] There are also methods to more directly handle variations within a
target vector of interest. There are numerous methods that are used to examine a
target vector and produce criteria on how the vector should be encoded. For
example, a MPEG type coder takes a vector of MDCT coefficients, analyzes the
input signal, and produces fidelity criteria for different groups of MDCT
coefficients. Generally, a group of coefficients span a certain support area in time

and frequency. Coders like the transform predictive coder and basic transform
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coders use information of signal energy in a given subband to infer a bit-allocation
for that band.

[0015] In fact, the creation of criteria is the basis for most speech and audio
coding schemes that adapt to the signal. The criteria’s creation is the function of
earlier stages of the coding algorithm dealing with redundancy removal and
irrelevancy removal. These stages produce fidelity criteria for each target sequence
“x” of parameters. A single target “x” could represent a single subband or scale-
factor band in coders. In general, there are many such “x” in a given frame of speech
or audio, each “x” having its own fidelity criteria. These fidelity criteria themselves
can be functions of the gross statistical and irrelevancy variations noted by earlier
schemes.

[0016] Statistical variations within a sequence of normalized vectors can be
exploited by using variable-length quantization, e.g. Huffman codes. The codeword
assigned to each target vector during quantization is represented by a variable-length
code. The code used tends to be longer for codewords that are used less frequently,
and shorter for codewords that are used more frequently. Essentially, the situation
can be that “typical” codewords are represented more efficiently and “atypical”
codewords less efficiently. On average the number of bits used to describe
codewords is less than if a fixed-length code (a fixed number of bits) is used to
represent codeword indices.

[0017] Finally, in recent work, there is discussion about the balance between
specifying the only values within a sequence of variables with no information on the
order (location) which they occur, and specifying only the order with no information

on the values. More recent work, the idea of specifying only “partial information”
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on the order is also alluded to. The work does show that ignoring either types of
information can have benefits, once you can justify that either the order or values of
variables is not important. In work on speech and audio coders, both the order and
value are important, though it could be that different values have different levels of
importance. This is not addressed in the referenced work. For more information,
see L. Varshney and V. K. Goyal, “Ordered and Disordered Source Coding”,
Information Theory and Applications Workshop, F eb 6-10, 2006 and L. Varshney
and V. K. Goyal, “Toward a Source Coding Theory for Sets”, Data Compression

Conference, March 2005.

SUMMARY OF THE INVENTION

[0018] A method and apparatus is disclosed herein for quantizing parameters
using partial information on atypical subsequences. In one embodiment, the method
comprises partially classifying a first plurality of subsequences in a target vector into
a number of selected groups, creating a refined fidelity criterion for each
subsequence of the first plurality of subsequences based on information derived from
classification, dividing a target vector into a second plurality of subsequences, and
encoding the second plurality of subsequences, which includes quantizing the second
plurality of subsequences, given the refined fidelity criterion. In another

embodiment, the first and second plurality can be the same.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present invention will be understood more fully from the detailed

description given below and from the accompanying drawings of various
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embodiments of the invention, which, however, should not be taken to limit the

invention to the specific embodiments, but are for explanation and understanding

only.

[0020] Figure 1 is a flow diagram of one embodiment of a quantization
process.

[0021] Figure 2 is a flow diagram of one embodiment of an inverse
quantization process.

[0022] Figure 3 illustrates a flow diagram of one embodiment of an
encoding process.

[0023] Figure 4 is a flow diagram of one embodiment of the decoding
process.

[0024] Figure 5 illustrates a flow diagram of one embodiment of an

encoding process having an additional perceptual enhancement to the bit allocation.
[0025] Figure 6 illustrates a flow diagram of one embodiment of a decoding
process having an additional perceptual enhancement to the bit allocation.

[0026] Figure 7 illustrates a flow diagram of one embodiment of a decoding
process having a noise-fill operation.

[0027] Figure 8 illustrates a flow diagram of one embodiment of an
encoding process having adaptive quantization.

[0028] Figure 9 is a block diagram of one embodiment of a computer

system.
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DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0029] A technique to improve the performance of quantizing normalized
(statistically equivalent) parameters is described. In one embodiment, the
quantization is performed under practical constraints of a limited quantizer
dimension and operates at low bit rates. The techniques described herein also have
the properties that naturally allow it to take advantage of perceptual considerations
and irrelevancy removal.

[0030] In one embodiment, a sequence of parameters that can no longer
benefit from classic statistical redundancy removal techniques is divided into smaller
pieces (subsequences). A subset, or a number of subsets, of these subsequences are
tagged as containing a statistical variation. This variation is referred to herein as an
“atypical” behavior and such tagged sequences are termed “atypical” sequences.
That is, from a vector of parameters for which there is no assumed statistical
structure, partial (incomplete) information is created about actual (generally random)
variations that do exist between subsequences of parameters contained within that
vector. The information to be used is partial because it is not a complete
specification of the statistical variations. A complete specification would not be
efficient as it requires more additional side-information than when only the partial
information need be sent. Optionally, the type or types of variations can also be
noted (also possibly and often imprecisely) for each subset.

[0031] The partial information is used by both the encoder and decoder to
modify their handling of the entire sequence of parameters. Thus, the decoder and
encoder do not require complete knowledge of which sequences are “atypical”, or

complete information on the types of variations. To that end, the partial information
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is encoded into the bitstream and sent to the decoder with a lower overhead than if
complete information had been encoded and sent. A number of approaches on how
to specify this information and on how to modify coder behavior based on this
information are described below.

[0032] In one embodiment, the new method takes in a target vector, in this
case only one of the types of “x” fore-mentioned in prior art, and further divides this
“x” into multiple subsequences, and produces a refined fidelity criteria for each
subsequence. In one embodiment, the fidelity criteria are implemented in terms of
bit assignments for the subsequences. In one embodiment, bit assignments across
the subsequences are created as a function of the partial information. Furthermore,
and optionally, these operations include creating purposeful patterns in the bit-
assignment to improve perceptual performance given the partial information yet also
within the remaining uncertainty not covered by the partial information.

