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ANALYSIS FILTERBANK, SYNTHESIS
FILTERBANK, ENCODER, DE-CODER,
MIXER AND CONFERENCING SYSTEM

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held

invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a reissue application of issued U.S. Pat.
No. 8,036,903 which claims priority of U.S. Provisional
Patent Application No. 60/862,032, filed on Oct. 18, 2006,
and 1s incorporated herein by reference in its entirety.

More than one reissue application has been filed on Oct.
11, 2013 for the reissue of U.S. Pat. No. 8,036,903. The
reissue applications ave application Ser. No. 14/052,686, (the
present application), Ser. Nos. 14/052,689, 14/052,690,
14/052,694, and 14/052,697, all of which are divisional veis-
sues of U.S. Pat. No. §,036,903.

BACKGROUND

The present invention relates to an analysis filterbank, a
synthesis filterbank and systems comprising any of the afore-
mentioned filterbanks, which can, for instance, be 1mple-
mented in the field of modern audio encoding, audio decoding
or other audio transmission-related applications. Moreover,
the present invention also relates to a mixer and a conferenc-
ing system.

Modern digital audio processing is typically based on cod-
ing schemes which enable a significant reduction 1n terms of
bitrates, transmission bandwidths and storage space, com-
pared to a direct transmission or storage of the respective
audio data. This 1s achieved by encoding the audio data on the
sender site and decoding the encoded data on the recerver site
betfore, for instance, providing the decoded audio data to a
listener.

Such digital audio processing systems can be implemented
with respect to a wide range of parameters comprising a
typical storage space for a typical potentially standardized
stream of audio data, bitrates, computational complexity
especially 1n terms of an efficiency of an implementation,
achievable qualities suitable for different applications and 1n
terms of the delay caused during both, the encoding and the
decoding of the audio data and the encoded audio data,
respectively. In other words, digital audio systems can be
applied in many different fields of applications ranging from
an ultra-low quality transmission to a high-end-transmission
and storage of audio data (e.g. for a high-quality music lis-
tening experience).

However, 1n many cases compromises may have to be
taken 1n terms of the different parameters such as the bitrate,
the computational complexity, quality and delay. For
instance, a digital audio system comprising a low delay may
require a higher bitrate of a transmission bandwidth com-
pared to an audio system with a higher delay at a comparable
quality level.

SUMMARY

An embodiment of an analysis filterbank for filtering a
plurality of time-domain input frames, wherein an input
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frame comprises a number of ordered input samples, com-
prises a windower configured to generate a plurality of win-
dowed frames, wherein a windowed frame comprises a plu-
rality of windowed samples, wherein the windower 1s
configured to process the plurality of mput frames i an
overlapping manner using a sample advance value, wherein
the sample advance value 1s less than the number of ordered
input samples of an mput frame divided by two, and a time/
frequency converter configured to provide an output frame
comprising a number ol output values, wherein an output
frame 1s a spectral representation of a windowed frame.

An embodiment of a synthesis filterbank for filtering a
plurality of input frames, wherein each input frame comprises
anumber of ordered input values, comprises a frequency/time
converter configured to provide a plurality of output frames,
wherein an output frame comprises a number of ordered
output samples, wherein an output frame 1s a time represen-
tation of an input frame, a windower configured to generate a
plurality of windowed frames. A windowed frame comprises
a plurality of windowed samples. The windower 1s further-
more configured to provide the plurality of windowed
samples for a processing 1n an overlapping manner based on
a sample advance value. The embodiment of the synthesis
filterbank further comprises an overlap/adder configured to
provide an added frame comprising a start section and a
remainder section, wherein an added frame comprises a plu-
rality of added samples by adding at least three windowed
samples from at least three windowed frames for an added
sample 1n the remainder section of an added frame and by
adding at least two windowed samples from at least two
different windowed frames for an added sample 1n the start
section. The number of windowed samples added to obtain an
added sample 1n the remainder section 1s at least one sample
higher compared to the number of windowed samples added
to obtain an added sample 1n the start section, Or the win-
dower 1s configured to disregard at least the earliest output
value according to the order of the ordered output samples or
to setting the corresponding windowed samples to a prede-
termined value or to at least a value 1n a predetermined range
for each windowed frame of the plurality of windowed
frames. The overlap/adder (230) 1s configured to provide the
added sample 1n the remainder section of an added frame
based on at least three windowed samples from at least three
different windowed frames and an added sample 1n the start
section based on at least two windowed samples from at least
two different windowed frames.

An embodiment of a synthesis filterbank for filtering a
plurality of input frames, wherein each mput frame comprises
M ordered 1nput values y,(0), . . ., x,(M-1), wherein M 1s a
positive integer, and wherein k 1s an integer indicating a frame
index, comprises an mverse type-1V discrete cosine transform
frequency/time converter configured to provide a plurality of
output frames, an output frame comprising 2M ordered out-
put samples x,(0), .. ., x,(2M-1) based on the mput values
v.(0), ..., y.(M-1), a windower configured to generate a
plurality of windowed frames, a windowed frame comprising

a plurality of windowed samples zk(0), . . ., zk(2ZM-1) based
on the equation

Zi{(n)=w(n)x;(n)

forn=0, ..., 2M-1,

whereinnis an integer indicating a sample index, and wherein
w(n) 1s a real-valued window function coeflicient corre-
sponding to the sample mndex n, an overlap/adder configured
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to provide an mtermediate frame comprising a plurality of
intermediate samples mk(0), . . . , mk(M-1) based on the
equation

My (1)=2;(1)+2;_; (N+M)

forn=0, ..., M-1,

and a lifter configured to provide an added frame comprising
a plurality of added samples outk(0), . . ., outk(M-1) based on
the equation

out,(n)=m,(n)+I(n-M/2)m,;_(M-1-n)
forn=M/2, ..., M-1

and

out,(n)=m,(n)+l(M-1-n)-out, ,(M-1-n)

forn=0, ..., M/2-1,

wherein 1(0), . . ., I[(M-1) are real-valued lifting coetlicients.

An embodiment of an encoder comprises an analysis fil-
terbank for filtering a plurality of time-domain mput frames,
wherein an 1put frame comprises a number of ordered input
samples, comprises a windower configured to generate a plu-
rality of windowed frames, a windowed frame comprising a
plurality of windowed samples, wherein the windower 1s
configured to process the plurality of input frames in an
overlapping manner using a sample advance value, wherein
the sample advance value 1s less than the number of ordered
input samples of an mput frame divided by 2 and a time/
frequency converter configured to provide an output frame
comprising a number of output values, an output frame being
a spectral representation of a windowed frame.

An embodiment of a decoder comprises a synthesis filter-
bank for filtering a plurality of input frames, wherein each
input frame comprising a number of ordered mput values,
comprises a frequency/time converter configured to provide a
plurality of output frames, an output frame comprising a
number of ordered output samples, an output frame being a
time representation of an input frame, windower configured
to generate a plurality of windowed frames, a windowed
frame comprising a plurality of windowed samples, and
wherein the windower 1s configured to provide the plurality of
windowed samples for a processing 1n an overlapping manner
based on a sample advance value, an overlap/adder config-
ured to provide an added frame comprising a start section and
a remainder section, an added frame comprising a plurality of
added samples by adding at least three windowed samples
from at least three windowed frames for an added sample 1n
the remainder section of an added frame and by adding at least
two windowed samples from at least two different windowed
frames for an added sample 1n the start section, wherein the
number of windowed samples added to obtain an added
sample 1n the remainder section 1s at least one sample higher
compared to the number of windowed samples added to
obtain an added sample 1n the start section, or
wherein the windower 1s configured to disregard at least the
carliest output value according to the order of the ordered
output samples or to setting the corresponding windowed
samples to a predetermined value or to at least a value 1n a
predetermined range for each windowed frame of the plural-
ity of windowed frames; and wherein the overlap/adder 1s
configured to provide the added sample 1n the remainder
section of an added frame based on at least three windowed
samples from at least three different windowed frames and an
added sample 1n the start section based on at least two win-
dowed samples from at least two different windowed frames.
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A further embodiment of a decoder comprises a synthesis
filterbank for filtering a plurality of imnput frames, wherein
cach imput frame comprising M ordered mput values
v.(0), . .., v.(M-1), wherein M 1s a positive integer, and
wherein k 1s an integer indicating a frame index, comprises an
iverse type-1V discrete cosine transform frequency/time
converter configured to provide a plurality of output frames,
an output frame comprising 2M ordered output samples
X.(0), ..., X, (2M-1) based on the input values y,(0), . . .,
yv.(M-1), a windower configured to generate a plurality of
windowed frames, a windowed frame comprising a plurality
of windowed samples z,(0), . . ., z,(2M-1) based on the
equation

2 (0)=W(n) X,(n)

forn=0, ..., 2M-1,

whereinnis an integer indicating a sample index, and wherein
w(n) 1s a real-valued window function coeflicient corre-
sponding to the sample index n, an overlap/adder configured
to provide an mtermediate frame comprising a plurality of
intermediate samples mk(0), . . . , mk(M-1) based on the

equation

m,(n)=z,(n)+2z;_;(n+M)

forn=0, ..., M-1,

and a lifter configured to provide an added frame comprising
a plurality of added samples outk(0), .. ., outk(M-1) based on
the equation

out,(n)=m,(n)+l{n-M/2)-m,;_;(M-1-n)

for n=M/2, ..., M-1
and
out, (n)=m,(n)+1(M—1-n)-out,_,(M=1-n)
for n=0, ..., M/2-1,
wherein 1(0), . . ., I{M-1) are real-valued lifting coetficients.

An embodiment of a mixer for mixing a plurality of input
frames, wherein each input frame 1s a spectral representation
of a corresponding time-domain frame and each input frame
of the plurality of mput frames 1s provided from a different
source, comprises an entropy decoder configured to entropy
decode a plurality of input frames, a scaler configured to scale
the plurality entropy decoded input frames in the frequency
domain and configured to obtain a plurality of scaled frames
in the frequency domain, wherein each scaled frame corre-
sponds to an entropy encoded frame, an added configured to
add the scaled frames 1n the frequency domain to generate an
added frame 1n the frequency domain, and an entropy encoder
configured to entropy encoding the added frame to obtain a
mixed frame.

An embodiment of a conferencing system comprises a
mixer for mixing a plurality of input frames, wherein each
input frame 1s a spectral representation of a corresponding
time-domain frame and each mput frame of the plurality of
input frames being provided from a different source, com-
prises an entropy decoder configured to entropy decode the
plurality of mput frames, a scaler configured to scale the
plurality of entropy decoded input frames in the frequency
domain and configured to obtain a plurality of scaled frames
in the frequency domain, each scaled frame corresponding to
an entropy decoded mput frame, an adder configured to add
up the scaled frames 1n the frequency domain to generate an
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added frame 1n the frequency domain, and an entropy encoder
configured to entropy encoding the added frame to obtain a
mixed frame.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention are described here-
inafter, making reference to the appended drawings.

FIG. 1 shows a block diagram of an analysis filterbank;

FIG. 2 shows a schematic representation of input frames
being processed by an embodiment of an analysis filterbank;

FIG. 3 shows a block diagram of an embodiment of a
synthesis filterbank;

FIG. 4 shows a schematic representation of output frames
in the framework of being processed by an embodiment of a
synthesis filterbank;

FIG. 5 shows a schematic representation of an analysis
window function and s synthesis window function of an
embodiment of an analysis filterbank and of a synthesis {il-
terbank;

FI1G. 6 shows a comparison of an analysis window function
and a synthesis window function compared to a sign window
function:

FIG. 7 shows a further comparison of different window
functions;

FIG. 8 shows a comparison of a pre-echo behavior for the
three different window functions shown 1n FI1G. 7;

FI1G. 9 shows schematically the general temporal masking
property of the human ear;

FI1G. 10 shows a comparison of the frequency response of
a s1ign window and low delay window;

FIG. 11 shows a comparison of a frequency response of a
sine window and a low overlap window;

FIG. 12 shows an embodiment of an encoder;

FIG. 13 shows an embodiment of a decoder:

FIG. 14a shows a system comprising an encoder and a
decoder;

FIG. 14b shows different sources for delays comprised in
the system shown 1n FIG. 14a;

FIG. 15 shows a table comprising a comparison of delays;

FIG. 16 shows an embodiment of a conferencing system
comprising an embodiment of a mixer;

FIG. 17 shows a further embodiment of a conferencing
system as a server or a media control unit;

FIG. 18 shows a block diagram of a media control unit;

FI1G. 19 shows an embodiment of a synthesis filterbank as
an efficient implementation;

FI1G. 20 shows a table comprising an evaluation of a com-
putational efliciency of an embodiment of a synthesis filter-
bank or an analysis filterbank (AAC ELD codec);

FIG. 21 shows a table comprising an evaluation of a com-
putational efficiency of a AAC LD codec;

FIG. 22 shows a table comprising an evaluation of a com-
putational complexity of a AAC LC codec;

FIGS. 23a show tables comprising a comparison of an and
23b evaluation of a memory efficiency of RAM and ROM {for
three different codecs; and

FI1G. 24 shows a table comprising a list of used codex for a
MUSHRA test.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

FIGS. 1 to 24 show block diagrams and further diagrams
describing the functional properties and features of different
embodiments of an analysis filterbank, a synthesis filterbank,
an encoder, a decoder, a mixer, a conferencing system and
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other embodiments of the present invention. However, belore
describing an embodiment of a synthesis filterbank, with
respect to FIGS. 1 and 2, an embodiment of an analysis
filterbank and a schematic representation of input frames
being processed by an embodiment of an analysis filterbank
will be described 1n more detail.

FIG. 1 shows a first embodiment of an analysis filterbank
100 comprising a windower 110 and time/frequency con-
verter 120. To be more precise, the windower 110 1s config-
ured to a plurality of time-domain input frames, each input
frame comprising a number of ordered input samples at an
input 1101. The windower 110 1s furthermore adapted to
generate a plurality of windowed frames, which are provided
by the windower at the output 1100 of the windower 110.
Each of the windowed frames comprises a plurality of win-
dowed samples, wherein the windower 110 1s furthermore
configured to process the plurality of windowed frames 1n an
overlapping manner using a sample advance value as will be
explained 1n more detail 1n the context of FIG. 2.

The time/frequency converter 120 1s capable of receiving
the windowed frames as output by the windower 110 and
configured to provide an output frame comprising a number
of output values, such that an output {frame 1s a spectral
representation of a windowed frame.

In order to illustrate and outline, the functional properties
and features of an embodiment of an analysis filterbank 100,
FIG. 2 shows a schematic representation of five input frames
130-(k313),130-(k-2),130-(k-1),130-k and 130-(k+1) as a
function of time, as indicated by an arrow 140 at the bottom of
FIG. 2.

In the following, the operation of an embodiment of an
analysis filterbank 100 will be described 1n more detail with
reference to the input frame 130-k, as indicated by the dashed
line 1n FIG. 2. Withrespect to this input frame 130-k, the input
frame 103-(k+1) 1s a future mput frame, whereas the three
input frames 130-(k—1), 130-(k-2), and 130-(k-3) are past
input frames. In other words, k 1s an integer indicating a frame
index, such that the larger the frame index 1s, the farther the
respective iput frame 1s located “in the future”. Accordingly,
the smaller the index k 1s, the farther the input frame 1s located
“1n the past™.

Each of the input frames 130 comprises at least two sub-
sections 150, which are equally long. To be more precise, 1n
the case of an embodiment of an analysis filterbank 100, on
which the schematic representation shown in FIG. 2 1s based,
the input frame 130-k as well as the other input frames 130
comprise subsections 150-2,150-3 and 150-4 which are equal
in length 1n terms of mput samples. Each of these subsections
150 of the mput frame 130 comprises M 1nput samples,
wherein M 1s a positive integer. Moreover, the mput frame
130 also comprises a first subsection 150-1 which may com-
prise also M input frames. In this case, the first subsection
150-1 comprises an 1nitial section 160 of the input frame 130,
which may comprise input samples or other values, as will be
explain in more detail at a later stage. However, depending on
the concrete implementation of the embodiment of an analy-
s1s filterbank, the first subsection 150-1 1s not required to
comprise an 1nitial section 160 at all. In other words, the first
subsection 150-1 may in principle comprise a lower number
of mput samples compared to the other subsections 150-2,
150-3, 150-4. Examples for this case will also be illustrated
later on.

Optionally, apart from the first subsection 150-1, the other
subsections 150-2, 150-3, 150-4 comprise typically the same
number of mput samples M, which 1s equal to the so-called
sample advance value 170, which indicates a number of input
samples by which two consecutive mput frames 130 are
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moved with respect to time and each other. In other words, as
the sample advance value M, as indicated by an arrow 170 1s,
in the case of an embodiment of an analysis filterbank 100, as
illustrated in FIGS. 1 and 2 equal to the length of the subsec-
tions 150-2, 150-3, 150-4, the mnput frames 130 are generated
and processed by the windower 110 in an overlapping man-
ner. Furthermore, the sample advance value M (arrow 170) 1s
also 1dentical with the length of the subsections 150-2 to
150-4.

The mput frames 130-k and 130-(k+1) are, hence, in terms
of a signmificant number of input samples, equal 1n the sense
that both input frames comprise these input samples, while
they are shifted with respect to the individual subsections 150
of the two input frames 130. To be more precise, the third
subsection 150-3 of the mput frame 130-k 1s equal to the
fourth subsection 150-4 of the mput frame 130-(k+1).
Accordingly, the second subsection 150-2 of the mput frame
130-k 1s 1dentical to the third subsection 150-3 of the 1nput
frame 130-(k+1).

In yet other words, the two 1mput frames 130-k, 130-(k+1)
corresponding to the frame indices k and (k+1) are 1n terms of
two subsections 150 1n the case of the embodiments shown in
FIG. 2, 1dentical, apart from the fact that 1in terms of the input
frame with the index frame (k+1), the samples are moved.

The two aforementioned input frames 130-kand 130-(k+1)
turthermore share at least one sample from the first subsec-
tion 150-1 of the input frame 130-k. To be more precise, in the
case of the embodiment shown 1n FIG. 2, all input samples 1n
the first subsection 150-1 of the input frame 130-k, which are
not part of the initial section 160, appear as part of the second
subsection 150-2 of the input frame 130-(k+1). However, the
input samples of the second subsection 150-2 corresponding
to the mitial section 160 of the mput frame 130-k before, may
or may not be based on the input values or input samples of the
initial section 160 of the respective input frame 130, depend-
ing on the concrete implementation of an embodiment of an
analysis filterbank.

In the case of the mitial section 160 existing so that the
number of input frames 1n the first subsection 150-1 1s equal
to the number of input samples 1n the other subsections 150-2
to 150-4, 1n principle two diflerent cases have to be consid-
ered, although also further cases 1n between these two
“extreme” cases, which will be explained, are possible.

If the 1nitial section 160 comprises “meaningiul” encoded
input samples in the sense that the input samples 1n the mitial
section 160 do represent an audio signal 1n the time-domain,
these mput samples will also be part of the subsection 150-2
of the following input frame 130-(k+1). This case, 1s however,
in many applications of an embodiment of an analysis filter-
bank, not an optimal implementation, as this option might
cause additional delay.

In the case, however, that the 1nitial section 160 does not
comprise “meamngiul” mput samples, which 1n this case can
also be referred to as mput values, the corresponding input
values of the 1nitial section 160 may comprise random values,
a predetermined, fixed, adaptable or programmable value,
which can for instance be provided in terms of an algorithmic
calculation, determination or other fixing by a unit or module,
which may be coupled to the input 1101 of the windower 110
of the embodiment of the analysis filterbank. In this case,
however, this module 1s typically required to provide as the
input frame 130-(k+1), an 1input frame which comprises in the
second subsection 150-2 1n the area corresponding to the
initial section 160 of the input frame before “meaningiul”
input samples, which do correspond to the corresponding
audio signal. Moreover, the umit or module coupled to the
input 1101 of the windower 110 1s typically also required to
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provide meaningiul input samples corresponding to the audio
signal 1 the framework of the first subsection 150-1 of the
input frame 130-(k+1).

In other words, 1n this case, the input frame 130-k corre-
sponding to the frame 1ndex k 1s provided to the embodiment
of an analysis filterbank 100 after suificient input samples are
gathered, such that the subsection 150-1 of this input frame
can be filled with these mput samples. The rest of the first
subsection 150-1, namely the initial section 160 1s then filled
up with mput samples or input values, which may comprise
random values or any other values such as a predetermined,
fixed, adaptable or programmable value or any other combi-
nation of values. As this can, in principle, be done at a very
high speed compared to a typical sampling frequency, pro-
viding the 1nitial section 160 of the input frame 130-k with
such “meaningless™ mput samples, does not require a signifi-
cant period of time on the scale presented by a typical sam-
pling frequency, such as a sampling frequency in the range
between a few kHz and up to several 100 kHz.

However, the unit or module continues collecting input
samples based on the audio signal to incorporate these input
samples 1nto the following mput frame 130-(k+1) corre-
sponding to the frame index k+1. In other words, although the
module or unit did not finish collecting suificient input
samples to provide the mput frame 130-k 1n terms of the first
subsection 150-1 with suflicient input samples to completely
f1ll up the first subsection 150-1 of this input frame, but
provides this mnput frame to the embodiment of the analysis
filterbank 100 as soon as enough input samples are available,
such that the first subsection 150-1 can be filled up with input
samples without the 1nitial section 160.

The following mput samples will be used to fill up the
remaining mput samples of the second subsection 150-2 of
the following mnput frame 130-(k+1) until enough input
samples are gathered, such that the first subsection 150-1 of
this next input frame can also be filled until the 1nitial section
160 of this frame begins. Next, once again, the initial section
160 will be filled up with random numbers or other “mean-
ingless™ iput samples or input values.

As a consequence, although the sample advance value 170,
which 1s equal to the length of the subsection 150-2 to 150-4
in the case of the embodiment shown 1n FIG. 2 1s indicated 1n
FIG. 2 and the error representing the sample advance value
170 1s shown 1n FIG. 2 from the beginming of the initial
section 160 of the input frame 130-k until the beginning of the
initial section 160 of the following input frame 130-(k+1).

As a further consequence, an mput sample corresponding
to an event 1n the audio signal corresponding to the initial
section 160 will 1n the last two cases will not be present 1n the
respective mput frames 130-k, but 1n the following input
frame 130-(k+1) 1n the framework of the second subsection
150-2.

In other words, many embodiments of an analysis filter-
bank 100 may provide an output frame with a reduced delay
as the mput samples corresponding to the 1nitial section 160
are not part of the respective input frame 130-k but will only
be influencing the later input frame 130-(k+1). In other
words, an embodiment of an analysis filterbank may offer in
many applications and implementations the advantage of pro-
viding the output frame based on the input frame sooner, as
the first subsection 150-1 1s not required to comprise the same
number of mput samples as the other subsection 150-2 to
150-4. However, the information comprised 1n the “missing,
section” 1s comprised in the next mput frame 130 1n the
framework of the second subsection 150-2 of that respective
input frame 130.
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However, as indicated earlier, there may also exist the case,
in which none of the mput frames 130 does comprise the
initial section 160. In this case, the length of each of the input
frames 130 1s no longer an integer multiple of the sample
advance value 170 or the length of the subsection 150-2 to
150-4. To be more precise, 1n this case, the length of each of
the input frames 130 differs from the corresponding integer
multiples of the sample advance value by the number of input
samples, which the module or unmit providing the windower
110 with the respective input frames stops short of providing
the full first subsection 150-1. In other words, the overall
length of such an input frame 130 ditfers from the respective
integer number of sample advance values by the difference
between the lengths of the first subsection 150-1 compared to
the length of the other subsections 150-2 to 150-4.

However, 1n the last two cases mentioned, the module or
unit, which can for istance comprise a sampler, a sample-
and-hold-stage, a sample-and-holder or a quantizer, may start
providing the corresponding mput frame 130 short of a pre-
determined number of mput samples, such that each of the
input frames 130 can be provided to the embodiment of an
analysis filterbank 100 with a shorter delay as compared to the
case 1n which the complete first subsection 150-1 1s filled with
corresponding mnput samples.

As already indicated, such a unit or module which can be
coupled to the mput 1101 of the windower 110 may {for
instance comprise a sampler and/or a quantizer such as an
analog/digital converter (A/D converter). However, depend-
ing on the concrete implementation, such a module or unit
may further comprise some memory or registers to store the
input samples corresponding to the audio signal.

Moreover, such a umit or module may provide each of the
input frames in an overlapping manner, based on a sample
advanced value M. In other words, an input frame comprises
more than twice the number of input samples compared to the
number of samples gathered per frame or block. Such aunitor
module 1s 1n many embodiments adapted such that two con-
secutively generated mput frames are based on a plurality of
samples which are shifted with respect to time by the sample
advance value. In this case, the later input frame of the two
consecutively generated iput frames 1s based on at least one
fresh output sample as the earliest output sample and the
aforementioned plurality of samples 1s shifted later by the
sample advance value 1n the earlier input frame of the two
input frames.

Although, so far an embodiment of an analysis filterbank
100 has been described 1n terms of each mput frame 130
comprising four subsections 150, wherein the first subsection
150 1s not required to comprise the same number of 1nput
samples as the other subsections, 1t 1s not required to be equal
to four as 1n the case shown 1n FIG. 2. To be more precise, an
input frame 130 may comprise in principle, an arbitrary num-
ber of mnput samples, which 1s larger than twice the size of the
sample advance value M (arrow 170), wherein the number of
input values of the mitial section 160, 11 present, are required
to be included 1n this number, as 1t might be helpiul consid-
ering some 1mplementations of an embodiment based on a
system utilizing frames, wherein each frame comprises a
number of samples which i1s 1dentical to the sample advance
value. In other words, any number of subsections, each hav-
ing a length 1dentical to the sample advance value M (arrow
170) can be used 1n the framework of an embodiment of an
analysis filterbank 100, which 1s greater or equal to three 1n
the case of a frame based system. If this 1s not the case, in
principle, any number of input samples per input frame 130
can be utilized being greater than twice the sample advance
value.
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The windower 110 of an embodiment of an analysis filter-
bank 100, as shown in FIG. 1, 1s configured to generate a
plurality of windowed frames based on the corresponding
input frames 130 on the basis of the sample advance value M
(arrow 170) 1 an overlapping manner as previously
explained. To be more precise, depending on the concrete
implementation of a windower 110, the windower 110 1s
configured to generate the windowed frame, based on a
welghing function, which may for instance comprise a loga-
rithmic dependence to model the hearing characteristics of
the human ear. However, other weighing functions may also
be implemented, such as a weighing function modeling, the
psycho-acoustic characteristics of the human ear. However,
the windower function 1s implemented in an embodiment of
an analysis filterbank, can, for instance, also be implemented
such that each of the mput samples of an input frame 1s
multiplied by a real-valued windower function comprising
real-valued sample-specific window coellicients.

An example for such an implementation is shown in FIG. 2.
To be more precise, FIG. 2 shows a schematical crude repre-
sentation of a possible window function or a windowing
function 180, by which the windower 110, as shown 1n FIG.
1 generates the windowed frames, based on the correspond-
ing input frames 130. Depending on the concrete implemen-
tation of an analysis filterbank 100, the windower 110 can
turthermore provide windowed frames to the time/frequency
converter 120 1n a different way.

Based on each of the input frames 130, the windower 110
1s configured to generate a windowed frame, wherein each of
the windowed frames comprises a plurality of windowed
samples. To be more precise, the windower 110 can be con-
figured 1n different ways. Depending on the length of an input
frame 130 and depending on the length of the windowed
frame to be provided to the time/frequency provider 120,
several possibilities of how the windower 110 1s implemented
to generate the windowed frames can be realized.

If, for instance, an mput frame 130 comprises an initial
section 160, so that 1n a case of an embodiment shown 1n FIG.
2 the first subsection 150-1 of each of the mput frames 130
comprises as many input values or input samples as the other
subsections 150-2 to 150-4, the windower 110 can for
instance be configured such that the windowed frame also
comprises the same number of windowed samples as the
input frame 130 comprises mput samples of mput values. In
this case, due to the structure of the mput frames 130, as
described before, all the input samples of the mput frame
apart from the mput values of the mput frames 130 in the
initial section 160 may be processed by the windower 110
based on the windowing function or the window function as
previously described. The mput values of the 1nitial section
160 may, 1n this case, be set to a predetermined value or to at
least one value 1n a predetermined range.

The predetermined value may for instance be an embodi-
ment of some analysis filterbank 100 equal to the value O
(zero), whereas 1n other embodiments, different values may
be desirable. For instance, 1t 1s possible to use, 1n principle,
any value with respect to the 1nitial section 160 of the 1input
frames 130, which indicates that the corresponding values are
of no significance in terms of the audio signal. For instance,
the predetermined value may be a value which 1s outside of a
typical range of mput samples of an audio signal. For
instance, windowed samples inside a section of the windowed
frame corresponding to the initial section 160 of the mput
frame 130 may be set to a value of twice or more the maxi-
mum amplitude of an input audio signal indicating that these
values do not correspond to signals to be processed further.
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Other values, for instance negative values of an implementa-
tion-specific absolute value, may also be used.

Moreover, in embodiments of an analysis filterbank 100,
windowed samples of the windowed frames corresponding to
the 1mitial section 160 of an input frame 130 can also be set to
one or more values 1n a predetermined range. In principle,
such a predetermined range, may for instance be a range of
small values, which are in terms of an audio experience mean-
ingless, so that the outcome 1s audibly indistinguishable or so
that the listening experience 1s not significantly disturbed. In
this case, the predetermined range may for instance be
expressed as a set of values having an absolute value, which 1s
smaller than or equal to a predetermined, programmable,
adaptable or fixed maximum threshold. Such a threshold may
for instance be expressed as a power of 10 or a power or two
as 10° or 2°, where the 1s an integer value depending on the
concrete implementation.

However, 1n principle the predetermined range may also
comprise values, which are larger than some meaningiul val-
ues. To be more precise, the predetermined range may also
comprise values, which comprise an absolute value, which 1s
larger than or equal to a programmable, predetermined or
fixed minimum threshold. Such a minimum threshold may 1n
principle be expressed once again in terms of a power of two
or a power of ten, as 2° or 10°, wherein s 1s once again an
integer depending on the concrete implementation of an
embodiment of an analysis filterbank.

In the case of a digital implementation, the predetermined
range can for instance comprise values which are expressible
by setting or not setting the least significant bit or plurality of
least significant bits 1n the case of a predetermined range
comprising small values. In the case that the predetermined
range comprises larger values, as previously explained the
predetermined range may comprise values, representable by
setting or not setting the most significant bit or a plurality of
most significant bits. However, the predetermined value as
well as the predetermined ranges may also comprise other
values, which can for instance be created based on the afore-
mentioned values and thresholds by multiplying these with a
factor.

Depending on the concrete implementation of an embodi-
ment of an analysis filterbank 100, the windower 110 may
also be adapted such that the windowed frames provided at
the output 1100 do not comprise windowed samples corre-
sponding to input frames of the 1mitial sections 160 of the
input frames 130. In this case, the length of the windowed
frame and the length of the corresponding input frames 130,
may for instance differ by the length of the imitial section 160.
In other words, 1n this case, the windower 110 may be con-
figured or adapted to disregarding at least a latest input
sample according to the order of the input samples as previ-
ously described in terms of time. In other words, 1n some
embodiments of an analysis filterbank 100, the windower 110
may be configured such that one or more or even all input
values or mput samples of the nitial section 160 of an input
frame 130 are disregarded. In this case, the length of the
windowed frame 1s equal to the difference between the
lengths of the mput frame 130 and the length of the mitial
section 160 of the mput frame 130.

