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The invention relates in general to low bit-rate encoding and decoding of

5  information such as audio information. More particularly, the invention relates to adaptive

bit allocation and quantization of encoded information useful in high-quality low bit-rate

coding systems.

Background
There is considerable interest among those in the fields of audio- and video-signal

10 processing to minimize the amount of information required to represent a signal without
perceptible loss in signal quality. By reducing information requirements, signals impose
lower information capacity requirements upon communication channels and storage media.

Digital signals comprising signal samples encoded with fewer binary bits impose

lower transmission information capacity requlrements than digital signals encoded using a

15  greater number of bits to represent the sngdlal. Of course, there are limits to the amount of

reduction which can be realized without degrading the perceived signal quality.

The number of bits available for representing each signal sample establishes the

accuracy of the signal representation by the encoded signal samples. Lower bit rates mean

that' fewer bits are available to represent each sample; therefore, lower bit rates imply

20  greater quantizing inaccuracies or quantizing errors. In many applications, qﬁantizing
errors are manifested as quantizing noise, and if the errors are of sufficient magnitude, the
quantizing noise will degrade the subjective quality of the coded signal.

Various "split-band" coding techniques attempt to reduce information requirements

without any perceptible degradation by exploiting various psycho-perceptual effects. In

25  audio applications, for example, the human auditory system displays frequency-analysis
properties resembling those of highly asymmetrical tuned filters having variable center
frequencies and bandwidths that vary as a function of the center frequency. The ability of
the human auditory system to detect distinct tones generally increases as the difference in
frequency between the tones increases; however, the resolving ability of the human

30 auditory system remains substantially constant for frequency differences less than the
bandwidth of the above mentioned filters. Thus, the frequency-résolving ability of the
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Audio split-band coding techniques which divide the useful signal bandwidth into
frequency bands with bandwidths approximating the critical bands of the human auditory
10 system can better exploit psychoacoustic effects than wider band techniques. Such digital
split-band coding techniques comprise dividing the signal bandwidth with a filter bank,
quantizing the signal passed by each filter band using just enough bits to render quantizing
noise inaudible, and reconstructing a replica of the original signal with an inverse filter
bank. Two such techniques are subband coding and transform coding. Subband and
15  transform coders can reduce transmitted information in particular frequency bands where
the resulting quantizing noise is psychoacoustically masked by neighboring spectral
components without degrading the subjective quality of the encoded signal.
Subband coders may use any of various digital techniques to implement a filter bank
with digital filters. In such coders, an input signal comprising signal samples is passed
20  through a bank of digital filters and each "subband signal" passed by a respective filter in
the filter bank is downsampled according to the bandwidth of that subband’s filter. Each
subband signal comprises samples which represent a portion of the input signal spectrum.
Digital transform coders may use any of various so-called time-domain to
~ frequency-domain transforms to implement a bank of digital filters. An input signal
25  comprising signal samples is segmented into "signal sample blocks" prior to filtering.
Individual coefficients obtained from the transform, or two or more adjacent coefficients
grouped together, define "subbands" having effective bandwidths which are sums of
individual transform coefficient bandwidths.
Throughout the following discussion, the term "split-band coder" shall refer to
30  subband coders, transform coders, and other split-band coding techniques which operate
upon portions of the useful signal bandwidth. The term "subband" shall refer to these

portions of the useful signal bandwidth, whether implemented by a true subband coder, a

transform coder, or other technique.
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5  comprises the set of samples for all subband signals over a given time interval. For
transform coders, a subband information block comprises the set of all transform
coefficients corresponding to a signal sample block.
As discussed above, many split-band coders utilizing psychoacoustic principles
provide high-quality coding at low bit rates by applying a filter bank to an input signal to
10  generate subband information, quantizing each element of subband information using a
number of bits allocated to that element such that resulting quantizing noise is inaudible
due to psychoacoustic masking effects, and assembling the quantized information into a
form suitable for transmission or storage.
A complementary split-band decoder recovers a replica of the original input signal
15 by extracting quantized information from an encoded signal, dequantizing the quantized
information to obtain subband information, and:applying an inverse filter bank to the
subband information to generate the replica of the original input signal.
The number of bits allocated to quantize each element of subband information must
be available to the decoder to permit accurate dequantization of the subband information.
20 A “forward-adaptive” encoder passes explicit allocation information or “side information”
to a decoder. A "backward-adaptive" encoder passes implicit rather than explicit allocation
information, allowing a decoder to determine allocation information from the encoded
signal itself.
In one embodiment, a backward-adaptive audio encoder prepares an estimate of the
25  input sighal spectral envelope, establishes allocation information by applying an allocation
- function to the envelope estimate, scales audio information using elements of the envelope
estimate as scale factors, quantizes the scaled audio information according to the
established allocation information, and assembles the quantized information and the
envelope estimate into an encoded signal. A backward-adaptive decoder extracts the
30  envelope estimate and quantized information from the encoded signal, establishes allocation
information by applying to the envelope estimate the same allocation function as that used
by the encoder, dequantizes the quantized information, and reverses the scaling of the
audio information. Scaling is used to increase the dynamic range of information which can

be represented by the limited number of bits available for quantizing. Two examples of a
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the encoded siggnéhe.other hand, forward-adaptive techniques are attractive in many high-quality
coding systems because the decoder does not need to perform an allocation function to
establish allocation information. As a result, a forward-adaptive decoder may be
computationally less complex and need not impose any restrictions upon the allocation

10 function performed by the encoder. In backward-adaptive systems, the encoder must use
an allocation function which is identical, or at least exactly equivalent, to that utilized by
the decoder, otherwise accurate dequantization in the decoder is not guaranteed. Encoders
in forward-adaptive coding systems, therefore, may incorporate improved allocation
functions with little concern for maintaining compatibility with existing decoders.

15 In backward-adaptive systems, any restriction upon decoder complexity usually
imposes restrictions upon the complexity of the allocation function in both the encoder and
decoder, thereby limiting overall performance of the encoder/decoder system. Forward-
adaptive systems can avoid this limitation, however, because no allocation function is
required in a decoder. The allocation function used in an encoder can be the result of an

20  independent design choice. _

The ability to upgrade the allocation function in an encoder is significant. As the
cost of digital computation decreases due to technical advances, increasingly sophisticated
allocation functions become economically practical. By increasing the sophistication of
allocation functions, bit rates may be decreased for a given signal quality, or signal quality

25  may be increased for a given bit rate. |

Despite this advantage, however, forward-adaptive coding systems may be
unsuitable in many low bit-rate applications because they require a significant number of
bits to convey side information. Generally, even more bits are required to convey side
information as allocation functions seek to improve coding performance by dividing the

30  spectrum into narrower, and therefore more numerous, bands. Furthermore, the numbef of
bits re:luired to carry this side information will represent a larger proportion of the coded
signal as improved coding techniques decrease the number of bits required to catry the

remainder of the coded signal.
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and ot her spl According todhe iepchiags af heckresant inveatien i a first embodiment of an
encoder, a filter bank splits an input signal into a plurality of subbands to generate subband

information, and a converter generates a representation of the subband information
comprising X words and Y words. In response to the X words, an allocation function
10 obtains a set of basic allocation values in which a respective value is associated with one or
more Y words. An adaptor may modify some or all of the basic allocation values in
response to characteristics detected in the audio information, the subband information,
and/or the X words. A quantizer quantizes each Y word into quantized information using a
number of bits equal to either the associated basic allocation value or the corresponding
15 modiﬁé_:d value, if one exists. A formatter assembles the X words, quantized information,
and side information comprising an indication ef the modified allocation values into a
format suitable for transmission or storage.
In a second embodiment, in response to characteristics detected in either the input
signal, the subband information, and/or the X words, an adaptor modifies parameters
20  which affect the results of the allocation function. In this embodiment, the basic allocation
values are not subject to further modification. Side iﬁformation comprising an indication of
the modified parameters is assembled into the formatted output.
Further embodiments of an encoder according to the teachings of the present
invention are possible, including, but not limited to, an embodiment which incorporates a
25  combination of the two embodiments described above. For example, an adaptor may
modify parameters affecting the allocation function as described in the second embodiment,
and may further modify the resulting basic allocation values in response to characteristics
detected in the input signal, the subband information, and/or the X words.
According to the teachings of the present invention in a first embodiment of a
30  decoder, a deformatter disassembles an encoded signal into X words, quantized words, and
side information comprising an indication of modified allocation values used to quantize the
quantized words. In response to the X words, an allocation function obtains a set of basic
allocation values in which a respective value is associated with one or more quantized

words. Some or all of the basic allocation values may be modified by the modified values
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corresponding modified value, if one exists. An inverse converter generates subband
information in response to the X words and Y words, and in.response to the subband
information an inverse filter obtains an output signal which is a replica of the input signal
represented by the encoded signal.

In a second embodiment, modified parameters affecting the results of the allocation
function are obtained from the disassembled signal. In this embodiment, the basic
allocation values are not subject to further modification.

Further embodiments of a decoder according to the teachings of the invention are
possible, including, but not limited to, an embodiment which incorporates a combination of
the two embodiments described above. For example, modified parameters affecting the
results of the allocation function and modified values to modify respective basic allocation
values are both obtained from the disassembled signal as described in the second and first
embodiments, respectively.

No particular allocation function is critital to the practice of the present invention.
For example, single- and multiple-channel encoder/decoder systems incorporating the

present invention may utilize allocation functions such as those described in U.S. patents

5,109,417 and 5,222,189, incorporated herein by reference in their entirety. Another

20

25

30

allocation function suitable for single-channel systems is disclosed in U.S. patent
4,790,016, incorporated herein by reference in its entirety. Multi-channel systems may
also utilize allocation functions as disclosed in International Publication No. WO 92/12607,
incorporated herein by reference in its entirety.

~ In a coding system incorporating the present invention, side information need only
convey the modified allocation values and/or parameters. A basic allocation function
known to both the encoder and the decoder provides basic allocation information to the
decoder. Side information provides for adjustments to the basic allocation information as
necessary to obtain the same allocation information used in the encoder. In this way, the
allocation function in an encoder may be upgraded without losing compatibility with
existing decoders, and the number of bits required for side information to maintain
compatibility between encoder and decoder is minimized.