[0033] In one embodiment, a procedure encourages the increasing of the
number of areas (subsequences) in the vector effectively receiving zero-bit
assignments. This embodiment can further take advantage of this approach by using
noise-fill to create a usable signal for the areas receiving zero-bit assignments. This
joint procedure is effective for very low bit-rates. Furthermore, the noise-fill itself
can adapt based on the exact pattern or during the quantization process. For
example, the energy of the noise-fill may be adapted. The operations also include
quantizing (encoding) and inverse-quantizing (decoding) the entire target using the
bit-allocation and noise-fill to produce a coded version of the vector of parameters.
[0034] There are a number of differences and advantages associated with the

techniques described herein. First, the techniques described herein do no rely on any

10
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predictable or structured statistical variation across subsequences. The techniques
works even when the components of the sequence come from an independent and
identically distributed statistical source. Second, the techniques do not need to
provide information for all subsequences, or complete information on any given
subsequence. In one embodiment, only partial and possibly imprecise information is
provided on the presence and nature of atypical subsequences. This is beneficial as
it reduces the amount of information that is transmitted for such information. The
fact that the information is partial means that within the uncertainty not specified by
the information one can select permutations (quantization options) that have known
or potential perceptual advantages. Without any partial information the uncertainty
is too great to create or distinguish permutations, and with complete inforrnatioﬁ
there is no uncertainty.

[0035] In one embodiment, information provided by earlier stages is used.
More specifically, by definition, when creating a refined criterion, an original criteria
must have existed. Also, it assumes that the signal structure has been normalized.
Under these assumptions, the partial information can be effectively used to make the
remaining finer distinctions.

[0036] In one embodiment, the partial information is simply encoded into a
numeric symbol “V”. The original criteria “C” and “V” together directly generate a
refined criteria. The refined criteria can consist of a pattern of a number of sub-
criteria that together conform to “C”.

[0037] The techniques described herein, when used at low bit rates, have a
natural link to the combined use of noise-fill and patterned bit-assignments. The

link to noise-fill comes out of the fact that the method can also remove quantization

11
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resources (effectively assign zero bits to) from some of the sub-areas of “x”. Thus,
there is an unequal distribution of resources, and at times, the resources in some
areas go to zero. In other words, the values in some areas are not important and
therefore, from the point of view of bit-assigned quantization, can be set to zero.
Perceptually it is however better to assign a non-zero (often random) value rather
than absolutely zero. The patterned bit-assignments will be discussed later but are a
result of the freedom within the uncertainty of the information.

[0038] In one embodiment, subsequences are arranged in groups, and each
group represents a certain classification of a variation of interest. A subsequence’s
membership in a group implies that the subsequence is more likely to have (not
necessarily has) this noted variation. The embodiment allows for a balance between
perfect membership information and imprecise membership information. Imprecise
membership information simply conveys that a given type of information
(classification) is more likely. For example, subsequence “k” may be assigned a

[(13¢4]

membership to group “j”’, simply because it takes less information than assigning
subsequence “k” to another group. One form therefore of the partial information on
the variations is the imprecise or partial memberships in the groups.

[0039] In another embodiment, one of the groups used signifies that no
classification is being conveyed about members of that group, only the information
implicit from not being a member of other groups. Again, this is an example of
partial information.

[0040] In another embodiment, the type of information can adapt, that is, the

number and definition of groups can be selected from multiple possibilities. The

possibility selected for a given “x” is indicated as part of the information encoded

12
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into the symbol “V”. For example, if there are four possible definitions, then 2 bits
of information within “V” signify which definition is in use.

[0041] In the following description, numerous details are set forth to provide
amore thorough explanation of the present invention. It will be apparent, however,
to one skilled in the art, that the present invention may be practiced without these
specific details. In other instances, well-known structures and devices are shown in
block diagram form, rather than in detail, in order to avoid obscuring the present
invention.

[0042] Some portions of the detailed descriptions which follow are presented
in terms of algorithms and symbolic representations of operations on data bits within
a computer memory. These algorithmic descriptions and representations are the
means used by those skilled in the data processing arts to most effectively convey the
substance of their work to others skilled in the art. An algorithm is here, and
generally, conceived to be a self-consistent sequence of steps leading to a desired
result. The steps are those requiring physical manipulations of physical quantities.
Usually, though not necessarily, these quantities take the form of electrical or
magnetic signals capable of being stored, transferred, combined, compared, and
otherwise manipulated. It has proven convenient at times, principally for reasons of
common usage, to refer to these signals as bits, values, elements, symbols,
characters, terms, numbers, or the like.

[0043] It should be borne in mind, however, that all of these and similar
terms are to be associated with the appropriate physical quantities and are merely
convenient labels applied to these quantities. Unless specifically stated otherwise as

apparent from the following discussion, it is appreciated that throughout the

13
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description, discussions utilizing terms such as "processing" or "computing" or
"calculating" or "determining" or "displaying" or the like, refer to the action and
processes of a computer system, or similar electronic computing device, that
manipulates and transforms data represented as physical (electronic) quantities
within the computer system's registers and memories into other data similarly
represented as physical quantities within the computer system memories or registers
or other such information storage, transmission or display devices.

[0044] The present invention also relates to apparatus for performing the
operations herein. This apparatus may be specially constructed for the required
purposes, or it may comprise a general purpose computer selectively activated or
reconfigured by a computer program stored in the computer. Such a computer
program may be stored in a computer readable storage medium, such as, but is not
limited to, any type of disk including floppy disks, optical disks, CD-ROMs, and
magnetic-optical disks, read-only memories (ROMs), random access memories
(RAMs), EPROMs, EEPROMSs, magnetic or optical cards, or any type of media
suitable for storing electronic instructions, and each coupled to a computer system
bus.

