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Ref  Patent Id Issue/File Class Title

1 05151941  Sep 29 1992 381/46 -  Digital signal
encoding apparatus . '

' Sep 7.1990

Inventor: Nishiguchi; Masayuki et al.
Assignee: Sony Corporatlon
Abstract: ! )
: A digital slgnal encodlng apparatus in which 1nput digital
signals are .
~divided into a plurality of frequency bands so that the
bandwidth of each . :
frequency band will be greater the hlgher the frequency band,
the
allowable noise level is set for each frequency band on the”
basis of the
energy value of each frequency band, and components of each
- frequency band
are quantized with the number of bits cons1stent with the level
difference
between the energy of each frequency band and the preset
allowable noise
level. The output lnformatlon volume follow1ng the quantlzatlon
is
detected and-the number of bltS of allocatlon.for quantlzatlon_
is -
correctied in dependence upon the error between the detection .
output and

the target value to render the 1nformatlon volume constant over

] b

predetermlned time perlod to enable bit rate adjustment or blt
packing

with lesser s1gnal deterioration by a s1mpllf1ed constructlon
Exemplary Claim {1]: .

. 1. A digital signal encodlng apparatus comprlslng

noise level setting means for d1v1d1ng input digital

signals into a

plurality of frequency bands so that the bandw1dth of each
frequency band ‘

is broader as the frequency of the frequency bands ‘increases,
said noise

level settlng means settlng ‘the allowable n01se level: of each
of the

plurality of frequency bands on the basls of the energy of each'
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said
frequency band
quantization means “for quantlzlng components of each
frequency band
with a number of bltS consistent w1th the level dlfference'
between the
energy of each frequency band and that of the output of sald
noise level .
setting means, and ) ‘
‘means. for detectlng the number ‘of bits allocated to. the
output :
information of sald quantlzatlon means and for adjustlng the
number of
“bits of the output 1nformatlon over a predetermlned time -
interval to be
constant as a function of the detection output.
2 - 05142656 + Aug 25 1992 381/37. Low bit rate
“transform coder, - )
Nov 4 1991 ) decoder, and
encoder/decoder for
hlgh quallty audio
Status: certlflcate of correction has been issued
Inventor: Fielder; Louis D. et al.
Assignee: Dolby Laboratories Licensing Corporation
Abstract:
. A transform encoder, a transform decoder, and a transform’
encoder/decoder system employ adaptlve bit allocation wheréin
each code’
word representing spectral information is allocated a fixed
number of bits
and an adaptive number of bltS, except that at least some but
not--all code :
words are allocated a flxed number of bits.
Exemplary Claim ({1]: . -
: 1. An encoder for the encodlng of digital 1nformatlon, said
dlgltal
information comprlslng smgnal sample blocks representlng analog
audio .
81gnals, compr1s1ng
means for generatlng subband 1nformatlon ‘blocks, eéch
subband
information block comprlslng a set of dlgltal words generated
in response
to a signal sample block, sald means compr1s1ng ‘means for
applying a
discrete transform functlon to each of said 51gnal sample
blocks, and
means for quantizing with a fixed number of bits one or
more digital
. words correspondlng to at least the lowest frequency spectral
component of
said analog audio 81gnals, but not quantlzlng all digital words
with a . .

~
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fixed number of bits.

3 05109417  Apr 28 1992 381/36 Low bit rate
transform coder, ' I :
. Dec 29 1989 decodervvand
encoder/decoder for
high- quallty audlo

Status: certificate of correction has been 1ssued
" Inventor: Fielder; Louis D. et al. )
Assignee: Dolby Laboratorles Llcenslng Corporatlon
Abstract: .

Quantlzlng noise is lessened in a speech slgnal system by

using

adaptlve bit allocation for subband channels, wheérein subband
information .

of digital words is represented in block- floatlng p01nt form,
and

normalized mantlss as may allow dropplng a slgn bit.
Exemplary Claim [1]:

1. An encoder for the encoding of dlgltal 1nformatlon said
dlgltal '
information comprising signal sample blocks representlng analog
audio . . : )

signals, comprising
‘means for defining subbands “and for generatlng subband
information
blocks, each subband 1nformatlon block comprlslng a set of
digital words
generated in response to a slgnal sample block, and .
means for representlng one-or more of said digital words in -

block—floatlng—p01nt form comprising a mantissa assoc1ated with
an o
exponent, for normallzlng at least some mantlssas, ‘and for
dropping a sign

-bit for a single normallzed mantissa uniquely assoc1ated w1th
an exponent ) L

whenever the value of said slgn bit can be establlshed from the
value of a !

most s1gn1f1cant data bit in sald normallzed mantlssa

4 05230038 Jul 20 1993 395/2 ' Low blt rate
transform coder, . _ .
' Nov 4 1991 . decoder, and
encoder/decoder for - S . :
- . o ‘ ~high—quality‘audio
Inventor: Fielder; Louis D. et“al. ) . i
Abstract:

A transform encoder, a transform decoder, and a transform_
encoder/decoder- system utilize complex pre- and post-transform
multiplication of input slgnal samples to 1mp1ement concurrent

application - u
of a modified Discrete Cosine Transform and a modlfled Dlscrete
Sine . -

N
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Transform according to the Evenly-Stacked Time Domain Aliasing

Cancellation technique agalnst two channels of input slgnal
samples, and '
to reduce the computatlonal complexity of a digital filter bank

of a

modified Discrete Cosine Transform.
Exemplary Claim [1]:
1. An encoder for the encoding of digital information, said
digital
information comprising signal sample block palrs, each of said
block pairs
comprising a respective one of a sequence of first slgnal
sample blocks
and a respective one of a sequence of second signal sample
blocks, said
sequence of first signal sample blocks representing a first
channel of
analog audio signals- and said sequence of second signal sample
blocks
representing a second channel of analog audio signals,
comprising
means for generating. subband information block pairs in
response to e
" said signal sample block pairs by applying a function
substantially
corresponding to. the alternate application of a modlfled
Discrete Cosine
Transform function and a modlfled Discrete Sine Transform
function in
accordance with the evenly- stacked Time-Domain Allas1ng
Cancellation
technique, each of said subband 1nformatlon block pairs
comprising a first
subband information block and a second subband 1nformatlon
block, said
means comprising '
means for multiplying real valued signal samples in the
signal sample
block pairs by a first complex function to obtaln
complex-valued modified
signal sample sets,
means for applying a Fast Fourler Transform concurrently
against said
complex-valued modlfled signal sample sets, and <
means for multlplylng the results of the transformation by
a second
complex function to obtain said subband information block
pairs, each
first subband 1nformatlon block comprlslng a first set of
digital words,
and each second subband information block comprlslng a second
set of
digital words, and
means: for quantizing said digital words.

0015~



-5 - 05479562  Dec 26 1995 395/2.38 Method and apparatus
for encoding o _ : . '

: .Jun‘18 1993 A and decoding audio
"information : -
Inventor: Fielder; Louls D. et al.

Assignee: Dolby Laboratories Llcen31ng Corporatlon
Abstract:

The invention relates to formattlng encoded audlo

information in a :
form suitable for transmlsslon or -storage. Audio infdrmation is

- encoded

into a blnary form, uslng\an 1nvar1ant'number of bits to
represent at -
least some but not all of- the encoded 1nformatlon The
information
represented by an invariant number of bltS is assembled 1nto
pre-established positions within-a formatted frame.
Eyemplary Claim,[1]:
1. An encoder for the encodlng of audlo information
comprising signal -
samples, said encoder comprlslng
means for receiving said signal samples,
subband means, including adaptlve blt alloCation'means, for
denerating ' : ¥ :
subband information- comprlslng dlgltal words in response to -
said signal
samples, wherein said adaptlve blt allocatlon means allocates
an adaptive i
number of bltS to represent at least a portlon of at least some .
of said
digital words, and whereln at least a portlon of ‘some of said
digital" , ¢
words is represented by an. 1nvar1ant numbér of bits, “and
, formatting means for- assembllng dlgltal information
1nclud1ng said
digital words into a dlgltal output hav1ng a format sultable
for ,
transmlsslon or storage, whereln sald formattlng means places
said portion
of digital words represented by an 1nvar1ant number of bltS
into one or . :
more pre- establlshed posltlons within a frame of sald dlgltal
output.

6 05222189 ' Jun 22 1993 395/2 Low time-delay
transform coder, .
Sep 26 1990 ° ‘ . - decoder, and
encoder/decoder for . '
high-quality audio
Status: certificate of correctlon has been issued
Inventor: Fielder; Loius D.
Assignee: Dolby Laboratories Licensing Corporatlon
Abstract: L
PCT No. PCT/US90/00507 Sec. 371 Date, Sep. 26, 1990 Sec.
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102 (e) Date : :
Sep. 26, 1990 PCT Filed Jan. 29, 1990.
A low bit-rate {192 kBits per second) transform
encoder/decoder system ’ . -
(44.1 kHz or 48 kHz sampling rate) for high-quality music
applications : k .
, employs short time-domain sample blocks (128 samples/block) s0
that the
system signal propagation delay is short enough for real -time
aural
feedback to a human operator. Carefully deslgned palrs of
analysis/synthesis windows are used to achieve: sufficient -
transform - _
frequency select1v1ty desplte the use of short sample blocks. A
synthesis
window in the decoder has characterlstlcs such that the product
of its '
response and that. of an analysls w1ndow in the encoder, produces
a , ,
composite response wthh sums to unlty for two adjacent
overlapped sample
. blocks. Adjacent time-domain signal samples blocks are
overlapped and
added to cancel the effects of the analysls and synthesls
windows. A i
technique 1is prov1ded for der1v1ng sultable analysls/synthesls
window
pairs. In the encoder, a dlscrete transform hav1ng a function
equivalent
to. the alternate appllcatlon of a modified Dlscrete Coslne
Transform and a
modified Discrete Sine Transform accordlng to the Time Domain
Aliasing ,
Cancellation: technlque or, alternatively, a Discrete Fourier
Transform is o
used to generate frequency domain transferm coefflclents The
transform
coefficients are nonunlformly quantlzed by asslgnlng a flxed
number of
bits and a varlable number of bltS determined adaptlvely based
on
psychoacoustlc masking. A technique is described for asslgnlng
the fixed ,
bit and adaptlve bit allocations. The-transmlsslon-of slde
information
- regarding adaptlvely allocated bits is not requlred Error
codes and .
protected data may be scattered throughout formatted frame
outputs from
the encoder in order to reduce sens1t1v1ty to noise bursts.
Exemplary Claim (1]:
1. An ‘encoder for. the encodlng of audio 1nformatlon
comprising signal ‘ .
samples, said encoder comprising

0017



means for receiving said signal samples,

. subband means, including adaptive bit allocation-means,
“defining
) subbands and for generating subband 1nformatlon in response to
said signal

for

\

samples, said subband 1nformatlon for .each of said subbands'

including one

or more digital words, each of sald»dlgltal.words comprlslng an’

adaptive

portion and a non- adaptlve portlon, whereln coding accuracy of

said

adaptive portion is establlshed by said adaptlve bit: allocatlon

means, and
' formatting means for assembllng digital information

including said p

 subband 1nformatlon lnto a dlgltal output hav1ng a format
suitable for :

transmission or storage.

7 05260980  Nov ‘9 1993

encoder
Aug 20 1991

Inventor: Akagiri; Kenzo et al.

Assignee: Sony . Corporation

_Abstract:

375/241

Digital signal

An apparatus for encodlng an 1nput dlgltal signal d1v1des'

vthe input | :
digital signal to produce frequency ‘components of 1ncreas1ng

bandwidth as

the frequency 1ncreases, performs blocklng on each of the

frequency

~ components to produce blocks of decrea31ng tlme length as the

frequency

increases, performs a fast Fourler transformation on each block

and

quantizes each block uslng a quantlzatlon characterlstlc set in

accordance

with a comparlson of the energy of each frequency component in.

each ‘block

. with a masking spectrum. The masklng spectrum includes both a.

masking

effect on the frequency base of the 1nput slgnal and masking

effect on the

time base of the input slgnal and may further include effects

of the

- minimum audible curve of the human hearlng sense

characteristic.

Utilization of both the temporal and flequency masklng effects

permits

reduction in the blt rate of the encoded slgnal using real time

processing

and without deterioration. in sound quallty

Exemplary Claim [17]:

1. An apparatus for. encoding an 1nput dlgltal slgnal
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comprising;
first frequency analysis means for frequency dividing said
input -
digital signal into frequency components, i
second frequency analysis means for blocking and frequency
analyzing .
said frequency components to produce blocks of data hav1ng
analyzed
frequency components,
first noise level settlng means for generating first output
signals
based on a first allowable noise. level set in accordance w1th
an energy of
each said analyzed frequency component of said blocks of data
output
within a predetermined time period from said second frequency
analysis’
means,
second noise level setting means for generatlng second
output 31gnals
based on a second allowable n01se level of each .said analyzed
frequency
component output w1th1n said predetermlned tlme perlod set 1in
accordance }
with an energy of at least one.of said blocks of data whlch
temporally.
precede and succeed, respectively, said each block . and
quantization means for quantlzlng said blocks of data
output from said
seécond frequency analy31s means on the basis of a quantlzatlon
characteristic set in accordance with said first and second
output signals
from said first and second noise level settlng means,
respectlvely '

8§ 05241603 Aug 31 1993 381/37 Digital signal

encoding. apparatus }
May 21 1991

Inventor: Akagiri; Kenzo et al.
Assignee: Sony Corporation
Abstract:
“The present 1nventlon relates to a digital slgnal encoding

apparatus

in which an input dlgltal signal has 1ts frequency range ,\
divided into a

number of frequency bands so that the bandw1dths are broader at
higher ‘

frequencies. A first allowable noise level based on the energy
levels in . - N

the respective bands, and a second allowable noise level based
on the

energies of the s1gnals temporally adjacent to the slgnals of a
frequency

band under conslderatlon, are set. Signal components of each
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frequency '
band are quantized w1th a number of bltS correspondlng to a

difference
between an output synthesized from the first and secondrnoise

levels and -
the energy level of each frequency band In this'manner, the

bit rate may
be lowered whlle deterloratlon in the sound quality is
minimized.
Exemplary Claim l] .
1. A digital 51gnal encodlng apparatus for encodlng an
input digital
signal having an input frequency range, comprising:
. dividing means for d1v1d1ng said 1nput digital slgnal into .
respective
signal components w1th1n a plurallty of frequency bands within
the input
frequency range, ’ ‘ i
first noise level settlng means for setting a flrst

allowable noise i )
levrel for the respectlve slgnal components ‘within“each of . sa1d.

plurallty
of frequency bands based on energy levels of respectlve signal

components
occurring concurrently therewith and within at least one

frequency band
other than said each of said. plurallty of frequency.bands,
second noise level settlng means for setting .a second
allowable noise
level for the respectlve signal components w1th1n said’ each of
said
' plurallty of frequency bands based on energy levels of
temporally adjacent
signals in the same band as sald respectlve slgnal components,
synthesizing means for generating a: synthesized allowable

noise level
for the respective slgnal components w1th1n said each of said

plurality of
frequency bands based on the first and\second allowable noise

levels set
therefor by sald first noise level setting means and said

“second noise .
level setting means, respectlvely, and o :
quantizing means for quantizing the respectlve slgnal N ‘

components of
said each of said plurallty of frequency ‘bands w1th a bit

number based on . ,
said synthesized allowable noise level generated therefor.

9 05414795 May 9 1995 395/2 13 High eff1c1ency

digital data , _
Mar 26 1992 encoding and decoding

apparatus .
Inventor: Tsutsui; Kyoya et al.
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Assignee: Sony Corporation
Abstract:
An apparatus for compressing a digital input signal
compresses a
- digital input signal arranged into frames of plural samples.
The digital
input signal is orthogonally transformed by plural orthogonal
transform
circuits in blocks derived by dividing the frames by a
different divisor ‘
in each circuit. The resulting spectral coefficients are
quantized using . ‘ : ‘
an adaptive number of bits. The output of one orthogonal
transform circuit
is selected based on the outputs of the orthogonal transform
circuits. The
digital input signal is divided 1nto plural frequency ranges, -
~and frames
are formed in each range. A block length de01slon c1rcu1t
determines
division of the frames of each range signal into blocks in
response to
range signal dynamics. The range signals are orthogonally
transformed in : »
blocks and the spectral coefficients are quantized. The -
apparatus also
includes a frequency analy21ng circulit that derlves spectral
data points
from the input data, and. groups them in plural bands. A noise
level
setting circuit finds the energy in each band and sets a
allowable noise
level in response to the band energy. A block floatlng
coefficient
calculating circuit calculates block floatlng coefflclents
based on the
maximum spectral data pornt in each band. A quantizing bit
number decision
circuit determines the number of bits to use for quantlzlng in
response. to
the allowable noise level and the block floatlng coefficients.
‘A
quantizing circuit quantizes the spectral .data p01nts'1n
response to the
quantizing bit number decision circuit.
-Exemplary Claim [3]: ' .
3. An apparatus for compressing a dlgltal input slgnal
according to
claim 1, wherein:
each orthogonal transform means quantizes the spectral
coefficients
using a primary number of bits and prov1des as the selection
signal
information indicating the primary number of bits; and
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. the seleCtiQn means Selects as thé‘COmBressed signal‘the
,output signal ‘ o ‘ ’
from the orthogonal transform means providing the selection

signal
indicating the least primary number of bits.
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67 ABSTRACT

When determining a quantization for digital audio signals
having a spectral and lemporal structure whercin the audio
signals are buffered in frames and decomposed into spectral
components, the method is: oblaining a variance and/or a
representative of the components of the the frame within a
defined frequency interval, computing a necessary band-
width using psychoacoustic criteria; determining an initial
quantization for each frequency inierval using an approxi-
mate mathematical model; and iteratively increasing the
quantization of each of the frequency intervals through a
psychoacoustically weighted inverse relationship with the
the variance of each of the frequency intervals.
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BIT ALLOCATION METHOD FOR DIGITAL
AUDIO SIGNALS

BACKGROUND OF THE INVENTION

1. Field of The Invention
This invention relates to the efficient information coding
of digital audio signals for transmission or digital storage
media especially a quantization method using an efficient bit
allocalion method for information coding
2. Related art of The Invention

Compressmn algorithms for wide band audlo signals are
finding wide-spread applications in recent years. In the area
of consumer electronics, the digital compact cassettc (DCC)
and the mini-disc system (MD) are two applications of these
compression algorithms.

While the DCC system uses a compression algorithm that
is based on sub-band coding, the MD system uscs an
“algorithm that is based on a hybrid of sub-band and trans-
form coding with the transform coding portion forming the
backbone of the algorithm. This invention is related to the
dynamic bit allocation of the MD coder.

The MD system uses the ATRAC compression algorithm
that is documented in chapter 10 of the MD system descrip-
tion by Sony in December 1991. The ATRAC algorithm
compresses the input audio signals at a bit rate of 705.6 k
bit/s/channel to a bit rate of 146.08 k bit/s/channel.

FIG. 8 shows the block diagram of the encoding process.
The input time signals are first passed through a splilting
filter bank, 1, 2, 3, to obtain the signals in three frequency
bands. The lower two bands are each at half the bandwidth
of the uppermost band. Block size decision, 4, is made for
each band to determine.the sample size or block mode for
the windowing and transform process, 5, 6, 7. One of the two
block modes available—short block mode or long block
mode, will be selected for each of the bands. The trans-
formed spectral samples are grouped into units and in each
unit, a scale factor is derived from the peak values of the

samples in the unit, 8. These units are non-uniform fre-

quency intervals with a finer resolution in the low frequen-
cies and coarser resolution in the higher frequencies.
Quantization, 10, is carried out on the samples using the
scale factor and bit allocation information from the dynamic
bit allocation module, 9.

The dynamic bit allocation method forms an integral part
in any adaptive compression algorithm. The quality of the
reconstructed output and the extent of redundancy and
irrelevancy removal are largely determined by the bit allo-
cation method. In addition, the bit allocation procedure also
plays a part in determining the degree of hardware com-
plexity. As the bit allocation in the ATRAC -algorithm is
mainly applied to the transformed spectral samples, numer-
ous example of prier art exist for this type of transform
coder. These dynamic bit allocation techniques can be
grouped largely into two categories.

The first category consists of bit allocation methods
applying the psychoacoustic phenomena of simultaneous
. masking and threshold in quiet to derive the masking
threshold. Examples in this category include the bit alloca-
tion in the MD system description, where the MDCT spec-
tral samples are used 1o compute the masking threshold. A
more complicated technique is described in the paper
entitled ‘Transform Coding of Audio Signals using percep-
tual noise criteria’ by J. D. Johnston, where a Fast Fourier
Transform (FFT) is used lo obtain the frequency spectral
components for more complex masking calculations.
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The second category offers a more simplified method of
allocating according to the signal statistics. An example is
the optimum bit allocation procedure described in ‘Digital
Coding of Waveforms’ by N. 8. Jayant and P. No 11, which
llocates the bits to the different spectral components by
minimizing the reconstructed error dgdlnsl a constant bit
rale. '

Meanwhile the object of the dynamic bit ailocation pro-
cedure is to remove redundancy and irrelevancy while
maintaining the original audio quality. To enable the appli-
cations of this algorithm in consumer products, which in
general are ‘low in’ cost, the algorithm has to have low
complexity. The greatest difficulty in the design of a
dynamic bit allocation procedure lies in balancing good
audio quality while at the same time, keeping the procedure
as simple as possible. The bit allocation procedures
described under category one in the previous section are able
to produce good sound quality. However, a great deal of
complexity is incurred. Most of these algorithms require full
DSP (either fixed point or floating point in some cases)
power in order to perform the bit allocation.

On the other hand, the optimum bit allocation procedure
mentioned above, while less complex, is unable 10 atlain the
quality of the perceptual based bit allocation as its design is
concentrated purely on the source which is the audio signal
and not on the final receiver, the human auditory system.

Further, allocation procedure requires a large number of
iterative loops in order to use up the channel bit rate
optimally. This problem was highlighted by the authors in
the ‘Digital Coding of Waveforms®. Therefore this bit allo-
cation algorithm is unsuitable in the case where there is a
great constraint on the execution time of the DSP. To
compound the problem of intensive iteration is the fact that
in the MD coding algorithm, a non-uniform number of
spectral samples are grouped in each unit, therefore making
it difficult to compute the number of bits that will be used up
without a bit by bit allocation.

SUMMARY OF THE INVENTION

The object of this invention is to design a dynamlc bit
allocation procedure that. is adapted to the human auditory
system and yet with a low level of complexity so that high
audio quality can be achieved while at the same time
meeting the low cost target.

For the purpose of achieving the above object, the
dynamic bit allocation comprises the means of obtaining the
variance or a representative within a defined frequency
interval as an accurate representation of the signals in the
interval; the means of determining the necessary bandwidth
of the audio signal using the human hearing threshold so that
irrelevancy is removed; the means of determining the initial
quantizations using an approximate -mathematical model
which considers the in-band masking effect of the signal; the
means of increasing the quantizations iteratively so as to
meet the final bit rate required while maintaining the affect
of the mathematical model.

The bit allocation method has a very important role for
determining the quality of the reconstructed output and the
complexity of hardware. The present invention realizes a
dynamic bit allocation method which produces low hard-
ware complexity and high quality audio, by combining
psychoacoustic criteria and human hearing threshold. The
low complexity hardware is realized by allocating an initial
bit number using the approximations made in the math-
ematical model before the remaining bit number is allocated
by a precise iterative process.’
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That is 1n the present invention, the variance or represen-
tative used in the bit allocation procedure considers the
dynamic behavior of the signals and adjusts to it while the
bandwidth computation considers the human auditory sys-
tem and adapts the bit allocation 1o it. The mathematical
model also adapts to the human auditory system by consid-
ering masking while at the same time serving to reduce the
number of computational steps or loops required for the bit
allocation. This means further simplifying the procedure by
approximating the dynamic elements within. the relation
with the statistically derived constants. The iterative means
ensure that the desired bit rate is met while adjusting for the
approximations made in the mathematical model.

Meanwhile the meaning of masking threshold is described
as follows. FIG. 5 shows an example of the masking
threshold. In the figure ‘a’ indicates the lcast audible value
and the area above the line is the human audible area. And
‘b’ and ‘¢’ shows spectrum of strong signal component and
the hatched parts are the such portion masked by signals ‘b’
and ‘c’. The curve ‘d’ is a threshold value of masking
obtained from the audible area and the hatched parts masked

US 6,339,757 Bl
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by ‘b, ‘¢’ signals. Since the signal below the threshold value |

‘d’ can not be sensed, the quantization is not necessary.
Since the masking threshold is high at signal ‘b’, a higher
quantization noise near this frequency will still remain
inaudible.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is the flowchart of the present embodiment of the
invention.

FIG. 2 is the flowchart of the compute bandwidth module
within the present embodiment.

FIG. 3 is the flowchart of the initial bit allocation module
within the present embodiment.

FIG. 4 is the spectral plot of a frame of violin signals and
the error spectrums obtained with different values of F.

FIG. § is the graph showing the relation of the frequency
and sound strength (dB).

FIG. 6 is the illustration of a of spectrum grouped into 26
units.

FIG. 7 is the table of the bit allocation data WL.

FIG. 8 is the block diagram of the encoding process of the
prior art.

PREFERRED EMBODIMENTS

FIG. 1 shows an embodiment of the present invention.
First, the quantizations or bit allocations for each frequency
interval or unit (WL[u]) is set to zero (step numeral 1). The
details of the unit are described in the next paragraph. The
variance in each unit is calculated from the maximum
spectral sample amplitude in the unit (step of numeral 2 ).
Other embodiments the invention can have variations in step
numeral 2 where the variance can be calculated from an
average of the spectral components within the unit. The
maximum spectral sample amplitude was found to be a good
worst case representative of the signals in the unit, be it
tone-like or noise-like. Further, using the maximum spectral
sample saves some compulational steps. The bandwidth of
transmission is compuled next (step numeral 3 ). In step
numeral 4, the initial number of bils are allocated according
to the approximale mathematical model. Calculation of the
remaining bits is then done in step numeral 5. The remaining
bits, B are iteratively allocated to the units according to the
following steps until the number of bits remaining is less
than (he minimum number of bits required in the next
allocation.
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[1] U the remaining bits, B is less than the minimum
number of bits required in the next allocation, then the
iteration is stopped (step numeral 6 ).

[2] Find' the unit with the largest variance, var (step
numeral 7 ). } )

[3] Increment the bit allocations in the unit by one or two
bits (b),

WLIu}=WL{ukb (step numeral 8 ).

[4] Reduce the variance of the unit by va'f'[li]=vax{u}—b*F,
where F is the psychoacoustic weighting factor(step
numeral 9 ). :

[5] Recalculate the number of bits remaining, B'=B-b*A
[u], where Afu] is the number of spectral lines in.the
unit, (step numeral 10 ).

[6] Steps [6] to [10]are repeated.

The unit, spectrum number and bit allocation data (WL)

are described as follows.

The audio signal is transformed into, for example, 256
spectral lines by the MDCT. The spectral lines are grouped
into plural units. In FIG. 6, the 256 spectral lines arc grouped
into 26 number units from 0-25. The bit allocation data
W1(u) is given by an unit as shown in FIG. 7. In the example
of FIGS. 6, 7, the spectral line numbers 1-8 have the same
bit allocation data WL(0) and the spectral line numbers 9-12-
have same bit allocation data WL(1).

FIG. 2 shows the flow chart of the bandwidth computation
procedure, a modified set of values of the human hearing
threshold, obtained from listening tests, is used to-determine
the bandwidth of the audio signal and to almost eliminate
any units where the variance is below the threshold from the
next stage of bit allocation. First, the bandwidth counter is
set 1o zero (step numeral 31). In step numéral 32, the block
mode is tesled. If the short block mode was used in the
MDCT process, the thresholds for units having the same
frequency resolution is obtained by selecting the lowest
threshold from all these units (step numeral 33). Each unit’s
variance is then compared against the threshold (step
numeral 34 ). If the variance is above the threshold, the
bandwidth counter is incremented (step numeral 35 ).
Otherwise, the variance in the unit is set to a low dummy
value so that it will have the least chance of being allocated
any bils in the next stage (step numeral 36 ). This procedure
is repeated for all units (step of numeral 37 and 38 ). The use
the hearing threshold will eliminate units that are irrelevant
according to psychoacouslic crileria. '

FIG. 3 shows the procedure of allocating the initial bits to
each unit before the iterative process by an approximate
mathematical model. First, the' sum of all the variances and
the number of units with variances greater than the low

dummy value are calculated (step numeral 41 ). Step

numeral 42 checks if all the units within the bandwidth have
been processed. If all units are processed, then the variance
in cach unit is normalized according lo the number of bits
allocated to the unit (var[u]=va{u]-WL*F) (step numeral
44 ). The procedure is then ended. If all of the unils are not
processed, then the number of bits to be allocated to the next
unit, WL[u] is calculated by equation (1) shown below (slep
numeral 43 ): .

equation (1)
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WL u]: number of bits allocated to unit u

var{u]: variance of unit u

F: psychoacoustic weighting factor (a constant)

N: Number of valid units

Ba: Number of bits set aside for initial allocation

A: Approximate average number of spectral samples in a

unit

Steps numerals 45, 46, 47 and 48 check if the bit alloca-

tions, are below the lowest limit or exceed the highest limit.

In either the case, the lowest limit (0 bits) and the highest

limit (15 bits) one is set respectively.
The mathematical model has the companding effect of
allocating bits such that the error spectrum produced will

follow the signal spectrum more closely. This is achieved by -

sctting the value of F to be between 8.5 and 10. When F=6,
a flat error spectrum is obtained and this was found to
produce high frequency artifacts for a number of test
sequences at the bit rate of operation.

—
©n

FIG. 4 illustrates the spectral plot of a frame of violin -

signals, the error spectrum when F=9.03 and the error

spectrum when F=6. As can be observed from the plot, the
F=9.03 error spectrum shows a higher value of error in the
low frequencics but these errors are not noticeable as they
are masked by a much stronger signal in the band. However,
in the higher frequency end, the error spectrum of F=9.03 is
lower and this accounts for the improvement in the noise
control at high frequency. This form of allocation considers
that strong signals can have greater in-band masking than
weak signals and it is more advantageous to vary the error
spectrum more closely to the signal spectrum. The math-
ematical model 1s able to allocate up to at least 65% of the
total number of bits, thus reducmg the number of iterations
required.

This invention has been simulated to produce very high
audio quality when used in the ATRAC algorithm. The bit
allocation technique, being computationally less intensive
takes up a total of 5.7 Mips. This can contribute significantly
1o a low cost and low power (due to the low frequency of
operation) single chip LS] implementation of the encoder

What is claimed is:

1. A method of determining a bit allocation for a quanti-
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4. Method according to claim 2, wherein said represen-
tative is a variance which is calculated from an amplitude of
a maximum spectral component of each frequency-unit.

5. Method according to claim 2, wherein said represen-
tative is a variance which is calculated from an average of
a spectral component of each {requency-unit.

6. Amethod according to claim 1, wherein said second bit
allocation step is to determine the bit allocation through a
psychoacoustically weighted inverse relationship with the
said represcntative of each of said frequency-units.

7. Method according to claim 6, wherein each frequency-
unit is represented by a single spectral component.

- 8. Method according to claim 6, wherein said represen-
tative is a variance which is calculated from an amplitude of
a maximum spectral component of each frequency-unit.

9. Method according to claim 6, wherein said represen-
tative is a variance which is calculated from an average of
a spectral component of each frequency-unit.

10. A method according to claim 1, wherein said counted
number of available frequency-units is a number of the
frequency-units which have the representative exceeding a
human hearing threshold.

11. Method according to claim 10, wherein each
frequency-unit is represented by a single spectral compo-
nent. }

12. Method according to claim 10, wherein said repre-
sentative is a variance which is calculated from an amplitude
of a maximum-spectral component of each frequency-unit.

13. Method according to claim 10, wherein said repre-
sentative is a variance which is calculated from an average
of a spectral component of each frequency-unit.

14. Method according to claim 1, wherein each
frequency-unit is represented by a single spectral compo-
nent.

15. Method according to ¢laim 1, wherein said represen-
tative is a variance which is calculated from an amplitude of

 a maximum spectral component of each frequency-unit.
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zation of digital audio signals having spectral and temporal -

structure wherein the digital audio signals are obtained by
buffering audio signals in frames- and decomposing the
digital signals into spectral componcms which comprises
the steps of:

a step for dividing at leasl one frequency interval into a
plurality of frequency-units;

a step for obtaining a representative of each frequency-
unit obtained;

a step for counting a number of available frequency-units
by using the representative, based on psychoacoustic
criteria;

a first bit allocation step for determining an initial bit
allocation for each of said-available frequency-units by
using an approximate mathematical' model using said
counted number of available frequency-units; and

a second bit allocation step for determining further bit
allocation for each of said available frequency-units
based on psychoacoustic criteria.

2. Method according to claim 1, wherein

said mathematical model is derived from an in-band
masking effect such that an error spectrum will follow
more closely to the original signal spectrum. -

3. Method according to claim 2, wherein each frequency-

unit is represented by a single spectral component.

0034
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16. Method according to claim 1, wherein each
frequency-unit is obtained by dividing said spectral and
temporal structure with at least one frequency interval.

17. Method according to claim 1, wherein said represen-
tative is a variance which is calculated from an average of

- a spectral component of each frequency-unit.

- 18. A method of determining a bit allocation for a quan-
tization of digital audio signals having spectral and temporal
structure wherein the digital audio signals are obtained by

‘buffering audio signals in frames and decomposing the

digital signals into speciral components, which comprises
the steps of:

step for dividing at least one frequency mlervdl into a
plurality of frequency-units;

9

step for obtaining a representative of each frequency-
unit obtained;

a step for counting a number of available frequency-units
" by using the representative, based on psychoacoustic
" criteria where the representative exceeds a human
hearing threshold; )
first bit allocation step for determining an initial bit
atlocation for cach of said available frequency-units by
using an approximate mathematical model using said
counted number of available frequency-units; and
second bit allocation step for determining further bit
allocation for cach of said available frequency-units
based on psychoacouslic criteria;

wherein said mathematical model is represented by a
formula:

9
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7 : 8
) A represents approximate average number of spectral
var) 1 & Ba : samples in the available frequency-unils.
WS - IV_J’“=0VN('4)+W 19. Method according to claim 18, wherein each

frequency-unit is represented by a single spectral compo-
nent. :
20. Method according to claim 18, wherein said repre-
sentative is a variance which is calculated from an amplitude
of a maximum spectral component of each frequency-unit.

wherein .
WL(u) represents number of bits allocated to.the
{requency-unils u,
var(u) represents variance of the frequency-units u, . X . N
F represents a psychoacoustic weighting factor, - 10 21. Method accordmg to claim 18, wherein said repre-
N represents the counter number of the available sentative is a variance which is.calculated from an average
frequency-units, - ) of a spectral component of each frequency-unit.
Ba represents number of bits set aside for initial :
allocation, and * ok ok k¥
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;h?INVENTIbN_' o

A bit allocation méthbd.er transforﬁ_cpder

BACKGROUND OF THE INyENTION
1. Field of The Invention

Thig invention relates to’fhe.effiéient.ihformétion coding 5%
digital audio sigﬁals for transmissioh o; diéital-;tofage media
especial%y a quantizaiidn"method using ah'efficiént bit»gllo?&tién

method for informafion codihg

2.lRe1ated art of The Invention

‘Compression algorithms for wide bana aqdio signals éfe.find}né
wide—spread:appliqatiéns in fédent_yeafé. iﬁ the area.oﬁ:consumer
elgctronicQ,lthe Aigita1 co$pact c;ssetpe’(pCC) and the'mini;djsc
syS£em (MD) a;e tWovapplicatfons of these compression élgorithhS;
While the DCC system uses auqompreésﬁon algofithm that'is_based.on
sub-bghd cod;ng,‘thg MD systgmvuses.aﬁ_aigorithm.that is paséd'Anfé
hybrid of sub-band and fransfprm co@ipg with the trgnsform coding:
portion forming fhé backbone of the algorithm. vThis ipyehtionlis
rélated to the dynamic:bit gliocation df-tﬁé Mﬁ.coder.

The MD system useS'the_ATRAC compressioh»algorithm that is
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doquﬁentgd in chaptér-lO‘of the MD system degcription.by Sony in.
:Decembef 1991. . Thé ATRAC algorifhm compresses th; input audio
signals at a bit-féié of.70516.k'b11/§/6hanne1 to a bit rate‘pf
146.08 k bit/s/channel.