As a further option, each of the mput frames 130 may not
comprise an 1mtial section 160 at all, as indicated before. In
this case, the first subsection 150-1 differs in terms of the
length of the respective subsection 150, or in terms of the
number of input samples from the other subsections 150-2 to
150-4. In this case, the windowed frame, may or may not,
comprise windowed samples or windowed values such that a
similar first subsection of the windowed frame corresponding
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to the first subsection 150-1 of the input frame 130 comprises
the same number as windowed samples or windowed values
as the other subsections corresponding to the subsections 150
of the input frame 130. In this case, the additional windowed
samples or windowed values can be set to a predetermined
value or at least one value 1n the predetermined range, as
indicated earlier.

Moreover, the windower 110 may be configured 1n
embodiments of an analysis filterbank 100 such that both, the
input frame 130 and the resulting windowed frame comprise
the same number of values or samples and wherein both, the
input frame 130 and the resulting windowed frames do not
comprise the 1nitial section 160 or samples corresponding to
the 1mitial section 160. In this case, the first subsection 150-1
of the input frame 130 as well as the corresponding subsection
of the windowed frame comprise less values or samples com-
pared to the other subsections 150-2 to 150-4 of the input
frame 130 of the corresponding subsections of the windowed
frame.

It should be noted that, in principle, the windowed frame 1s
not required to correspond either to a length of an input frame
130 comprising an imitial section 160, or to an input frame 130
not comprising an initial section 160. In principle, the win-
dower 110 may also be adapted such that the windowed frame
comprises one or more values or samples corresponding to
values of the 1nitial section 160 of an input frame 130.

In this context, 1t should also be noted that 1n some embodi-
ments of an analysis filterbank 100, the 1nitial section 160
represents or at least comprises a connected subset of sample
indices n corresponding to a connected subset of input values
or input samples of an input frame 130. Hence, 1f applicable,
also the windowed frames comprising a corresponding 1nitial
section comprises a connected subset of sample indices n of
windowed samples corresponding to the respective initial
section of the windowed frame, which 1s also referred to as the
starting section or start section of the windowed frame. The
rest of the windowed frame without the initial section or
starting section, which 1s sometimes also referred to as the
remainder section.

As already previously indicated, the windower 110 can 1n
embodiments of an analysis filterbank 100 be adapted to
generate the windowed samples of windowed values of a
windowed frame not corresponding to the imitial section 160
of an mput frame 130, 1f present at all, based on a window
function which may incorporate psycho-acoustic models, for
instance, in terms of generating the windowed samples based
on a logarithmic calculation based on the corresponding input
samples. However, the windower 110 can also be adapted 1n
different embodiments of an analysis filterbank 100, such that
cach of the windowed samples 1s generated by multiplying a
corresponding 1put sample with a sample-specific win-
dowed coeflicient of the window function defined over a
definition set.

In many embodiments of an analysis filterbank 100, the
corresponding windower 110 1s adapted such that the window
function, as for instance, described by the window coefli-
cients, 1s asymmetric over the definition set with respect to a
midpoint of the definition set. Furthermore, 1n many embodi-
ments ol an analysis filterbank 100, the window coetlicients
of the window function comprise an absolute value of more
than 10%, 20% or 30%, 50% of a maximum absolute value of
all window coetficients of the window function in the first half
of the defimition set with respect to the midpoint, wherein the
window function comprises less window coellicients having
an absolute value of more than the aforementioned percent-
age of the maximum absolute value of the window coetli-
cients in the second half of the definition set, with respect to
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the midpoint. Such a window function 1s schematically
shown 1n context of each of the input frames 130 1n FIG. 2 as
the window function 180. More examples of window func-
tions will be described in the context of the FIGS. 5 to 11,
including a brief discussion of spectral and other properties
and opportunities offered by some embodiments of an analy-
s1s filterbank as well as a synthesis filterbank implementing
window functions as shown 1n these figures and described in
passages.

Apart from the windower 110, an embodiment of an analy-
s1s lllterbank 100 also comprises the time/frequency con-
verter 120, which 1s provided with the windowed frames from
the windower 110. The time/frequency converter 120 1s in
turn adapted to generate an output frame or a plurality of
output frames for each of the windowed frames such that the
output frame 1s a spectral representation of the corresponding
windowed frame. As will be explained in more detail later on,
the time/frequency converter 120 1s adapted such that the
output frame comprises less than half the number of output
values compared to the number of 1nput samples of an input
frame, or compared to half the number of windowed samples
of a windowed frame.

Furthermore, the time/frequency converter 120 may be
implemented such that 1t 1s based on a discrete cosine trans-
torm and/or a discrete sine transform such that the number of
output samples of an output frame 1s less than half the number
of input samples of an mput frame. However, more imple-
mentation details of possible embodiments of an analysis
filterbank 100 will be outlined shortly.

In some embodiments of an analysis filterbank, a time/
frequency converter 120 1s configured such that it outputs a
number of output samples, which 1s equal to the number of
input samples of a starting section 150-2, 150-3, 150-4, which
1s not the starting section of the first subsection 150-1 of the
input frame 130, or which 1s 1dentical to the sample advance
value 170. In other words, 1n many embodiments of an analy-
s1s filterbank 100, the number of output samples 1s equal to
the integer M representing the sample advance value of a
length of the atorementioned subsection 150 of the mput
frame 130. Typical values of the sample advance value or M
are 1n many embodiments 480 or 512. However, 1t should be
noted that also different integers M can easily be imple-
mented 1 embodiments of an analysis filterbank, such as
M=360.

Moreover, 1t should be noted that in some embodiments of
an analysis filterbank the 1nitial section 160 of an mnput frame
130 or the difference between the number of samples 1n the
other subsections 150-2, 150-3, 150-4 and the first subsection
150-1 of an mput frame 130 1s equal to M/4. In other words,
in the case of an embodiment of an analysis filterbank 100 1n
which M=480, the length of the immitial section 160 or the
alforementioned difference 1s equal to 120 (=M/4) samples,
whereas 1n the case of M=512, the length of the initial section
160 of the aforementioned difference 1s equal to 128 (=M/4)
in some embodiments of an analysis filterbank 100. It should,
however, be noted that also 1n this case different lengths can
also be implemented and do not represent a limit 1n terms of
an embodiment of an analysis filterbank 100.

As also indicated earlier, as the time/frequency converter
120 can for instance be based on a discrete cosine transform
or a discrete sine transiform, embodiments of an analysis
filterbank are sometimes also discussed and explained 1n
terms of parameter N=2M representing a length of an input
frame of a modified discrete cosine transiform (MDC'T) con-

verter. In the aforementioned embodiments of an analysis
filterbank 100, the parameter N 1s hence equal to 960
(M=480) and 1024 (M=312).
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As will be explained in more detail later on, embodiments
of an analysis filterbank 100 may offer as an advantage a
lower delay of a digital audio processing without reducing the
audio quality at all, or somehow significantly. In other words,
an embodiment of an analysis filterbank offers the opportu-
nity of implementing an enhanced low delay coding mode,
for 1instance 1n the framework of an (audio) codec
(codec=coder/decoder or coding/decoding), offering a lower
delay, having at least a comparable frequency response and an
enhanced pre-echo behavior compared to many codex avail-
able. Moreover, as will be explained 1n the context of the
embodiments of a conferencing system 1n more detail, only a
single window function for all kinds of signals 1s capable of
achieving the aforementioned benefits 1n some embodiments
of an analysis filterbank and embodiments of systems com-
prising an embodiment of an analysis filterbank 100.

To emphasize, the input frames of embodiments of an
analysis filterbank 100 are not required to comprise the four
subsections 150-1 to 150-4 as illustrated 1n FIG. 2. This only
represents one possibility that has been chosen for the sake of
simplicity. Accordingly, also the windower 1s not required to
be adapted such that the windowed frames also comprise four
corresponding subsections or the time/frequency converter
120 to be adapted such that 1t 1s capable of providing the
output frame based on a windowed frame comprising four
subsections. This has simply been chosen 1n the context of
FIG. 2 to be capable of explaining some embodiments of an
analysis filterbank 100 1n a concise and clear manner. How-
ever, statements 1n the context of the input frame in terms of
the length of the input frames 130 can also be transierred to
the length of the windowed frames as explained in the context
of the different options concerning the 1nitial section 160 and
its presence 1n the mput frames 130.

In the following, a possible implementation of an embodi-
ment of an analysis filterbank 1n view of an error resilient
advanced audio codec low delay implementation (ER AAC
L.D) will be explained with respect to modifications 1n order
to adapt the analysis filterbank of the ER AAC LD to arrive at
an embodiment of an analysis filterbank 100 which 1s also
sometimes referred to as a low-delay (analysis filterbank). In
other words, in order to achieve a sufliciently reduced or low
delay, some modifications to a standard encoder 1n the case of
an ER AAC LD miaght be useful, as defined 1n the following.

In this case, the windower 110 of an embodiment of an
analysis filterbank 100 1s configured to generate the win-
dowed samples z,, based on the equation or expression

Z: = W(N-1-n)%

Z.p2"

(1)

wherein 1 1s an 1nteger indicating a frame index or a block
index of a windowed frame and/or of an input frame, and
wherein n 1s the integer indicating a sample index 1n the range
between —N and N-1.

In other words, 1n embodiments comprising an initial
sequence 160 in the framework of the output frames 130, the
windowing 1s extended to the pass by implementing the
expression or equation above for the sample indices n=N-1,
wherein w(n) 1s a window coellicient corresponding to a
window function as will be explained in more detail 1n the
context of FIGS. 5 to 11. In the context of an embodiment of
the analysis filterbank 100, the synthesis window function w
1s used as the analysis window function by inverting the order,
as can be seen by comparing the argument of the window
function w(n-1-n). The window function for an embodiment
of a synthesis filterbank, as outlined 1n the context of FIGS. 3
and 4, may be constructed or generated based on the analysis
window function by mirroring (e.g. with respect to the mid-
point of the definition set) to obtain a mirrored version. In
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other words, FIG. 5 shows a plot of the low-delay window
functions, wherein the analysis window 1s simply a time-
reverse replica of the synthesis window. In this context, it
should also be noted that X', ,, represents an input sample or
input value corresponding to the block index 1 and the sample
index n.

In other words, compared to the atlorementioned ER AAC
LD implementation (e.g. in the form of a codec), which 1s
based on a window length N of 1024 or 960 values based on
the sine window, the window length of the low-delay window
comprised 1n the window 110 of the embodiment of the

analysis filterbank 100 1s 2N(=4M), by extending the win-

dowing into the past.
As will be explained in more detail 1n the context of FIGS.

5 to 11, the window coellicients w(n) for n=0, . .., 2N-1 may
obey the relations given in table 1 1n the annex and table 3 1n
the annex for N=960 and N=1024 1n some embodiments,
respectively. Moreover, the window coellicients may com-
prise the values given 1n the tables 2 and 4 1n the annex for
N=960 and N=1024 in the case of some embodiments,
respectively.

In terms of the time/frequency converter 120, the core
MDCT algorithm (MDCT=Modified Discrete Cosine Trans-
form) as implemented 1n the framework of the ER AAC LD
codec 1s mostly unchanged, but comprises the longer window
as explained, such that n 1s now running from -N to N-1
instead of running from zero to N—. The spectral coellicients
or output values of the output frame X, , are generated based
on the following equation or expression

X, = -2 § (2’” N (k+1]] )
Lk — T L Zip*COS ﬁ(ﬂ HD) 5
for O <k N
= —
or 0=k« 5>

wherein z, , 1s a windowed sample of a windowed frame or a
windowed input sequence of a time/frequency converter 120
corresponding to the sample index n and the block index 1 as
previously explained. Moreover, k 1s an integer indicating the
spectral coellicient index and N 1s an integer indicating twice
the number of output values of an output frame, or as previ-
ously explained, the window length of one transform window
based on the windows_sequence value as implemented 1n the
ER AACLD codec. The integer n_ 1s an offset value and given

by

Depending on the concrete length of an input frame 130 as
explained 1n the context of FIG. 2, the time/frequency con-
verter may be implemented based on a windowed frame com-
prising windowed samples corresponding to the initial sec-
tion 160 of the input frames 130. In other words, 1n the case of
M=480 or N=960, the equations above are based on win-
dowed frames comprising a length of 1920 windowed
samples. In the case of an embodiment of an analysis filter-
bank 100 in which the windowed frames do not comprise
windowed samples corresponding to the nitial section 160 of
the mput frames, 130, the windowed frames comprise the
length of 1800 windowed samples 1n the aforementioned case
of M=480. In this case the equations given above can be
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adapted such that the corresponding equations are carried out.
In the case of the windower 110, this can for instance lead to
the sample index n running from the —N, . . ., 7N/8-1 1n the
case of M/4=N/8 windowed samples missing 1n the first sub-
section, compared to the other subsections of the windowed
frame as previously explained.

Accordingly, in the case of a time/frequency converter 120,
the equation given above can easily be adapted by modifying
the summation indices accordingly to not incorporate the
windowed samples of the initial section or starting section of
the windowed frame. Of course, further modifications can
casily be obtained accordingly in the case of a different length
of the mitial section 160 of the input frames 130 or 1n the case
of the difference between the length of the first subsection and
the other subsections of the windowed frame, as also previ-
ously explained.

In other words, depending on the concrete implementation
of an embodiment of an analysis filterbank 100, not all cal-
culations as indicated by the expressions and equations above
are required to be carried out. Further embodiments of an
analysis filterbank may also comprise an implementation 1n
which the number of calculations can be even more reduced,
in principle, leading to a higher computational efficiency. An
example 1 the case of the synthesis filterbank will be
described 1n the context of FIG. 19.

In particular, as will also be explained 1n the context of an
embodiment of a synthesis filterbank, an embodiment of an
analysis filterbank 100 can be implemented 1n the framework
ol a so-called error resilient advanced audio codec enhanced
low-delay (ER AAC ELD) which 1s derived from the afore-
mentioned ER AAC LD codec. As described, the analysis
filterbank of the ERAAC LD codec 1s modified to arrive at an

embodiment of an analysis filterbank 100 1n order to adopt the
low-delay filterbank as an embodiment of an analysis filter-
bank 100. As will be explained in more detail, the ER AAC
ELD codec comprising an embodiment of an analysis filter-
bank 100 and/or an embodiment of a synthesis filterbank,
which will be explained 1n more detail later on, provides the
ability to extend the usage of generic low bitrate audio coding
to applications requiring a very low delay of the encoding/

decoding chain. Examples come for instance from the field of
full-duplex real-time communications, 1n which different
embodiments can be incorporated, such as embodiments of
an analysis filterbank, a synthesis filterbank, a decoder, and
encoder, a mixer and a conferencing system.

Before describing further embodiments of the present
invention in more detail, 1t should be noted that objects,
structures and components with the same or similar func-
tional property are denoted with the same reference signs.
Unless explicitly noted otherwise, the description with
respect to objects, structures and components with similar or
equal functional properties and features can be exchanged
with respect to each other. Furthermore, in the following
summarizing reference signs for objects, structures or com-
ponents which are 1dentical or similar 1n one embodiment or
in a structure shown 1n one of the figures, will be used, unless
properties or features of a specific object, structure or com-
ponent are discussed. As an example, 1n the context of the
input frames 130 summanzing reference signs have already
been incorporated. In the description relating to the input
frames 1n FI1G. 2, 11 a specific input frame was referred to, the
specific reference sign of that mnput frame, e.g. 130-k was
used, whereas 1n the case of all input frames or one input
frame, which 1s not specifically distinguished from the others
1s referred to, the summarizing reference signs 130 has been
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used. Using summarizing reference signs thereby enable a
more compact and clearer description of embodiments of the
present invention.

Moreover, 1n this context 1t should be noted that in the
framework of the present application, a first component
which 1s coupled to a second component can be directly
connected or connected via a further circuitry or further com-
ponent to the second component. In other words, 1n the frame-
work of the present application, two components being close
to each other comprise the two alternatives of the components
being directly connected to each other or via a further cir-
cuitry of a further component.

FIG. 3 shows an embodiment of a synthesis filterbank 200
for filtering a plurality of mput frames, wherein each input
frame comprises a number of ordered iput values. The
embodiment of the synthesis filterbank 200 comprises a ire-
quency/time converter 210, a windower 220 and an overlap/
adder 230 coupled 1n series.

A plurality of input frames provided to the embodiment of
the synthesis filter bank 200 will be processed first by the
frequency/time converter 210. It 1s capable of generating a
plurality of output frames based on the mput frames so that
cach output frame 1s a time representation of the correspond-
ing mput frame. In other words, the frequency/time converter
210 performs a transition for each input frame from the fre-
quency-domain to the time-domain.

The windower 220, which 1s coupled to the frequency/time
converter 210, 1s then capable of processing each output
frame as provided by the frequency/time converter 210 to
generate a windowed frame based on this output frame. In
some embodiments of a synthesis filterbank 200, the win-
dower 220 1s capable of generating the windowed frames by
processing each of the output samples of each of the output
frames, wherein each windowed frame comprises a plurality
of windowed samples.

Depending on the concrete implementation of an embodi-
ment of a synthesis filterbank 200, the windower 220 1s
capable of generating the windowed frames based on the
output frames by weighing the output samples based on a
welghing function. As previously explained 1n the context of
the windower 110 in FIG. 1, the weighing function may, for
instance, be based on a psycho-acoustic model incorporating
the hearing capabilities or properties of the human ear, such as
the logarithmic dependency of the loudness of an audio sig-
nal.

Additionally or alternatively, the windower 220 may also
generate the windowed frame based on the output frame by
multiplying each output sample of an output frame with a
sample-specific value of a window, windowing function or
window function. These values are also referred to as window
coellicients or windowing coellicients. In other words, the
windower 220 may be adapted 1n at least some embodiments
of a synthesis filterbank 200 to generate the windowed
samples of a windowed frame by multiplying these with a
window function attributing a real-valued window coetficient
to each of a set of elements of a definition set.

Examples of such window functions will be discussed in
more detail in the context of FIGS. 5 to 11. Moreover, 1t
should be noted that these window function may be asym-
metric or non-symmetric with respect to a midpoint of the
definition set, which 1n turn 1s not required to be an element of
the definition set 1tself.

Moreover, the windower 220 generates the plurality of
windowed samples for a further processing 1n an overlapping,
manner based on a sample advance value by the overlap/adder
230, as will be explained in more detail 1n the context of FIG.
4. In other words, each of the windowed frames comprises
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more than twice the number of windowed samples compared
to a number of added samples as provided by the overlap/
adder 230 coupled to an output of the windower 220. As a
consequence, the overlap/adder 1s than capable of generating
an added frame 1n an overlapping manner by adding up at
least three windowed samples from at least three different

windowed frames for at least some of the added samples 1n
embodiments of a synthesis filterbank 200.

The overlap/adder 230 coupled to the windower 220 1s then
capable of generating or providing an added frame for each
newly received windowed frame. However, as previously
mentioned, the overlap/adder 230 operates the windowed
frames 1n an overlapping manner to generate a single added
frame. Each added frame comprises a start section and a
remainder section, as will be explained in more detail 1n the
context of FIG. 4, and comprises furthermore a plurality of
added samples by adding at least three windowed samples
from at least three different windowed frames for an added 1n
the remainder section of an added frame and by adding at least
two windowed samples from at least two different windowed
frames for an added samples 1n the starting section. Depend-
ing on the implementation, the number of windowed samples
added to obtain an added sample 1n the remainder section may
be at least one sample higher compared to the number of
windowed samples added to obtain an added sample in the
start section.

Alternatively or additionally and depending on the con-
crete implementation of an embodiment of a synthesis filter-
bank 200, the windower 220 may also be configured to dis-
regard the earliest output value according to the order of the
ordered output samples, to setting the corresponding win-
dowed samples to a predetermined value or to at least a value
in the predetermined range for each windowed frame of the
plurality of windowed frames. Moreover, the overlap/adder
230 may in this case be capable of providing the added sample
in the remainder section of an added frame, based on at least
three windowed samples from at least three different win-
dowed frames and an added sample 1n the starting section
based on at least two windowed samples from at least two
different windowed frames, as will be explained in the con-
text of FI1G. 4.

FIG. 4 shows a schematic representation of five output
frames 240 corresponding to the frame indices k, k-1, k-2,
k-3 and k+1, which are labeled accordingly. Similar to the
schematic representation shown in FIG. 2, the five output
frames 240 shown in FIG. 4 are arranged according to their
order with respect to time as indicated by an arrow 250. With
reference to the output frame 240-k, the output frames 240-
(k—1), 240-(k-2) and 240-(k-3) refer to past output frames
240. Accordingly, the output frame 240-(k+1) 1s with respect
to the output frame 240-k a following or future output frame.

As already discussed 1n the context of the input frames 130
in FIG. 2, also the output frames 240 shown i FIG. 4 com-
prise, 1n the case of the embodiment shown 1n FIG. 4, four
subsets 260-1, 260-2, 260-3 and 260-4 each. Depending on
the concrete implementation of the embodiment of a synthe-
sis filterbank 200, the first subsection 260-1 of each of the
output frames 240, may or may not, comprise an initial sec-
tion 270, as was already discussed 1n the framework of FIG.
2 1n the context of the mitial section 160 of the input frames
130. As a consequence, the first subsection 260-1 may be
shorter compared to the other subsections 260-2, 260-3 and
260-4 1n the embodiment illustrated in FIG. 4. The other
subsections 260-2, 260-3 and 260-4, however, comprise each
a number of output samples equal to the aforementioned
sample advance value M.
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As described 1n the context of FIG. 3, the frequency/time
converter 210 1s 1n the embodiment shown 1n FIG. 3 provided
with a plurality of input frames on the basis of which the
frequency/time converter 210 generates a plurality of output
frames. In some embodiments of a synthesis filterbank 200,
the length of each of each of the input frames 1s identical to the
sample advance value M, wherein M 1s once again a positive
integer. The output frames generated by the frequency/time
converter 210 however do comprise at least more than twice
the number of mput values of an mput frame. To be more
precise, 1n an embodiment 1n accordance with the situation
shown 1n FIG. 4, the output frames 240 comprise even more
than three times the number of output samples compared to
the number of 1nput values, each of which also comprises in
embodiments related to the shown situation M input values.
As a consequence, the output frames can be divided into
subsections 260, wherein each of the subsections 260 of the
output frames 240 (optionally without the first subsection
260-1, as discussed earlies) comprise M output samples.
Moreover, the 1nitial section 270 may 1n some embodiments
comprise M/4 samples. In other words, 1n the case of M=480
or M=512, the initial section 270, 1f present at all, may com-

prise 120 or 128 samples or values.

In yet other words, as explained in the context of the
embodiments of the analysis filterbank 100 before, the
sample advance value M 1s also 1identical to the lengths of the
subsections 260-2, 260-3 and 260-4 of the output frames 240.
Depending on the concrete implementation of an embodi-
ment of a synthesis filterbank 200, also the first subsection
260-1 of the output frame 240 can comprise M output
samples. If, however, the initial section 270 of the output
frame 240 does not exist, the first subsection 260-1 of each of
the output frames 240 1s shorter than the remaining subsec-
tions 260-2 to 260-4 of the output frames 240.

As previously mentioned, the frequency/time converter
210 provides to the windower 220 a plurality of the output
frames 240, wherein each of the output frames comprises a
number of output samples being larger than twice the sample
advance value M. The windower 220 1s then capable of gen-
erating windowed frames, based on the current output frame
240, as provided by the frequency/time converter 210. More
explicitly, each of the windowed frames corresponding to an
output frame 240 1s generated based on the weighing func-
tion, as previously mentioned. In an embodiment based on the
situation shown in FIG. 4, the weighing function is 1n turn
based upon a window function 280, which 1s schematically
shown over each of the output frames 240. In this context, it
should also be noted that the window function 280 does not
yield any contribution for output samples 1n the 1imitial section
270 of the output frame 240, if present.

However, as a consequence, depending on the concrete
implementations of different embodiments of a synthesis {il-
terbank 200, different cases have to be considered once again.
Depending on the frequency/time converter 210, the win-
dower 220 may be adapted or configured quite differently.

If, for instance, on the one hand, the 1nitial section 270 of
the output frames 240 1s present such that also the first sub-
sections 260-1 of the output frames 240 comprise M output
samples, the windower 220 can be adapted such that it may or
may not generate windowed Iframes based on the output
frames comprising the same number of windowed samples.
In other words, the windower 220 can be implemented such
that 1t generates windowed frames also comprising an initial
section 270, which can be implemented, for instance, by
setting the corresponding windowed samples to a predeter-
mined value (e.g. 0, twice a maximum allowable signal
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amplitude, etc.) or to at least one value 1n a predetermined
range, as previously discussed 1n the context of FIGS. 1 and 2.

In this case, both, the output frame 240 as well as the
windowed frame based upon the output frame 240, may com-
prise the same number of samples or values. However the
windowed samples in the nitial section 270 of the windowed
frame do not necessarily depend on the corresponding output
samples of the output frame 240. The first subsection 260-1 of
the windowed frame 1s, however, with respect to the samples
not 1n the mnitial section 270 based upon the output frame 240
as provided by the frequency/time converter 210.

To summarize, 11 at least one output sample of the initial
section 270 of an output frame 240 1s present, the correspond-
ing windowed sample may be set to a predetermined value, or
to a value 1n a predetermined range, as was explained in the
context of the embodiment of an analysis filterbank 1llus-
trated 1n FIGS. 1 and 2. In the case of the 1nitial section 270
comprises more than one windowed sample, the same may
also be true for this or these other windowed samples or
values of the 1nitial section 270.

Moreover, the windower 220 may be adapted such that the
windowed frames do not comprise an initial section 270 at all.
In the case of such an embodiment of a synthesis filterbank
200, the windower 220 can be configured to disregard the
output samples of the output frames 240 1n the initial section
2770 of the output frame 240.

In any of these cases, depending on the concrete imple-
mentation of such an embodiment, the first subsection 260-1
of a windowed frame may or may not comprise the iitial
section 270. It an initial section of the windowed {frame exists,
the windowed samples or values of this section are not
required to depend on the corresponding output samples of
the respective output frame at all.

On the other hand, if the output frame 240 does not com-
prise the initial section 270, the windower 220 may also be
configured to generate a windowed frame based on the output
frame 240 comprising or not comprising an initial section 270
itself. If the number of output samples of the first subsection
260-1 1s smaller than the sample advance value M, the win-
dower 220 may in some embodiments of a synthesis filter-
bank 200 be capable of setting the windowed samples corre-
sponding to the “missing output samples” of the initial
section 270 of the windowed frame to the predetermined
value or to at least one value 1n the predetermined range. In
other words, the windower 220 may 1n this case be capable of
filling up the windowed frame with the predetermined value
or at least one value 1n the predetermined range so that the
resulting windowed frame comprises a number of windowed
samples, which 1s an integer multiple of the sample advance
value M, the size of an input frame or the length of an added
frame.

However, as a further option, which might be 1mple-
mented, both the output frames 240 and the windowed frames
might not comprise an 1nitial section 270 at all. In this case the
windower 220 may be configured to simply weigh at least
some of the output samples of the output frame to obtain the
windowed frame. Additionally or alternatively, the windower
220 might employ a window tunction 280 or the like.

As previously explained 1n the context of the embodiment
of the analysis filterbank 100 shown 1n FIGS. 1 and 2, the
initial section 270 of the output frames 240 corresponds to the
carliest samples 1n the output frame 250 in the sense that these
values correspond to the “freshest” samples having the small-
est sample index. In other words, considering all output
samples of the output frame 240, these samples refer to
samples corresponding to a smallest amount of time will have
clapsed when playing back a corresponding added sample as
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provided by the overlap/adder 230 compared to the other
output samples of the output frame 240. In other words, 1nside
the output frame 240 and inside each of the subsections 260 of
the output frame, the freshest output samples correspond to a
position left 1n the respective output frame 240 or subsection
260. In yet other words, the time as indicated by the arrow 250
corresponds to the sequence of output frames 240 and not to
the sequence ol output samples inside each of the output
frames 240.

However, before describing the processing of the win-
dowed frames 240 by the overlap/adder 230 1n more detail, 1t
should be noted that 1n many embodiments of the synthesis
filterbank 200, the frequency/time converter 210 and/or the
windower 220 are adapted such that the initial section 270 of
the output frame 240 and the windowed frame are either
completely present, or not present at all. In the first case, the
number of output or windowed samples 1n the first subsection
260-1 1s accordingly equal to the number of output samples 1n
an output frame, which 1s equal to M. However, embodiments
of a synthesis filterbank 200 can also be implemented, 1n
which the either or both of the frequency/time converter 210
and the windower 220 may be configured such that the naitial
section 270 1s present, but the number of samples 1n the first
subsection 260-1 1s yet smaller than the number of output
samples 1n an output frame of a frequency/time converter 210.
Moreover, 1t should be noted that in many embodiments all
samples or values of any of the frames are treated as such,
although of course only a single or a fraction of the corre-
sponding values or samples may be utilized.

The overlap/adder 230 coupled to the windower 220 1s
capable of providing an added frame 290, as shown at the
bottom of FIG. 4, which comprises a start section 300 and a
remainder section 310. Depending on the concrete imple-
mentation of an embodiment of a synthesis filterbank 200, the
overlap/adder 230 can be implemented such that an added
sample as comprised in the added frame in the start section 1s
obtained by adding at least two windowed samples of at least
two different windowed frames. To be more precise, as the
embodiments shown in FIG. 4 1s based on four subsections
260-1 to 260-4 1n the case of each output frames 240 and the
corresponding windowed frames, an added sample 1n the start
section 300 1s based upon three or four windowed samples or
values from at least three or four different windowed frames,
respectively, as indicated by an arrow 320. The question,
whether three or four windowed samples will be used 1n the
case of the embodiment used 1n FIG. 4 depends on the con-
crete implementation of the embodiment 1n terms of the 1ni-
tial section 270 of the windowed frame based on the corre-
sponding output frame 240-Kk.

In the following, with reference to FIG. 4, one might think
of the output frames 240 as shown 1n FI1G. 4 as the windowed
frames provided by the windower 220 based on the respective
output frames 240, as the windowed frames are obtained 1n
the situation 1llustrated 1n FIG. 4 by multiplying at least the
output samples of the output frames 240 outside the mitial
section 270 with values derived from the window function
280. Hence, 1n the following with respect to the overlap/adder
230, the reference s1gn 240 may also be used for a windowed
frame.

In the case of the windower 220 being adapted such that the
windowed samples 1n an existing initial section 270 1s setto a
predetermined value or a value 1n the predetermined range,
the windowed sample or windowed value in the 1nitial section
270 may be utilized 1n adding up the remaining three added
samples from the second subsection of the windowed frame
240-(k-1) (corresponding to the output frame 240-(k-1)), the
third subsection from the windowed frame 240-(k-2) (corre-
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sponding to the output frame 240-(k-2)) and the fourth sub-
section of the windowed frame 240-(k-3) (corresponding to
the output frame 240-(k—3)), 11 the predetermined value or
the predetermined range are such that summing up the win-
dowed sample from the initial section 270 of the windowed
frame 240-k (corresponding to the output frame 240-k) does
not significantly disturb or alter the outcome.