[0045] The algorithms and displays presented herein are not inherently
related to any particular computer or other apparatus. Various general purpose
systems may be used with programs in accordance with the teachings herein, or it
may prove convenient to construct more specialized apparatus to perform the
required method steps. The required structure for a variety of these systems will
appear from the description below. In addition, the present invention is not

described with reference to any particular programming language. It will be

14
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appreciated that a variety of programming languages may be used to implement the
teachings of the invention as described herein.

[0046] A machine-readable medium includes any mechanism for storing or
transmitting information in a form readable by a machine (e.g., a computer). For
example, a machine-readable medium includes read only memory (“ROM”); random
access memory (“RAM?”); magnetic disk storage media; optical storage media; flash
memory devices; electrical, optical, acoustical or other form of propagated signals

(e.g., carrier waves, infrared signals, digital signals, etc.); etc.

Overview

[0047] Within a sequence of parameters, even parameters that are
statistically independent and identical, there can be finer variations in local statistics.
This is true for even theoretical (analytic) sequences, e.g. independent and identically
distributed Gaussian or Laplace random variables. In fact, the statistics of many of
the real parameters of interest, e.g. normalized Modified Discrete Cosine Transform
(MDCT) Coefficients of many speech and audio coders (even those that are very
close of being statistically independent and identical), do often result in significant
variations in local parameter statistics. Importantly, these variations tend to be more
extreme when measured/viewed at low dimensions, e.g., when considering the local
energy of single parameters or subsequences of 2, 3, 5, etc. consecutive parameters.
Furthermore, the effect these variations have on quantization performande is often
more pronounced at low bit rates.

[0048] While these variations are present even when one looks at theoretical

sequences of independent and identically distributed (i.i.d.) parameters, i.e., when

15
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there is no statistical redundancy, it is not efficient to try to remove or encode all
these local variations given the fine and random detail that these variations represent.
In fact, at high bit rates these variations should be completely ignored when
parameters are i.i.d. This is why in such i.i.d. cases, the prevailing coding
approaches ignore such variations, and only indirect exploit them by techniques that
use higher dimensional quantizers. Such variations are therefore rnot the focus of the
redundancy and irrelevancy removal steps in traditional coder design and not
normally considered when looking at low dimensional quantizers used in these
designs. They become important when lower bit-rates are involved.

[0049] However, the key observation in this new method is that one does not
need to remove, encode, or provide full information on all these local variations.
Rather, if one encodes even partial information on these local variations, the
information can be exploited by the encoder and decoder for better overall objective
quantization and also perceptual (subjective) performance. The reason is that partial
information requires less information overhead than more complete information and
in general only some variations can be used to an advantage. The variations with an
advantage are the ones that are sufficiently “atypical” relative to the average signal
statistics. Examples of partial information include, but are not limited to, specifying
only some of the variations that exist within a group, specifying imprecisely the
general location or degree of the variations, loosely categorizing the variations, etc.
At low bit rates, such variations can have a significant impact on performance.
[0050] By knowing the presence and approximate location and type of these
variations, the encoder and decoder adjusts their coding strategy to improve

objective performance, e.g. improve the expected mean square error, and to take
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advantage of perceptual effects of quantization. In general, a variation from an
expected behavior can either signify that subsequences with such variations should
either have preferential or non-preferential (even detrimental) treatment. This
variation in treatment can be done by creating a non-trivial pattern of bit allocations
across a group target vectors (e.g., groups of such i.i.d. vectors). A bit allocation
signifies how precisely a target vector (subsequence) is to be represented. The
trivial pattern is simply to assign bits equally to all target vectors. A non-trivial (i.e.
unequal) pattern can increase both objective performance, e.g., mean square error,
and allows one to effectively use perceptually-relevant patterns and noise fill.
[0051] Therefore, in one embodiment, underlying base methodology is to
create this partial information, information that is not based necessarily on any
statistical structure, use of the partial information to create non-trivial patterns of bit
assignments, and use of patterns effectively and purposefully with noise-fill and
perceptual masking techniques.

[0052] Figure 1 is a flow diagram of one embodiment of a quantization
(encoding) process. The process is performed by processing logic at the encoder.
The process is performed by processing logic that may comprise hardware (circuitry,
dedicated logic, etc.), software (such as is run on a general purpose computer system
or a dedicated machine), or a combination of both.

[0053] Referring to Figure 1, the process begins with an input of a target
vector “x” 120 to be encoded as well as a target global fidelity criterion “B” 121.
The global criteria is simply the criterion (or resource in bits) that is to be applied to
the total vector. Both the target and global criterion are assumed generated in

earlier coding stages of redundancy and irrelevancy removal. Target vector “x” 120
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consists of a sequence of “M” symbols. Target global fidelity “B> 121 is known by
the decoder, pre-determined and/or noted from information (bits) sent in the
bitstream from earlier coding stages.

[0054] Processing logic initially interleaves the target vector (processing
block 101). This is optional. In one embodiment, the interleaving is done by an
interleaving function. In such a case, information “I”” specifying this function
(represented as a sequence of bits) is packed into the bitstream and sent to the
decoder. Note, if the interleaving function “I” is fixed or known apriori at the
decoder, for example as assumed in “B” above, no information needs to be sent to
the decoder. The interleaving has many uses, one being to potentially randomize
blocking (localized area) effects of quantization.

[0055] Processing logic then divides the target vector 120 into a number
(greater than 1) of sub-sequences of symbols for classification (processing block
102). In one embodiment, this division (referred to herein as “Division 1) is a
function, at least in part, of the fidelity criteria “B.” For example, the length of
subsequences, the number of subsequences can be a function of “B”. In one
embodiment, the division is a function, at least in part, of the dimension “M” of the
target 120. In yet another embodiment, the division is a function of any other side-
information from previous coding stages. Note that the division need not be a
function of any of them. Regardless, it is assumed that the decoder knows all
relevant information and thus can recreate information on the parsing of Division 1.
Note, Division 1 can also be a function of another division referred to herein as
“Division 2,” which is described below and used when quantizing (encoding) the

subsequences.
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[0056] Processing logic analyzes these subsequences to determine if any
subsequence represents and/or contains a variation in‘behavior that is of interest
(processing block 103). Such “atypical” subsequences, subsequences with
“atypical” variations, are noted and the indices of some are selected for inclusion in
the partial information that is sent to the decoder. Note, subsequences that do not
have the behavior of interest may also be selected for such classification. This can
be done if such an imprecise (partial) classification is in fact more efficient than the
correct classification. For example, forcing an algorithm to specify a fixed
preselected number, say “u”, or subsequences from the total of “v’” subsequences
requires less information than allowing one to select flexibly either 1, 2, ..., oru of
such subsequences.