Fig. 8 sho;s fﬁevblock'diagram‘of'the énéoding process. Thelfpput
ﬁime sighals are‘firéi passed_througﬁ‘a sg}ittingﬂfiltgrxbank,-1,.ZL 3,
t;,obégin.theVsignalslin_thregffreQQencf Bands. ’The_lower two bands”

are each at hqlf %he'bandwidth of the uppe;mo;t band. Block size

decision, 4, is made'for each band to determihe.the sample size or-
‘block. mode for the Qind@wing and Fransforﬁ‘process, 5, 6, 7. ‘Qnei;f
the tyo block modes ayéilable;fbshort'blgck mode or long block-mpde;l
will Be‘seleéted for each,qf‘the bands. .The’transfofmed spectrai
sampies are gréupéd into unit$ and. in each unith'a scale factor is
derived from the peak value; of.the samples 'in the_unit,38. These
uﬁit;;arefnoﬁ—uniform freqﬁency'inté;val; with a finer resolutf;ﬁ in-
thé'lpw frequencies and cqarse; resolution iq;thé higher freqﬁencies.
Quantiéé;ion,'IO, is carried out on thevsamples using the -scale faétor
and bit ailocation in%ormatioh from thé d?naﬁigtbit alléé%tioh_médule,
g ‘ | : : ‘ . .‘ . )
.The dynémic.ﬁi? alloca£ion method forms an integfai part in aﬁy‘
_adaptive,com#reésion algori;hm. _The quéli&& of ihe feébastrugted 

output and the extent of redundancy and irrelevancy‘removai are
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largely determined by the bit allocation metrbd} ‘In additren, @he

bit allocation procedure also plays a -part in determining'thevdegree

of hardware compiexity. As the bit allocation 1n the ATRAC algorlthm
/)/I/LL/VV\@M" >3 2y ly”—-& >

is mainly app11ed to the transformed spectral samples, q&r%e—a—ﬂumber

~of prior art-exisp for this type of transform.coder. These dngmic

bit allocation techniques can be grouped largely into two cévtegbriesT

The first cafegory consists ef bit allocation methods applying
the-psychoacoustic.phenomenavof.simultaqeousAmasking and ihreshold
in quiet to'derive the méékihg ghresholal- Exampleé in this category
include the bit alleeation ig the‘MDvS&Stem‘descriptiog, where_fhe
MDCT seectra} sampies_are usedleo eompute tﬁe masking thresﬁold.
lA nore eomplicatedltechnique rsvdescribéd in £he'paper:entit1ed
"Transform Codihg-pvaudio Signals using percepfdal noise criferia‘
Ble‘D.Johnston, where a Fast Fourier Transforh-FFFT) is ueed_tdk
obtain ‘the frequency spec£ra1 components for morelcomplex masking
célculations. \

The second category offere a more simplified.method.of:éllocatipé
according to the srgéal statistics.. An example r; the optimuh bit
allocation procedure descr1bed in ’'Digital Coding of Wavefqrme’ by

2 4—}/"‘(‘/1— ‘
N. SoJayant and P. Nollhallocates the bits to the dlfferent spectral
compdnents by minjmizing_the reconetructed error against»a constant

bit rate.
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Meanwhile the ébject of the dynamic bit allocation proéedure-is.
to remgve redundancyvand‘irrelevanCy while'pain£aining the original
audio quality. To ‘enable thé applieations of this algor?thm in consumer

products, whicﬂ in general afe Jow.in cbst, the algorithm ha; to .
Have iow complegity.' The_greatest.difficulty in the deéign of a
d;namic bit allﬁcafioﬁ procédure lies in balancingvggod audio quality
while at ‘the same time, keeping the procedire as simplélas pqssibie.
The bit allocation.procedures_described ﬁndér category‘qne}in the
previoﬁs section ére-abie to pfoducg goéd soﬂnd‘quality]-.ﬂdwéver{

v

a great deal of complexity is incurred. Most of these algorithms

o require -a full DSPfs\(eithef fixed point or floating point in some

l " cases) protessing power in order to perform-the bit allocation.

On the dfher-hand; the optimum bit allocation procedure mentioned
above, while less_complei, is unable to attain the quality of the

perceptual based bit allocation as its design is concentrated purely
on the source .which is the audio signal and not on the final receiver,

the human auditory system. l

'

Further, allocatioh'proéedure requireé a large numbér:of iterative
loops in order to use up the channel bit rate'optimally.. This_broblém
was highlighted by the authors in the 'Digitai Coding of Waveforms’.
Thereforth+& bit allocation algorithm is unsuitable in the .case where

there is a great constraint.on the execution time of the DSP.
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To compound the broblém of intensive iteration is the fact that in the
o , v o
MD coding algorithm,Anqn—uniform number of spectral samples:are

‘grbuped in: each unit, therefore making it difficult to compute the

number of bitszthatvwill be used up without a bit by bip allecation.

SUMMARY OF THE INVENTION

The object of this inventioﬂ fs ;o Aesignva dynam;c'bit
allocation procedure that is adapted to the %uman auditory éystem
apd yet‘with a low level of complexity so that high audib guality
can be achieved-while-at the same time meeting the low cost target.‘

For the purpose of achieving the above“oquct,_the'dYnamic'bit

allocation comprises the means of dbpaining_the variance or a

representative within a defined frequency interval as an accurate

representation of the signals in the interval; the means of determining

T

 the necessary bandwidth of the audio signal using the human hearing

threshold so that irrelevancy is removed; the means of detérmining:the

initial quantiiations uSing‘an apﬁroximate‘mathematihal modéllwhich 5

: : . o ‘ . .
considers the in-band masking'effect of the signal; the means of -

- increasing the quantizations*iterétively s0 as to meet-the final

affect

bit rate required while maintaining the effeet of the mathematical -
modei.

a_ “
‘The bit allocationvmethod_hasAvery important role for

‘5

Y
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determining the quality of the reconstructed output and the complexity.

. (4 . )
of hardware. The present invention realizesAdynamiqlbitzallocation

method which produces low hardwdare complexity and high‘quality audio

by combining psychoacoustic criteria end'human hearing threshold . The

. . D ‘ ‘ e Co
low complexity‘hardware is reali;ed by allocatingkinitiallbit number

‘using. the approx1mat1ons made in the mathemat1cal model before the

A Taalire

remaining bit number is allocated by a precise TﬂtETHtTve process.

That is in the present invention ’, the Ydriance‘or represehtative'
use§ in'tﬁe biﬁ aliocation procedure considers the d?namic beheyior
of the signals\end eejuses to it while the baedwidth'computatidp3
considers the human auditory system ane adapts the bit aliecatidn to
it; The ﬁatﬁematical model also adapts to ehe:human auditgry;system

by considering masking while -at the same time serving to reduce the

number of computatlonal steps or loops requlred for the bit allocatlon

ThlS means further—e+mez§:fes-the grocedure by approx1mat1ng the

¢

dynamic elements within the relatlon w1th the statlstlcally Herlved
constants. The itefetive means ensure that the desired,bit-réte is
het while adjusting fbr'the‘appfoximations made in ﬁhe‘maehema@ipai
model .

Meanwhile the'meaning of.masking threshold is'deseribed as follows.

Fig.S_sHows'an'exampielof the masking threshold. In the figure ’'a’

~indicates the leasf_audible value and the area above the line is,human

.
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addibie area . And 'b’ and "¢’ shows spectrum of étrong-signal‘component

Fhe <y :
and the hatched parts are-snth'portlon masked by 51gnals ﬂb and ¢

f.
The curve 'd’ is a threshold value of masklng obtained from the:auﬂibie
area and the hatcﬁed parts masked by 'b’,’c’ signals. Since tﬁe'eignal
below the threshold value 'd ' can not be sensed , the quantization is.
" ‘not necessary. Sinee-the“masking threshold is high at signal b, a
'higher quantization noise near-thisﬁfrequendy wilifstill_remaiq
inaudible.
BRIEF DESCRIPTION OF THE DRAWINGS
. 'Yém(f(‘/h}’l}k
ﬂL, . Fig. 1 1s the chart‘of the . present embodlment of the
“invention.
E %@M/ﬁwf ..
ok ' Fig. 2 1s the f&ew—eha;t of the compute bandw1dth module w1th1n
the present embod1ment : j i e } . )
o et - o
A’/' . Fig. 3 is the 4ﬂ1nhthart of the 1n1t1a1 b1t allocatlon module
- . {g«
~within the present embodimept.‘
Fig. 4 is the spectrdﬁ plot of a frame of "violin s1gnals and “the

/‘ "y

error spectrums thainedtwith different VaIUesbof F.
o Fig. § is‘the graph showiné the relation of the frequency and
/i~ - sound strengthiéiﬁi.
: e

Fig: 6 is the‘illustfationjdfﬂspectrum groupediinto 26 units.
) . ) >P% S

Fig. 1 is ‘the table of the Bit’allocatiqn‘deta WL .
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Fig. 8 is the block diagram of the encoding'procéss’df the prior
. s . .
. . e .

art. ///;;/f

PREFERRED EMBODIMENTS
- : First
Fig. 1 shows an embodiment of the present invention. Firstdy, the
quantizations or bit allocations for eaéh frequency interval or unit
(WL{ul) is set to zero (step of numeral 1). The details of the unit are

described in the né&t paragraph. The-variancé in each unit_ié

“calculated from'the maximum spectral sample amplitude in the unit

_(stép of numefal 2). Other embodimenis;9f/the invention can have

variations in step gf numeral 2 where the variance can be calculated
from an average of tﬁ% spectral components within the unit. The

maximum spectrdl sample amplitude was-fpﬁnd to be a good worst case

representative of the signals in the unit, be it tone-like or

" noise-like. -Further, using the maximum spectral sample saves some

computational steps. The bandwidth of transmission'is computed next -
) Oy . ;

,(step,ﬂf/dumeral 3). In step_hf/nﬁmeral 4,Ainitia1 number of bits are

allocated according to the apprbximatevmathematical model. Calculation

of the'femaining bits is then'doﬁe-in step-/pf/numeral‘s. The‘fgmaining.

bits, B are iterapively allocated to. the uniﬁs-}ﬁ—accordiqg,t0'¢he

following steps.uhtil the number,of bits‘remaihéng is less th;n the
minimum number of bits requiied in the next ayloéation;

?
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[1] If the remaining bits, B is less than the minimum,numbervofb
bits required_in the next allocation, then the iteration is
stopped (step-ef’ numeral 6).

{2] Find the unit with the largest varjance, var (step-ef-numeral 7).

[3] Increment the bit éllbcations in the unit by one or two bits (b),

WL’[uj==WL[u]4-b (step of numeral 8).

 [4] Reduce the variance of the unit by Qar”[u]==var[u];jb*F,

where F is the psychoacoustic weighting'factof(step,gé*huméfél 9).

[5] Recalculate the number of bits remaihing) B’==B—~b*A[ﬁ],
where A[u] is the number of spectral lines in the unit,
(step,gf/humeral 10).

[SJAS{ffr{G]'tp [lUJA%G repeated.

Jot: (L)

The unit, spectrum number and bit.allocationA&&534WE%iére described

as follows.

The audio signal is transformed into ,for example , 256 spectral

-9

e

i
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11nes by MDCT The spectral 11nes are grouped into pluralvunitsy"ln

) : : ) LDWQJ
Fig. 6)the 256 spectral llnes are grouped into 26 number Qf/unlts of

' o e ) . :
0-25. The bit allocation data WL(u) is given by,unit as shown inlEig. (A

| 6,

. ' X ‘ o )
In the example of Figs.j447kthe spgctral line numbers 1-8 have the same -

bit allocation data WL(0) and the spectral line numbefs'S—IZ,have sahe
bit allocation data WL(I).

o ' ' . ,0/:49@4«//2/% L, A
© Fig. 2 shows the flow chart of the bandw1dth computat10n~9;oceduLe.A,

L
modified set of values of the human hear1ng threshold, obtalneclé;;bé—2 '

fute

_listeningN. , is used to determine the bandwidth of the audiolsignal

and to almost eliminate any units where the variance is below the

Frrst-

threshold from the next stage of bit allocatidn. ;F%rs%%y; the bandwidth

counter is set to zero (step gffnumeral 31). Im/a/étepﬁaf’ﬁumeral 32,
the block mode is tested. If the short block mode was used. in ‘the MDCT
process, the thresholds for units having the same frequency resolution

is obtained by selecting the lowest threshold from.all these units L

(stepzﬂf numeral-ﬁg. Each unit'g'iariance is then compared against the

threshold (step’pf//num;ral 34). If the variance is above the threshold,

the bandwidth counter is increménted (step Qf/ numeral;35). Otherwise,

’

. the,variéhce[in the unit is set fp a Iowfdummy value so that it will

have the least chance of being allocated any bits in the next stage
(step p{’numera1'36)},\This procedure is repeated for all units (step

of numeral 37 andjﬁS)L' The use of the hearing threshold will

~10~
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o eliminate qnits.that are irrelezgnt according to }hé/;syéhoacdustic i

criteria.
Fig. 3 shows the procedure of allocating the initial bits to each
‘ ! C o . !
unit before the ‘iterative process by an approximate‘mathequical model.

f, ‘,517./ o . } . .
ﬁ;' ,séfsrTvz the sum of all the variances and the number of units with -

‘ v,  variances greater than the low dummy valﬁe'are calcqlated (step of”
B nUmerai'41)u Step/pf'numerai 42 checks if all the_unifs within the

bandWidth»héve been processed. If all units are processed, then the
variance -in each unit is normalized according to the number of bits

allocated to the unit ( vér'[u]==vér[u]—?WL*F)-(stépvgf(humerai 44) .

& A7 VLxE) - [step ot
) {)_,3,2 L’.’,L// -LJM LUhL’é_Q-/ t"-/!é‘(/)’\/(,:%'
v The procedure is then ended. If not—all the-units—are processed,
then the nuﬁber of . bits to be allocated to the'next'unjt;'WL[u].is
L calculated by equation (1) shown below (stép';f/huméra1‘4&):
. . N .
T O "~ varfu] - : Ba )
AR N WLlul= - — I var[u] + — ---equation (1)
" ~ NF S AN o
u=0
‘WL{ul : number of_bits allocated to unit u
"var[u] :'varighce of unit u - o
‘e F Con psychdacoustic1‘weightihg factor (a constant)
N : Number of valid units
Ba : Number of'bits-sét»aside,fof‘initial éilocation
A o Approxima;e averége number'of spectrql samples

_11_,
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inh a unit

Step§ ef’numerals 45, 46, 417 and 48 checki 1f the bit allocat1ons
0 . . .

rs below the lowest 11m1t or exceedf the hlghest limit. In elther-o%—
| (b k) S 4 se
}h case, the lowest 11m1tfﬁ7 and the highest 11m1t£+5—b1ts%-1s set '
re§pective1y.=
The mathematical model has the companding éffect of aldeating'bitS'

such that the error spectrum produced will follow the signal spectrum

more closely. This is achigved by éetting‘thé‘value of F.to.be between .

- 8.5 and 10. When F=6, a flét error speétfum is-obtained aﬁd ﬁhis was

found to prodﬁqé hig£ fredueh;f aftifgcts for ; number of £est séquéncés
at the bit rate of operation. - v '
Fig..4 illuétfétés.the.sbectral-pldt of é'frame of.Violin signéls,

ithe error spectrum when F=19. 03 and the error.speétrum when F—-6 As
cgn be obser;ed;from thg‘plot, the F=19.03 error. spectrum:gﬁiﬁg:i’
higher'valué of-e;for in §hé‘1ow.frequénéies but thésé' erroré are not
noticeable as tﬁey are maéked by a much strdnger sign;i'in the_band;
However, in the hiéher frequengy.énd,:ih@ é;rdr?;becfrum of‘F=;§f03 is
lower anh this a¢c6uﬁts forﬁtﬁe impioyemént in the noisg'éontfol at
High frequency. " This form of alloéation:gonéiders that stf6ng;$iénals

can ‘have greater in-band masking than weak signals and it is more

The

_ advantageous to vary the error spectrum more closely tq&siénal Spectrum.

-12-
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‘ The mathemafical model 'is able 'to allocate a;_Lea&;,up'toNSS% of the .

total number of bits, thus qqdﬁbingvfhe”number-gf iterationsbrequifedl
This invention has been simulatéﬂ to'produce'véry high audio’
C ' T
duality when used in thevATRAC‘algorithm. The bit allocation technique,

¢

being computationally less in;énsive:takes up a total of 5.7 Mips. This

. can: contribute sighificanpl& to-a low cost and low power (due'to;the

'

low'fréquency'of operation) single chip LSi implementation of. the -

encoder.

| =13=
. i L.)\ .
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WHAT IS CLAIMED IS:

_(1).a method qf,depe#mihing a quantizatfion ofjdigital';udio '
signals having spegiral And6£émboral strud¢ture wherein Fhe épdio'
signals a}e buffered .in frames and decom oséd'into its spg@;ra}
components, which cbmﬁrises the steps off

obtaining a variance and/or a repres ntative‘of the components

of the said frame within a defined freqyency interval;

' computing a necessary bandwidth psing a ps}dhbacoﬁstics
cpiterié;.

determinihg an iniﬁiAI quaﬁtizgtion;‘of each said frequency E
interval using an approxiﬁate!mathemgtical.model; g
iterati?qu increésiﬁg_ quénéizations forlsétisfying necessary

and final bit rate , maintaining effé

(2) Method according to claim 1, w erein said iteratively =
increasing quantizations is that

iteratively iﬁcreésing quantizatfons of each said'frequéncy

interval through a psychoéqousticall ngghted inverse'rélationshfp

with the said variance of each saidffrequency interval.

(3) Method according to cléim'l, whéreih

the bandwidth is computed by domparing the said variance or

')
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J representative against a human hea;i g threShold such:thatlthe
1arges£'frequency interyal”wjth safid variance or represéﬁtét?ve
exceg&ingvthg hearing thr holdltakén té be the'bandﬁiatﬁ{.

. “\ i |

L o 7
(4) Method accofding to cléimxf, wherein
- said mathematical model is qerived'A-‘ orrsideration—of an' in-band

masking effect .such that an errdr spectrum will follow more closel§ to

the original signal spectrum.

g

g
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ABSTRACT
AL b
When determining a quantizatio -ef digital audlo 51gnals hav1ng
spectral and temporal structure wherein the audio signals are buffered
in frames and ﬁecomposedvinto@%%&.spéctral components, the»method is:

obtaining a variancekand/br a rtepresentative of the components of the
the frame within a defined frequency interval; computing a necessary

bandwidth using ;’-ﬁsychoacoustic? criteria; determiniﬂg an initialﬂ

i

quant1zat1on I o each U+~4he~frequency ‘interval using an approx1mate

qu n?é ,125@%4 é?hz/u ;J
mathematical model; and 1terat1 ly 1ncrea51ng qnaﬂ%+%a$4uns_oi-eaeh'

: N\J?YWAQ«Z» .
the frequencyZhﬂnnwwﬂ—through a psychoacoustlcally weighted inverse

ﬁén;&ﬁ4aaﬁc;.~

relatlonsh1p w1th the the variance of each of the frequency 1ﬂ%efva% .
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‘Declaration and Power of Attorney For Patent Appl|cat|on
4frn£FHjﬁEﬁ_i

#is. TMLE&%&EQLL%%#& LT MFoES
WEETS !

O zsﬁwmsm@mx\ THICRRCHL
TicH bf“ #:') THY,

mo;seam:aa L. WROBECREL LB EKD 52
BADERD ., B LTH—ORIBETH D (—ADKSE
DHNTRICERE ATV BEE) . b L<ARD,

BYC LTHARORPETS S (HBORGHF TSR

AhTV3E) 5L

Jabanes_e Language Declaration | .

As a below named inventor, | hereby declare that:

My residence, post office address and citizenship are as stated
below next to my name, :

I-beligve | am the original, first and sole inventor (if only one
name is listed below) or an original, first and joint inventor (if
plural names are listed below) of the subject matter which is

" claimedandforwhich apatentis soughtontheinvention entitled

;

A bit allocation method for

transform coder

2 DPME
MY 67‘5LEDEH’T)
O ZZicEftT 5, .
a - = - BICHEES
® S LTRHL.
BICHIEL %,
(547 388)

iz, FROESWBELARROREE S CHAM

BOARFRIL . BRLAZEEHRET S,

iz, EFGRMARSINE 1 EES6E (a) ISRV,

*EEW&ELFH%W’F%EE%TT'\ EnBEBTIILE
uzwéo

Page 1 of 3

" the specification of which

- {check one)

Bq is attached hereto.

[ was filed on as

Application Serial No.

and was amended on

(if applicable)

| hereby state that | have reviewed and understand the con-

tents of the above identified specification, including the claims,
as amended by any amendment referred to above.

| acknowledge the duty to disclose information which is ma- .
terial to the examinationof this application in accordance with
Title 37, Code of Federal Regulations, §1.56(a).

4

Form PTO-FB-265 (8-83)

Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE
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Japanese Language De .iaration

it SREEABBBEY 216 5 FRONE
TSEFHEE £ (L RSB B 2K L.
-

. Prior foreign applications

ESIIBRAEOTRICED SRR HBAOHMANOHME
BT 5NEEF B /- (A RABEEIHAR £ LI T ICARRE T

t b

)
B hereby claim foreign priority benefits under Title 35, Umted

" states Code, §119 of any foreign application(s) for patent.or
. inventor's certificate listed below and have -also identified

below any foreign application for patent or inventor's certifi-
cate having a filing  date before that of the ~application on
which priority is claimed:

(& 8)

ErHBEO R 2 ER L. KEOBXKOGEASEICEH
wzﬁne?@an%%%%nz*%1ﬁuﬁmw%mr

wA%EItHEEkBﬂTE h'ﬁ%b‘&ﬁfik
BEOHEE EABEOEAHER $ 213 P C TESHED O
BUSAR & N BHTRI ARG 75 1 EE56% (a

35!

(HEADEAB)

Hit. SREAREBBEI0 RICbEITRNER

sLTL RO/

) 1E.
Lnaﬁwrﬁﬁm*iﬁ’&ﬁr‘h"r'\%%E%ﬁ'&é«. LEBY

l %wﬁ#@tﬂﬁﬁ Priority claimed

' : EEEOTR
P. apoln hei 5-30,712 Jenan 19, February, 1993 & g]
(Number) (Country) (Day/Month/Year Filed) es - o
(& B) (@ 8) - (HRoZEAR) / &Y zL
(Number) (Country) {Day/Month/Year Filed) ‘ ge]s _ [I;]
(& 8) (@ %) (HBADZ A A) Y] zL
(Number) {Country) {Day/Month/Year Filed) Qs ‘ . go]
@ %) / BN zL

| hereby claim the benefit under Title 35, United States Code,
§120 of any United States. application(s) listed below and,
insofar as the subject matter of each of the claims of thls
application is not disclosed in the prior United States appli-
cation in the manner provided by the first paragraph. of Title
35, United States Code, §112, | acknowledge the duty to
disclose material information as défined in Title' 37, Code of
Federal Regulations, §1.56(a) ‘which occurred between the
* filing date of thé ‘prior application and the nat!onal or PCT~
-international fllmg date of this application: '

B, CCHBECOHRICDHETVTHFoABRN TA
THEETHY.
ST BN EETH 3 EIEL. & SICABICRIBO
BMREE - 4158. SREZATISIBBEI001RICLY .
fes L BBBlone sSh3y,

BCH LTRSS A BEOHMEEIRD 2 r‘: wHHIE
CERBRLT. LIEORRETT oA EEEE

BEOETHREMLLUTETHET AR

: FERThS ORI
HEh, 205 RBICLIBBOBEBIKELVLE

(Application Serial No.) (Filing Date) (| /E) ’ (Status)
(EEES) C(mR) CEEENT TR R - U

(Application Serial No.) (Filing Date) (8 ' %) (Stalus)
CLES) CUE) UREEEA. R, HEES) P andaned)

- | hereby declare that all stetements made herein. of my own .

"knowledge are true and that all statements made on infor- -
mation and belief are believed to be true: and further that
these statements were made with.the knowledge that willful
false statements-and the like so made are punishable by fine
or imprisonment, or both, under Section 1001 of Title 18 of
the United States Code and that such willful faise statements

- may jeopardize the validity 6f the application or any patent
|ssued thereon.

Page 2 of 3

Form PTO-FB-265 (8-83)

Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE
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m.‘b;._“

‘Japanese Language De. .ration

EEK R, TRRBEELT. UTOKEBALIS
WCREL, ABOFRERTT I ERTESAICMTS
—PINFTALBEBRTICMLTIT) CLEEET 2,

(RZARESSUERESLAROCIE)

POWER OF ATTORNEY As a named inventor, | hereby
appoint the lo||ow|ng atlomey(s) and/or agent(s) to prosecute
this application and transact all business in the Patent and
Trademark Office connected. (herewllh (list name and reg-
istration number)

;o

BEVERIDGE, DEGRANDI, WEILACHER & YOUNG

) .Josepth’. DeQréndi (1144_6) ‘Helen M. McCarthy (32513)

Robert G. Weilacher (20531) Dennis C. Rodgers (32936) .

Richard G. Young (20628) William F. Rauchholz (34701)

John T. Roberts (20908) - G. Byron Stover (34737) - :

Mlchael A. Makuch (32263) RN B
= Zﬁlo)iiﬁ,% : Send Corres'por)de'r{ce»lo: -

2 DGE, DEGRAND], WEILACHER & YOUN

BEARIEERE (s & u'msgg) Direct Telephone Calls to: (name and telephone number)

659-2811

H—DELUE-DORAFNES * . | Full name of sole or livé\ inventor
_ ' ‘ 6o | Teh, Do Hul ‘
ERBENRL - Bt Invamovs signature Date @ .
' - ol el 403
{17 Residence : = :
. ~ Singapore S5 K,
531 Citizenship M'alay S'_L a X
BEORE Post Oﬂxce Address
X ' lec 118 Tampines Court Tampines . St 11
S , , No.l2 180 Singapore 1852
%_zo?;tﬁ‘-lgﬂﬂ#o)&g_ (_ngrme) 2.0 fnug?la’me}_g_gﬁw.rf en%n,nt inventor, if any
| B 2REAFNDER a1t Second Inventor’s si nalure = Dale; .
@& Resmence ) ]
_ : __Sl.ggapore Sl A
| B Citizenship .
_ Malaysia
BEORE Post Office Address
Blk 128, Yishun St.11 )
: N6.05-305 Slngapore 2776

(FAEhi2t huﬁéd)xﬂﬂfﬂﬂ%t-ﬁ LTMWMM
BELUBREMRT B &, )

(Supply ‘similar information and sugnalure lor third and sub-
sequent ;olnt inventors. )

" Page 30f 3

Form PTO-FB-265 (8-83)
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B

' ;3 m;mgah%‘&)f!ca_ﬂ_!éwaf

* | Full name of thir

inventor, i any

. , ) Neo, Sua He..s Je
FEIRAENEE aft Third = Inventor's signature S .Date . |
; : -» : v Z{@fy‘ F Hoct s
E4i) Residence o ) R D
: o Singapore . . s
e CHizensitp, Singapore 3
BEORER | Post Ofiice Address ) B
‘ . Blk 456, Ang 1’[0 Kio Avenug lO
, No.03.—155_8' Singapore 2056 '
EIOABRPENESE (54T 5188) Full. name of fourth joint inventor, if any
mgqlgagfa);g v B Fourdh Tnventors signature “Date
&R . H_esidence
@n Clllzenshlp
BEORE : = Post Office Address
%5 U)}%I"lﬁﬂhiﬂ)ﬂ'c% (!!%H‘ 51]6) Full.-name of £ fth joint inventor. if any
ﬂgs gan:ga);g - B Fifth Inventor's signature Dalé /‘
e ] _Hesidénce
E31 Citizenship
BEORE Post Office Address
%6 rnattr’lgagim{a (lxgran) ‘ Full name.ol 'sixth jointinventor, if any '
ﬂ;’ﬁ RBB%“D!% 81t » S|'>_<th Inventor’s signature . ) = “Date
&R |- Residence
2 1] ) Cl*iz_enship
!Iﬁfifnﬁﬂ’: : Pos; Office Addr‘ess
%7 0)#[5)28}!%‘0&% BT 5188) Full name of seventh joint iﬁven,_ior. it any -
BE7 gag:ta');g aft Seventh Inventor’s signature — B vDale;
‘ﬁi’ﬁ Residence . '
@n N Citizenship* ]
BEORE

Post Otlice Address

Form PTO-FB-265 (8-83)
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Fig. 7
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Inventors:. TEH, et‘ai;
Serial No.: To be assigned

Filing Date: December 6, 1993
$hegt 8 of 8
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______ . Application ‘Assignment Record

According to the application transmittal letter, an assignment recording ownership was filed

with this application; however, a copy Qf this record was not located in the original file his.fory
recordl obtained from the United States Patent and Trédemark Office. Updn your request, we

will attempt to obtain the assignment docﬁrﬁents from the Aséignment Recordation Branch of

of the United States Patent and Trademark Office 6r from a related appliéation case (if applicable).

Please note that additional charges will apply for this service.

This page is not part of the official USPTO record. It has been determined that content identified
on this document is missing from the original file history record.
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Atty. Dkt.
03-48683

| the filing date of Patent Application 5-030,712, filed in Japan

above-mentioned application is attached.

B/3677

PATENT

S | #z

> PP ok }
' \ . L«/’a{,ﬂéwﬁ ‘{{1’

THE UNITED STATES PATENT AND TRADEMARK OFFICE Y

| . l R AR AT

Applicantéﬁﬂ TEH, et al.

Serijial No.: To be assigned
Filed December 6, 1993

For : A BIT ALLOCATION METHOD FOR TRANSFORM CODER

CLAIM FOR PRIORITY

Hon. Cqmmissioner.qf Patents
" and Trademarks
Washington, D.C. 20231 ,

Sir:

Under 35 U.S.C § 119, Applicants claim
. R

the benefit of

on \February 19, 1993. = !

In support of this claim, a .certified édpylof the

Respectfully submitted,

BEVERIDGE, DeGRANDI, WEILACHER & YOUNG

N\
By: ( - ¢
g?seph A. DeGrandi, Reg. No. 17,446
850 M Street, N.W., Suite 800
Washington, D.C. 20036 . .
Telephone: (202) 659-2811 -

December 6, 1993

e
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) i PATENT OFFICE )
JAPANESE GOVERNMENT

Eﬁié n’C'ﬂégfﬁliTnE@ﬂjlﬁ%ﬁL o ntc
%ﬁtﬂ T‘%é & ZABT B, |

ais is to certify that the annexed is a true copy of the followmg apphcatlon as filed
‘thlS Office. :

€ AR
: of Application: 19934 2H19H

BB 5 . S
.__ation'Number: R SHEKEFFEE030712%

MTE %ﬁ%%’ﬁk‘v\i‘i

19934 58140

TR
Commissioner.
Patent Office

WHEFE 05-021796
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ABSTRACT +~

The codin.g of high quality sound in 64 kbit/s is of

high interest for applications such as ISDN. The -algorithm
that we describe in this paper, allows the reduction at such

a bit rate while keeping the original quality. It is based on -

transform coding and it uses a AC transformation.
Perceptual properties and the.interblock redundancy of the
spectrum are involved when coding the: transform
coefficients. The complexity of this algorithm allows its real
time implementation on one floating point digital signal
processor such as the DSP 32C of ATT. Finally, the

performances and the subjective results of this coding

system are discussed.

I INTRODUCTION

The major drawback.of the use of digital audio in -

Telecommunication applications such as ISDN, is the
required bit rate. Many algorithms have been- recently

roposed to reduce this bit raté. Most of them are based on’

ransform Coding (1], {5]. They achieve a high quality
coding at a bit rate of 2 to 3 bits per sample.

The coding system that we propose is designed to
work at a bit rate of 64 kbit/s per monophonic channel for
a sampling frequency, F;, from 32 kHz to 48 kHz. But
because of the flexibility of the bit allocation procedure,
other bit rates are easily possible. ,

This algorithm looks like the well known Adaptive
Transform Coding (ATC). Only the encoder is described in

this paper. The structure of the decoder is quite

symmetrical to the one of the encoder (figure 1).

After the TDAC transformation which “is shortly
described in section II, the masked coefficients are detected
in the short term spectrum (section III). In order that
encoder and decoder achieve the same bit allocation, a
spectrum descriptor is computed from the non masked
coctficients. IfS coding scheme takes advantage of the long
term stationarity of the signal (section 1V). Then the
section V. describes the bit allocation procedure which is
designed to perform the spectral noise shaping. The bits are
distributed according to the perceptual importance of each
coefficient. Finally, the section
implementation and the performances of this algorithm.

v

Pour e tire du 1vF8
Voir-an sgtonde pagd -

. spectral’ lines d\]r(m,k)'are inaudibte. They

deals with the real time

) (1"0_&,164/4-4 M

g

)

TRANSFORM CODING'OF-A.UD‘IO: SIGNALS AT 6.4 mr')s
I v Mabiew nd L2Pet

Centre National d’Etudes des Télécommunications
Route de Trégastel 22300 Lannion FRANCE,

Il TRANSFORMATION AND WINDOWING

The transform ‘that we use is the Time Domain .
Aliasing Cancellation (TDAC) transform, (2], which is”
defined as : ‘ i
ylmk) = (-
N-1 :

© T x(n).h(n)cos(2n(2k+1) (2n+1)/ (AN)+(2k+1)n/4)

n=0
k=0,...,N-1

-N is the block size, h(r;) is the analysis window;
_-mis-the temporal index, k is the frequential index.

The inverse.transform is :

x(m,n) = (2)

N-1 ’ . )

¥ y(m,k).f(n)cos(2n(2k+1)(2n+1)/(4N)+(2k+1}n/4)

k=0 o .
n=0,..,N-1.

- f(n) is the synthesis window.
The reconstructed signal is simply-obtained by overlap-add

of xém,n)'. The perfect reconstruction is achieved with the
wincows h(n) = {n) defined as: '

h(n) = J2.sin{n.(n+1/2)/N)

13)

The computation of this transform is performed by a
particularly eEﬁcieht algorithm. The global amount  of
required operations is about N.ogy(N). The coding
algorithm. has been designed with 2 N=1024 sample
‘window which delivers a relatively high spectral resolution.
Because of the limitation of the human ear bandwith, only
the N, first coefficients are coded. N, corresponds to the
frequency of 20 kHz. (see Table 1). .

I F THE MASKED COEFFICIE

Because of frequential masking [3], some of the
be non

transmitted without adding any perceptible degradation to

- the original signal. At ﬂ;f encoder, they are- detected by

comparing the energies y“(mk), to the masking threshold
S(m,k). en the masked coefficient = indexes are
transmitted to the decoder by "Run Length Coding".

L) .

- 405.2.1
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¢ . .
. The number of masked coefficients per transform
‘ block, is very variable. It is especially high for broadband
2) Principles of the computation signals, For instance, the average number of masked

coefficients is 395 over S12 for a sequence of bassoon of
< duration 3 seconds. ‘ i o

1} Computation of the masking threshold /

The computation of the  masking threshold is

performed on a line by line basis. First the spectrum i7" 0 .
multiplied by the transmission factor of the €at, ag(k) {3]. . . ., 2)1RunLength Codin
This weighting is e uivglgnt_,:t_bf:_lgwp_[_tﬁmng_rgy_of the | 25747 .

- highestTTreqiiencies. Then the masking threshold 1s derived : 1o . L

- from the convolution of the spectrum_Y(v) -expressed on ) Coding principl
the critical band rate (also called Bark scale), v, by the ‘
basilar membrane spreading function B(v). The influénce

" of etk rafsforn Zoefficient~ y(mk) o the masking : Let I(mk) be a bit equal to 1 if the coefficient y(m,k)

t . is masked. The series {1 , k=0,..,Ni/2-1} exhibi
threshold of each other coefficient y(m,i), i # k canbe = grjess long unbroken(nsgsl, o)f'O or of 1./'Ihe}lcngtgl§fnc‘§£;
expressed s : ‘ run is coded and transmitted, so allowing the decoder to
) . . rebuild the whole range (I(m)k), k=0,.,Ny/2 - 1}. Run

Sy(m,i) = B(v;- vk).ao(k).yz(m,k) 4) Length Coding is efficient when' associated with entropy

_ . ) . god‘mi[t%]. Optimised Huffman codes have been computed
The global masking threshold at the spectral line y(m,i)is:, . 10 each case (nuns of 0 and runs of 1).

The Run Length Coding starts after the first masked

Ni-1 . sgcctxal line whose index is coded on 9 bits. At the decoder,
S(m,i) ~6.7 B{y; - v) _ao(k)yz(m,k) (5) the Huffman codes are decoded until the upper bound of

o k=0 ! . the spectrum is reached: Then, the masked coefficients are

i : o - simply forced to zero

The threshold 8 = 0.001 corresponds to the signal to )

noise ratio for the complete masking of a tone by another .

tone located into the same critical band [3]. The basilar ‘ th Coding restriction

membrane. spreading function B(v) and therefore the ’ :

computation of equation (5) can be splitted into 3 parts.