The present invention may be used in split-band coders implemented by any of

several techniques. A preferred implementation of a transform coding system uses the

Time Domain Aliasing Cancellation (TDAC) transform disclosed in Princen and Bradley,
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of psychoacoustic effects, application of the teachings of the present invention are not so
limited. Therefore, the term "subband” and the like as used herein should be construed as
one or more frequency bands within the useful bandwidth of an input signal.

10 The various features of the present invention and its preferred embodiments may be
better understood by referring to the following discussion and the accompanying drawings
in which like reference numerals refer to like elements in the several figures. The contents
of the following discussion and the drawings are set forth as examples only and should not

be understood to represent limitations upon the scope of the present invention.

15 Brief Description of Drawings
Figure 1 is a block diagram illustrating one embodiment of an encoder in an

encoder/decoder system incorporating forward-adaptive allocation.
Figure 2 is a block diagram illustrating one embodiment of a decoder in an
encoder/decoder system incorporating forward-adaptive allocation.
20 | Figure 3 is a block diagram illustrating another embodiment of an encoder in an
encoder/decoder system incorporating forward-adaptive allocation.
Figure 4 is a block diagram illustrating one embodiment of an encoder in an
encoder/decoder system incorporating backward-adaptive allocation.
Figure 5 is a block diagram illustrating one embodiment of a decoder in an
25  encoder/decoder system incorporating backward-adaptive allocation.
Figure 6 is a block diagram illustrating one embodiment of an encoder in an
encoder/decoder system incorporating hybrid-adaptive allocation.
Figure 7 is a block diagram illustrating one embodiment of a decoder in an

encoder/decoder system incorporating hybrid-adaptive allocation.
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and. passes the allocation information along path 111 to quantizer 104 and formatter 106.

Quantizer 104 quantizes the subband information received from filterbank 102 using a
number of bits specified by the allocation information, and formatter 106 assembles the

10  quantized subband information and the allocation information into an encoded signal having
a format suitable for transmission or storage. The encoded signal is passed along path 108
to a transmission channel or storage device as desired.

Figure 2 illustrates the basic structure of one embodiment of a split-band decoder
used in an encoder/decoder system incorporating forward-adaptive allocation. Deformatter

15 202 extracts quantized information and allocation information from an encoded signal
received from path 200. The allocation information is passed along path 211 and to
dequantizer 204. Dequantizer 204 generates subband information by dequantizing the
quantized information received from deformatter 202. The information is dequantized
using a number of bits specified by the allocation information. Inverse filterbank 206

20  generates along path 208 an output signal in response to the dequantized subband
information received from dequantizer 204.

Alternate embodiments of the encoder and decoder are possible. For example, as
shown in Figure 3, a forward-adaptive encoder may establish allocation information in
response to the subband information generated by filterbank 102. In yet another

25  embodiment not shown in any figure, allocation information may be established in response
to both the input signal and the subband information. .

As discussed above, because allocation information is explicitly passed in the
encoded signal, the allocation function in a forward-adaptive encoder may be changed
without sacrificing compatibility with existing forward-adaptive decoders. Only the format

30  of the encoded signal need be preserved. |

Backward-Adaptive Allocation

Figure 4 illustrates the basic structure of one embodiment of a split-band encoder

used in an encoder/decoder system incorporating backward-adaptive allocation. Filterbank

102 generates subband information in response to an input signal received from path 100.
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response to the X words and passes the allocation information to quantizer 104. Quantizer

5 104 generates quantized information by quantizing the Y words received from path 115
using a number of bits specified by the allocation information, and formatter 106 assembles
the quantized information and the X words into an encoded signal having a format suitable
for transmission or storage. The encoded signal is passed along path 108 to a transmission
channel or storage device as desired.

10 Figure 5 illustrates the basic structure of one embodiment of a split-band decoder

used in an encoder/decoder system incorporating backward-adaptive allocation.
Deformatter 202 extracts quantized information and X words from an encoded signal
received from path 200. The X words are passed along path 203 to allocation function
210. Allocation function 210 establishes allocation information in response to the X words
15  and passes the allocation information to dequantizer 204. Dequantizer 204 generates ¥
words by dequantizing the quantized information received from deformatter 202. The Y
words are dequantized using a number of bits specified by the allocation information.
Inverse converter 212 generates subband information in response to the X words and the Y
| words, and inverse filterbank 206 generates along path 208 an output signal in response to

20  the subband information received from inverse converter 212.

Backward-adaptive coding systems may avoid the overhead required to convey side
information in the encoded signal because the allocation information is represented
implicitly by the X words assembled into the encoded signal. A backward-adaptive
decoder can recover the allocation information-from the X words by performing the same

25  allocation function previously performed in a backward-adaptive encoder. It should be

understood that accurate decoding of the encoded signal does not require that the encoder
and decoder allocation functions themselves be identical, but accurate decoding can be
ensured only if the two functions obtain identical allocation information in response to the
same set of X words.

30 Hybrid-Adaptive Allocation

Figure 6 illustrates the basic structure of one embodiment of a split-band encoder
used in an encoder/decoder system incorporating hybrid-adaptiye allocation according to
the teachings of the present invention. The structure and operation of this embodiment is

discussed in the context of the structure and operation of the backward-adaptive encoder
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decoder. The allocation function used in an encoder, can beklhe res t of an
adaptor 120 are passed along path 123 to allocation function 110 and to formatter 106

Formatter 106 assembles an indication of the modified parameters and the quantized
information into an encoded signal having a format suitable for transmission or storage.
10 In the second or "value" technique, adaptor 120 modifies one or more new values
- for the respectivé values of the allocation information. The modified values provided by
adaptor 120 are passed along path 121 to formatter 106 and merge 118. Merge 118
merges the modified values with the allocation information received from allocation
function 110 and passes the merged allocation inforimation to quantizer 104. Formatter 106
15  assembles an indication of the modified values and the quantized information into an
encoded signal having a format suitable for transmission or storage.

The embodiment illustrated in Figure 6 shows adaptor 120 being responsive to the
input signal received from path 100, the subband information received from path 103, and
the X words received from path 113. In alternate embodiments of a hybrid-adaptive

20  encoder, adaptor 120 may be responsive to any one of the three paths, responsive to any
combination of the three paths, and/or responsive to other information.

Figure 7 illustrates the basic structure of one embodiment of a split-band decoder
used in an encoder/decoder system incorporating hybrid-adaptive allocation according to
the teachings of the present invention. The structure and operation of this embodiment is

25  discussed in the context of the structure and operation of the backward-adaptive decoder
discussed above and illustrated in Figure 5. One or more values of the allocation
information is modified using either one or both of two basic techniques similar to that

- discussed above. The structure used to implement both techniques is illustrated in
Figure 7; however, either technique may be used alone.

30 In the first or "parameter” technique, deformatter 202 extracts from the encoded '
signal one or more modified parameters which affect the results of allocation function 210,
and passes the modified parameters along path 213 to allocation function 210.

In the second or "value” technique, deformatter 202 extracts one or more modified
values from the encoded signal and passes the modified values along path 205 to merge
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i nprove figues” decrease nunber réquired to' ca
t he be 1mplemented by various digital filtering techniques known in the art including, but not

limited to, Quadrature Mirror Filters, poly_phase filters, Fourier transforms, and the TDAC
transform referred to above. No particular technique is critical to the practice of the
present invention. Although the foregoing description of the present invention is more

10 particularly directed toward split-band coding applications, it should be understood that the
present invention may be applied to wide band coding as well.

Converter 112 and inverse converter 212 which generate and recover the X words
and Y words may also be realized by a wide variety implementations. As discussed above,
the X words are characterized by the fact that they are available to both encoder and

15 - decoder to inform the allocation function. The X words may, in general, correspond to
scale factors and the Y words may correspond’to values scaled in accordance with the scale
factors. In embodiments utilizing various floating-point representations of numerical
quantities, the X words may correspond to the floating-point exponents and the Y words
may correspond to the floating-point mantissas.

20 The particular processes provided by allocation function 110 and allocation function
210 are not critical to the practice of the present invention. As mentioned above, the two
functions need not be identical but, given identical parameters, they must obtain identical
allocation information in response to the same set of X words. Several examples of coding
systems incorporating various allocation functions are disclosed in the U.S. patents

25  incorporated by reference above. Additional examples of forward-adaptive and backward-
adaptive processes are disclosed in U.S. patents 4,142,071, 4,455,649, 4,896,362,
5,157,760 and 5,166,686, all of which are incorporated by reference in their entirety.
Many other examples are known in the art.

The results obtained by the various allocation functions are affected by various

30  parameters. Such parameters depend upon the specific allocation function used; therefofe,
a complete list is not possible. The specific parameters chosen are not critical to the
practice of the present invention, but several examples may help explain the concept.

For example, in an embodiment representing subband information in floating-point

format, an additional bit can be allocated for each 6 dB increase in spectral amplitude by
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respectively. The divisor of the exponent is an example of one parameter which affects the
5  results of this particular allocation function.

In split-band coding systems using allocation functions which are based upon
various psycho-perceptual effects, any parameter affecting the underlying psycho-perceptual
model 'may be modified to adapt the allocation function. In audio coding applications, for
example, such parameters include (1) the level or degree of psychoacoustic masking above

10  or below a masking tone, (2) the shape of the psychoacoustic masking threshold as a
function of the difference between a given frequency and a masking component, (3) the
level of inter-channel masking in a multi-channel system, (4) the bandwidth of the input
signal, (5) the minimum number of bits to allocate to subband information as a function of

‘frequency, and (6) the maximum number of bits to allocate as a fm{ction of frequency.

15 Adaptive quantizers are well known in the art. The particular quantizing function
used by quantizer 104 and quantizer 204 are riot critical, but the two functions should
produce identical results. For example, the quantizing function may be linear or non-
linear, symmetric or asymmetric.

The methods employed by merge 118 and merge 218 are not critical to the present

20  invention. In concept, each element merges into one set of values the corresponding values
from the set of allocation information values and the set of modified values. This may be
done in a variety of ways.