[0057] Processing logic encodes information on the indices of “atypical”
subsequences and possibly the type of variation they represent into a parameter “V”
(processing block 104). This parameter is represented by a sequence of bits to be
packed into the bitstream. In one embodiment, mentioned above, this parameter
defines the membership of the subsequences in different groups. It is not necessary
that all subsequences are assigned to a group. It is not necessary that subsequences
in a group have to actually have or represent the same “atypical” variations.
Membership in a group only indicates that one can treat these subsequences as if
they had such a variation. For example, it may be more efficient to give more
subsequences preferential treatment than to spend resources specifying and limiting
which subsequences preferential treatment.

[0058] To encode target vector 120, processing logic also divides the target

into subsequences y(1), .., y(n) (processing block 106). This division (referred to
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herein as “Division 2”°) does not have to be the same as the division (Division 1)
used in analyzing the variations within target vector 120. As with Division 1, in one
embodiment, Division 2 is a function of “B” and “M” or any other side information
sent from previous coding stages. In one embodiment, Division 2 is a function of
“J”, For simplicity of illustration, it is assumed that these subsequences are each of
“p” symbols. If this division is variable, or a function of any other parameter not
present at the decoder at this stage in the decoding, additional information will have
to be sent to the decoder in the form of bits to completely describe this division.
[0059] Processing logic then uses the fidelity target “B” and partial
information parameter represented by “7” to generate a refined fidelity criteria
f(1),...,f(n) for the target subsequences in Division 2, where f(k) applies to the target
y(k) (processing block 105).

[0060] Perceptual enhancements can be implicitly represented in the fidelity
criteria f(1),...,f(n) by further refinements (permutations on the assignments) as
discussed below.

[0061] Optionally, processing logic tests whether there is new information to
further refine the criteria (processing blocks 108) and, if so, determines whether the
quantization information obtained as the quantization process proceeds (part of the
information that is sent to processing block 115) can actually refine the criteria
(processing block 109). If so, processing block sends the information to processing
block 105. This optional iterative step may improve performance in some cases. In
one embodiment that includes processing block 108 and 109, the quantized version
of y(k)’s can directly be used to change the quantization for future y(k)’s. Note, that

in the inverse operation in the decoder the quantized versions of y(k)’s are recovered
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in the same order as at encoding, and so the process can be repeated exactly at the
decoder. Ong adaptation is simply to use the quantized y(k)’s known at a given
time to estimate the actual energy of the original y(k)’s. This provides information
possibly about the energy of the remaining y(k)’s and thus this information can be
used to adapt quantization techniques. Often the entire vector “x” has a given total
expected energy due to the original statistical normalization process from earlier
encoding steps. This makes such an estimation possible. In another embodiment,
the estimated energy of prior y(k)’s can indicate the potential perceptual
significance, or perceptual relevance, of future y(k)’s.

[0062] Processing logic quantizes the subsequences y(1),...,y(n) in Division
2 (using any preferred quantization method, for example classic scalar or vector
quantization techniques, according to the fidelity criteria f(1),...,f(n) (or any
perceptual refinement thereof) (processing block 107). The classic techniques map
a subsequence “y(k)” to an index in a codebook. The codebook design, for example
the number of entries in the codebook and its members, is a function of f(k). The
index specifies the unique entry in the codebook that should be used to represent an
approximate version of the subsequence “y(k)”.

[0063] Processing logic packs the quantization indices in a known order into
the parameter “Q”. This parameter can simply be the collection of all indices, or
some one-to-one unique mapping from the collection of indices to another parameter
value (processing block 115) and sends the information as part of the bit stream to
the decoder as a sequence of bits (processing block 110).

[0064] Figure 2 is a flow diagram of one embodiment of an inverse

quantization process. The process is performed by processing logic at the decoder.
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The process is performed by processing logic that may comprise hardware (circuitry,
dedicated logic, etc.), software (such as is run on a general purpose computer system
or a dedicated machine), or a combination of both. Note that this scheme does not
have perceptual enhancements.

[0065] Referring to Figure 2, processing logic in the decoder receives the
transmitted bitstream from the encoder (processing block 201). The processing logic
may receive parameters from earlier coding stages that may (or may not) be
necessary, e.g. “B” and “M”.

[0066] Processing logic extracts the parameter “J”’ from t};e bitstream and
uses this parameters (and possibly others like “B” from earlier decoding stages) to
generate the fidelity criteria f(1), ... , f(n) (e.g., the bit allocation) used at the encoder
(processing block 204).

[0067] Usiﬁg (1),...,f(n), the processing logic is able to take “Q” and extract
and recover the quantization indices from the bitstream (processing block 202).
[0068] Processing logic uses this fidelity criteria along with the parameters
“Q” estimated from the bitstream in processing block 202 to recover quantized
versions w(1), ... , w(n) of the targets (subsequences) y(1), ... , y(n) (processing
block 203). This is done as mentioned by recovering all the quantization indices.
That is, the processing logic inverse quantizes subsequences (extracts the necessary
codebook entries given the recovered indices) in a known order given a refined
fidelity criteria and quantization information.

[0069] In one embodiment, processing logic uses the estimated quantization
information to test whether there is new information to further refine the fidelity

criteria (processing block 220). If so, processing logic tests whether the information
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can further refine the fidelity criteria (processing block 211). An iterative procedure
for doing that is described in paragraph 0060 above. If so, processing block sends
the quantization information to processing block 204, which refines the ﬁdelity
criteria (e.g., the bit allocation) and modifies the extraction of future quantization
indices accordingly.