) ; ) g * To make sure that the non transmission o‘f masked
The first one, named central masking, refers to the values . ficients vields a positive gain of bits, the number of
of v close to 0 where B(v) can be roughly approximatéd as used bits, Ry(m) (i.e. the sum of the Huffman codeword
aconstant: lengths) is compared to the number of saved bits, R (m).

: R(m) is the .total number of the bits that would be
B(v) =1 -1/2 Bark <wvg 1/2Bark (6) alfocated to the masked spectral lines if they were not

o . forced to zero. For each transform coefficient this number

The two other ones, called side masking, are the is estimated by an average value previously computed, If

slopes of B(v), that is the rr]askmg towards higher and lower the gain G(m) = R(m) - R dém is negative, then ‘this
v .

critical bands (ie. for [v| > 1/2 Bark). There, B(v) is - comparison is locally’ performéd. At each run of masked
estimated as a straight line whose slope is -10 dB per coefficients, a local value G(m,k) is computed and the non
critical band towards higher frequencies and <27 dB per transmission of the masked spectral lines is confined to the

critical band towards lower frequencies (see the figure 2}. frequency regions where this gain is positive,

. p - By using this procedure, the masking of coefficients is
b) Fast computation of S(m.k) . particularly attractive. The average ancillary bit rate is
about 0.8 bit per masked coefficient. : :

The TDAC transform delivers a regularly frequency
spaced spectrum, whereas B(v) refers to the Bark scale
which is a non linear function of the frequency. To solve

this problem, the Bark scale is assumed to be constant over ’ IV: SPECTRUM DESCRIPTOR CODING
a low number of neighbouring coefficients. : ) - :

On the other hand, a direct evaluation of the equation (5} . mputation
would require a too high amount of computations. 1) The Spectrum Descriptor computation

‘However, due to the peculiar shape of -B(v),-it. can be i

" drastically reduced. For instance, for each coefficient As shown in- figure 1, a spectrum descriptor is
“y(mX), the side masking, Sw(mk) due to the lower transmoitted at each block enabling the encoder and - the
* frequency coefficients, can be partly derived from the decoder to compute the same bit allocation. For an

. previous one, Sa(m,k-1). In the same way, Su(mk) (side efficient bit allocation procedure, this spectrum descriptor- .
“ masking resulting from higher frequency coefficients) can must be as precise as possible while requiring a low

be computed from Su(m,k+ 1). ‘Actually, the 3 parts of the ancillary bit rate.
" computation of S(m,k) are rewritten to a recursive form

which is much more efficient regarding the computational .. The spectrum descriptor is defined as the standard
load. Finally, the coefficient y(m,k), is masked if : - deviation o(m,j) of the non masked coefficients in unequal
width frequency bands. The number of bands,N 4, depends
ag(k) yz(mk) < S(mk) ) on the sampling frequency (see Table 1). .
405.2.2
. NE40°
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" 2) Coding of the spectrum descriptor

The set {o(mj)} is largely uncorrelated. Coding.
techniques such as vector quantization are inefficient. But, =
the spectrum descriptor is hifhly time correlated. Indeed,
the frequential distribution of the energy is slowly varying

from one block to another. In case of transients, this .

temporal correlation vanishes. Therefore, the coding of the

sgectrum descriptor is performed by one coding scheme /2
< o i

osen among 2 different strategies.

a) Temporal Predictive Coding

The most direct mean to take advantage of the inter-
block redundancy, is to perform a predictive coding which
is applied to the spectrum descriptor expressed in dB. This
predictive coding scheme is made up of a convertor to log
values, a DPC
system (figure 3). The predictor is a first order one whose
prediction coefficient 4, is very close to 1. A higher .
prediction order does not give a significant improvement.

The prediction error is :

e(m,j) = log(o(m,j)) - 2, Jog(c’(m-1,j)) ®

j = 0,..., Nsd - 1
-~ ¢'(m,j) is the quantized version of o(m,j).

e(m,j) is quantized by means of a 16 level uniform
quantizer whose step size A equals S dB. Because of the
stationarity of the signal, the codeword density of

is highly concentrated. By using an entropy
coding -of the quantizer outputs, less than 2.0 bits are
sufficient instead of 4 bits. ' .

biFrequcmial Predictive Coding

For, this second quantization mode, a frequential
predictive coding is performed. The prediction error is :

e(m,j) = log(a(m,j)) - log(0'(m,j-1)) M

j = 1,..., Nsd -1

e¢(m,j) is coded by means of a 16 level uniform quantizer
also combined with a Huffman encoder. The first value,
o(m,0) is "log. quantized™ by a 7 bit quantizer.

The spectrum descriptor coding mode is chosen
according to the required amount of bits. The two
predictive coding schemes are successively performed. The
one which requires the lower bit rate is retained. To
indicate this choice, one bit is transmitted to the decoder.

ITALL

1) General description

‘ The bit allocation procedure distributes the bit rate
| between the spectral components, in such a way that the

0520

encoder and a variable length encoding:.?

* 30receive the same number. of

v > flatness measures ("sfm”), {

/ quantization noise is masked. It is designedj 10 minimize the
ratio Coding Noise/Masking Threshold, i.e. for the block m

Nyf2-1

X(m) -E_ng(m.k)/sm.k) (10)

-0 2(m,k) is the variance of the quantization .noise
for the coefficient y(m,k).

-S(m,k) is the masking threshold.

X(m) is minimized by including the constraint § R(mk) =

Ro(m). R(m)k) is the number of bits allocated to y(m,k)

and Rglm) ‘is. the number” of "bits 'to distribute. This
/." minimization yields the following equation : )

R(mk) = o - (1)
1/2.logy(a(m,k).€.20(k).0%(m,k)/S(m,k)) + A
where ) is a constant, aq(k) is the transmission factor of the
. ear. € 1s the performance factor of the quantiiei"’l[?]].
: agim,k) is the variance of the coefficient y(mk). The
~ additional factor a(mk), allows to involve the flatness (or
the peakness) of thespectrum [S].” 7T T
L v vt
At the decoder, only the quantized values of the
spectrum descriptor are available. Then the number of bits
is computed at each frequency group j from {o’(m,j)}. All
the non masked coefficients y(m,k) in the same band j
gits e masking threshol
S(m,k), previously computed for the, detection of the
masked coefficients is unavailable at the decoder. A new

masking threshold S;(m,j) is derived at the encoder and at
1he decoder from {a"(m,f}). Its computation is similar to the
=0 ofie'déscribed ifi Section II-1. - : .
Therefore : R(m,j) = 0.5.¥(m,j) + A (12) .
where L, C
¥(mj) = log(a(mj).a9(4) s Amj)/Sy(mj)  (13)
j = 0,..., NSd -1
2) Computation of ¥{m

The number of non zero coefficients in each
. frequency band is different (due to the non equal width of
the bands and to the detection of masked coefficients).
Then the performances of the quantizer are different too.
Actually, Af sets of quantizers have been computed (from 1
to 7 bits), each one corrésponding to a different number of
pon zero coefficients in the frequency band. -

The constant a(m,j) is derived from the local spectral
1(e), ¢ = 1,.4}, which aré
computed in 4 frequency bands of equal width (4]. The 4
sfm’s values are encoded by means of a 6 bit uniform
quantizer whose range is [-64 dB, .0 dB). The function

a(m,j) contributes to raise the perceptual importance of the

<3 Ecaks. If the spectrum is "sharper”, the masking threshold

as to be lowered [5). So, for a better subjective %ualit%', the
peaks of the spectrum must receive a higher number of bits.

3) Bit Allocation procedure

By iterating the value of ), the equation (12} is solved

405.2.3
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so that {R(mj)} are integer .values: which verify the ;

constraint. The initial value of X is given by :
" Ng-1
t
= (0.5.3 ¥(m,k) - Rg(m))/(Ny/2
k=0 "

Xp(m) = Npe)  (14)

i
~N_,. is the total number of masked coefficients.

. Then, R(mjj) is derived by -

R(myj) = [{0.5.¥(mj) + 3}

- where
_ integer”.

(15)

Rm_ax > R(mk) » 0 and I{.} means "nearest

If ¥ R(mk) is close to }iy(m), ‘or if the number of
iterations exceeds a certain value (c.cgl'. 16), the procedure is
stopped. Otherwise, );(m) is moditied :- .

Ao 1(m) = 3(m) + CR(mB) - Ro(m))/(FeND)  (16)

N is the number of coefficients y(m,k) which

received a positive number of bits at the step1 and Fes is the © &

number of times that the sign of § R(mk) - Ry(m) has
been changing. So, when §.R(mk) is close to Rg(m), the
variation of Ai(zm) is gradually reduced.Then the procedure
is reset to step 2.

. Generally, less than 3 iterations are
the convergence: state. If at the end of this iterating
procedure, ), R(m,k) # Ry(m), bits are added 'or subtracted

6.

VI IMPLEMENTATION AND RESULTS

1) Transmission error sensitivity

Although this algorithm is mainly devoted to ISDN
applications with very fow bit error rates, some precautions
must be' taken to avoid, for instance, the infinite
propagation of errors. The sensitivity of the coding scheme
to transmission.errors is increased by the use of inter block
prediction of the spectrum descriptor and of Huffman
coding which generates a variable repartition of the bit rate
inside the transform block. -

To reduce this sensitivity, the bit stream may be
rearranged and some ancillary informations have to be
transmitted. For instance, the numbers of bits required by
the Huffman codes (Run Length Coding and spectrum

(P avoid the problems of

A

according to an algorithm similar to the one described in '

descriptor encoding) are transmitted at- the beginning of -

“:weach block. This allows the decoder to start the decoding of
the remainder of the stream at the right place, even if a
< transmission error occurs.

3 Likewise, the temporal predictive coding of the bit
, stream is periodically reinitialised by using the frequential
" coding mode, even if the signal is stationary. So, the infinite

propagation of transmission errors effects is avoided.

2) Complexity of the algorithm

=7

The ‘encodin algorithm requires about 12000
products and 18 adds per block. Some particular
.mathematical operations have also to be performed (80
divisions per block and 120 logarithms). At the decoder, the
5 number of operations is lower. R -
This “computationnal load enables the' real time
implementation of the presented coding scheme. A fldating
- point digital si%nal processor has been chosen in order to
Frecision which would be very
critical with a fixed point tormat mainly because of the size
of the transformation. Thé algorithm is now being
implemented on a DSP 32C ot ATT. At a sampling
. frequency of 32 kHz, one DSP 32C is sufficient’ to
~ implement the encoder. The memory requirements are

. about 10 kBytes ROM and 12.kBytes RAM for the data

aera.

~

~ This algorithm delivers a high quality sound at 64
kbits/s. For most pieces of music, it is very difficult to
~ discriminate the original and the coded version. Subjective
- tests indicated that t%uc algorithm works very well in case of
broadband signals with many harmonics. For signals with
flatter spectrum, the detection of masked coefficients is less
interesting (or even does not work), yielding therefore a
lower quality. This is particularly true for some critical
pieces of song. e e o

o4

sufficient to reach 52

CONCLUSION

- Table 1 sums up the main characteristics of this
coding algorithm and Table 2 presents a typical repartition
of the bit rate inside one translj:)rm block. It is clear that the
detection of masked coefficients and the predictive coding
of the spectrum descriptor yields a high average number of
available bits per non masked coefficient.

This algorithm is a good compromise between 2 high
quality coding at 64 kbit/s and a limited complexity which
allows its real time implementation. Finally, the codin
scheme described in this paper is well suited for ISD
applications such as the transmission of a stereo high -
quality sound in 2 “2B" channel environment.
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Figure 2 Basilar membrane spreading function

Size of the Transform

N = 1024 .
- Maximal number of coded coefficients : d
sampling frequency F = 32 kHz Ny= N2 = 612
o= 48kHz Ny = 427
_ Number of available bits per block :
F ="32kHz | 1024 bits
F = 48 kHz 682bits
Number of frequency groups for the :
spectrum descriptor. . |
- F = 32kHz Nsd=50
F = 48kHz Nsd.=.‘35

Table 1 Main characteristics of the algorithm

0522

Figure 3 Predictive coding of the spectrum descriptor

A Ar?cillary: information ’ 24 blts

(Number otbits for Run Length Coding ....

The 4 I‘ocal‘ sm's 'va!u‘es-'-. S 24blts -
Number of fasked cosfficents 378 coefficlents
Run Length 4Cocﬁng> » 343 bits
Coqing.of the specvmm'descriplor ) .121.bhs

Bits to anocale‘ to ﬁa non masked coefficients| 515 bts .

Table 2 Examgle of a blLstream repartltlog

(samprng frequency 32 kHz).

405.2.5
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Abstract
bband coding muhod for “hi

h-quality digitd] sudio signals is
o high quality evel. it esploits the
M»I’ the humun car. 11 s shown how this effect
aduptive bit allocation scheme. The method is capable
+ the bit rare of a compact disk signal by a factor of seven,

wovwords: adaptive bit allocation, - digitd audio,  psycho-acoustics.
amultaneous masking. source coding. subband coding

1. Introduction

Transmission and storage of high-qu.ulil'y digital audio signals are becominyg -
important for the audio industry. for instance in the casc of digital.radio and
of new applications for optical disks. The bit rate of a high-quality stercophenic
digital audio signal. as it is recorded on a comp;m disk. is about 1.4 Mbits ™'
For some transmission channels or storage media this is 100 high and thercfore
source coding 15 required. Slncc dwn.\l audio 18 associated with high guality,

a perceptibie foss of quality cannot be tolerated. )

Source coding of audio signals it low bit rates generally introduces errors:
This paper describes a coding method that attempts 1o keep coding crrors
inaudible py exploiting the simubtancous masking effectoccurring in the human
auditory sysiem. This is the perceptive phenomenon that a weak signal. e.g.
quantization noise. is masked (e, made inaudible) by a stranger sign 1L e
a4 pure tone in the audio stgnal. Simultancous my l\klni' N bmﬂ\ explained in
See.

Simulttaneous masking is most L”LLU\L if both masked and masking &ignal

are in a rather narrow frequency band. This suggests the use of subband

5
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coding. where the signal is first split up into frequency bands which are then

quantized. The structure of the subband coding system is given in Sec. 3.

Quantization should be such that the quantization noise is masked by the
audio signal. This is achieved by using uniform block compunded
quantization '). The subband signals are split up inlo blocks. Each block is
scaled to a unit level and then quantized by a-uniform quantizer. Quantized
data and scale factors are transmitted. ‘In this manner the power of the
quantization noise can be controlled by allocating a certain amourit of bits
to cich quantizer. N '

In a subband coding system we can distinguish in- band masking. where
both: masked and masking signal are in the sime subbuand. and out-of-band
masking, where masking and masked signal arc in different subbands. Both
are cxploited in the method described in this puper. Section 4 expliting how
the maximum power “of the quannzdnon neise that is masked. culled lhc
masked poswer. can be estimated for each subband.

Once the masked powers have becn computed for all subbands. bits are
allocated to ihe quantizers. Ideally the number of ‘bits for cach quantizer
should be such that in cach band the quantization noise is completely masked.
However. the masked powers i{rc signal dcpandc’nl and therefore the number
of bits needed to ensure completé masking varics in time. Here coding systems
with a fixed bit rate are considered. Therefore the available bits must bv. dmdv.d

N

over the subbands in such a way ‘that the audible du-r.xd.mon of the output "

signal is minimal. This requires an adaptive bit allocation method. which is
described in Sec. 5. o

There is a trade-ofl between quality, bit rate and complexity. Complv.\nv
is largely determined by the splitting and merging subband filters. It can ber
kept low by keeping the number of subbands low and their minimum
bandwidth ‘high. At a fixed quality level. the lowest bit- rate achievable with
1 low-complexity' system is higher than with more complex systems with
more and narrower subbands. This is explained in Scc. 4. With a complex

system a reduction in bit rate by a factor of seven can be obtained without i .-
perceptible loss in quality. Results obtained with a simple and a complex

system are discussed in Sce. 6. QLlen 7 \umm.lrm.\ the main results .and

gives some topies for I'umn. research.

2. Slmulldncoux masking

Simultancous masking s the effect that o \\«..lk stgnal is made inaudible h\' :

a simultancously oceurring stronger signal. Masking bas been discussed ‘in
great detail.in refs 2 and 3 The use of masking in subband coding has been

330
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A : .
Fig. 1. Heanng threshold tower curve) and masking thresholds of narrow-band noise signals
centred at 1.0 kHz at various SPLs L.

described in refs 4 und 5. [n the hc.xt two paragraphs results from rel. 2 ure
repeated to illustrate the masking eifect.

Consider us a test signal one pure tone. This is inaudible il its sound pressure '
level (SPLyY) is below the threshold of hearing. The threshold of hearing is
a function of frequency. as is shown in fig. 1 *). In the presence of a second.
stronger signal. the SPL ubove which the test signal is audible dilfers from
the threshold of hearing. 1t is raised for frequencies close to the (fequency of
the stronger signal. This new threshold is called the masking threshold and

‘the second. stronger signal is called the masking signal. The test signal is

masked if its SPL is below the masking threshold. This is illustrated in fig. 1.
where masking thresholds of nurr_o'_\v-b;lnd noise signals with @ bandwidth of
90 Hz. centred at t kHz: at various sound pressure levels L, are shown.
The masking threshold. as a function of frequency. depends on the SPL
and the speetrum of the masking signal. For instance. masking thresholds
for 4 pure tone as a masking signal are depicted in fig. 2, Figure 3 shows
masking thresholds of nurrow-band noise signals with different centre
frequencies f,,.-Masking thresholds of narrow-band naise signals have different
shapes for centre frequencics below and above 300 Hz. as is illustrated by fig. i
Furthermore. the masking thresholds of pure tones are lower and of a different
shape than those of narrew-band neise signals, as illustrated by figs 1 and 2.

*) Figures 1. 20 and Y aretaken from ref. 2

3
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Fig.. 2. Masking thresholds of pure tones of 1.0 kHz ut various SPLs Ly.
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Fig. 3. Musking thresholds of narrow-buand noise signuls centred at various frequencies /..

The masking thrésholds for both ﬁiure tones as well as'for narrow-band noisc
signals show an asymmetry around the frequency of the masking signal. Signals
with frequencies higher than the frequency of the masking signal are better
masked than signals with frequencies lower than the frequency of the masking

signal,

So fur. musking of & purc tone by another pure tone or by a narrow-band
noisc ‘signal has been considered to illustrate the masking cffect. What is
necded is some kind of simple. analvtical.masking model that ¢an be used in
a source coding system. This will be-introduced in Sce. 4.

)
s
™~
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The results presented in this section have been obtained from cxperiments
performed: on u lurge group of peop’lez"‘). They are valid for voung people
with good heuring. Older people will generally have u higher threshold of
hearing at the higher frequencies. say above 10 kHz. ‘

. _ | B

3. Subband coding

It is clear from fig. | that masking is- strongest for frequ'enciu:vclos:. 10 the
frequency of the masking signal. This suggests that the musking phenomenon.
can be well'exploited in a subband coding system. In such a system thé encoder

- splits up the signal into frequency bunds. called subbands. which ure then

quantized. The quantized subband samples. together with some additional
data. are transmitted. The decoder reconstructs the subbunds from thereccived
quantized samples and the additional data. Then 1he subbdnds are mcrued
into a replica of the original signal.

The splitting of the signal into subbands dnd the merging of the subbands
into a replica of the original signal are carried out by decimating and
interpolating  filter banks. “such as quadrature-mirror  or conjugate -
quadrature-mirror filter banks’ %), Because of the decimation. the sampling
frequency of a subband signalequals twice the subband’s bundwidth. Therefore
the total sample rate after splitting is'the sume as the sample rate at the input.
The ratio’of the sampling frequency of the input signal of the filer bank and
the sampling frequency of a signal in a subband is called the decimation factor
of that subband. Because, as'can be seen from fig. 3. the "bandwidth® of the
masking threshold increases with the frequency of the maskm«' smn.xl lhe
bandwidths of the subbands may increase with frequency

In the process of quantization. quantization noise is added to the mnal:
If the filter bahks huve good frequency-sepurating properties. the quantization
noise remains in the subband it was added to. It is masked by the audio signal

if the signal-to-noise ratio is above a certain threshold. This implies that the

quantizers must operate at a predetermined signal-to-noise ratio. This can be
achieved with uniform block companded *) quantizers'). In this. type of
quantizer the signal is first divided into blocks. Of these blocks the maximum
absolute values. called. peak values, are ~computed. By -dividing the samplds
in the blocks b\ the peak values. they are scaled to a unit level. The scaled
blocks are then quantized with a uniform quantizer. The signal-to-notse ratio
expressed in dB is proportional 1o the number. of bits used in the quantizer,
so that the signal-to-noise ratio of a quantizer can be. predetermined by

allocating o certain amount of bits to it.

*) Tu compand” is & combination of the verbs to compress and o expand.

' 333
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Fig. 4. Subband coding system with 20 subbands.

Figure 4 shows a dizgram of a coding system with 20 subbands. As can be
Lgure 2

seen, quantized samples as well as coded peak_values and side information o -

indicate the number of biis used for quuntization are transmitted.
The numbers of samples in the blocks should be chosen sufficiently small
so that changing statistics in the audio signal cun be tracked. Otherwise 1t

can no longer be assumed thut the signal-to- noise ratio of the qu.lnluzer s

constant. However, the numbcr of samples in u block must not be too small.
because then the bit rate increases as result of the increused. amount of. s)de
information. A maximum block length corresponding to 10-20 ms {urns out
to give good results. For instance, for the 20-band system of [ig. 4 biocks of
length 32; corresponding to 20 ms, have been chosen. .

In Sec. 4 it is shown how for a given division of the signal into subbands
the simultancous masking effect described in Sec. 2 can be used to determine,

the masked powers’in the subbands. How the final bit rate depends o_ﬁ.lllc .

division into subbands is also explained. Section 5 shows how the number of
bits allocated to each quantizer is computed.

4. A masking mode! for subband coding

In Sec. 2 results from psycho- acoustical hl;mlurc have been presented to
psy

ilustrate the simultancous masking effect. These results cannot be used dircetly

to compute masked powers in subbands as is needed in subband (.Odm"

systems. For instance, in Sec. 2 masking of one pure tone by one other purL '

tone. or by i narrow- h.md noisc \n.nal has been discussed. Music is
time-varying complex of tones comthd with other noisy l“n..ll\ Allhough

Chitips Journal of Reseurch Vol 44 N 23 J9xe
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Fig. 5. Masking threshold as a function of frequency.

some experiments have been performed in that direction *10). it is not known
how the masking threshold of a complex of tones must be computed. Therefore
it 15 unclear how. given a short-lime music spectrum, masked powers in
subbands must be computed. : )

As has been done in otherraudio source coding systems ') a masking
model has to be assumed that provides answers 16 the above problcn{s. it
must be emphasized that this model is partly based on assumptions that have
never been completely justified by experiments. The masking model chosen
here 15 simple. More eluborate models will lead to betier coding systems but
with an increased complesity. As'will be demonstrated in Sec. 6. good enough
results can already be cbtained with the simple model used here.

As a basis for the masking model the masking threshold of a pure tone is
used. It 15 in this model assumed that. on a lOEdI’llhmlL scale. its bh.lpc is
independent of the frequency of the tone and its SPL. This implies that for
frequencies ‘below 300 Hz the computed masking threshold will-be too low,
In the model used here the shape 6f the musking threshold of o pure tone s

approximated by
[ 2y
| Tmax(.,;u'<7.—-> . <o,

Jm

LVSYRES AN
T..u.(.t;.l(i ) T

S
"\ .
In this.expression f,, is the frequency of the masking signal and 7:.,,.(,/;.'.) is
the relitive masking threshold ot this frequency. T, /.) depends.on the
irequency of the masking signal *). The masking threshold of a tone is obtained
by mubtiplving T(/,. /) with the power of the tone. Figure § shaws a stylistic
approximation of the masking threshold ‘Mnrdm" (o the masking model of.

.

P
s
‘N
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Fig. 6. In-band mnsl‘;ing

this papc’f for a-pure tone of 1000 Hz at an SPL of 70dB. For a frequency .

of 1000 Hz, T, /) equals —20 dB ?). The model ignores the effects oceurring
around the frequency of the. maskmv tone- and its ‘harmonics that can be
observed in fig. 2, but it dcscnbcs lhe m‘ukmg threshold \\1lh sufficient
accuracy.

Furthermore, it is assumed that masking is Addm\c the mdskln" threshold
for a signal containing more thin one {requency component can be obtained

‘by adding the masking thresholds of the components. That this is allowed

can be concluded from results in ref. 9, although some of these results have

not been confirmed in rel. 10. From an engineering point of view the

assumption of additive masking is very attractive. Otherwise a slyuighlforw:ﬁd
computation of masked powers would not be possible.

" The mAskxng model used here is a simplification of reality. Codm" systems
‘b.xsed on it may show unexpected and unwanted effects. To avoid this, they
are to be tested and optimized in extensive listening experiments.

It can be scen from fig.. ! that signals with a frequency lower than the

frequency of the masking sighal are hardly masked. Therelore only two kinds
of masking are considered: in-band ‘masking, which is masking within

subband, und masking of signals in subbands at higher frequencics. For both.

cases the masked power is computed asa function of the pow\.rs of the subband
signals. .

Firstly it is assumed that there is only one sx-'nal in the suhh.md with lndu\
i. This subband ranges from frequencies fi; to f,,. The signal power is a2;.
The quantization noise is assumed to have a flat speetrum in’the subbund.
The worst-case situation for in-band masking aceurs when the masking sign_;ll
is o pure tone withaa frequencey £, .. In this case the power of the quantization
noise in“subband i that is masked by asignal with power #7; in the same
subband must be less than a2, TCS, .. £ This situation is illustrated in fig. 6

336 Fhilips duvinul of Riscarch Vol 44 Nen 2 % 1usy
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Fig. 7. Masking of subbands at higher frequencies.

for a pure tone of 1000 Hzatan SPL of 70 dB In this ﬁ"urc subb‘md i runge
from 830 to 1000 Hz.

The worst-case situation for the maskm" of noisc in subbands at hwhur
frequencies occurs when the masking signal in subband i is a pure tone with
a frequency fi;. In this case the power of the quantization noise in subbund
j that is masked by a signal with power a2, in subband i must be less than

: T(A./;A,.,_/;Lrj)‘ This situation is illustrated in fig. 7 for a purc.tone bl 1000 Hz

. 41 an SPL of 70 dB. In this figure subbuand i ranges from 1000 to 1330 Hz.

and subband j ranges from 1780 to 2180 Hz.

In this way the conmbunon of u subband to the masked power in all
subbands can be computcd. Because masking is ussumed to be additive, the
masked power in a subband can be obtained by adding all contributions.

The lowest achievable bit rate at a certain quality Jevel depends on the
division into subbands. The computations_of the masked powers are based
on worst-case assumptions. The real masked powers can be substantially
higher. If thé subbands are narrower the results of these computations will,
on average. be closer to the real masked powers. This effect, however. is limited
for in-band masking. because in readity the tops of the curves of figs 5, 6, and
7 are fatter than is depicted *). so that there is no point in decreasing the
bandwidth of the subbands below a certain value. Because of the elfect
mentioned here, narrower subbands fead to higher masked powers and
consequently the number of bits required for quantization can be lower.

The results of this scction are only valid if the distribution of signal power
over the subbunds is stationary. In reality this is not true. Therefore, in
subband coding system, the masked powers must be computed periodically.
As a consequence of this nonstationarity the number of bits needed to quantize
cach subband in such & way that the quantization noise is masked will also

Philips Jiurnol of Reserreh Vol 33 Nov 23 faxe 337
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20
. —
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s
1 ¢

20 ms

Fig. 8. Allocation window for a 20-band system.

“vary in time. The allocation of bits to the quantizers in such a way that the

coding system produces a lixed bit rate is discussed in Scc. 3.

5. Adaptive bit allocation

Before the subband signals are quantized they are divided into blocks. The
blocks re arranged in. an allocation window. An ullocation window contains
all subband samplés during a period of time. This period is chosen in such
way that it contains one block of sumples [rom the most decimated subhund.
This is in general the subband at the lowest frequency. An example of an
altocation window for a 20-band sysiem is shown in fig. 8, If the input sumple
frequency is 44 100 Hz. subbands 1-8 huve a bundwidth of 689 Hz, and
subbunds 9-20 have a bandwidth of 1378 Hz.

An allocation window contains M D, ,, samples. \\'hcrc./\l_ieg__lilc.gu;\nlizulinn
block length, and D,,,, is the maximum decimation factor. In the example of.
m:‘—k')_lak length and - the maximum decimation factor both equal 32.
The allocation window corresponds to a time duration T, given by’

M
T.=

mas

IN
where fis thenput sampling frequeney. 1 the desired bit rate at the output
is R. then T, R bits must be divided over the allocation window. A certain

number of bits is reserved for peak values and side information. Good results
have heen obtained with peak values logarithmically quantized with 6 bits

Ehitips Jonroat wf Kecarch Vol 340 Nan 200 1080
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and 4 bits of side information per block indicating the number of-bits per
sample used lor the block. Assume that B, bits are left for quantization of the
subband samples. The following dddpmc bit alloc.mon procedure is used to
divide these bits over the allocation window. . ’

First for cach block in the allocation window the peak value and ihe_pawer
arc computed. The power in a block is obtained as the aver: tec of the squares

of the samples. By using the masking model of Scc. 4. the masked powers are

now computed for every block in the allocation window, This is don¢ in such
a way that a block only contribuies to the muskqd power in blocks that lie
within the time interval of the masking block. For instance. the block in
subband | of fig. 8 contributes to the masked powers of all blocks in the

allocation window. the block in'subband 3 contributes to the musked power

of all blocks in subbands 3-20, and the lefi-hand block of subbund 9 only
contributes to the masked powers in the left-hind blocks of subbunds 9-20.

Assume that the number of blocks in the allocation window is .\ and that
they are numbered from 1 1o N The ‘estimaied masked power in the ith block
is denoted by a2 ,.and-the peak value by p,. If the samples in the block are
uniformly quantized to b; bits. then the power of \hc quantization noise in
the ith block is assumed-to be given by ‘)

1 _p
]’a ’am !
The noisc-to-mask ratio in the same block is defined by
A . !
12\2%) &3, _

In the following it s somelimes more convenient to use a logarithmic
e
noise-to-muask mlm given by ‘

Ji g2

The adaptive bit allocation procedure is such that the total noise-lo-mask
ratio. piven by '

339
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/ is minimized under the constraint A

N f

Z A further constraint is that all b; must be integers with 0 < h, € 15,

An elegant solution 1o this constrained integer.minimization proeblem can
be derived from the theory given in ref. 12. The result of this procedure for
this case. as described below. is intuitively pleasing. Initially. it is-assumed
that all blocks are quantized with zero bits. The number of bits lerl to divide

{5 over the allocation window then is given by

7 -

Cw

€3
D

B=8B

q*

_and the logarithmic noise-to-mask ratio for the ith block by

' D= 101-’:(&)-
N . . Gm.‘.

Then the following three steps-are. repc.ned until B <M. so that no more bus
can be assigned 1o the blocks:

1. the block i with the highest lorvzirithmic noise-to-mask ratio ; is searched.

A

2. then the number of bits per sample b, for this block is increased by one. and
3. the number of bits left B_id_gc_r_mied by M.

all noise-to-mask ratios will be JpprO\lm.ucl\ cqual. The procedure can be
refined by setting lower bounds to the nonse to-mask ratios.of the subband.
The reason Tor doing this is that once the noise-to-mask r.mo in.a block is
below a certain threshold it is no longer necessary to add bits to the block

be saved for Olhc.r blocks.

Note that.if B, is not a multiple of M. a small numbcr of bns are left over.

and the bit rate \\l“ be a fraction less than the' desired bit rate R, i

6. Results

The -methods explained in this ‘paper have been applied in two coding
svstems: o complex svstem splitting up the sigoal into 20 subbunds.

340 : *hitips dnutnal of Riscarch Vol 44 Nam 3V 1oy
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- approximately one-third of an octave wide. and a simpler 20-band svstem of

which the bandwidths were given in Sec. 5. In both systems the adaptive' bit
allocation method described in Sec. 5 has been used. Both sysiems have been
designed for codmz stereophonic 16-bit compact dis¢ sigrials with a sample
frequency of 44.1 kHz. Left and right chdnncls are coded mdcpendcn(lv With
the 26-band system high-quality results can be obtained at'bit rates of -
200 kbit s~ ' which comes down (o a reduction bv a factor of seven. With the
20-band system -similar results can be obtained at bit ratés of 300 kbits ™'
which comes down to a reduction by a factor of aimost five. In listening
experiments most of the processed picces of music cannot be distinguished
from the original source material. Physically, however. signal-to-noise ratios

are mecasurcd between 15 and 30dB. showing that the signul is heavily |

distorted. .

The complcmy of the systems is largely determined bv the munur\
requirements of the [ilter b.Jnks These arc sub>mnn.nlh higher for the 26-band
system. :

The ﬁhennz and coding delay is determined by the maximum decimation
factor. the filter banks used. and the quantization block length. Forthe 26-band
system the ‘maximim decimation factor is 256 and the total delay can be as
high as 800 ms. For the 20-band system the maximum decimation fictor is
32and a typical value for the total delay is 80 ms. Other types of filter banks
and shorter quannzanon blocks may give lower values.

7. Conclusions

A subband coding method.for high-quality digital audio signals has been
described. It exploits a perceptive phenomenon called simultaneous masking.
This phenomenon has been described with some exumples. A masking. modcl
has been derived on which the coding algorithm is based. With lhlsvmdskmg
model the encoder computes the amount of quantization noise that is masked
in cach subband. An adaptive bit allocation algorithm distributes the bits over:
the subbands in such a way that ‘the bit rate is fixed. und that the total
noise-to-mask ratio is minimized. After decoding there is no. or \cry little.
perceptible loss in quality. even at Jow bit rates.

Further improvements are possible. The ‘mdsk.xng modecl that is used can
be extended in'severat ways. For instance, it can be adapted in such u way
that 11 buucr describes masking: at erquuluus below 500 HL Temporal
which is masking of & signal occuring m time before or after the

‘\skm‘ \an.ll ). can also be xmorpor.\lgd A further reduction in bit rate
can beachieved. by exploiting redunduncies i in the quantized sub subbund s.nmpiu

\.
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Part III DETAILED ACTION
Drawings

1. This application has been filed with informal drawings which
are acceptable for examination purposes only. Formal drawihgs

will be required"When the applicétion is allowed.
Specif;cation

2. The title of-the invention is not descriptive. A new title
is required that is clearly indicative of the invention to which

the claims are directed.

Claim Objections
3. Claims 1-2 objeéted td‘because of the following
inforﬁaiities. _ ..
As per Claim. 1, capital;zé'first ietfgr "a“l
As per C%éim 2, line 2 AquahtizatiOns is that" is incorrect
gfammaf. | - \ 4

Appropriate correction is required.
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Claim Rejections - 35 USC § 112

4. Claims 1-4 rejected under 35 U.S.C. § 112, second parégraph,

as being indefinite for failing to particularly point out and

distinctly claim the subject matter which applicant regards as

the invention.

As per Claim 1,

a)

lines 2-3, “the‘audié'signals" lacks cléér ante%edent
basis, should this bé fthe.digital-audio siénals;“

line 5, "a variance and/or a.repfesentative" is vague
and indefinite and ‘is alternative language which ére

not connected; |
iine 7-8, "a .psychoacoustics criteria" is indefiniﬁe in‘_
that fpsYchoacoustics“ should be singular}

line 9, "an initial quantizations" is'indefinite in thaﬁ
"quantizations" should be singular;

line 11, "iférativély increasing quénﬁizé;ionsﬁ‘is Végue
and indefiﬁite in that thié phrase does nét‘expléin what
is.being qﬁantized; further, "increasing quantizations"”
has no concrete meaning and is hanging; .

lines 11—12,’"neéessary aﬁd‘final bit rate" is vague and
indefinite'and lacks.antecedent bas;s; please explain

these terms further in the claim;
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g)'line 12, "maintaining effects" is vagﬁe'and indefinite
and does not logically connect to "said model”;

h) line 12, "said model” lacks clear‘aﬁtecedent basié.

As per Cléim 2,

a) line 3, "iteratively increasing quantizations” is vague
aﬁd indefinite; what is being quantized and by whét?'