For example, an allocation information value may be replaced by a corresponding
modified value. In one embodiment of a split-band encoder, each allocation information

25  value represents the number bits to use in quantizing subband information in a respective

| subband. Each modified value supersedes the corresponding allocation information value
and is used by the quantizer instead.

As another example, an allocation information value may be modified by combining
it with a corresponding modified value; that is, the modified value represents an

30 incremental amount by which the corresponding allocation information value should be |
changed. Continuing the exemplary split-band embodiment above, the number of bits used
to quantize subband information in a particular subband is defined by the algebraic sum of

the respective allocation information value and the corresponding modified value, if any



conprising X words and Y words. In response to the X words, an allocation
functi o® di¥sTa set of basic allocation values in which a respective
value is associated with one or nore Y words. An adaptor may nodify sonme or
all of the basic allocation values in response to characteristics detected
in the audio information, the subband-ijgf-ormati on, and/or the X words. A
quanti zer quanti zes each Y word into quantized information using a nunber
of bitsegigiga| Aliéingtivielethé RfddARGIOMI Mdy Resrbsenth Ifastal bpwhich the or the
correspondi ng npdlfled. value, if one exists. A formatter assenbles the X
wor ds, qomespondiag iaHoeationintonmatiordvalueishauid be sealédsn conpri si ng an i ndi cati on

of the nodifi al Legati on.,val ues in aforgat suitable.for transnssion
or storage. f‘?g&wéég@h‘t?ye %ieﬁgﬁf’r é‘ﬂh%é@%r@éﬁfpgﬂcﬁ%@wﬁﬂ‘{&'&V ected
i n ei t hechii@e thadipt SeddlRcatidd ProceddPaTkt *pkthétd"i tefhniquedéntdilst Modifyinpofle. an
adaptor nodifies paraneters which affect the results of the allocatlon

f unét i oft move parametars Senhras those; discussed; aboxe which affest the tesultsploths @lloatigne ct
to Turt ReibR e o9htu8? teckihilfie ehfals BRIC:Ahe QIS RbAImBHirlel VafiRs WiflctPhre

merged with the allocation information values obtained from the allocation function.

The particular process used to implement either technique is not critical to the
practice of the present invention. One approach comprises performing an alternative

10  allocation function, comparing the results of the alternate function with the "basic values"
obtained from basic allocation function 110, and forming modified values for each alternate
value where the difference between it and the respective basic value is significant. The
éomplexity of the basic allocation function may be restricted so as to simplify the decoder,
but the alternate allocation function may be as complex as desired. In audio coding

15  applications, for example, the alternate function may use a more sophisticated
psychoacoustic model including consideration for signal characteristics such as the flatness
of the input signal spectrum, the average or peak amplitude of the input signal, and
whether a masking component is tone-like or noise-like.

Another exemplary adapting process avoids performing a complete allocation

20  function, merely generating adjustments to the basic allocation values in response to the
detection of various signal characteristics. For example, the basic allocation values may be
increased in response to detecting tone-like masking components, or the basic allocation

“values may be decreased in response to detecting that the input signal spectrum is
essentially flat.

25 As discussed above, adaptor 120 may be responsive to the input signal, the subband
information obtained from filterbank 102, the X words obtained from converter 112, or any
other information of significance to the particular application.

- In a coding system for a long-distance telephone network, for example, adaptor 120
may be responsive to date, time-of-day and day-of-week information so as to provide an

30 allocation function which reduces bit allocations, thereby trading off lower information |
requirements against higher fidelity coding, in anticipation of forecasted increases in traffic
through the network.
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In many coding systems where the encoded signal is represented by a serial bit

stream, the functions provided by formatter 108 and deformatter 202 substantially
correspond to serial multiplexing and demultiplexing, respectively. Although the
10  implementation of the formatting and deformatting functions may be important toa
particular application, it is not critical to the practice of the present invention. Any process
is suitable which can put the encoded signal into a form suitable for transmission or
storage, and can recover the encoded signal from the formatted representation.
It should be appreciated that the present invention may be practiced within ‘
15  numerous embodiments implemented by a wide variety of techniques.
Although the foregoing discussion is more particularly directed toward audio coding
applications, the present invention may be practiced in a wider range of coding applications
such as video coding.

e
T
PR

eplaced

“‘\S\iif\\\\\\\\\\\\\\\\\\\\




« obt'ai ne

quanti z

to the
inverse
si gnal
par anet
fromth
val ues
decoder

10

15

20

25

30
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X wor ds d in respdnse to the s _ n an
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represen oded si%héln—“ﬁ n a second enbodi nent, nodified

ers affecting the results of the allocation function are obtained

e disassenbled signal. _In this enbqdinent, the basic allocation
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information representing the spectral composition of said input signal, said subband
information comprising X words and Y words,

allocating means for establishing a plurality of basic allocation values by
applying an ahocation function to said X words, each of said plurality of values
associated with one or more of said Y words,

adapting means responsive to at least one of said input signal, said subband
information, said X words, and said basic allocation values, for generating one or
more modified allocation values corresponding to respective ones of said plurality of
basic allocation values and/or for generating one or more parametérs affecting the
results of said allocation function,

quantizing means for generating quantized information by quantizing each of
said Y words using a number of bits equal to either the associated one of said
plurality of basic allocation values or corresponding modiﬁed allocation value, and

formatting means for assembling, into a form suitable for transmission or
storage, said X words, said quantized information, and side information comprising

an indication of said modified allocation values and/or parameters.

2. An encoder according to claim 1 wherein said subband means generates a
floating-point representation of said subband information, wherein said X words represent

floating-point exponents and said Y words represent floating-point mantissas.

3. An encoder according.to claim 1 wherein said X words represent scale factors

and said Y words represent values scaled by said scaled factors.

4. An encoder according to any one of claims 1 through 3 wherein said X words

represent a spectral envelope of said input signal.

5. An encoder according to any one of claims 1 through 4 wherein said allocation
function is based upon psychoacoustic principles and said parameters pertain to any from
the set of the degree of masking at frequencies above a masking component, degree of

masking at frequencies below a masking component, function of signal-to-noise ratio versus
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7. An encoder according to any one of claims 1 through 6 wherein said adapting

means obtains alternate allocation values by performing an alternate allocation function.

8. An encoder according to any one of claims 1 through 7 wherein said adapting
| means generates only respective ones of said modified allocation values and/or said
10 parameters which result in allocations which differ significantly from respective ones of

said basic allocation values.

9. An encoder according to claim 7 or 8 in combination with claim 7 wherein said
alternate allocation function is based upon anffrom the set of the spectral flatness of said
input signal, amplitude of said input signal, and whether the masking component is tone-

15  like or noise-like.

10. An encoder according to any one of claims 1 through 9 wherein said side
information comprises a representation of the magnitude of said modified allocation values

and/or parameters.

11. An encoder according to any one of claims 1 through 9 wherein said side
20  information comprises a representation of the difference between said modified allocation

values and/or parameters and a respective basic allocation value and/or unmodified

parameter.

12. A decoder for decoding encoded information, comprising
deformatting means for disassembling said encoded information into X
25 words, quantized words, and side information comprising an indication of one or
more modified allocation values and/or one or more modified parameters,
allocating means for establishing a plurality of basic allocation values by
applying an allocation function to said X words, each of said plurality of basic
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and .
inverse subband means responsive to subband information comprising said X

words and ¥ words for generating a replica of the information represented by said

encoded information.

10 13. A decoder according to claim 12 wherein said X words represent floating-point

exponents and said Y words represent floating-point mantissas.

14. A decoder according to claim 12 wherein said X words represent scale factors

and said Y words represent values scaled by said scaled factors.

15. A decoder according to any one of' claims 12 througlf 14 wherein said X words

15  represent a spectral envelope of said input signal.

16. A decoder according to any one of claims 12 through 15 wherein said allocation
function is based upon psychoacoustic principles and said parameters pertain to any from
the set of the degree of masking at frequencies above a masking component, degree of
masking at frequencies below a masking component, function of signal-to-noise ratio versus

20  frequency-difference with a masking component to achieve masking, level of inter-channel

masking, and bandwidth of said input signal.

17. A decoder according to any one of claims 12 through 16 wherein said side
information comprises a representation of the magnitude of said modified allocation values

and/or parameters.

25 18. A decoder according to any one of claims 12 through 16 wherein said side

information comprises a representation of the difference between said modified allocation

values and/or parameters and a respective basic allocation value and/or unmodified

parameter.
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better understood esjablishiag s plyrality efbasiealieoation valuer b 3ppiying an qllvsatlon
accogp anying g bl S said X words, each of said plurality of values associated with one or

more of said Y words,

in response to at least one of said input signal, said subband information,
said X words, and said allocation values, generating one or more modified
allocation values corresponding to respective ones of said plurality of basic
10 allocation values and/or generating one or more parameters affecting the results of
said allocation function,
generating quantized information by quantizing each of said Y words using a
number of bits equal to either the associated one of said plurality of basic allocation
values or corresponding modified allocation value, and
15 | assembling, into a form suitable for transmission or storage, said X words,
said quantized information, and side information comprising an indication of said

modified allocation values and/or parameters.

20. An encoding method according to claim 19 wherein said generating subband
information generates a floating-point representation of said subband information, wherein
20  said X words represent floating-point exponents and said Y words represent floating-point

mantissas.

21. An encoding method according to claim 19 wherein said X words represent

scale factors and said Y words represent values scaled by said scaled factors.

22. An encoding method according to any one of claims 19 through 21 wherein said
25 X words represent a spectral envelope of said input signal.

23. An encoding method according to any one of claims 19 through 22 wherein said
allocation function is based upon psychoacoustic principles and said parameters pertain to
any from the set of the degree of masking at frequencies above a masking component,

degree of masking at frequencies below a masking component, funcuon of sngnal-to—nmse
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5  representing differences with respect to one or more of said plurality of basic allocation

values.

25. An encoding method according to any one of claims 19 through 24 wherein said
generating one or more modified allocation values generates alternate allocation values by

performing an alternate allocation function.