[0070] Using the Division 2, assumed known at both the encoder and
decoder (and possibly a function of other parameters), processing logic assembles
w(l), ..., w(n) into a decoded vector of length “M” (processing block 205).
[0071] Processing logic optionally de-interleaves this decoded vector, if
necessary (if interleaving is done by the encoder), and this produces inverse
quantized vector “w” 230, which is an “M” dimensional quantized version of the

({4}

target “x” (processing block 206).

Other Embodiments of the Present Invention

[0072] In an application of the teachings described herein, there are many
possible options for the creation and use of this partial information Figure 3
illustrates a flow diagram of one embodiment of an encoding process that uses
partial information. The process is performed by processing logic at the encoder.
The processing logic may comprise hardware (circuitry, dedicated logic, etc.),
software (such as is run on a general purpose computer system or a dedicated
machine), or a combination of both.

[0073] Referring to Figure 3, the process begins by processing logic
optionally interleaving a target vector 302 of dimension “M” 302 (processing block

311). The interleaving is done based on interleaving function (I) 303. Interleaving
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function (I) 303 is represented by bits. That is, “I” represents the bits required to
describe completely the interleaving function (which can be 0).

[0074] In one embodiment, no interleaving function is used, and the fidelity
criteria “B” specifies the number of bits that is to be used to encode the target x. It
can be assumed without loss in generality that “B” is equivalent to specifying “B”-
bits are to be used to encode target vector 302.

[0075] The target “x” consists of “M” symbols. In one embodiment, each
symbol itself represents a vector. In the simplest case, a single symbol is a real or
complex valued scalar (number).

[0076] After optionally interleaving, processing logic performs Division 1.
To that end, processing logic breaks the vector 302 into subsequences (processing
block 312), detects and classifies variations (processing block 313) and encodes
partial information on the variations in response to information regarding dimension
“M” (processing block 314). One output of the result of encoding are the bits
required to describe completely the partial information. This is represented as V in
Figure 3.

[0077] In one embodiment, sub-sequences in Division 1 are non-overlapping
and defined simply as consecutive sub-sequences each consisting of “m” symbols.
In one embodiment, the value “m” is a function of “B” and “M”. There are therefore
q= M/m (assume q is an integer) such sub-sequences in Division 1. For purposes
herein, these subsequences are referred to as x(1),...,x(q). In another embodiment
subsequences in Division 1 can overlap.

[0078] Processing logic decodes the partial information and the variations

(processing block 315) based on the input information specifying dimension M.
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[0079] Processing logic creates the new fidelity criteria for each of the “p”
dimensional subsequences using the target global fidelity criteria to encode the
vector, B 301, the dimension M, the result of decoding the partial information of
variations from decode partial information block 315 and an output of processing
block 320. In processing block 320, processing logic performs Division 2 which
includes selecting a method to divide (interleave) target vector 302 into
subsequences for encoding. In one embodiment, Division 2 is a refinement of
Division 1 in which each “m” symbol vector x(k) is divided into “a” subsequences
each of dimension “p” with a= m/p assumed to be an integer. For purposes herein,
these Division 2 subsequences are referred to as x(k,1), ..., x(k,a). Therefore, there
are n=a*q total “p”-dimensional subsequences in Division 2. The results of creating
the new fidelity criteria sent to processing block 330.

[0080] At processing block 321, processing logic breaks the vector into
subsequences for encoding based on the method selected at processing block 320. In
one embodiment, the sequences for encoding are subsequences of dimension “p”.
The subsequences, referred to as y(1) . . ., y(n).

[0081] In response to the outputs of processing blocks 321 and 316,
processing logic encodes the subsequences (processing block 330). The encoded
subsequences are each described by parameters (e.g., quantization indices) that
collectively comprise the information “Q”. This “Q” along with the bits required to
describe completely the partial information V are output and sent to mux and
packing logic 340.

[0082] Multiplexing and packing logic 340 receive the bits that are required

to completely describe the interleaving function, “I”, the bits required to describe
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completely the partial information, “V”, and the bits “Q” required to describe
completely the quantization which can be interpreted given “V” (and possibly “I”).

. In response thereto, multiplexed and packed into a bitstream by logic 340. The
output of mux and packing logic 340 sent to mux and packing logic 341 which
multiplexes and tacks the information along with parameters from earlier stages 304
into a bitstream 350.

[0083] Figure 4 is a flow diagram of one embodiment of the decoding
process. The process is performed by processing logic in the decoder. The process is
performed by processing logic that may comprise hardware (circuitry, dedicated
logic, etc.), software (such as is run on a general purpose computer system or a
dedicated machine), or a combination of both.

[0084] Referring to Figure 4, bitstream 401 is received by demux and
unpacking logic 411 which produces a bitstream 420 and parameters for earlier
stages (e.g., M and B) 402. Bitstream 420 is input into demux and unpacking logic
412 which performs de-multiplexing and unpacking of the bitstream to produce I, V,
and Q, where I are the bits required to describe completely the interleaving function,
V are the bits required to describe completely the partial information, and Q are the
bits required to describe completely the quantization given V. The V bits are sent to
processing block 403 where processing logic decodes the partial information on
variations in response to an input M that represents the dimensionality of the target
vector. The results of the decoding are used at processing block 404, where
processing logic creates a new fidelity criteria for each of the “p” dimensional
subsequences in response to target global fidelity criteria B and the dimension M of

the target vector. In one embodiment, the new fidelity is also created in response to
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the selection of the method used to divide the target vector into subsequences for
encoding that is specified by processing block 405. The new fidelity criteria,
represented as f(1) . . ., f(n) is sent to processing block 406.

