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(57) ABSTRACT

An envelope sequence is provided that can improve approxi-
mation accuracy near peaks caused by the pitch period of an
audio signal. A periodic-combined-envelope-sequence gen-
eration device according to the present invention takes, as an
input audio signal, a time-domain audio digital signal in
each frame, which is a predetermined time segment, and
generates a periodic combined envelope sequence as an
envelope sequence. The periodic-combined-envelope-se-
quence generation device according to the present invention
comprises at least a spectral-envelope-sequence calculating
part and a periodic-combined-envelope generating part. The
spectral-envelope-sequence calculating part calculates a
spectral envelope sequence of the input audio signal on the
basis of time-domain linear prediction of the input audio
signal. The periodic-combined-envelope generating part
transforms an amplitude spectral envelope sequence to a
periodic combined envelope sequence on the basis of a
periodic component of the input audio signal in the fre-
quency domain.
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PERIODIC-COMBINED-ENVELOPE-SEQUENCE
GENERATION DEVICE,
PERIODIC-COMBINED-ENVELOPE-SEQUENCE
GENERATION METHOD,
PERIODIC-COMBINED-ENVELOPE-SEQUENCE
GENERATION PROGRAM AND
RECORDING MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of and claims the
benefit of priority under 35 U.S.C. § 120 from U.S. appli-
cation Ser. No. 17/351,559 filed Jun. 18, 2021, which is a
continuation of U.S. application Ser. No. 15/931,694 filed
May 14, 2020 (now U.S. Pat. No. 11,100,938 issued Aug.
24, 2021), which is a continuation of U.S. application Ser.
No. 16/228,980 filed Dec. 21, 2018 (now U.S. Pat. No.
10,734,009 issued Aug. 4, 2020), which is a continuation of
U.S. application Ser. No. 15/302,205 filed Oct. 6, 2016 (now
U.S. Pat. No. 10,204,633 issued Feb. 12, 2019), the entire
contents of which are incorporated herein by reference. U.S.
Application Ser. No. 15/302,205 is a National Stage of
PCT/IP2015/054718 filed Feb. 20, 2015, and claims the
benefit of priority under 35 U.S.C. § 119 from Japanese
Application No. 2014-094880 filed May 1, 2014.

TECHNICAL FIELD

[0002] The present invention relates to a periodic-com-
bined-envelope-sequence generation device, a periodic-
combined-envelope-sequence generation method, a peri-
odic-combined-envelope-sequence generation program and
a recording medium that calculate spectral envelopes of an
audio signal.

BACKGROUND ART

[0003] Among known coding methods for low-bit-rate
(for example on the order of between 10 kbit/s to 20 kbit/s)
speech and audio signals is adaptive coding for orthogonal
transform coefficients, such as discrete Fourier transform
(DFT) and modified discrete cosine transform (MDCT). In
transform coded excitation (TCX) coding used in Non-
Patent Literature 1, for example, the influence of amplitude
spectral envelopes is eliminated from a coefficient string
X[1], ..., X[N], which is a frequency-domain representa-
tion of an input sound signal, to obtain a sequence (a
normalized coefficient string X, [1], . . . , X[N]), which is
then encoded by variable length coding. Here, N in the
brackets is a positive integer.

[0004] Amplitude spectral envelopes can be calculated as
follows. (Step 1) Linear prediction analysis of an input audio
digital signal in the time domain (hereinafter referred to as
an input audio signal) is performed in each frame, which is
a predetermined time segment, to obtain linear predictive
coefficients o, . . ., O, where P is a positive integer
representing a prediction order. For example, according to a
P-order autoregressive process, which is an all-pole model,
an input audio signal x(t) at a time point t is expressed by
Formula (1) with past values x(t—1), . . . , X(t—P) of the signal
itself at the past P time points, a prediction residual e(t) and
linear predictive coefficients o, . . ., Olp.

X(O=ax(=D+ . . . +0oLpx(t=P)e(t) M
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[0005] (Step 2) The linear predictive coefficients ¢, . . .,
Ol are quantized to obtain quantized linear predictive coef-
ficients “of;, . . . , “0p. The quantized linear predictive
coefficients "0t;, . . ., "0, are used to obtain an amplitude
spectral envelope sequence W[1], . . ., W[N] of the input
audio signal at N points. For example, each value W[n] of
the amplitude spectral envelope sequence can be obtained in
accordance with Formula (2), where n is an integer, 1<n<N,
exp(®) is an exponential function with a base of Napier’s
constant, j is an imaginary unit, and ¢ is an amplitude of
prediction residual signal.

o2 1 @
i P 2
1+ deexp(—jZan/N)
p=1

Win] =

[0006] Note that a superscript written to the right-hand
side of a symbol without brackets represents exponentiation.
Specifically, 6° represents & squared. While symbols such as
“7” and “~ used in the description are normally to be written
above a character that follows each of the symbols, the
symbol is written immediately before the character because
of notational constraints. In formulas, these symbols are
written in their proper positions, i.e. above characters.

PRIOR ART LITERATURE

Non-Patent Literature

[0007] Non-Patent Literature 1: Anthony Vetro, “MPEG
Unified Speech and Audio Coding”, Industry and Stan-
dards, IEEE MultiMedia, April-June, 2013.