In the case that the windower 220 1s adapted such that an
initial section 270 does not exist in the case of a windowed
frame, the corresponding added sample 1n the start section
300 1s normally obtained by adding the at least two windowed
samples from the at least two windowed frames. However, as
the embodiment shown 1n FIG. 4 1s based upon a windowed
frame comprising four subsections 260 each, in this case, the
added sample 1n the start section of the added frame 290 1s

obtained by adding up the aforementioned three windowed
samples from the windowed frames 240-(k-1), 240-(k-2)
and 240-(k-3).

This case can, for instance, be caused by the windower 220
being adapted such that a corresponding output sample of an
output frame 1s disregarded by the windower 220. Moreover,
it should be noted that 11 the predetermined value or the
predetermined range comprises values, which would lead to a
disturbance of the added sample, the overlap/adder 230 may
be configured such that the corresponding windowed sample
1s not taken into consideration for adding up the respective
windowed sample to obtain the added sample. In this case,
windowed samples in the initial section 270 may also be
considered to be disregarded by the overlap/adder, as the
corresponding windowed samples will not be used to obtain
the added sample 1n the start section 300.

In terms of an added sample 1n the remainder section 310,
as indicated by arrow 330 in FI1G. 4, the overlap/adder 230 1s
adapted to adding up at least three windowed samples from at
least three different windowed frames 240 (corresponding to
three different output frames 240). Once again, due to the fact
that a windowed frame 240 1n the embodiment shown 1n FIG.
4 comprises four subsections 260, an added sample in the
remainder section 310 will be generated by the overlap/adder
230 by adding up four windowed samples from four different
windowed frames 240. To be more precise, an added sample
in the remainder section 310 of the added frame 290 1is
obtained by the overlap/adder 230 by adding up the corre-
sponding windowed sample from the first section 260-1 o the
windowed frame 240-k, from the second subsection 260-2 of
the windowed frame 240-(k-1) of the third subsection 260-3
from the windowed frame 240-(k-2) and from the fourth
subsection 260-4 from the windowed frame 240-(k-3).

As a consequence of the described overlap/add procedure
as described, the added frame 290 comprises M=N/2 added
samples. In other word, the sample advance value M 1s equal
to the length of the added frame 290. Moreover, at least in
terms of some embodiments of an synthesis filterbank 200,
also the length of an mmput frame i1s, as mentioned belore,
equal to the sample advance value M.

The fact that in the embodiment shown 1n FIG. 4, at least
three or four windowed samples are utilized to obtain an
added sample 1n the start section 300 and the remainder
section 310 of the added frame, respectively, 1s has been
chosen for the sake of simplicity only. In the embodiment
shown 1 FIG. 4, each of the output/windowed frames 240
comprises four starting sections 260-1 to 260-4. However, 1n
principle, an embodiment of the synthesis filterbank can eas-
i1ly be implemented 1n which an output or windowed frame
only comprises one windowed sample more than twice the
number of added samples of an added frame 290. In other
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words, an embodiment of a synthesis filterbank 200 can be
adapted such that each windowed frame only comprises
2M+1 windowed samples.

As explained 1n the context of an embodiment of an analy-
s1s filterbank 100, an embodiment of a synthesis filterbank
200 can also be incorporated 1n the framework of an ER AAC
ELD codec (codec=coder/decoder) by a modification of an
ER AAC LD codec. Therefore, an embodiment of a synthesis
filter 200 may be used 1n the context of an AAC LD codec 1n
order to define a low bitrate and low delay audio coding/
decoding system. For instance, an embodiment of a synthesis

filterbank may be comprised 1n a decoder for the ER AAC
ELD codec along with an optional SBR tool (SBR=Spectral
Bank Replication). However, 1n order to achieve a sulficiently
low delay, some modifications might be advisable to imple-
ment compared to an ER AAC LD codec to arrive at an

implementation of an embodiment of a synthesis filterbank
200.

The synthesis filterbank of the aforementioned codecs can
be modified 1n order to adapt an embodiment of a low (syn-
thesis) filterbank, wherein the core IMDCT algorithm
(IMDCT=Inverse Modified Discrete Cosine Transform) may
remain mostly unchanged in terms of the frequency/time
converter 210. However, compared to an IMDCT frequency/
time converter, the frequency/time converter 210 can be
implemented with a longer window function, such that the
sample index n 1s now running up to 2N-1, rather than up to
N-1.

To be more precise, the frequency/time converter 210 can
be implemented such that 1t 1s configured to provide output
values x; ,, based on an expression

o =

-1

spec[i][k]- CGS(E (n+no)- (k * l]]

)
N N 2

Xin="—

P
1
-

for 0 =n < 2N,

wherein n 1s, as previously mentioned, an integer indicating a
sample 1ndex, 11s an integer indicating a window 1index, k1s a
spectral coellicient index, N 1s a window length based on the
parameter windows_sequence of an ER AAC LD codec-
implementation such that the integer N 1s twice the number of
added samples of an added frame 290. Moreover, n, 1s an
offset value given by

wherein spec[i1][Kk] 1s an mput value corresponding to the
spectral coellicient index k and the window index I of the
input frame. In some embodiments of a synthesis filterbank
200, the parameter N 1s equal to 960 or 1024. However, 1n
principle, the parameter N can also acquire any value. In other
words, Turther embodiments of a synthesis filterbank 200 may
operate based on a parameter N=360 or other values.

The windower 220 and the overlap/adder 230 may also be
modified compared to the windowing and overlap/adds
implemented in the framework ofan ER AAC LD codec To be
more precise, compared to the aforementioned codec, the
length N of a window function 1s replaced by a length 2N
window function with more overlap in the past and less over-
lap 1n the future. As will be explained in the context of the
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following FIGS. 5 to 11, in embodiments of a synthesis fil-
terbank 200, window functions comprising M/4=N/8 values
or window coellicients may actually be set to zero. As a
consequence, these window coelficients correspond to the
initial sections 160, 270 of the respective frames. As previ-
ously explained, this section i1s not required to be 1mple-
mented at all. As a possible alternative, the corresponding
modules (e.g. the windowers 110, 220) may be constructed
such that multiplying with a value zero 1s not required. As
explained earlier, the windowed samples may be set to zero or
disregarded, to mention only two possible implementation-
related differences of embodiments.

Accordingly, the windowing performed by the windower
220 1n the case of such an embodiment of a synthesis filter-
bank comprising such a low delay window function can be
implemented according to

zl-ﬂzw(n)-x-

11"

wherein the window function with window coellicients w(n)
now has a length of 2N window coellicients. Hence, the
sample index runs from N=0to N=2N-2, wherein relations as
well as values of the window coetlicients of different window
functions are comprised 1n the tables 1 to 4 1n the annex for
different embodiments of a synthesis filterbank.

Moreover, the overlap/adder 230 can furthermore be
implemented according to or based on the expression or equa-
tion

out;, = z;, + 2 +7;_ +z
R & PSR
N
for 0 <n < ok

wherein the expressions and the equations given before might
be slightly altered depending on the concrete implementation
of an embodiment of a synthesis filterbank 200. In other
words, depending on the concrete implementation, especially
in view of the fact that a windowed frame does not necessarily
comprise an iitial section, the equations and expressions
given above might, for instance, be altered in terms of the
borders of the summing indices to exclude windowed
samples of the 1nitial section 1n the case an 1nitial section 1s
not present or comprises trivial windowed samples (e.g. zero-
valued samples). In other words, by implementing at least one
of an embodiment of an analysis filterbank 100 or of a syn-
thesis filterbank 200, an ER AAC LD codec optionally with
an appropriate SBR tool can be implemented to obtain an ER
AAC ELD codec, which can, for instance, be used to achieve
a low bitrate and/or low delay audio coding and decoding
system. An overview ol an end coder and a decoder will be
given 1n the framework of FIGS. 12 and 13, respectively.
As already indicated several times, both embodiments of
an analysis filterbank 100 and of a synthesis filterbank 200
may offer the advantage of enabling an enhanced low delay
coding mode by implementing a low delay window function
in the framework of an analysis/synthesis filterbank 100, 200
as well as 1n the framework of embodiments of an encoder and
decoder. By implementing an embodiment of an analysis
filterbank or a synthesis filterbank, which may comprise one
of the window functions, which will be described 1n more
detail in the context of FIGS. 5to 11, several advantages may
be achieved depending on the concrete implementation of an
embodiment of a filterbank comprising a low delay window
function. Referring to the context of FIG. 2, an implementa-
tion of an embodiment of a filterbank may be capable of
producing the delay compared to the codec based on orthogo-
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nal windows, which are used 1n all state-oif-the-art codex. For
instance, 1n the case of the system based on the parameter
N=960, the delay reduction from 960 samples, which equals
a delay of 20 ms at a sampling frequency of 48 kHz, to 700
samples can be realized, which 1s equal to a delay of 15 ms at
the same sampling frequency. Moreover, as will be shown, the
frequency response of an embodiment of a synthesis filter-
bank and/or of an analysis filterbank 1s very similar to the
filterbank using a s1ign window. In comparison to a filterbank
employing the so-called low overlap window, the frequency
response 1s even much better. Furthermore, the pre-echo
behavior 1s similar to the low-overlap window, so that an
embodiment of a synthesis filterbank and/or of an analysis
filterbank can represent an excellent trade-off between qual-
ity and low delay depending on the concrete implementation
ol an embodiment of the filterbanks. As a further advantage,
which may, for instance, be employed 1n the framework of an
embodiment of a conferencing system, 1s that only one win-
dow function can be used to process all kinds of signals.

FIG. 5 shows a graphical representation of a possible win-
dow function, which can, for instance, be employed 1n the
framework of a windower 110, 220 1n the case of an embodi-
ment of an analysis filterbank 100 and 1n the case of a syn-
thesis filterbank 200. To be more precise, the window func-
tions shown in FIG. 5 correspond to an analysis window
function for M=480 bands or a number of output samples 1n
the case of an embodiment of an analysis filterbank in the
upper graph. The lower graph of FIG. 5 shows the corre-
sponding synthesis window function for an embodiment of a
synthesis filterbank. As both window functions shown 1n FIG.
5 correspond to M=480 bands or samples of an output frame
(analysis filterbank) and an added frame (synthesis filter-
bank), the window functions shown 1n FIG. 5 comprise the
definition set of 1920 values each with indices n=0, ... 1919.

Moreover, as the two graphs in FIG. 5 clearly show, with
respect to a midpoint of the definition set, which is 1n the case
here not part of the definition set 1tself, as the midpoint lies
between the indices N=959 and N=960, both window func-
tions comprise a significant higher number of window coet-
ficients 1n one half of the definition set with respect to the
aforementioned midpoint having absolute values of the win-
dow coetlicients, which are larger than 10%, 20%, 30% or
50% of the maximum absolute value of all window coelli-
cients. In the case of the analysis window function in the
upper graph of FI1G. 5, the respective half of the definition set
1s the definition set comprising the mdices N=960, ... 1919,
whereas 1n the case of the synthesis window function 1n the
lower graph of FIG. §, the respective half of the definition set
with respect to the midpoint comprises the indices N=0, . . .,
959. As a consequence, with respect to the midpoint, both the
analysis window function and the synthesis window function
are strongly asymmetric.

As already shown in the context of both the windower 110
of an embodiment of the analysis filterbank as well as 1n the
case of the windower 220 of the embodiment of the synthesis
filterbank, the analysis window function and the synthesis
window function are 1in terms of the indices an inverse of each
other.

An important aspect with respect to the window function
shown 1n the two graphs 1n FIG. 5 1s that in the case of the
analysis window shown 1n the upper graph, the last 120 win-
dowing coellicients and in the case of the synthesis window
function 1n the bottom graph 1n FIG. 5, the first 120 window
coellicients are set to zero or comprise an absolute value so
that they can be considered to be equal to 0 within a reason-
able accuracy. In other words, the aforementioned 120 win-
dowing coetlicients of the two window functions can there-
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fore be considered to cause an appropriate number of samples
to be set to at least one value 1n a predetermined range by
multiplying the 120 window coellicients with the respective
samples. In other words, depending on the concrete imple-
mentation of embodiments of an analysis filterbank 100 or a
synthesis filterbank 200, the 120 zero-valued windowed coel-
ficients will result in creating the 1itial section 160, 270 of
the windowed frames in embodiments of an analysis filter-
bank and a synthesis filterbank, 11 applicable, as previously
explained. However, even 11 the 1nitial sections 160, 270 are
not present, the 120 zero-valued window coellicients can be
interpreted by the windower 110 by the time/frequency con-
verter 120, by the windower 220 and by the overlap/adder 230
in embodiments of an analysis filterbank 100 and a synthesis
filterbank 200 to treat or process the different frames accord-
ingly, even 1n the case that the 1nitial sections 160, 270 of the
appropriate frames are not present at all.

By implementing an analysis window function or a syn-
thesis window function as shown in FIG. 5 comprising 120
zero-valued windowing coelficients in the case of M=480
(N=960), appropriate embodiments of an analysis filterbank
100 and a synthesis filterbank 200 will be established 1n
which the mitial sections 160, 270 of the corresponding
frames comprise M/4 samples or the corresponding first sub-
sections 150-1, 260-1 comprise M/4 values or samples less
than the other subsections, to put it in more general terms.

As previously mentioned, the analysis window function
shown 1n the upper graph of FI1G. 5 and the synthesis window
function shown 1n the lower graph of FIG. S represents low-
delay window functions for both an analysis filterbank and a
synthesis filterbank. Moreover, both the analysis window
function and the synthesis window function as shown in FIG.
5 are mirrored versions of each other with respect to the
alorementioned midpoint of the defimition set of which both
window functions are defined.

It should be noted that the usage of the low-delay window
and/or employing an embodiment of an analysis filterbank or
a synthesis filterbank in many cases do not result 1n any
noticeable increase 1n computational complexity and only a
marginal increase in storage requirements, as will be outlined
later on during the complexity analysis.

The window functions shown 1n FIG. 5 comprise the values
given in table 2 1in the annex, which have been put there for the
sake of sitmplicity only. However, by far, 1t 1s not necessary for
an embodiment of an analysis filterbank or a synthesis filter-
bank operating on a parameter M=480 to comprise the exact
values given 1n table 2 1n the annex. Naturally, the concrete
implementation of an embodiment of an analysis filterbank or
a synthesis filterbank can easily employ varying window
coellicients 1n the framework of appropriate window func-
tions, so that, in many cases, employing window coetlicients
will suffice, which employ, in the case of M=480, the relations
given 1n table 1 in the annex.

Moreover, in many embodiments having filter coelficients,
window coellicients as well as lifting coellicients, which will
be subsequently introduced, the Figs. given are not required
to be implemented as precisely as given. In other words, 1n
other embodiments of an analysis filterbank as well as a
synthesis filterbank and related embodiments of the present
invention, also other window functions may be implemented,
which are filter coefficients, window coefficients and other
coellicients, such as lifting coelilicients, which are different
from the coellicients given below 1n the annex, as long as the
variations are within the third digit following the comma or in
higher digits, such as the fourth, fifth, etc. digits.

Considering the synthesis window function in the bottom
graph of FIG. §, as previously mentioned, the first M/4=120
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window coellicients are set to zero. Afterwards, approxi-
mately until index 350, the window function comprises a
steep rise, which 1s followed by more moderate rise up to an
index of approximately 600. In this context, 1t should be noted
that around an index of 480 (=M), the window function >
becomes larger than unity or larger than one. Following index
600 until approximately sample 1100, the window function
falls back from 1ts maximum value to a level of less than 0.1.
Over the rest of the definition set, the window function com-
prises slight oscillations around the value O.

FIG. 6 shows a comparison of the window function as
shown 1n FIG. 5 1n the case of an analysis window function 1n
the upper graph of FIG. 6, and 1n the case of a synthesis
window function 1n the lower graph of FIG. 6. Moreover, as a
dotted line, two graphs also comprise the so-called sine win-
dow function, which 1s for istance, employed 1n the afore-
mentioned ER AAC codecs AAC LC and AAC LD. The direct
comparison of the sine window and the low-delay window
function as shown 1n the two graphs of FIG. 6 illustrate the »g
different time objects of the time window as explained 1n the
context of FIG. 5. Apart from the fact that the sine window 1s
only defined over 960 samples, the most striking difference
between the two window functions shown 1n the case of an
embodiment of an analysis filterbank (upper graph) and in the 25
case of a synthesis filterbank (lower graph) 1s that the sine
window Irame function 1s symmetric about 1ts respective
midpoint of the shortened definition set and comprises 1n the
first 120 elements of the definition set (mostly) window coet-
ficients being larger than zero. In contrast, as previously
explained, the low-delay window comprises 120 (ideally)
zero-valued windowed coetlicients and 1s significantly asym-
metric with respect 1ts respective midpoint of the prolonged
definition set compared to the definition set of the sine win-
dow.

There 1s a further difference, which distinguishes the low-
delay window from the sine window, while both windows
approximately acquire a value of approximately 1 and a
sample mndex of 480 (=M), the low-delay window function 4q
reaches a maximum of more than one approximately 120
samples after becoming larger than 1 and a sample index of
approximately 600 (=M+M/4; M=480), while the symmetric
sine window decreases symmetrically down to 0. In other
words, the samples which will be treated, for instance by 45
multiplying with zero 1n a first frame will be multiplied 1n the

following frame with values greater than 1 due to the over-
lapping mode of operation and the sample advantage value of
M=480 in these cases.

A Turther description of further low-delay windows will be 50
given, which can for mstance be employed 1n other embodi-
ments ol an analysis filterbank or a synthesis filterbank 200,
the concept of the delay reduction which 1s achievable with
the window functions shown 1 FIGS. § and 6 will be
explained with reference to the parameter M=480, N=960 55
having M/4=120 zero-valued or sutfficiently low values. In the
analysis window shown 1in the upper graph of F1G. 6, the parts
that access future input values (sample indices 1800 to 1920)
1s reduced by 120 samples. Correspondingly, in the synthesis
window 1n the lower graph of FIG. 6, the overlap with past 60
output samples, which would require a corresponding delay
in the case of a synthesis filterbank 1s reduced by another 120
samples. In other words, 1n the case of a synthesis window the
overlap with the past output samples, which i1s needed to
complete the overlap/add operation or to fimish the overlap/ 65
add along with the reduction o1 120 samples 1n the case of an
analysis window will be resulting an overall delay reduction
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of 240 samples 1n the case of a system comprising both
embodiments of an analysis filterbank and a synthesis filter-
bank.

The extended overlap, however, does not result 1n any
additional delay as 1t only 1mvolves adding values from the
past, which can easily be stored without causing additional
delay, at least on the scale of the sampling frequency. A
comparison of the time of sets of the traditional sine window
and the low-delay window shown in FIGS. 5 and 6 1llustrate
this.

FIG. 7 comprises 1n three graphs, three different window
functions. To be more precise, the upper graph of FIG. 7
shows the aforementioned sine window, whereas the middle
graph shows the so-called low-overlap window and the bot-
tom graph shows the low-delay window. However, the three
windows shown 1n FIG. 7 correspond to a sample advance
value or parameter M=512 (N=2M=1024). Once again, the
sine window as well as the low-overlap window 1n the two
topmost graphs 1 FIG. 7 are defined only over limited or
shortened definition sets comprising 1024 sample indices as
compared to the low delay window function as shown 1n the
bottom graph of FIG. 7, which 1s defined over 2048 sample
indices.

The plots of the window shapes of a sine window, the
low-overlap window and the low-delay window 1n FIG. 7
comprise more of less the same characteristics as previously
discussed in terms of the sine window and the low delay
window. To be more precise, the sine window (top graph in
FIG. 7)1s once again symmetric with regard to the appropriate
midpoint of the definition set lying between indices 511 and
512. The sine window acquires a maximum value at approxi-
mately the value M=512 and drops down from the maximum
value back to zero again at the border of the definition set.

In the case of the low-delay window shown 1n the bottom
graph of F1G. 7, this low-delay window comprises 128 zero-
valued window coellicients, which 1s once again a quarter of
the sample advance value M. Moreover, the low-delay win-
dow acquires a value of approximately 1 at a sample index M,
while the maximum value of the window coelficients 1s
acquired approximately 128 sample indices n after becoming
larger than one 1n terms of an increasing index (around index
640). Also with respect to the other features of the plot of the
window function, the window function for M=5312 1n the
bottom graph of FIG. 7 does not significantly differ from the
low delay windows for M=480 shown 1n FIGS. 5 and 6, apart
from an optional shift due to the longer definition sets (2048
indices compared to 1920 1ndices). The low-delay window
shown 1n the bottom graph of FIG. 7 comprises the values
given 1n table 4 in the annex.

However, as previously explained, 1t 1s not necessary for
embodiments ol a synthesis filterbank or an analysis filter-
bank to implement the window function with the precise
values as given 1n table 4. In other words, window coetlicients
may differ from the values given 1n table 4, as long as they
hold the relations given 1n table 3 in the annex. Moreover, 1n
embodiments of the present invention also variations with
respect to the window coellicients can easily be implemented,
as long as the variations are within the third digit following
the comma, or in higher digits such as the fourth, fifth, etc.
digits, as previously explained.

In the middle graph of FI1G. 7 the low-overlap window has
not been described so far. As previously mentioned the low
delay window also comprises a definition set comprising
1024 elements. Moreover, the low-overlap window also com-
prises at the beginning of a definition set and at the end of a
definition set, a connected subset 1n which the low-overlap
window vanishes. However, after this connected subset 1n
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which the low-overlap window vanishes, a steep rise or decay
tollows, which comprises only a little over 100 sample indi-
ces each. Moreover, the symmetric low-overlap window does
not comprise values larger than 1 and may comprise a lesser
stop-band attenuation compared to window functions as
employed 1n some embodiments.

In other words, the low-overlap window comprises a sig-
nificant lower definition set while having the same sample
advance value, as the low delay window and does not acquire
values larger than one. Moreover, both the sine window and
the low-overlap window are with respect to their respective
midpoints of the definition sets orthogonal or symmetric,
while the low-delay window 1s asymmetric 1n the described
manner over the midpoint of its definition set.

The low overlap window was mtroduced 1n order to elimi-
nate pre-echo artifacts for transients. The lower overlap
avolds spreading of the quantization noise before the signal
attack, as 1llustrated in FIG. 8. The new low-delay window,
however, has the same property, but offers a better frequency
response, as will be apparent by comparing the frequency
responses shown in FIGS. 10 and 11. Therefore, the low delay
window 1s capable of replacing both traditional AAC LD
windows, 1.e. the sign window at the low-overlap window, so
that a dynamic window shape adaptation 1s not required to be
implemented anymore.

FI1G. 8 shows for the same window functions shown in FIG.
7 1 the same order of graphs an example of quantization
noise spreading for the different window shapes of the sine
window or the low-overlap window and the low-delay win-
dow. The pre-echo behavior of the low-delay window as
shown 1n the bottom graph of FIG. 8 1s similar to the low
overlap window behavior as shown in the middle graph of
FIG. 8, while the pre-echo behavior of the sine window in the
top graph of F1G. 8 comprises significant contributions in the
first 128 (M=512) samples.

In other words, employing a low-delay window 1n an
embodiment of a synthesis filterbank or an analysis filter-
bank, may result 1n an advantage concerning an improved
pre-echo behavior. In the case of an analysis window, the path
that accesses future mput values and, thus would require a
delay, are reduced by more than a sample and preferably by
120/128 samples in the case of a block length or sample
advance value of 480/512 samples, such that it reduces the
delay 1n comparison to the MDC'T (Modified Discrete Cosine
Transform). At the same time 1t improves the pre-echo behav-
10rs, since a possible attack 1n the signal, which might be 1n
those 120/128 samples, would only appear one block or one
frame later. Correspondingly, 1n the synthesis window the
overlap with past output samples to finish their overlap/add
operation, which would also require a corresponding delay, 1s
reduced by another 120/128 samples, resulting 1n an overall
delay reduction of 240/256 samples. This also results in an
improved pre-echo behavior since those 120/128 samples
would otherwise contribute to the noise spread into the past,
before a possible attach. Altogether this means, a pre-echo
appears possibly one block or frame later, and the resulting
pre-echo from the synthesis side alone 1s 120/128 samples
shorter.

Such a reduction, which might be achievable by employing
such a low-delay window, as described in FIGS. 5 to 7,
depending on the concrete implementation of an embodiment
of a synthesis filterbank or an analysis filterbank can be espe-
cially useful when considering the human hearing character-
istics, especially 1n terms of masking. To 1llustrate this, FIG.
9 shows a schematic sketch of the masking behavior of the
human ear. To be more precise, FIG. 9 shows a schematic
representation of the hearing threshold level of the human ear,
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as a function of time, when a sound or a tone having a specific
frequency 1s present during a period of time of approximately
200 ms.

However, shortly before the atforementioned sound or tone
1s present, as indicated by the arrow 350 1 FIG. 9, a pre-
masking 1s present for a short period of time of approximately
20 ms, therefore, enabling a smooth transition between no
masking and the masking during the presence of the tone or
sound, which 1s sometimes referred to as simultaneous mask-
ing. During the time in which the sound or tone is present, the
masking 1s on. However, when the tone or sound disappears,
as indicated by the arrow 360 1n FIG. 9, the masking 1s not
immediately lifted, but during a period of time or approxi-
mately 150 ms, the masking 1s slowly reduced, which 1s also
sometimes referred to as post-masking.

That 1s, F1G. 9 shows a general temporal masking property
of human hearing, which comprises a phase of pre-masking
as well as a phase ol post-masking before and after a sound or
tone being present. Due to the reduction of the pre-echo
behavior by incorporating a low-delay window 1n an embodi-
ment of an analysis filterbank 100 and/or a synthesis filter-
bank 200, audible distortions will be severely limited 1n many
cases as the audible pre-echoes will, at least to some extent,
fall into the pre-masking period of the temporal masking
elfect of the human ear as shown 1n FIG. 9.

Moreover, employing a low-delay window function as
illustrated 1n FIGS. 5§ to 7, described 1in more detail with
respect to relations and values 1n tables 1 to 4 1n the annex,
olffers a frequency response, which 1s similar to that of a sine
window. To illustrate this, F1G. 10 shows a comparison of the
frequency response between the sine window (dashed line)
and an example of a low-delay window (solid line). As can be
seen by comparing the two frequency responses of the two
alorementioned windows 1n FIG. 10, the low-delay window
1s comparable 1n terms of the frequency selectivity to the sine
window. The frequency response of the low-delay window 1s
similar or comparable to the frequency response of the sine
window, and much better than the frequency response of the
low-overlap window, as in comparison with the frequency
responses shown in FIG. 11 illustrate.

To be more precise, FIG. 11 shows a comparison of the
frequency responses between the sine window (dashed line)
and the low-overlap window (solid line). As can be seen, the
solid line of the frequency response of the low-overlap win-
dow 1s significantly larger than the corresponding frequency
response of the sine window. As the low-delay window and
the sine window show comparable frequency responses,
which can be seen by comparing the two frequency responses
shown 1n FI1G. 10, also a comparison between the low-overlap
window and the low-delay window can easily be drawn, as the
plot shown 1 FIGS. 10 and 11 both show the frequency
response of the sine window and comprise the same scales
with respect to the frequency axis and the itensity axis (db).
Accordingly, it can easily be concluded that the sine window
which can easily implemented 1n an embodiment of a synthe-
s1s filterbank as well as 1n an embodiment of an analysis
filterbank offers compared to the low-overlap window a sig-
nificantly better frequency response.

As the comparison of the pre-echo behavior shown in FIG.
8 15 also shown at the low-delay window oflers a considerable
advantage compared to pre-echo behavior, while the pre-echo
behavior of the low-delay window 1s comparable to that of a
low-overlap window, the low-delay window represents an
excellent tradeotl between the two alorementioned windows.

As a consequence, the low-delay window, which can be
implemented in the framework of an embodiment of an analy-
s1s fllterbank as well as an embodiment of a synthesis filter-
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bank and related embodiments, due to this trade-otf, the same
window function can be used for transient signals, as well as
tonal signals, so that no switching between different block
lengths or between different windows 1s necessary. In other
words, embodiments of an analysis filterbank, a synthesis
filterbank and related embodiments offer the possibility of
building an encoder, a decoder and further systems that donot
require switching between different sets ol operational
parameters such as different block sizes, or block lengths, or
different windows or window shapes. In other words, by
employing an embodiment of an analysis filterbank or a syn-
thesis filterbank with the low-delay window, the construction
of an embodiment of an encoder, decoder and related systems
can considerably simplified. As an additional opportunity,
due to the fact that no switching between different sets of
parameters 1s required, signals from different sources can be
processed 1n the frequency-domain instead of the time-do-
main, which requires an additional delay as will be outlined in
the following sections.

In yet other words, employing an embodiment of a synthe-
s1s filterbank or an analysis filterbank offers the possibility of
benefiting from an advantage of low computational complex-
ity 1n some embodiments. To compensate for the lower delay
as compared to a MDCT with, for instance, a sine window, a
longer overlap 1s mtroduced without creating an additional
delay. Despite the longer overlap, and correspondingly, a
window of about twice the length of the corresponding sine
window with twice the amount of overlap and according
benefits of the frequency selectivity as outlined before, an
implementation can be obtained with only minor additional
complexity, due to a possible increase size of block length
multiplications and memory elements. However, further
details on such an implementation will be explained 1n the
context of FIGS. 19 to 24.

FIG. 12 shows a schematic block diagram of an embodi-
ment of an encoder 400. The encoder 400 comprises an
embodiment of an analysis filterbank 100 and, as an optional
component, an entropy encoder 410, which 1s configured to
encod the plurality of output frames provided by the analysis
filterbank 100 and configured to output a plurality of encoded
frames based on the output frames. For instance, the entropy
encoder 410 may be implemented as a Huflman encoder or
another entropy encoder utilizing an entropy-efficient coding
scheme, such as the arithmetic coding-scheme.

Due to employing an embodiment of an analysis filterbank
100 in the framework of an embodiment of an encoder 400,
the encoder oflfers an output of the number of bands N while
having a reconstructional delay of less than 2N or 2N-1.
Moreover, an in principle an embodiment of an encoder also
represents a filter, an embodiment of an encoder 400 offers a
finite impulse response of more than 2N samples. That 1s, an
embodiment of an encoder 400 represents an encoder which
1s capable of processing (audio) data in a delay-efficient way.

Depending on the concrete implementation of an embodi-
ment of an encoder 400 as shown 1n FIG. 12, such an embodi-
ment may also comprise a quantizer, filter or further compo-
nents to pre-process the input frames provided to the
embodiment of the analysis filterbank 100 or to process the
output frames before entropy encoding the respective frames.
As an example, an additional quantizer can be provided to an
embodiment of an encoder 400 before the analysis filterbank
100 to quantize the data or to requantize the data, depending
on the concrete implementation and field of application. As an
example for processing behind the analysis filterbank, an
equalization or another gain adjustment 1n terms of the output
frames 1n the frequency-domain can be implemented.
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FIG. 13 shows an embodiment of a decoder 450 compris-
ing an entropy decoder 460 as well as an embodiment of a
synthesis filterbank 200, as previously described. The entropy
decoder 460 of the embodiment of the decoder 450 represents
an optional component, which can, for mstance, be config-
ured for decoding a plurality of encoded frames, which might,
for 1nstance, be provided by an embodiment of an encoder
400. Accordingly, the entropy decoder 460 might by a Huil-
man or algorithmic decoder or another entropy decoder based
on an entropy-encoding/decoding scheme, which is suitable
for the application of the decoder 450 at hand. Moreover, the
entropy decoder 460 can be configured to provide a plurality
of input frames to the synthesis filterbank 200, which, in turn,
provides a plurality of added frames at an output of the syn-
thesis filterbank 200 or at an output of the decoder 450.