[0085] At processing block 406, processing logic decodes the information
represented in “Q” from demux and unpacking logic 412 relating to each of the
subsequences in response to the fidelity criteria specified by processing block 404.
The decoded subsequences are sent to processing block 407 where processing logic
assembles the retrieved subsequences into a decoded sequence of dimension M.
Processing logic assembles the subsequences in response to the method to divide
(interleave) target X into subsequences as specified by processing block 405.
[0086] Thereafter, processing logic performs any necessary deinterleaving
(processing block 408). This is done in response to interleaving function specified
by I output from demux and unpacking logic 412. The output of processing block

408 is the M dimensional decoded version of target X.

Variation Measure

[0087] A measure of variation is computed for each of the “m” dimensional
vectors x(1), ... , X(q). The measure has to match the perceptual criteria and
quantization scheme that is used. In one embodiment, the quantization scheme is
based on fixed-rate vector quantizers, and the criteria is the energy of each
subsequence.

[0088] Processing logic decides on a discrete number “D” of categories in
which to classify the subsequences based on the measure. Members of each category

represent vectors that deviate from the typical behavior in some sense. In one
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embodiment, a single category is used in which the subsequence with the maximum
variation in the measure, e.g. energy, is noted. In this case, the category has a single
member. In another embodiment, two categories are used: the first category being
the “d” vectors with the highest energies and the second category being the “h”
vectors with the lowest energy. In this case, the first group has “d” members and the
second group has “h” members.

[0089] Note that the categories that are used often do not provide precise
information on the value of the measure under consideration, e.g. the energy value of
the subsequences. In fact, it does not necessarily, as in this case when “a”>1,
provide information at the granularity of Division 2. All that is necessary is that the
variation differentiates one or more subsequences from the rest within the group of
sequences under consideration. That is, categories are for subsequences which are
“atypical” given the limited sam;;lings representative of such vectors at low
dimension when compared to other subsequences. The examples above represent
categories that are being used in practice. In one embodiment, the categories are
fixed. In another embodiment, the categories are a function of information from
earlier coding stages, e.g. “B” and are assumed known by the decoder and encoder.
If the categories themselves change, additional side-information is used to signal the
information to the decoder. This side-information can simply be included as part of
“V” as previously described. In uses of this method, it can suffice to have the
categories be mainly a function of “B”, “M” and “m”. Additional side-information,
as described below can also be useful in specifying the categories (and “m”), and this

can be shown to be advantageous in some situations
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[0090] The membership in each of the categories is encoded. To perform
this encoding, first recall that there are originally “q” m-dimensional subsequences
in Division 1, only some of which may be categorized. Assume that there are “D”
categories with a pre-determined fixed number d(1), ..., d(D) members in each
category. Specifying this categorization requires no more than “V” bits of
information with:
V=Ilog2( productgp=1,.,n) M ¢ ay)

where h(k)=sum(G=0,..., k) d@)  with d(0)=0

and Ve, = Nl/(g!(N-g)!)
For example, with two categories, each with only 1 member, log2(q(q-1)) bits is
sufficient to describe the membership in the two categories of interest. This would
constitute the information “¥”” in Figure 3 and Figure 4. Note that g-2 subsequences
are implicitly in this example included in a third category for which no information
is given, besides that these subsequences are not in the two categories of interest.
[0091] An example of partial information comprises a definition of the “D”
categories, membership in the “D” categories, and the fact that many sequences may
not be put into a “atypical” category partial information.
[0092] Assume “B” is simply “B” bits, and “V” is simply represented by
“V” bits. In one embodiment, to create the bit assignments f(1),...,f(n) using
processing block 326 or 404, the (B-V) bits assigned to the target vector “x” are
initially divided in a way that is considered equal among the “q” “m”-dimensional
subsequences x(1), ..., x(q) of Division 1. This would make sense in the case that

there is no partial information since the earlier coding stages assume, or by nature
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and design try to make, the subsequences to be all statistically equal and the target
vector “x” to have no structure.

[0093] However, the additional partial information enables one to do better,
particularly at low bit rates. As a function of “B” and “m”, and the categories
selected and information “7”, the bit allocation is modified to create an unequal
assignment across the q subsequences. This creates a coarse initial unequal bit
allocation F(1),...,F(q) across the “q” m-dimensional subsequences. For example, if
there are two categories: Category 1 being the subsequence with maximum energy
and Category 2 being the subsequence with minimum energy, an algorithm could
simply remove a given number of bits from subsequence of Category 2 and give to
the subsequence in Category 1. The number of bits that is to be transferred is
referred to herein as the “skew”. In another example, if there are two categories,
Category 1 being the subsequence with maximum energy and Category 2 being the
subsequence with the next maximum energy, an algorithm could simply remove a
given number of bits from any or all of the remaining vectors and give the bits to
Category 1 and Category 2, possibly unequally. Again, the number of bits that is to
be transferred is referred to as the “skew”. In both of the examples above, it has
been found that it is sufficient for the “skew” to be implicit on “M”, “m” and “B”.
That is, “M”, “m” and “B”, variables known to both the encoder and decoder, along
with the categories used, are sufficient to define the skew. When bits are removed
from many other vectors that are not differentiated by the partial information, as in
this second example, the bit are removed as uniformly as possible across these

vectors to make up the skew.
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[0094] Given an assignment F(k), the “a” Division 2 subsequences
x(k,1),...,x(k,a) within a subsequence x(k) are either treated as equally as possible
within the group. The partial information that is available does not apply at a
refinement of bit assignments within any subsequence x(k) and so equal treatment is
logical and achieved by dividing the bits up as equally as possible between the “a”
subsequences. Doing this for all “k” refines the coarse bit assignments of
F(1),...,F(q) bit to the x(1),...,x(q) down to “n” assignments f(1),...,f(n) that apply
to the “n” “p”-dimensional subsequences x(1,1),...,x(q,a), with n=q*a. Note that
though the partial information that is available does not apply at a refinement of bit
assignments within any subsequence x(k) from a perceptual point of view, the
scheme can look at actual assignments within a group and permute (arrange them) to
have a perceptual advantage. This is described below in conjunction with Figure 6
and Figure 7.