As per Claim 3, R |

a) lines 2-3, fsaid variance-or representati&e” is wvague
and indefinite and alternative language;

b) line ‘5, "taken to be the bandwidth”>isvvague and
indefinite and does not connect to the rest of the
clalm

‘ As'per Claim 4,

a) line 2, "in consideration” is vague and does not cleariy

recite how a mathematical model is dérivéd ffém in-band

masking effect.
Claim Rejections ~ 35 USC § 102

5. The following is a Qﬁotation of the appropriate paragraphé
of. 35 U.S.C. § 102 that form the basis for the rejections under
this section made in this Office action:

A person shall be entitled to a patent unless ---
(b) the invention was patented or described in a printed
publication in this or a foreign country or in-public '
use or on sale in this country, more than-one year prior
to the date of appllcatlon for patent in the United
States.
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6. Claims 1-4 rejected under 35 U.S.C. § 102(b) as being
‘ v A .
" anticipated by veldhuis et al, (5,105,463).

As per Claim 1, Veldhuis teaches'

a)

’

audio éignals buffered in frames and decomposed into its

spectral components (his Fig ih block 6{1) to 6(26) and

"allocation windows"™ which are- similar to frames, col. 2

lines 40-50);
obtaining a variance or a representative of the

components of said frame within a defined f:équency

interval (his comparator'means-col. 2, lines 53-63);

computing a neéessary bandwidth uéing.a psychoacoustic
criteria (his col 1, linés~20426); |
determining anvinitial quantizatith’of each said
frequericy interval using an apbrox;mate‘mathematicél.

model (his col 3, lines 3-29 with mathematicallalgorithm

‘being given by B(p) and G(p;m) and C(p:m));

iteratively increasing quantizations for sat;sfying
necessary and final bit rate, maintaining effects of

said model (his col 3, lines 19-29);

As per Claim 2,'Veldhuis teaches iteratiﬁely increasing

quantizations &f each,said frequency interval through a

. "
psychoacoustically weightgd inverse relationship with the said

|
variance of each said frequency interval (his col 2, lines 57-68
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and col 3, lines 1-29 in which inverse relationéhip'for
increasing bit allocation is'given in coi 3, lines 1Q—é9).

As per élaim.B,AVeldhuis,teaches the bandWidth’being
computed by comparing the said,vafiance_or fépfeéehtativé aéainst
a human hearing threshold such that the lérgeSt‘frequehcy '
iﬁferval with said vériance or,representatiﬁe eXcéedigg the
hearing.thréshold taken to be the bandwidth (his.Abstract, first
sentence further exélained on ‘col 1, ;ihes 20-26) .

As.pef Claim 4, Véldh@is‘teaches said mathématical model is
derivedlin consideration of an in—band masking,effect such‘that'

an error spectrum will follow more closely to thé original signal

I

spectrum (his col 2, linésv54—§4 in Which ﬁéthematical algorithm
uses thresholds of huﬁén auditorj system for just perceiVing
singlé ﬁOnes). . 2 .
' Conclusion
/
il The prior art.made of record and not félied upon‘is

t . .
considered pertinent to applicant's disclosure.

"Nishiguchi et al. (5,151,941) teaches transform ggder in
which coding is done based on allowable noise.levei. |

Veldhuis ("Subband Coding of Digifal AudioiSignals Withoﬁt
Loss of Quality").teaches,exploitiﬁg:the siﬁulténeous masking

effect of the human ear in an adaptive‘bit allocation scheme.
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8. Any inquiry conCerning this comﬁuﬁlcatlon or éarller .
communications. from the examiner should be directed to Indranil
‘Chowdhury whose telephone number is (703) 305-3868.

If attempts to reach the examiner by telephone are unsuccessful
the examiner's supervisor, Allen R. MacDonald, can be reached on
(703) 305-9708. The facsimile phone number for this group is
(703) 308-5356. g :

Any inquiry of a general nature df relating to the status of this
application should be directed to the Group receptlonlst whose
telephone number is (703) 305 9600.

P

/
/// / |

d COONN
: LENR iR PN‘A mN\\Nm
umw\ uN“ 2303 :

-IC N ‘ . . l
June 10, 1996
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Form PTO 948 (Rev. 10-93) ~us DEPfI\,RTMENT OF COMMERCE - Patent and Trademark Oftice Applicaiion No. J [7LL

N

NOTICE OF DRAF FTSPERSON’S PATENT DRAWING REVIEW -

PTO Draftpersons review all originally filed drawings reaardless 01 whctber they are deswnated as formal or informal. /\ddmon.ﬂly,
patent Examiners will review the drawings for gomplrmce with the. mmuhmoﬁs Direct lelephone inquiries concerning this review to

the Drawing Review Branch, 703 ?05 -8404.

The drawings filed (insert date) lfQ ‘ { 9] L’{j are

A- t objecied to by the Dprcern undvr 37 CFR 1.84 or 1.152.
ﬁh%fmmd to by-the Draftsperson under 37 CFR 1.84 or 1,152 as
indicated below. The Examiner will require submission of new, corrected

drawings when nceessary. Corrected drawings must be submitied ~
according to the instructions on (he back of this Notice.

I. DRAWINGS. 37 CFR |.84(a): Acceptable calegorics of drawings:
Black ink. Color.
__ Not black solid lincs. Fig(s). )
__ Color drawings are not acceprable until petition is granted.

2. PHOTOGRAPHS. 37 CFR 1.84(b)
___ Photographs are not acceptable uritil petition is granied.

3. GRAPHIC FORMS. 37 CFR 1.84 (d)
- Chemical or mathesnatical formuia not labeled as Sdemtc figure.
Figls) .
. Group of waveforms not prescnted as a single figure, using
common vertical axis with time cxtending along horuomal axis.
Fige)____ -
___ Individuals wavclorm not identified wuh a scparate lctier
designation adjucent to the vertical axis. Fig(s),

4. TYPE OF PAPER. 37 CFR 1.84(c)
. Paper not flexible, strong, white, smooth; nonshiny, and durable.
Sheet(s),

__ Erasurcs, ahuanms overwritings, interlincatons, cracks, creases,
and folds not allowed. Sheei(s).

w

. SIZE OF PAPER. 37 CFR 1.84(f): Acccprable paper sizes:,
21.6 cin. by 35.6 cm. (8 1/2 by 14 inches)-

21.6 cm. by 33.1 cm. (8 1/2 by 13 inches) .
21.6 cou, by 27.9 cni. (8 1/2 by 11 inches)

21.0'cm. by 29.7 e, (DIN size Ad)

All drawing sheets vot the same size. Sheet(s)

Drawing sheet not an acceptable size. Sheet(s)

o

. MARGINS. 37 CFR 1.84(g): Acccptable margins:

Paper size

21.6em. X 35.6ch. 2L.6em X33 1lem. 21 em. X 27.9 cm1. 21 em. X 29,7 cm.
{ 82 X 14 inches) (8 /2 X 13 inches) (8 12 X 11 inches) (DIN Size A4)

T S.lem. 2 2.5 em. (1M 2.5em. (17 2.5em.

L .G4em. (1/47) 64 cm. (1147 .64 cm. (1147) 2.5 cm.

R .64 cm. (1/4") 6tem. (I/4")  .64.cm. (147 1.5 ém.

B .64 cm. (1/47) 6dcm. (1447 64 cm. (1/47) 1.0cm.

Margins do not confonn Lo chartabove,
Sheet(s)
—_Top(M Lefl (L) ngm R) Buuom (B)

7. VIEWS. 37 CFR 1.84(h)
REMINDER: ‘Specification niay require revision 10 correspond to
drawing changes. '
All vicws not grouped together. Fig(s)
___ Views connccted by projection lines. Fig(s)
__ Views contain cenler lines. Fig(s)
Partial vicws. 37 CFR 1.84(1)(2)
Separate shects not linked edge w edge.
|1 1C) N—
View .md enlarged view not ldh('lcd separately.
Fig(s)_
_ Long view relationship between different parts nol clear and
unumhu,unux 37 CFR 1.84(h)(2)(i))
Fig(s). —
Scetional views. 37 CFR 1 84(h)(3)
Hatching not indicated for scctional portions, of an object.
Figs)
Hatching of regularly spaced obligue pdmlld Im(.s not spaced
sufficiently. Fig(s)______
Hatching not at substantial angle (o surrounding axes or principal
. lines. Fig(s) R

way. Fig(s)
- Alternate position. 37 CFR 1. 84(11 )(4)
___ A scparate view required for a moved positioi.
Fig(s)— )

__ Cross scetion not drawn same as view with parts in cross scetion
with repularly spaced parallel oblique strokes.
Fig(s)_. S :
___ Hatching of juxtaposcd different clements novungied in 2 different

Mediticd forms. 37 CFR 1.84(h)(5) . -

. Modificd forms of construgtion must be shown it scparate vicws.
Figs)___

. ) \

8. ARRANGEMENT OF VIEWS. 37 CFR 1.84(i) » .
. View placed upon another view or within outline of another.
Fig(s)m o

.. Words do nol appear in a horizontal, Icll -10-right I‘ ashion when
page is cither upright or wmed so thas the top becomes the right

side, cxci:pl lor graphs. Fig(s).

K

9. SCALE. 37CFR I. 84(k)
- —— Scalc not iarge cnough 10 show mechanism without crowding
- when drawing is reduced in size to two-thirds in reproduction,
Fig(s)
‘.. lndication such as “actual size” or "scale 1/2" not permitied.
Fig(s)
___ Elemcats of same view nm in propomon to cach other.
" Fig(s),

XACTER OF LINES,; NUMBERS, & LETTERS, .37 CFR 1.84(1)
-ll_,ihcs, numbers & letiers not uniformly thick and well defined,
lack (cxcept for color drawings).

11, SHADING. 37 CFR | 84(m)

___ Strading uscd for other than shape of spherical; cylindrical, and
conical clements of an object. or for flat parts.
Figs) -

___ Sotid black shading arcas not pcrmmcd Flg,(s)

p) .
umbers and refegnce clers not plain and Icgiblc. 37CFR
o) Fig) L =7 1«

o Numbcrs and rcterence characters used in conjuction with
brackets, inveried commas, or gndoxc,d within outlines. 37 CFR
1.84(p)(1) Fig(s)

“Numbers and reference characters not oriented in same dircetion as
the view. 37 CFR 1.84(p)(1) Fig(s). ’
English ulphabet niot used. 37 CFR | 84(p)(2)

Fig(s)___

Numbers, lcucrs, and reference characters do not imcasure at feast

32cem. (148 il n height. 37 CFR(p)(3)

Fig(s).

UMBERS, LETTERS, & REFER.ENCE'CHARACTERS.A 37CFR
Q ’ B

i3 LEAD LINES. 37 CFR 1.84(q)
Lead lines cross each other. Fig(s),

__ Lead lincs not as \hou,u powhlc Flg(s)

t4. NUMBERING OF SHEETS OF DRAWINGS. 37 CFR 1. 84(1)
Number appears in top margin. Fig(s)
: Numtxr not Jarger than reference dumuor\

s not numbered Lou\«,cullvcly, and in Arabic numerals, .
beginning with number 1. Sheei(s),

2

. NUMBER OF VIEWS. 37 CFR 1.84(u) :

_Views not numbered consceutively, and in Arabic numéralx,

nning withnumber 1. Fig(s)___—

: \’|<:w numbers n0\ preceded by the abbreviation Fig.

- Fig(s)

Single view contains a view number and the abbrcvunon Fig.
Numbers not larger than reference chiaracters.

Fig(s)__

-
&

« CORRECTIONS. 37 CFR 1.B4(w)
... Corrections not durable and permancnt. Flg(ﬁ)
7. DESIGN DRAWING. 37 CFR 1.152

. Surface shuding shown not appropriate. Fig(s).____ S
Solid black shading not used lor color contrast. 3 ’

Fig(s).,ﬁ/; ' ) /
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” . Attor: .y Docket No. 03/58-48683
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicant :° TEH, et al.

Serial 08/161,798 Examiner: I. Chowdhufy

ecember 6/ 1993 . Group Art Unit: 2308

BIT ALLOCATION METHOD FOR DICITAL AUDIO SIGNALS (AS
ENDED) : )

Hon. Commissioner of Patents
and Trademarks
Washington, D.C. 20231

¢ Sir: .
- TRANSMITTAL LETTER
Transmitted herewith for filing is:. '
Item Fee
Amendment » : ) $ 22.00
“Petition for Extension of Time of 1 month $110.00
For Amendment to Patent Application: SMALL ENTITY . LARGE ENTITY
. Claims ‘Highest No. Present Addit : Addit.
Total "Remaining Previously Extra  Rate Fee OR Rate Fee -
- After- - Paid For - : C el
Total 21 - 20 = 1 x $11° S X $22 $22.00
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' TOTAL $ OR TOTAL $22.00
A'check in the amount of $132.00 is attached hereto.
Please charge our Deposit Account No. 02-4300. for any other fees which
may be required or credit any overpayment. : ‘ -
Respectfully submitted,
BEVERIDGE, DEGRANDI,_WEILACHER & YOUNG, LLP
By: §11*’ﬁwt~52 L g§;é~% ’ - .
. ézgeph A. DeGrandi, Reg. No. 17,446
~ 50 M Street, N.W. (Suite 800)
. i Washington, D.C. 20036 B
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0146



| | 7‘ 90 - D
EEEE o | /O) //G/&ﬁy\/'

Atty bBocket N
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03/58-48683
Applicant : TEH, et al.

Serial No.: . 08/161,798 : Examiner: TI. Chowdhury

¥

Filed : December 6, 1993 Group Art Unit: 2308 //// 94

For . A BIT ALLOCATION METHOD FOR DIGITAL AUDIO SIGNALS
' " (AS AMENDEDY

AMENDMENT -

Hon. Commissioner -of Patents
and Trademarks .
Washington, D.C. 20231

Sir:

This paper ié'submitted ip response'to-the.office Action of
June 17, 1996 (Paper No. 5) . Alsofsubmitted herewithf together
with the requisite fee, is a Petitipn for extending the time»df
response up to and including October 17, 1996. Please.amend‘
this application: as foildws. g

/,,

IN THé TITLE:

Change "TRANSFORM CODER" to --DIGITAL AUDIO SIGNALS--. -

IN' THE ABSTRACT”éF THE DISCLOSURE:

Line 1/ change "of" to --for--, and after "having" insert

--a--; ////x C ' ) :
Line 37 delete ”its“} ) E . . . 4

e
Line 6 //Eange "a psychoacoustlcs” to -—psychoacoustlc——

Line 7, ange "quantlzatlonsomﬁleacb5cﬁhqhaﬁ to
7 303 IR N
--quantization for each--; )
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Line 8, /change "quantizations of each" to é—the
quantlzatlon of each of--; and
Lines 9 and 10, ghange "interval" to --intervals--.
7 < /, T Vet

Lo Y\

.'IN THE SPECIFICATION

Page/}//llne/ﬁ//change "quite a number" to - -numerous

examples- - ; - o
o line/lﬁf%;h-nge "J D" to --J.D.--; and
line 20,”change "N S" to --N.S.-- and change "P Noll"

to -- P. Noll, which--. .
-~ P
ya

Page 4,/fine 11//éhange "a full DSP's" to —ffull_DSP——f

Vet
7 .
line 13//é;:ete "processing"; and "

~ line 21,-Change "his" to --this--. -
Page 5, ffinela//ggéer ”algorlthm " insert --E==;
line ,‘change "effect" to ——affect——}’and

'line/%l after "has" insert --at‘-.

//

Page 6, }4ne 2/ after "realizes" insert --a--;
line zj:fgﬁgi "allocating" insert -—an-f;
line 7 change "interative" to‘——lteratlve—-.
llne’;B//g arige ”51mp11f1es" to --simplifying--; and

line Zé after "is" 1nsert --the--.

Page 7, line 24/6H;nge ;Z§9k(/go --the--; o '
' : llnes léf 12,/§;d A, cpange'”f;ow chart" ‘to -

——flowchart——
1
llne 19, 'hénge " (DB) " tp_~+(dB)——; and
line 20/ after "of" insert --a--.

o148




o .
.. Page 8,,L1ne 41//hange "Flrstly" to --First--;

“line @/‘delete ofr (first occprrence);
llne 9 d/lete "of" (first océurrence);

line 19//delete nof";

‘.

line 1 // Aelete "of" (first and second occurrences),
and after "4," insept” --the--;
line 1Bﬂ,gélete "of" (second occurrence); and
. 3 7 . . . .

line 19/ delete "in".
Page 9, f&ne 34 “delete "of";
llne 5//delete of ;

“line 6,/delete "of";

R a
line/gf/a;;;te tof";

llne// deiefe "ofn;
‘line 1%//éhange "Step" to --Steps--, and change "is"

~

to --are--; and

%
line %////gange “data(WL)" to ——data (WL) - -
Page 10//ilne t//gfter "by" insert --the--;

line ///fter "6" insert --,--, delete "of" (first
occurrence), and change "of" (second occurrence) to --from--;
line after "by" insert --an--;

.line 4 change J6)7," ﬁo---6/'7,—7;

line 7,/ change "procedure.A" to -—proéedﬁre. A
line 8//g/ange "by" to --from--;

line 9, ¢hange "test" to --tests--;

line }///hange "Flrstly"'to -—Flrst-—~
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. N f
- line i%/’delete nof (both oﬁcurrences), and delete

- T . :

line 15, deigpe e

o Pl

1ine‘%i//change "step of numeral 33" th——(step
numeral 33)--; .
line 17//delete "of™";
liné 18{/€;lete "ofi";
iine‘Z}//ﬁéiete ”of“;vand

line 22, delete "of".

Page 11, he 1,-delete "the";
liS; Sm/égahge "Firstly" to -—ﬁifst—~;
lineysf/gelete ”of";‘ .
line 7V/ag1ete "of";
line 10, d€lete tof";
line i}//gg;nge "not all the units aré“-to --all of
the units are not--; -
line 1;4/62igte "of"; and
line 1% change;”psychoécousticsﬂ-to
--psychoacoustic- - v ‘ «
Page 12;/f§;; 2,/2ﬁ§;ge "Steps of" tb —-Step—~4 an? Change

"checks" to --check--;
P

~,

line/fj change "is" to ~-are--, changé “exdeeds"‘to
——exceed;—, and délete "of";’ | -

line 4,-dele£e "the™" (firét'ogcufrence),'change
"1imit (0)" to --limit (0 bits)--, and change "limit (15 b_ité) is"

{
to
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--limit (15 bits) are-~-;
7/

. p _ )

line 14, change. "show" to --shows--; and

line 21, .after "to" (second occurrence) insert
4 ' . .

P
--the--. ///"

s’ .
Page 13h/&ine lz/éﬁ;nge "at least up to" to --up to at

/

- least--.

IN THE CLAIMS: .

S

Please cancel claims 1-3.

Please amend claim 4" as follows:

s /./' i . . ’
Claim 3//line/%i/dﬁ;nge 1" to --5--; and

line 2//change "in consideration of" to --from--.
-

/

i

. /o
Please add new claims 5-24 s follows:

5

--5. A method of determining bit alloca£ion for a
qugntization of digital audio signals haviﬁé spectral and
témporal structure wherein the digit l.audio signals are
obtained by buffering audio sighals ip frames and decomposing
the digital signals into spéctral.com nents, thch comprises
the‘steps of: :
Ca step for obtaining‘a represéntative of .each
frequency-unit obtained by diyidiné at 1 aé;loneidefined
frequency interval; l

a step for counting a number of vailable frequency-

units by using the representative, based oq'psychoacoustic
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!
|
]
A
!

criteria, said available frequencyl-units satisfy said

psychoacoustic criteria;

number of availadble frequencyQuhits}

a second bit allocation gtep for dé;érmining fur£her
bit allocation for each of said availadle frequenéy—units pased
NJagmgfxphoaCOustic.criteria, ( ) ‘
%}g A method according to.claim‘ﬁﬁ Qhereig said second bit
allocation step is to determine the bit'allocatioh through a
" psychoacoustically Weighted inverse relationship with the said
)
representative of eéch of said fréquenﬂy—uniﬁs.
| )%. ”A_methodbaccording to claim B, Wherein said counted

number of available frequency-units is a number of the

frequency-units which have the representative exceeding a human

hearing threshold.

J// 8. A method according to claim 7, wherein said

mathematical model is represented by a formula:

wherein
WL (u) represents numbér of bit

frequency-units u,

62

St
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unit

unit

unit

unit

unlt

3

unit.

i
1%9(‘ -Method accordlng

var {(u)

Ba

Y3

has
10.
has
11.
has
12.

has

13.

represents variance|of the frequency-units u,

represents a psychodcoustic weighting factor,

represents the countler number of the available

frequency-units,

represents number of |bits set aside for initial

allocation,

and

represents approximatje average number of

spectral samples in tlhe avaiiable frequency-

units.
Method according
a single spectral

Method acéording

a single spectral

Method according
a sinéle spectral
Metﬁodiaccording
a single spectral

Method according

ha; a single spectral

3
G
Y

component .

to claim){
13

representatlve is a variance which is calculated from an

to claim S
to claim 6, Qhéfeiﬁ
cbmponéntA
to claim 7,
combonentA
to claim 4,
compdnent4>
to claim 8, wherein
compohentY

wherein
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wherein

wherein

eachﬂfrequency_
éaCh_f?équency:
each frequency—f
each frequency-

each frequency-

said

amplitude of a maximum spectral component offeach frequency-

% 18.: Method according to clalg/ﬂ wherein said

representative is a variance which is calculated from an




amplitude of a maxinum sgectral component of each frequency-
u?lt'}gl/ . 0 }Nﬁ

. Method according to claim Z{/wherein said
representative is a variance which is calculated ffom'an
-amblitude of a maximum Spectral;component of each f;equency-
unit. - ‘ | .

. #}ﬁ. Method accordingnto claih.', wherein said
vrepresentathe is a variance which is'calculated from an
amplituae of a maximum spectral component of each frequency—
unit. l o Ig

)pyé\ Method accordlng to claim g, wherein saia
representatlve is a varlance which is calculated from an
amplitude of a maximum spectral conponent of each frequency—
unit. 7 . - . - -(

b7 | -

l }g. .Method according to claim ;ﬂ whereln each frequency-
unit is obtained by Aividing said spectral and temporal
structufe with at least one- frequency 1nterval .

}/% Method accordlng to claim % whereln said
}epresentatlve is a.variance whlch is calculated from an average.
of a spectral component of each frequency-unit.
. ﬂ . .Method accordlng to claldQ',;whereln said
reptesentatlve is a wvariance whlch is calculated from' an average
of a s%ectral component of each frequency unlt .

Q%V Method according to claléo , wherein said
representative-ls a variance which’is-calculated from an average

of a spectral component of each_frequency—unit.

,_8_

P2
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7

'd .
A1 ', ey . .
7;3, Method according to clalm/it wherein said
representative is a variance which is calculated from an average

of a soectral_componeht-of each frequency-unit.

, wherein said .

N ;
}“J : o _Jﬂ‘&;

2 ;}ﬁ. Method according to claim
representative is a varianée which is calcuiated from aﬁ»avefage
of a spectral compbnent of each frequency-unit.-- ?

.
REMARKS
Reconéideration'of this‘épplicatiéﬁ.is courteousl?
_solicitéd.‘ | - !
Claims.4—24 are pending in.this applicati§n. ﬁew cléims 5-
7 are based on thé subject matter originélly claimed iq
' cancelled claims 1-3 andﬁdiscussed.iﬁ the disclosure, for

example, on pages 8-9 and 10-12. New claim 8 is based on the

4

disclosure}céntained,‘for example, on page 11, equation l;l'New
claims 2-24 are based on the discldsurg COnta;ned} for example, .
on page 8. Minor editorial.amendmeﬁts ha&é beén made to the .
specification and Abstract of the Disclo;ure hereby.\ Additiéﬁél
claim fees are'réquired and sﬁbmitted‘heréwith;A. .
! | With reference to the Office:Aétion of: June 17> 1996, the
Examiner’s acknowledgement of recéipt of.the pfiority papefS"has
been noted. » '
J It is proposed to amend Figure 3 to'mOré clearly reflect
“yes” and “no”:branchés ffom step numerél 42 as indicated-én:'
page 11, linés 7-13; and to correct a typographical erfor iﬁ
étep‘numeral 43. A hand corfected copy of Fiéure 3,»with the

o .
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proposed addition and typographical error correction, shown in
red, is submitted herewith. The Examiner’s refiew and approval
of the proposed-amended.Figure"3 are solicited.

The Office Action objected to the title as not descriptive
of the claimed invention. As required, the title has been .
amended hereby to better descrlbe the claimed 1nventlon as au
bit allocation method for dlgltal audio 51gnals

Clalms 1 and 2 have been’ objected to for 1nforma11t1es
The Examiner’s cited informalities have been corrected in new
claims 5 and 6, respectively.

Claims i—4 have been rejected under 35 U.S.C. §112, second
paragraph, for'failing to>pérticularly point out and distinctly
cladm the subject matter'which Applicants regard as‘tne inven-
tion. fhis rejecticn is moot with respectvtd cancelled claims
1-3. This rejection is traversed with respect to claim 4.

The amendment of claim 4 is belleved to place clalm 4
within the requlrements of 35 U.S.C. §112 ‘New .claims 5-7,
which replaced cancelled claims 1-3, are also'believed to be in
compliance with 35 U.S. C: §112

Clalms 1-4 have been rejected under 35 U. S cC. §102(b)“for
purportedly being anticipated by Veldhuls et al ThlS rejection
is moot with respect to cancelled claims 1-3, but will be
..discussed'with reference to new claims 5-7. This rejection is
traversed with respect tc claiml4. ‘

Courts have stated that 35 U.S.C. §102(b) requires thataéf

cited reference must contaln all of the llmltatlons of a: clalm

’

-10-
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to be able to invalidate the claim based on anticipation. See
“Elmer v. .ICC Fabricating Inc., 67 F.3d 1571, -36 USPQ2d 1417,
1419 (Fed. Cir. 1995). In more general terms, 35 U.S.C. §102
taken as a whole requires that each ana avéry element of a claim
be ﬁresent in a single cited refereﬁce to properiy have that
reference anticipate that claim. Séa In re BOnd; 910 F.2d 831,
15 USPQ2d 1566, 1567 (Fed. Cir. 1992), citing Diversitech Corp.
v. Century Steps, Inc., 850 F.2d 675, 677, 7 UspPQ2d 13i5, 1317
(Fed. Cir. 1988), Lindemann Maschinenfabrik v. American Hoist &
Derrick Co., 730 F.2d 1452, 1458, 221 UspQ 481, 485‘(Fed: Cir:
1984);>Minnesota.Mining & Manufacturing Co. v. Johnsén & Johnson
Orthopaedicé,_lnql, 976 F.2d 1559, 24 USPQ2d 1321, 1326 (Fed.
cir. 1992) . ' 3

New claim 5,.which replaced cancelled claim 1r:provides for
two bit alloéation steps based on psyéhoacouétic criteria for
all fréquency ranges and counts the number of available
freqaency—units. In comparison, Veldhuis et al. teach the use
of a set number of quantizat;on levels-that are predetermined
for the lower half of the ffequency ranges, col. 7, line 68 to
col. 8, line 1. Veldhuis et al. disélése a bit allocation for
the frequency ranges in the upper.half, col: 10, lines 8-18.
Veldhuis et al. do not teach the counﬁing of available'
frequency-units. The counted number of frequeﬁcy—unitaain
Applicants’ method is‘not sYnonymoﬁs with Veiahuis’ usé of
bandwidth as implied in paragraph 6(c) -on page 5 of the Office

Action. Furthermore, the mathematical model relied upon in

=11-
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Veldhuis et al. does not utilize available frequemc;—units.
Consequently, sinée there is at least one élement_present in
Applicanté’ applicatioﬁ that is not preéent in Veldhuis et al.,
this fejection is overcome aé.the remainder of the claims*depend
from a patentable claiﬁ.

Arguehdo,'claim 4,-as ameﬁded,“provides for the
mathematical model to be derived with respect to 'a known in-

band masking effect. This réliance as shown in Applicahts’“

"Figure 5 for utilizing a threshold for the human auditory system

to mask quantization noise at Véiiety of frequenc? points as
illustfatea by the curve d is not the samé basis for perceiving
single tones as discussed in Veldhuis et all, c01  2,'1ines 54-
64 . ansequently, veldhuis et al. do not disclose the”réliance
of a mathehatical model ‘on the in-band masking as claiﬁed by
Appliéants. | |

In view of the above. amendments and Remarks, it courteously
is urged ﬁhat all the claims are allowable and that the
applidation now is in condition for allowance. Favorable action
in this regard earnéétly is solicited. .

‘Respectfully subﬁitéea,

' BEVERIDGE, DEGRANDI, WEILACHER & YOUNG, L.L.P.
, _ _ Ut ,

N

CL A 2

o Zﬂseph A. Degrandi, Reg. No. 17,446
850 M Street, N.W. (Suite 800)
Washington, D.C. 20036

Telephone: (202) 659-2811
Fax: - (202) 659-1462
October 17, 1996 '
-12-

0158




Calculate sum of variance and|
no. of units with variance
>low dummy value

Yes

Calculate no.. of bits|
3Qtallocate to each ¥
ait by equation (1)

\I/ />44

Normalised variance in
each unit within bandwidth
according to bits alocated

var [u]’ =var [u] -WLAF

i
: @ ' ¢
Yes

\'L/46
 WL=0

1

J{/,48
WL=15
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arty Docket I - . S Cfay¢79:if FEN]
03/58-48632. . ' . .
IN THE UNITED. STATES PATENT AND TRAbEMARK OFFICE /L<“)
j.x\Applicant : TEH, et al. ‘ o ' /7 \“)

gl

iXSerial No. : - 08/161,798 Examiner: TI. Chowdhury

P—J

¢/ Filed : December 6, 1993  Group Art Unit: 2308

For : A BIT ALLOCATION METHOD FOR TRANSFORM CC

PETITION FOR EXTENSION OF TIME

IH Commissioner of Patents
and Trademarks
Washington, D.C. 20231

. Sir:
Applicants through their under81gned attotney, rec-
fully reguest a one month exten81on of the time perlodfﬁ
respondlng to the outstandlng Offlce Action dated June;1
Wlth this flllng, the perlod for respohse 1s.thus‘e
up to and 1nclud1ng October 17, 1996.
Dur check including; the $110 00 exten81on.of tlmelfee'is”
included herew;th.
Please charge any edditional'fees which may be necessary te
the Deposit Account of‘the undersigned;-Deposit(Aecouht No. 02-
4300, and credit any overbayment:to saidlpepesit AcCountl
| Respeetfully spbmitted, ‘ -

BEVERIDGE, DEGRANDf, WEILACHER & YOUNG, L.L.P.

erthe, o B
J seph A. Degrandi, Reg. No. 17,446
50 M Street, N.W. (Suite- 800)
Washington, D.C. . 20036 ° ’
Telephone:  (202) 659-2811
Fax: (202) 659-1462
October 17, 1996 ‘ B MZNJzomruﬁog,. .
Lt 10,00 ¢k
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

o~ & | Address: COMMISSIONER OF PATENTS AND TRADEMARKS
, Ares of Washington, D.C. 20231
SERIAL NUMBER FlLING DATE ] ' FIRST NAMED APPLICANT ] ATTORNEY DOCKET NO.
[ S T TZ78 1 TEH T T =

. EXAMINER
iR YL WET) _-I ‘ TREVERL D
Weo S : i

ARTUNIT | PAPER NUMBER

o Ly oy o

S0

l_ —l _ DATE MAILED:

Please find below a communication from the EXAMINER in charge of this application.

oo Aththmar’s - em——

.PTOL-QO (R 664 1- PATENT APPLICATION FILE coPY
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Application No. Applicant(s) » .
08/161,798 Teh et al.

Office Action summary Examiner Group Art Unit
John Michael Grover 2308

Xl Responsive to communication(s) filed on Oct 17, 1996

[XI' This action is FINAL.

D Since this application is in condition for allowance except for formal matters, prosecutlon as to the merits is closed
in accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

A shortened statutory penod for response to this action is set to expire -3 month(s), or thirty days, whichever
is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the
application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of

37 CFR 1.136(a). ' '

Disposition of Claims : ;

X Claim(s}) 4-24 i is/,ére pending in the appi'ication.
Of the above, claim(s) - . i is/are withdrawn from consideration.

J Claim(s) : ‘ is/are allowed.

X! Claim(s) 4-7, 9-17, and 79 23 L _is/are rejected.

X Claiml(s) 8, 18, and 24 ' ) _isfare objected to. '

O Claims . ‘ are sL}bject to .rgstriction or election requirement, '

Application Papers - )
[ See the attached Notice of Draftéperson's' Patent Drawing Review, PT0Q-948.

] The dravying(s) filed on .. ig/are: objected to by the Examiner.

[J The proposed drawing correction, filed on j is D approved () dlsapproved

Xl The specification is objected to b‘y'the Examiner.

] The oath or declaration is objected to by the Examiner. ’

Priority under 35 U.S.C. § 119
O Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119{a)-(d).
A OSomeé* [JNone of the CERTIFIED copies of the priority documents have been
O received. - . - '

[ received in Application No. (Series Code/Serial Number)

[ received m this national stage application from the Internationat Bureau {PCT Rule 17. 2(a))
*Certified copies not received:

J Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

Attachment(s)
X Notice of References Cited, PTO-892
1 Information Disclosure Statement(s), PTO-1449, Paper Nol(s).
[J Interview Summary, PTO-413
[J Notice of Draftsperson’s Patent Drawmg Review, PTO- 948
J Notice of Informal Patent Application, PTO-152

--- SEE OFFICE ACTION ON THE FOLLOWING PAGES ---

U. S, Patent and Trademark Office

PTO-326 {Rev. 9-95) L Office Action Summary ' _ Part of Paper No. 8

0162



Serial Number: 08/161,798 . Page 2

Art Unit: 2308
DETAILED ACTION
Response t0 A mendment
1. This action is a response to the Amendment filed on 10/17/96. Claims 1-3 havebeen <

. canceled, and claims 4-24 are pending. The corrections to the Drawings are held in abeyénce. :
. s -

The objection to the title is maintained for reasons set forth below.

Allowable Subj'ect Matter

2. Claim 8 is objected to as being dependent upon a rejt’:ctea base claim, but would be
allowable if rewritten in independent form including all of the limitations of the base claim and any
interveniné claims. |
3, Th¢ following is a statement of reasons for thé indication of allowable subject matter:
Claim 8 requires a specific equation for the mathematical model ;lpon which the first Bit éllc')catiqn
: isvba'sgd, The specific formula i; not taught or suggieste;i by the pr.ior art of record. Claims 18
and 24; are dependept thereo}l, and therefore, are also pf;jected to é’§ bein.gv dependervn»‘up_on a

rejécted base claim (5).

Response to Arguments
4. Applicant's arguments have been fully considered but they are not persuasive. Applicant’
argues (1) that Veldhuis et al. use set quantization levels for the lower half for frequency ranges

and variable levels for the upper half, (2) that the instant application uses an allocation for all
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pre-specify the-

Serial Number: 08/16],798 o Page 3

Art Unit: 2308

frequency ranges, (3) that the instant application counts the number of available frequency units,

and (4) cl.aim 4 is not taught by Veld}‘)uis et al. be’causg “cu'rve d [of Fig. 5] is not lthe'sam’e..”‘
(Amendment pp. 11). | o
As per arguments (1) and (2), tﬁe revguif_emént of adaptive allocation tc; all fr_eg‘uencie.,s is |
not ‘speciﬁed. in the claims,’ ana is therefore irrelevant to consider’ation of prior art.
" As per (3), Véldhuis et al. explicitly t'each'the use 26 separate freqUénail d-ilvisions based on
. , ) : .
psychoacoustic criterion which alldw for wid.e:r'_\)afiations of frquencies at higi'xer frequency
representations (Fig... 3; col. ‘p"with corfeapondihg ffeqliency col. f.o(Hz)). Applicant’s

specification explic@tl)'/ defines the number of fréquenby units as 26 units divided along the

frequency band using psychoacbustic criterion (Specification, pp. 10, line 2). Only rather than

frequency ranges, applicants use a variance to define which will be assigned to

)

“frequencies units.” However, the result is the same, a frequency spectrum divided into 26 units

which takes into accoant old and well .known‘ .psychoacoutstic criterion.
\ Therefore, rega_rdless of whether one seciu}entially “‘assigns” freq.uehcies baaéd on
psycHoacoustic cfiter;on, or simply. de_:ﬁnes the assignment in a.predetermined fablé,-the'relsuit .is a
frequeacy spectrum split into 26 units based on ola and well known techni'lques read‘ily available to
one of ordinary skill in the-art of speech'encoding and psychoacoastic masking.

| As per (4), “curve d;’ is clearly Qu'tside th'e generalized c'laim language requiring only a in-
bank masking,” ana therefore irrefevaat pending more precise claim language. © |

Th'ereAforez Veldhuis et al. will be maintained in the rejection as set forth below.
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Serial Number: 08/161,798 . ~ Page4

Art Unit: 2308

Further, p]easé note that the very .reduridant and sorﬁewhat confusing claim
numbering/structure_ he;s produced a oddly numbered rejectiéns. For clarity, the examiner has
traversed the claims in order of structurle and non-redundabncy, i.e. cla.im dependency gréup 5, 4,
12, 17, and 23);. followed by claim groups (6, '10, 15, 21), (7, 1l1', 16, 22), (8, 13,18, 24), and '(97

14, 19, 20).