However, depending on the concrete implementation, the
decoder 450 may also comprise additional components, such
as a dequantizer or other components such as a gain adjuster.
To be more precise, 1n between the entropy decoder 460 and
the synthesis filterbank, a gain adjuster can be implemented
as an optional component to allow a gain adjustment or equal-
ization 1n the frequency-domain before the audio data will be
transierred by the synthesis filterbank 200 into the time-
domain. Accordingly, an additional quantizer may be 1mple-
mented 1 a decoder 450 after the synthesis filterbank 200 to
offer the opportunity of requantizing the added frames prior
to provide the optionally requantized added frames to an
external component of the decoder 450.

Embodiments of an encoder 400 as shown 1n FIG. 12 and
embodiments of a decoder 450 as shown 1n FIG. 13 can be
applied 1n many fields of audio encoding/decoding as well as
audio processing. Such embodiments of an encoder 400 and
a decoder 450 can, for instance, be employed 1n the field of
high-quality communications.

Both, an embodiment of an encoder or coder as well as an
embodiment for a decoder offer the opportunity of operating
the said embodiment without having to implement a change
of parameter such as switching the block length or switching
between different windows. In other words, compared to
other coders and decoders, an embodiment of the present
invention in the form of a synthesis filterbank, an analysis
filterbank and related embodiments 1s by far not required to
implement different block lengths and/or different window

functions.
Initially defined in the version 2 of the MPEG-4 audio

specification, a low-delay AAC coder (AAC LD) has, over
time, increasing adaptation as a full-bandwidth high-quality
communications coder, which 1s not subjected to limitations
that usual speech coders have, such as focusing on single-
speakers, speech material, bad performance for music sig-
nals, and so on. This particular codec 1s widely used for
video/teleconferencing 1n other communication applications,
which, for instance, have triggered the creation of a low-delay
AAC profile due to industry demand. Nonetheless, an
enhancement of the coders’ coding efficiency 1s of wide inter-
est to the user community and 1s the topic of the contribution,
which some embodiments of the present invention are
capable of providing.

Currently, the MPEG-4 ER AAC LD codec produces good
audio quality at a bitrate range of 64 kbit/s to 48 kbit/s per
channel. In order to increase the coders’ coding efficiency to
be competitive with speech coders using the proven spectral
band replication tool (SBR) 1s an excellent choice. An earlier
proposal on this topic, however, was not pursued further 1n the
course of the standardization.

In order not to lose the low codec delay that 1s crucial for
many applications, such as serving telecommunication appli-
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cations, additional measures have to be taken. In many cases,
as a requirement for the development of respective coders, 1t
was defined that such a coder should be able to provide an
algornithmic delay as low as 20 ms. Fortunately, only minor
modifications have to be applied to existing specifications in
order to meet this goal. Specifically, only two simple modi-

fications turn out to be necessary, of which one 1s presented 1n
this document. A replacement of the AAC LD coder filterbank

by an embodiment of a low-delay filterbank 100, 200 allevi-

ates a significant delay increase in many applications.
Accompanying by a slight modification to the SBR tool
reduces the added delay by introducing this into the coder,

such as the embodiment of the encoder 400 as shown 1n FIG.
12.

As a result, the enhanced AAC FLD coder or AAC EL

decoder comprising embodiments of low-delay filterbanks,
exhibit a delay comparable to that of a plane AAC LD coder,
but 1s capable of saving a significant amount of the bitrate at
the same level of quality, depending on the concrete imple-
mentation. To be more precise, an AAC ELD coder may be
capable of saving up to 25% or even up to 33% of the bitrate
at the same level of quality compared to an AAC LD coder.

Embodiments of a synthesis filterbank or an analysis fil-
terbank can be implemented in a so-called enhanced low-
delay AAC codec (AAC ELD), which 1s capable of extending
the range of operation down to 24 kbit/s per channel, depend-
ing on the concrete implementation and application specifi-
cation. In other words, embodiments of the present invention
can be implemented 1n the framework of a coding as an
extension of the AAC LD scheme utilizing optionally addi-
tional coding tools. Such an optional coding tool 1s the spec-
tral band replication (SBR) tool, which can be integrated or
additionally be employed in the framework of both an
embodiment of an encoder as well as an embodiment of a
decoder. Especially 1n the field of low bitrate coding, SBR 1s
an attractive enhancement, as it enables an implementation of
a dual rate coder, at which the sampling frequency for a lower
part of the frequency spectrum 1s encoded with only half of
the sampling frequency of the original sampler. At the same
time, SBR 1s capable of encoding a higher spectral range of
frequencies based on the lower part, such that the overall
sampling frequency can, 1n principle, be reduced by a factor
of 2.

In other words, employing SBR tools make an implemen-
tation ol delay-optimized components especially attractive
and beneficial, as due to the reduced sampling frequency of
the dual core coder, the delay saved may, in principle, reduce
the overall delay of the system by a factor of 2 of the saved
delay.

Accordingly, a simple combination of AAC LD and SBR
would, however, result 1n a total algorithmic delay of 60 ms,
as will be explained in more detail later on. Thus, such a
combination would render the resulting codec unsuitable for
communication applications, as generally speaking, a system
delay for interactive two-way communications should not
exceed S50 ms.

By employing an embodiment of an analysis filterbank
and/or of a synthesis filterbank, and, therefore, replacing the
MDCT filterbank by one of these dedicated low-delay filter-
banks may, therefore, be capable of alleviating the delay
increase caused by implementing a dual rate coder as previ-
ously explained. By employing the aforementioned embodi-
ments, an AAC ELD coder may exhibit the delay well within
the acceptable range for bi-directional communication, while
saving of up to 25% to 33% of the rate compared to a regular
AAC LD coder, while maintaiming the level of audio quality.
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Therefore, 1n terms of its embodiments of a synthesis fil-
terbank, an analysis filterbank and the other related embodi-
ments, the present application describes a description of pos-
sible technical modifications along with an evaluation of an
achievable coder performance, at least in terms of some of the
embodiments of the present invention. Such a low-delay fil-
terbank 1s capable of achueving a substantial delay reduction
by utilizing a different window function, as previously
explained, with multiple overlaps instead of employing a
MDCT or IMDCT, while at the same time offering the pos-
s1ibility of perfect reconstruction, depending on the concrete
implementation. An embodiment of such a low-delay filter-
bank 1s capable of reducing the reconstruction delay without
reducing the filter length, but still maintaming the pertect
reconstruction property under some circumstances in the case
ol some embodiments.

The resulting filterbanks have the same cosine modulation
function as a traditional MDCT, but can have longer window
functions, which can be non-symmetric or asymmetric with a
generalized or low reconstruction delay. As previously
explained, an embodiment of such a new low-delay filterbank
employing a new low-delay window may be capable of reduc-
ing the MDCT delay from 960 samples 1n the case of a frame
size of M=480 samples to 720 samples. In general, an
embodiment of the filterbank may be capable of reducing the
delay of 2M to (ZM-M/2) samples by implementing M/4
zero-valued window coelficients or by adapting the appropri-
ate components, as previously explained, accordingly such
that the first subsections 150-1, 260-1 of the corresponding
frames comprise M/4 samples less than the other subsections.

Examples for these low-delay window functions have been
shown 1n the context of FIGS. 5 to 7, wherein FIGS. 6 and 7
comprise the comparison with the traditional sign window as
well. However, 1t should be noted that the analysis window 1s
simply a time-reverses replica of the synthesis window as
previously explained.

In the following, a technical description of a combination
of a SBR tool with a AAC LD coder 1n order to achieve a low
bitrate and low delay audio coding system will be given. A
dual rate system 1s used to achieve a higher coding gain
compared to a single rate system, as explained earlier on. By
employing a dual rate system, a more energy eflicient encod-
ing as possible having lesser frequency bands will be pro-
vided by the corresponding coder, which leads to a bitwise
reduction due to some extent, removing redundant informa-
tion from the frames provided by the coder. To be more
precise, an embodiment of a low-delay filterbank as previ-
ously described 1s used 1n the framework of the AAC LD core
coder to arrive at an overall delay that 1s acceptable for com-

munication applications. In other words, in the following, the
delay will be described in terms of both the AAC LD core and
the AACE

ELD core coder.

By employing an embodiment of a synthesis filterbank or
an analysis filterbank, a delay reduction can be achieved by
implementing a modified MDCT window/filterbank. Sub-
stantial delay reduction 1s achieved by utilizing the atforemen-
tioned and described different window functions with mul-
tiple overlap to extend the MDCT and the IMDC'T to obtain a
low-delay filterbank. The technique of low-delay filterbanks
allows utilizing a non-orthogonal window with multiple over-
lap. In this way, 1t 1s possible to obtain a delay, which 1s lower
than the window length. Hence, a low delay with a still long
impulse response resulting 1n good frequency selectivity can
be achieved.

The low-delay window for a frame si1ze of M=480 samples
reduces the MDC'T delay from 960 samples to 720 samples,
as previously explained.
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To summarize, 1n contrast to a MPEG-4 ER AAC LD
codec, an embodiment of an encoder and an embodiment of a
decoder 450 may under certain circumstances be capable of
producing a good audio quality at a very small bit range.
While the atforementioned ER AAC LD codec produces good
audio quality as a bit range of 64 kb/sec to 48 kb/sec per
channel, the embodiments of the encoder 400 and the decoder
450, as described 1n the present document, can be capable of
providing an audio coder and decoder, which 1s under some
circumstances able to produce at an equal audio quality at
even lower bitrates of about 32 kb/sec per channel. Moreover,
embodiments of an encoder and decoder have an algorithmic
delay small enough to be utilized for two-way communica-
tion systems, which can be implemented 1n existing technol-
ogy by using only minimum modifications.

Embodiments of the present invention, especially in the
form of an encoder 400 and a decoder 450, achieve this by
combining existing MPEG-4 audio technology with a mini-
mum number adaptation necessary for low-delay operations
necessary for low-delay operation to arrive at embodiments
of the present invention. Specifically, the MPEG-4 ER AAC
low-delay coder can be combined with a MPEG-4 spectral
band replication (SPR) tool to implement embodiments of an
encoder 400 and a decoder 450 by considering the described
modifications. The resulting increase 1n algorithmic delay 1s
alleviated by minor modifications of the SPR tool, which will
not be described 1n the present application, and the use of an
embodiment of a low-delay core coder filterbank and an
embodiment of an analysis filterbank or a synthesis filter-
bank. Depending on the concrete implementation, such an
enhanced AAC LD coder 1s capable of saving up to 33% of the
bitrate at the same level of quality compared to a plain ACC
LD coder while retaining low enough delay for a two-way
communication application.

Before a more detailed delay analysis 1s presented with
reference to FI1G. 14, a coding system comprising a SBR tool
1s described. In other words, 1n this section, all components of
a coding system 500 shown in FIG. 14a are analyzed with
respect to their contribution to the overall system delay. FIG.
14a gives a detailed overview of the complete system,
wherein FIG. 14b puts emphasis on the sources of delay.

The system shown 1n FIG. 14a comprises an encoder 500,
which, 1n turn, comprises an MDCT time/frequency con-
verter, operates in the dual rate approach as a dual rate coder.
Moreover, the encoder 500 also comprises a QMF-analysis
filterbank 520, which 1s part of the SBR tool. Both the MDCT
time/frequency converter 510 and the QMF-analysis filter-
bank (QMF=Quadrature Mirror Filter) are coupled together
both 1n terms of their inputs and their outputs. In other words,
both the MDCT converter 510 as well as the QMF-analysis
filterbank 520 1s provided with the same iput data. However,
while the MDCT converter 510 provides the low band infor-
mation, the QMF-analysis filterbank 520 provides the SBR
data. Both data are combined 1nto a bit stream and provided to
a decoder 530.

The decoder 530 comprises an IMDCT frequency/time
converter 340, which 1s capable of decoding the bit stream to
obtain, at least in terms of the low band parts, a time-domain
signal, which will be provided to an output of the decoder via
a delayer 550. Moreover, an output of the IMDCT converter
540 1s coupled to a further QMF-analysis filterbank 560,
which 1s part of a SBR tool of the decoder 530. Furthermore,
the SBR tool comprises a HF generator 570, which 1s coupled
to an output of the QMF-analysis filterbank 560 and capable
of generating the higher frequency components based on the
SBR data of the QMF-analysis filterbank 520 of the encoder
500. An output of the HF generator 570 1s coupled to a
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QMF-synthesis filterbank 580, which transforms the signals
in the QMF-domain back into the time domain in which the
delayed low band signals are combined with the high band
signals, as provided by the SBR tool of the decoder 530. The
resulting data will then be provided as the output data of the
decoder 530.

Compared to FIG. 14a, FIG. 14b emphasizes the delay
sources of the system shown 1n FIG. 14a. To be even more
precise, depending on the concrete implementation of the

encoder 500 and the decoder 530, FIG. 14b 1illustrates the
delay sources of the MPEG-4 ER AAC LD system compris-
ing a SBR tool. The appropriate coder of this audio system
utilizes a MDCT/IMDCT filterbank for a time/frequency/
time transformation or conversion with a frame size of 512 or
480 samples. The results 1n reconstruction delays, therefore,
which are equal to 1024 are 960 samples, depending on the
concrete implementation. In case of using the MPEG-4 ER
AAC LD codec in combination with SBR 1n a dual rate mode,
the delay value has to be doubled due to the sampling rate
conversion.

A more detailed overall delay analysis and requirement
shows that 1n the case of an AAC LD codec in combination
with a SBR tool, an overall algorithmic delay of 16 ms at a
sampling rate of 48 kHz and the core coder frame size o1 480
samples will be the result. FIG. 15 comprises a table, which
gives an overview of the delay produced by the different
components assuming a sampling rate of 48 kHz and the core
coder frame size of 480 samples, wherein the core coder
cifectively runs at a sampling rate of 24 kHz due to the dual
rate approach.

The overview of the delay sources in FIG. 15 shows that in
the case of an AAC LD codec along with a SBR tool, an
overall algorithmic delay of 16 ms would result, which 1s
substantially higher than what 1s permissible for telecommu-
nication applications. This evaluation comprises the standard

combination of the AAC LD coder along with the SBR tool,
which includes the delay contributions from the MDCT/IM-
DCT dual rate components, the QMF components and the
SBR overlap components.

However, using the adaptations described previously and
by employing embodiments as described before, an overall
delay of only 42 ms 1s achievable, which includes the delay
contributions from the embodiments of the low-delay filter-
banks 1n the dual rate mode (ELD MDCT+IMDCT) and the
QMF components.

As with respect to some delay sources in the framework of
the AAC core coder as well as with respect to the SBR
module, the algorithmic delay of the AAC LD core can be
described as being 2M samples, wherein, once again, M 1s the
basic frame length of the core coder. In contrast, the low-
delay filterbank reduces the number of samples by M/2 due to
introducing the 1nitial sections 160, 270 or by introducing an
appropriate number of zero-valued or other values in the
framework of the appropriate window functions. In the case
of the usage of an AAC core 1n combination with a SBR tool,
the delay 1s doubled due to the sampling rate conversion of a
dual rate system.

To clarily, some of the numbers given 1n the table 1n FIG.
15, 1n the framework of a typical SBR decoder, two delay
sources can be 1dentified. On the one hand, the QMF compo-
nents comprise a lilterbank’s reconstruction delay of 640
samples. However, since the framing delay of 64-1=63
samples 1s already introduced by the core coder 1tself, 1t can
be subtracted to obtain the delayed value given in the table in
FIG. 15 of 577 samples.

On the other hand, the SBR HF reconstruction causes an
additional delay with a standard SBR tool of 6 QMF slots due
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to the variable time grid. Accordingly, the delay 1s 1n the
standard SBR, six times 64 samples of 384 samples.

By implementing embodiments of filterbanks as well as
implementing an improved SBR tool, a delay saving of 18 ms
can be achieved by not implementing a straightforward com-
bination of a AAC LD coder along with a SBR tool having an
overall delay of 60 ms, but an overall delay of 42 ms 1s
achievable. As previously mentioned, these figures are based
on a sampling rate of 48 kHz and on a frame length of M=480
samples. In other words, apart from the so-called framing
delay of M=480 samples in the atlorementioned example, the
overlap delay, which 1s a second important aspect in terms of
delay optimization, can be significantly reduced by introduc-
ing an embodiment of a synthesis filterbank or an analysis
filterbank to achieve a low bitrate and a low-delay audio
coding system.

Embodiments of the present invention can be implemented
in many fields of application, such as conferencing systems
and other bi-directional communication systems. At the time
of 1ts conception around 1997, the delayed requirements set
for a low-delay general audio coding scheme, which lead to
the design of the AAC LD coder, were to achieve an algorith-
mic delay of 20 ms, which 1s met by the AAC LD when
running at a sample rate o1 48 kHz and a frame size of M=480.
In contrast to this, many practical applications of this codec,
such as teleconterencing, employ a sampling rate of 32 kHz
and, thus, work with a delay of 30 ms. Similarly, due to the
growing importance of IP-based communications, the delay
requirements of modern I'TU telecommunication codec allow
delay of, roughly speaking, 40 ms. Different examples
include the recent G.722.1 annex C coder with an algorithmic
delay of 40 ms and the G.729.1 coder with an algorithmic
delay of 48 ms. Thus, the overall delay achieved by an
enhanced AAC LD coder or AAC ELD coder comprising an
embodiment of alow-delay filterbank can be operated to fully
lie within the delay range of common telecommunication
coders.

FIG. 16 shows a block diagram of an embodiment of a
mixer 600 for mixing a plurality of mput frames, wherein
cach input frame 1s a spectral representation of a correspond-
ing time-domain frame being provided from a different
source. For instance, each input frame for the mixer 600 can
be provided by an embodiment of an encoder 400 or another
appropriate system or component. It should be noted that 1n
FIG. 16, the mixer 600 1s adapted to receive input frames from
three diflerent sources. However, this does not represent any
limitation. To be more precise, in principle, an embodiment of
a mixer 600 can be adapted or configured to process and
receive an arbitrary number of input frames, each input frame
provided by a different source, such as a different encoder
400.

The embodiment of the mixer 600 shown in FIG. 16 com-
prises an entropy decoder 610, which 1s capable of entropy
decoding the plurality of input frames provided by the differ-
ent sources. Depending on the concrete implementation, the
entropy decoder 610 can for instance be implemented as a
Huffman entropy decoder or as an entropy decoder employ-
ing another entropy decoding algorithm such as the so-called
Arithmetic Coding, Unary Coding, Elias Gamma Coding,
Fibonacci Coding, Golomb Coding or Rice Coding.

The entropy decoded 1nput frames are then provided to an
optional dequantizer 620, which can be adapted such that the
entropy decoded mnput frames can be dequantized to accom-
modate for application-specific circumstances, such as the
loudness characteristic of the human ear. The entropy
decoded and optionally dequantized input frames are then
provided to a scaler 630, which 1s capable of scaling the
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plurality of entropy frames in the frequency domain. Depend-
ing of the concrete implementation of an embodiment of a
mixer 600, the scaler 630 can for instance, scale each of the
optionally dequantized and entropy decoded input frames by
multiplying each of the values by a constant factor 1/P,
wherein P 1s an integer indicating the number of different
sources or encoders 400.

In other words, the scaler 630 1s 1n this case capable of
scaling down the frames provided by the dequantizer 620 or
the entropy decoder 610 to scale them down to prevent the
corresponding signals from becoming too large in order to
prevent an overtlow or another computational error, or to
prevent audible distortions like clipping. Different imple-
mentations of the scaler 630 can also be implemented, such as
a scaler which 1s capable of scaling the provided frame 1n an
energy conserving manner, by for instance, evaluating the
energy of each of the mput frames, depending on one or more
spectral frequency bands. In such a case, 1n each of these
spectral frequency bands, the corresponding values in the
frequency domain can be multiplied with a constant factor,
such that the overall energy with respect to all frequency
ranges 1s 1dentical. Additionally or alternatively, the scaler
630 may also be adapted such that the energy of each of the
spectral subgroups 1s identical with respect to all input frames
of all different sources, or that the overall energy of each of
the input frames 1s constant.

The scaler 630 1s then coupled to an adder 640, which 1s
capable of adding up the frames provided by the scaler, which
are also referred to as scaled frames 1n the frequency domain
to generate an added frame also 1n the frequency domain. This
can for instance be accomplished by adding up all values
corresponding to the same sample index from all scaled
frames provided by the scaler 630.

The adder 640 1s capable of adding up the frames provided
by the scaler 6340 1n the frequency domain to obtain an added
frame, which comprises the information of all sources as
provided by the scaler 630. As a further optional component,
an embodiment of a mixer 600 may also comprise a quantizer
650 to which the added frame of the adder 640 may be
provided to. According to the application-specific require-
ments, the optional quantizer 650 can for instance be used to
adapt the added frame to fulfill some conditions. For instance,
the quantizer 650 may be adapted such that the tact of the
dequantizer 620 may be reversed. In other words, if for
instance, a special characteristic underlies the input frames as
provided to the mixer, which has been removed or altered by
the dequantizer 620, the quantizer 650 may then be adapted to
provide these special requirements of conditions to the added
frame. As an example, the quantizer 650 may for istance be
adapted to accommodate for the characteristics of the human
ear.

As a further component, the embodiment of the mixer 600
may further comprise an entropy encoder 660, which 1s
capable of entropy encoding the optionally quantized added
frame and to provide a mixed frame to one or more receivers,
for mstance, comprising an embodiment of an encoder 450.
Once again, the entropy encoder 660 may be adapted to
entropy encoding the added frame based on the Huilman
algorithm or another of the atforementioned algorithms.

By employing an embodiment of an analysis filterbank, a
synthesis filterbank or another related embodiment in the
framework of an encoder and a decoder, a mixer can be
established and implemented which 1s capable of mixing
signals in the frequency-domain. In other words, by 1mple-
menting an embodiment of one of the previously described
enhanced low-delay AAC codecs, a mixer can be imple-
mented, which 1s capable of directly mixing a plurality of
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input frames 1n the frequency domain, without having to
transform the respective input frames into the time-domain to
accommodate for the possible switching of parameters,
which are implemented in state-of-the-art-codecs for speech
communications. As explained in the context of the embodi-
ments of an analysis filterbank and a synthesis {filterbank,
these embodiments enable an operation without switching,
parameters, like switching the block lengths or switching
between different windows.

FIG. 17 shows an embodiment of a conferencing system
700 1n the form of a MCU (Media Control Unit), which, can
for instance be implemented 1n the framework of a server. The
conferencing system 700 or MCU 700 comprises for a plu-
rality of bit streams, of which in FIG. 17, two are shown. A
combined entropy decoder and dequantizer 610, 620 as well
as a combined unit 630, 640 which are labeled 1n FIG. 17 as
“mixer”’. Moreover, the output of the combined unit 630, 640
1s provided to the combined unit comprising a quantizer 650
and the entropy encoder 660, which provides as the mixed
frames an outgoing bit stream.

In other words, FIG. 17 shows an embodiment of a confer-
encing system 700 which 1s capable of mixing a plurality of
incoming bit streams 1n the frequency domain, as the incom-
ing bit stream as well as the outgoing bit streams have been
created using a low-delay window on the encoder side,
whereas the outgoing bit streams are intended and capable of
being processed, based on the same low-delay window on the
decoder side. In other words, the MCU 700 shown in FIG. 17
1s based on the use of one universal low-delay window only.

An embodiment of a mixer 600 as well as an embodiment
of a conferencing system 700 i1s therefore suitable to be
applied 1n the framework of embodiments of the present
invention 1n the form of an analysis filterbank, a synthesis
filterbank and the other related embodiments. To be more
precise, a technical application of an embodiment of a low-
delay codec with only one window allows a mixing in the
frequency-domain. For 1nstance, 1n (tele-) conferencing sce-
narios with more than two participants or sources, 1t might
often be desirable to recerve several codec signals, mix them
up to one signal and further transmit the resulting encoded
signal. By employing an embodiment of the present invention
on the encoder and the decoder side, 1n some embodiments of
a conferencing system 700 and the mixer 600, the implemen-
tational method can be reduced compared to a straightior-
ward manner of decoding the incoming signals, mixing the
decoded signals in the time-domain and re-encoding the
mixed signal again into the frequency-domain.

The implementation of such a straightforward mixer 1n the
form of a MCU 1s shown 1n FIG. 18 as a conferencing system
750. The conferencing system 750 also comprises a com-
bined module 760 for each of the incoming bit streams oper-
ating 1n the frequency domain and capable of entropy decod-
ing and dequantization of the incoming bit streams. However,
in the conferencing system 750 shown 1n FIG. 18, the mod-
ules 760 are coupled to the IMDCT converter 770 each, of
which one 1s operating in the sine window mode of operation,
whereas the other one 1s currently operating in the low-over-
lap window mode of operation. In other words, the two
IMDCT converters 770 transform the mncoming bit streams
from the frequency-domain into the time-domain, which 1s
necessary in the case of a conferencing system 750 as the
incoming bit streams are based on an encoder, which uses
both, the sine window and the low-overlap window, depend-
ing on the audio signal to encode the respective signals.

The conferencing system 750 furthermore comprises a
mixer 780, which mixes 1n the time-domain the two incoming,
signals from the two IMDCT converters 770 and provides a

10

15

20

25

30

35

40

45

50

55

60

65

40

mixed time-domain signal to a MDCT converter 790, which
transters the signal from the time-domain 1nto the frequency-
domain.

The mixed signal 1n the frequency domain as provided by
the MDCT 790 1s then provided to a combined module 795,
which 1s then capable of quantizing an entropy encoding the
signal to form the outgoing bit stream.

However, the approach according to the conferencing sys-
tem 750 has two disadvantages. Due to the complete decod-
ing and encoding done by the two IMDC'T converters 770 and
the MDCT 790, the high computational cost 1s to be paid by
implementing the conferencing system 750. Moreover, due to
the introduction of the decoding and encoding, an additional
delay 1s mtroduced which can be high under certain circum-
stances.

By employing on the decoder and encoder sites, embodi-
ments of the represent invention, or to be more precise, by
implementing the new low-delay window, these disadvan-
tages can be overcome or eliminated depending on the con-
crete implementation in the case of some embodiments. This
1s achieved by doing the mixing in the frequency domain as
explained 1n the context of the conferencing system 700 1n
FIG. 17. As a consequence, the embodiment of a conferenc-
ing system 700 as shown 1n FIG. 17 does not comprise trans-
torms and/or filterbanks which have to be implemented in the
framework of the conferencing system 730 for decoding an
encoding the signals 1n order to transtorm the signals from the
frequency domain 1nto the time-domain and back again. In
other words, the bit stream mixing 1n the case of different
window shapes results 1n additional cost of one additional
block of delay due to the MDCT/IMDCT converter 770, 790.

As consequence, 1n some embodiments of the mixer 600
and 1n some embodiments of the conferencing system 700 as
additional advantages, lower computational costs and a limi-
tation with respect to additional delay can be implemented,
such that 1n some cases even no additional delay might be
achievable.

FIG. 19 shows an embodiment of an efficient implementa-
tion of a low-delay filterbank. To be more precise, before
discussing the computational complexity and turther appli-
cation related aspects, in the framework of FIG. 19, an
embodiment of a synthesis filterbank 800 will be described 1n
more detail, which can for instance be implemented i1n an
embodiment of a decoder. The embodiment of a low-delay
analysis filterbank 800, hence, symbolizes a reverse of an
embodiment of a synthesis filterbank or an encoder.

The synthesis filterbank 800 comprises an inverse type-1v
discrete cosine transform frequency/time converter 810,
which 1s capable of providing a plurality of output frames to
a combined module 820 comprising a windower and an over-
lap/adder. To be more precise, the time/frequency 810 1s an
iverse type-1v discrete cosine transform converter, which 1s
provided with an mput frame comprising M ordered input
valuesy,(0), ...,y (M-1), wherein M 1s once again a positive
integer and wherein k 1s an integer indicating a frame index.
The time/frequency converter 810 provides 2M ordered out-
put samples x,(0), . . ., X,(2M-1) based on the input values
and provides these output samples to the module 820 which 1n
turn comprises the windower and the overlap/adder men-
tioned before.

The windower of the module 820 1s capable of generating
a plurality of windowed frames, wherein each of the win-
dowed frames comprises a plurality of windowed samples
7.(0), ..., z(2ZM-1) based on the equation or expression

Zi{(n)=w(n)-x;(n}

forn=0, ..., 2M-1,
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wherein n 1s once again an integer indicating a sample imndex
and w(n) 1s a real-valued window function coellicient corre-
sponding to the sample index n. The overlap/adder also com-
prised 1n the module 820, provides or generates than 1n the
intermediate frame comprising a plurality of intermediate

samples M, (0), ... M, (M-1) based on the equation or expres-
5101

m(n)=z,(n)+z, ; (n+M)

forn=0, ..., M-1.

The embodiment of the synthesis filterbank 800 further
comprises a lifter 850, which produces an added frame com-
prising a plurality of added samples out, (0), . . ., out,(im-1)
based on the equation or expression

out,.(n)=m,(n)+l{n-M/2)m,;_;(M-1-n)
forn=M/2, ..., M-1,

and

out,(n)=m,(n)+l(M-1-n)-out, (M-1-n)

forn=0, ..., M/2-1,

wherein I(M-1'n), . . . , I(M-1) are real-valued lifting coetfi-
cients. In FIG. 19, the embodiment of the computationally
cificient implementation of a low-delay filterbank 800 com-
prises 1n the framework of the lifter 830, a plurality of com-
bined delayers and multipliers 840 as well as a plurality of
adders 850 to carry out the aforementioned calculations 1n the
framework of the lifter 830.

Depending on the concrete implementation of an embodi-
ment of a synthesis filterbank 800, the window coellicients or
window function coellicients w(n) obey the relations given in
table 5 of the annex in the case of an embodiment with M=512
input values per input frame. Table 9 of the annex comprise a
set of relations, which the windowing coellicients w(n) obey,
in the case of M=480 mput values per input frame. Moreover,
tables 6 and 10 comprise relations for the lifting coetlicients
1(n) for embodiments with M=512 and M=480, respectively.

However, 1n some embodiments of a synthesis filterbank
800, the window coellicients w(n) comprise the values given
in table 7 and 11, for embodiments with M=512 and M=480
input values per input frame, respectively. Accordingly, tables
8 and 12 1n the annex comprise the values for the lifting
coellicient 1(n) for embodiments with M=512 and M=480
input samples per input frame, respectively.

In other words, an embodiment of a low-delay filterbank
800 can be implemented as sufficiently as a regular MDCT
converter. The general structure of such an embodiment is
illustrated 1 FIG. 19. The inverse DCT-1V and the inverse
windowing-overlap/add are performed in the same way as the
traditional windows, however, employing the aforemen-
tioned windowing coetficients, depending on the concrete
implementation of the embodiment. As 1n the case of the
windowing coellicients 1n the framework of the embodiment
of the synthesis filterbank 200, also 1n this case M/4 window
coelficients are zero-valued windowed coetficients, which
thus do not, m principle, mvolve any operation. For the
extended overlap 1nto the past, only M additional multiplier-
add operations are required, as can be seen 1n the framework
of the lifter 830. These additional operations are sometimes
also referred to as “zero-delay matrices”. Sometimes these
operations are also known as “lifting steps™.