10 26. An encoding method according to any one of claims 19 through 25 wherein said
generating one or more modified allocation values generates only respective ones of said
modified allocation values and/or said parameters which result in allocations which differ

significantly from respective ones of said basic allocation values.

27. An encoding method according to claim 25 or 26 in combination with claim 25
15  wherein said alternate allocation function is based upon any from the set of the spectral
flatness of said input signal, amplitude of said input signal, and whether the masking

component is tone-like or noise-like.

28. An encoding method according to any one of claims 19 through 27 wherein said
side information comprises a representation of the magnitude of said modified allocation

20  values and/or parameters.

_ 29. An encoding method according to any one of claims 19 through 27 wherein said
side information comprises a representation of the difference between said modified
allocation values and/or parameters and a respective basic allocation value and/or
unmodified parameter.

25 30. A decoding method for decoding encoded information, comprising |
disassembling said encoded information into X words, quantized words, and
side information comprising an indication of one or more modified allocation values

and/or one or more modified parameters,



ehéoder ystem incorporating backward-a ptive aI | Figure 6
Is a bl Qgﬁiﬁgf?&fm i1 lustrating one enbodi nent of ‘M\i\ ““\

encoder/decoder system incorporating hybrid- adapt on. *Figure 7
is a block diagramillustrating one enbodi nent of & décoder in an
~encoder / decoder system incorporating tibrid-adaptive allocati on. Modes
~for Carrying Qut the Invention Forward-Adaptive Allocation Figure 1
i|lustrates the rstablisking gdlugalityosf basic dlasatiomuaivesdry applying an@dlgentionc oder

e L0, o0 ORI GEBEPShoRSLER AR AL BRPARL VR0 QUG S e,
i nput si gnal orr mord ofesdid quamtized woidd) wherein the results of said allocation functxon are
affected by said modified parameters if present,
5 generating ¥ words by dequantizing said quantized words from a number of
bits equal to the associated one of said plurality of basic allocation values or derived
from respective modified allocation values if present, and
in response to subband information comprising said X words and ¥ words,

generating a replica of the information represented by said encoded information.

10 31. A decoding method according to claim 30 wherein said X words represent
floating-point exponents and said Y words represent floating-point mantissas.

32. A decoding method according to claim 30 wherein said X words represent scale
factors and said Y words represent values scaled by said scaled factors.
33. A decoding method according to any one of claims 30 through 32 wherein said
15 X words represent a spectral envelope of said input signal.

34. A decoding method according to any one of claims 30 through 33 wherein said
allocation function is based upon psychoacoustic principles and said parameters pertain to
any from the set of the degree of masking at frequencies above a masking component,
degree of masking at frequencies below a masking component, function of signal-to-noise

20  ratio versus frequency-difference with a masking component to achieve masking, level of
inter-channel masking, and bandwidth of said input signal. |

35. A decoding method according to any one of claims 30 through 34 wherein said

side information comprises a representation of the magnitude of said modified allocation
values and/or parameters.

25 36. A decoding method according to any one of claims 30 through 34 wherein said
side information comprises a representation of the difference between said modified

allocation values and/or parameters and a respective basic allocatlon value and/or
unmodified parameter. T T T T T
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*Al |l ocat i Cﬁ'OLW f 110 establishes allocation information in response to
the i nput” sirgnal "and passes the allocation information along path 111 to
guanti zer 104 and formatter 106. Quantizer 104 quanti zes the subband
information received fromfilterbank 102 using a nunber of bits specified
by the allocation information, and formélter 106 assenmbles the quanti zed
subband i nformation and the aI | ocation information into an encoded si gnal
having a format suitabl e fABSIRACT OF JHMEDISCLOSIMREThe encoded signal is
passed al ong path 108 to a transm ssion channel or storage device as
desired. Figure 2 illustrates the basic structure of one enbodi nent of a

"split-band decriddnvenmiof relatestin genaieno’ I0ackitedte 8cidiip antcdécpdingtofng
forward-adaptive allocation, Deformatter 202 extracts quantized i nfornatl on

and al | oelmraﬁh%mh maandio informatian. Mergaparticularly, the invieptien relales madaptive
Th [ 204.
€ a O‘Bﬁtdlgzgiﬁ i & g‘@idnﬂ&doﬁb Cinfitthabih ﬂs&é%xgﬁtggh hg?lgtg%‘ﬁ%b faltd

Dequanti zer tes subband I nfornation by e quantized
i nf or mat icoding systeme.d Ih rorendedery adiybud of derwardradaptive rand thackward-adeptinent i zed

allocation is used to adaptively quantize information and to prepare an encoded signal

which requires minimal side information to convey explicit allocation information to a
companion decoder. In a decoder, a hybrid allocation technique is used to obtain allocation
information required to dequantize information from a received encoded signal.
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usi ng. a gﬁgggélgf_ its specified by the allocation information. |nverse
filterba erates along path 208 an output signal in response to the
dequanti zed subband i nformation received from dequantizer 204. Alternate
enbodi nents of the encoder and decoder are possible. For exanple, as shown
it Figure 3, a forward-adaptive encoder may establish allocation

i Rf ormation in response to tﬂfcpubband 1 dfor mat i ong ggnerated by filterbank
102. In yet another enbodVﬁe not shown in any figure, allocation

i nformati on may be esfablished jn response to botli the input signal and the
.subband i nformation. MiLBOEsqd above, because pllocation information is
explicitly passeg™ ' '

heF ege ; . lon in a
f orwar d- adapti ve ﬁgs eJchanged wi tthout sacrificing gonpatibility
with existing fo ' ecoders. ly the format of }he encoded
si gnal need be pieserved. Backward- Adaptivg Allocation
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Fi gure 4J§§hb?L%§ﬁes the basic structure of one enbodi nent of a split-band
encoder encoder | decoder system incorporating backward-adaptive
al l ocation. Filterbank 102 generates subband information in response to an
i nput signal received from path 100. -9- Converter 112 generates a
répresentation of the subband information conprising X words and Y words.
The X words are passed al ong path 113 a&/ihput to allocation function 110
and to formatter 106. Allocation function 110 establishes allocation
information in response to the X words and passes the allocation
information to quantizer 104. Quantizer 104 generates quantized information
by quantizing the Y words received frompath 115 using a nunber of bits
specified by the allocation information, and formatter 106 assenbl es
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‘the'qua Eﬁ%ﬂ ?ornation and the X words into an encoded signal having a
format surt or transm ssion or storage. The encoded signal is passed
al ong path 108 to a transm ssion channel or storage device as desired.
Figure 5 illustrates the basic structure of one enbodi nrent of a split-band
decoder used in an encoder/decoder system i ncorporating backward-adaptive
al location. Deformatter 202 extracts quilftized i nformati on and X words from
an encoded signal received frompath 200. The X words are passed al ong path
203 to allocation function 210. Allocation function 210 establishes
_allocation information in response to the X words and passes the allocation
information to dequanti zer 204. Dequantizer 204 generates Y words by
dequanti zing the quantized information received fromdeformatter 202. The Y
wor ds are dequanti zed using a nunber of bits specified by the allocation
information. Inverse converter 212 generates subband information in
response to the X words and the Y words, and inverse filterbank 206
generates al ong path 208 an output signal in response to
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t he suﬁ@ﬁg% [ rmation received frominverse converter 212.

Backwar'd- édﬂ?ﬁe codi ng systens may avoid the .overhead required to convey
side information in the encoded signal because the allocation information
is represented inplicitly by the X words assenbled into the encoded signal.
A backwar d- adapti ve decoder can recover the allocation information fromthe
;X words by performng the sanme all ocdt/i®n function previously performed in
-4 backwar d- adaptive encoder. It should be understood that accurate
“decodi ng of the encoded signal does not require that the encoder and
decoder allocation functions thensel ves be identical, but accurate decoding
can be ensured only if the two functions obtain identical allocation
information in response to the sane set of X words. Hybrid- Adaptive

Al'l ocation Figure 6 illustrates the basic structure of one enbodi ment of a
split-band encoder used in an encoder/decoder systemincorporating

hybri d-adapti ve all ocati on acggrding to
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t hé teqmmimgspgr the present invention. The structure and operation of this
enbodi nent is discussed in the context of the structure and operation of

t he backwar d- adapti ve encoder di scussed above and illustrated in Figure
4. Adaptor 120 nodifies one or nore values of the allocation information
%est abl i shed by allocation function 110 using either one or both of two
*pasi c techniques. The structure usediibﬁlnplenent both techniques is
4IIustrated in Figure 6; however, either technique may be used alone. In
the first or "paranmeter” technlque adaptor 120 nodifies one or nore
paranmeters which affect the results of allocation function 110. The
nodi fi ed paraneters provided by adagf or 120 are passed al ong path 123 to
allocation function 110 and to forn&ter 6. Formatter 106 assenbl es an

i ndication of the nodified paraneté?% {t he quanti zed
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* i nfor mation. i an encoded signal having a format suitable for
transg&§®agH ﬁ¢¥storage. In the second or "value" techni que, adaptor 120

nodi fies one or nore .new val ues for the respective values of the allocation
i nformati on. The nodified val ues provi ded by adaptor 120 are passed al ong
path 121 to formatter 106 and merge 118. Merge 118 nerges the nodified
‘values with the allocation infornmati dn/6eceived fromallocation function
J10 and passes the nerged allocation information to quantizer 104.
Formatter 106 assenbles an indication of the nodified values and the
gquanti zed information into an encodeg signal having a format suitable for
transm ssion or storage. The egpodi mgnt illustrated in Figure 6 shows
adaptor 120 bei ng responsive te@ the ijnput signal received frompath 100,

t he subband infornmation recei ved orh path 103, and the X words received
frompath 113. In alternate enbodi nefts of a hybrid-adaptive encoder,
adaptor 120 may be responsive to anylone of the three paths, responsive to

any conbi nati ap Qidbellroc. paLhs
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Figure 7 illustrates the lenstructure of one—erbediaent.of a SD|It band
decoder used ¢ goder {"g&cdder system i ncgr %WL AGEMBNT SHEBESt | \8G

all ocation ac hi ngs of the gr @ﬁ%cr@hvmnpagm...‘..ﬂme paged ..
Clagaés)l i npagded . omt pagedqﬁ

structure andjo eratlon of h s| enbodi nent i s |disclagsesl | npdgded ot BadedQb
t he structure he backwar d- ada ‘t‘i}xwvmgs))dﬁgedl %cpas d

above and il dsdrat ed in Flg e}{5. One_ gr m)r( #ahbgmcof f fgedlal. Opatioan -

i nformation i Ted using et her on beth of two basic techn égeé""
simlar to th sed-aboveT The struct ure m b | n ]pgﬂt h
techniques is lustrated in Fi gure 7 howeve ~ray-he
used al one. Ab ? 3 SRR extracts
fromthe enc t he

results of allocation function 210, and passes the m)dl fi ed par aneters

al ong path 213 to allocation funct ?_gg ég‘,a ﬂ! 13 the second or "val ue"

techni que, deformatter 202 extract e nodi fied values fromthe

encoded si gnal Thanihvpstionerelateadn gertrdl ite tow bitirate eatating pult decadifig 06 ner ge
information such as audio information. More particularly, the invention relates to adaptive
bit allocation and quantization of encoded information useful in high-quality low bit-rate
coding systems.