" Original Claim - ][d;a’ntiéal, Clairr—ll:s in Different}Clairh Depghde‘ncies
12 o 911, and 13
17 ' , 14-16, and 18
23 | S . 20-22and 24

- Claim Rejectiohs -35U08C§112
5. Claim§ 12 (and 9-11, 13) are rejecéed under 35 U.S.C. 112, second paragraph, as beilng .
indefinite for .failing to p;articular.iy point out and dis'tinctly_cl'ai'n'l the subject. matter which
applicant regards as the inven.ti.qn. |
As per claim‘ 12 (and 9-11, 13), Fhe requirement of each_frequency;unit having a single

spectral corﬁponent is vague and confusing. As discuS;éd above? and explicitly shown in Fig. 6
(instant Application) each frequency-unit has many $‘pectral components through many..l .

frequencies totaling 26 units which must represent a-corﬁpleté spectrum ofinformatiqn. These

units are then sometime representéd or quantizéd (bit allocated) és an average of all the ;p.ectral '

compbnents within the specified range, i.e. the total power of amplitude within a frequency unit.

Or; the units could be represented as a single spectral component, i.e. a max. amplitude or power,
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Serial Number: 08/161,798 . ' ‘P.age 5

Art Unit:'2308

. Regardless of which old and well known technique is used, the frequencyﬁunit will have more than
‘one spectral component, making the requirement indefinite.
Note, all other claims referring to the frequency ‘unit use the prober terminology as

?

. ¢ ‘ . . :
discussed above, see claim 17 (and 14-16, 18) and claim 23 (and 20-22, 24).

Claim Rejections - 35 USC § 103
6. The followihg is a quotation of 35 U.S.C. '103(3) which forms the basis for all obviousneés
rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person’
having ordinary skill in the art to which said subject matler pertains. Patentability shall not be negatived by the
‘manner in which the invention was made

7. Claims 5- 7 9-12, 14 17, 19-23 are rejected under 35 U.S. C. 103(a) as bemg unpatentable

over Veldhuis et al , (5, 105 ,463) in view ofN1sh1guch1 etal (5,151 941)

As per clz;im 5 and 19, Veldhuis et al. teach a method for determining a bit
allocation...comprising the stepslof: "
'obtaininé fr¢quehcy 'uni; intgr‘vals based on p;ycﬁoacoustic criteria (Fig.. 3 as dis.cﬁsse_d
above); |
| and sugéest adaptive bi.t allocation techniclqu'és iricluding”using a ;‘rf{ath model” as desc.ribed”

in paper 5, paragraph 6. R
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Serial Number: 08/161,798 ' Page 6

Art Unit: 2308

Furfher, Nishiguchi et al. teach a method for determining a bit a]locaéion ';:omprising a first '
and seconc’i bit allocation which incorpoféites.psychoacoﬁstic criteria (their initial ailécation
followed by a “correcting sltép” col. 2 line 64- col. 3 line 14;. and psychc;acousti_cs col. 4‘).

Therefore, it would hgve Been obvious to one of ordinary skill in theb art of adaptive bit
.alllocation at thé time of thé"invent'ion to gpecify a fwo step process a§ téught by Nishiguchi et al.
in the aéaﬁtive bit allocation taught by Veldhuis et al. because the number of available bits can

change dynamically which results in bits being in surplus or deficit and leading to less efficient bit

éllocation,‘thus, requiring more bandwidth (Nishiguchi et al., col. 1).
As p:er claim 4, Veldhuis et al_ teach the claim limitations as discussed in paper 5.

As per ;:laims 12 (and 9- 1.1), 17 (and 14-1(;))’and'123 (and 20-22), Veldhuis et al,. teach the
frequency-unit being reprgsented by the average and ‘r_nax.im'um amplitudes or power (G(p;m) a
characteristic parameter that represents any of p'éak value or average or amplitude or pbwer, cc;l.“
6 lines 28-35). Such (ietermination aepénds only on the type of quantizer (line .35). Note, claims

13, 18, and 24 are identical, but are dépendent upon claim 8.

As per claim 6, Veldhuis et al. teach the claim limitations as di;cusséd in paper 5 (the

previous rejection of claim 2).
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Serial Number: 08/161,798 N Page 7

Art Unit: 2308

As per claim 7, Veldhuis et al. teach the counted number of available frequency units

(Instant specification defines tnis number as 26; spec. pp. 10, Veldhuis et al. show this number as

26, Fig. 3).

Conclusion

8. Applicant's amendment necess1tated the new ground(s) of rejection presented in this Office

action. Accordingly, THIS ACTION IS MADE FINAL, ‘See MPEP § 706.07(a). Apphcant is

v

‘remin'ded of the extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for response to this final action is set to expire- THREE
MONTHS from the date of this action. In the event a first response is filed within TWQ
MONTHS of the marllng date of this final action- and the advrsory actlon is not mailed until after
the end of the THREE-MONTH shortened statutory perrod, t_hen the shortened_statutory period
will expire on the dete the advisory action is rnailed, and any extension fee pursuant to 37
CFR 1.136(a) will be _calculated.from the mailing date of the advisory action. In no event will the

statutory period for response exprre later than SIX MONTHS from the date of this final action.

]
o

9. The prior art made of record and not relied upon is considered pertinent to applicant's

disclosure.

Fielder et al. teach the use of a multi-pass bit allocation methodology (col. 6-col. 7, col

22-col. 27,
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Serial Number: 08/161,798 - . Page8

Art Unit: 2308

Akagiri et al_teach the use of both temporal arid frequency masking eﬁ‘ec\:tél(abstract).

10.  The examiner requests any subsequent amendments aniending claims, include a co‘mplete

copy of current, pending claims. : h ' . ;

11" Any inquiry concerning this communication or earlier communications from the examiner

should be directed to John Grover whose telephone number is (703) 305-'3863. _

) ) . DONAU)
C)m 07 ' vsuv&%\sow PATTENZggg‘\M_m .
John Michael Grover o M U e

" Assistant Patent Examiner
December 27, 1996
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Atty Dckt
' 03/58-48683

: 1997,
S

¢ PATENT
’ M(ndment under 37 CFR §1 115
Expeaited Procedure
Examining Group 2308

“CRoy A | -:‘ - o 1
/TPJUM:%FS' . . . /@

R ‘
RADENN “IN THE UNITED STATES PATENT AND “TRADEMARK OFFICE

Applicant : . TEH, et al.

Serial No.: 08/161,798 Examiner: 'Grove“?.

Filed : Decémber'6 11993 . Group Art Unlt

For F A BIT ALLOCATION METHOD FOR DIGITAL AUDEO SIGNALS

’ (AS AMENDED)
AMENDMENT
Assistant Commissioner of Patents
and Trademarks . .

Washington, D:C. 20231
Sir:

Entry and consideration of this paper in response to the
January 6, 1997 office Aétion (Paper No. 8) are reguested under

37 C.F.R. §1.116. Please further amehd this‘application as

follows:

IN THE CLAIMS:
Pursuant to the Examiner’s fequest all pending claims are
reproducAd'beloQ including any claim amendments. Pleaée‘aménd

claims 5 and 8-13 as fdllows:

4. Method according to claim 5, wherein
\ ' R . R . .. N .. .
said mathematical model is derived from an in-band masking
effect such that .an error spectrum will follow more closely to

the original signéi spectrum.

\- \ .
/5([ (Amended) A method of determlnlng a bit allocation for

a. quantlzatlon of digital audio 51gnals having spectral and
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temporal.structure wherein the digital sudio”signais'are &
obtained by bufferlng audlo s1gna1s in frames and decomposing
the digital signals into spectral components whlch-comprlses
the steps of: I

a step for dividing at least one frequency interval

into a plurality of frequency-units;

a step'for.obtaining a representative of’eech‘
frequency-unit obtained [by diuiding at leest one defined
frequency intervall ;

a ste; for counting a number of available frequency-
units by using the representative, based on'psychoécoustic
criterial, said available freéuency—units satisfy said'
psyohoacoustic criterial; )

a first bit allocation step for determining ansinitial
bit allocation for each of said available‘frequency—units hy"
using an spproximate mathematical'model using séid counted -
number of avallable frequency units; and

a second blt allocation step for determlnlng further
bit allooation for each of said_available-freguency—units based

f

on psychoacoustic criteria. ] ' ‘

6. A method according to. claim 5, ‘wherein said second bit
allocation step is to determine the bit allocatlon through a
psychoacoustlcally welghted inverse relatlonshlp w1th the sald

vrepresentatlve of each of said frequency—unlts.
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7 A method according to claim 5, wherein said counted
number of available frequency-units is a number of the
frequency—units which have the representative exceeding a human

hearihg.threshold.

‘é}&’ (Amended) A method [according to claim 7,]

of determlnlnq a bit allocatlon for a quantlzatlon of deltal
I
audio signals hav1nq spectral and temporal structure whereln the

‘digital audio signals are obtalned bv bufferlnq audlo slqnals in

frames and decompos1nq the digital signals into spectral

components, which comprises the steps of:

| s N .
a step.for dividing at least one freguency interval

into a plurality of frequency-units;

a step for obtalnlnq a representative. of each

freguency-unit obtalned ' o [

a step for counting a number of available frecuency-

. ) ) . ) ! o
units by using the représentative, based on psychoacoustic

criteria where the representative exceeds a human hedring

threshold;

a first bit allocation step for determining an initial

bit allocation for each of said available frequency—units by

using an approximate mathematical model using said counted

number of available frequency—units~ _and

a second bit allocatlon step for determining further

bit allocatlon for each of said avallable frequencv unlts based

on’psychoacoustic crlterla;
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wherein said mathematical model is represented by.a

formula:
N
WL(u) = vartw _ 1 Y var(u) + Ba
F NF AN
)
wherein
'WL(u} represents number of bits allocated to the
frequeﬁéy—units u,
var (u) represents variancevof the frequeﬁcy—units‘u,
F o feprgsénﬁs a psychoacoustic weighting facﬁor,
N repfesents~the counter numbér of the available
frequency-units,
Ba .represents ﬁﬁmber of bits set aside for initial

allocation, and

represents approximate average number of spectral

wherein each

4

frequency—unit [has] is represented by a single spectral

samples in the available frequizjy—units.

(Amended) Method'accordihg to claim

component . i ég

q/ o\ (Amended) Method_according to claimvﬁﬁ wherein each

frequency-unit [has] is represented by a single spectral

compopent . - . ) ég
%/ 0~
\\ 1. (Amended) Method according to claim/Zf wherein each

frequency-unit [has] is_represented by a single spectral

component .
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/}Z. iAmended),Method accofding to claim,&C wherein each

frequency-unit [has] is represented by a single spectral

£y

componq7t. ’ : g P

frequency-unit [has] is represented by a singlé spectral
: - ]

/

(Amended) Method according to claim .8, wherein eac%

component . . B ‘ /

©unit. : )

B ] A e
'14. Method according to claim 5, wheéein said
representati&e is a variance which is caltulated from an
amplitude of a maximum spectral‘componevf'of each frequéncyL
A; . .
15. Method according to claim 6,/ wherein said

. . . S - .
representative 1s a variance which 1?‘calculated‘from an

amplitude of a maximum spectral comﬁonent of each frequency-

!

¢

unit. ) X C i

g,

16. Method according to claﬁm 7, wherein said

. . {
representative is a variance wh%ﬁh is'caiculated from an
amplitude oflg maximum spectral;gompopent of each freqﬁen;y—
unit. o . ;
17. Metﬁod éccordipg to élgim 4, wherein said
representative is a variance‘yhich-is»calculated from an
amplitude of a maximum spect;él component of each frequency-

j' B

unit.

e,

18. Method according to claim 8, wherein said .
i .
representative is a variancé which is calculated from an

¢tral component of each frequency-

amplitude.of a maximum spe
' f

unit.

e

S

e ———
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19. ‘Method acco;ding to claim 5, wheﬁé;n each frequency-

‘unit is obtained:byvdividing said spectrey and temporal

structure with at least one frequency 1n¢erva1

20. Method according to claim 5 /dhereln said
representative is a variance Wthh 1s/éalcu1ated from
of a spectral component of each- freqdency unit.

.

21. Method accordlng to clalmfG, wherein said

. ! . N !
representative is a variance whicH is calculated from an

!
. 4 .
of a spectral component of each frequency-unit.
. + I's
. 4 .
22. Method according to glaim 7, wherein said
/

representative is a variance ﬂhich.is calculated from
of a spectral component of eéch frequency-unit.

. / .
23. Method according ﬁO'claimv4, wherein said

‘

representative is a varianpe which is calculated from

. / :
of a spectral component qf each. frequency-unit.:
I . .
24. Method aCcord;ng.to claim 8, wherein said

Ji
7

representative is a vaﬁﬁance which is calculated from .

"
of a spectral component of each frequency-unit.

i
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Reconsideratidn\of the'Offiée Aétion:dated Jariuary 6,.1997
is respectfully requested under 37 C.F.R. §1.116 to bétter
clérify the issues féf appeal and to respbnd to-the new art
rejections raised by the-Examinerf

Claims 4-24 ;re pending in this gpplication.>‘Claim“é‘has
been amended_to mbre clearly define the inventive methodf: Claim

I

8 has been amended to include the features of claims 5 and 7 to

be in independent form. Claims 9-13 have been amended’ in an
attempt to overcome the 35 U.S.C. §112, second paragraph,
rejection. No additional claim fees are required. NG new

matter or issues have been raised by the claim amendmgnts. No

amendments are_made to the épecification'or'Abstract of the
Disclosure.:' | ‘

Applicants note that ‘the Examiner is holding thé drawing
corrections prépbsed,in the Amendment filed on October 17, 1996
in abeyance. Apblicahts also'note thaﬁ thé objection to the.
title is maintained, but Applicanté are unsure of the reasons
for the maintenance as there were‘no reasons set forth_;b the
Office Acfion of January é,.i997 beyond the statement in
paragraph ll ‘ ‘

‘ Applicants n&te with appreciatioﬁ thaﬁfclaim 8 was found
allowable if rewritten in iﬁdepéndéﬁt form. .Appiicanﬁs ha&e
amended cldim 8 to include the features'éf claims S and 7 to

satisfy this requirement. Claims 18 and 24 are believed to be

N, 8
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allowable as they now depend from allowable.claim 8. vIc ie.also
belieyed that claim 13 as‘amended to saﬁisfy the requirements of
- AR BN ‘ RUR: ,

35 U.S.C. §112 is allowable also as it depends from ciaim 8.

Claims 9—;3'have been'rejectedbunder 35tU.SJC. §ilg;‘secondx_
paragraph, fornpurportedly being indefinite. This regection is
respectfully traversed. Each of these claims has been;amended
to replace "has" with.ﬁisdrepresented by" to now‘recite that
each.frequency'unit is represented by'a single spectral
component.'vApplicants beliéve that this should satiefy the
requirements of 35 U.S.C. §112'as discussed in paragraph 5 of_
the January 6 1997'Office Action‘ It is be}ieVed that rhese
amendments overcome thlS rejectlon and it is respec;fullyf
requested that thlS rejectlon be w1thdrawn

Clalms 5—7,.9>12, ‘14-17, 19-23 are rejected under 35 U S.C.
§103(a) as purportedly.unpatentable over Veldhuis et.al. in view
of Nishiguchi et al. This rejection is respectfully trayersed.

Claim 5 is the base independent .claim for the rejected |
claims. Claim,S'recitea that_aﬁ'least one frequency incervaL ia
divided into a plurality of frequency units with no specific-
-recitation of the number of frequency units-that‘the frequency
incerval is divided into contrary to the Examiner’é statements
in the second full paragraph on page 3 of the January 6, 1997
lOfflce Action. Appllcants believe that- although the
specification may .state that the frequency unlts ~can numberv26,

this does not place a specific limitation on. the cla1m as

recited. Clalm 5 contlnues on to recite that obtalnlng a

~-8-
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representative for each frequency unit. The next step is to

count the number of availablé frequency units determined based
on using the repreSentative;ﬁf each freduenéy unit‘ﬁsihg
psychoacoustic criteria to make the determination. Next, the
method allocates bits for each of the available frequency units.
The bit allocation occurs in two steps:‘ The fifst step
determines the initiallbit.allocation by using an appfoximate
mathematical model that hés as one of its factors the number of
available.frequency units. The second bit allocation step
further fine tunes the bit allocatidn for ééch of the available
‘frequency units baséd.on psychoacoustic criteria.

The Examiner, as previously mghtioned, apparently has
mistaken and implied a limitaﬁionfupdn claim 5 based on fhe
discussion within the specification. This implication of a
limitation upog the recited claim language is improper and
cannot be uséd as a basis for rejecﬁion; Applic%nts'are‘
confused by'the:Eﬁamiﬁer’sluse of "variance" in the second full
paragraph of page 3, as Applicants use variance iq the
specification to define a change each frequency unit.

"Variance" ié nét used to assign or positionithe frequency ﬁnits_
' per se. The frequency units are the result of-diviaing*é ;-
particulaf frequéncy interval into a plurality of frequency
units. The Examiner is correct if he is using variance in-
relation to allowing for fréxibility in the determination in the

number of frequency units and their respective sizes. .Once

again, the number of frequency units is not specifically recited

=
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and therefore there is no limitation in reference to their being
exactly 26 frequency Units; -

The Examiner has improperly defined the step of obtaining
frequency units by dividing a defined frequency interval as
being based on psychoacoustic‘criteria.‘ Psychoaconstic criteria

. is not'nsed until the step of counting the number of available
frequency units, which does not exp11c1tly remove frequency
unlts that are determlned not to meet the psychoacoustlc
criteria for the bit allocation based on the representatiVe.l It
is this representative that is based on the psychoacoustic
criteria not the frequency units themselves per sé.‘ The
Examiner relies upon column 3 of the Veldhuis et al. patent to
teach a mathematical model being . used for the allocatien of |

- bits, this is not entirely true as that particuiarfreference
refers to quantlzlng bits for a single block in response to an
allocation pattern stored, whlch allocation pattern 1s B(p)

See column:3, lines 4-8. The Examinexr then goes on to rely upon
the Nishiguchi et al. patent to allegedly teach a method for

determlnlng bit allocation compr1s1ng two steps which

incorporate psychoacoustic criteriaf The Examiner states that
after the initial allocation there is a correcting step. This
however is different thanlwhat is recited in Applicants’bclaim

5, which is that the second bit allocation step further
allocates bita that were not previously allocated to each of the
relevant avaiiable frequency units based on_psYchoacoustic

criteria. This type of step is entirely different than a

-10-
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correction. step which by its nature does not allocate reﬁaining
‘bits buﬁ corrects the allocation previously made by adjusting
bits previouslyvallocated;

Furthermore, a combination of the Veldhuis et al. and
_Nishiguchi et al. patents ié not propgr."The_Veldhuis etlal.
patent as meﬁﬁioned in the,first Ahendmént relies upoﬁ a l
quantiﬁization of the lower half of the frequehcy rangeé. See
column 7, line 68 to column 8, line 1 and page 11 of the first
Amendment. .The Veldhuis et al. patent only disclose a Bit
allocation for the frequency ranges in'tﬁe upper Half of the
frequéncy spectrum. See column iO, 1inés 8—l8iand paée 11 of
the.first Amendmenﬁ. Consequently, the Veldhuis et al. patent
teaches away from the use of bit aliocation in the lower
frequency spethumsm -éonsequently, if Nishiguchi et al. bit
allocation ié combinéd with the Veldhuisiet al..paﬁenﬁ, the
1ower7freqﬁeﬁcy Bands will still be quantized ah@ not have bits
variabiy assigned thfouéh allocation based on psychoacéustic-
data.- Cdntrary to the ﬁxaminér’s’dssertion that‘bit allocation
does not psssibly occur in the Iowér spectrum of frequencies of
Applicants’ inVention; Appiicants adjﬁst’the big allocétion,for
the available fréquency units. The available fréquency unité
can be and inciude any frequency unit whOsé repfesentatiﬁe
satisfies bsychoacoustic,cri;éria. This does not e%plicitlyl
limit the frequency ﬁnits'to only the. upper 'half of the a

frequency spectrum of the selected frequency interval, however

in a particular example, this may be the actual result.

-11-
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However, the ayailable\frequency units may possibly include the
léwer frequency units in the lower half of the selected
frequéncy‘interval. .Thié pbssibility is not taughp'or suggeéted
by either of the'Veldhuisvet al. patent or the'Nishigucﬁi et al.
patent. ‘ ' ' ' |
.Consequently, thg deficiencies»ofleach of the cifed and
re;ied upon patents of the-Examiper are not ;émedied by the

other fespective patent. :Consequently, the Veldhuis et al.

y ) . . : ' . . L )
" patent and the Nishiguchi et-al. patent, in combination or taken] -

individually, are not able to teach or suggest Applicants>
recited invention. Even thdugh a'fewhfeatﬁres were used to
distinguish between thiS'aéplication and ﬁhe relied upon art, iﬁ
is the totality of thé clgihs'that'provides the'pétehtébility
for each claim. . The fémaining.claims that depend from cla;m 5
are patentaBle for the same ;easons as claiﬁ 5. Applicanés"‘
héreby incorpofate»by'feference the argumehts made in the first
Amendment filed on October 17, 1996.” Therefore, tBiSvrejection
has been overcome, and it is‘respectfully requégted that this

rejection be withdrawn.:

-12-
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In view of the above amendments‘and'Remarks, it is
courteously urged that all of the claims are allowable and that
the applicatioﬁ now is in condition for‘alloﬁance. Favorable

action in this regard is earnestly solicited.

Respectfully submitted,

BEVERIDGE, DEGRANDI, WEILACHER & YOUNG, L.L.P.

oy Qo 484D | |
ébseﬁh A. Degrandi, Reg. No. 17,446
850

M Street, N.W. (Suite, 800)
Washington, D.C. )

20036
Telephone: (202) 659-2811
. Fax: (202) 659-1462
~June 6, 1997 : ’ ' ’ .

-13-
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Aty Deki - ; . 583 PATENT T Jé
03/58-48683 4 mendment Under .
%'A 1991 é‘é gxpcd‘ij::: l:r:)Jcl::iur:" CrRaLe l

06/25/1997 AHAYES
o1 Fea117

N . PR o ) t ' Examining Group 2308  ° ) )
Zapens® | " pedf
IN THE UNITED"STATES.PATENT AND TRADEMARK OgFqui D .

Applicant : TEH, et al.. v

Serial No.: 08/161,798 ' ' Examiner: érover,CgZ =, !

Filed : Decembéf 6, 1993  Group A;t.Unit: 2§€8

For . : A BIT ALLOCATION METHOD FOR DIGITAL AUDIC SIGNALS
(AS AMENDED) . .

PETITION FOR‘EXTENSION OF TIME

Hon. Commissionef of Patents.
and Trademarks

Washington, D.C. 20231
Sir: ’

vApplicants/ through their undersignedpaﬁtéfney,
respectfully request.a ﬁwo—month extension of time for
responding .to the outstanding foice Action dafed January 6;
1997 in the above—identified‘patent'applicaﬁidn. .Thé time fof
response is thus extended_up to and including June 6,.1997.v

. Oﬁr cheék in tﬁe sﬁm of $390.00 is‘attaéhed.

Please‘charge any additional fees to the Deposit
Account of the dndersignedP'No. 02-4300, aﬁd credit any
overpayﬁent to said Account.

00000003 03161338.00 w® “R‘espect fully submitted, .
Beveridge, DeGrandi, Weilacher & Young

By; €;1v&ﬂ é; 424

(;ﬁseph A. DeGrandi - Reg. No. 17,446

850 M Street, N.W. (Suite 800)
Washington, D.C. 20036 .
Telephone: (202) 659-2811
Facsimile: (202) 659-1462

June 6, 1997
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\2()@ // /? . oMB N~ 0651-0011 (12/31/86)

Atty., Docket No.

. Notlce of Appeax +rom the %xamlner to ‘the
03/58-48683

Board cf Appzals and Interferences

,AR‘RYL Q\ : In Re Appllca anQf‘ N
¢ J(// A ) TEH, et al b 3¢ v’d“

-
e,

» .

P iled - )

’c‘e ]94)7 cember 6, 1993
'?MEM ik &7 For: A BIT ALLOCATION METHoﬁ) 'FOR
DIGITAL AUDIO SIGNALS (AS AMENDED)

//p? Art Unit , |[Examiner

Applicant hereby appeals to the Board of Appeals from the decision
9-17 and 19-23.

January 6, 1997 of the_examiner,rejecting claimé 4-7,

The‘item(s) checked below are appropriate:
. \ )
1. X Appeal fee (37 CFR 1.17(e))

X other than small entity b s fee $300

0 small entity fee $150
0 verified statement attached - e ' :
0 verified statement was filed

2. X A petition and fee for an extension of time for reply to the
rejection is attached (the first and second month extension
fees were previously paid on June 6, 1997).
Extension fee (37 CFR 1.17(a)-(c))

t

X other than small entity . -
©.o %110 O $390 - O $930 O $1470

X $540 (third month only) '
o small entity.

0 verified statement attached

O verified statement filed ]

o $55 © . -0 $195 - O $465 O $735

3. X Check attached for the sum of ” $840. OO
r
4. 0O Please charge the fee(s) to Dep051t Account Number 02- 4300

A dupllcate copy of this notice is enclosed.

Qs d .00 _Grik

dul 7,.1997 .
Applicant, Attorney ox Agent

Date C
Joseph A. DeGrandi (17,446)

Form PTO-FB-B210 (10-85) - 8
Patent and Trademark Offlce U S. Department of Commerceg

300.

3 08161798

119

1171997 LCHALMER 000000

07/
Y01 FC
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Aty Dckt
03/58-48683

U }k ,
Amendment Under 37 CFR §1.116

Expedited Procedure
Exammmg Group 2308

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Sir:

plicant ;. TEH, et al.
Serial No.: 08/161,798 Examiner:
: . . . %]
Filed  : = December 6, 1993 Group Art Unit: :é308“ i

For : A BIT ALLOCATION METHOD FOR DIGITAL AUDIO SIGNALS
i ‘ (AS AMENDED)

‘ PETITION FOR EXTENSION OF TIME

Hon. Comm1551oner of Patents
and Trademarks

Washington, D.C.r 20231

A B E .
Applicants, through their under51gned attorney,

respectfully request a third- month extension of time for

responding to the outstanding Office Action dated January 6,

1997 in the above- 1dent1f1ed patent appllcatlon

The time for

response is thus extended up to and including July 7, 1997,
since July 6, 1997 was a Sunday. ' .

Appllcants prev1ously submitted a Petition for

Extension of Tlme for two ‘months on June 6,

1997 along with a

check in the amount of $390.

Our check including the sum of $540 00 ($930.00—'

$390.00) is attached
Please charge any add

Account of the undersigned, No.

overpayment to said Account.

Respectfull

Beveridge,

3
B?: <l~ﬂP£,52¥é:é;%ZVJID' . 'g )

itional feesEto the Deposit
02-4300, and credit any

. =3
Yy submitted, 3_

@
o

~ .
-DeGrandi, WeilacBer & Young

{ﬁsebh'A: DeGrandi - Reg. NB. 17,446

850 M Street, N.W. (Suite g00)
Washington, D.C. 20036 g
: Telephone: (202) 659-2811 &
Jguly 7, 1997 Facsimile: (202)°659-1462 g
) B t - O vt
38
Sy
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3 m . UNITED STATES DEPARTMENT OF COMMERCE

‘,? " s Patent and Trademark Office S
B @ | Address: COMMISSIONER OF PATENTS AND TRADEMARKS

= washington, D.C. 20231
SERIAL NUMBER - | FILNG DATE | ; FIRGT NAMED APPLICANT | AYTORNEY DOCKET NO.

EXAMINER
SR T, &

RIETE

TARYUNIT | PAPER NUMBER

DATE MAILED:

Below is a communlcation from the EXAMINER In charge of this appllcatlon

COMMISSIONER OF PATENTS AND TRADEMARKS

ADVISORY ACTION -

THE PERIOD FOR RESPONSE:

a) W is extended to run __- gm l’)Y‘//’}f')lor continuestorun____ from the date of the final rejecuon

b) ] expires three months from the date of the final rejection or as of the mailing date of this Advisory Action, whichever is later. Inno
: event however, will the statutory period for the response expire later than six months from the-date of the final rejection.

Any extension of time must be obtained by filing a petition under 37 CFR 1.136(a), the proposed response and the appropriate fee.
The date on which the response, the petition , and the fee have been filed is the date of the response and also the date for the
purposes of determining the period of extension and the corresponding amount of the fee. Any extension fee pursuant to 37 CFR
1.17 will be calculated from the date of the originally set shortened statutory period for response or as set forth in b) above.

Appellant's Brief is due in aocordance with 37 CFR 1.192(a).
O

-~ =
@ Applicant's response to the fmal rejection, h|ed {—7-L has been considered with the following effect, but itis not deemad
to place the application in condition for allowance: ) 2

] The proposed amendments to the claim and for specification will not be entered and the final rejection stands because:

a.[_|'There is no convincing showing under 37 CFR 1. 116(b) why the proposed amendment is necessary and.was not earlier
presented. .

b. "] They raise new issues that would require further consideration and/or search. (See Note).
¢. [] They raise the issue of new matter. (See'Note)

d.{_] They are not deemed to place the apphcanon in better form for appeal by matenally reducmg or simplifying the issues for
appeal.

e.[] They present additional claims without cancelling a corresponding number of finally rejected claims.

NOTE:

|

2. [7] Newly proposed oramendedclaims—__ would be allowed if submitted in a separately filed amendment canceiling
the non-allowable claims. . ’

3. E Upon the filing an appeal, the proposed amendmemﬁ will be entered D will not be entéred and the status of the claims will
be as follows: .
Claims all wed /3 /g &‘; C/
Claims ‘/" ‘7’71 /47 / /?ll?(j

PR

Claims reg .

g

However,

[T1 Applicant's response has overcome the following rejection(s):

4. [7] The affidavit, exhibit or request for reconsideration has been considered but does not overcome the rejectionbecause -

© 7] The affidavit or exhibit will not be considered because applicant has not shown good and sufficent reasons why it was not earlier
~resented.

“ng correction D has ] has not been approved by the examiner. /%/} // 2 /_’,/Z

I ‘ L ' . \T"\Q[\iﬂlh
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Attorney for Appellant
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Atty. Dkt.
03/58-48683

PATENT

N .
IN THE UNITED STATES PATE: :AND~ TRADEMARK OFFICE
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES

Applicant :"Do Hui TEH et al. . Examiner: ~A.'MacDonald
Serial No. : .08/161,798 Group. Art /Unit: '2308.
Filed o December 6, 1993 '

For ¢ A BIT ALLOCATION METHOD FOR DIGITAL AUDIO SIGNALS

" ~ (AS AMENDED)

APPELLANTS’ BRIEF ON APPEAL

Applicants have appealed from the final Office Action dated
o

January 6, 1997 (Paper No. 8) in the above appllcatlon

s

I. REAL PARTY IN INTEREST e e L

This patent application is assigned to Matsushita Electric
Industrial Co Ltd.y a corporatlon of Japan, and the. a551gnment
is recorded at Reel/Frame 6798/0252 with recordation taklng place

on December 6, 1993. . ) . %

4

IT. RELATED APPEALS AND- INTERFERENCES

Applicants, AppliCants' leéal representati&e and Assignee
know of no currently pendlng related appeals or 1nterferences
which will directly affect or be directly affected by or have a

bearing on the'Board’s decision in the pending appeal.
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III. 'STATUS OF CLAIMS

Claims 1-3 werélpreviously canceled.

Claims 4-7, 9-12, 14-17, aﬁd 19-23 sﬁahd.rejected after ﬁhe
final Office'Actioﬁ and the Advisory Action of July 8, 1997
(Paper No. }.1). ' | A a

.Ciaims é, 13, 18, and 24 were indicated asvallOWed in the
Adviso:y Action of Juiy 8, 1997, as amended in the Amendment

filed June 6, 1997 (Paper No. 9) in response to the final Office

Action. These claims are attached. as Appendix B.

!

Iv. STATUS OF AMENDMENTS

|
Applicants filed an Amendment on June 6,f1997”in response to
the final Office Action of Jaruary 6, 1997.  An Advisory. Action’

issued in response to this Amendment on July 8, 1997 indicating

that claims 8, 13, 18, and 24 were allowed. The Advisory Action

stated that claims 4-7, 9-12, 14-17, and 19-23 stand rejected
based on prior art. However, Applicarits assume, baséd:on the
‘indication of alloﬁance of élaim 13, Ehat the rejectionfbased on
35 U.S.C. 8112, second paragraph, was overcome also er'clgims 9-
12 as these claims were also ameﬁded to recite the-éaﬁe feature
as. recited in claim\13,'name1y, that each frequency-unit is
represented by a single spéétral component . The Advisory Action
indicated that tﬁe Amendmént would be entered upon the filihg of

an Appeal. The Notice of Appeal was filed on July 7, 1997'(July

6 being a Sunday) .
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V. SUMMARY OF THE INVENTION

)

The invention, in»the simplest terms, is a method:of-v
determining the amount of bit allocation for quantiZation of |
digital audio signals. The digital audio s1gnals have spectral
and temporal structure and are obtalned by buffering audlo
signals in frames and decomposing the digital signals into
spectral components. | ) l

' The first: rec1ted step is to divide a frequency interval
into a plurallty of frequency units. For each frequency—unlt, a
representatlve is obtained. See the specification-at page 5,
lines 10-13. The representative_then is uSed in conjunction with
psychoacoustlc criteria to. count and determine a number of
avallable frequency-units. See the specification at page 10,
lines 7-11 and Figure 2, boxes $2—35. .A’firstlbit allocation
step determines the initial bit(allocation for each of the .

available frequency-units by uSing a mathematical model . See the

‘specification at page 11, line 3 to page 12, line 1. A second

bit allocatlon step then further determlnes bit allocatlon for
each of the available frequency units based on psychoacoustlc
criteria. See the spec1f1catlon at page 9, lines 9-12.

The mathematical model may be derived fromnan_ianand
masking affect that allows an -error spectrum to more closely
follow the original spectrum - See the'specification at page 12,
lines 19-21. The counted number of avallable frequency units may
be based on frequency unlts that have a representatlve exceedlng

3
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a.human hearing threshold. See the specification at page 10,
lines 7-11. Other possible further modlflcatlons are that each
frequency- unlt is represented by a single spectral component

The representatlve may ‘be a variance which 1s calculated from the-

amplltude 6f the maximum spectral component of .each frequency-

lunit. See the spec1f1catlon at page '8, l;nes 7-9. The

representative also may be a variance which. is calculated from an
average of a spectral component of each frequency<unit. See the

specification at page 8, lines 9-11.
VI. ISSUES

1. The only issue before the Board is whether claims 5-7,
9-10, 13-17, and 19- 23 deflne a patentable 1nventlon under 35
U.s.C. §103(a) over the Veldhuls et al. patent No 5,105,463 in

view of the Nishiguchi et al patent No. 5,151,941.

VII. - GROUPING OF CLAIMS : o

Claims 4-17, 9—12/ 14-17, and 19-23 stand or fall together

as a single group of claims.
VIII. ARGUMENT
The Examiner is in'error in rejecting claims 577,‘9712, 14-

17, and 19—23_under 35 U.S8.C. §103(a) as allegedly being

.5
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unpatentable over the Veldhuis et al. patent in view of-the
Nishiguchi et al. patent.

The general subject hatter of this‘inventrOn is'the_digital
manipulatibn of an audio signal based on the principles of'
psychoacoustics. Psychoacousticé relates to how an individual
perceives a sound based on temporal, spectral, and spacial
factors. Psychoacbustics accounts for the way sbundwaveé
reverberate off of the ridges and folds of an'individﬁalﬁs ear-
As such, certain frequency ranges become more importantvthan.
others and therefore downot-needfto be as finely represented in
the processiné. Tﬁis does not mean,vhoWever, that‘all frequéncy
béndé available in a ?articulér fange are not brbéessed or .
utilized. Furthermore, there.is no explicit‘or.mandatory:ﬁumber
of bands that ﬁ;st be used:to accomplish thiévprOCessiné...