The efficient implementation shown 1 FIG. 19 may under
some circumstances be more efficient as a straightforward
implementation of a synthesis filterbank 200. To be more
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precise, depending on the concrete implementation, such a
more ellicient implementation might result in saving M
operations, as 1n the case of a straightforward implementation
for M operations, 1t might be advisable to implement, as the
implementation shown in FIG. 19, requires 1n principle, 2M
operations 1n the framework of the module 820 and M opera-
tions 1n the framework of the lifter 830.

In terms of an assessment concerming the complexity of an
embodiment of a low-delay filterbank, especially in terms of
the computational complexity, FIG. 20 comprises a table
which illustrates the arithmetic complexity of an embodiment
ol an implementation of an embodiment of a synthesis filter-
bank 800 according to FIG. 19 in the case of M=512 mput
values per input frame. To be more precise, the table 1n FIG.
20 comprises an estimate of the resulting overall number of
operations 1n the case of an (modified) IMDCT converter
along with a windowing 1n the case of a low-delay window
function. The overall number of operations 1s 9600.

In comparison, FIG. 21 comprises a table of the arithmetic
complexity of IMDCT along with the complexity required for
windowing based on the sine window for a parameter M=512,
which gives the total number of operations for the codec such
as the AAC LD codec. To be more precise, the arithmetic
complexity of this IMDCT converter along with the window-
ing for the sine window 1s 9216 operations, which is of the
same order of magnitude as the resulting overall number of
operations in the case of the embodiment of the synthesis
filterbank 800 shown in FIG. 19.

As a turther comparison, FIG. 22 comprises a table for an
AAC LC codec, which 1s also known as the advance audio
codec with low complexity. The arithmetic complexity of this
IMDCT converter, including the operations for windowing
overlap for the AAC LC (M=1024) 1s 19968.

A comparison of these figures show that 1n summary, the
complexity of the core coder comprising an embodiment of
an enhanced low-delay filterbank 1s essentially comparable to
that ol a core coder, using a regular MDCT-IMDCT filter-
bank. Moreover, the number of operations 1s roughly speak-
ing half the number of operations of an AAC LC codec.

FIG. 23 comprises two tables, wherein FIG. 23a comprises
a comparison of the memory requirements of different
codecs, whereas FI1G. 23b comprises the same estimate with
respect to the ROM requirement. To be more precise, the
tables 1n both FIGS. 23a and 23b each comprise for the
aforementioned codecs AAC LD, AAC ELD and AAC L
information concerning the frame length, the working butifer
and concerning the state butler in terms of the RAM-require-
ment (FIG. 23a) and information concerning the frame
length, the number of window coetlicients and the sum, 1n
terms of the ROM-memory requirements (FIG. 23b). As pre-
viously mentioned in the tables 1n FIGS. 23a and 23b, the
abbreviation AAC, ELD refer to an embodiment of a synthe-
s1s filterbank, analysis filterbank, encoder, decoder or a later
embodiment. To summarize, compared to the IMDCT with
sine window, the described efficient implementation accord-
ing to FIG. 19 of an embodiment of the low-delay filterbank
requires an additional state memory of length M and M addi-
tional coetlicients, the lifting coetficients 1(0), . . . , I(M-1).
Thus as a frame length of the AAC LD 1s half the frame length

of the AAC LC, the resulting memory requirement is in the
range of that of the AAC LC.

In terms of the memory requirements, the tables shown 1n
FIGS. 23a and 23b, hence, compare the RAM and ROM
requirements for the three aforementioned codecs. It can be
seen that the memory increase for the low-delay filterbank 1s
only moderate. The overall memory requirement 1s still much
lower compared to an AAC LC codec or implementation.
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FI1G. 24 comprises a list of used codecs fora MUSHRA test
used 1n the framework of a performance assessment. In the
table shown in FIG. 24, the abbreviation AOT stands for
Audio Object Type, wherein the entry “X” stands for the
audio object tape ER AAC ELD which can also be set to 39.
In other words, the AOT, X or AOT 39 identifies an embodi-
ment of a synthesis filterbank or an analysis filterbank. The
abbreviation AOT stands in this context for “audio object
type”.

Inthe framework of a MUSHR A test, the influence ol using
an embodiment of the low-delay filterbank on top of the
previously described coder was tested by carrying out a lis-
tening test for all the combinations 1n the list. To be more
precise, the result of these tests enable the following conclu-
sions. The AAC ELD decoder at 32 kbit/s per channel, per-
forms significantly better than the original AAC L decoder at
32 kb/s. Moreover, the AAC ELD decoder at 32 kb/s per
channel performs statistically indistinguishable from the
original AAC LD decoder at 48 kb/s per channel. As a check
point coder, binding AAC LD and the low-delay filterbank
performs statistically indistinguishable from an original AAC
LD coder both running at 48 kb/s. This confirms the appro-
priateness ol a low-delay filterbank.

Thus, the overall coder performance remains comparable,
while a significant saving in codec delay 1s achieved. More-
over, 1t was possible to retain the coder pressure performance.

As previously explained, promising application scenarios
or applications of embodiments of the present invention, such
as an embodiment of an AAC ELD codec are high fidelity
video-teleconferencing and voice over IP applications of the
next generation. This includes the transmission of arbitrary
audio signals, such as speech or music, or in the context of a
multimedia presentation, at high quality levels and competi-
tive bitrates. The low algorithmic delay of an embodiment of
the present invention (AAC ELD) makes this codec an excel-
lent choice for all kinds of communication and applications.

Moreover, the present document has described the con-
struction of an enhanced AAC ELD decoder which may
optionally be combined with a spectral band replication
(SBR) tool. In order to constrain the associated increase 1n
delay, minor modifications in terms of a real, live implemen-
tation may become necessary 1n the SBR tool and the core
coder modules. The performance of the resulting enhanced
low-delay audio decoding based on the alforementioned tech-
nology 1s significantly increased, compared to what 1s cur-
rently delivered by the MPEG-4 audio standard. Complexity
of the core coding scheme remains, however, essentially 1den-
tical. Moreover, embodiments of the present invention com-
prise an analysis filterbank or synthesis filterbank including a
low-delay analysis window or a low-delay synthesis filter.
Moreover, an embodiment of a method of analyzing a signal
or synthesizing a signal having a low-delay analysis filtering
step or alow-delay synthesis filtering step. Embodiments of a
low-delay analysis filter or low-delay synthesis filter are also
described. Moreover, computer programs having a program
code for implementing one of the above methods when run-
ning on a computer are disclosed. An embodiment of the
present invention comprises also an encoder having a low
delay analysis filter, or decoder having a low delay synthesis
filter, or one of the corresponding methods.

Depending on certain implementation requirements of the
embodiments of the inventive methods, embodiments of the
inventive methods can be implemented 1n hardware, or 1n
soltware. The implementation can be performed using a digi-
tal storage medium, 1n particular, a disc a CD, or a DVD
having electronically readable control signals stored thereon,
which cooperate with the programmable computer or a pro-
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cessor such that an embodiment of the inventive methods 1s
performed. Generally, an embodiment of the present inven-
tion 1s, therefore, a computer program product with program
code stored on a machine-readable carrier, the program code
being operative for performing an embodiment of the inven-
tive methods when the computer program product runs on the
computer or processor. In other words, embodiments of the
inventive methods are therefore, a computer program having
a program code for performing at least one of the embodi-
ments of the imventive methods, when the computer program
runs of the computer or processor. In this context, processors
comprise CPUs (Central Processing Unit), ASICs (Applica-
tion Specific Integrated Circuits) or further integrated circuits
(1C).

While the foregoing has particularly been shown and
described with reference to particular embodiments thereof,
it will be understood by those skilled 1n the art that various
other changes in the form and details may be made without
departing from the spirit and scope thereof. It 1s to be under-
stood that various changes may be made 1in adapting to dif-
terent embodiments without departing from the broader con-
cept disclosed herein, and comprehended by the claims that
follow.

TABL.

(Ll

1

(window coeflicients w(n); N = 960)

< 0.001
< 0.001
< 0.001
< 0.001
< (0.001
< 0.001
< (0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
=< (0.001
< 0.001
=< (0.001
< 0.001
< 0.001
< 0.001
|I'= 0.001
|I'= 0.001
]I'= 0.001
1l = 0.001
< 0.001
|I'= 0.001
|I'= 0.001
|I'= 0.001
|I'= 0.001
1l = 0.001
< 0.001
1l = 0.001
|I'= 0.001
1l = 0.001
< 0.001
]I'= 0.001
1l = 0.001
|I'= 0.001
1l = 0.001
|I'= 0.001
|I'= 0.001
|I'= 0.001
|I'= 0.001
1l = 0.001
< 0.001
|I'= 0.001
]I'= 0.001
|I'= 0.001
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TABLE 1-continued

(window coellicients w(n); N = 960)

4811 = 0.001
4911 = 0.001
50]1 = 0.001
5171 = 0.001
5211 = 0.001
53] = 0.001
5411 = 0.001
55]1 = 0.001
56]1 = 0.001
57]1 = 0.001
58] = 0.001
5911 = 0.001
60]] = 0.001
61]] = 0.001
62]] = 0.001
63]] = 0.001
6411 = 0.001
65]1 = 0.001
66]] = 0.001
67]1 = 0.001
68]] = 0.001
69]] = 0.001
70]1 = 0.001
71]1 = 0.001
72]1 = 0.001
73] = 0.001
7411 = 0.001
75]1 = 0.001
76]1 = 0.001
77]1 = 0.001
78] = 0.001
7911 = 0.001
8011 = 0.001
81]] = 0.001
8211 = 0.001
83]1 = 0.001
84]] = 0.001
85]1 = 0.001
86]1 = 0.001
8711 = 0.001
88| = 0.001
8911 = 0.001
9011 = 0.001
91]1 = 0.001
9211 = 0.001
93]1 = 0.001
94]| = 0.001
95]1 = 0.001
96]1 = 0.001
9711 = 0.001
9811 = 0.001
9911 = 0.001
100]1 = 0.001
[101]1 = 0.001
(102]1 = 0.001
103]1 = 0.001
10411 = 0.001
105]] = 0.001
106]1 = 0.001
107]1 = 0.001
[10%8]1 = 0.001
< (0.001
< (0.001
< (0.001
< 0.001
< 0.001
< 0.001
< 0.001
< (0.001
| < (0.001
118]1 = 0.001
[119]1 = 0.001
0.000 = w[120] = 0.002
0.003 =w([121] = 0.005
0.006 = w[122] = 0.008
0.010 =w([123] = 0.012

0.014 < w[124] < 0.016
0.018 < w[125] = 0.020
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TABLE 1-continued

0.022 < w[l
0.027 < w[l
0.031 < W[l
0.035 = w[l
0.040 < W[l
0.044 < W[l
0.049 < w[

0.053 =w
0.057 =w
0.062 =w

0.066 < W[l
0.070 < W[l
0.074 < w[l
0.079 < w[l
0.083 = W[l
0.087 < w[l
0.091 = W[l
0.096 < w[

0.100 = w
0.104 = w
0.108 = w

0.113 = w[1

o O O O O O OO0 OO O OO0 oo OO

0.385 =w
0.390 = w

0.396 = w
0401 = w

117 = wl!
121 = w[l
126 = w[l
130 = w[l
135 = w[l
139 = w[l
144 = wl
149 = w[l
153 = w[l
158 = w[l
163 = w[l
168 = W[l
173 = w[l
178 = w[l
183 = wl
188 = wl
193 = w[l
0.198 = w[l
0.203 = w[l
0.208 = w[l
0.213 = w[l
0.218 = w[l
0.223 = w[l
0.229 = w[l
0.234 = w[l
0.239 = w[l
0.244 = w[l
0.249 = w[1
0.255 = w1l
0.260 = w[1l
0.265 = w[l
0.271 = w[l
0.276 = w[l
0.282 = w1l
0.287 = w1l
0.293 = w[l
0.298 = w1l
0.303 = w[l
0.309 = w[1l
0.314 = w1l
0.320 = w[1
0.325 = w1l
0.331 = w[l
0.336 = w[l
0.342 = w1l
0.347 = w[l
0.352 = w[l
0.358 = w1l
0.363 = w[l
0.369 = w[l
0.374 = w1l
0.379 = w|!
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26
27
28
29
30
31
132
133
134
135
136
37
38
39°
40
41
42
143
144
145
146
147
148’

149
50
51
152
53
54
55
156
157
158
159
60
61
162
163
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
RO’
81
82
83
R4
83
R6
R7
RS
RO
00
o1
92
03"
04
05
06
97
08’
199
200
201
202

203

(window coeflicients w(n); N = 960)

= 0.024
< (0.029
=< 0.033
< 0.037
< 0.042
< 0.046
< (0.051
< 0.055
< (0.059
< 0.064
< (0.06%
< 0.072
< 0.076
< (0.081
< 0.085
< (0.089
< (0.093
< (0,098
< (0.102
< 0.106
< (0.110
< 0.115
< (0.119
< (0.123
< 0.128%
< ().132
< (0.137
< (0.141
< 0.146
< (0.151
< (0.155
< (0.160
< 0.165
< 0.170
< 0.175
< (0.180
< (0.185
< (J.190
< (0.195
< (0.200
< (0.205
< (0.210
< 0.215
< (0,220
< 0.225
< (0.231
< (0.236
< (0.241
< (0.246
< (0.251
< 0.257
< (0.262
< 0.267
< 0.273
< 0.27%
< 0.284
< (0.289
< (0.295
< (0.300
< 0.305
< 0.311
< 0.316
< (0.322
< 0.327
< 0.333
< (0.33%
< (0.344
< (0.349
< 0.354
< 0.360
< 0.365
< 0.371
< 0.376
< (0.381
< 0.387
< (0.392

< 0.398%
< 0.403




TABLE 1-continued

0406 =w
0412 =w
0417 =w
0422 =w
0427 =w
0433 =w
0438 = w
0443 = w
0448 < w
0453 =w
0459 = w

0.464 < w[21
0.469 = w[2’
0.474 < w[21
0.479 < w[
0.484 < w[
0.489 < w[
0.494 < w[
0.499 < w[
0.504 < w[
0.509 < w[
0.514 < w[
0.519 < w[
0.524 < w[
0.528 < w[
0.533 < w[
0.538 < w[
0.543 < w[
0.547 < w[
0.552 < w[
0.557 < w[
0.561 < w[
0.566 < w[
0.571 < w[
0.575 < w[
0.580 < w[
0.586 < w[
0.591 < w[
0.595 < w[
0.600 < w[
0.604 < w[
0.609 < w[
0.613 < w[
0.617 < w[
0.622 < w[
0.626 < W[
0.630 < w[
0.635 < w[
0.639 < w[
0.643 < w[
0.647 < w[
0.652 < W[
0.656 < W[
0.660 < w[
0.664 < w[
0.668 < W[
0.672 < w[
0.676 < W[
0.680 < w[
0.684 < w[
0.688 < W[
0.692 < w[
0.696 < W[
0.700 < w[
0.704 < w[
0.708 < w[
0.712 < w[
0.715 < w[
0.719 < w[
0.723 < w[
0.727 < w[
0.730 < w[
0.734 < w[
0.738 < w[
0.741 < w[
0.745 < w[

0.748 = w|

0.752 =w
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204
205
206
207
208
209
210
211
212
213
214

(window coellicients w(n); N = 960)

= 0.408
< 0.414
= 0.419
< 0.424
< 0.429
< 0.435
< (0.440
< (0.445
< 0.450
< 0.455
< 0.461

1= 0.466

< 0.471
< 0.476
< (0.4%81

] = 0.486
] = 0.491
] = 0.496
] = 0.501
] = 0.506
]=0.511
] = 0.516
]| = 0.521
] = 0.526
] = 0.530
] = 0.535
] = 0.540
] = 0.545
] = 0.549
] = 0.554
] = 0.559
] = 0.563
] = 0.568
| = 0.573
| = 0.577
] = 0.582
] = 0.588
] = 0.593
] = 0.597
] = 0.602
] = 0.606
| = 0.611
| = 0.615
| = 0.619
] = 0.624
] = 0.628
] = 0.632
] = 0.637
| = 0.641
] = 0.645
] = 0.649
] = 0.654
] = 0.658
] = 0.662
] = 0.666
] = 0.670
]=0.674
| = 0.67%
] = 0.682
] = 0.686
] = 0.690
] = 0.694
] = 0.698
] = 0.702
] = 0.706
| = 0.710
| = 0.714
| = 0.717
| = 0.721
] = 0.725
| = 0.729
]=0.732
] = 0.736
] = 0.740
] = 0.743
| = 0.747

] < 0.750
] < 0.754
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TABLE 1-continued

0.756 =w
0.759 = w
0.762 =w
0.760 = w
0.769 = w
0.7/73 =w
0.7/76 =w
0.779 = w
0.783 = w
0.780 = w
0.789 = w
0.792 =w
0.796 = w
0.799 = w
0.802 = w
0.805 = w
0.808 = w
0.811 =w
0.814 =w
0.817 =w
0.820 = w
0.823 =w
0.820 =w
0.829 = w
0.831 =w
0.834 = w
0.837 =w
0.840 = w
0.842 = w

0.845 < w[3’
0.848 < w[3’
0.850 = w[31
0.853 = w[31
0.855 = w[31
0.858 < w[31
0.860 =< w[31
0.863 < W[
0.865 < w[
0.867 < W[
0.870 < w[
0.872 < w[
0.874 < w[
0.876 < W[
0.878 < w[
0.881 < w[
0.883 < w[
0.885 < w[
0.887 < w[
0.889 < w[
0.891 = w[
0.893 < w[
0.895 < w[
0.896 < W[
0.898 < w[
0.900 < w[
0.902 < w[
0.904 < w[
0.906 < W[
0.907 < w[
0.909 < w[
0.911 = w[
0.912 < w[
0.914 < w[
0.916 < w[
0.918 < w[
0.919 < w[
0.921 < w[
0.923 < w[

0924 =w
0920 =w
0928 = w
0.929 =w
093] =w
0932 =w
0.934 = w
0935 =w

0936 =w

0.937 < w[

48

282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300°
301
302
303
304
305
306
307
308
309
310

Imlwlwlwlwlwlwlwl
le:lh-‘.lllcjhﬁlull-bilt)‘)llt\-}llb_ﬁl

(window coeflicients w(n); N = 960)

< 0.75%
= (0.761
< 0.764
< 0.768
= 0.771
< 0.775
< 0.778
< 0.78%1
< 0.785
< 0.78%
= (0.791
< 0.794
= (0.79%
< (0.801
< 0.804
= 0.807
< 0.810
= 0.813
< 0.816
= 0.819
< 0.822
= 0.825
< ().828
< 0.831
< 0.833
< 0.836
= 0.839
< 0.842
=< (0.844
< 0.847
= 0.850
< 0.852
= 0.855
< (0.857
< 0.860
< (0.862
< 0.865
= 0.867

] = 0.869
] = 0.872
] = 0.874
] = 0.876
] = 0.878
] = 0.880
] = 0.883
] = 0.885
| = 0.887
] = 0.889
| = 0.891
] = 0.893
] = 0.895
] = 0.897
] = 0.898
] = 0.900
] = 0.902
] = 0.904
] = 0.906
| = 0.908
] = 0.909
| = 0911
| = 0.91
| = 0.91
| = 0.91
| = 0.91
] = 0.920
] = 0.921
] = 0.923
] = 0.925
| = 0.926
] = 0.928
| = 0.930
] = 0.931
] = 0.933
] = 0.934
] = 0.936
] = 0.937

] < 0.938
] < 0.939

o0 O P L
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TABLE 1-continued TABLE 1-continued

(window coellicients w(n); N = 960) (window coeflicients w(n); N = 960)

0.938 < W[360] = 0.940 0.975 < w[438] = 0.977
0.938 s w[361] s 0.940 5 0.975 s w[439] s 0.977
0.938 < W[362] = 0.940 0.976 < w[440] = 0.978
0.939 = W[363] = 0.941 0.976 < w[441] = 0.978
0.939 < W[364] < 0.941 0.977 < w[442] = 0.979
0.940 s W[365] s 0.942 0.977 s w[443] = 0.979
0.940 = W[366] s 0.942 0.978 = w[444] = 0.980
0.940 s W[367] s 0.942 10 0.979 = w[445] = 0.981
0.941 = W[368] s 0.943 0.979 = w[446] = 0.981
0.941 = W[369] s 0.943 0.980 = w[447] s 0.982
0.942 s w[370] s 0.944 0.980 = w[448] s 0.982
0.942 < w[371] = 0.944 0.981 = W[449] = 0.983
0.942 s w[372] s 0.944 0.981 = w[450] = 0.983
0.943 < W[373] = 0.945 s 0.982 < w[451] = 0.984
0.943 < w[374] s 0.945 0.983 = w[452] = 0.985
0.944 < W[375] s 0.946 0.983 = w[453] = 0.985
0.944 < W[376] s 0.946 0.984 = w[454] = 0.986
0.945 < W[377] = 0.947 0.984 < w[455] = 0.986
0.945 < W[378] s 0.947 0.985 < W[456] = 0.987
0.945 < W[379] s 0.947 0.985 < w[457] = 0.987
0.946 = w[380] = 0.948 20 0.986 = w[458] = 0.988
0.946 < w[381] s 0.948 0.987 < w[459] = 0.989
0.947 < W[382] = 0.949 0.987 < W[460] = 0.989
0.947 < w[383] s 0.949 0.988 < w[461] = 0.990
0.948 < W[384] = 0.950 0.988 < W[462] = 0.990
0.948 < w[385] s 0.950 0.989 = w[463] = 0.991
0.948 < W[386] = 0.950 25 0.990 = w[464] = 0.992
0.949 < W[387] = 0.951 0.990 = W[465] s 0.992
0.949 < W[388] = 0.951 0.991 = W[466] < 0.993
0.950 = w[389] = 0.952 0.991 = W[467] = 0.993
0.950 = w[390] s 0.952 0.992 = w[468] = 0.994
0.951 = w[391] s 0.953 0.992 = w[469] = 0.994
0.951 = w[392] = 0.953 30 0.993 = W[470] = 0.995
0.952 < w[393] = 0.954 0.994 < w[471] = 0.996
0.952 < w[394] s 0.954 0.994 < w[472] = 0.996
0.952 < w[395] = 0.954 0.995 < w[473] = 0.997
0.953 = W[396] s 0.955 0.995 < w[474] = 0.997
0.953 < w[397] = 0.955 0.996 < W[475] = 0.998
0.954 < w[398] s 0.956 15 0.997 s w[476] s 0.999
0.954 < w[399] = 0.956 0.997 < w[477] = 0.999
0.955 s w[400] s 0.957 0.998 < w[478] s 1.000
0.955 < w[401] s 0.957 0.998 = w[479] = 1.000
0.956 < w[402] s 0.958 1.000 < w[480] = 1.002
0.956 < w[403] = 0.958 1.000 < w[481] = 1.002
0.957 < w[404] s 0.959 1.001 = w[482] = 1.003
0.957 = w[405] = 0.959 40 1.001 = w[483] = 1.003
0.958 < W[406] = 0.960 1.002 < w[484] = 1.004
0.958 < w[407] s 0.960 1.003 = w[485] = 1.005
0.959 < w[408] = 0.961 1.003 < w[486] = 1.005
0.959 = w[409] = 0.961 1.004 < w[487] = 1.006
0.960 < w[410] = 0.962 1.004 < w[488] = 1.006
0.960 s w[411] s 0.962 45 1.005 < w[489] = 1.007
0.961 < w[412] = 0.963 1.006 < w[490] = 1.008
0.961 = w[413] s 0.963 1.006 < w[491] = 1.008
0.962 < w[414] s 0.964 1.007 < w[492] = 1.009
0.962 < w[415] s 0.964 1.007 < w[493] = 1.009
0.963 < w[416] s 0.965 1.008 < w[494] = 1.010
0.963 < w[417] = 0.965 50 1.009 < w[495] < 1.011
0.964 < w[418] s 0.966 1.009 < w[496] = 1.011
0.964 < w[419] = 0.966 1.010 = w[497] = 1.012
0.965 s w[420] s 0.967 1.010 = w[498] = 1.012
0.965 < w[421] = 0.967 1.011 = w[499] = 1.013
0.966 s w[422] s 0.968 1.012 = w[500] = 1.014
0.966 < w[423] = 0.968 55 1.012 < w[501] = 1.014
0.967 < w[424] s 0.969 1.013 = w[502] = 1.015
0.967 < w[425] = 0.969 1.013 = w[503] = 1.015
0.968 < W[426] s 0.970 1.014 < w[504] = 1.016
0.969 = w[427] < 0.971 1.015 = w[505] = 1.017
0.969 < w[428] = 0.971 1.015 < w[506] = 1.017
0.970 = w[429] s 0.972 1.016 = w[507] = 1.018
0.970 = w[430] = 0.972 o0 1.016 = w[508] = 1.018
0.971 s w[431] s 0.973 1.017 = w[509] = 1.019
0.971 = w[432] = 0.973 1.018 < w[510] = 1.020
0.972 s w[433] s 0.974 1.018 s w[511] = 1.020
0.972 < w[434] = 0.974 1.019 < w[512] = 1.021
0.973 s w[435] s 0.975 1.019 s w[513] = 1.021
0.973 = w[436] = 0.975 65 1.020 = w[514] = 1.022
0.974 < w[437] s 0.976 1.021 = w[515] = 1.023
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TABLE 1-continued TABLE 1-continued

(window coellicients w(n); N = 960) (window coeflicients w(n); N = 960)

1.021 = w[516] = 1.023 1.062 < w[594] = 1.064
1.022 = w[517] = 1.024 5 1.063 = w[595] = 1.065
1.022 = w[518] = 1.024 1.063 = w[596] = 1.065
1.023 = w[519] = 1.025 1.063 = w[597] = 1.065
1.023 = w[520] = 1.025 1.064 < w[598] = 1.066
1.024 = w[521] = 1.026 1.064 < w[599] = 1.066
1.025 = w[522] = 1.027 1.064 < w[600] = 1.066
1.025 = w[523] = 1.027 10 1.064 < w[601] = 1.066
1.026 = w[524] = 1.028 1.064 < w[602] = 1.066
1.026 = w[525] = 1.028 1.063 = w[603] = 1.065
1.027 = w[526] = 1.029 1.063 = w[604] = 1.065
1.028 = w[527] = 1.030 1.062 < w[605] = 1.064
1.028 = w[528] = 1.030 1.061 = w[606] = 1.063
1.029 = w[529] = 1.031 s 1.061 = w[607] = 1.063
1.029 = w[530] = 1.031 1.060 < w[608] = 1.062
1.030 = w[531] = 1.032 1.059 < w[609] = 1.061
1.030 = w[532] = 1.032 1.059 < w[610] = 1.061
1.031 = w[533] = 1.033 1.058 < w[611] = 1.060
1.032 = w[534] = 1.034 1.057 = w[612] = 1.059
1.032 = w[535] = 1.034 1.057 = w[613] = 1.059
1.033 = w[536] = 1.035 20 1.056 = w[614] = 1.058
1.033 = w[537] = 1.035 1.055 = w[615] = 1.057
1.034 = w[538] = 1.036 1.054 < w[616] = 1.056
1.034 = w[539] = 1.036 1.054 = w[617] = 1.056
1.035 = w[540] = 1.037 1.053 = w[618] = 1.055
1.036 = w[541] = 1.038 1.052 = w[619] = 1.054
1.036 = w[542] < 1.038 25 1.051 = w[620] =< 1.053
1.037 = w[543] = 1.039 1.050 < w[621] = 1.052
1.037 = w[544] = 1.039 1.049 < w[622] = 1.051
1.038 = w[545] = 1.040 1.048 < w[623] = 1.050
1.038 = w[546] = 1.040 1.048 < w[624] = 1.050
1.039 = w[547] = 1.041 1.047 < w[625] = 1.049
1.039 = w[548] = 1.041 30 1.046 < w[626] = 1.048
1.040 = w[549] = 1.042 1.045 < w[627] = 1.047
1.040 = w[550] = 1.042 1.044 < w[628] = 1.046
1.041 = w[551] = 1.043 1.043 = w[629] = 1.045
1.042 = w[552] = 1.044 1.042 < w[630] = 1.044
1.042 = w[553] = 1.044 1.041 = w[631] = 1.043
1.043 = w[554] s 1.045 15 1.040 < w[632] = 1.042
1.043 = w[555] = 1.045 1.039 < w[633] = 1.041
1.044 = w[556] = 1.046 1.038 = w[634] = 1.040
1.044 = w[557] = 1.046 1.037 = w[635] = 1.039
1.045 = w[558] = 1.047 1.036 < w[636] = 1.038
1.045 = w[559] = 1.047 1.035 = w[637] = 1.037
1.046 = w[560] = 1.048 1.033 = w[638] = 1.035
1.046 = w[561] = 1.048 40 1.032 = w[639] = 1.034
1.047 = w[562] = 1.049 1.031 = w[640] = 1.033
1.047 = w[563] = 1.049 1.029 < w[641] = 1.031
1.048 = w[564] < 1.050 1.028 < w[642] = 1.030
1.048 = w[565] = 1.050 1.026 < w[643] = 1.028
1.049 = w[566] < 1.051 1.025 < w[644] = 1.027
1.049 = w[567] = 1.051 45 1.023 = w[645] s 1.025
1.050 = w[568] = 1.052 1.022 < w[646] = 1.024
1.050 = w[569] = 1.052 1.020 < w[647] = 1.022
1.051 = w[570] = 1.053 1.019 < w[648] = 1.021
1.051 = w[571] = 1.053 017 s w[649] s 1.019
1.052 = w[572] = 1.054 1.016 = w[650] = 1.018
1.052 = w[573] = 1.054 50 1.014 < w[651] = 1.016
1.053 = w[574] = 1.055 1.013 = w[652] = 1.015
1.053 = w[575] = 1.055 011 = w[653] = 1.013
1.054 = w[576] = 1.056 009 = w[654] = 1.011
1.054 = w[577] = 1.056 008 = w[655] = 1.010
1.055 = w[578] = 1.057 006 = W[656] = 1.008
1.055 = w[579] = 1.057 55 004 = w[657] = 1.006
1.056 = w[580] = 1.058 1.003 = w[658] = 1.005
1.056 = w[581] = 1.058 1.001 = w[659] = 1.003
1.057 = w[582] = 1.059 0.999 = wW[660] s 1.001
1.057 = w[583] = 1.059 0.997 < w[661] = 0.999
1.058 = w[584] = 1.060 0.995 < W[662] = 0.997
1.058 = w[585] = 1.060 0.993 = W[663] = 0.995
1.058 < W[586] = 1.060 o0 0.991 = w[664] < 0.993
1.059 = w[587] = 1.061 0.989 = W[665] = 0.991
1.059 = w[588] = 1.061 0.987 < W[666] = 0.989
1.060 = w[589] = 1.062 0.985 s W[667] s 0.987
1.060 = w[590] = 1.062 0.983 = W[668] = 0.985
1.061 = w[591] = 1.063 0.981 = w[669] = 0.983
1.061 = w[592] = 1.063 65 0.979 = w[670] = 0.981
1.062 = w[593] = 1.064 0.977 s w[671] = 0.979