Background

There is considerable interest among those in the fields of audio- and video-signal -
processing to minimize the amount of information required to represent a signal without
perceptible loss in signal quality. By reducing information requirements, signals impose
lower information capacity requirements upon communication channels and storage media.

~ Digital signals comprising signal samples encoded with fewer binary bits impose
lower transmission information capacity requir’éments than digital signals encoded using a
greater number of bits to represent the sigx*al. Of course, there are limits te the amount of
reduction which can be realized without degrading ttie perceived signal quality.

The number of bits available for representing each signal sample establishes the
accuracy of the signal representation by the encoded signal samples. Lower bit rates mean
that fewer bits are available to represent each sample; therefore, lower bit rates imply
greater quantizing inaccuracies or quantizing errors. In many applications, quantizing
errors are manifested as quantizing noise, and if the errors are of sufficient magnitude, the
quantizing noise will degrade the subjective quality of the coded signal.

Various "split-band” coding techniques attempt to reduce information requirements
without any perceptible degradation by exploiting various psycho-perceptual effects. In
audio applications, for example, the human auditory system displays frequency-analysis
properties resembling those of highly asymmetrical tuned filters having variable center
frequencies and bandwidths that vary as a function of the center frequency. The ability of
the human auditory system to detect distinct tones generally increases as the difference in
frequency between the tones increases; however, the resolving ability of the human
auditory system remains substantially constant for frequency differences less than the
bandwidth of the above mentioned filters. Thus, the frequency-resolving ability of the




- |Il- 218. Merge 218 nerges the nodified val ues with je—edt+oca ig
I nformation received fromallocation function 210, an &E&Aﬁﬂmﬁ e VN
all ocation information to dequantizer 204. |nplenmentagipr
elenments illustrated in Figures 6 and 7 nmay be realizgd
of inplenentations. Filterbank 102 and inverse filterpa
may be inplenented by various digital fiJtering technfqt

i ncluding, but not limted to, Qjadratu'rQE‘Mrror Filtérs, poI-yph'ase
filters, Fourier {Yra
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“critical band.” A dominant signal within a critical band is more likely to mask the
audibility of other signals anywhere within that critical band than it is likely to mask other
signals at frequencies outside that critical band. See generally, the Audio Engineering
Handbook, K. Blair Benson ed., McGraw-Hill, San Francisco, 1988, pages 1.40-1.42 and
4.8-4.10. :

Audio split-band coding techniques which divide the useful signal bandwidth into
frequency bands with bandwidths approxiniating the critical bands of the human auditory
system can better exploit psychoacoustic effects than wider band techniques. Such digital
split-band coding techniques comprise dividing the signal bandwidth with a filter bank,
quantizing the signal passed by each filter band using just enough bits to render quantizing
noise inaudible, and reconstructing a replica of the original signal with an inverse filter .
bank. Two such techniques are subband coding and transform coding. Subband and

transform coders can reduce transmitted information in particular frequency bands where
the resulting quantizing noise is psychoacoustically masked by neighboring spectral
components without degrading the subjective quality of the encoded signal.
~ Subband coders may use any of various digital techniques to implement a filter bank

with digital filters. In such coders, an input signal comprising signal samples is passed
through a bank of digital filters and each "subband signal" passed by a respective filter in
the filter bank is downsampled according to the bandwidth of that subband's filter. Each
subband Signal comprises samples which represent a portion of the input signal spectrum.

Digital transform coders may use any of various so-called time-domain to
frequency-domain transforms to imj)lement a bank of digital filters. An input signal
comprising signal samples is segmented into "signal sample blocks" prior to filtering.
Individual coefficients obtained from the transform, or two or more adjacent coefficients
grouped together, define "subbands® having effective bandwidlhs which are sums of
individual transform coefficient bandwidths.

Throughout the following discussion, the term "split-band coder* shall refer to
subband coders, transform coders, and other split-band coding techniques which operate
upon portions of the useful signal bandwidth. The term "subband” shall refer to these

portions of the useful signal bandwidth, whether implemented by a true subband coder, a
transform coder, or other technique. |



particularly directed toward split-band coding appli¢a®ions;. i¥i SHisBF d} be
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transform coders, a subband information block comprises the set of all transform

coefficients corresponding to a signal sample block.

As discussed above, many split-band coders utilizing psychoacoustic principles

provide high-quality coding at low bit rates by applying a.filter bank to an input.signal to

generate subband information, quantizing each element of subbahﬂ information using a

number of bits allocated to that element such that resulting quantizing noise is inaudible

due to psychoacoustic masking effects, and assembling the quantized information into a

form suitable for transmission or storage.

A complementary split-band decoder recovers a replica of the original input signal
by extracting quantized information from an encoded signal, dequantizing the quantized
information to obtain subband information, anc,,l-.. applying an inverse filter bank to the
subband information to generate the replica of the original input signal.

The number of bits allocated to quantize each element of subband information must
be available to the decoder to permit accurate dequantization of the subband information.

A "forward-adaptive” encoder passes explicit allocation information or "side information”
to a decoder. A “backward-adaptive” encoder passes implicit rather than explicit allocation
- information, allowing a decoder to determine allocation information from the encoded
signal itself. .
In one embodiment, a backward-adaptive audio encoder prepares an estimate of the
input signal spectral envelope, establishes allocation information by applying an allocation .
« function to the envelope estimate, scales audio information using elements of the envelope
estimate as scale factors, quantizes the scaled audio information according to the
established allocation information, and assembles the quantized information and the
envelope estimate into an encoded signal. A backward-adaptive decoder extracts the
envelope estimate and quantized information from the encoded signal, establishes allocation
information by applying to the envelope estimate the same allocation function as that used
by the encoder, dequantizes the quantized information, and reverses the scaling of the
audio information. Scaling is used to increase the dynamic range of information which can
be represented by the limited number of bits available for quantizing. Two examples of a
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On the other hand, forward-adaptive techniques are attractive in many high-quality
coding systems because the decoder does not need to perform an allocation function to
establish allocation information. As a result, a forward-adaptive decoder may be
computationally less complex and need not impose any restrictions upon the allocation
function performed by the encoder. In backward-adaptive systems, the encoder must use

.an allocation function which is identical, or at least exactly equivalent, to that utilized by
the decoder, otherwise accurate dequantization in the decoder is not guaranteed. Encoders
in forward-adaptive coding systems, therefore, may incorporate improved allocation
functions with little concern for maintaining compatibility with existing decoders.

In backward-adaptive systems, any restriction upon decoder complexity usually
imposes restrictions upon the complexity of thes allocation function in both the encoder and
decoder, thereby limiting overall performance of the encoder/decoder system. Forward-
adaptive systems can avoid this limité.tion, however, because no allocation function is
required in a decoder. The allocation function used in an encoder can be the resuit of an
independent design choice.

The ability to upgrade the allocation function in an encoder is significant. As the
cost of digital computation decreases due to technical advances, increasingly sophisticated |
allocation functions become economically practical. By increasing the sophistication of
allocation functions, bit rates may be decreased for a given signal quality, or signal quality
may be increased for a given bit rate.

Despite this advantage, however, forward-adaptive coding systems may be
unsuitable in many low bit-rate applications because they require a significant number of .
bits to convey side information. Generally, even more bits are required to convey side
information as allocation functions seek to improve coding performance by dividing the
spectrum into narrower, and therefore more numerous, bands. Furthermore, the number of
bits required to carry this side information will represent a larger proportion of the coded

signal as improved coding techniques decrease the number of bits required to carry the
remainder of the coded signal.



-12- all-ocating a nunber of bits which is a linear function of the
fl oati ng- poi nt exponent Alternatively, an additional bit cat ed
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without losing compatibility with existing decoders, yet which requires a minimal
proportion of the encoded signal to carry explicit allocation ihformation. .

According to the teachings of the present invention in a first embodiment of an
encoder, a filter bank splits an input signal into a plurality of subbands to generaté subband
information, and a converter generates a rebresentation of the subband information
comprising X words and Y words. In response to the X words, an allocation function
obtains a set of basic allocation values in which a respective value is associated with one or

- more Y words. An adaptor may modify some or all of the basic allocation values in
response to characteristics detected in the audio information, the subband information,
and/or the X words. A quantizer quantizes each Y word into quantized information using a
number of bits equal to either the associated basic allocation value or the corresponding
modified value, if one exists. A formatter assembles the X words, quantized information,

and side information comprising an indication ef the modified allocation values into a
format suitable for transmission or storage. |

In a second embodiment, in response to characteristics detected in either the input
signal, the subband information, and/or the X words, an adaptor modifies parameters
which affect the results of the allocation function. In this embodiment, the basic allocation
values are not subject to further modification. Side iq.formation comprising an indication of
the modified parameters is assembled into the formatted output.