Claim 5 recites that psychoacoustic criteria is used for.
determining the number of available freqhencY—units based on the
representati?évassigned to each frequéncy—unit. Theﬁelis.no
specific recited limitation that prevents each.of the frequency-
units from being an available frequency-unit. Furthefmoré, the
specification recites that the steps recited in cléim 5 afe
reitefated until the bit allocation of all of the bits has

| occurred. Conseqdently, one of ordinary skill in the art wOuid
uﬁderstand this as'méaﬁing that each frequency-unit would be an
available freqpency—ﬁnit bn the first iteration. ﬁowevér, as
iterations are performedd'the representative is adjusted aﬁd
therefore may not satisfy the psychoacoustic ériteria, thus, the

6
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frequency-unit would not be an available frequency-unit The
consequence of not being an- available frequency- unit is that no
additioénal bits are ass19ned or allocated to that frequency unit.
Applicants do not understand the interpretation given to the
claims by the Examiner in the final,Office Action. As will be
discussed below, Applicants respectfully submit that thef
invention recited in claim-S is patentable over the relied upon

' Veldhuis et al. patent and the Nishiguchi et al patent

The Examiner has unnecessarily read limitations 1nto claim 5

that are not recited. In paragraph 4 of the final Office Action
the Examiner 1mplies that there is a limitation within the claims
that the number of frequency-units is equal to 26. The Examiner

states that

Applicant’s specification explicitly defines
the number of frequency units as 26 units. .
divided along the frequency band using
psychoacoustic criterion (Specification, pp.
10, line 2). Only rather than pre-specify
the frequency ranges, applicants use a
variance to define which will be assigned to
"frequencies units." - However, the: result is
the same, a frequency spectrum divided into
26 units which takes into account old and
well known psychoacoustic criterion.

The problem with the Examiner s statement is that the number "26"
is used as an example within Applicants specification, and is
not recited in Applicants’ claim 5. Additionally, the Examiner,
like Applicants, should not read a limitation frOm the
specification into the clainsl The Manual of Patent,Examining

Procedure, on page 2100-126, explicitly states that "[a] lthough

0195




the claims are interpreted in light.of the specificatron,
limitations from the specification are not read into the claims.
In re Van Geuns, 988 F.2d 1181, 26 USPQ2d 1057 (Féd..dir. 1993) ."
Consequently,.the;number of frequency—units'can>be any'number.
Furthermore, the Examiner has limited the use of the
r>vrepresentative within claim 5 by referrinq to it as a variance;
however, a variance is a feature rec1ted in the dependent claims
as. to what the representatlve may be. :

‘Cla1m-5 is the independent claim from which all of'the
remaining rejected:claims deoend ultlmately; Claim 5 recites
| that at least-one-frequency interval is divided;lhto a plurallty
of frequency—units with no specific recitation of 'the number of
frequency units that the frequency 1nterval is d1v1ded into,
| contrary to the Examlner s statements in the second full
paragraph on page 3 of the January'6, 1997 Offlce Action, namely
the above quoted text. Applicants belleve that although the
speclflcatlon may state that the number of frequency- unlts can be
26, thlS does not place a speclflc llmltatlon on cla1m 5 ‘as
recited. : S ) o o o

Claim 5 also:recites‘the‘step of "obtaining a representativeh
for each frequency—unit obtained® andtthe step»of.counting the
number of available frequency—units determlned by‘using.the
representatlve of each frequency un1t using psychoacoustic
cr1ter1a to make the determlnatlon Next thenmethod defined by
claim 5 allocates bits for each of the available frequency-units.
fhis bit allocationvoccurs in two steps. The first step

8
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détermines the initial bit allocafioﬁ by using an approximate
mathematiéal model (it should be noted thét gllqwed ciaim 8 has a
specifié mathematical model in the form of aﬁ e§ﬁation) that -has °
as. orie oflits‘factors the number of avaiidble frequenc?éunité.
The second bit allocation step fgrtﬁer'fiﬁé-tunes the bit
allocation to each of the évailable fréquency—units Baée& on
psychéacoustinCriteria. -

The Examiner, as previoﬁsly menﬁioned,_apparently has
mistaken and implied a limita;ion upon claim 5 based on fhe
diécussion within the specification. This impiication of a
limitation ﬁpon thé recited claim languageﬁis impfoper;and cannot
be used as a basié for fejection. AppliCanfs are_coﬁfuéed by tﬁe
Exéminer:s'use oﬁ'ﬂvarianceﬁ in the second full paragraph of page
l3, when he statés " [o]lnly rather thanléréfspecify the»ffequency

ranges, applicants use a variance to define which will be

assigned to >frequency units.’"

Applicénts use:thebterm "variance". in the specification to
define a change within eaéh ﬁrequency—unit. "Variance"<is‘n§t
used to assign or position:the fréquencx%units per se. ;fhe |
frequency-units are the result of dividingga pafticular‘frequéncy
interval into a pluralify of fregquency-units. Once ?gaip, the
. || number of fféquency-units is not specifically recited in claim S‘f
and thefefore'there is né‘limitgtion in the claim referencé Eo_‘

there being exéctly 26 frequency-units.
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The_Examiner‘has implicitly'admitted that the Veldhuis et.v
al. patent does not teach, by itself, Applicants’ recited
invention by his withdrawal of the 35 U.S.C. §102 rejection.

The Veldhuis et al. patent discloses the use of multiplel
frequency bands as shown in Fig. 3. The Veldhuls et al. patent,
however, does not determlne a representatlve for each of these
frequency . bands Instead, the Veldhuls et al. patent relles upon
using a set number of quantlnlzatlon levels that are
predetermined for the lowér half of the frequency ranges.  As
disclosed in the following:

The gquantizers 8(p) and dequantizers 9(p) for
each of the subbands of the first group .
{1z pg 12) are arranged for quantizing and
dequantizing the subband-signals by a fixed
numbexr of B(p) bits per signal sample, in ‘the
present embodiment the same values of
B(p=1log,[L(p)] as shown in the table of FIG
3 being chosen, thus L(p)=25 and B{p)=4. 64.
(Veldhuis et al., col. 10, lines 1-7).
’ - . R .
L{p) represents the number of quantinization levels assigned for
a given frequency band. The Veldhuis et al. patent does discuss.
the alloatien for the upper half of the freguency ranges. See
Veldhuis. et al., col. 10, lines 8-18.

This automatlc ass1gnment of quantlnlzatlon levels dlctates
a fixed amount of bits belngvass1gned to the lower frequency
bands . Consequently, the Veldhuis et al. patent teaches away
h from .a step of "counting a number'of available frequency-units by
using the.representative, based on'pSYChdacoustic criteria " See
Applicants’ claim 5. The Examiner states on page 3- of the Final

Office Action that "regardless of whether one sequentlally

10
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’assigns"frequencies based‘on psychoaccustic criterion, or
simply defines the‘assighment‘in a predetermined table." This
woula indicate that the Examiner realizes that thcfe'is a
difference bctween the use of'psychoacoustic,critericn:énd the
use of preassignea relevant frequency_bands as aiscussed in thé
Veldhuis et al. patent. Consequently, the Veidhd}s_et al. patent
teaches only an apparatus, that has predetermined characteristics
and does not provide flexibility to the extent that is prbvided
by Applicéhts’ recited invention. Applicants allow for the
possibility of assigning and éilocating bits tc_the whole
frequency‘spcctrum,‘depending on. where the relevant frequency-
lunits are located based on the representative in comparison to
psychoacoustic criteria.i The Veldhuis et'al,‘pateht‘qiscloses a
determination that the lower frequency bandé5ﬂo not require a
flexible allocation'cf bits. Sée_Veldhuis'et'al.} col. 9, lines.
53-67. ’ ‘

. The Examiner has relied upon the Veldhﬁié et al. patent to
aisc.allegedly suggest adaptivé bit allocation techniqﬁés using a
mathematical model.- Appiicahts’ review of_the‘cited portioh of:
the Veldhuis et al. patent, column 3, lines 3429, does nct‘
indicate the presence of a mathematical algorithmlv At best,
there is a listing of various variables that,;épfesent the ﬁumber
:of bits.to be allocated, character;stic parémeters,-and
comparator‘signals. There is no teéching or suggestion within
‘the Veldhuis et al; patent on how these,véfiabics wocld be

construed as a mathematical model beyond contingent‘comparison

11
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analysis-as discussed at col. 11, lines 22—3i.' Furthermore, the
Examlner admits that the Veldhuls et a1 patent dces not disclose
two separate bit allocation steps by his reliance on the
Nishiguchi et al. patent.

The Examiner relies‘upon the Nishiguchr et al. patent as
allegedly teaching a method for determining a,bit allocation
comprising a first and second bit allocation:steps, which each
incorporates psychoacoustic criteria The Examiner stateS'that
after the 1n1t1a1 allocation there is a correctlng step and
refers to col. 2, llne 64 to col. 3, llne 14, and
psychcacoustics, col. 4. This method; hoWever, is different than
what is recited“in Applicants’ ciaim 5, which is that.the second
bit allocation step further allocates bits that were not
prev1ous1y allocated to each of the relevant avallable frequency;
units based on psychoacoustic criteria.' This step is entirely
different than a correction step which-by its nature does not
allocate remaining bits but corrects the allocationvpreviousiy
bmade by adjusting'bits previously allocated.\‘The steps disclosed
by the Nishiguchi et al; patent do not teach or suggest an
allocation based on the number of available frequency units as
recited in Appllcants claim 5.

Furthermore,” a combination of the Veldhuis_ethalk and
ﬁishiguchi et al. patents is not proper. The Veldhuis et al.
patent relies upon a fixed quantization of the lower'half of the
frequency ranges. See Veldhuis et al.; ccl._7, Iine 68 to col.
8, line 1. The Veldhuis et al.'patent only discloses a bit

12

0200




a;location.for the frequenc? ranges in the upper half sf the 
frequency spectrum. See Veldhuis et al;, col. 10,lines 8-18.
‘Conseqdently, the Veidhd?svet al. pategﬁ teachesbawey.frem the
use of bit allocation in the lower f;equency spectrums especially
in light of the~motivatioﬁ alleged by the Examiner to combine
these two patents. Consequently,‘if.fhe Nishiéudhi et 61;sbi;
allocation is coﬁbined with the Veldhuis etfal. disclosurer_the‘
lower frequency bands will still be quantized and not. have bits
variably assigned.thfough'a110cation based‘on psychoaeoustic
data. However, if bits are allocated to the_full‘frequency
spectrum, then the purpose'of the Veldhuis et al. iﬁventien is
'destroyed. . '

| Contrary to the Examiner’'s assertion that bit allocasion'
does not possibly occur in the lower spectrum of frequencies.of
Applieants’binvention, Applicants adjust the bit allocation_for
the available frequency—units. The available frequency—unitsucen
be and include any frequency-unit whese representative satisfies
psychoacoustic criteria. This does not exelicitly limit the
‘freQuency—units to only the upper.haif,of the frequency speECru%
Qf-the selected'frequenéy'interval. However, the available
frequency—hnits_may'possibly include the lower freqqehcy—units in
the lower half of the selected frequency interﬁél. This
possibility is net taught or;suggested by either of the Veldhuis
et al. patent or the Nishiguchi ee al. papenﬁ. ' |

Consequeﬁtly, the deficieneies of_each‘of the cited and

relied upon,patenﬁs of the Examiner are not:remedied b& phe other

13
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fespective patent.  Consequently, the Veldhuis ?t al. patent and
the Nishiguchi et al. patent, in céﬁbination'érvﬁaken
individually, are not able to reach of suggesﬁ Appliéants’
recited invention. The.remaining claims thét depend f;oﬁ qlaim 5
are patentable'fqikthe‘same reasons as claim 5. Therefore, this
rejection is in’errOr, and ' these claims should be deehéd
patentable over the relied upon art.

Furthermore, claim 5 is similar to allowed claim 8 with the
differgnce being that cléim.B includéé the use of psyéhocﬁﬁstic
criteria to count the number of variable frequency-uhiﬁs based on
ﬁhe humén hearing threshhold,and'ah e#act mathematical mbdel.as
represented by an exprésé formula. It is'Applicants’ contention
that the presenée'of the mathematical mbdei in a»general.formf
providés‘patentability over thé combination of:the_Veldhuis et
al. patent and the Nishiguchi et ai. patent,';s‘;éither of these
patents teach or suggest the use of an approxiﬁéte mathemaficéi
ﬁodel that relies upon the numbé;.of counted availébie frequencyjb
units as reciged in claims 5 and 8. One of brdinéry.skill'ih the
art would understand what is reqdﬁrea"by an a?préximate .
mathematical model. For this édditiopél rgasbn'claim 5 énd the
claims; that depend from it are patentable pver.thereldhuis‘et
al.}p;tent and the:Nishiguchi et al. patent, either‘in
combination or individually. l

(

14

0202




IX. CONCLUSION

For the above reasons discussed in the Argument-secﬁion,l
Applicants’ claiﬁed invention is not taught or suggested by tﬁe
Veldhuis et al. and Niéhigﬁchi et al. patents. All $f the
| specific limitat;ons in thé claims are not desqribed in the prior
art relied upon in this rejectionl. Furthermore, the combination
_ of these two pateﬁts does not teach or suégest the recited
invention.\\Also, all of the features fgliéd updﬁ by'the Examiner
may not be properly combined. Thefefore,'the Ekaminer made én
improper'rejectiqn of Appiicants’ recited inventioﬁ based on é
cdmbinétion of the Veldhuis et'alg and Nishiguéhi et al. patents.
Therefore, the claims_éf Applicants7 invention are patentable.

Reversal éf_the final rejection is earnestly soiicited;

Respectfﬁlly:submitted,

BEVERIDGE, DEGRANDI, WEILACHER & YOUNG, L.L.P

By: QZ"""QVL a &/gé"’w{
seﬁ% A. DeGrandi
TO Reg. No. 17,446 :
. 1850 M Street, N.W., Suite 800
Washington, D.C. 20036
Telephone No.: (202) 659-2811

1

Date: September 8, 1997
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APPENDIX A

4. Method accordinglto claim 5, whereinr

said matnenatical model is derived from an in=band:masking
\effectgsuch that an error spectrum willifollow more closel§ to
the original signal spectrum. »

5. A metnod of aetermining a bit_allccation for a
quantization of digitai audio signals having spectrai and |
temporal structure wherein the,digital audlo Signals are obtained
by buffering audio slgnals in frames and decomposing the digital
gignals into spectral‘components, which comprises the steps of:

a step for dividing at least one frequency intervai into a
plurality of frequency-units;

a step for.ebtaining a representative of each frequency—unit
obtained; \

a step‘for counting a number of available frequency—units'by-
using the representative, based on psYchoacoustic criteria- ' '

a f1rst bit allocation step for determining an 1nitial bit
allocation for each of- said available frequency units by using an
approximate mathematical model using said counted number of
available frequency—units; and:-

a second:bit allocation step‘for-@etermining'further bit
allocation for each of said avaiLable‘frequencyfunits based on

psychoacoustic criteria.

16
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6. A method according to claim 5, wherein‘said/éecond bit
allocation stepvis to determinevfge.bit allocation through. a
bsychoacoustically weighted'inverseirelationship with the saia
representative of each 6f'éaid_frequency—units. - .

!

7. A method according to claim 5, wherein 'said counted

f

number of'available'frequehcy-unitS'is a}hﬁmber of the fréquencyﬁ

v

units which have the represéntativé exceeding a human hearing

threshold.

9. Method'according'to claim 5, wherein each fréquenCY—

unit is represented by a single spectral component;

10. Method according to claim 6, wherein each frequency-
unit is represented‘by a singlé spectral_component.
11. Method according tb claim 7, wherein each frequency-

unit is represented by a single spectral component.

¢ , [

12. Method according to claim 4, Whefein each freqdency—‘

unit is represented by a single spectral COmponént,
14. Method according to claim 5, wherein said
representative is a bariance'whichvis éalculated'from.én

amplitude of a maximum spectral component of each frequency-unit..

17
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15. Method according to claim’ 6, wherein said
representative is a variance which-isICalculated from an

amplitude of a maximum spectral component of each frequency-unit.:

16. Method according to claim 7, wherein said
representative is a variarice which is calculated from.an

amplitude of a maximum spectral compbnent of each frequency—Unit;

17. Method according to claim 4, wherein said
representative is a variance which is calculated from an

amplitude of a maximum spectral component of each frequency-unit.

19. Method accordihg to claim 5, wherein each'frequency—
unit is‘obtained-by dividing said spectral and temporal structure

with at least one frequency interval.

20. Method according to claim 5, wherein said
representative -is a variance which is calculated from an average
of a spectral component of each frequency-unit.

. 21. Method according to claim 6, wherein said

representative is_a»variahce which is calculated from an average

of a spectral component of'each frequency-unit.

18

0206




22. Method according to ¢laim 7, wherein said
representative is a variance which is calculated from an average
of a spectral component of each ffequency—unit,

23. Method‘according to claim 4, wherein said
representative is a variance which is calculated from an average

of a spectral component of eth frequency-unit.
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APPENDIX B ) Y

8. ‘ A method of determlnlng a bit allocatlon for a‘
quantlzatlon of dlgltal audio 51gnals hav1ng spectral and
temporal structure wl ‘
herein the digital auaio signals.are obtained'by buffering audio
signals in frames and decomposing the.digital éignals into
epectral Cemponents, which comprises the steps of: Q [

a step for dividing at least one frequeney'intervallineo a
plurality of frequency-units; , - ~

‘ a step for obtaining a repfesentative of each frequency—unit
obtained; - - l
‘a step for counting a number ofvavaiiable frequency—units by
using the representative, based on psychoaeousticﬁeriteria where
the reéresentative exceeds a.human hearing threehold-
a first bit allocatlon step for: determlnlng an 1n1t1a1 blt

allocation for each of sald available frequency units by u51ng an

'approx1mate mathematical model using said counted number of

available frequency-units; end

| a second bit allocation etep for determining furthef bit:
allocation for each of said available frequency—unité based on
psychoacoustic cfiterié{’

wherein said mathematical model is repreSented»by a formula:

20
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wherein
WL (u) represents number of bits allocated to the

frequency-units u,

var (u) represents variance of the frequency;units u,
F represents a psychoacoustic Weightinngactor,
N represents the counter. number of the available

frequency-units,

Ba | represents number of bits sét aéide for initigl
ailoéation,:and

A rgpresentsfapproximate.average number of spéctral

samples in the available frequency—units.'

13. Method according to claim 8, wherein each.fréquency—

unit is represented by a single spectral component .

18. Method according to claim 8, wherein said
representative is a variance which is' calculated from an
amplitude of a maximum spectral component of each frequency-unit.

/

\ ‘24. Method accérding to claim 8,‘wherein said

representative is a variance which is calculated from an average
: v ° ) ; . :
of a spectral component of each frequency-unit.
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Serial Number: 08/161798 v :  Page2

Art Unit: 2471
EXAMINER'S ANSWER

This is in response to appellant’s brief on appeal filed September 26,_1997.

0

(1) Real Party in Interest
A statement identifying the real party in interest is contained in the brief.

2) Related Appeals and Intetfere‘nc‘es'
A statement identifying the related appeals and interferences which will directly affect

. or be directly affected by or have a bearing on the decision in the pen’ding appeal 1s contained

in-the brief.

- (3)  Status of Clairns

The statement of the status of the claims contained in the brief is _cdrrcéL

@) Status of Améndm_ents After Final
Thé appeliant's sfatvem_ent of the status of amendments after final rejection contained in

the brief is correct.

/
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Serial Number: 08/1'61.798 “ " ' Page 3

Art Unit: 2471

(5) Summary of Invention

The summary of invention contained in the brief is correct.

(6) Issues

“The appellant's statement of the issues in the brief is correct.

(7) Grouping of Claims
The appellant's statement in the brief that certain claims do not stand or fall together is
not agréed with because a grouping of claims contain claims that have been allowed. In’

particular, appellant state that}“claims 4-17, 9-12, 14-17, and 19-23 stand or. fal} together as a,

- single group of claims”. Examiner disagrees on the grouping of “claims 4-17". The only _

issue :before the ]éoa,rd of‘ Appeals is whether claims 5-7, 9-10, 13-17, and 19-23 define a
patentable invention under 35 U.S.C. 103(2) over the Veldhuis et al (5105463) in ‘vie.w.of

N iéhiglichi et al (5151941),. a{sﬁs"t.ated under ‘Sectiqn VI of the Ap'peal Brief. Therefor.e,. the
grouping of claims should read “Claims 4'~7",. 9-12, 14-17, and 19-23 stand or fall 'together'-as a

L . i
single group of claims”.

.
(8)  Claims Appealed
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Serial Number: 08/161798 | ‘ ' Page 4

Art Unit: 2471
The copy of the appealed claims éontained in the Appendix to the brief is cdr_rect.

) Prior Art of Record
The following is a listing of the prior art of record relied upon in the rejection of claims

under appeal.

5105463 Veldhuis et al - 4-1992
5151941 o ~ Nishiguchi et al o 9-1992 .

(10) - New Prior Art

No new prior art has been applied in this examiner's answer.

(H) Grounds of Rejection
The following ground(s) of rejection are applicable to the appealed claims:
Claims 5-7, 9-12, 14-17, 19-23 are rejected upder 35 U.S.C. 103. This rejection is set

~ forth in prior Office action, Paper No. 8, page 5, paragraph #7.
(13) - Response to argument .

Appellants’ arguments filed 9/26/97 have been fully considered, but they are not

persuasive.
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Serial Number: 08/161798 o © Pages

Art Unit: 2471 5

Appellant argues against the art rejection of Veldhuis in view of Nishiguchi as applied ’
to claim 5. - | -

On pages 5-6, appeliant‘diseussed general subject matter and merely recites claim
language. On pege 7, applicant’s argue that.“Examiner implies that there is a limitation wit‘hvin
the elaims” (Appeal Brief, page 7 lines 1t-12_) and tttat “the Exanrtiner should not read a ‘
| limitation from the specificatior_r into the claims” (Appeal Brief, page 7, lines 18-19).
Furthermore, applicant argues “the Exerniner has limited the use of the representative within
claim 5 by referring to it.as a varianee; however,-.a variance is a feature recited in ttte '
dependent ciaims a.s to what the representative rrray be” (Appea_l Brief, page 8 lines .5—8.)t
Also, applicant continues this ergument (Appeal Brief, béttorrt ot page 7 to page 9, line 12)
Examiner rebuts with the fact th'at_the argurrtent presented (in paragraph .4 of the Fihél Office
Action, paper #;8) by the examiner attempts to clearly show the applicémt that the technique

used by the applieant is old and 'well known (See office aetibn‘# 8, p>age 3, 2nd full

paragraf)h).' 'Furthermore, examiner argues that an example of prior art (office action #‘ 8,
page 3, 2nd full paragraph).that teaches a narrow limitation (the “variance”, Wtrich is a feature

in the dependent claim - Appeal Brief, page 8 lines 7-8) reads on the broader based claim

(elairﬁ‘S - “the use of the representative” - Appeal Brief, page 8, lines 5-6).

On page 9 line 12 - bottom of page 9 (Appeal Brief), applicant’s argue that ““Variance’

is not used to assign or position the frequency units'per se.” in the Applicant’s specification.
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. Serial Number: 08/161798 ) - Page6

)

Art Unit: 2471

Examiner disagrees and points to App]icant’é specification (page 10, lines 17-20), where “if
the variance is above the threshold, the bandWidth counter is incremented” . Therefore, the -

variance is used to assign the bandwidth (i.e., frequency units).

On page 10, applicanl'argues that _Veldhliis-et al teaches: 1) a set number-of
'quantizalioh levels ihal are predelermineq for the lower hglf of the frequeriéy ranges, 2) -
automatic assignmenl of quantization levels, 3)ao apparatus that has predelermined :
characteristics and does not providevﬂexibiliky to the extent that is orovided by Applicaot’s
recited invention, and 4) a determ.iAnalion that the lower freouency bahds do not reqﬁir’e a
fle)_(ible allocation of bits. Examiner ar_gues‘lhal Veldhuis does teoch'odéptive bit allocation
(col. 2 line 40 - col. 3 line 14). Examin‘er does va:gree that‘Veldhuis et al teaches fixed
quantization levels, however, one cannot ehow non-obviousness oy'al}ac}(iog referehces
individually where the rejeclion§ are b’ased on combinations of-references-. Iﬁ re Keller; 642
F.2d 413, 208 USPQ 871 (CCPA 1‘981)'; In re Merck & Co., Inc. ,' 800 F.2d 1091, 231

\

USPQ 375 (Fed. Cir. 1986). : ' L

\
~

Applicant argues on page 11 and pages 14 (lines 7-16), that Veldhuis does not teach
adaptive bit allocation techniques using a ma(hemalic'al'model.b'Eg(aminér disagrees and points.

to Veldhuis et al(col. 2 lines 54 - 64) showing B(p), G(p;m) and C(p;m). Examiner notes that-

~

0215



Serial Number: 08/161798 Page 7

Art Unit: 2471

-

a mathematical model or algorithm is a series of mathematical steps, as is shown in Veldhuis et

al in the calculation of these parameters (Veldhuis et al, Fig. 8, Fig. 9).“

Applicant argues that although Nishiguchi et al teaches a first and second hit allocation '
vstep (Appeal brlef -page 12 “llnes 5-21), the second bit allocation step being a correct1ng step,
is different “from what 1s recited in Appllcant s claim 5 which is that the second bit allocatlon
step further allocated bits that were not prev1ously allocated to each of the relevant avallable
frequency units based on psychoacoustic criteria” (appeal .brief, page 12; lines 11;15). |
Exammer dlsagrees and argues that the claim language of claim 5 states “a second bit
allocanon step for determ1n1ng further bit allocation for each of said avallable frequency units

~ based on psychoacoustlc criteria” (Amendment B, paper #10 page 2 lines 18—20). Nishiguchi
teaches corrective bit all ocation step (NlShlgUChl col. 3 linies 7 10 allocating bits ) for each
band (Nishiguchi col. 3 lines 1-5 - the dlfference between the energy of a'band and the output
of the noise_, level isetting is calculated for M, and then corre‘cted), based on |
psychoacoustic criteria (lehiguchl, col.. 4 line 23 - human auditory characterist'ics).
Furthermore, on(e cannot shou/ non—obviousness by attacklng references indi;/idually where the
rejection‘s‘ are based on combinations of references. In re Keller, .642 F;2d 413, 208‘ '
USPQ'87.1 (CCPA 1981); In re Merck & Co., Inc., 800 F.2d 1(591, 231 ’US'PQ 375 (Fed. C‘ir.

1986).
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Serial Number: 08/161798 - : B Page 8

Art Unit: 2471

Appellant’s\‘argue that a combination of Veldhuis et al and Nishiguchi etal'is not -

proper because Veldhuis teaches away from the use of b1t allocatron in the lower frequency

~ spectrums and if the bits are allocated to the full frequency spectrum because of the

combination of Veldhuis in view of Nishiguchi_ et al, then the purpose of Veldhuis et al
1nventlons is destroyed (Appeal Br1ef page 12, 11ne 22 - page 13, line 12). Examrner
disagrees in that Nishiguchi. teaches adaptrve bit allocatron of all frequency bands (NlShlgUChl
et al, col. 3 lines 1-10), and that the purpose of the Veldhuis et al invention would not be
destroyed in combination with the Nrshrguchl et al reference because the two step bit allocation

process. as taught by Nishiguchi et al leads t& a more eff1c1ent bit allocation process. (See

_Veldhurs et al, col. 2 lines 22- 24 --their concern of not increasing the number of b1ts per.

sample N1sh1guch1 1s teachmg a technrque that would further reduce the number of bits used .
(i.e., increased bit efflcrency, Nrshrguchl col. 1)

Applicant argues that'Examiner asserts that bit allocation does not:po;ssib'ly oceur in the
lower spectrum of frequencies of Applicants’ invention (Appeal)Bri‘ef,_‘page 13, line 13—15)',

examiner d1saglees and points to Offrce Action #8 page 3, first full paragraph wherein

examiner is addressrng the fact that “the requirement of adaptrve allo_catlon 10 all frequencies is
not spec1fled in the claims”. Furthermore, applicant argues that neither Veldhuis nor
Nishiguchi teach this. Examiner disagrees and points to Nishiguchi (col. 3 lines 1-14)

teaching adaption bit allocation for all bands. Furthermore, one cannot show non-obviousness
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Serial Number: 08/161798 ‘ ' ) : Page 9

Art Unit: 2471

. . . . . . . . . ' /
by attacking references individually where the rejections are based on combinations of

referehces. In re Keller, 642 F.2d 413, 208 USPQ 871 (CCPA 1981); In re Mérck & Co.,

]

'_Inc., 800 F.2d 1091, 231 USPQ 375 (VFed. Cir. 1986).
‘For the above reasons, it 'is belielvéd ;ha[ the reje'c[ionsvs‘houlq be sustained.

Respectfully submitted,

Michael N. Opsasnick » _ ‘ L
| . il o,
12/04197 | " DAVIDR. HUDSPETH
: ’ ' PRIMARY EXAMINER
GROUP2508- 2 24 ,

0218



Transaction History Date 199 8-@.0"{
Date information retrieved from USPTO Patent
Application Information Retrieval (PAIR).
system records at www.uspto.gov

[ S . o

Attyll Dke. - PATENT
103/58-48683 ’ , : .
. o N v
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES
Applicant . Do Hui TEH et al. Examiner:. M: Opsasnick;
Serial No. : 08/161,798 . Group Art Unit: 2741
Filed : December 6, 1993
For : A BIT ALLOCATION ‘METHOD FOR DIGITAL AUDIO SIGNALS

(AS. AMENDED) . ‘

B

APPLICANTS’ REPLY BRIEF

BEVERIDGE, DEGRANDI, WEILACHER & YOUNG, L.L.P.
Joseph A. DeGrandi :

PTO Reg. No. 17,446 ..

1850 M Street, N.W., Suite.800

Washington, D.C. 20036 .

Telephone No.: (202) 659-2811

Attorney for Appellant-

0219

27
297

W

AY




TABLE OF AUTHORITIES '

MPEP 2143.03 (Rev. 3, July 1997.......... T e

In re Keller, 642 F.2d 413, 208 USPQ -871 (CCPA 1981)..

Ex parte Logan, 20 USPQ2d 1465 (BPAI 1991)......... L
v|

0220




Atty. Dkt. PATENT
03/58-48683
IN T %fUNITEDQ' ATESlPATENT AND TRADEMARK OFFICE

BEFORE TN B@ak¥ OF PATENT APPEALS AND INTERFERENCES
‘Applicant : Do Hui TEH et al. Examiner: M. Opsasnick
Serial No. : 08/161,798 ' Group Art Unit: 2741
Filed . December 6, 1993
For : A BIT ALLOCATION METHOD_FOR’DIGITAL AUDIO SIGNAL

(AS AMENDED)" o

REPLY BRIEF TO EXAMINER’S ANSWER UNDER 37 C.F.R. §1.193(b) (1)

This Reply Brief is submitted in‘response'£o the Examiner’s
Answer datedlDecember 9,v1997 in the above—ideﬁtifiea
application,  in accordarice with 37 C.F.R..§l.193(b)j1).
Applicants submit this Reply Brief in order to clarify points of
argument which have been misunderstood gy the Examiner and set
forth in the Examiner’s Arswer. This Reply Brief is also made as
a matter of right under 37 C.F.R.‘§l.l93(b)(1) to respond to the
Examiner’'s Answer.

Applicants note,ffom the Examiner’s Answef ﬁhat a new
éxaﬁiner has been aésigned'to-this application. ThebnewbExaminer
has dropped the prior argument based on 26 fréquency—units being
‘taken from the specification and inserted into the claim language
and being taﬁght by the Veldhuis et al. pafent. Applicants also
note that the new Examiner has clarified the confusihg basis for
an argument relaped.to "variénce"vmade bY'a prior Examiner.
vFurther, Applicants note that the new Examiner, at page 3,
Section.7, has corréctly stated the grouping of claims as claims

4-7, 9-12, 14-17, and 19-23.
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Applicants believe that the.present Exaniner is in error in
maintaining the rejection of claims 4-7, 9-12, 14-17, and 19-23

under 35'U.S.C.‘§103(a) as allegedly being unpatentablé‘over the

1

Veldhuis et al. patent in view of the Nishiguchi et al. pépentﬂ

Furthermore, Applicants respectfﬁlly submit that the Examiner has’
yet to estéblish a prima.facie obviousness rejgction of these
claims. | |

To establish prima facie obviousness of a claimed

invention, all the claim limitations must be taught or’
suggested by the prior art. 1In re Royka 490 F.2d 981,

180 USPQ 580 (CCPA 1974). ‘All words in a claim must
be considered in judging the patentablllty of that
claim -against the prior art. In re Wilson, 424 F.2d
1382, 165 USPQ 494, 496 (CCPA 1970). If an,independent

‘claim is nonobvious under 35 U.5.C. 103, then any claim
depending therefrom is nonobvious. In re Fine, 837
F.2d 1071, 5 USPQ2d 1596I(Fed. Cir. 1988). ‘ )
MPEP 2143.03 (Rev. 3, July 1997, p. 2100-112).
. It appears thét the last féur Examiners® to review this
case have on the whole adopted the ratibnalé of the‘fifst
Examiner in rejecting independegtlélaim.g, based'on‘art ﬁhat does
not teach or suggest each and eVery feature(recitea in cléim 5.
An example of this occurs in the Examiner’s Answer aﬁ pages 6L7,
where the current Examiner alleges that the Veldhuis et al.

.

patent teaches adéptive bit allocation using a mathematical model

'The first Examiner wrote the first Office Action of June
17, 1996, rejecting the claims solely on the Veldhuis et al.
" patent. The second Examiner wrote the second Office Action of
‘January 6, 1997, rejecting claims 4-7, 9-12, 14-17, and 19-23 on
a combination.of the Veldhuis et al. and Nishiguchi. et al. b
patents. The third Examiner (the Supervisory Patent Examiner.for
former Art Unit 2308) signed the two Office Actions and the July
9, 1997 Advisory Action. The fourth Examiner wrote the
Examiner’s Answer, which dropped at least one prior argument
The fifth Examiner signed the Examiner’s Answer.

-2 - /

0222




or algorithm. . Claim 5 recites "a first bit allocétion'Step

using an approximate mathematical model using.said counted number

of available frequencv?units.“ (emphasis added) . Applicants

were directing the Examiner’s attention to the underlined'poftion

. .
of the claim and that the Veldhuis et al. patent does not teach a
mathematical model based on the number of aVailable frequencf;
units.2 |

The Examiner:haé correétly excerbted a"poftién of fn re
Keller, 642 F.2d 413, 208 USPQ 871 (CCPA 1981) as stated iﬁ the
'MPEP; however, the Keller aecision is. not felevant5to the
argument made iﬁ tﬁe'preseﬁt appiication. Keller_used an;exper£-
: who correctly stated that a published article didAnot teach the
presence of a feature, “Aﬁ, in combination with a.secbnd feature,
"B".® The article was used in combination with two patenfs‘
which taught the secqnd_fqature,'"B", thus both features, "A" and
"B, Qere taughtiin thg combination. Id. at 881.W~In the present

application,.fheﬂreferences relied upoﬁ by the E;aminer dgfnqt
disqloée eithefvfeature "A" or featufe "B". If a first reféerence
rélied upon for a particular féature, "A", by the Examine; does
not actuélly havevthat feature,."A“, as set‘forth in the claims,

then a combination using that first reference with a second

reference that alsd does not teach that feature, "A", would not

2See Applicants’ Appeal Erief page 14, 1ihesy8118.

*The affidavit from the expert was characterized by the
appellant as concerning "itself mainly with the question of
whether the Walsh et al. article suggest [sic] the use of digital
timing in a cardiac pacer." Id. at 879. TFeature "A" would be
the digital timé and feature "B" would be the cardiac pacer.

-3 -
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remedy the defect (absence of feature "A") of the first
reference. 'The Keller case did not involve the present -fact:
situation and thus has no bearing on this application

v Furthermore the Examiner has unnecessarily turnea to the,
specification even through the language of claim 5 is clear as to
its meaning. The Examiner, at-page 5 of the Examiner s Answer,
‘has taken the term "variance" from claims depending from claim
5* and taken an excerpt from page 10 of the speCification
describing the use of "variance" in rejecting claim 's even though’
"variance" is not present in claim 5. By performing the analys1s
in this manner, the Examiner has- modified the clear language in
claim_S in an effort to support his rejection based'on the prior
art. . o

Claim 5 recites a‘method of determining a bit allocation

comprising five discretelsteps, each with its own set of
"limitations. The Examiner is relying upon tWo patents, the'first
to Veidhuis et al. and»the.seoond to Nishiénchi et ai[;,as
allegedly teaching eaoh of the five steps. The reliedunpon
portions of these two patents taken'in combination do not teach
each and every limitation of claim 5. Accordingly, the Examiner
‘is ignoring the clear'language used in claim 52in_order:to argne
that the invention clearly.defined in claim 5 is obvious from the
teachings of the' two oatents based on the Examiner’s erroneous

modification and 1nterpretation of claim 5.