TABLE 1-continued

0974 =w
0972 =w
0.970 =w
0.968 = w
0.966 =w
0.964 =< w
0962 =w
0.959 = w
0957 =w
0955 =w
0952 =w
0.950 = w
0.948 = w
0.945 = w
0943 = w
0.940 = w
0938 = w
0935 =w
0933 =w
0.930 =w
0928 = w
0925 =w
0923 =w
0921 =w
0918 =w
0916w
0913w
0910 = w
0.908 = w
0905 =w
0.902 =w
0.900 = w
0.897 =w
0.894 = w
0.892 =w
0.889 = w
0.886 =w
0.884 = w
0.88] =w

0.878 = w|
0.876 = w[7]
0.873 = w[7]
0.870 = w[7]
0.867 = w[7]
0.865 <= w[7]
0.862 <= w[7]
0.859 = w[71
0.856 = w|
0.854 = w|
0.851 = w|
0.848 = w([722]
723]
724 ]
725]
7206]
727 ]
28]
729]
730]
731]
732]
733]
734 ]
735]
7306]
737 ]
T38|
739]
| 740]
741
742]
743]
744 ]
745]
7406]
747 ]
74¥]
749

0.845 = w
0.842 = w
0.840 = w
0.837 =w
0.834 = w
0.83]1 =w
0.828 = w
0.825 =w
0.822 =w
0.820 =w
0.817=w
0.814 = w
0811 =w
0.808 = w
0.805 =w
0.802 =w
0.799 = w
0.796 = w
0.793 = w
0.790 = w
0.787 =w
0.784 = w
0.78]1 = w
0.778 = w
0.776 =w

0.7/3 =w
0.770 = w

672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690"
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705"
706
707
708
709
710
11] = 0.880
] < 0.878

I‘--I-‘:'I I:‘-‘-‘] I:-‘-‘-‘] I:‘-‘-‘] I:-‘-‘-'] I:‘-‘-‘] I:-‘-‘-'] I:‘-“J I:‘-“J
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(window coellicients w(n); N = 960)

= 0.976
= 0.974
< 0.972
< 0.970
= 0.96%
< 0.966
=< 0.964
< 0.961
< 0.959
< 0.957
= 0.954
< 0.952
= 0.950
< 0.947
< 0.945
= 0.942
< 0.940
= 0.937
< 0.935
= (0.932
< 0.930
= 0.927
< (0.925
< (0.923
< 0.920
< (0.91%
< (0.915
< (0.912
=< 0.910
< 0.907
= 0.904
< 0.902
= 0.899
< 0.896
=< 0.894
< 0.891
< 0.88&
= 0.886
= 0.883

< 0.875
< 0.872
< 0.869
< 0.867
< 0.864
< 0.861
< 0.858

] = 0.856
] = 0.853
] = 0.850

= 0.847
= 0.844
< 0.842
= 0.839
= 0.836
< 0.833
< 0.830
< 0.827
= 0.824
= (0.822
=< (.819
< ().816
< (.813
< (0.810
= 0.807
< 0.804
= 0.801
< (0.798
< 0.795
< (0.792
< 0.789
= 0.786
= 0.783
= 0.780
= 0.778

< 0.775
< 0.772
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TABLE 1-continued

0.767 =w
0.764 =w
0.760 = w
0.757 =w
0.754d = w
0.751 =w
0.748 = w
0.745 = w
0.742 = w
0.739 = w
0.736 =w
0.733 =w
0.730 = w
0.727 =w
0.724d = w
0.721 = w
0.718 = w
0.715 =w
0.712 = w
0.709 = w
0.705 = w
0.702 = w
0.699 = w
0.696 =w
0.692 =w
0.689 = w
0.686 =w
0.683 =w
0.680 = w
0.677 =w
0.674 =w
0.670 =w
0.667 =w
0.664 =w
0.66]1 =w
0.658 = w
0.655=w
0.652 =w
0.649 = w
0.646 =w
0.643 =w
0.640 = w
0.637 =w
0.634d =w
0.630 =w
0.627 =w
0.624 =w
0.620 =w
0.617 =w
0.614 = w
0.610 = w
0.607 =w
0.604 = w
0.600 = w
0597 =w
0.594 = w
0.59] =w
0.588 = w
0585 =w
0582 =w
0.580 = w

0545 =w
0541l = w
0538 =w
0535 =w
053]l =w
0528 = w
0525 =w

750°
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780"
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
'R00
801
802
803
804
805
806
807
'R0S
'R09
810
0.577 < W[8
0.574 = w[81
0.571 < w[8
0.568 < w[81
0.565 < w[81
0.562 < w[81
0.558 < w[81
0.555 =< w[81
0.552 < w[
0.548 < W[820
821
822
823
824
825
826
827

Ile lel lel lel lel Ile Ile Ile
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(window coeflicients w(n); N = 960)

< 0.769
= 0.766
< 0.762
< (0.759
= 0.756
< 0.753
< 0.750
< 0.747
< (0.744
< 0.741
= (0.73%
< 0.735
= (0.732
< (0.729
< 0.726
= 0.723
< 0.720
= 0.717
< (0.714
= 0.711
< 0.707
= 0.704
< (0.701
< 0.69%
< 0.694
< 0.691
= 0.68%
< 0.685
= 0.682
< 0.679
= 0.676
< 0.672
= 0.669
< 0.666
< 0.663
< 0.660
< 0.657
= 0.654
= 0.651
= 0.64%
= 0.645
= 0.642
< 0.639
= 0.636
< 0.632
< 0.629
< 0.626
< 0.622
< 0.619
< (0.616
< (0.612
= 0.609
= 0.606
< 0.602
= (0.599
< 0.596
< 0.593
< 0.590
< 0.5%7
< 0.584
= 0.582
= 0.579
= 0.576
= 0.573
< 0.570
= 0.567
< 0.564
= 0.560
< 0.557
< 0.554

1= 0.550

< 0.547
< 0.543
< 0.540
< 0.537
< 0.533
< 0.530
< 0.527



TABLE 1-continued

0523 =w
0520 =w
0517 =w
0514 <sw
0511l =w
0508 = w
0505 =w
0.502 =w
0.499 < w
0496 = w
0493 =w
0.489 = w
0486 =w
0483 =w
0.480 = w
0477 =w
0474 =<w
0471 =w
0.468 = w
0.465 =w
0.462 =w
0459 = w
0456 =w
0453 =w
0.450 = w
0447 = w
0444 <= w
0441 = w
0438 = w
0435 =w
0432 =w
0429 = w
0426 =w
0423 =w
0420 =w
0417 =w
0414 <= w
0411 =w
0408 = w
0405 =w
0402 =w
0.399 = w
0397 =w
0.394 = w
0.39] =w
0388 = w
0385 =w
0382 =w
0.379 =w
0376 =w
0374 =w
0371 =w
0.368 = w
0.365 =w
0.362 =w
0359 =w
0357 =w
0354 =w
0351 =w
0.348 = w
0.345 =w
0.343 =w
0.340 = w
0337 =w
0334 =w
0331 =w
0.329 = w
0326 =w
0323 =w
0.320 =w
0318 =w
0315w
0312 =w
0.309 = w
0.306 =w
0.304 = w

0301 =w
0.298 = w

28
829
830"
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850"
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
78
879
8]0
881
882
883
884
885
886
887
8]Y
'8R9
890
891
892
893
894
895
896
897
'R9%
899
900
901
902
003
004
905

3

(window coellicients w(n); N = 960)

= 0.525
< 0.522
= 0.519
< (0.516
< (0.513
< (0.510
< 0.507
< 0.504
< 0.501
< 0.498
=< 0.495
< 0.491
< 0.488
= 0.485
< 0.482
< 0.479
< 0.476
< 0.473
< 0.470
< 0.467
< 0.464
< 0.461
< 0.458
< 0.455
< 0.452
< (0.449
=< 0.446
< (0.443
=< 0.440
< 0.437
< 0.434
< 0.431
< 0.428
= 0.425
< 0.422
< 0.419
< 0.416
< 0.413
< (0.410
< 0.407
=< 0.404
< 0.401
< 0.399
< 0.396
< (0.393
< 0.390
< 0.387
< 0.384
< (0.381
< 0.378
=< 0.376
= 0.373
< 0.370
< 0.367
< 0.364
< 0.361
< 0.359
< 0.356
< 0.353
< 0.350
< 0.347
< 0.345
< 0.342
< 0.339
< 0.336
< (0.333
< 0.331
< 0.328
=< 0.325
< 0.322
< 0.320
< (0.317
< (0.314
< (0.311
< 0.308
< 0.306

< 0.303
< 0.300
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TABLE 1-continued

0.295 =w
0.292 =w
0.290 = w
0.287 =w
0.284 = w

o O oo ot ot ot N o Y f I ol O ol O i I o ot oY ot ot ot ot ot Y ol J ol Y i T ot o ot ot ot ot ot Y ol JY o JN ol Y ot J ot ot Y ot Y ot ot Y ol ol

906]
907]
908]
909]
910]
0.281 = w|
0.279 = w|
0.276 = w|
0.273 = w|
0.270 = w|
0.268 = w|
0.265 = w|
0.262 = w|
0.260 = w|
0.257 = w|
0.254 = w|
0.252 =w|
0.249 = w|
0.247 = w|
0.244 = w|
0.241 = w|
0.239 = w|
0.236 = w|
0.234 = w|
0.231 = w|
0.229 = w|
0.226 = w|
0.224 = w|
0.221 = w|
0.219 = w|
0.216 = w|
0.214 = w|
0.211 = w|
0.209 = w|
0.206 = w|
0.204 = w|
0.201 = w|
0.199 = w|
197 = w|
194 = w|
192 = w|
190 = w|
187 = w|
185 = w|
182 = w|
180 = w|
178 = w|
175 =w|
173 =w]
171 = w|
169 = w|
166 = w|
164 <= w|
162 = w|
159 = w|
137 = w|
135 =w|
153 =w|
150 = w|
148 = w|
146 = w|
144 = w|
142 = w|
140 = w|
138 = w|
136 =w|
134 = w|
132 =w|
130 =w|
128 = w|
126 = W]
124 = w|
123 =w|
121 = w|
119 = w|
117 =w|
115 =w|
113 =w|

56

(window coeflicients w(n); N = 960)

< 0.297
< 0.294
< 0.292
< 0.289
= 0.280

] < 0.283
] < 0.281

< 0.278
< 0.275
< 0.272
< 0.270

1< 0.267
1< 0.264
1= 0.262

< (0.259
=< 0.256
< 0.254
= (0.251
< (0.249
< 0.246
< (0.243
=< 0.241
< (0.238
< 0.236
< (0.233
< (0.231
< (0.228
< (0.226
< 0.223
< (0.221
< (0.21%
< (0.216
< (0.213
< (0.211
< 0.208
< (0.206

| = 0.203
| = 0.201
| = 0.199
| = 0.196
| =0.194
| = 0.192
| = 0.1%89
| = 0.1%87
| =0.184
| = 0.1%82
] = 0.180
| = 0.177
] = 0.175
|=0.173
|=0.171
| = 0.168
| = 0.166
|=0.164
|=0.161
| = 0.159
| = 0.157
] = 0.155
| = 0.152
] = 0.150
| = 0.148
| = 0.146
|=0.144
| = 0.142
| = 0.140
| = 0.138
| = 0.136
|=0.134
] = 0.132
| = 0.130
] = 0.128
| = 0.126
| = 0.125
| =0.123
|=0.121
]=0.119
|]=0.117
]=0.115




TABLE 1-continued

A1l =w
J09 =w
J08 = w
J06 =w
104 = w
J02 = w
0.101l = w
0.099 = w
0.097 =w
0.095 =w
0.094 = w
0.092 =w
0.090 = w
0.089 =w
0.087 =w
0.085 =w
0.084 = w
0.082 =w
0.08]1 =w
0.079 =w
0.078 = w

o O O O O O

0.076 < w[1
0.074 < w[l
0.073 = w[1
0.071 < W[l
0.070 < w[’
0.069 < w[1
0.067 < w[10
0.066 < w[10
0.064 < w[10
0.063 = w[10
0.061 = w[10
0.060 < w[10
0.059 < W[l
0.057 < w[1
0.056 < W[l
0.055 < w[1
0.053 < w[1
0.052 < w[1
0.051 < w[1
0.050 < w[1
0.048 < w[1
0.047 < w[1
0.046 < w[1
0.045 < w[1
0.043 < w[1
0.042 < W[l
0.041 =< w[1
0.040 < W[l
0.039 = w[1
0.038 < w[1
0.037 = w[1
0.036 < w[1
0.034 < w[1
0.033 = w[l
0.032 =< w[1
0.031 = w[1
0.030 < W[l
0.029 < w[1
0.028 < W[l
0.027 < w[1
0.026 < w[1
0.025 < w[1
0.024 < w[1
0.024 < w(1
0.023 < w[1
0.022 < w[1
0.021 = w[1
0.020 < W[l
0.019 < w[1
0.018 < W[l
0.017 < w[1
0.017 < w[1
0.016 < w[1
0.015 < w[1
0.014 =< w[1
0.014 =< w[1
0.013 = w[1

S7

084
085
086
087
088
089
990
991
992
093
094
995"
096
997
098
999
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1000°
1001
1002
1003
1004
1005
006"
007
008"
1009
010°

II'~~EI Ile I.‘-‘-‘] Irﬂ.ﬁl IEI\-J.‘-I IrL Ii-J-‘J Ir[\‘-) IrH.

022
023"
024
025
026
027
028"
029
030°
031"
032
033"
034
035"
036
037
038"
039
040"
041"
042
043"
044
045
046
047
048"
049
050"
051
052"
053"
054
055
056
057
058"
059
060"
061

(window coellicients w(n); N = 960)

= 0.113

< (.111

= 0.110

< (.10

=< 0.106

< (0.104

< (0.103

< (0.101

< 0.099

< 0.097

= 0.096

= 0.094

= 0.092

< 0.091

< 0.089

= 0.087

1= 0.086
= (0.084
= (0.0R3
= (0.0%81
=< (0.080
= (0.078
=< 0.076
=< 0.075
< 0.073
= (0.072
= (0.071
1= 0.069
| = 0.068%
1= 0.066
1= 0.065
1= 0.063
1= 0.062
|1 = 0.061
|1 = 0.059
| = 0.05%
] = 0.057
1= 0.055
= (0.054
= (0.053
= (0.052
= (0.050
< (0.049
= (0.048
=< 0.047
= (0.045
= 0.044
=< (0.043
< 0.042
= (0.041
= (0.040
= (0.039
= (0.038
=< 0.036
= (0.035
= (0.034
=< (0.033
< (0.032
= (0.031
=< 0.030
= (0.029
= (0.028
= (0.027
= (0.026
= (0.026
= (0.025
< (0.024
= (0.023
< (0.022
= (0.021
= 0.020
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

< .01
=< .01
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TABLE 1-continued

0.012 < W[l
0.011 s W[l
0.011 = W[l
0.010 = W[l
0.009 < w[l
0.009 = W[l
0.008 < w[’

0.007 = w
0.007 = w
0.006 =w

0.006 < W[l
0.005 < W[l
0.004 < W[l
0.004 < W[l
0.003 = W[l
0.003 < W[l
0.002 < W[l
0.002 < w[’

0.00] =w
0.00] =w
0.000 = w
0.000 = w

~0.001 < W[1084"
~0.001 = W[1085
~0.002 < W[1086
~0.002 = W[1087
~0.002 < W[1088’
~0.003 = W[1089
~0.003 = w[1090
~0.004 = w[1091
~0.004 = w[1092
~0.004 = w[1093"
~0.005 = w[1094
~0.005 < W[1095
~0.005 = W[1096
~0.005 < w[1097
~0.006 < W[1098
~0.006 < W[1099
~0.006 s w[1100
~0.006 < w[1101
~0.007 s w[1102
~0.007 = w[1103"
~0.007 = w[1104
~0.007 = w[1105
~0.008 < w[11
~0.008 < w[11
~0.008 =< w[11
~0.008 < w[11
~0.009 < w[111
~0.009 = w[111
~0.009 < w[111
~0.009 = w[111
~0.009 < w[111
~0.009 = w[111
~0.009 =< w[111
~0.009 = w[111
~0.010 = w[111
~0.010 < w[111
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11
~0.010 = w[11

062
063
064
065
066
067
1068
1069°
1070°
1071
1072
073"
074
075"
076
077
078
1079
1080°
1081
1082

1083
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(window coeflicients w(n); N = 960)

= (.01
< 0.01
= (.01
< 0.01
=< (.01
< 0.01
< 0.010

< 0.009

= 0.009

< 0.008

= (0.008

= 0.007

= 0.006

= 0.006

=< 0.005

= 0.005

< 0.004

= 0.004

=< 0.003

= (0.003

< 0.002

= 0.002
1= 0.001
=< 0.001
= (.000
= (0.000
= (0.000
= —0.001
= —0.001
< —0.002
= —0.002
< —0.002
= —0.003
= —0.003
< —0.003
= —0.003
< —0.004
= —0.004
< —0.004
= —0.004
= —0.005
= —0.005
< —0.005
= —0.005
] = -0.006
] = -0.006
] = -0.006
1 = -0.006
|1 = =0.007
1 = -0.007
|1 = =0.007
1 = -0.007
|1 = =0.007
1 = -0.007
1 = -0.007
1 = -0.007
] = —-0.00%
] = —=0.008
= —0.00%
] = -0.008
] = -0.008
] = =0.008
] = —-0.00%
] = -0.008
] = -0.008
] = -0.008
] = -0.008
] = —-0.008
] = —=0.008
] = -0.008
] = —=0.008
] = —-0.00%
] = =0.008
] = -0.008
] = -0.008
] = —-0.00%
] = —-0.00%
] = —-0.00%

—_ — b D D
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TABLE 1-continued TABLE 1-continued

(window coellicients w(n); N = 960) (window coeflicients w(n); N = 960)

0.002 < w[1218] < 0.004
0.002 < w[1219] < 0.004
0.002 < w[1220] < 0.004
0.002 < w[1221] = 0.004
0.002 < w[1222] < 0.004
0.002 < w[1223] = 0.004
0.003 < w[1224] < 0.005
0.003 < w[1225] < 0.005
0.003 < w[1226] < 0.005
0.003 < w[1227] < 0.005
0.003 < w[1228] = 0.005
0.003 < w[1229] < 0.005
0.003 < w[1230] = 0.005
0.003 < w[1231] = 0.005
0.003 < w[1232] < 0.005
0.003 < w[1233] < 0.005
0.004 < w[1234] < 0.006
0.004 < w[1235] < 0.006
0.004 < w[1236] < 0.006
0.004 < w[1237] = 0.006
0.004 < w[1238] < 0.006
0.004 < w[1239] < 0.006
0.004 < w[1240] < 0.006
0.004 < w[1241] < 0.006
0.004 < w[1242] < 0.006
0.004 < w[1243] < 0.006
0.004 < w[1244] < 0.006
0.004 < w[1245] < 0.006
0.004 < w[1246] < 0.006
0.004 < w[1247] < 0.006
0.004 < w[1248] < 0.006
0.004 < w[1249] < 0.006
0.004 < w[1250] < 0.006
0.004 < w[1251] < 0.006
0.004 < w[1252] < 0.006
0.004 < w[1253] < 0.006
0.004 < w[1254] < 0.006
0.004 < w[1255] < 0.006
0.004 < w[1256] < 0.006
0.004 < w[1257] < 0.006
0.004 < w[1258] < 0.006
0.004 < w[1259] = 0.006
0.004 < w[1260] < 0.006
0.004 < w[1261] < 0.006
0.004 < w[1262] < 0.006
0.004 < w[1263] < 0.006
0.004 < w[1264] < 0.006
0.004 < w[1265] < 0.006
0.004 < w[1266] < 0.006
0.004 < w[1267] < 0.006
0.004 < w[1268] < 0.006
0.004 < w[1269] < 0.006
0.004 < w[1270] < 0.006
0.004 < w[1271] < 0.006
0.004 < w[1272] < 0.006
0.004 < w[1273] = 0.006
0.004 < w[1274] < 0.006
0.004 < w[1275] < 0.006
0.004 < w[1276] < 0.006
0.004 < w[1277] < 0.006
0.004 < w[1278] < 0.006
0.003 < w[1279] < 0.005
0.003 < w[1280] = 0.005
0.003 < w[1281] = 0.005

~0.010 = w[1140] =< —0.008

_0.010 s w[1141] = —0.008 5
~0.010 = w[1142] < —0.008

_0.010 = w[1143] = —0.008

~0.009 = w[1144] < —0.007

_0.009 = w[1145] < —0.007

_0.009 s w[1146] < —0.007

_0.009 = w[1147] < —0.007 10
_0.009 = w[1148] < —0.007
~0.009 = w[1149] < —0.007
~0.009 s w[1150] = —0.007
~0.009 = w[1151] = —0.007
~0.009 s w[1152] = —0.007
~0.009 = w[1153] = —0.007
_0.008 = w[1154] = —0.006
~0.008 = w[1155] < —0.006
_0.008 = w[1156] = —0.006
~0.008 = w[1157] < —0.006
_0.008 = w[1158] = —0.006
_0.008 = w[1159] = —0.006
_0.008 = w[1160] = —0.006 20
_0.008 = w[1161] = —0.006

~0.007 = w[1162] = —0.005

_0.007 s w[1163] = —0.005

~0.007 = w[1164] < —0.005

_0.007 s w[1165] = —0.005

~0.007 = W[1166] =< —0.005 25
_0.007 s w[1167] = —0.005

~0.006 = w[1168] =< —0.004

_0.006 = w[1169] = —0.004

~0.006 s w[1170] = —0.004

_0.006 s w[1171] = —0.004

_0.006 s w[1172] = —0.004 30
~0.006 = w[1173] = —0.004
_0.005 s w[1174] = —0.003
~0.005 = w[1175] = —0.003
_0.005 s w[1176] = —0.003
~0.005 = w[1177] = —0.003
_0.005 s w[1178] = —0.003
~0.005 = w[1179] = —0.003
~0.004 s w[1180] = —0.002
_0.004 = w[1181] = —0.002
_0.004 = w[1182] = —0.002
_0.004 = w[1183] = —0.002
_0.004 = w[1184] < —0.002
_0.003 = w[1185] = —0.001 40
~0.003 = w[1186] = -0.001
~0.003 = w[1187] = —0.001
~0.003 = w[1188] = -0.001
~0.003 = w[1189] = —0.001
~0.003 = w[1190] = -0.001
~0.002 s w[1191] = 0.000 45
~0.002 = w[1192] = 0.000

~0.002 = w[1193] = 0.000

~0.002 = w[1194] = 0.000

~0.002 = w[1195] = 0.000

~0.002 s w[1196] = 0.000

~0.001 = w[1197] = 0.001 50
_0.001 s w[1198] = 0.001
~0.001 = w[1199] = 0.001
~0.001 s w[1200] = 0.001
~0.001 = w[1201] = 0.001
_0.001 s w[1202] = 0.001
0.000 = w[1203] = 0.002

15

35

0.000 = w[1204] = 0.002 > 0.003 = w[1282] = 0.005
0.000 = w[1205] = 0.002 0.003 = w[1283] = 0.005
0.000 = w[1206] = 0.002 0.003 = w[1284] = 0.005
0.000 = w[1207] = 0.002 0.003 = w[1285] = 0.005
0.000 = w[1208] = 0.002 0.003 = w[1286] = 0.005
0.000 = w[1209] = 0.002 0.003 = w[1287] = 0.005
0.001 = w[1210] = 0.003 o0 0.003 = w[1288] = 0.005
0.001 = w[1211] = 0.003 0.003 = w[1289] = 0.005
0.001 = w[1212] = 0.003 0.002 = w[1290] = 0.004
0.001 = w[1213] = 0.003 0.002 = w[1291] = 0.004
0.001 = w[1214] = 0.003 0.002 = w[1292] = 0.004
0.001 = w[1215] = 0.003 0.002 = w[1293] = 0.004
0.002 = w[1216] = 0.004 65 0.002 = w[1294] = 0.004
0.002 = w[1217] = 0.004 0.002 = w[1295] = 0.004




TABL

(window coellicients w(n); N = 960)

0.002 < W[l
1 < w[1297

| < W[1298

1 < w[1299

1 < w[1300°

1 < w[1301

0.00
0.00]
0.00]
0.00]
0.00]

0.00]

0.001 < w
0.001 = w
0.000 < w
0.000 < W[l
0.000 < W[l
0.000 < W[l
0.000 < W[l
0.000 < W[l
0.000 < w[’
~0.001 = w

| =W

-0.001 = w
-0.001 =w
-0.001 = w
-0.001 =w

—0.001 = w|l
—-0.002 = w[1l
—0.002 = w|l
-0.002 = w[1
—0.002 = w|l
—0.002 = w|l
—-0.002 = w|l
—0.003 = w|l
—0.003 = w|l
—0.003 = w|l
—0.003 = w|l
—0.003 = w|l
—0.003 = w[1l
—0.003 = w|l
—-0.004 = w|1
—-0.004 = w|l
—0.004 = w|l
—0.004 = w|1
—0.004 = w|l
—0.004 = w|1
—0.005 = w|l
—0.005 = w|l
—0.005 = w|l
—0.005 = w|l
—0.005 = w|l
—0.005 = w1l
—0.005 = w|l
—0.006 = w[1
—0.006 = w|l
—0.006 = w|l
—0.006 = w|l
—0.006 = w|l
—0.006 = w|l
—0.006 = w|l
—0.007 = w|l
—0.007 = w|l
—-0.007 = w[1
—0.007 = w|l
—-0.007 = w[1
—0.007 = w|1
—0.007 = w|l
—0.008 = W[l
—0.008 = w|l
—0.008 = w|l
—0.008 = w|l
—0.008 = w|l
—0.008 = w|l
—-0.009 = w[1
—0.009 = w|1
—-0.009 = w[1
—0.009 = w|1
—0.009 = w|l
—0.009 = w|1
—0.009 = w|l
10 = w[l
10 = w[l

—0.0]
—0.0]

—0.0]

61

296"

1302
1303
1304
1305

306
307
308"
309°
310°

1311]

10 = w[l

131

1312
1313

1315

H 1 -continued

< 0.004

< 0.003

< 0.003

< 0.003

< 0.003

< 0.003

< 0.003

< 0.003

< 0.003

< 0.002

< 0.002

< 0.002

< 0.002

< 0.002

< 0.002

< 0.002

] = 0.001
< 0.001

] = 0.001
< 0.001

] = 0.001

] = 0.001

] = 0.000
] = 0.000
] = 0.000
] = 0.000
] = 0.000
] = 0.000
| = -0.001
| = -0.001
| = -0.001
| = -0.001
| = -0.001
] = -0.001
| = -0.001
] = -0.002
] = -0.002
] = -0.002
] = -0.002
] = -0.002
] = -0.002
] = -0.003
] = -0.003
] = -0.003
] = -0.003
] = -0.003
] = -0.003
] = -0.003
] = -0.004
] = -0.004
] = -0.004
] = -0.004
] = -0.004
] = -0.004
] = -0.004
] = -0.005
] = -0.005
] = -0.005
] = -0.005
] = -0.005
] = -0.005
] = —-0.005
] = -0.006
] = -0.006
] = -0.006
] = -0.006
] = -0.006
] = -0.006
] = -0.007
] = -0.007
] = -0.007
] = -0.007
] = -0.007
] = -0.007
] = -0.007
] = -0.008
] = -0.008
] = -0.008

US RE45,526 E

10

15

20

25

30

35

40

45

50

55

60

65

TABL.

(window coeflicients w(n); N = 960)

—-0.0]
—0.0]
—-0.0]

—-0.01
-0.011
-0.011
—0.01'

= W

-0.011 = w
-0.011 = w
-0.012 =w

—-0.0]
—-0.0.
—-0.0]
—-0.0.
—-0.0]
—-0.0]
—-0.0]

12 = wl

—-0.0]

3 =W

-0.013 =w
-0.013 =w
-0.013 =w

—-0.0]
—-0.0]
—-0.0]
—-0.0.
—-0.0]
—-0.0]
—-0.0]
—-0.0]
—0.0]
—-0.0]
—-0.0]
—-0.0]

-0.01

—-0.0]
—-0.0.
—-0.0]
—-0.0]
—-0.0]
—-0.0]

—-0.01

—0.0]

—-0.01
—-0.01

—0.0]

—-0.01
-0.01

—-0.0]
—-0.0.
—-0.0]
—-0.0]
—-0.0]
—-0.0]
—-0.0]
—-0.0]

—-0.01

—0.0]
—-0.0]

-0.01
-0.01
-0.01
-0.01

—-0.0]
—-0.0]
—-0.0]
—-0.0]
—-0.0]
—-0.0]
—-0.0.
—-0.0]
—-0.0.