Further embodiments of an encoder according to the teachings of the present
invention are possible, including, but not limited to, an embodiment which incorporates a
combination of _th§ two embodiments described above. For example, an adaptor may -
modify parameters affecting the allocation function as described in the second embodiment,
and may further modify the resulting basic allocation values in response to characteristics
detected in the input signal, the subband information, and/or the X words.

According to the teachings of the present invention in a first embodiment of a
decoder, a deformatter disassembles an encoded signal into X words, quantized words, and
side information comprising an indication of modified allocation values used to quantize the
quantized words. In response to the X words, an allocation function obtains a set of basic
allocation values in which a respective value is associated with one or more quantized
words. Some or all of the basic allocation values may be modified by the modified values
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information an inverse filter obtains an output signal which is a replica of the input signal
represented by the encoded signal.

In a second embodiment, modified parameters affecting the results of the allocation
function are obtained from the disassembled signal. In this embodiment, the basic
allocation values are not subject to further modification.

Further embodiments of a decoder according to the teachings of the invention are
possible, including, but not limited to, an embodiment which incorporates a combination of
the two embodiments described above. For example, modified parameters affecting the
results of the allocation function and modified values to modify respective basic allocation
values are both obtained from the disassembled signal as described in the second and first
embodiments, respectively. .

" No particular allocation function is critital to the practice of the preseht invention.
For example, single- and multiple-channel encoder/decoder systems incorporating the -
present invention may utilize allocation functions such as those described in U.S. patents
5,109,417 and 5,222,189, incorporated herein by reference in their entirety. Another’
allocation function suitable for single-channel systems. is disclosed in U.S. patent
4,790,016, incorporated herein by reference in its entirety. Multi-channel systems may
also utilize atlocation functions as disclosed in International Publication No. WO 92/12607,
incorporated herein by reference in its entirety. -

In a coding system incorporating the present invention, side information need only
convey the modified allocation values and/or parameters. A basic allocation function
known to both the encoder and the decoder provides basic allocation information to the
decoder. Side information provides for adjustments to the basic allocation information as
necessary to obtain the same allocation informétion used in the encoder. In this way, the
allocation function in an encoder may be upgraded without losing compatibility with
e_xisting decoders, and the number of bits required for side information to maintain
compatibility between encoder and decoder is minimized.

The present invention may be used in split-band coders implemented by any of
several techniques. A preferred implementation of a transform coding system uses the
Time Domain Aliasing Cancellation (TDAC) transform disclosed in Princen and Bradley,
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information in a respective subband. Each nodified valu y‘{m he
corresponding allocation information value and is used pyjt t
I nstead. As anot her exanple, an allocation information ya
nodi fied by conbining it with a correspondi ng nodi fied yalue; that is, thé
nodi fi ed val ue represent s an increnental 7amount by whi ciTte—Ctorrespondi
al | ocation |nfor ue_s | d be changed. Continuing the exenplary
spl i t-band Qﬂﬁlaﬂ g\b@ B?‘H‘eg?ﬁﬂf?o%ﬂ‘%f‘“ g Dosain f\k}‘aﬁ%ﬁﬁ?%ﬂa‘ﬂ}bband
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respective all OC&%I on | nforrratlon val ue and the correspondi ng modi f
val ue, if &Kkmple of a transform encoder/decoder system utilizing a TDA transform is descnbed in

U.S. patent 5,109,417, referred to above.

It should be understood that although the use of subbands with bandwidths

commensurate with human auditory system critical bandwidths allows greater exploitation

of psychoacoustic effects, application of the teachings of the present invention are not so

limited. Therefore, the term “subband® and the like as used herein should be construed as

one or more frequency bands within the useful bandwidth of an input signal.

The various features of the present invention and its preferred embodiments may be

better understood by referring to the following discussion and the accompanying drawings

in which like reference numerals refer to like elements in the several figures, The contents

of the following discussion and the drawings are set forth as examples only and should not

be understood to represent limitations upon the scope of the present invention.

nmodi fi ed value. In one enbodi nent of a split-band encodir?’l éach'f?ém‘dcaﬁe

Brief Descriptidn of Drawings

Figure 1 is a block diagram illustrating one embodiment of an encoder in an
encoder/decoder system incorporating forward-adaptive allocation.

Figure 2 is a block diagram illustrating one embodiment of a decoder in an
encoder/decoder system incorporating forward-adaptive allocation.

Figure 3 is a block diagram illustrating another embodiment of an encoder in an
encoder/decoder system incorporating forward-adaptive allocation. _

Figure 4 is a block diagram illustrating one embodiment of an encoder in an
encoder/decoder system incorporating backward-adaptive allocation.

Figure 5 is a block diagram illustrating one embodiment of a decoder in an
encoder/decoder syste:h incorporating backward-adaptive allocation. _

Figure 6 is a block diagram illustrating one embodiment of an encoder in an
encoder/decoder system incorporating hybrid-adaptive allocation.

Figure 7 is a block diagram illustrating one embodiment of a decoder in an
encoder/decoder system incorporating hybrid-adaptive allocation. |
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Figure 2 illustrates the basic structure of one embodiment of a split-band decoder
used in an encoder/decoder system incorporating forward-adaptive allocation. Deformatter
202 extracts quantized information and allocation information from an encoded signal
received from path 200. The allocation information is passed along path 211 and to
dequantizer 204. Dequantizer 204 generates subband information by dequantizing the
quantized information received from deformatter 202. The information is dequantized
using a number of bits specified by the allocation information. Inverse filterbank 206
generates along path 208 an output signal in response to the dequantized subband
information received from dequantizer 204. | |

Alternate embodiments of the encoder and decoder are possible. For example, as
shown in Figure 3, a forward-adaptive encoder may establish allocation information in
response to the subband information generated by filterbank 102. In yet another

e

an

embodiment not shown in any figure, allocation information may be established in response

to both the input signal and the subband information.

As discussed above, because allocation information is explicitly passed in the
encoded signal, the allocation function in a forward-adaptive encoder may be changed
without sacrificing compatibility with existing forward-adaptive decoders. Only the format
of the encoded signal need be preserved.

| Backward-Adaptiie Allocation

Figure 4 illustrates the basic structure of one embodiment of a split-band encoder
used in an encoder/decoder system incorporating backward-adaptive allocation. Filterbank
102 generates subband information in response to an input signal received from path 100,
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using a number of bits specified by the allocation information, and formatter 106 assembles
the quantized information and the X words into an encoded signal having a format suitable
for transmission or storage. The encoded signal is passed along path 108 to a transmission
channel or storage device as desired. :

Figure 5 illustrates the basic structure of one embodiment of a split-band decoder
used in an encoder/decoder system incorporating backward-adaptive allocation.
Deformatter 202 extracts quantized information and X words from an encoded signal
received from path 200. The X words are passed along path 203 to allocation function
210. Allocation function 210 establishes allocation information in response to the X words
and passes the allocation information to dequantizer 204. Dequantizer 204 generates ¥
words by dequantizing the quantized information received from deformatter 202. The Y
words are dequantized using a number of bits specified by the allocation information.
Inverse converter 212 generates subband information in response to the X words and the ¥
words, and inverse filterbank 206 generates along path 208 an output signal in response to
the subband information received from inverse converter 212.

Backward-adaptive coding systems may avoid the overhead required to convey side
information in the encoded signal because the allocation information is represented
implicitly by the X words assembled into the encoded signal. A backward-adaptive
decoder can recover the allocation information from the X words by performing the same
allocation function previously performed in a backward-adaptive encoder. It should be
understood that accurate decoding of the encoded signal does not require that the encoder
and decoder allocation functions themselves be identical, but accurate decoding can be
ensured only if the two functions obtain identical allocation information in response to the
same set of X words.

Hybrid-Adaptive Allocation

Figure 6 illustrates the basic structure of one embodiment of a split-band encoder
used in an encoder/decoder system incorporating hybrid-adaptive allocation according to
the teachings of the present invention. The structure and opleralion of this embodiment is
discussed in the context of the structure and operation of the backward-adaptive encoder
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two basic techniques. The structure used to implement both techniques is illustrated in
Figure 6; however, either technique may be used alone.

In the first or “parameter” technique, adaptor 120 modifies one or more parameters
which affect the results of allocation function 110. The modified parameters provided by
adaptor 120 are passed along path 123 to allocation function 110 and to formatter 106.
Formatter 106 assembles an indication of the modified parameters and the quantized
information into an encoded signal having a format suitable for transmission or storage.

In the second or "value" technique, adaptor 120 modifies one or more new values
for the respective values of the allocation information. The modified values provided by
adaptor 120 are passed along path 121 to formatter 106 and merge 118. Merge 118
merges the modified values with the allocation information received from allocation
function 110 and passes the merged allocation inforination to quantizer 104. Formatter 106
assembles an indication of the modified values and the quantized information into an
encoded signal having a format suitable for trinsmission or storage.

The embodiment illustrated in Figure 6 shows adaptor 120 being responsive to the
input signal received from path 100, the subband information received from path 103, and
the X words received from path 113. In alternate embodiments of a hybrid-adaptive
encoder, adaptor 120 may be responsive to any one of the three paths, responsive to ahy
combination of the three paths, and/or responsive to other information.

Figure 7 illustrates the basic structure of one embodiment ofa Split—band decoder
used in an encoder/decoder system incorporating hybrid-adaptive allocation according to
the teachings of the present invention. The structure and operation of this embodiment is
discussed in the context of the structure and operation of the backward-adaptive decoder
discussed above and illustrated in Figure 5. One or more values of the allocation
information is modified using either one or both of two basic techniques similar to that
discussed above. The structure used to implement both techniques is illustrated in
Figure 7; however, either technique may be used alone.

In the first or "parameter” technique, deformatter 202 extracts from the. encoded
signal one or more modified parameters which affect the results of allocation function 210,
and passes the modified parameters along path 213 to allocation function 210.