‘See claims 14-17 and 20-23.

P
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The first step recited in claim 5 is "dividing at least one
frequency interval intc a plurality: of frequency—units.". With
respect to this step, Applicants submit that prior Examiners
unnecessarily read additional limitations into ‘this step by
stating explicitly that there were 26 frequency-units. From ther

-Exgminer s Answer,. Applicants believe that the current Examiner
agrees that:tnis'was error on the part of the prior Examiners.?®

TrHe secondvstep recited;in claim & is_to'obtain "a
representative of each frequency—unit".created inithe first step.
The Examiner'on page 6 has quoted_Applicants’ specification'by
stating "where ‘if the variance is sbove'tHelthresthd, the )

.bandWith'counter is incremented’. Theretore,=the‘variance is
‘used to assign the bandwidth (i.e., frequency—units)hr

Applicants respectfully submit that there is no mention of a
. ) L/ .

SThere is no mention in the Examiner’s Answer of the 26

frequency-units in the portion responding to the; specification'
~argument, but only discussion of the term "variafce". Examiner's
Answer, page 5, line 4 to page 6, line 3. Howeéver, the current’
Examiner appears to be under the mistaken belief that the
representative (or variance ‘in dependent claims) is used to
subdivide a frequency interval into frequency-units. Id. This
understanding of Applicants is based on the Examiner‘'s use of the
" term "bandwith", which is defined as "[t]elecommunications. the
smallest range of freguencies constituting a band, within which a
particular signal can be transmitted without distortion." Random
House Unabridged Dictionary, page 163 (2nd ed.) (emphasis in
original). The term "band" is "[allso called frequency band, wave
band. Radio and Television. a specific range of frequencies,
_esp. a set of radio frequencies, as HF, VHF, and UHF." Id. at 162
(emphasis in original). The underlylng concept of "bandwidth" is
that it represents a range of freguencies. The definitions of
the terms "bandwidth" and "band" do not agree with Applicants’

use of variance in dependent claims 14-17 and 20-23, which:
variance is used for determining whether a frequency unit is an
available frequency unit. .
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bandwidth counter in}step 2 of claim 5. There is only a
'recitation that a reéresentative is obtained'for eaéh f}eduency—
‘unit. There is no mention as to wHat the'representetiye is ueed
for or that anythlng else occurs with respect to the frequency—
unit in step 2.°

Step 3 of clalﬁ 5 recites the "step forﬁcountlng a number of
avallable frequency-units by using the representatlve based on
psychoacoustic criteria." Once again,fthe Examiner has not
directed Applicants"or the'Board’s_attentioﬁ as to where in the
Veldhuis et al. patent or the.Nishiguchi et al. patent there is.a
teaching of this step_fo; counting the number of available

frequency-units by using the representative.7 As stated in the

Appeal Brief at page 6, lines 17-21, the variance 1tself

5The Examiner is correct that the term "variance" is used in |
Applicants’ dependent cldims. See claims 14-17 and 20-23.

7Unless this is the step the Examiner is referring to with
‘"assigning bandwidth" at the top of page 6 of the Examiner'’'s
Answer as quoted in the preceding paragraph of this Reply Brief.
If this is correct, then the Examiner does not appreciate
Applicants’ use of an individual representative for each
frequency-unit to determine if a.particular frequency-unit is an
available frequency-unit. "Bandwith" is defined as '
"[t]elecommunications. the smallest range of frequencies
constituting ‘a band, within which a particular signal can be
transmitted without distortion." Random House Unabridged
- Dictionary, page 163 {(2nd ed.) (emphasis in original). "Band" is
"[a]llso called frequency band, wave band. Radio and Television.
a specific range of frequencies, esp. a set .0f radio frequencies,
as HF, VHF, and UHF." Id. at 162. (emphasis in original). The
underlying concept of "bandwidth" is that it represents-a range
of frequencies. . The frequency width of a particular frequency-
unit is not recited as being impacted by the:, obtalned
representative for that. particular frequency unit. ' Furthermore,
the location of the frequency-unit in terms of the frequency
range covered is not recited as impacting whether the frequency—
unit is an available frequency unlt

— 6‘_

0226 . g




contrary to what has been'alleged by the Examiners, is not uséd
to position frequency-units within a frequency interval.
Consequently, a frequency-unit is not assigned to a particular
frequency range based on the &ariénce, buf ins;ead the Variénce
as recited in the dépendent;claims is used for the répresentativé
in determihing wheﬁher a frequéncy—unit is aﬁ available
frequency-unit for the allocation of bits‘inlﬁhe first bit
allocation step. % | o

The fourth step in claim 5 is the "first bit alloéation step

for determining an initial bit allocation for each of said

available frequency-units by using an approximate mathematical

model using saidvcounted number ofvavailablé'fre&ueqdy—units."
(emphasis added)._Key concepts of this step are the.step is an
"initial biﬁ allocation" and the mathematical model uses‘thé‘
counted number of available frequency-units.

As is clear in claim S; the first bit allocation step
determines‘én initial bit allocation which, read in conjunction
with the recitation of a second bit allocation step, provides two
separate ahd'diStincﬁ allocation steps. There is not one
amorphous combination step as is present in the Nishigﬁchi et al.
patent.® There is pot a singlé correction step recited in claim
5, but two distinct allocation steps. Nishiguchi et al. patent
teaches only one bit allocation step that is amorphously

connected with a correction of the allocation. Applicants

8This argument about the Nishiguchi et &l. patent disclosing
only one step is developed more fully in discussing Applicants’
second bit allocation step infra.

7 -
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respectfully submit that this teaching of the Nishiguchi et al.
patent does not make obvious the recitation of the two separate
and distinct allocation steps, as recited in Applicants’ claim 5.

The Examiner appears to have erroneously equated

"mathematical model" with "mgthematical.algorithm" by stating

that he "notes that a mathematical model or algorithm is a series

of mathematical steps." Examiner’s Answer, last iine'page 6 to

"page 7, line 1. As the Board, is well aware, the term

"mathematical algorithm” has become a termgof.grt invbétent law
based on the various'statut§ry éubject m%tter cases mattér’under
35 U.S.C. §101, and conséqueﬂtly has a definition separate from
that of the'térm "mathematicalimodel") This-Board has previously
summarized the meahing of ”ﬁathematical algorithm" in Ex éarte

Logan, 20 USPQ2d 1465, 1467 (BPAI 1991), with the following:
A mathematical algorithm is a "procedure for

. solving a given type of mathematical problem."
Gottschalk v. Benson, 409 U.S. 63, 175 USPQ 673, 674
(1972); Diamond v. Diehr, 450 U.S. 175, 209 USPQ 1, 8
(1981). Mathematical algorithms include mathematical
equations and formulas for calculating a numerical
output value from a number of numerical input values,
whether directly or indirectly claimed. A mathematical
formula or equation is directly claimed when it is
expressed in the claim by means of mathematical - } -
symbols, as in Parker v. Flook, 437 U.S. 584 (1978), '
and Diehr, supra. Indirec¢t recitation can occur in
either of two ways. The first, discussed in re :
Freeman, 573 E.Zd 1237, 1246, 197 USPQ 464, 471 (CCPA
1978), is when a claim recites a mathematical:formula
or equation in terms of prose equivalents for
mathematical symbols (e.g., the term "add" instead of
the symbol "+"). The second is when the specification
indicates a claimed step (e.g., "determining" or
"cross-correlating”) is implemented using a particular
mathematical equation of formula. ' Johnson, supra at
1078, 200 USPQ at 208; In re Sherwood, 613 F.2d 809,
818, 204 USPQ 537, 545 (CCPA 1980).
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- The Board further simplifiedfwhen a ﬂmaehematical algorithﬁ” was
being claimed, namely, "if it essentially reciees, difeetly_or ‘
'indirectly,'a method of computing'bne or more numbers from a
different set of ﬁumbers by performiné a series of mathematical
computations."” Id at 1468 (emphasis in;original)

Algorlthm also has a dictionary deflnltlon Wthh prov1des
additional insight. ”Algorlthm” is deflned as "a set of. rules
for solving a problem in a finite‘number of steps." Random House
Unabridged Diétionary,‘p. 52 (2nd'ed.)l

In contrasel ﬂﬁathematical model” has a different meaning as
a term ef_art thane“algorithm"; “Model",has many different
" definitions.? Tﬁe mest,relevant definition of "hodel” as a noun
is "a simplified representation of a system or‘phenomenon, as in
the sciences or ecqnomics,.with,any hypotheses required_to
describe the.system or explain the phenomenon, often
mathematically." Id.‘at 1235-6. The‘definition.pf'“medei" when
it is a verb is "to simulate “(a process, concebt, or the'
opefafion of a system), eoﬁmonly wieh the aid.of a computef.”

Id. at 1236. One of ordlnary sklll in the art would understand
“the above selected deflnltlons of "model"_to adequately ‘and
accurately define ”mathematlcal model" as the term is used within
the sc1ent1f1c and englneerlng flelds ‘A "mathemat1ca1 model" is

used to attempt to simulate and quantlfy with numbers a real

There aré 25 different definitions for the term "model" in
the Random House Unabridged Dictionary, '‘pages 1235-6 (2nd ed.).

.

._.9 -
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world occurrence or eysten, while in contrast an l"a_lgorithm".

provides a numerical solutien‘or answer to a problem. -
The Examiner is eorrect in noting that the Veldhuisbet al.

patent discloses anvaigorithm'having a series of-steps, as this

term "algorithm" is known to one of ordinary skill in the art and

~as defined in the dictionary. Examiner’s Answer, page 7, line 1.

Applicants’ claim 5, however, recites the use ef_a "mathematical
model" which," as discussed above is not the same as an
"algorithm"l The portion relled upon 1n the Veldhuls et al
patent by the Examlner teaches a comparlson of a parameter to a
threshold value to obtain a comparator signal. However,
Applicants have noted in' column 3 of'the'reference there is
\
disclosed a means for determlnlng an allocation pattern It is‘

this allocatlon pattern means that is an algorithm.

It is proper to attack the Veldhuls et al. patent on 1ts

-alleged teachlng of an algorlthm as being unable to teach

Applicants’ rec1ted mathematical model, because thls fedture is
belng taken from the Veldhuis et al. patent in,cembination,with‘
features from the lehlguchl et al. patent-to'provide anloverall
combinatibn that is alleged to teach or suggest Applicants’
recited mathematical model. Furthermore, the Nisniéuchi et al.
patent does notiteach or suggest Applicantsf recited mathematical
. . i

model using the counted number of available frequency-units and

is unable to remedy this deficiency of the Veldhuis et al.

0230




patent.!® Therefore, when these two patents are combined, there

is no teaching or suggestion of Applicants’ method defined ih

claim 5 utilizing a mathematical model.
Applicants’ last recited step in claim 5 is the "secohd bit
allocation step for determining further bit allocation for each

.-

of Sald avallable frequency units based on psychoacoustlc

criteria." .The focus on thls step has been on the words "second

bit allocation step". Applicants smeitted in the Appeal Brief
at page 12, lines:8:18, that there is a difference;hetweeh
"allocating" and "“correcting". . | ‘
. The Examiner appears'to have interchanged, the terms
"allocate" and fcorrect"lln re]ectlng Appllcants ‘claiﬁs
Appllcants respectfully submit that these two terms have two

different and separate meanings. "Allocate" which is used in

claim 5, is defined as "to set apart for a partlcular purpose,

ass1gn or allot: to allocate funds for new<pr01ects. Random
House Unabridged Dictionary, p. 56 (2nd ed.) (emphasis in
’original). In contrast, "correct" is defined as "to set or make

true, accurate, or right; remove the errors or faults from" and
"to counteract the operation or effect of (something hurtful or
undes1rable)." Id. at 454

'

The underlylng 1mpact of these deflnltlons is that bits

could be allcocated in one step and.then corrected in yet another

step similar to what is taught in the Nishiguchi et al. patent.

as

This fact pattern is not the fact pattern of In re Keller

discussed supra.
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This is not What‘is defined in Applicants’ claim 5. Appllcants’

clalm 5 recites two separate allocatlon steps where bltS are

Kl

allocated to frequency—unlts.that are determlned as‘belng
availahle in the third step of the claim. In'complete contrast[
‘the Nishiguchi et al. patent teaches that‘bits are allocated in a
first step and then in the seccnd step errors in the.bit
-allocation are corrected to prevent somethlng undes1rable, such
Ias too many bits being assigned to one frequency range.
} The Nishiguchi et al. patent states at col. 3, lines 10

that:

a quantization circuit for guantizing the components of
each band with the number of bits consistent with the

- level difference between the.energy of each band and
the output of the noise level setting means, wherein
the volume of output information of that quantization
circuit is detected and the bit allocation for the
quantization circuit is corrected in dependence upon
the error between the detection output. and the target-

- value to render the information volume constant over a
predetermined time interval.

.From the above excerptrlt is clear that after an initial bit

allocation there is a correction,step based on en error, ndt»a‘

- further bit aliocetion step as recitediih Applicants’ claim 5.

As‘stated above, the term "correctvlis’not the sahe as’the term
. { v

“allocace",vboth in terms of definitions from ﬁhe dictionary and

the meaning one of ordihary ekill in the .art wohld underetand

T

these terms to have.

"As noted earlier, the Nishiguchi et al. patent actually
teaches one step where the allocatlon is corrected prior to the
bits actually being as51gned

_12._
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' Furthermere one could argue that the lehlguchl et al.
patent teaches only one step that corrects the ant1c1pated bit
allocation prior to actually allocatlng bits to each band. The
Nishiguchi et al. patent in fact, suggests as much with the
following:

if the level a corresponding to the allowable noise
level, as later described, for computing the masking
spectrum of the Burke spectrum SB, that is the
allowable noise spectrum, is low, the masking level or
the masking curve is decreased, so that it becomes
necessary to increase the number of bits allocated at
the time of quantization of the guantization circuit
24. Conversely, if the level a is high, the masking
level is increased, with the result that the number of
bits allocated at the time of guantization may be
diminished.

Nishiguchi et al., col. 6, lines.30-39. 1In which case, one step
1s unable to ‘teach Applicants’ two steps. The above excerpt also
supports Applicants’ p051tlon that the lehlguchl et al. dev1ce‘

corrects a bit allocation, but does not use two separate bit

~allocation steps.

As stated previously, itﬁis'appropriate to attack an
individual reference when that refetehce is relied upon to teach
a particular feature. The Examinet has relied uponlthe.
Nishiguchi et al. patent to teaeh or suggest two'"bit allocation"
steps. Contrary to the Examiner’s_position; the Nishiguchi et
al. patent teaches at most only one bit allocatien step and ‘one
correetion step which are different from Applicants’ two bit
allocation steps. The Examiners handling'this appliéation have

admitted that the Veldhuis et al. patent does not teach two bit
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? and the Nishiguchi et al. patent is .

allocation steps,
therefore ﬁnable to remedy this deficiency,' for the reasons
stated above.®
Applicants respectfully traverse the Examlnef s reasons that
the comblnatlon of the Veldhuls et al. and lehlguchl'et al
patents is a valid combination for the reasons discussed in
Applicants’ Appeal Brief from page 10, line 24 to page 11, line
16 and from pégéllé, line 22 to page lé, line 13. JAppliéants}
also submit the language of claim SIinherently allows for any
frequency-unit to be an available frequency—unit depending on the
representative and psychoadoustic_criteria used, contfary to the
statement by the Ekaminer.“
Applicants respectfully submit that even if thls comblﬁatlon
of the Veldhuis et al._and_N;shlguchl et al. patents is .
determined to be proper, this combination is stil; unable to
teach or suggest'eéch and every feature of'Applicants’ élaim 5.
Based on the plain'megning of the wqrds used  in claim/5, there is
no way that the recited features are taught'or suggested by the
' Véldhuis et al. patentvin combinétion with the Nishiguchi et al.

¢

patent. In particular, the Examiner has failed to create a

?See January 6, 1997 Office Action, pages 5-6, paragraph 7
(where the Examiner modified the earlier 35 U.S.C. §102 rejection
into a 35 U.S.C. §103 rejection by combining Veldhuis et al. and
Nishiguchi et al.); December 9, 1997 Examiner’s Answer, pages 6

and 8.
Bonce again, this fact pattern is not the fact pattern of
In re Keller as previously discussed. .
“Examiner’s Answer page 8, lines 13-17.

- 14 -
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combination that teaches the gounfing of a number of available
frequency—uﬁits based on psychoacpustic criteria in.éonjunctién
with the obtainéd representative, a first initial bit allbdqtioﬁ
stép that uses an approximate mathematical model thétvrelies upon
fhe‘counted'numbéf'of aﬁailéble'frequency—units,'and a‘second bit]

allocation step. Therefore, Applicants respecﬁfully submit that

these claims are patentable over the combination of the Veldhuis

et al. patent and.the Nishiguchi et al. patent.

DO

For bhe abdvé-reasons‘and the reésons stated in Appiiqantsf
Appeal Brief, Appligants' claimed invention is not téught or
suggested by.ﬁhe Véﬂdhuis et él._ahd Nishiguchi'ét al. patents.
All of the‘épecific limitations in,thé cia;mé are notvaescribea"
in the prior art relied upon in this rejectiénl  Furﬁhermore5 the

combination of these two'patents does'not teach or suggest .the

recited invention. -Therefore, the Examiner has made ‘an improper |

rejection of Applicants’ recited invention based on a combination

of the Veldhuis et al. and Nishiguchi et al.'patents; Therefore,

the rejected claims 4-7, 9-12, 14-17, and 19-23 definihg
Applicanﬁs’ invention are patentable.
Reversal of the final rejection is earnestly solicitéd.
Respectfully submitted, -
BEVERIDGE, DEGRANDI, WEILACHER & YOUNG, L.L.P.
. N PPN ) '
Cby: el 4t L »A »
ﬁbseph A. DeGrandi, .Reg. No. 17,446
- ’1850‘M Street, N.W. - Suite 800
Washington, D.C. 20036

Telephone: (202) 659-2811
Facsimile: (202) 659-1462

\

o

February 9, 1998
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02/12/1998 EXURTZ
01 Fes1a]

i Atty. Dkt.

03/58-48683

BEFORE 'THE BOARD OF PATENT APPEALS AND INTERFERENCES

Applicant : Do Hui iEH et al. Bxgminér&blﬁ. Opsasnick.
Serial No. : 08/161,798 ‘lGroup Art Unit:  2741"
Filed : December 6, 1993 - _ . |

For N . A BIT ALLOCATION.METHOD FOR DIGITAL AUDIO SIGNALS

(AS AMENDED)

REQUEST FOR ORAL HEARING: ::.

Assistant Commissioner for. Patents

|{Washington, D.C. 20231 ) !

Sir:

In agcordanﬁe with 37 C.F.R. §l.l94; Applicant
‘respectfully requeétsaén oral hearing. for the pending appeal in
the above—idenpified patent abp1ication.

Enclosed herewitﬁAis é check in the amount of'$270.oo
to cover the fee for this Reguest in accofdance with 37 C.f.R.
§1.194(b) and 37.C.F.R.\§l[l7(d)L plegée_charge any additional
fees which may be'necessary to Deposiﬁ Acéount No}.02—4300, and

credit any overpayment to said Deposit Account.

Respectfully submitted,

BEVERIDGE, DeGRANDI, WEILACHER & YOUNG, L.L.P.

" By: Wﬁ_&{%\ .
oseph A. DeGrandi, Reg. No. 17,446
ommneomgg%ﬂoup , 850 M Street, N.W., Suite'BOO
Washington, D.C. 20036
Telephone: {202) 659-2811
Facsimile: (202) 659-1462

February 9, 1998
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BEST COPY

FEIPARLE
0| e e
% | UNITED STAx =S DEPARTMENT OF COMMERCE

« ‘ g Patent.and Trademark Office

Address COMMISSIONER OF PATENTS AND TRADEMARKS
- Washington, D. C 20231

| Funcoate | - FIRST NAMED INVENTOR .. | ATTORNEY-DOCKETNO. |
T/ 06794 TEM ; .

B I .:-_.y---:;;w-._;-l1'FMMW§R L |
SUHITE 2 '

[ amgpnr ] PAPER NUMBER ]

13

el

'DATE MAILED:

'

Please find below and/or attached an Office communication concernlng this appllcatlon or
- proceeding.

Commissloner of Patents and Trademarks

PTO-80C (Rev. 2/95)

1- File Copy
*U.S, GPO: 1996-404-496/40510
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Application No. 08/161798 ’ : g

Reply to Reply Brief
]
1) Thereply brief filed 2/9/98 hés been entered and considered. The application has been

forwarded to the Board of Patent Appeals and Interferences for decision on the appeal.

2. ‘Any inquiry concerning this commuﬁication o.rvearlit_:r. com'm.unications from the exaininér ‘
should bé directed to Michael Opsasnick vx-/hose-'telephone number is (703)305_-4089;

If atiempts to reach ~th;: exéminer_by teIephl('me are unsuccessful, the examiner's supervisor,'
David R. Hudspeth, can bevreach‘ed at (763)308:4825. The facsimile phone number for. this group
is (703)305-9508. - '

Any inquiry of a generalnnature or relatihg to the statusof this applicatio‘ns shquld be

directed to the Group reéeptionist whose telephone number is (703)305-3900.

DAVID R. HUDSPETH

e e SUPERVISORY PATENT EXAMINER
Michael N.‘ Opsasnick - o GROUP 2700

© April 21, 1998 - \
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o 28 o
Attorney Docket No. "’b,, _ (\wfzﬁ‘ — PATENT
03-48683 SUiLBA g -
IN THE UNITED STATES PATENT AND TRADEMARK QFFICE Q
Applicant TEH ET AL. . 5 = 5
' _ | - NoE O
Serial No.  :  08/161,798 = . Examingg M. OPSASNICK
Filed : December 6, 1993 Group Art Unit: 2308
For : ' BIT ALLOCATION METHOD FOR TRANSFORM CODER

COMBINED PETITION UNDER 37 C.F.R. SECTION 1.97(d)(2)
AND STATEMENT UNDER 37 C.F.R. SECTION 1.97(e)(1)

This paper res.pectfully requests consideration of an Inf;)rrr.\ation Divs'clojsure Statement
(IDS) that is submitted coﬁcuﬁehtly herewith. Thié paper constitutgs‘a petition @der 37 C.F.R.
Sectidn 1.97(d)(2) for requesting such consideration. The Petition F e.e.o_f $1301is submitted
herewith by the undersigned firm's check in.t'h'at amount. |

The information contained in the accompanying IDS derives from a communication from

the Japanese Patent Office (JPO) issued for the Applicants’ counterpart appli@ation before the -

"JPO. The accompe\mying IDS explains that it is_submitting an EP laid-open application as the

English language coimterpart for the IP laid-open application that was cited in the office.action \
from the JPO. The JPO office action is dated Aug’ﬂst 10, 1999. As-such, this combined
Statement and Petition, and the accompanying IDS are each filed before three months after

August 10, 1999.

o
Thr s )
[l
E":: Eh
[
£y e
e al
r w1
.
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In view of the foregoing, entry and consideration of the acé'()mpanying‘IDS are solicited.

Respectfully submitted,
SMITH, GAMBRELL & bRUSSELL, LLP

' Beveridge, DeGrandi, Weilacher & Young

Intellectual Property Group
By: M

Michael A. Makuck;, Reg. No. 32,263

1850 M Street, N.W., Suite 800

Washington, D.C. 20036 .
Telephone: (202) 659-2811 it
Facsimile: (202) 659-1462 o

October 28, 1999
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Attorney Docket No.

c ' PATENT
03-48683 el
N
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE . —
J1-9-9
Applicant H TEHET AL.

PP ‘ , ‘ Ay
Serial No. - 08/161,798 . ‘ Examiner: M. OPSASNICK
Filed ‘ : December 6,1993 ' Group,Art Unitl: 2398

For : BIT ALLOCATION METHOD FOR TRANSFORM CG)DERT e}

, =
& . (4
INFORMATION DISCLOSURE STATEMENT ; Q-),
T
Attn.: Box Applications m -

g

Assistant Commissioner for Patents
I and Trademarks
Washington, D.C. 20231

ii

Sir: .
: Pursuant to their duty of disclosure under 37 CFR. § 1.56, Apphcants brmg the

followmg document to the attentlon of the Examiner in the above identified patent apphcatlon

n . I?uropean Patent Application_ No. 0457391.

Applicants just recently received an official action_ from the Japanese Patent
Ofﬁce (JPO) for their J-apanese counterpart to the above;idenvtiﬁed application. A cop'zyvof the
JPO office action is attached The action is- dated August 10,1999.-

The JPO action cited JP lald open 4 250723 However there is an Engllsh

language counterpart to JP laid- -open 4-250723. Thrs is EP (lard -open) 0 457391. Thet%fore the

Engllsh language EP appllcatlon 1s submitted herewnth A PTO-1449 form is 1nclu<§d gerewuh

listing the EPllald-open document?, and a copy of thls 1a1d-open document is attache% 2t -
RECEIVED SRR
NOV 0 1199 3
GROUP 2700 g :
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©
ooy 281998
kS
S $
. %47 u\‘:‘& ' . . . AT
Because this Statemédf13'being filed in connection with an application under

appeal of a fmél rejection, a Combined Petition and Statement in accordance with 37 C.F.R.
Section 1.97(d)(2) and Scl:ction'1497(e)'(1) is being submitted-along with the reqﬁigite fee for such

Petition.

Respectfully submitted,

. i .

SMITH, GAMBRELL & RUSSELL, LEP S

: : , A= e |

Beveridge, DeGrandi, Weilacher & You(t'?g ’
Intellectual Property Group

éy:_ W& |

Michael A. Makuch, Reg. No. 32,263
1850 M Street, N.W., Suite 800

" Washington, D.C..20036
Telephone: (202) 659-2811
Facsimile: (202) 659-1462

October 28, 1999
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. . . @
FORM PTO-1449 T T TATTY. DOCA.. NO. [SERIAL NO.
03-48683 08/161,798
INFORMATION DISCLOSURE ENT  |TE T AL .
' o FILING DATE " ||GROUP-ART UNIT
(Use several sheets if necessary) December 6, 1993 ~2308 Y14%
*Examiner's DOCUMENT DATE  |NAME = - CLASS| SUB- | FILING DATE,
Initials NUMBER o ‘ CLASS | IF APPROPRIATE
AA , ) :
AB il = -~
s - N
AE - M =
AF[ ' f ' ' pob 35 - IT]
AG| c B R ' s 3 -
= = = —
* iner’ . » , . .| TRANSLATIO
oamners| (000 EnT|oare | couwtmyJewss| (5301 Vel Mg
) AH| 0457391 | November 21, 1991 Europe 11 —1 x
Al :
1Ay

OTHER INFORMATION (-lncluding Author, Title, Date, Pertinent Pages_,'EtE

AK
AL
AM
AN
AO »
AP .
AQ
AR
AS
AT
AU
AV
| Aw

EXAMINER /- M-(osoan/ ~ |DATE CONSIDERED //1yfer -

*EXAMINER: Initial if Zeference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in
- ||conformance and not considered. Include copy of this form with next communication to applicant.
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Papér No. 20

. ‘ . " . ‘
UNITED STATES PATENT AND TRADEMARK OFFICE

\

BEFORE THE BOARD OF PATENT APPEALS
AND INTERFERENCES

Ex parte DO HUI TEH, PEK YEW TAN and SUA HONG NEO

Appeal No. 1999-1793
Application No. 08/161,798!

MAILED

NOV 2 4 1999  ORDER REMANDING TO EXAMINER

" PAT & TM OFFICE
BOARD OF PATENT APPEALS
AND INTERFERENCES

An Information Disclosu;e,Staéement”(iDS),was filéd October
28, 1999 (Papér No. 19) and has been matched with this |
application at the Board of Patent Apéeals'and Iﬁferferénces.
The IDS needs'to be éonsidered by the Primary Examiner with.
respect to compliance with ﬁhe criteria set forth in 37 C.F.R.
§§'1.97 and l.éﬁ. _A commﬁﬁication notifying apélicant.of the

Primary Examiner’s decision is required.

' Application for patent filed December 6, 1993.
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Appeal No. 1999-1793
~ Application No. 08/161,798
Accordingly, it is
ORDERED that the application is remanded to the
Examiner for such consideration bf'thé IDS, appropriate

notification to applicant and for such;furthér action as_may be

appropriate.
BOARD OF PATENT APPEALS
AND INTERFERENCES
By: . ) X :
CRAIG R. FEINBERG # . .
J Program and Resource Administrator
(703) 308-59797 . B
bae

cc: Beveridge, DeGrandi, Weilacher & Young
1850 M Street, NW
Suite 800 .
Washington, DC 20036
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| Transaction History Date 2000 < ©J-ol
Dale information retrieved from USPTO Patent
Application Information Retrieval (PAIR) 7
system records at www.uspto.gov

: W e . : )
§ _ , ‘ .
R “. & _ . UNITED STATE... JEPARTMENT OF COMMERCE
‘ N % r Patent and Trademark Office _
o B Address: . COMMISSIONER OF PATENTS AND TRADEMARKS
Srares of Washington, D.C. 20231
APPLICATION NO. | FIUNGDATE | .y FIRST NAMED INVENTOR EH [A%RNEV DOCKET.NO.. |

) k

N R - \

T

L lEx AMINER |

= L

[ “/aRTunr | PAPER NUMBER |

DATE MAILED:

Please find below and/or attached an Office communléatlonj _concérnl_ng this application or

proceeding.
- : Commissloner of Patents and Trademarks
il
i
PTO-90C (Rev. 2/95) _ . : 1- File Copy
*U.8. GPO: 1997-422-198/60031 . :
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Application/Control Number: 08/161798 | . Page 2

Art Unit: 2748

DETAILED ACTION
Infoﬁnation' Disclosure Statement

1. The information discloSure statement submitted on October 28, 1999 was filed after the
mailing date of the Final Office Action on January 6, 1997. The submission is in compliance
with the provisions of 37 CFR 1.97 and 57 CFR 1.98. Accordingly, the pétition_is granted and

- kas been : )
the information disclosure statement tsbeing considered by the examiner.

2. Any inqgiry concérning this conimun’icatiori or earlier communicat—iéns from the
examiner shoﬁld be directed to Michael Opsasnick.whose telephone numbér is (703)305-4089.
If attempts to réach the examiner by telephone are unsucceéSfu’l, the examine.r'_s
sn.'l‘pervfso‘r, Ms. Krista Zele, cﬁn be reached at (703)305-4701IA The.facsimile phone number for
this group is (703)308-6296.
Any inquiry of a general nature or relating to the status éf this applications should be

directed to the Group receptionist whose telephone number is (703)305-3900.

Michael N. Opsasnick
January 24, 2000

KRISTA ZELE
R
RVISORY PATENT EXAMINE .
Bl GROUP 2700
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Transaction History Date 2000~ 035>0/
Date information retrieved from USPTO Patent
Application Information Retrieval (PAIR).
system records at www.uspto.gov

MAILED - R

‘UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

ASSISTANT SECRETARY AND COMMISSIONER

OF PATENTS AND TRADEMARKS

WMAY ~ 7 2000

BOA#L rI.

‘ Washington, D.C. 20231
AND INTERFERENCES T » -
Paper No. _ 22(TCSI o
[ . , @ . !
Beveridge, DeGrandi, Weilacher & Young s * Appeal No.: _99-1793
© 1850 M Street, NW, Suite 800 ) ) Appellant: _Teh, Do Hui, et.al

Washington, DC 20036 Serial'No.: 08/161 798 °

Hearing: ' Room__ B

Docket: - B~

Date: June 8,2000

Time: 9:00 a.m.

Place: Room 12C07

: CRYSTAL GATEWAY 2

- 1225 Jefferson Davis Highway.
Arlington, VA 22202°

. NOTICE OF HEARING
CONFIRMATION REQUIRED WITHIN TWENTY-ONE DAYS

A
Your attention is directed to 37 CFR § 1. 194(a)

The above identified appeal will be heard by the Board of Patent Appeals and Interferences on the date indicated.
Hearings will commence at the time set and as soon as the argument in one appeal is concluded, the succeeding
appeal will be taken up . i

The time allowed for argument is twenty mlnutes unless additional time IS requested and permitted before the
argument is commenced.’ ;

'CONFIRMATION OR WAIVER OF THE ORAL HEARING IS REQUIRED. This form must BE COMPLETED BELOW b
and filed with the Board of Patent Appeals and Interferences preferably by facsimile within TWENTY-ONE (21) DAYS
from the mailing date of this notice, indicating confrmation or. waiver of the hearlng A copy of this form may alternatively
be filed by mail if facsimile is not available . .

Failure to file this form within the above time. period will be construed as a waiver of. the request for oral hearlng
37 CFR § 1.136(a) does not apply

. By Order of the Board of Patent Appeals and Interferences 1
B.P.A.l. FAX No. is: . B.P.Al Mailing Address is:

(703) 308-7952 or (703) 308-7953 - BOARD OF PATENT APPEALS AND INTERFERENCES
See 1108 Off. Gaz. Pat. & ) COMMISSIONER OF PATENT AND TRADEMARKS
Trademark Office 15 (Nov.14, 1989) " WASHINGTON, D.C. 20231 : § K

Clerk of the Board
(703) 308-9797

In all communications relating to this appeal, pIease Identlfy the appeal by its number. 7

CHECK ONE : 0O HEARING ATTENDANCE CONFIRMED.
O HEARING WAIVED.

Jnature of Attorney/AgentJAppeIlant Date _ ' . Registration No. -

)RM PTOL-38
REV. 1/99)
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- HAY-22-2000 HON 03: 31 PH SHITH GAMBRELL AND RUSSE FAX NO. 202 659 1462 , P02
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UNITED STATES DEPARTMENT OF COMMERCE -

Patent and Trademark Office ]
ASSISTANT SECRETARY AND COMMISSIO RLQ ¢ "Q_,C b

T OF PATENTS AND TRADEMARKS T
rareg of Washington, D.C. 20231

> r, i # g ’.
LT C § g 2500
4 4 .:‘v.... & ' ' C\-g%\ﬁ

s o A

; C . Paper No. 22(TCS)
® o o ' i
Bevenidge, DeGrandi, Weilacher & Young Appeal No.: -99-1783 -
1850 M Street, NW, Suite 800 ' Appeliant; _Teh, Do Hui, et.al
Washingtor, DC 20036 . Serial No.: _08/161,798
. 'Hearing:' Room_B .
: : Docket: B ‘
S Date; June 8, 2000
e Time: 8:00 a.m.
\ ) . Place: Room 12C07 -
‘ : : CRYSTAL GATEWAY 2
- 1225 Jefferson Davis Hughwqy
i Arlmgton VA 22202
NOTICE OF HEARING

_ CONFIRMATION REQUIRED WlTHIN TWENTY-ONE DAYS
Your attention is directed to 37 CFR § 1.194(a).

‘The above identified appeal will be heard by the Board of Patent Appeals and Interferences on the date indicated.
Hearings will commence at the time set and as soon-as the argumentin one appeal is concluded, the succeeding
appeal will be taken up -

The time allowed for argument is twenty mmutes unless addmoneﬂ time is requested ond pcrm|ttcd before the
argument is commenced.

CONFIRMATION OR WAIVER OF THE ORAL HEARING !S REQUIRED. This form must BE COMPLETED BELOW
and filed with the Board of Patent Appeals and interferences preferably by facsimile within TWENTY-ONE (21) DAYS
from the mailing date of this notice, indicating confirmation or waiver of the hearmg A copy of this form may alternatively
be filed by mail if facsimile is not available )

Faiture to file this form within the above time period will be construed as a waiver of the request for oral heanng
37 CFR § 1.136€{2) dces not apply. '
By Order of the Board of Patent Appeals and Interferences

B.P.A.l. FAX No. is: ) .. B.P.Al Mailing Address is:

(703) 308-7952 or (703) 308 7953 . BOARD OF PATENT APPEALS AND INTERFERENCES
See 1108 Off. Gaz. Pat. & ' COMMISSIONER OF PATENT AND TRADEMARKS
Trademark Office 15 (Nov.14, 1939] : "WASHINGTON, D.C. 20231

Clerk of the Board
(703) 308-9797

2

~levall ccmmumcatlons relating to thls appeal please |dent|fy the appeal by its number.