—-0.01

—-0.0]

—-0.01
-0.01

—0.0]
—0.0]
—0.0]

|3 = wl

62
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0 < w[1374

0 < w[1375

0 < w[1376

1 < w[1377

< w[1378

< w[1379
1380
1381
1382
1383
1384

2 < w[1385

2 < w[1386

2 < w[1387

2 < w[1388

2 < w[1389

3 < w1390

1391
1392
1393
1394
1395°

3 < w[1396

3 < w[1397

3 < w[1398

4 < w[1399

4 < w[1400

4 < w[1401

4 < w[1402

4 < w[1403

4 < w[1404

4 < w[1405

4 < w[1406

4 <= w|[1407]
|4 <= w[1408]
4 < w([1409]
4 <= wl
4 = w1
4 = wl
4 = w1
4 =< w|l
4 = w1
4 < wll
4 < wll
4 <= wl
4 < wll
4 =<=w|l
|4 <= w|[1421]
4 < w([1422]

4 < w[1423

4 < w[1424

4 < w[1425

4 < w[1426

4 < w[1427

4 < w[1428

4 < w[1429

4 < w[1430

4 < w[1431

4 < w[1432

4 < w[1433

4 < w[1434

4 < w[1435

4 < w[1436

4 < w[1437

4 < w[1438

4 < w[1439

4 < w[1440

4 < w[1441

4 < w[1442°

4 < w[1443

14 = w[1444]

4 < w[1445

4 < w[1446

4 < w[1447

4 < w[1448

4 < w[1449

4 < w[1450

3 < w[1451

1= -0.01

| = -0.01
1= -0.01
| = -0.01
1= -0.01
| = -0.01
| = -0.01
| = -0.01
| = -0.01
| = -0.01
| = -0.01
|1 = -0.01
| = -0.01

H 1 -continued

< —0.008
= —0.008
< —0.008
< —0.009
= —0.009
< —0.009
< —0.009
< —0.009
< —0.009
< —0.010
< —0.010
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.011
= —0.011
= —0.011
= —0.011
< —-0.011
< —0.011
< —-0.011
< —0.011
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01

—_— 0 O O O O

< —0.01

< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
< —0.01
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TABL

63

H 1 -continued

-0.013 =
-0.013 =
-0.013 =
-0.013 =
-0.013 =
-0.013 =
-0.013 =
-0.013 =
-0.013 =
-0.013 =
-0.013 =
-0.012 =
-0.012 =
-0.012 =
-0.012 =
-0.012 =
-0.012 =
-0.012 =
-0.012 =
-0.012 =
-0.011 =
-0.011 =
-0.011 =
-0.011 =
-0.011 =
-0.011 =
-0.011 =
-0.011 =
-0.011 =
-0.010 =
-0.010 =
-0.010 =
-0.010 =
-0.010 =
-0.010 =
-0.010 =
-0.010 =
-0.010 =
—0.009 =
—0.009 =
—0.009 =
—0.009 =
—0.009 =
—0.009 =
—0.009 =
—0.009 =
—0.009 =
—0.009 =
—0.009 =
—0.009 =
—0.008 =
—0.008 =
—0.008 =
—0.008 =
—0.008 =
—0.008 =
—0.008 =
—0.008 =
—0.008 =
-0.007 =
—0.007 =
-0.007 =
—0.007 =
-0.007 =
—0.007 =
—0.007 =
—0.006 =
—0.006 =
—0.006 =
—0.006 =
—0.006 =
—0.006 =
—0.006 =
—0.005 =
—0.005 =
—0.005 =

—-0.005 =
—-0.005 =

w([1452]
w([1453]
w1454 ]
w[1455]
w[1456]
w1457
w[1458]
w[14359]
w[1460]
w[1461]
w([1462]
w[1463]
w1464 ]
w[1465]
w[1466]
w([1467]
w[1468]
w[1469]
w[1470]
w([1471]
w[1472]
w([1473]
w([1474]
w([1475]
w[1476]
w1477
w([1478]
w[1479]
w[1480]
w[1481]
w([1482]
w[1483]
w1484
w[1485]
w[1486]
w[1487]
w[1488]
w[1489]
w[1490]
w([1491]
w([1492]
w[1493]
w1494 ]
w[1495]
w[1496]
w[1497]
w[1498]
w[1499]
w[1500]
w[1501]
w([1502]
w[1503]
w([1504]
w[1503]
w[1506]
w[1507]
w[1508]
] = -0.006
] = -0.006
] = -0.005
] = -0.005
] = —-0.005
] = -0.005
] = —-0.005
] = -0.005
] = -0.005
] = -0.004
] = -0.004
] = -0.004
w([1521]
w[1522]
w([1523]
w([1524]
w[1525]
w[1526]
w([1527]
w[1528]
w[1529]

w1
w1
w1
w1
w1
w1
w1
w1
w1
w1
w1
w1

U
— O
O

L n L Ln n Ln L U

L L L L L L b L b
L L L L r L r L r

L
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(window coellicients w(n); N = 960)

< —0.011
< —-0.011
< —0.011
< —-0.011
< —-0.011
< —-0.011
< —-0.011
= —-0.011
= —-0.011
= —-0.011
< —-0.011
= —0.01
< —0.01
= —0.01
< —0.01
< —0.01
< —0.01
< —0.010
< —0.010
< —0.010
< —(.009
=< —0.009
< —(.009
< —(.009
< —0.009
< —(.009
< —0.009
< —(.009
< —0.009
< —().008%
= —0.008
< —(.008%
= —0.008
= —0.008
< —(.008%
= —0.008
< —(.008%
=< —0.008
= —0.007
=< —0.007
= —0.007
=< —0.007
< —0.007
=< —0.007
< —0.007
< —0.007
= —0.007
< —0.007
= —0.007
= —0.007
= —0.006
= —0.006
= —0.006
< —0.006
=< —0.006
< —0.006
< —0.006

o OO O O O

< —0.004
= —0.004
< —0.004
< -0.004
< —0.003
< —0.003
< —0.003

< —0.003
< —0.003
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TABLE 1-continued

(window coeflicients w(n); N = 960)

-0.005 = w

~0.005 = w1
~0.004 = w1
~0.004 = w1
~0.004 = w1
~0.004 = w1
~0.004 = W’

—0.004 = w
-0.004 = w
-0.003 = w

~0.003 = w1
~0.003 = w[1

-0.003 = w

~0.003 = w[1

-0.003 = w
-0.003 = w

~0.003 = w[1
~0.003 <= W[’

-0.002 = w
-0.002 = w
-0.002 = w

~0.002 = w]
~0.002 = w|
~0.002 = W]
~0.002 = w|
~0.002 = W]
~0.002 = w|
~0.002 < W]
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = w1
~0.001 = W’

0.000 < W[’

0.000 < w[1
0.000 < W[l
0.000 = w[1
0.000 < w[1
0.000 = w[1
0.000 < w[1
0.000 < w[1
0.000 < w[1
0.000 < w[1
0.000 < w[1
0.000 < W[l
0.000 < w[1
0.000 < W[l
0.000 = w[1
0.000 < w[1
0.000 = w[1
0.000 < w[1
0.000 < w[1
0.000 < w[1
0.000 < w[1
0.000 < w[1
0.000 < W[l
0.000 < w[1
0.000 < W[l
0.000 < w[1
0.000 < w[1
0.000 = w[1
0.000 < w[1
0.000 = w[1

0.000 = w[1

576
577
578"
579
580"
581
582"
583"
584
585"
586"
587
588"
589"
590°
591°
592"
593"
594"
595°
596
597
598"
599
600°
601
602"
603
604
605
606

0.000 < w[1

607

1530
531
532
533
534
535°
1536
1537
1538
1539

1540
541°
1542
543"
1544
1545
546
1547
1548
1549
1550

1551
1552
1553
1554
1555
1556
1557
558"
559°
560°
561
562
563
564
565"
566
567
568
569
570
571
572
573
574
575

< —0.003
= —(.003
< —0.002
< —0.002
< —0.002
< —0.002
< —0.002
< —0.002
< —0.002
< —0.001
< —0.001
= —0.001
< —0.001
= —0.001
< —0.001
< —0.001
< —0.001
< —0.001
=< (0.000
< 0.000
=< (0.000
< 0.000
=< (0.000
< 0.000
= (.000
< 0.000
=< (0.000
=< (0.000
< (0.001
< (0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< (0.001
< (0.001
< (0.001
< (0.001
< 0.001
< 0.001
< 0.001
< 0.001
| = 0.001
= 0.002
< 0.002
= 0.002
= 0.002
= 0.002
= 0.002
= 0.002
=< (0.002
=< 0.002
=< (0.002
< 0.002
= 0.002
< 0.002
= 0.002
= 0.002
= 0.002
= 0.002
= 0.002
=< (0.002
=< 0.002
=< (0.002
=< 0.002
= 0.002
< 0.002
= 0.002
< 0.002
= 0.002
= 0.002
= 0.002
= 0.002

< 0.002
< 0.002




TABL

0.000 < w[
0.000 < W[l
0.000 < W[l
0.000 < W[l
0.000 < W[l
0.000 = W[l
0.000 < w[
0.000 < w
0.000 < w
0.000 < w
~0.001
~0.001
~0.001
~0.001
~0.001
~0.001
~0.001
~0.00

< w1
< w|l
<= w|l
< w|l
< w|l
< w|l
< w|l
< w|

-0.00] = w
-0.00] = w
-0.00] = w

—-0.001
—-0.001
—-0.001
-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
-0.001
—-0.001
-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
-0.001
—-0.001
-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
-0.001
—-0.001
-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
-0.001
—-0.001
-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001

—-0.001
—-0.001

< w|l
<= w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
<= w|l
< w|l
<= w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
<= w|l
< w|l
<= w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
<= w|l
< w|l
<= w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
< w|l
<= w|l
< w|l
<= w|l
<= w|l
< w|l

65

1608
609"
610°
11] =< 0.002
12] = 0.002
13] < 0.002

0]

] = 0.001
| = 0.001
] = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
] = 0.001
] = 0.001
] = 0.001
| = 0.001
| = 0.001
| = 0.001
] = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
] = 0.001
| = 0.001
] = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
] = 0.001
| = 0.001
] = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
] = 0.001
| = 0.001
] = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
] = 0.001
| = 0.001
] = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001
| = 0.001

H 1 -continued

(window coellicients w(n); N = 960)

< 0.002
< 0.002
< 0.002

] = 0.002

< 0.002
< 0.002

< 0.002

< 0.001
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TABL.

-0.001
—-0.001
-0.001
—-0.001
—-0.001
—-0.001
—0.00]

= W

-0.001 = w
-0.001 = w
-0.001 = w

—-0.001
-0.001
—-0.001
-0.001
—-0.001
—-0.001
—-0.001
—-0.00]

< w|l

= W

-0.001 = w
-0.001 = w
-0.001 = w

—-0.001
—-0.001
—-0.001
-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
-0.001
—-0.001
-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
-0.001
—-0.001
-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
-0.001
—-0.001
-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001
-0.001
—-0.001
-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001

—-0.001
—-0.001

06

o L
—
D

et L L N o o (o

L L L L L L L b L L L
r r r r r r r r r r

|

< w[1686

< W[16&7]
< W[106&¥]
< W[16&9]
< w[1690]
< w[1691]
1692
1693
11694
1695
1696]
< w|[1697]
< wW[1698]
< w([1699]
< w[1700]
< w[1701]
< w[1702]
1703
1704
1705
1706
< w[1707]
< w([1708]
< w|l
< w|l
< w|l
< w|l
<= w|l
< w|l
< w|l
<= w|l
<= w|l
<= w|l
< w|l
< w|l
= w|[1721
< w[1722]
< w[1723]
<= w[1724]
< w[1725]
< w[1726]
< w[1727]
< w[1728]
< w[1729]
< w[1730]
< w[1731]
= w[1732
< w[1733]
<= w[1734
< w[1735]
< w[1736]
<= w[1737]
< w[1738]
< w[1739]
< w[1740]
< w[1741]
< w[1742]
< w|[1743]
< w[1744]
< w([1745]
<= w[1746]
< w[1747]
< w[1748]
< w[1749]
< w[1750]
< w[1751]
< w[1752]
< w[1753]
= w[1754
< w[1755]
<= w[1756
< w[1757]
< W[1758]
< w[1759]
< w[1760]

<= w1761

< w[1762

< w[1763

1= 0.001
1= 0.001
1= 0.001
1= 0.001
|1 = 0.001
1= 0.001
1 < 0.001
1= 0.001
1< 0.001
1= 0.001
1= 0.001
| = 0.001
1= 0.001

Imlmlﬂlmlmlhlwlmlb—hlgl

H 1 -continued

(window coeflicients w(n); N = 960)

= (0.001
< (0.001
= (0.001
< 0.001
< (0.001
< 0.001
< 0.001
= 0.001
< 0.001
=< 0.001
< 0.001
< 0.001
< (0.001
< 0.001
< 0.001
< (0.001
< 0.001
< (0.001
= 0.001
=< 0.001
= 0.001
< 0.001
< 0.001

< 0.001
< (0.001
< (0.001
< (0.001
< (0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< (0.001
< (0.001
< (0.001
< (0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< (0.001
< (0.001
< (0.001
< (0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< (0.001
< (0.001
< (0.001
< (0.001

=< (0.001
=< (0.001
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TABLE 1-continued TABLE 1-continued
(window coellicients w(n); N = 960) (window coeflicients w(n); N = 960)
~0.001 = w[1764] = 0.001 ~0.002 = w[1842] = 0.000
~0.001 = w[1765] = 0.001 5 ~0.002 < w[1843] = 0.000
~0.001 = w[1766] = 0.001 ~0.002 = w[1844] < 0.000
~0.001 = w[1767] = 0.001 ~0.002 < w[1845] = 0.000
~0.001 = w[1768] = 0.001 ~0.002 < w[1846] = 0.000
~0.001 = w[1769] = 0.001 ~0.002 < w[1847] = 0.000
~0.001 = w[1770] = 0.001 ~0.002 < w[1848] = 0.000
~0.001 = w[1771] = 0.001 10 ~0.002 < w[1849] =< 0.000
~0.001 = w[1772] = 0.001 ~0.002 < w[1850] = 0.000
~0.001 = w[1773] = 0.001 ~0.002 < w[1851] = 0.000
~0.001 = w[1774] = 0.001 ~0.002 < w[1852] = 0.000
~0.001 = w[1775] < 0.001 ~0.002 < w[1853] = 0.000
~0.001 = w[1776] = 0.001 ~0.002 < w[1854] = 0.000
~0.001 = w[1777] < 0.001 4 ~0.002 < w[1855] = 0.000
~0.001 = w[1778] = 0.001 ~0.002 < w[1856] = 0.000
~0.001 = w[1779] = 0.001 ~0.002 < w[1857] = 0.000
~0.001 = w[1780] = 0.001 ~0.002 < w[1858] = 0.000
~0.001 = w[1781] = 0.001 ~0.002 < w[1859] = 0.000
~0.001 = w[1782] = 0.001 ~0.002 < w[1860] = 0.000
~0.001 = w[1783] = 0.001 ~0.002 < w[1861] = 0.000
_0.001 = w[1784] = 0.001 20 ~0.002 = w[1862] = 0.000
~0.001 = w[1785] = 0.001 ~0.002 < w[1863] = 0.000
~0.001 = w[1786] < 0.001 ~0.002 = w[1864] < 0.000
~0.001 = w[1787] = 0.001 ~0.002 < w[1865] = 0.000
~0.001 = w[1788] < 0.001 ~0.002 = w[1866] < 0.000
~0.001 = w[1789] = 0.001 ~0.002 < w[1867] = 0.000
~0.001 = w[1790] = 0.001 25 ~0.002 < w[1868] = 0.000
~0.001 = w[1791] = 0.001 ~0.002 < w[1869] =< 0.000
~0.001 = w[1792] = 0.001 ~0.002 < w[1870] = 0.000
~0.001 = w[1793] = 0.001 ~0.002 < w[1871] = 0.000
~0.001 = w[1794] = 0.001 ~0.002 < w[1872] = 0.000
~0.001 = w[1795] = 0.001 ~0.002 < w[1873] = 0.000
~0.001 = w[1796] = 0.001 30 ~0.002 < w[1874] = 0.000
~0.001 = w[1797] < 0.001 ~0.002 < w[1875] = 0.000
~0.001 = w[1798] = 0.001 ~0.002 < w[1876] = 0.000
~0.001 = w[1799] < 0.001 ~0.002 = w[1877] < 0.000
~0.001 = w[1800] = 0.001 ~0.002 < w[1878] = 0.000
~0.001 = w[1801] = 0.001 ~0.002 < w[1879] = 0.000
~0.001 = w[1802] = 0.001 > ~0.002 < w[1880] = 0.000
~0.001 = w[1803] = 0.001 ~0.002 < w[1881] = 0.000
~0.001 = w[1804] = 0.001 ~0.002 < w[1882] = 0.000
~0.001 = w[1805] = 0.001 ~0.002 < w[1883] = 0.000
~0.001 = w[1806] = 0.001 ~0.002 < w[1884] = 0.000
~0.001 = w[1807] = 0.001 ~0.002 < w[1885] = 0.000
~0.001 = w[1808] =< 0.001 ~0.002 < w[1886] = 0.000
~0.001 = w[1809] = 0.001 40 0.002 = w[1887] = 0.000
~0.001 = w[1810] < 0.001 ~0.002 = w[1888] < 0.000
~0.001 = w[1811] = 0.001 ~0.002 < w[1889] = 0.000
~0.001 = w[1812] < 0.001 ~0.002 = w[1890] < 0.000
~0.001 = w[1813] = 0.001 ~0.002 < w[1891] = 0.000
~0.001 = w[1814] = 0.001 ~0.002 < w[1892] = 0.000
~0.002 = w[1815] < 0.000 45 ~0.002 < w[1893] = 0.000
~0.002 = w[1816] < 0.000 ~0.002 < w[1894] = 0.000
~0.002 < w[1817] < 0.000 ~0.002 < w[1895] = 0.000
~0.002 = w[1818] < 0.000 ~0.002 < w[1896] = 0.000
~0.002 < w[1819] < 0.000 ~0.002 < w[1897] = 0.000
~0.002 < w[1820] = 0.000 ~0.002 < w[1898] =< 0.000
~0.002 = w[1821] < 0.000 50 ~0.002 = w[1899] < 0.000
~0.002 < w[1822] = 0.000 ~0.002 < w[1900] = 0.000
~0.002 < w[1823] = 0.000 ~0.002 <= w[1901] = 0.000
~0.002 < w[1824] = 0.000 ~0.002 = w[1902] = 0.000
~0.002 < w[1825] = 0.000 ~0.002 = w[1903] = 0.000
~0.002 < w[1826] = 0.000 ~0.002 < w[1904] = 0.000
~0.002 < w[1827] = 0.000 55 ~0.002 = w[1905] = 0.000
~0.002 < w[1828] = 0.000 ~0.002 < w[1906] = 0.000
~0.002 < w[1829] = 0.000 ~0.002 = w[1907] = 0.000
~0.002 < w[1830] = 0.000 ~0.002 < w[1908] = 0.000
~0.002 < w[1831] = 0.000 ~0.002 = w[1909] = 0.000
~0.002 < w[1832] = 0.000 ~0.002 <= w[1910] = 0.000
~0.002 < w[1833] = 0.000 ~0.002 = w[1911] = 0.000
~0.002 = w[1834] = 0.000 o0 ~0.002 < w[1912] = 0.000
~0.002 < w[1835] = 0.000 ~0.002 = w[1913] < 0.000
~0.002 < w[1836] = 0.000 ~0.002 = w[1914] < 0.000
~0.002 < w[1837] = 0.000 ~0.002 = w[1915] < 0.000
~0.002 < w[1838] = 0.000 ~0.002 = w[1916] < 0.000
~0.002 < w[1839] = 0.000 ~0.002 = w[1917] < 0.000
~-0.002 = w[1840] = 0.000 65 ~0.002 = w[1918] = 0.000
~0.002 < w[1841] = 0.000 ~0.002 = w[1919] < 0.000




TABLE 1-continued

(window coeflicients w(n); N = 960)

(window coeflicients w(n); N = 960)
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TABLE 2

ho RO N
~1 Oy Un

L
-

Ll L L Lo L Lo Lo
N0 =1 Oy o s o

'-IS'-IS'-IS'-IS':E'-IS'-IS'-IS
OO*--JCthl AV N

LY L R T T T
SOND 00 =1 Oy o It

OOy Oy Oy O Oy O
O 0 =1 Oy o B Lo

| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000

= (.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
| = 0.00000000
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TABL.

(window coeflicients w(n); N = 960)

/0.
71
72
73
/4
73
/6.
7T
/8
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99,
100°
1017
102
103
104
105
106
107
108
109
110] = 0.00000000
111] = 0.00000000
112] = 0.00000000
113] = 0.00000000
114] = 0.00000000
115] = 0.00000000
| 16] = 0.00000000
117] = 0.00000000
] = 0.00000000
] = 0.00000000
] =0.00101191
] = 0.00440397
] = 0.00718669
] =0.01072130
] = 0.01459757
] = 0.01875954
] = 0.02308987
] =0.02751541
] = 0.03198130
] = 0.03643738
] = 0.04085290
] = 0.04522835
] = 0.04957620
] = 0.05390454
] = 0.05821503
] =0.06251214
] = 0.06680463
] = 0.07109582
] =0.07538014
] = 0.07965207
] = 0.08390857
] = 0.08815177
] = 0.09238785
] = 0.09662163
] = 0.10085860
] = 0.10510892

| =0.1093%8110
|=0.11367819
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= (.00000000
= (0.00000000
= (.00000000
= (0.00000000
= 0.00000000
= (0.00000000
= (0.00000000
= (0.00000000
= (0.00000000
= (0.00000000
= 0.00000000
= (.00000000
= (0.00000000
= (.00000000
= (0.00000000
= (.00000000
= (0.00000000
= (.00000000
= (0.00000000
= 0.00000000
= (0.00000000
= 0.00000000
= 0.00000000
= (0.00000000
= (.00000000
= (0.00000000
= (.00000000
= (0.00000000
= (.00000000
= 0.00000000
= (.00000000
= (.00000000
= (.00000000
= 0.00000000
= ().00000000
= 0.00000000
= ().00000000
= (.00000000
= (.00000000
= (.00000000

H 2-continued
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TABLE 2-continued TABLE 2-continued
(window coellicients w(n); N = 960) (window coeflicients w(n); N = 960)
148] =0.11800355 226] = 0.51965805
149] =0.12236410 > 227] =0.52450975
150] =0.12676834 228] = 0.52933955
151]1=0.13122384 229] =0.53414668
152]=0.13573476 230] =0.53893113
'153] =0.14030106 231] =0.54369178
154] =0.14492340 232] =0.54842731
155] =0.14960315 10 233]=0.55313757
156] =0.15433828 234] = 0.55782259
1571 =0.15912396 235] =0.56248253
158] =0.16395663 236] =0.56711762
159] =0.16883310 2371 =0.57172819
160] =0.17374837 238] =0.57631468
161] =0.17869679 15 239] = 0.58087761
162] =0.18367394 240] = 0.58719976
163] =0.18867661 2411 =0.59173064
164] =0.19370368 242] =0.59623644
165] =0.19875413 243] = 0.60071719

166] = 0.20382641
167] = 0.20892055
168] = 0.21403775 20
169] = 0.21917761
170] = 0.22433899
1717 = 0.22952250
172] = 0.23472991
173] = 0.23996189
174] = 0.24521859 25
175] = 0.25049930
176] = 0.25580312
177] = 0.26112942
178] = 0.26647748
179] = 0.27184703
180] = 0.27723785 30
181] = 0.28264967
182] = 0.28808086
183] = 0.29352832
184] = 0.29898979
185] = 0.30446379
186] = 0.30994292
187] = 0.31541664
188] = 0.32087942
189] = 0.32632772
190] = 0.33176291
191] = 0.33718641
192] = 0.34259612
193] = 0.34799346 40
194] = 0.35338857
195] = 0.35878843
196] = 0.36419504
197] = 0.36960630
198] = 0.37501567
1991 = 0.38042067 45
200] = 0.38582069
201] = 0.39121276
202] = 0.39659312
203] = 0.40195993
204] = 0.40731155
205] = 0.41264382 50
206] = 0.41795277
207] = 0.42323670

244] = 0.60517294
245] = 0.609603772
246] = 0.61400958
24°7] = 0.61839056
248] = 0.622746770
249] = 0.62707805
250] =0.63138475
251] = 0.63566700
1252] = 0.63992500
253] = 0.64415895
254] = 0.04836893
255] = 0.65255499
256] =0.65671715
2577] = 0.66085548
258] = 0.66497005
259] = 0.66906094
260] =0.67312824
261 =0.67717199
262] =0.68119219
263 = 0.0851 8882
264 = 0.68916187
265] =0.69311129
266] = 0.69703698
26°7] = 0.70093884
268] = 0.704816779
269] = 0.70867071
270] = 0.71250047
271 =0.71630596
272] =0.72008705
273] =0.72384360
274 =0.72757549
275 =0.73128256
276] =0.73496463
277] =0.73862141
278] =0.74225263
279] = 0.74585799
280] = 0.749437 30
281] = 0.75299039
282 =0.75651711
283] =0.76001729
284 = 0.76349062
285] =0.76693670

35

208] = 0.42849480 286] = 0.77035516
209] = 0.43372753 287] = 0.77374564
210] = 0.43893452 288] = 0.77710790
211] = 0.44411398 55 289] = 0.78044169
212] = 0.44927117 290] = 0.78374678
213] = 0.45441882 291] = 0.78702291
214] = 0.45956191 292] = 0.79026979
215] = 0.46470167 293] = 0.79348715
216] = 0.46983016 294] = 0.79667471
217] = 0.47493636 295] = 0.79983215
218] = 0.48001827 60 296] = 0.80295914
219] = 0.483507480 297] = 0.80605536
220] = 0.49010240 298] = 0.80912047
221] = 0.49509781 299] = 0.81215417

2227 = 0.50005986
223] = 0.50499037

224] = 0.50989790 65
225] = 0.51478708

300] = 0.81515616
301] = 0.81812616
302] = 0.82106389
303] = 0.82396915

2 ¥ $¥22249922F2F22F4F9F2F2F22%499F3F2222FIFIF9F22F2F2FI49F22F2F24I42222F252933 4
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TABL

(window coellicients w(n); N = 960)
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304
305"
306
307
308"
309
310°
311
312
313"
314
5] = 0.85623523
16] = 0.85870326
7] = 0.86113701
18] = 0.86353649
319] = 0.86590173
320°
321
322"
323
324"
325°
326°
327
328"
329
330°
331
332
333"
334
335"
336
337
338"
339"
340"
341
342
343
344
345"
346
347
348"
349
350"
351
352"
353
354
355"
356
357
358"
359"
360"
361
362
363
364
365"
366
367
368"
369
370°
371
372
373
374
375"
376
377
378"
379
380"
3811 = 0.94723080

73

= (.82684176
= 0.8296&8154
= (.83248830
= 0.83526186
= 0.83800204
= 0.84070866
= 0.84338156
= 0.8460205%
= 0.84862556
= 0.85119636
= 0.85373292

= 0.86823275
= 0.87052968%
= 0.87279275
= 0.87502220
= 0.87721829
= 0.87938130
= 0.88151157
= (.88360940
= 0.88567517
= 0.88770954
= 0.88971328%
= 0.8916&8716
= 0.89363199
= 0.89554856
= 0.89743771
= 0.89930025
= 0.90113740
= (0.90295086
= 0.90474240
= 0.90651380
= 0.90826684
= (0.91000335
=0.91172515
= 0.91343416
=0.91513276
= 0.91682357
= 0.91850924
= 0.92019170
= 0.92187129
= 0.92354778%
= (0.92522116
= 0.92688597
= (.92852960
= 0.93013%861
= 0.93169897
= 0.93319114
= 0.93458502
= 0.93587626
= 0.93694276
= 0.93825562
= (0.93882222
= 0.93910780
= 0.939441 83
= 0.93981497
= 0.94021434
= 0.94062629
= 0.94103714
= 0.94144084
= 00.94184042
= 0.94223966
= 0.94264206
= 0.94304859
= 0.94345831
= 0.94387033
= 0.94428390
= 0.94469895
=0.94511572
= 0.94553441
= 0.94595520
= 0.94637816

= 0.94680335

H 2-continued

US RE45,526 E

10

15

20

25

30

35

40

45

50

55

60

65

TABL.

(window coeflicients w(n); N = 960)

B R e e e e e S P
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TN
P2 b = =
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382
383
384
385
386
387
388
389"
390°
391
392
393
394
395°
396
397
398
399
400"
401
402
403
404
405
406
407
408
]=0.96017172
10] = 0.96067026
11]=0.96117144
12] = 0.96167526
13] = 0.96218157
14] = 0.96269026
5] = 0.96320119
16] = 0.96371437
] = 0.96422988
] = 0.96474782
] =0.96526824
] =0.96579106
421] = 0.96631614
422
423
424
425
426
427
428
429
430"
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450"
451
452
453
454
455
456
457
458
459

I~
o
O

74

H 2-continued

e
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AND

= 0.94766054
= (.94809253
= 0.94852674
= 0.94896314
= 0.949401/8
= .949842°76
= (.95028618
= (0.95073213
= 0.95118056
= (0.95163139
= 0.95208451
= 0.95253992
= (0.95299770
= 0.95345799
= .95392092
= 0.95438653
= .95485472
= 0.95532539
= (.95579847
= 0.95627397
= 0.95675201
= 0.95723273
= 0.957716018
= (.95820232
= 0.95869103
= (.9591 8218
= 0.95967573

= 0.96684334
= 0.96737257
= 0.96790390
= .96843740
= 0.96897315
= (096951112
= 0.97005119
= 0.97059318
= 0.97113697
= (0.97168253
= 0.97222994
= 0.97277928
= 0.97333058
= 0.97388375
= 0.97443863
= 0.97499505
= .97555292
= 097611230
= 0.97667326
= 0.97723589
= 0.97780016
= 0.97836592
= (.97893300
= 0.97950127
= 0.98007071
= (.98064139
= 0.98121342
= 0.981780&%4
= 0.98236156
= (.98293743
= 0.98351428
= (.98409205
= 0.9846707/8
= (.98525056
= .98583146
= (.9864134%

= (.98699650

= (.98758037



TABL

(window coellicients w(n); N = 960)
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460
461
462 |
463
464
465
4660
4677
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484 |
485
4860
487
488
489
490
491
492
493 |
494
495 |
496
497
498
499
500
501
502
503
504
505
5006
507
508
509
510

Imlmlqlmliﬁlhlwli\‘-}ll;_ﬁ

7S

H 2-continued

= (0.98816497
= 0.98875030
= (0.98933647
= 0.98992356
= 0.99051163
= 0.99110062
= 0.9916903%
= (.99228079
= 0.99287177
= 0.99346341
= 0.9940558%1
= 0.99464907
= 0.99524320
= (0.99583812
= 0.99643375
= 0.99702997
= 0.99762671
= (.99822386
= (0.99882134
= (0.99941903
= 1.0005&8131
= 1.00118006
= 1.00177930
= 1.00237893
= 1.00297887
= 1.00357902
= 1.00417927
= 1.00477954
= 1.00537972
= 1.00597973
= 1.00657959
= 1.00717940
= 1.00777926
= 1.00837925
= 1.00897929
= 1.00957926
1017901
1077847
1137769
1197678
12577582
1317482
1377365
14377217
1497025
1556786
1616510
1676205
1735876
1795514
1855103
1914627
1974076

I
= leNolelelolollelolielolellie el ol

13] = 1.02033455
14] = 1.02092772
] = 1.02152037
16] = 1.02211247
] = 1.02270387
] = 1.02329439
] = 1.02388387
5201 = 1.02447229
521
522
523
524
525"
526
527
528"
529
530"
531
532
533
534
535"
536
537

= 1.02505972
= 1.02564624
= 1.02623190
= 1.02681660
= 1.02740017
= 1.02798242
= 1.02856326
= 1.02914272
= 1.02972087
= 1.03029778
= 1.03087344
= 1.03144768%
= 1.03202035
= 1.03259127
= 1.03316042

= 1.0337278%
= 1.03429373
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TABL.