In the second or "value” technique, deformalter 202 extracts one or more modified
values from the encoded signal and passes the modified values along path 205 to merge
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be implemented by various digital filtering techniques known in the art including, but not

limited to, Quadrature Mirror Filters, polyphase filters, Fourier transforms, and the TDAC
transform referred to above. No particular technique is critical to the practice of the
present invention. Although the foregoing description of the present invention is more
partictilarly directed toward split-band coding applications, it should be understood that the
present invention may be applied to wide band coding as well. '

Converter 112 and inverse converter 212 which generate and recover the X words
and Y words may also be realized by a wide variety impiementations. As discussed above,
the X words are characterized by the fact that they are available to both encoder and
decoder to inform the allocation function. The X words may, in general, correspond to
scale factqrs and the Y words may correspond’to values scaled in accordance with the scale
factors. In embodiments utilizing various floating-point represeﬁtations of numerical
quantities, the X words may correspond to the floating-point exponents and the Y words
may correspond to the floating-point mantissas.

| The particular processes provided by allocation function 110 and aflocation function
210 are not critical to the practice of the present invention. As mentione_d above, the two
functions need not be identical but, given identical parameters, they must obtain identical
allocation information in response to the same set of X words. Severil examples of coding
systems incorporating various allocation functions are disclosed in the U.S. patents
incorporated by reference above. Additional examples of forward-adaptive and backward-
'adaptive processes are disclosed in U.S. patents 4,142,071, 4,455,649, 4,896,362,
5,157,760 and 5,166,686, all of which are incorporated by reference in their entirety.
Many other examples are known in the art.

The results obtained by the various allocation functions are affected by various
parameters. Such parameters depend upon the specific allocation function used; therefore,
a complete list is not possible. The specific parameters chosen are not critical to the
practice of the present invention, but several examples may help explain the concept.

For example, in an embodiment representing subband information in floating-point
format, an additional bit can be allocated for each 6 dB increase in spectral amplitude by
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Alternatively, an additional bit can be allocated for each 12, 18 or 24 dB increase in
amplitude by allocating as a linear function of the exponent divided by two, three or four,
respectively. The divisor of the exponent is an example of one parameter which affects the
results of this particular allocation function.

In split-band coding systems using allocation functions which are based upon
various psycho-perceptual effects, any parameter affecting the underlying psycho-perceptual
model may be modified to adapt the allocation function. In audio coding applications, for

example, such parameters include (1) the level or degree of psychoacoustic masking above

- or below a masking tone, (2) the shape of the psychoacoustic masking threshold as a

‘function of the difference between a given frequency and a masking component, (3) the
level of inter-channel masking in a multi-channel system, (4) the bandwidth of the input
signal, (5) the minimum number of bits to allocate to subband information as a function of
frequency, and (6) the maximum number of bits to allocate as a function of frequency.

Adaptive quantizers are well known in the art. The particular -quantizing function
used by quantizer 104 and quantizer 204 are riot critical, but the two functions should
proﬂuce identical results. For example, the quantizing function may be linear or non-
linear, symmetric or asymmetric.

The methods employed by merge 118 and merge 218 are not critical to the present

invention. In concept, each element merges into one set of values the corresponding values
from the set of allocation information values and the set of modified values. This may be
done in a variety of ways.
' For example, an allocation information value may be replaced by a corresponding
modified value. In one embodiment of a split-band encoder, each allocation information
value represents the number bits to use in quantizing subband information in a respective
subband. Each modified value supersedes the corresponding allocation information value
and is used by the quantizer instead.

As another example, an allocation information value may be modified by combining
it with a corresponding modified value; that is, the modified value represents an
incremental amount by which the corresponding allocation information value should be
changed. Continuing the exemplary split-band embodiment above, the number of bits used
to quantize subband information in a particular subband is defined by'the algebraic sum of
the réspective allocation information value and the corresponding modified value, if any
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function. The "value” techmque entails generating one or more modified values which are
merged with the allocation information values obtained from the allocation function.

The particular process used to implement either technique is not critical to the
practice of the present invention. One approach comprises performing an alternative

. allocation function, comparing the results of the alternate function with the *basic values”

obtained from basic allocation function 110, and forming modified values for each alternate
value where the difference between it and the respective basic value is significant. The
complexity of the basic allocation function may be restricted o as to simplify the decoder,
but the alternate allocation function inay be as complex as desired. In andio coding
applications, for example, the alternate function may use a more sophisticated
psychoacoustic model including consideration for signal characteristics such as the flatness
of the input signal spectrum, the iverage or peak amplitude of the input signal, and
whether a masking component is tone-like or noise-like.

Another exemplary adapting process avoids perfoi‘ming a complete allocation
function, merely generating adjustments to the basic allocation values in response to the
detection of various signal characteristics. For example, the basic allocation values may be
increased in response to detecting tone-like masking components, or the basic allocation
values may be decreased in response to detecting that the input signal spectrum is
essentially flat.

As discussed above, adaptor 120 may be responsive to the input signal, the subband

.information obtained from filterbank 102, the X words obtained from converter 112, or any
other information of significance to the particular application.

In a coding system for a long-distance telephone network, for example, adaptor 120
may be responsive to date, time-of-day and day-of-week information so as to provide an
allocation function which reduces bit allocations, thereby trading off lower information |

requirements against higher fidelity coding, in anticipation of forecasted increases in traffic
through the network.
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tradeoff shorter display response times against higher picture resolutions.

As these examples show, adaptor 120 may be responsive to any information which
is desired in a particular application. The choice of this information is not critical to the
practice of the present invention. '

In many coding systems where the encoded signal is represented by a serial bit
stream, the functions provided by formatter 108 and deformatter 202 substantially
correspond to serial multiplexing and demultiplexing, respectively. Although the
implementation of the formatting and deformatting functions may be important to a _
particular application, it is not critical to the practice of the present invention. Any process
is suitable which can put the encoded signal into a form suitable for transmission or
storage, and can recover the encoded signal from the formatted representation.

It should be appreciated that the present invention may be practiced within
numerous embodiments implemented by a wide variety -of techniques.

Although the foregoing discussion is mere particularly directed toward audio coding

“applications, the present invention may be practiced in a wider range of coding applications
such as video coding..
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" information comprising X words and Y words,

allocating means for establishing a plurality of basic allocation values by
applying an allocation function to said X words, each of said plurality of values
associated with one or more of said Y words,

adapting means responsive to at least one of said input signal, said subband
information; said X words, and said basic allocation values, for generating one or
more modified allocation values corresponding to respective ones of said plurality of
basic allocation values and/or for generating one or more parametérs affecting the
results of said allocation function,

quantizing means for generating quantized information by quantizing each of

. said Y words using a number of bits equal to either the associated one of said

plurality of basic allocation values or corresponding modiﬁed allocation value, and

formatting means for assembling, into a form suitable for transmission or
storage, said X words, said quantized information, and side information comprising
an indication of said modified allocation values and/or parameters.

2. An encoder according to claim 1 wherein said subband means generates a
floating-point representation of said subband information, wherein said X words represent -
floating-point exponents and said Y words represent floating-point mantissas.

* 3. An encoder according.to claim 1 wherein said X words represent scale factors
and said Y words represent values scaled by said scaled factors.

4. An encoder according to any one of claims 1 through 3 wherein said X words
represent a spectral envelope of said input signal.

5. An encoder according to any one of claims 1 through 4 wherein said allocation
function is based upon psychoacoustic principles and said parameters pertain to any from
the set of the degree of masking at frequencies above a masking component, degree of
masking at frequencies below a masking componént, function of signal-to-noise ratio versus
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6. An encoder according to any one of claims 1 through 5 wherein said adapting

means generates modified allocation values representing differences with respect to one or
more of said plurality of basic allocation values.

7. An encoder according to any one of claims 1 through 6 wherein said adapting
means obtains alternate allocation values by performing an alternate allocation function.

8. An encoder according to any one of claims 1 through 7 wherein sa_id adapting
means generates only respective ones of said modiﬁed'a'llocation values and/or said
parameters which result in allocations which differ significantly from respective ones of
said basic allocation values. '

9. An encoder according to claim 7 or 8 in combination with claim 7 wherein said
alternate allocation function is based upon any""from the set of the spectral flatness of said
input signal, amplitude of said input signal, and whether the masking component is tone-
like or noise-like.

10. An encoder according to any one of claims 1 through 9 wherein said side
information comprises a representation of the magnitude of said modified allocation values
and/or parameters.

11. An encoder according to any one of claims 1 through 9 wherein said side
information comprises a representation of the difference between said modified allocation

values and/or parameters and a respective basic allocation value and/or unmodified
parameter.

12. A decoder for decoding encoded information, comprising
deformatting means for disassembling said encoded information into X
words, quantized words, and side information comprising an indication of one or
more modified allocation values and/or one or more modified parameters,
allocating means for establishing a plurality of basic allocation values by
applying an allocation function to said X words, each of said plurality of basic
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generating a r ealdes assotiated awitindmer srahore of issifiqasmtized dvobds, svhierkin the results of
said allocation function are affected by said modified parémeters if present,
dequantizing means for generating ¥ words by dequantizing said quantized
words from a number of bits equal to the associated one of said plurality of basic

allocation values or derived from respective modified allocation values if present,
and '

inverse subband means responsive to subband information comprising said X
words and ¥ words for generating a replica of the information represented by said
encoded information.

13. A decoder according to claim 12 wherein said X words represent floating-point
exponents and said Y words represent floating-point mantissas.

14. A decoder according to claim 12 wherein said X words represent scale factors
and said Y words represent values scaled by said scaled factors.

15. A decoder according to any one ot: claims 12 through 14 wherein said X words
represent a spectral envelope of said input signal.

16. A decoder according to any one of claims 12 through 15 wherein said allocation
function is based upon psychoacoustic principles and said parameters pertain to any from
the set of the degree of masking at frequencies above a masking component, degree of
masking at frequencies below a masking component, function. of signal-to-noise ratio versus
frequency-difference with a masking component o achieve masking, level of inter-channel
masking, and bandwidth of said input signal.

17. A decoder according to iny one of claims 12 through 16 wherein said side

information comprises a representation of the magnitude of said modified allocation values
and/or parameters.