CHECKONE: (O HEARING ATTENDANCE CONFIRMED

I HEARING WAIVED,
L////_}/_Q/’ - P2 Meg Fase .4352_(3
Slgnature “of Attorney/AgenUAppellant Déte - i Registration No.

M-d-u{ A A Abeur it
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The opinion in support of the decision being
entered today was not written for publication
and is not binding precedent of the Board. N

‘

Paper No. 24

* UNITED STATES PATENT AND TRADEMARK OE‘FICEv

?

BEFORE THE BOARD OF PATENT APPEALS
' AND INTERFERENCES )

Ex parte DO HUI TEH, . ) MAILED
PEK YEW TAN, : :
and SUA HONG NEO 'JUL 3 O 200'
- PAT, & T.M. OFFICE
o ' _ . BOARD OF PATENT APPEALS
Appeal No. 1999-1793 AND INTERFERENCES

Application 08/161,798!

“ON BRIEF.

Before HAIRSTON, JERRY SMITH, and BARRETT, Administrative Patent
Judges . - i e :
BARRETT,  Administrative Patent Judge.

)

DECIS ION ON~ APPEAL&

o B

This is a decision on appeal pnder 35 U.S.C. § 134 from the
final rejection of claims 4-7, 9-12, 14-17, and 19-23. Claims 8,
13, 18, and 24 are aliowed. Claims 1-3 are»canceied.

We reverse.

! Application for patent filed December 6, 1993, entitled
"Bit Allocation Method For Digital Audio Signals," which claims
the foreign filing priority benefit under 35 U.S.C. § 119 of"
Japanese Application 5-030712, filed February 19, 1993.

-1 -
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. BACKGROUND -

The disclosed invention relates to a dynamic bit allocation

method that is adapted to the human auditory system and yet has a

< : o _ . o
low level of conplexity. The complexity is reduced by allocating

an initial bit number using approximations made in'a mathematical-

model:before the remaining bit numbers are allocated by afprecise

iterative process.

Claim 5 is reproduced below.

5. A method of deteérmining a bit allocation for a
‘quantization of digital audio 51gnals having spectral and
temporal structure wherein the dlgltal audio signals are
obtained by buffering audio signals ‘in frames and
decomposing the digital signals into spectral components
which comprises the steps of:

a step for dividing at least one frequency 1nterval
into a plurality of frequency units; .

a step for obtalnlng a representatlve of each
frequency unit obtained;

a step for. countlng a number of available-
frequency-units by using the representatlve based on
psychoacoustic. crlterla '

a first bit allocation steﬁ for determining an initial
bit allocation for each of said available frequency units by
.using an approximate mathematical model using said counted
number of available frequency-units; and

a second bit allocation step for determining further

bit allocation for each of said available frequency units
based on psychoacoustlc criteria. .

The Examiner relies on the following prior art:

Veldhuis et al. (Veldhuis) 5,105,463 ° April 14, 1992
Nishiguchi et al. (Nishiguchi) 5,151,941 September 29, 1992
] » ?
_2_
.
k .
- -
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~ Claims 42=7, 9—12, 14-17, and 19-23 stand réjectéd underﬁ
35 U.S.C. § 103(af as being unpatentabig over Veldhuis and
Nishiguchi. ’
We refer to the rejection (Paper No. 5), the final rejecﬁion
(Paper No. 8) (pagés referred to as "FR__") and ﬁhé-examiner'é
answer (Papér Nol 15f (pages referred to as "EA__ ") for ; o ’
statement of the Examiner's position, and to the appeal brief
(Paper No. 14) (pages referred to as Yb'Br__") aﬁd the reply brief
(Papér No. 16) (pagesfréféfred to as "RBr__ ") fof Appellants'
arguments thereagainst. '
OPINION
The claims are grbuped ﬁQ stand or fall together with
Iindependent claim 5 (Brs). | . ' "
Abpéllants argue that thg Examiner has impropérly read
limitations into claim 5 (e.g., Br7-8; RBr5-6). To the extent
‘this is so, we addreés only the aCtuél limitations\of‘claim 5.

The Examiner's®

discussion of Veldhuis‘(FRS) is-véry cursory
and does not correlate the actual limitations of claim SItQ’thé
disclosufé of Veldhuis. Therefore, we begin by making findings
regarding the contents of Veldhuis and the differeﬁces bet&een

Veldhuis and the subject matter of claim 5. o .

2 The Examiner's statement of the rejection ihadﬁértently
omits claim 4. ' - = Coe -

3 As noted by Appellants (RBr2 n.l), there have been - . {
numerous examiners during prosecution. . . -

-.Fa
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Cleim 5 recites Vbuffering audio signals in frames and

decomposing the digital signals into spectral components" and "a
step for diViding at least one frequency interval into a‘
plurality of frequency—units. A "unit" is a. frequency interval
(specification, p. 5)._“Veldhuis does not disclose tnat.the‘audio
signal is buffered in.frames;-however, whilejthisylimitation is
considered either inherent\or'obvious to one of .ordinary skili in
the artr it‘is.nOt‘argued end will not be addressed. See 37 CFR
.§ 1.i92(c)(8)(iv) (1997) (brief must specify the errors‘in_the,
rejection). Veldhuis discloses that the audio signal x(k) is
'applied to an analysis filter bank 3 which diVides the signal
band of 0-22.05 kHz into P=26 subbands (col. 5, lines 58-64), the
characteristics of which are shown in the table of figure 3. The
pandwidths W(p) of.the subbands approximatelywcorrespona'to‘the
critical bandwidths_of:the humen auditory system in-thep
respective frequency ranges (col. 6, lines 40-46). Thus, we find
‘Veldhuis/discloses "decomposing the digital signals into spectral
components" and "a step’ for dividing at least one. frequency
interval into a plurality of frequency—unlts. The claim'
limitation of "at Least-one,frequency interval" reeds on the -
frequency interval correspOnding to the upper subbands (13<ps26)

in Veldhuis. Thus, Appellants' arguments that. the lower subbandg

do not use adaptive bit allocation and that~their invention
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allows for the possibility of assigning and aliocating bits to
the whole frequency spectrﬁm (e.g,,.Br10%13) are not‘persqasive.

Claim 5 reciﬁes "a step for obtaining a representative of
each frequency—ﬁnit obtained." The term "representative" is not
expressly defined in the specification. However, from the
statement "the variance .or a représentative Qithin a:defined
frequency interval as an accurafe representationi§f the signals
in'thé interval" (specification, p. 5), we-inter?ret
"representative" to mean"a "characteristic ?epresentativg of the
signal." Vveldhuis diécloseé a signal buffer é(p)‘for each
subband and a levél_detector%7(p)~coﬁnected‘to each signal buffer
6(p) to determine for each biéck stored h;ving block number m a
characteristicrparaméter G(p;m) rebresentative of the signal
level of the bléck (col. 6, lihes 17-23). ‘The signal level .can
be reﬁresented by the average value of the amplitude or'thé powér
of the signal samples of a block, and also by the peak Vélue of
théfamplitude of the signgl éamples in a block (col.'6,
lines 29-33). The set of:"characteristic parameters é(p;m)ﬁiip
Veldhuis is.the\"representafive.ofjeach freduency—uhiﬁ obtained."
Thus, Veldhuis disclcoses "a sﬁep far obtainiﬁg/é reﬁrésentative
of each freqﬁency-unit obtained." l

Claim 5 recites‘"ansﬁep for éounting a number of available
frequency-units by qsing the representative, based on’

psychoacoustic criteria." For the upper group of subbands
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(13gp<26) in Veidhuis, the number of quantizing bits per signal
sample B(p;m)vis determined by the set of all gharacteristic'
parameters G(p;m) (col. 10, lines 8-18). As.previoﬁsly noted,
the "at least one frequency interval" in the first"step §f

claim 5 reads on the frequency interval corresponding to the
upper subbands (13sp§26) in Veldhuis, so it is proper to focué on
these subbands (ffequency-units). Parameter G{p;m) is compafed
to the threshold T(p) for the subband of bana.number p and a

Pinary comparator signal C{p;m) is géherated having a first value

C(p;m)="1" for G(p;m)>T(p) and a second value Clp;m)="0" for
G(p;m)<T(p) (col. 11, lines 31-36). The thresholds are related
to thé thresholds_of,the human auditory system for perceiving
single tones in thé respective frequency ranges (éoi. 11,

lines 36-44); thus, the.thfesholds are "based on'psychoacouétic
criteria." By these coﬁpariséns,_the Biocké (é;m) of subbaﬁd
signals x,(k) are‘divided into blocks (p;m) containiné
perceptually significant signal energy on the basis of tﬁe
critefi&n G(p;m)zT(p)land thus ha?ing the value C(p;m)="1", and
blocks (p;m) céntaining no perceptually significant energy on the
basis of the Critefion G(p;m)<T(p) and thus having a value'of
C{p;m)="0" (col. 11, lines 45-52). No quantizing bits are
allocated to the blocks (p;m) within the samé éllocation‘window

having C(p;m)="0" and the guantizing bits thus saved are used for.

the finer quantization of  the blocks (p;m) within the same
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allocation window having C(p;m)="1" (col. 11, lines 52-57). This
eliminates blocks Ap}m) that are irrelevant. The blocks (p;m)

having the value C(p;m)="1" are "available frequency-units"

" because they are available for bit allocaticon. - The comparaﬁor

signal C(p;m), which determines whether a block'kp;m).is
ﬁavaiiabléi is based on the threshqld T(p) for thé'subband, which
is "based on psychoacoustic criteria”; thus, the determination of
available frequency—uﬁits is based on psychoacoustic criteria.
The number of blocks'(p;m) in theEallocation window having
C(p;m)="1" is thé count bf‘available fréﬁuency-units. However,
Veldhuis does not disclose "counting” the available blocksv(p;n)i
Therefore, Veldhﬁis does not disclqse "a step for counting a

number of available frequency-units by using the representative,

based on psychcacoustic criteria" (emphasis added). :

Claim 5 recites' "a first'bit_allobation step for determining
an initial bit allocation for each of said'availéblé
frequency-units by using an approximate mathematical model using
said counted number of aqulable frequenc?—units." The blocks”

(p;m) in the allocation window Qaving C(p;m)="1" are the

“available frequency-units." All of the blocks are initially

allocated a minimum number of biﬁs B(p;m) as a default value for

the allocation pattern (e.g., col. 13, lines 60-64; col. 21,
lines 35-37) and then those blocks (p;m) with C(p;m)="0" are ‘set

to B(p;m)=0 to produce sum S of "saved" number of bits (col. 13,

-7 -
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line 68 to.col._l4( line 12), leaving the initial allocations in
blocks (p;m) with C(p;m)="1". This is a first bit allocation'
step for each available_frequency—unit.‘ Howéver,bthis initial
bit allocation is not disclosed or suggested to be made ”usiné an
approximate ﬁathematical model using éaid counted'number of
available freéden¢y—unité.ﬁ fhe%efore, we find Veldhuis does not
disclose "a first bit allocation step for aetéfmihing;an initial

bit allocation for each of said available frequency-units by

s

using an approximaté mathematical model using said counted number

of available frequency-units" (emphasis added)

Claim 5 lastly reéites "a second bit alloéation‘step for
determihing further bit allocation for each of said available
frequency-units based on psychoacoustic:criteria." As disclosed,
the second step of allocating bits ”baséd on bsychoacdustic b
criteria" uses psychoacoustic criteria only in tﬁe seﬁse that a
psychoacoustic weighting féctor F is ﬁsed in reducing thé
variance of the unit (specification,_pi 9, step t4]); thus, the
éllotation of bits'”based.on psychoacoustic criteria" can bg
interpreted broa@}y as very indireétly based on some
psychoacoustic ériterion. In Veldhuis,'the-biocks fp;m) haViﬂg
the gredtest need of ‘quantizing bité G' (p;m) are allocated
further bits by jumpihg to tﬂe next level i inufigure lO (étep'
'9-11 in fig. 9; col. 15, lines 58-63). The'néed of bits G' (p;m)

is assigned a value'of G'(p;m) /D, with D>l) SO as to éveniy
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distribute the numbers of quantization bits saved over the
blocks (p;m).having a value oflC(pjm)=51" (col. 15, iinep63.to
col. 16, line 1). The vaiue D is not discloéed to be "based oﬁ:
psychoaéoustic criférié." Therefore, we find thaﬁ Veldhﬁis does
not teach "a second bit allocation step for determining further
bit allqcation fo; eéch.of‘said availablé'frequency—ﬁnits based

on psychoacoustic criteria" (emphasis added).

Based on Fhe aboye analysis, we summarize that the
aifferences betwgen the subject matter of‘claim 5 and Veldhuis
are that Veldhuis does not teéch: (1)i"a step for counting a
number of available‘freguency;units‘by using thelrepresehtative,
based on psychoaéoustic criteria" (emphaéis'added); (2) "a first
bit allocatibn step for determining an initiai bit allocation for
each of said available frgquency-units by gsing an apéroximate

: mathematical model using said counted number of available

frequency-units" (emphasis added) ; and (3) "a second bit

allocation step for determining further bit allocation for each

of said available frequency-units based on‘psvchoacoustic-
éritéria" (emphasis‘added).'

The Examiner has further applied Nishiguchi. The Examiher.
finds that "Nishiguchi et al. teach a method for determining a
bit allocation combrisihg a first ana second bit allocation which
incorpérates psychoacoustic criteria (their initial allocatidn

followed by a 'correcting”step' col. 2 line 64- col. 3'line 14;

_‘9._
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and psychoacoustlcs col. 4)" (FR6). | The Examiner concludes that
it would have been obv1ous to use the two- step process ‘of
lehlguchl in the adaptlve bit allocatlon taught by Veldhuls.v
‘"because the number of avallable bits" can change dynamlcally
which_results in bits being in surplus or deficit and leading to
less efficient bit'allocation, thus, requiring hore bandﬁidth
(lehlguchl et al. coll 1)"‘(FR6) |

We analyze the three dlfferences noted above

Difference (l) = countlnq avallable frequency-units

Appellants argue that the Examlner has not shown where the
step of countlng the number of available frequency units is found
in Veldhuis or_lehléuch; (RBr6). We do not find any discussion
"of'the counting step by the Examiner. .

We agree that neither Veldhuis nor Nishiguchi discloses
-countlng the number of available frequency units. In Veldhuis
the blocks (p; m) in the allocatlon w1ndow hav1ng C{p;m)="1" are
"available frequency—unlts. - However, Veldhuls does not dlsclose‘
"counting" the number of available blocks (p;n) having E
C(p;m)="1". We do not find any disclosure'of countlng available
frequency-units in Nishiguchl;' Thus, the counting step'is a

difference which is not accounted for in the rejection..
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‘Difference (2) - mathematical model using counted
number of available frequency-units
The Examiner finds that Veldhuis teaches a "matheﬁatical
model" and points to Veldhuis at column 2, lines 54-64, showing

B(p), G(p;m), and C(p;m) (EAG). The Examiner states that a

/

mathematical model or algorithm is a series of mathematibal stéps
as shown in Veldhuis ét figures 8 ahd 9 (EA75t'

Appellants respond that.a. 'mathematical model” is not the
same thing as a "mathemapical algorithm"_(RBré—lO)lénd that
Nishiguchi does not teach or suggest a ﬁathematical quel using
the counted number of available freqﬁency—ﬁnits (RBrlO). 

We agree with Appellaﬁts that a "maﬁhematical model" ié'not
necesgarily a "mathematical algorithm.f However,; it is”not-
neéessary to exp}ore the nuénpés in any detail since the'Examiner:
has not shown a mathematical algoritﬁm "using said countéd‘humber
of available freqﬁehcy—units,ﬁ aé-claiméd. The initial bit .
allocations in Veldhuis are all predetermih;a. Thus, ﬁﬁe
mathemaﬁical model using the counted number:of.frequency—units is

a difference which is not accounted for in the rejection.
Difference (3) - second step of bit allocation
based on psychoacoustic criteria

Appellants érgue that the second_step:of fpfthe}.bit
allocation in claim 5 is different éhan.the second étep pf'bit
‘correction in Nishigucﬁi (Br12; RBrli-12). Appellants afgue that
Nishiguchi teaches only one bit-allocétion step that is

- 11 -.
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amorphously connected.with.a correction of the alloCatioﬁ and
that Nishiguchi does'nét make obvious two separété and distin;t
allocation steps fRE:7—8).

The Examiner diségrees (EA7), but we do;not Uﬁderstand.the
Examiner's rationale.l

The arguments are directed to thé existence of a two step
allocation process, an initial al;ocation'followed by a further
bit allocation, rather than to the limitation of the further bit
allocation beiﬁg baséd on psychoacoustic criteria. We have fqund
that veldhuis diséloses_é two step procesé. Since the limitaﬁion
about fufther'allocation_"based on psychqacéustic criteria" is

not argued, it is not addressed. See 37 CFR § 1.192(c) (8) (iv).
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CONCLUSION  ~
Because the cdmbihetionwof Veldhuis and Niéhiguchi does not

disclose at least the limitations of "a step for. counting a

number of available freguency-units by using the representative,
based onvpsychoacodstic criteria"‘(empha§is added) and "a first
bit allocation step for determining an initial bit alchation.for

!

each of said available frequency-units by using an approximate

mathematical model using said courited number of available

frequency-units" (emphasis added), the Examiner has failed to
. , ; . %

establish a prima facie case of obviousness. The rejection of

claims 4-7, 9-12, 14-17, and 19-23 is reversed.

REVERSED

K - ~ERTRETON
Administrative Patent Judge

BOARD OF PATENT

JERRY SMITH . - APPEALS
Administrative Patent Judge AND

INTERFERENCES

LEE E. BARRETT -
Administrative Patent Judge

A

)
)
)
)
)
)
)
)
)
)
)‘

)
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Do Hui TEH, et al. .

Serial No.  : 08/161,798 ArtUnit: 2645
Filed : December 6, 1993 Examiner : M. Opsasnick

. N
For . Bit Allocation Method for Digital Audio Signals

- BATCH M 73 ---

FORMAL DRAWING TRANSMITTAL LETTER

Commissioner of Patents

" Washington, D.C. 20231

Attn: Official Draftsperson

Sir: . . S
_ The Issue Fee for the above-referenced patent application, due December 28,
2001, is being paid concurrent herewith: ' '

In accordance with the corrections required by the Notice of Draftsperson's

~ Patent Drawing Review (attached to Paper No.5), attached are eight sheets of corrected
- formal drawings, showing Figures 1-8, to replace the drawings first filed with the

application on December 6, 1993.
Respectfully submitted,

SMITH, GAMBRELL & RUSSELL, LLP

‘B.y: % '

Michael A. Makuch, Reg. 32,263
1850 M Street, NW — Suite 800
Washington, DC 20036
Telephone : 202/263-4300 '
Facsimile :202/263-4329.

December 3, 2001 » . |
. . 170680w
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Applicants : Do Hui TEH, et al.
Serial No, 08/161,798 - Filed December 6, 1993
For : Bit Allocation Method for Digital Audio. Signals

Contact : Smith, Gambrell & Russcll, LLP - Docket : 32705 M 48683
Michac! A. Makuch - Telephone : 202/263-4300
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Attorney Docket No. 24119

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE. .

In re Application of: -
| Larry Hinderks
Serial No. 09/664,727

. Filed: September 19, 2000

For: AUDIO FILE DISTRIBUTION AND PRODUCTION SYSTEM

TRANSMITTAL LETTER

: Commissioner for Patents
— P.O. Box 1450
oy Alexandria, VA 22313
Sir:
Submitted herewith for filing in the U:S. Patent and Trademark Office is the following.:
(1)  Transmittal Letter; and

(2)  Request for Withdrawl as Attorney or Agent and Change of Correspondence Address.

- Respectfully submitt'ed,,
NATH & ASSOCIATES PLLC

September]. Z, 2005 - Z
NATH & ASSOCIATES PLLC .

1030 15" Street, N.W. Gregory B. Kang

6" Floor o Reg. No. 45,273 .

Washington, D.C. 20005 ~ Customer No. 20529
Tel: (202) 775-8383 : :
Fax: (202) 775-8396
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 COMPLETED

ar the Paperwork Reduction Act of 1995, no persons are required to respont

PTO/SB/B3 (04-05)

Approved for use through 11/30/2005. OMB 0651-0035

—-—S____TTKU.S Patent and Trademark Office, U.S, DEPARTMENT OF COMMERCE

'a collection of information unless it displays a valid OMB control number.

R

. o~ A T _ “Application Number 09/664,727 )
L= REQUEST FOR WITHDRAWAL " Filing Date 09-19-2000
AS ATTORNEY OR AGENT First Named Inventor Larry Hinderks
AND CHANGE OF Art Unit ‘ 2645 ,
CORRESPONDENCE ADDRESS | Examiner Name Knepper, David D
' Attorney Docket Number 24119

To: Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

D all the attorneys/agents of record. -

The reasons for this request are:

Please withdraw me as attor'ney or agent for the above identified patent application, and

D the attorneys/agents (with registration numbers) listed on the attached paper(s), or

the attorneys/agents associated with Customer Number [20529

- the client requested that we not further prosecute the appllcatlon

NOTE: This box can only be checked when the power of attorney of record in the application is'to all the
practitioners associated with a customer number.

{ , ~ CORRESPONDENCE ADDRESS

Signature -ﬁ/)/t/\ 5 _J—

1. D The correspondence address is NOT affected by this withdrawal. \ % )
Change the correspondence address and direct all future correspondence to: @nﬁ .

D The address associated witr.iv Custemer Number: Pt
o

OR - o , Bodtioss

naviouai Name | STARGUIDE DIGITAL NETWORKS, INC., Elaine Locke

Address 750 West John Carpenter Freeway e

Suite #700

City Irving J State TX | Zip 75039

,Country‘ ) USA . .

Telephone (972)581-2000 I Email hg@starguidedigital.com

Name d@&"y B? KZ\E /4 /

Registration Ne, 45,273->

Date

Telephone No.  (202)775-8383

| NOTE: Withdrawal is effactive when approved rather lhan when rsce;ved Unless lhere are el least 30 days between appmva! of withdrawal end the expiration
dale of 8 time period for response or possible extension period. the reauest ro withdraw is norma/lv disapproved.

This collection of information is required by 37 CFR 1.36. The information is required to obtain of retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to'take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. ‘Any comments
on the amount of time you require to complete this form and/or suggestions for.reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
~and Trademark Office, U.S. Department of Commerce, P.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS., SEND TO: Commlsswner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assislance in completing the form, cafl.1-800-PTO-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Pateut and Trademark Office -
Address: !(’,ghﬁVAISblU’\le FOR PATENTS

Alexandein, Vigous 22313.1450
¥plo g

| APPLICATION NUMBER | FILING OR 371 (c) DATE | T FReT NAMEDAPPLICAN"I"“ ‘T ATTY. DOCKET NO./TITLE ]
09/664,727 , 09/19/2000 . . Larry W, Hinderks 24119
" CONFIRMATION NOV 1468
e MIRAR ||N|IINIIHIIIMIIIHIIIN||1|)NIN|||1HI||HI|IH|II| KN
NATH & ASSOCIATES
112 South West Street " : | SSRGS

Alexandria, VA 22314

" Date Mailed: 12/30/2005

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney fled 09/12/2005.
)

o The withdrawal as attorney in this appllcatlon has been accepted. Future correspondence will be mailed to the
new address of record. 37 CFR 1.33.

ANITA C)GREENE
OIPE (703) 308-9010 b
i OFFICE COPY
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UNITED STATES PATENT AND ‘TRADEMARK'OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark QOffice -
Address: COMMISSIONER #OR PATENTS '

£.0. Bux 1430 :

Alexandsin, Viegows 22313-1450

WHWI v

| apPLICATION NUMBER | FILING OR 371 (c) DATE |  FRSTNAMEDAPPLICANT | . ATTY DOCKET ﬁo.n‘m_e o
09/664,727 © 09/19/2000 Larry W. Hinderks 24119
' - CONFIRMATION NO. 1468
g{:@gﬂggfg@m NETWORKS INC : ] III||||IIN||)|)|I)i||||\l|||}|||l!|l|||| ||||||l|l|||||| |Hli|1||||||l|ll||l IHHIH
. *0C00000001 77519
750 WEST JOHN CARPENTER FREEWAY
SUITE 700

IRVING, TX 75039
Date Mail'ed:-12/3‘0/2005
NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 09/1 2/2005.

The Power ofAttorney in this application is accepted. Correspondence in this apphcatlon wnll be malled to the :
above address as provided by 37. CFR 1.33. . :

ANITA C GREENE
OIPE (703) 308-9010 -
- OFFICE COPY
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

w

*** If the "Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter 3"
The "Highest Number Previously Paid For” {Total or Independent) is the highest number found in the appropriate box in column 1.

-Effective October 1, 1992 AL AR
CLAIMS AS FILED - PART | ' OTHER THAN
SMALL ENTITY
(Column 1) (Column 2) : OR smaLL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE FEE RATE FEE
BASIC FEE $710.00
TOTAL CLAIMS 4 minus 20 = Xx$11= OR| x$22=
INDEPENDENT CLAIMS A minus 3= |* X 37= OR{ x 74=
- MULTIPLE DEPENDENT CLAIM PRESENT +115= ORl +230=
# i the difference in column 1 is less 1hen zero, enter “0" in column 2 TOTAL OR TOTAL { WO
CLAIMS AS AMENDED - PART Ii. A OTHER THAN
(Column 1) ' (Column 2) Coumnz ~ SMALLENTITY  OR  gua;) enmiTY
< néﬁﬁme Noviseh oo y oDl
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zZ : ——y OR 4=
= | Independent |* / Minus  |**" 5 = x37= X 74=
< , OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +115= OR| +230=
- TOTAL OR  TOTAL §524 /)
(Column 1) (Column 2) - (Cotumn3) . ADDIT. FEE ADDIT. FEE
@ CLAIMS HIGHEST ADDI- ADDI-
— 1 REMAINING NUMBER PRESENT RATE | TIONAL RATE |TIONAL
> AFTER PREVIOUSLY | EXTRA FEE FEE
wl AMENDMENT PAID FOR
=
2 | Total Minus o = x$11= OR x$22=
& . : = OR
= {Independent Minus * = x 37= bR X 74=
e
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM - +115= OR{| + 230=
"TOTAL OR  TOTAL
{Cotumn 1) . (Column2) (Column3 ~ ADDIT.FEE ADDIT. FEE
|
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=z i AFTER - ] PREVIOUSLY EXTRA FEE FEE
Tv] G AMENDMENT . . PAIDFOR ~
= _ p= - OR| ..
% Total Minus = x$11= x$22=
- OR
%" Independent | Minus - = x 37= oR X 74=
< — -
FIRST PRESENTATION OF MULTlPLE‘D’EPENDENT CLAIM +115= OR +230=
* If the entry in column 1 is less than the entry in column 2, write 0" in column 3. TOTAL OR TOTAL
** It the "Highest Number Previously Paid For™ IN THIS SPACE is less than 20, enter “20". ADDIT. FEE ADDIT. FEE

FORM PTO-875
{Rev.10-92)

Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Family 1/1

1 record(s) per family

Record 1/1 US6339757B1 Bit allocation method for digital audio signals

Title: Bit allocation method for digital audio signals

Title - DWPI: Determining quantisation of digital audio signals for bit allocation for transform coder

adapting dynamic bit allocation to human auditory system by computing necessary bandwidth of

components of transmission frame using psycho-acoustics criteria

Priority Number: JP199330712A
Priority Date: 1993-02-19

Application Number: US1993161798A
Application Date: 1993-12-06
Publication Date: 2002-01-15

IPC Class Table:

IPC Section Class Subclass
G10L001900 G G10 G10L
G10L001902 G G10 G10L
HO3M000730 H HO3 HO3M
HO3M000750 H HO3 HO3M
H04B000166 H Ho4 HO04B

IPC Class Table - DWPI:

IPC - DWPI Section - DWPI Class - DWPI Subclass - DWPI
G10L001900 (IPC G G10 G10L

1-7)

G10L001904 (IPC G G10 G10L

1-7)

G10L000918 (IPC G G10 G10L

1-7)

H04B000166 (IPC  H HO04 H04B

1-7)

G10L001902 (IPC G G10 G10L

Class Group
G10L0019
G10L0019
HO3MO0007
HO3MO0007

H04B0001

Class Group -

DWPI

G10L0019

G10L0019

G10L0009

H04B0001

G10L0019

Subgroup

G10L001900

G10L001902

HO3M000730

HO3M000750

H04B000166

Subgroup - DWPI

G10L001900 (IPC
1-7)

G10L001904 (IPC
1-7)

G10L000918 (IPC
1-7)

HO04B000166 (IPC
1-7)

G10L001902 (IPC
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1-7) 1-7)

HO3M000750 (IPC  H HO3 HO3M HO3MO0007 HO3M000750 (IPC
1-7) 1-7)

G10L001900 G G10 G10L G10L0019 G10L001900
G10L001902 G G10 G10L G10L0019 G10L001902
HO3M000730 H HO3 HO3M HO3M0007 HO3M000730
HO3M000750 H HO3 HO3M HO3M0007 HO3M000750
H04B000166 H HO4 HO04B H04B0001 H04B000166

Assignee/Applicant: Matsushita Electric Industrial Co. Ltd.,Osaka,JP
JP F Terms:

JP Fl Codes:

Assignee - Original: Matsushita Electric Industrial Co. Ltd.

Any CPC Table:

Type Invention Additional Version Office
Current HO04B 1/665 - 20130101 EP; US
Original HO04B 1/665 - 20130101 us

ECLA: H04B000166M
Abstract:

When determining a quantization for digital audio signals having a spectral and temporal structure
wherein the audio signals are buffered in frames and decomposed into spectral components, the
method is: obtaining a variance and/or a representative of the components of the the frame within
a defined frequency interval; computing a necessary bandwidth using psychoacoustic criteria;
determining an initial quantization for each frequency interval using an approximate mathematical
model; and iteratively increasing the quantization of each of the frequency intervals through a
psychoacoustically weighted inverse relationship with the the variance of each of the frequency
intervals.

Language of Publication: EN

INPADOC Legal Status Table:

Gazette Date Code INPADOC Legal Status Impact
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2013-03-14 FPAY +

Description: FEE PAYMENT FEE PAYMENT YEAR 12

2013-01-18 AS -

Description: ASSIGNMENT DOLBY INTERNATIONAL AB, NETHERLANDS ASSIGNMENT OF ASSIGNORS INTEREST;
ASSIGNOR:PANASONIC CORPORATION; REEL/FRAME:029654/0754 2012-10-30

2012-11-12 AS -

Description: ASSIGNMENT PANASONIC CORPORATION, JAPAN CHANGE OF NAME; ASSIGNOR:MATSUSHITA
ELECTRIC INDUSTRIAL CO., LTD.; REEL/FRAME:029283/0355 2008-10-01

2009-06-17 FPAY +

Description: FEE PAYMENT FEE PAYMENT YEAR 8

2005-06-21 FPAY +

Description: FEE PAYMENT FEE PAYMENT YEAR 4

2001-12-28 STCF -

Description: INFORMATION ON STATUS: PATENT GRANT PATENTED CASE

1997-11-10 AS -

Description: ASSIGNMENT MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD., JAPAN RE-RECORDED TO CORRECT
THE ADDRESS OF THE ASSIGNEE; ASSIGNORS:TEH, DO HUI; TAN, PEK YEW; NEO, SUA HONG;
REEL/FRAME:008787/0297 1993-10-04

1997-09-12 AS -

Description: ASSIGNMENT MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD., JAPAN CORRECTION OF NOTICE OF
RECORDATION OF ASSIGNMENT RECORDED ON 12-6-1993 AT REEL/FRAME 6798/0252 DUE TO APPLICANTS
ERROR. PLEASE CHANGE THE NAME OF THE ASSIGNEE FROM "MASTSUSHITA ELECTRIC INDUSTRIAL CO., LTD."
TO MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.; ASSIGNORS:TEH, DO HUI; TAN, PEK YEW; NEO, SUA HONG;
REEL/FRAME:008697/0210 1993-10-04

1993-12-06 AS -
Description: ASSIGNMENT MASTSUSHITA ELECTRIC INDUSTRIAL CO.,LTD. A COR ASSIGNMENT OF

ASSIGNORS INTEREST; ASSIGNORS:TEH, DO HUI; TAN, PEK YEW; NEO, SUA HONG; REEL/FRAME:006798/0252
1993-10-04

Post-Issuance (US):

Reassignment (US) Table:
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Assignee Assignor Date Signed Reel/Frame Date

DOLBY INTERNATIONAL PANASONIC 2012-10-30 029654/0754 2013-01-18
AB,AMSTERDAM CORPORATION
ZUIDOOST,NL

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

Corresponent: BIANCA MIYAKAWA 475 BRANNAN STREET, SUITE 300 SAN FRANCISCO, CA 94107-5420
PANASONIC MATSUSHITA ELECTRIC 2008-10-01 029283/0355 2012-11-12
CORPORATION,OSAKA,JP | INDUSTRIAL CO., LTD.

Conveyance: CHANGE OF NAME (SEE DOCUMENT FOR DETAILS).

Corresponent: PANASONIC PATENT CENTER 1130 CONNECTICUT AVE., N.W., SUITE 1100 WASHINGTON, DC 20036

MATSUSHITA ELECTRIC TEH, DO HUI 1993-10-04 008787/0297 1997-11-10
INDUSTRIAL CO.
LTD.,OSAKA 571,JP TAN, PEK YEW 1993-10-04 - -

NEQ, SUA HONG 1993-10-04 - -

Conveyance: RE-RECORDED TO CORRECT THE ADDRESS OF THE ASSIGNEE

Corresponent: DEGRANDIWEILACHER & YOUNG, LLP JOSEPH A. DEGRANDI 1850 M. STREET, N.W. SUITE 800
WASHINGTON, D.C. 20036

MATSUSHITA ELECTRIC TEH, DO HUI 1993-10-04 008697/0210 1997-09-12
INDUSTRIAL CO.
LTD.,OSAKA 571,JP TAN, PEK YEW 1993-10-04 - -

NEQ, SUA HONG 1993-10-04 - -

Conveyance: CORRECTION OF NOTICE OF RECORDATION OF ASSIGNMENT RECORDED ON 12-6-1993 AT
REEL/FRAME 6798/0252 DUE TO APPLICANTS ERROR. PLEASE CHANGE THE NAME OF THE ASSIGNEE FROM
"MASTSUSHITA ELECTRIC INDUSTRIAL CO., LTD." TO MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.

Corresponent: BEVERIDGE, DEGRANDI, WEILACHER, ET AL. JOSEPH A. DEGRANDI 1850 M STREET N.W. SUITE 800
WASHINGTON, D.C. 20036

MASTSUSHITA ELECTRIC TEH, DO HUI 1993-10-04 006798/0252 1993-12-06
INDUSTRIAL CO. LTD. A
CORPORATION OF TAN, PEK YEW 1993-10-04 - _

JAPAN,OSAKA,JP
NEO, SUA HONG 1993-10-04 - -

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

Corresponent: BEVERIDGE, DEGRANDI, WEILACHER & YOUNG JOSEPH A. DEGRANDI 1850 M ST., NW SUITE 800
WASHINGTON, DC 20036
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Maintenance Status (US):
Litigation (US):
Opposition (EP):

License (EP):

EPO Procedural Status:

Front Page Drawing:

Calcelate rowsining
Recalculate the o of
bits remtaios B

mo of bita B

Priority Number - DWPI: JP199330712A
Priority Date - DWPI: 1993-02-19
Assignee - Current US: DOLBY INTERNATIONAL AB

C Clarivate”

Copyright 2007-2021 CLARIVATE
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BIT ALLOCATION METHOD FOR DIGITAL AUDIO SIGNALS

PATENT # APPLICATION # FILING DATE ISSUE DATE

8339757 08161798 12/06/1993 01/15/2002

Payment Window Status

WINDOW STATUS FEES

11.5 Year Closed Paid
Window First Day to Pay Surcharge Starts Last Day to Pay Status Fees
3.5 Year 01/15/2005 07/16/2005 01/17/2006 Closed Paid
7.5 Year 01/15/2009 07/16/2009 01/15/2010 Closed Paid
11.5 Year 01/15/2013 07/16/2013 01/15/2014 Closed Paid

Patent Holder Information

Customer # 197

Entity Status UNDISCOUNTED

Phone Number 7037392234

Address CPA GLOBAL LIMITED

2318 Mill Road 12th Floor
ALEXANDRIA, VA 22314

UNITED STATES

0292

United States Patent and Trademark Office

Office of the Commissioner for Patents

No maintenance
fees are due.