[0095] The new bit allocations are used to direct the quantization of the “n”
targets x(1,1), ... ,x(q,a). Actual quantization is done by using p-dimensional
quantization on the n=m*q “p”-dimensional vectors: x(1,1),..., x(1,a),
x(2,1),....,x(q,a). The actual quantization based on a bit assignment to any given
x(k,j) is done using classic quantization techniques, as previously described, e.g.,

scalar or vector quantization.

Additional Perceptual Enhancements

[0096] In one embodiment, the encoding scheme of Figure 3 and decoding
scheme of Figure 4 are modified to add the ability to make perceptual refinements.

These perceptual refinements patterned bit-assignments and/or noise-fill. One
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reason these approaches apply are based on a few properties of the new
methodology. Namely, assignments (i), f(j), f(1) to subsequences within the same
category (i.e. to subsequences within the same x(k) or subsequences of different x(k)
that are in the same category) can be permuted with no loss in expected (average)
objective (e.g., mean square error) performance. The partial information does not
distinguish such vectors from one another by definition.

[0097] Another reason these approaches apply is that the process creates an
unequal bit assignment and often many of the assignments f(n) are zero when the
process is used at sufficiently low bit rates. Even when a non-zero assignment
F(k)>0 to a subsequence x(k) is broken down in the “a” different assignments for the
subsequences x(k,1),...,x(k,a), then some subsequences may get 1 bit more than
another unless F(k) is an integer multiple of “a”. If F(k)<a, then often some vectors
necessarily get a zero-bit assignment.

[0098] The use of patterned bit-assignment is directly linked to the first of
these properties and the process is illustrated for the encoder and decoder in Figure 5
and Figure 6. This process is to take the assignment f(1),...f(n) and to create a new
assignment g(1),...,g(n) which is a restricted permutation of this assignment.
Permutation of assignments is only allowed between subsequences of the same
category.

[0099] Figure 5 illustrates the modification of Figure 3 where perceptual
enhancement block 501 examines the output of the newly created fidelity for each of
the subsequences and for each of the groups representing the same partial

information in V. Processing logic then re-orders f(i), . . . f(n) to have better
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perceptual effect. The reordered assignment is sent to encoding block 530, which
encodes the subsequences as they are produced. The same is similar in Figure 6.
[00100] One embodiment of the incorporation of permutation is given below.
[00101] Subsequences of the single category having the highest average bit
allocation per subsequence are identified. If possible, these assignments are
permuted to have the greatest possible perceptual effect. In one embodiment, if the
vectors x(1,1),...,x(q,a) represent frequency domain vectors, and thus x(k) a
sequence of symbols comprising a frequency band, the high bit assignments are
clustered close together in frequency, e.g. take a random assignments
fG),...fG+s)=[5,4,5,4,4] and order into g(j),....g(+s)=[4,4,5,5,4]. In this case the
general rule could be to make the cluster concentrated in the center of the frequency
band. Another rule would be to cluster assignments near the edge of the band, e.g.
(i), ...&(+s)=[5,4,4,4,5]. The choice of which to option to use can depend on other
signal characteristics (information) encoded (represented) in previous stages as well
as the actual values of f(k). That is, the permutation is entirely implicit on existing
information.

[00102] After categorization, the targets are quantized. Sometimes it is
advantageous in a way with those receiving the maximum bit allocation being
quantized first. Note, this information is packed first into the bitstream in Q.
[00103] Based on the values of g(j),...,g(j+s) and possibly the quantized
indices in Q, the perceptual masking properties of the decoded vectors
w(j),...,w(j+s) are evaluated.

[00104] Afterwards, look at the next target subsequences that will be most

impacted by this masking based on the remaining values of f(k). Permute their bit-
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assignments, if possible, to take advantage of as much as possible, or to enhance as
much as possible, the masking effect from the already encoded vectors. For
example, if it is determined that the area covered by g(j),. ..,g(+s) does have a non-
trivial masking effect on adjacent areas and an adjacent area has f(j-t),...,f(-
1)=[1,0,1,0,1] then one procedure would be to cluster the few non-zero assignments
to be far from the already coded area and not to use noise-fill (or used noise-fill at
very low energy), i.e. g(G-t),...,gG-1)=[1,1,1,0,0].

[00105] Iterate till the entire g(1),...,g(n) assignment has been generated and
all subsequences are encoded. Noise fill depends on the second property and can be
used with or without adaptation to the patterned bit assignments as in Figure 7.
Referring to Figure 7, noise-fill processing block 701 generates a random sequence
at a prescribed energy for subsequences with no information in Q.

[00106] Noise-fill effectively increases the variability in potential decoded
patterns often at the expense of increase mean square error. The increased
variability is perceptually more pleasing and is created by generating random
patterns, at a given noise energy level, for areas in which there are zero bit
assignments. When used in this scheme without consideration to the exact pattern of
g(1),...,g(n), the noise fill is simply generated at a selected level for subsequences
receiving zero-bit assignments. When the scheme adapts to the exact pattern
g(1),...,g(n), it can do so by changing the energy level of the noise fill in different
areas. In particular, if an area with a zero-bit assignment is considered perceptually
masked by another areas (coded with a non-zero bit assignment), then the decoder
may not decide to use any noise-fill in that area or to decrease the energy of the

noise-fill.
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Performance Enhancements to the Embodiment

[00107] There are further performance enhancements that may be used.
[00108] The first is to adapt the quantizer used to code a subsequence based
on the subsequence’s category. This is shown in Figure 8. To implement this
scheme in the case where straight-forward vector quantizers (of dimension “p”) are
used, the scheme would simply have different codebooks for different categories.
The codebooks are trained based on classified training data.

[00109] A second enhancement is to use two or more embodiments of the
scheme simultaneously, e.g. use different “m”, different “p”, different categories etc,
for each of the embodiments, encode using each embodiment, and then select
information from only one embodiment for transmission to the decoder. If “r”
different embodiments are tested then an addition log2(r) bits of side-information is

sent to the decoder to signal which embodiment has been selected and sent.