18. A decoder according to any one of claims 12 through 16 wherein said side
information comprises a representation of the difference between said modified allocation
values and/or parameters and a respective basic allocation value and/or unmodified
parameter.
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in response to at least one of said input signal, said subband information,
said X words, and said allocation values, generating one or more modified
allocation values corresponding to respective ones of said plurality of basic
allocation values and/or generating one or more parametérs affecting the results of
said allocation function,

generating quantized information by quantizing each of said Y words using a
number of bits equal to either the associated one of said plurality of basic allocation
values or corresponding modified allocation value, and

assembling, into a form suitable for transmission or storage, said X words,
said quantized information, and side information comprising an indication of said
modified allocation values and/or parameters.

20. An encoding method according to claim 19 wherein said generating subband
information generates a floating-point representation of said subband information, wherein

said X words represent floating-point exponents and said Y words represent floating-point
mantissas.

21. An encoding method aecording to claim 19 wherein said X words represent
scale factors and said Y words represent values scaled by said scaled factors.

22. An encoding method according to any one of claims 19 through 21 wherein said
X words represent a spectral envelope of said input signal.

23. An encoding method according to any one of claims 19 through 22 wherein said
allocation function is based upon psychoacoustic principles and said parameters pertain to
any from the set of the degree of masking at frequencies above a masking component,

degree of masking at frequencies below a masking component, function of signal-to-noise
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17. A decoder according to any one of claims 12 through 16 wherein ‘sai d
-side information conprises a representation of the nagni

modi fi ed all ocation val ues and/or paraneters. 18. A decoder ac;glﬁv
;

to
any one of clainms 12 through 16 wherein said si denlmm\mﬂ i'ses a
representation of the difference between sai d nodi al ues

and/ or parameters and a respective basic allocatior VAl ué and/or -unnodi fi ed
par anet er . - 18 - 19. An encoding.n@t-hod for encodi ng an i nput signal
conpri sing generating subband information representing the spectral

conposi t jai6 verfsus freguency-difference with a masking component to achieve masking, level of

inter-channel inasking, and bandwidth of said input signal.

24, An encoding method according to any one of claims 19 through 23 wherein said
generating one or more modified allocation values generates modified allocation values

‘representing differences with respect to one or more of said plurality of basic allocation
values. '

25. An encoding method according to any one of claims 19 through 24 wherein said
generating one or more modified allocation values generates alternate allocation values by
performing an alternate allocation function.

26. An encoding method according to any one of claims 19 through 25 wherein said
generating one or more modified allocation values generates only respective ones of said
modified allocation values and/or said parameters which result in allocations which differ
significantly from respective ones of said basid_ allocation values.

27. An encoding method according to claim 25 or 26 in combination with claim 25
wherein said alternate allocation function is based upon any from the set of the spectral
flatness of said input signal, amplitude of said input signal, and whether the masking
component is tone-like or noise-like. '

28. An encoding method according to any one of claims 19 through 27 wherein said

side information comprises a representation of the magnitude of said modified allocation
values and/or parameters. ' |

29. An encoding method according to any one of claims 19 through 27 wherein said
side information comprises a representation of the difference between said modified

allocation values and/or parameters and a respective basic allocation value and/or
unmodified parameter,

30. A decoding method for decoding encoded information, comprising
disassembling said encoded information into X words, quantized words, and

side information comprising an indication of one ow@_ﬂmﬂﬂf\ values
and/or one or more modified parameters, REPLACEMENT SHEET
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I nput .signal, said subband information conprising X words and Y words,
establishing a plurality of basic allocation values by applying an
al location function to said X words, each of said pluattty of val ues .

associated with one or nore of said Y words, in resp “Imﬁ“\o'ne of
said input signal, said subband information, said X m‘é\‘“ﬁ““\ gk :
al l ocation val ues, generating one or nore nodified al'iocatwon "alfues
correspondi ng to respective ones of saf aopl urality of basic allocation

R N b e A
each of said Yfuuefiewto/said'¥ wordsjnéach opfaid phuality ofi basiovaludshussociated with oné at ed
a1 ocat  on val 96 oot Sud aiaatipedgrvords, wheeinfr FEHeF o A AERRRGCHIGES | o
storage, said ¥féQéd'by said modified parameters if present,
generating ¥ words by dequantizing said quantized words from a number of
bits equal to the associated one of said plurality of basic allocation values or derived
from respective modified allocation values if present, and
in response to subband information comprising said X words and ¥ words,
generating a replica of the information represented by said encoded information.

31. A decoding method according to claim 30 wherein said X words represent
floating-point exponents and said Y words represent floating-point mantissas.

32. A decoding method according to claim 30 wherein said X words represent scale
factors and said Y words represent values scaled by said scaled factors.

33. A decoding method according to aiiy one of claims 30 through 32 wherein said
X words represent a spectral envelope of said input signal.

34. A decoding method according to any one of claims 30 through 33 wherein said
allocation function is based upon psychoacoustic principles and said parameters pertain to
any from the set of the degree of masking at frequencies above a masking component,
degree of masking at frequencies below a masking component, function of signal-to-noise
ratio versus frequency-difference with a masking component to achieve masking, level of
inter-channel masking, and bandwidth of said input signal.

35. A decoding method according to any one of claims 30 through 34 wherein said
side information comprises a representation of the magnitude of said modified allocation
values and/or parameters.

36. A decoding method according to any one of claims 30 through 34 wherein said
side information comprises a representation of the difference between said modified

allocation values and/or parameters and a respective basic allocation value and/qg aal
unmodified parameter. (‘,E_t\i\\:m 2
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sai d.quantized information, and side information conprising an indication
of said nodified allocation values and/or paranmeters. 20. An encodi ng

nmet hod according to claim 19 wherein said generating subband infornmation
generates a floating-point representation of said subband information,
wherein said X words represent floating-point exponents and said Y words
represent floating-point mantissas. 21. An encodi ng net hod according to
claim19 wherein said X words represent scale factors and said Y words
represent val ues scal ed by said scaldd factors. 22. An encodi ng net hod
accordi ng to_any one of clains 19 thro h 21 mhereln sald X wor ds represent
a spectral Qﬁﬁgiﬂyégﬁpgi¥3* ENGODE, DECODER

to any one of clainms 19 t hr ough 22 mhereln sald al l ocation function is
based upon psychoacoustic ABSKRACEORAME PISCROSIREers pertain to any
fromthe set of the degree of nmasking at frequenC|es above a nasklng
conponent

The invenhon relates in general to low bit-rate encoding and decoding of
information such as audio information. More particularly, the inveation relates to adaptive
bit allocation and quantization of encoded information useful in high-quality low bit-rate
coding systems. In an encoder, a hybrid of forward-adaptive and backward-adaptive
allocation is used to adaptively quantize information and to prepare an encoded signal
which requires minimal side information to convey explicit allocation information to a
companion decoder. In a decoder, a hybrid allocation technique is used to obtain allocation
information required to dequantize information from a received encoded signal.

Figure 6
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degree of masking at frequencies bel ow a maski ng conponent, function of

si gnal -t o- noi se -19 - ratio versus frequency-difference with a nmasking
conponent to achi eve nasking, |evel of inter-channel nasking, and bandwi dth
of said input signal. 24. An encodi ng nethod according to any one of clains
19 through 23 wherein said generating one or nore nodified allocation

val ues generates nodified allocation values representing differences with
respect to one or nore of said plurality of basic allocation values. 25. An-
encodi ng net hod according to any one of clg 19 through 24 wherein said
generating one or nore nodified allocation values generates alternate

al l ocation val ues by
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performing an alternate allocation function. 26. An encodi ng net hod
according to any one of clains 19 through 25 wherein said generating one or
nmore nodified allocation values generates only respective ones of said
nodi fied allocation values and/or said parameters which result in

al l ocations which differ significantly fromrespective ones of said basic
al l ocation values. 27. An encodi ng nethpg according to claim25 or 26 in
conmbi nation with claim25 wherein said alternate allocation function is
based upon any fromthe set of the spectral flatness of said input signal,
anplitude of said input signal, and whether the masking conponent is

" tone-like or noise-like. 28. An encodi ng nethod according to any one of
clainms 19 through 27 wherein said side information conprises a
representation of the magnitude of said nodified allocation val ues and/ or
paranmeters. 29. An encoding nethod according to any one of clains 19

t hrough 27 wherein said
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si'de information conprises a representation of the difference between said
nodi fied allocation values and/or paranmeters and a respective basic

al I ocati on value and/or unnodified paranmeter. 30. A decoding nethod for
decodi ng encoded information, conprising disassenbling said encoded
information into X words, quantized words, and side information conprising
an indication of one or nore nodified /wglues -20 - establishing a
plurality of basic allocation values by applying an allocation function to
said X words, each of said plurality of basic values associated with one or
nore of said quantized words, wherein the results of said allocation
function are '
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affected by said nodified parameters if present, generating t words by
dequanti zing said quantized words froma nunber of bits equal to the
associ ated one of said plurality of basic allocation values or derived from
respective nodified allocation values if present, and in response to
subband i nformati on conprising said X words and T words, generating a
replica of the information representeg py said encoded information. 31. A
decodi ng nmet hod according to claim30 wherein said X words represent
fl oati ng-poi nt exponents and said Y words represent floating-point
manti ssas. 32. A decodi ng nethod according to claim30 wherein said X words
represent scale factors and said Y words represent val ues scaled by said
scal ed factors. 33. A decoding nmethod according to any one of clains 30
t hrough 32 wherein said X words represent a spectral envel ope of said input
signal. 34. A decoding nethod according to any one of clains 30 through 33
wherein said :
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-allocation function is based upon psychoacoustic principles and said
paraneters pertain to any fromthe set of the degree of masking at
frequenci es above a maski ng conponent, degree of masking at frequencies
bel ow a maski ng conponent, function of signal-to-noise ratio versus
frequency-difference with a maski ng conponent to achi eve masking, |evel of
I nt er-channel maski ng, and bandw dth of said input signal. 35. A decoding
met hod according to any one of clains 30 through 34 wherein said side

i nformati on conprises a representatiop/@ the nagnitude of said nodified
al I ocation val ues and/or paraneters. 36. A decoding nethod according to any
one of clains 30 through 34 wherein said side informati on conprises a
representation of the difference between said nodified allocation val ues

and/ or paraneters and a respective kgsic allocation value and/or unnodified
par anet er. Q '
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