(window coeflicients w(n); N = 960)
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ENENEYON

538
539
540"
541
542
543
544
545
546
547
548
549
550°
551
552
553
554
555
556
557
558
559
560°
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580°
581
582
583
584
585
586"
587
588
589
590°
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
61

76

H 2-continued

= 1.03485&801
= 1.03542064
= 1.03598146
= 1.03654030
= 1.03709708
= 1.03765185
= 1.038204'70
1.03875571
= 1.039304&8
1.03985206
= 1.04039712
= 1.04093989
= 1.04148037
= 1.04201865
= 1.042554%1
= 1.04308893
= 1.04362093
= 1.044150068
1.04467803
= 1.04520292
1.04572542
= 1.046245660
= 1.046763776
= 1.04727974
= 1.04779350
= 1.04830493
= 1.04881391
= 1.04932048
= 1.04982477
= 1.05032693
= 1.05082705
= 1.05132510
= 1.05182098
= 1.05231457
= 1.05280584
= 1.05329485
= 1.05378171
= 1.054260654
= 1.05474937
= 1.05523018
= 1.05570892
= 1.05618554
= 1.05666005
= 1.05713251
= 1.05760297
= 1.05807149
= 1.05853828
= 1.05900355
= 1.05946756
= 1.05993024
= 1.06039075
= 1.06084806
= 1.06130111
= 1.06175099
= 1.06220164
= 1.06265732
= 1.06312146
= 1.06358726
= 1.06403924
= 1.06446186
= 1.06484048
= 1.06516440
= 1.06527864
= 1.064980777
= 1.06470196
= 1.06425743
= 1.06372091
= 1.06311464
= 1.06246622
= 1.061792777
= 1.06110808
= 1.06042455

| = 1.05974495

= 1.05906206
= 1.058367060
= 1.05765243

= 1.05691470

IE'\.-JI\-IIIr*aIi-JmJIIrt\"_}II;_.;II:::I

= 1.0561517/8



TABL

(window coellicients w(n); N = 960)
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77

H 2-continued

16] = 1.05536069
| =1.05454152
| = 1.05370030
| = 1.05284445
| = 1.05198094
| =1.05111433
| = 1.05024634

1.04937859

] = 1.04851245

1.04764614

| =1.04677586
| = 1.04589855
| = 1.04501046
] =1.04410500
| =1.04317417
| =1.04221010
| =1.04120649

1.04016012

| = 1.03906851
| = 1.03792894
] = 1.03674090
| = 1.03550649
| =1.03422800
| =1.03290769
] =1.03154944
| =1.03015834
| =1.02873938
| =1.02729712
| =1.02583470
| = 1.02435463
| = 1.02285952
| =1.02135114

1982974
1829520
1674752
1518534
1360559
1200510
1038076

|
OO0 00000

| = 1.00872996
| = 1.00705045
| = 1.00533999
| =1.00359618
| =1.00181613

0.99999673

| =0.998134777
| =0.99622793
| =0.99427571
] =0.99227814
| =0.99023501
| =0.98815128
| = 0.98603857
| = 0.98390898
| =0.98177413
| =0.97964151
| =0.97751528
| =0.97539999
| =0.97329751
| =0.97119933
] =0.96909179
| =0.96696152
| =0.96479824
| = 0.96259840
| =0.96036028
| =0.958081&0
| =0.95576295
| =0.95340622
| =0.95101436
] =0.94859030
| =0.94614009
| =0.94367232
| =0.94119555
| =0.93871796
| =0.93624630
| =0.93378636
| =0.93134465

| =0.928920776
| =0.92649974
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TABL.

(window coeflicients w(n); N = 960)
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H 2-continued

694
695
696
697
698
699
700
701
702
703
704
705"
706
707
708
709
710
711
712
713
714
715
] =0.86573164
] = 0.86297523
] = 0.86021649
] = 0.85745725
] = 0.85474342
] = 0.85193656
] = 0.84911455
] = 0.84627969
] = 0.84343424
] = 0.84058046
] = 0.83772057
] = 0.83485680
] =0.83199134
] =0.82912621
] =0.82626143
] = 0.82339529
] = 0.82052619
] =0.81765147
] = 0.81476433
] =0.81185593
] = 0.80891701
] = 0.8059445?
] = 0.80294885
] = 0.79994431
] = 0.79694485
] =0.79396166
] =0.79100220
] = 0.78807349
] =0.78518123
] =0.78231422
] = 0.77944709
] =0.77655407
]=0.77361369
] =0.77062281
] = 0.76758806
] = 0.76451506
]=0.76141145
] = 0.75828860
] =0.75515892
] = 0.75203479
] = 0.74892561
] = 0.74583682
] =0.74277342
] = 0.73974008
] =0.73673754
] =0.73376310
] = 0.73081444
]=0.72788616
] = 0.72496070
] =0.72201426
] =0.71902283
] = 0.71596990
] =0.71285541
] =0.70968427

| =0.70646064

= 0.92406255
= 0.92159041
= 0.91907411
= 091651711
= 0.91392425
= 0.91130056
= .908654/1
= (0.905998 38
= (.90334350
= (.90069934
= (.89806435
= 0.89543132
= (.89279335
= 0.89014496
= (.88748403
= (.88480945
= 0.88211997
= 0.87941558
= 0.87669794
= 0.87396891
= (0.87123030
= 0.86848394

= (.703195%9



TABL

(window coellicients w(n); N = 960)
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o
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o

772
773
774
775
776
777
778
779
780"
781
782"
783"
784"
785"
786"
787
788"
789"
790"
791
792"
793"
794"
795"
796"
797
798"
799
'R00"
801
802
803"
804"
805"
806
807
R0OS”
] = 0.58346064
10] = 0.58061078
11] = 0.57775874
] = 0.57488246
13] = 0.57195790
] = 0.56896078
] = 0.56586637
16] = 0.56266594
] =0.55937186
] = 0.55599898
] =0.55256299
] = 0.54909184
821
822
823"
24"
825"
826
827
828"
829"
830"
831
832
833"
R34
835"
836
837
838"
839"
840"
841
842"
843"
844"
845
846
847
RAR”
849"

20
-
D

79

H 2-continued

=
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= 0.69991077
= 0.69662714
= 0.69336592
= 0.69013742
= 0.680694302
= 0.68378420
= 0.680066143
= 0.67757157
= 0.67450951
= 0.67147030
= (0.66844879
= 0.66543949
= 0.66243677
= 0.65943505
= 0.65642755
= 0.65340591
= 0.65036160
= 0.64728630
= 0.64417440
= 0.6410226%
= 0.63782771
= 0.03458757
= 0.63130628%
= 0.62799109
= 0.62464879
= 0.062128816
=0.01792203
= 0.6145643%
=0.01122915
= 0.60792802
= 0.60466971
= 0.60146257
= 0.59831460
= 0.59522876
= 0.59220375
= (0.58923859
= 0.58632936

= 0.54562376
= 0.54219742
= 0.53884728%
= 0.53559047
= 0.53243453
= (.52938894
= 0.52645052
= (.5235895%
= 0.52076862
= (.51795080
=0.51510761
=0.51222179
= 0.50927733
= 0.50625944
= 0.50317073
= 0.50002767
= 0.49685021
= 0.49364116
= 0.49048690
= 0.48726128
= 0.484048%8Y
= 0.48090875
= 0.47783482
= 0.47481564
= 0.47184024
= 0.46889391
= 0.46595836

= 0.46301611
= 0.46005089
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TABL.

(window coeflicients w(n); N = 960)
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DD
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850"
851
852
853
854
855
856
857
858
859
860"
861
862
863
864
865
866
867
868
869
870"
871
872
873
874
875
876
877
78
879
8]0’
881
882
883
884
885
8]6
887
8]Y
'8R9
890
891
892
893
894
895
896
897
898
899
900
901
902
903
004
905
906
907
908
909"
910
11] = 0.28232266
12] = 0.27958067
13] = 0.27684984
14] = 0.27413017
15] = 0.27142157
16] = 0.26872396
17] = 0.26603737
]=0.26336211
] = 0.26069855
] = 0.25804700
] = 0.25540830
922
023
024
025
026
927

80

H 2-continued
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= 0.45705924
= 0.45404822
= 0.45102447
= 0.44799543
= 0.444971 38
= 0.44196397
= 0.43898547
= 0.43604105
= 0.43312057
= (0.43020942
= 042729337
= 042436272
= 042141388
= 0.41844400
= 0.41545081
= 0.41244014
= 0.40942464
= 0.40641716
= 040342874
= 0.40046292
= (0.39751923
= (0.39459758
= 0.39169692
= (.38881435
= 0.38594643
= ().383089%0
= 0.38024146
= 0.37739896
= 0.37455980
= 0.37172187
= .36888463
= 0.36604937
= 0.36321735
= 0.36038967
= (.357566068
= 0.35474%832
= (.35193455
= 0.34912542
= 0.34632129
= .34352258
= 0.34072974
= 0.33794323
= 0.33516354
= 0.33239114
= 0.32962648
= .32686967
= 0.32412042
= 0.32137919
= 0.31864044
= (.31588373
= .31309909
= (0.31028631
= 0.30745528
= .304626/8
= 0.30180656
= (.29899424
= (.29619082
= 0.29339717
= (.29061333
= 0.28783935
= (.28507563

= (.25278329
= 0.25017211
= 0.24757451
= (.24498713

= .24240740

= (0.23983550



TABLE 2-continued

(window coellicients w(n); N = 960)

028"
029"
930"
031"
032
033"
034"
035"
036
037
038"
039"
040
041
042"
043"
044
045"
046
047
048"
049
950"
051"
052"
053"
054"
055"
056
057
058"
059
960
961
062
063"
064
065"
066
967
068"
069
970"
971
972
973"
974
975"
976"
977
978
979
980"
081"
082"
083"
084"
085"
086"
087
088"
089"
990"
991"
092"
093"
094
995"
996
997
998"
999"

ffddfd LI gdddddddgdddddddgddddddddddddEddddsdEddddddddddddddddddddddddddd

1000
1001
1002
1003
1004
1005

81

= (.23727200
= 0.23471866
=0.23217624
= (.2296445%
= 0.22712346
= 0.2246125%
=(0.22211202
=0.21962197
= (0.21714290
= 0.21467522
= 0.21221877
= 0.20977323
= 0.20733693
= (.20490860
= (.20248823
= (.20007615
= 0.19767358%
= 0.19528091
= 0.19289781
= 0.19052347
= 0.18815661
= 0.18579693
= 0.18344441]
= 0.18110010
= 0.17876595
= 0.17644344
= 0.17413400
= 0.17183905
= 0.16956003
= 0.16729836
= 0.16505547
=0.1628327%
= 0.15990780
= 0.15776021
= 0.15563325
= 0.15352557
= 0.151435%4
= 0.14936270
= 0.1473048%1
= 0.14526081
= 0.14322937
= 0.1412091%
= 0.13919977
= 0.1372013%
=0.13521422
= 0.13323852
=0.13127445
=0.12932216
= 0.127381%1
= 0.1254535%
= 0.12353773
= 0.12163457
=0.11974436
=0.11786730
= 0.11600347
=0.11415293
=0.11231573
= 0.11049201
= 0.1086&8196
= 0.10688578
= 0.10510362
= 0.10333551
= 0.1015%8143
= (0.09984133
= 0.09811524
= 0.09640327
= 0.09470556
= 0.09302228%
= 0.09135347
= 0.08969907
= 0.08805903
= 0.08643326
= 0.08482183
= 0.0832248%6
= 0.08164249
= 0.08007481

= 0.07852179
= 0.07698335
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TABL.

(window coeflicients w(n); N = 960)

ffddfd LI gdddddddgdddddddgddddddddddddEddddsdEddddddddddddddddddddddddddd

—
—
L/

1006°
1007
1008
1009°
1010°
] = 0.06805800
] =0.06662187
] =0.06520031
] =0.06379324
] = 0.06240065
]1=0.06102266
] =0.05965936
] =0.05831084
] =0.05697701
] =0.05565775
] = 0.05435290
] =0.05306239
] =0.05178628
] =0.05052464
] = 0.04927758
] =0.04804510
] = 0.04682709
] =0.04562344
] = 0.04443405
] = 0.04325893
] = 0.04209822
] = 0.04095208
] = 0.03982059
] =0.03870371
]1=0.03760131
] =0.03651325
] = 0.03543944
] =0.03437987
] =0.03333454
] =0.03230348
] =0.03128653
] =0.03028332
] =0.02929346
] =0.0283165%
] =0.02735252
] =0.02640127
] = 0.02546283
] =0.02453725
]1=0.02362471
] =0.02272547
] =0.02183980
] =0.02096810
]=0.02011108

32

2-continued

= (.07545938
= 0.07394984
= (.072454%82
= 0.07097444
= 0.06950883

1=0.0"
1=0.0°
1=0.0°
1=0.0°
1=0.0°
1=0.0°
1=0.0°
1=0.0°
1=0.0°
1=0.0"
1=0.0°
1=0.0"

1926957
| 844439
1703565
| 684248
1606394
1529909
14547726
| 380802
| 308092
1236569
1166273
1097281

1=0.0"

1029671

| =0.00963479
| = 0.00898646
| = 0.00835089
| =0.00772725
| =0.00711521
| =0.00651513
| =0.00592741
] =0.00535249
| = 0.00479089
| =0.0042432¥%
| =0.00371041
| =0.00319271
| = 0.00268947
| =0.00219928
| =0.00172084

| =0.00125271
| =0.00079311



TABL

(window coellicients w(n); N = 960)

ffddfd LI gdddddddgdddddddgddddddddddddEddddsdEddddddddddddddddddddddddddd

L b L b L b L b L b b b b b b b b

r L r L r L r L L L L r L
L L L L L L L L L b
r r r r r r r r r

N RO b B B |
O 00 ~1 Oy U

(o (L
L o

L)l
N

e
oo

W N N %
fd D —

IR T R T s s
— O D 0~ Oy W

FRURT RV RV R RV
O 0~ Oy B W

-y
k.

1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
111] = -0.00770289
] = -0.00786789
] = -0.00801521
] = -0.00814526
] = —0.00825839
] = —0.00835563
] = —0.00843882
] = —0.008350996
] = —0.00857097
] = —0.00862360
] = —0.00866943
] = -0.00871004
] = —0.00874688
] = —0.00878091
] = -0.00881277
] = —0.00884320
] = —0.00887248
] = —0.00890002
] = —0.00892494
] = -0.00894641
] = —0.00896355
] = -0.00897541
] = -0.00898104
] = —0.00897948
] = —0.00896990
] = —0.00895149
] = —0.00892346
] = —0.00888519
] = —0.00883670
] = —0.00877839
] = -0.00871058
] = —0.00863388
] = —0.00854936
] = —0.00845826
] = -0.00836179
] =-0.00826124
] = -0.00815807
] = —0.00805372
] = -0.00794953
] = -0.00784572
] =-0.00774156
] =-0.00763634
] = -0.00752929
] =-0.00741941
] = -0.00730556
] =-0.00718664
] =-0.00706184
] = -0.00693107
] = -0.00679443

| =-0.00665200
| =-0.0065042%

I@ImlqlmlmlglwlmlH

b
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It“‘l\.\l\lJ Il:'-::I

"
I#I

Lsd
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LD
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-
o
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H 2-continued

= (.00034023

= —0.00010786
= —0.00055144
= —0.00098865
=—0.00141741
= —0.00183557
= —0.00224010
= —0.00262725
= —-0.00299314
= —-0.00333475
= —0.00365250
= —0.00394867
= —0.00422533
= —-0.00448528
= —0.00473278
= —0.00497252
= —0.00520916
= —0.00544584
= —0.00568360
= —0.00592326
= —-0.00616547
= —0.00640861
= —-0.00664914
= —0.00688354
= —-0.00710845
= —-0.00732136
= —0.00752022
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TABL.

(window coeflicients w(n); N = 960)

ffddfd LI gdddddddgdddddddgddddddddddddEddddsdEddddddddddddddddddddddddddd

ho D
— O
O

N B2 B2 RO RO RO N2 b

F
L L L L L L L b L b L
r r r r r r r r r r

ho

—
—
L/

1162
1163
1164
1165
1166
1167
1168
1169
1170°
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180°
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190°
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200°
1201
1202
1203
1204
1205
1206
1207
1208
] =0.00148978
]=0.00164611
] = 0.00180023
]1=0.00195211
]=0.00210172
] = 0.00224898
] = 0.00239383
] =0.00253618
] =0.00267593
] =0.00281306
] =0.00294756
] = 0.00307942
221] = 0.00320864
1222
1223
1224
1225
1226
1227
1228
1229°
1230°
1231
1232
1233
1234
1235
1236
1237
1238
1239°

II'\EI Ile I“-‘-‘] IG.‘Ib'I It‘-J.‘-I Iﬁ It-J.‘J IM IH Il:::::I

34

2-continued

= —-0.00635230
-0.0061971%
—-0.00603995
= —0.00588133
= —0.00572169
= —-0.00556143
—-0.00540085
—0.0052398%
—-0.0050782%
—-0.00491582
—-0.00475220
—-0.00458693
—-0.00441953
—-0.00424950
= —0.00407681
—-0.00390204
= —0.00372581
—-0.00354874
-0.00337115
—-0.00319318%
—-0.00301494
—-0.00283652
—-0.00265797
—-0.00247934
—-0.00230066
—-0.00212197
= —0.00194331
=—-0.00176471
= —0.00158620
= —0.00140787
= —0.00122989
= —-0.00105244
—-0.00087567
—-0.00069976
= —0.000524%7
= -0.00035115
= —0.00017875
= —0.00000782
= (0.00000779

= 0.00017701

= (0.00034552

= 0.00051313

= 0.00067966

= (0.00084492

= (0.00100873

= 0.00117093

= (0.00133133

= (0.00333502
= 0.00345816
= 0.00357762
= 0.00369297
= (0.00380414
= 0.00391 140
= (0.00401499
= 0.00411524
= (.00421242
= (0.00430678
= (.00439859
= (0.00448799
= 0.00457487
= 0.00465908
= 0.00474045
= 0.00481857

= 0.00489277
= 0.00496235




TABL

(window coellicients w(n); N = 960)

$ ¥ 22222342422 F2F24I49323F2F2L2493F322F22F29343F9222F2F243I43922F2F24F423F2523Fg 3

W W W W W W W
IﬂlmlmlﬁlmlmlH

1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1208
1299
1300

85

H 2-continued

= (.00502666
= 0.00508546
= (0.00513%877
= 0.00518662
= 0.00522904
= (0.00526648
= (0.00529956
= (0.00532895
= (0.00535532
= (0.00537929
= 0.00540141
= (.00542228
= 0.00544196
= (.005459%81
= 0.00547515
= 0.00548726
= (0.00549542
= 0.00549899
= (0.00549732
= 0.00548986
= 0.00547633
= 0.00545664
= 0.00543067
= (0.00539849
= (.00536061
= 0.00531757
= (0.00526993
= (0.00521822
= 0.00516300
= (0.00510485
= 0.00504432
= (0.00498194
= 0.00491822
= (0.00485364
= 0.00478862
= (.00472309
= 0.00465675
= 0.00458939
= 0.00452067
= (.00445003
= 0.00437688
= 0.00430063
= (0.00422062
= 0.00413609
= (0.00404632
= (0.00395060
= (.00384%63
= 0.00374044
= (.00362600
= (0.00350540
= 0.00337934
= 0.00324885
= 0.00311486
= (0.00297849
= 0.00284122
= (0.00270458
= (0.00257013
= (0.00243867
= (0.00231005
= (.00218399
= (0.00206023

1301
1302
1303
1304
1305
1306
1307

= (.00
= 0.00
= (.00
= (.00
= 0.00
= (.00
= 0.00

193766
181460
16893 %
156050
1427701
128831

114365

1308
1309
1310
] =0.00051845
12] = 0.00035760
] =0.00019720
] = 0.00003813
15] = —0.00011885

16] =-0.00027375
17] =-0.00042718

= (.00099297
= (.00083752
= (0.00067884
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TABL.

(window coeflicients w(n); N = 960)

$ ¥ 22222342422 F2F24I49323F2F2L2493F322F22F29343F9222F2F243I43922F2F24F423F2523Fg 3

1318
1319
1320°
1321
1322
1323
1324
1325
1326
1327
1328
1329°
1330°
1331
1332
1333
1334
1335
1336°
1337
1338
1339
1340°
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350°
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370°
1371
1372
1373
1374
1375
1376
1377
1378

1379
1380°
1381
1382
1383
1384
1385

1386
1387
1388
1389
1390°
1391
1392
1393
1394
1395

86

H 2-continued

—-0.00057975
—-0.00073204
—-0.00088453

—0.00]
—-0.00]
—0.00]
—0.00]

103767
119192
| 347747

150411

—-0.00166151
—-0.00181932
-0.00197723
—-0.00213493
—-0.00229210
—-0.00244849
-0.00260415
—-0.00275928%
—-0.00291410
—-0.00306879
—-0.00322332
—-0.00337759
—-0.00353145
—-0.00368470
—-0.00383722
—-0.00398892
—-0.00413972
—-0.00428967
—-0.00443889
—-0.00458749
—-0.00473571
—-0.00488366
—-0.00503137
—-0.00517887
—-0.00532610
—-0.00547302
—-0.00561965
—-0.0057659%
—-0.00591199
—-0.00605766
—-0.00620300
—-0.00634801
—-0.00649273
—-0.00663727
—-0.00678170
—-0.00692617
—-0.00707084
—-0.00721583
—-0.00736129
—-0.00750735
—-0.00765415
—-0.007801%4
—-0.00795060
—0.00810058%
—-0.00825195
—-0.00840487
—0.00855950
—-0.00871607
—0.00887480
—-0.00903596
—-0.00919978
—-0.00936650
—-0.00953635
—-0.00970931
—-0.00988421
—-0.01005916
—-0.01023208%
—-0.01040130
—-0.01056627
-0.0107267%
—-0.01088259

-0.01

—-0.011
132004
145552
158573
171065

-0.01
-0.01
-0.01
-0.01

-0.011

103348

17933

83025

—0.01:

04454

—-0.01205352
-0.01215722




TABL

(window coellicients w(n); N = 960)

ffddfd LI gdddddddgdddddddgddddddddddddEddddsdEddddddddddddddddddddddddddd

1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
11] =-0.0°
12] =-0.0°
]=-0.0
]=-0.01330334
]=-0.01332622
] =-0.01334570
]=-0.0
]=-0.0
]=-0.0
]=-0.0°
]=-0.0
]=-0.0
]=-0.0
]=-0.0
]=-0.0
]=-0.0
]=-0.0
]=-0.0
]=-0.0
]=-0.0
]=-0.0°
]=-0.0
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.0
]=-0.01
]=-0.011
]=-0.011
]=-0.01
]=-0.011
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.01
]=-0.0
]=-0.0
]=-0.0
]=-0.0
]=-0.0
]=-0.0
]=-0.0

87

= —0.0]
= —0.0’
= —0.0]
= —0.0’
= —0.0’
= —0.0’
= —0.0’

H 2-continued

1225572
1234911
1243749
1252102
| 259985
1267419

1274437

= —-0.01281078
= —-0.012%87379
= —0.01293350

= —0.0’
= —0.0]
= —0.0’
= —0.0]
= —0.0’

| 298972
1304224
| 309086
1313556
1317644
1321357
13247707

| 327697

1336194
1337510
1338538
1339276
1339708
| 339816
1339584
1339014
1338116
1336903
1335382
1333545
331381
| 32876
1326033
| 322880
319457
315806
311968
307987
303906
299769
295623
308207
304153
299802
295155
290215
284980
279450
273625
267501
2601077
254347
247306
239950
232277
224304
216055
1207554
198813
ROR29
8O590
171090
01335
151352
141167
130807
120289
109626
098830
087916
076898
10065793
1054618

1043380

1032068
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TABL.

(window coeflicients w(n); N = 960)

g ddfd gL gddddddddgdddddddddddddddddeddEdddddddddddddEdddddddddddddddds

L n
—
O

Lh Lh Lh L L n L

L L L L L L b L b L L
r r r r r r r r r r

b L b
r F

1474
1475
1476
1477
1478
1479
1480°
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490°
1491
1492
1493
1494
1495
1496
1497
1498
1499°
1500°
1501
1502
1503
1504
1505
1506
1507
1508

IIH\E:IIx:Ih“JIIGH:IUHEI-bIItJHJIIr\\-}IIF_ﬁI(:::I ]

1521
1522
1523
1524
1525
1526
1527
1528
1529°
1530°
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550°
1551

88

H 2-continued

-0.01020670
—-0.01009171
—-0.00997585
—0.00985959
—-0.0097433%
—-0.00962765
—-0.00951273
—0.0093988%
—-0.00928634
—-0.00917534
—-0.00906604
—-0.00895&860
—0.00885313
—-0.00874977
—-0.00864862
—-0.00854979
—-0.00845337
—-0.00835939
—-0.00826785
—-0.00817872
—-0.00809195
—-0.00800745
—-0.00792506
—-0.00784469
—-0.00776588
—-0.00768695
—-0.007605068
—-0.00752004
—-0.00742875
—-0.00733186
—-0.00722976
—-0.00712279
—-0.00701130
—-0.00689559
—-0.00677595
—-0.00665269
—-0.00652610
—-0.00639649
—-0.00626417
—-0.00612943
—-0.00599252
—0.0058536%
—-0.00571315
—-0.00557115
—-0.00542792
—-0.00528367
—-0.00513%864
—-0.00499301
—-0.00484693
—-0.00470054
—-0.00455395
—-0.00440733
—-0.00426086
-0.00411471
—-0.00396904
—-0.00382404
—-0.00367991
—-0.003536%4
—-0.00339502
—-0.00325472
-0.0031161%
—-0.00297967
—-0.00284531
—-0.00271307
—-0.00258290
—-0.00245475
—-0.00232860
—-0.00220447
—-0.00208236

—-0.001
-0.001
—-0.001
—-0.001
—-0.001
—-0.001
—-0.001

—-0.001
—-0.001

96233
84450
72906
01620
50603
39852
29358

19112
09115



TABL

(window coellicients w(n); N = 960)

ffddfd LI gdddddddgdddddddgddddddddddddEddddsdEddddddddddddddddddddddddddd

Ty Y Y Oy DY Oy O

L L L L L L b L b L
r r r r r r r r r

L L L
r

1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
5181
1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
1599
1600
1601
1602
1603
1604
1605
1606
1607
1608
1609
1610
] = 0.00060621
] =0.00059211
] = 0.00057763
] = 0.00056274
] = 0.00054743
] =0.00053169
] = 0.00051553
] = 0.00049897
] = 0.00048206
1620] = 0.00046487
1621
1622
1623
1624
1625
1626
1627
1628
1629

IH\DIth‘-‘JImIUIILImIMIH
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H 2-continued

= —0.00099375
= —0.00089902
= —(0.00080705
= —0.00071796
= —0.00063185
= —0.00054886
= —0.00046904
= —0.00039231
= —0.00031845
= —0.00024728
= —0.00017860
=-0.00011216
= —0.00004772
= (.00001500
= (0.00007600
= 0.00013501
= (0.00019176
= (0.00024595
= 0.00029720
= 0.00034504
= (0.00038902
= 0.00042881
= 0.00046456
= (0.00049662
= (.00052534
= 0.00055114
= 0.00057459
= (0.00059629
= 0.00061 684
= 0.00063660
= 0.00065568
= 0.00067417
= 0.00069213
= (.00070935
= 0.00072545
= (.00074005
= (0.00075283
= 0.00076356
= (0.00077209
= 0.00077828
= (0.00078205
= 0.00078350
= 0.00078275
= 0.00077992
= 0.00077520
= 0.00076884
= (0.00076108
= (0.00075218
= (0.00074232
= (0.00073170
= 0.00072048
= 0.00070881
= 0.00069680
= (0.00068450
= 0.00067201
= (0.00065934
= (0.00064647
= 0.00063335
= 0.00061994

= (0.00044748
= (.00042996
= (0.00041241
= (0.00039492
= 0.00037759
= (0.00036049
= (0.00034371

= (0.00032732
= 0.00031137
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10

15

20

25

30

35

40

45

50

55

60

65

TABL.

(window coeflicients w(n); N = 960)

$ ¥ 22222342422 F2F24I49323F2F2L2493F322F22F29343F9222F2F243I43922F2F24F423F2523Fg 3

—
—
L/

1630°
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640°
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650°
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680°
1681
1682
1683
1684
1685
1686
1687
1688
1689
1690°
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700°
1701
1702
1703
1704
1705
1706
1707

90

2-continued

= (.00029587
= 0.00028080
= (.00026612
= (0.00025183
= 0.00023789
= (0.00022428
= 0.00021097
= 0.00019797
= 0.0001&8530
= 0.00017297
= (0.00016100
= (.00014942
= 0.00013827
= 0.000127757
= 0.00011736
= 0.00010764
= (0.00009841
= 0.00008969
= (0.00008145
= 0.00007369
= 0.00006641
= 0.00005958
= 0.00005320
= 0.00004725
= 0.00004171
= (0.00003659
= 0.00003186
= (0.00002752
= 0.00002357
= (0.00002000
= 0.00001679
= (0.00001392
= (0.00001 140
= (.00000918
= (0.00000726
= (.00000562
= (0.00000424
= (0.00000309
= (0.00000217
= (0.00000143
= 0.00000088
= 0.00000048
= (0.00000020
= 0.00000004
= —0.00000004
= —0.00000006
= —(0.00000004
= (.00000000
= (.00000002
= (0.00000000
= (.00000000
= (0.00000002
= (.00000000
= —0.00000004
= —0.00000005
= —0.00000004
= (0.00000004
= (.00000019
= (0.00000045
= (.000000%3
= (0.00000134
= (0.00000201
= (0.00000285
= 0.00000387
= (0.00000510
= 0.00000654
= (0.00000821
= 0.00001011
= (.00001227
= 0.00001468
= (.00001735
= (0.00002030
= 0.00002352
= (0.00002702
= (0.00003080
= (0.000034%6

= (0.00003918
= (0.00004379
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91
TABLE 2-continued

92
TABLE 2-continued

(window coellicients w(n); N = 960) (window coeflicients w(n); N = 960)

w[1708] = 0.00004866 w[1786] = 0.00016566

w[1709] = 0.00005382 5 w[1787] = 0.00014864

w[1710] = 0.00005924 w[1788] = 0.00013041

w[1711] = 0.00006495 w[1789] = 0.00011112

w[1712] = 0.00007093 w[1790] = 0.00009096

w[1713] = 0.00007719 w[1791] = 0.00007014

w[1714] = 0.00008373 w[1792] = 0.00004884

w[1715] = 0.00009053 10 w[1793] = 0.00002718

w[1716] = 0.00009758 w[1794] = 0.00000530

w[1717] = 0.00010488 w[1795] = —0.00001667
w[1718] = 0.00011240 w[1796] = —0.00003871
w[1719] = 0.00012010 w[1797] = —0.00006090
w[1720] = 0.00012796 w[1798] = —0.00008331
w[1721] = 0.00013596 15 w[1799] = —0.00010600
w[1722] = 0.00014406 w[1800] = —0.00012902
w[1723] = 0.00015226 w[1801] = —0.00015244
w[1724] = 0.00016053 w[1802] = —0.00017631
w[1725] = 0.00016886 w[1803] = —0.00020065
w[1726] = 0.00017725 w[1804] = —0.00022541
w[1727] = 0.00018571 w[1805] = —0.00025052
w[1728] = 0.00019424 20 w[1806] = —0.00027594
w[1729] = 0.00020286 w[1807] = —0.00030159
w[1730] = 0.00021156 w[1808] = —0.00032740
w[1731] = 0.00022037 w[1809] = —0.00035332
w[1732] = 0.00022928 w[1810] = —0.00037928
w[1733] = 0.00023825 w[1811] = =0.00040527
w[1734] = 0.00024724 25 w[1812] = —0.00043131
w[1735] = 0.00025621 w[1813] = —0.00045741
w[1736] = 0.00026509 w[1814] = —0.00048357
w[1737] = 0.00027385 w[1815] = —0.00050978
w[1738] = 0.00028241 w[1816] = —0.00053599
w[1739] = 0.00029072 w[1817] = =0.00056217
w[1740] = 0.00029874 30 w[1818] = —0.00058827
w[1741] = 0.00030643 w[1819] = —0.00061423
w[1742] = 0.00031374 w[1820] = —0.00064002
w[1743] = 0.00032065 w[1821] = —0.00066562
w[1744] = 0.00032715 w[1822] = —0.00069100
w[1745] = 0.00033325 w[1823] = —0.00071616
w[1746] = 0.00033895 15 w[1824] = —0.00074110
w[1747] = 0.00034425 w[1825] = —0.00076584
w[1748] = 0.00034917 w[1826] = —0.00079036
w[1749] = 0.00035374 w[1827] = —0.00081465
w[1750] = 0.00035796 w[1828] = —0.00083869
w[1751] = 0.00036187 w[1829] = —0.00086245
w[1752] = 0.00036549 w[1830] = —0.00088590
w[1753] = 0.00036883 