Additional Embodiments

[00110] There are a number of additional embodiments. In one embodiment,
the subsequences in Division 1 are overlapping. The overlapping itself can be used
to increase the resolution of information provided by the categories. For example, if
two overlapping subsequences are members of the same category, then it could be
likely that the overlap region (common to the two subsequences) is the area that is
creating the atypical variation. Recall, to balance the information between the “V”
bits to describe the category and the “(B-V)” bits to do the quantization it could be

that subsequences in a group may not in fact have the variation that the group is
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trying to signify. However, in such cases it may be more efficient to put such
subsequences in such a group, treat them as if they had the variation, rather than to
spend more information trying to provide information saying they are not in the
group. Overlapping groups may be a means to refine such information in an
incremental way without being exact.

[00111] In one embodiment, the target fidelity criteria “B” can be specified in
means other than bits. For example, in one embodiment, the target fidelity criteria
“B” represents a bound on the error for each target vector.

[00112] In one embodiment, the value “m” is a function of information from
earlier stages, e.g. “M” and “B”. It may be advantageous to provide additional
adaptation in this value through use of additional side information and or use of
other parameters. For example, one such scheme uses two potential values of “m”
and signals the final choice used for a given sequence to the decoder using 1 bit.
[00113] In one embodiment, the interleaver is fixed or a function of
information from earlier coding stages (requiring no side information) or variable
(requiring side information).

[00114] In one embodiment, the new fidelity criteria on “p” subsequences do
not conform to the global fidelity criteria “B”. For example, it could be that the
additional partial information is enough to motivate a change in the “B” criteria
calculated from earlier stages.

[00115] In one embodiment, the process of generating new perceptual patterns
g(1),...,g(n) is not an incremental process that occurs as quantization is being done.
The pattern g(1),...,g(n) can be generated directly from f(1),...,f(n) without any

information from Q. This increases the resilience of the encoding to bit-errors.
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An Exemplary Computer System

[00116] Figure 9 is a block diagram of an exemplary computer system that
may perform one or more of the operations described herein. Referring to Figure 9,
computer system 900 may comprise an exemplary client or server computer system.
Computer system 900 comprises a communication mechanism or bus 911 for
communicating information, and a processor 912 coupled with bus 911 for
prdcessing information. Processor 912 includes a microprocessor, but is not limited
to a microprocessor, such as, for example, Pentium™, PowerPC™, Alpha™, etc.
[00117] System 900 further comprises a random access memory (RAM), or
other dynamic storage device 904 (referred to as main memory) coupled to bus 911
for storing information and instructions to be executed by processor 912. Main
memory 904 also may be used for storing temporary variables or other intermediate
information during execution of instructions by processor 912.

[00118] Computer system 900 also comprises a read only memory (ROM)
and/or other static storage device 906 coupled to bus 911 for storing static
information and instructions for processor 912, and a data storage device 907, such
as a magnetic disk or optical disk and its corresponding disk drive. Data storage
device 907 is coupled to bus 911 for storing information and instructions.

[00119] Computer system 900 may further be coupled to a display device 921,
such as a cathode ray tube (CRT) or liquid crystal display (LCD), coupled to bus 911
for displaying information to a computer user. An alphanumeric input device 922,
including alphanumeric and other keys, may also be coupled to bus 911 for

communicating information and command selections to processor 912. An
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additional user input device is cursor control 923, such as a mouse, trackball,
trackpad, stylus, or cursor direction keys, coupled to bus 911 for communicating
direction information and command selections to processor 912, and for controlling
cursor movement on display 921.

[00120] Another device that may be coupled to bus 911 is hard copy device
924, which may be used for marking information on a medium such as paper, film,
or similar types of media. Another device that may be coupled to bus 911 isa
wired/wireless communication capability 925 to communication to a phone or
handheld palm device.

[00121] Note that any or all of the components of system 900 and associated
hardware may be used in the present invention. However, it can be appreciated that
other configurations of the computer system may include some or all of the devices.
[00122] Whereas many alterations and modifications of the present invention
will no doubt become apparent to a person of ordinary skill in the art after having
read the foregoing description, it is to be understood that any particular embodiment
shown and described by way of illustration is in no way intended to be considered
limiting. Therefore, references to details of various embodiments are not intended to
limit the scope of the claims which in themselves recite only those features regarded

as essential to the invention.
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CLAIMS

We claim:

1. A method comprising:

partially classifying a first plurality of subsequences in a target vector into a
number of selected groups;

creating a refined fidelity criterion for each subsequence of the first plurality
of subsequences based on information derived from classification;

dividing a target vector into a second plurality of subsequences; and

encoding the second plurality of subsequences, including quantizing the

second plurality of subsequences given the refined fidelity criterion.

2. An article of manufacture comprising one or more computer readable
media storing instructions which, when executed by a system, causes the system to
perform a method comprising:

partially classifying a first plurality of subsequences in the target vector into
a number of selected groups;

creating a refined fidelity criterion for each subsequence of the first plurality
of subsequences based on information derived from classification;

dividing a target vector into a second plurality of subsequences; and

encoding the second plurality of subsequences, including quantizing the

second plurality of subsequences given the refined fidelity criterion.
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3. A method comprising:

receiving a bitstream having encoded information;

decoding classification information from the bitstream, the classification
information created during encoding by partially classifying subsequences in a target
vector;

creating a fidelity criterion for each subsequence of the first plurality of
subsequences based on decoded classification information; and

decoding a first plurality of encoded subsequences from the bitstream based

on a known order and the fidelity criterion.

4. An article of manufacture comprising one or more computer readable
media storing instructions which, when executed by a system, causes the system to
perform a method comprising:

receiving a bitstream having encoded information;

decoding classification information from the bitstream, the classification
information created during encoding by partially classifying subsequences in a target
vector;

creating a fidelity criteria for each subsequence of the first plurality of
subsequences based on decoded classification information; and

decoding a first plurality of encoded subsequences from the bitstream based

on a known order and the fidelity criteria.
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