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0008] In order to allow the decoding side in audio signal
codec to obtain information concerning a spectral envelope,
a code corresponding to the spectral envelope needs to be
transmitted to the decoding side. If a spectral envelope is
obtained using linear predictive coefficients as in Non-Patent
Literature 1, the “code corresponding to the spectral enve-
lope” to be transmitted to the decoding side is a “code
corresponding to linear predictive coefficients”, which has
the advantage of requiring only a small code amount. On the
other hand, information concerning a spectral envelope
obtained using linear predictive coefficients can have low
approximation accuracy around peaks caused by the pitch
period of the input audio signal. This can lead to a low
coding efficiency of variable-length coding of normalized
coefficient strings.

[0009] Inlight of the problem described above, the present
invention provides an envelope sequence that is capable of
increasing approximation accuracy around peaks caused by
the pitch period of an audio signal.

Means to Solve the Problems

[0010] A periodic-combined-envelope-sequence genera-
tion device according to the present invention takes, as an
input audio signal, a time-domain audio digital signal in
each frame, which is a predetermined time segment, and
generates a periodic combined envelope sequence as an
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envelope sequence. The periodic-combined-envelope-se-
quence generation device according to the present invention
comprises at least a spectral-envelope-sequence calculating
part and a periodic-combined-envelope generating part. The
spectral-envelope-sequence calculating part calculates a
spectral envelope sequence of the input audio signal on the
basis of time-domain linear prediction of the input audio
signal. The periodic-combined-envelope generating part
transforms the spectral envelope sequence to a periodic
combined envelope sequence on the basis of a periodic
component of the input audio signal in the frequency
domain.

Effects of the Invention

[0011] A periodic combined envelope sequence generated
by the periodic-combined-envelope-sequence generation
device according to the present invention achieves high
approximation accuracy around peaks caused by the pitch
period of an input audio signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a diagram illustrating an exemplary
functional configuration of a periodic-combined-envelope-
sequence generation device according to a first embodiment;
[0013] FIG. 2 is a diagram illustrating a process flow in the
periodic-combined-envelope-sequence generation device
according to the first embodiment;

[0014] FIG. 3 is a diagram illustrating an example of a
periodic envelope sequence P[1], .. ., P[N];

[0015] FIG. 4A is a diagram illustrating an example for
explaining differences among sequences generated from the
same audio signal and the shape of a curve produced by
interpolating a coefficient string X[1], . . . , X[N];

[0016] FIG. 4B is a diagram illustrating an example for
explaining differences among sequences generated from the
same audio signal and the shape of a curve produced by
interpolating a periodic envelope sequence P[1], . . ., P[N];
[0017] FIG. 4C is a diagram illustrating an example for
explaining differences among sequences generated from the
same audio signal and the shape of a curve produced by
interpolating a smoothed amplitude spectral envelope
sequence "W[1], . .., "W[N];

[0018] FIG. 4D is a diagram illustrating an example for
explaining differences among sequences generated from the
same audio signal and the shape of a curve produced by
interpolating a periodic combined envelope sequence
W lll, . .., WoIN];

[0019] FIG. 5 is a diagram illustrating an exemplary
functional configuration of an encoder according to a second
embodiment;

[0020] FIG. 6 is a diagram illustrating a process flow in the
encoder according to the second embodiment;

[0021] FIG. 7 is a diagram illustrating an exemplary
functional configuration of a decoder according to the sec-
ond embodiment;

[0022] FIG. 8 is a diagram illustrating a process flow in the
decoder according to the second embodiment;

[0023] FIG. 9 is a diagram illustrating an exemplary
functional configuration of an encoder according to a third
embodiment;

[0024] FIG. 10 is a diagram illustrating a process flow in
the encoder according to the third embodiment;

Jan. 26, 2023

[0025] FIG. 11 is a diagram illustrating an exemplary
functional configuration of a decoder according to the third
embodiment; and

[0026] FIG. 12 is a diagram illustrating a process flow in
the decoder according to the third embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0027] Embodiments of the present invention will be
described below in detail. Note that components that have
the same functions are given the same reference numerals
and repeated description thereof will be omitted.

First Embodiment

[0028] FIG. 1 illustrates an exemplary functional configu-
ration of a periodic-combined-envelope-sequence genera-
tion device according to the present invention and FIG. 2
illustrates a process flow in the periodic-combined-enve-
lope-sequence generation device according to the present
invention. The periodic-combined-envelope-sequence gen-
eration device 100 comprises a spectral-envelope-sequence
calculating part 120, a frequency-domain transform part 110,
a periodicity analyzing part 130, a periodic-envelope-se-
quence generating part 140, and a periodic-combined-enve-
lope generating part 150, takes as an input audio signal x(t),
an input time-domain audio digital signal, and transforms an
amplitude spectral envelope sequence on the basis of a
frequency component of a coefficient string to generate a
periodic combined envelope sequence.

[0029] <Spectral-Envelope-Sequence Calculating Part
120>
[0030] The spectral-envelope-sequence calculating part

120 calculates an amplitude spectral envelope sequence
WI[1], ..., W[N] of an input audio signal x(t) on the basis
of time-domain linear prediction of the input audio signal.
Here, N is a positive integer. The spectral-envelope-se-
quence calculating part 120 performs the calculation using
the conventional technique as follows.

[0031] (Step 1) Linear prediction analysis of an input
audio signal is performed in each frame, which is a prede-
termined time segment, to obtain linear predictive coeffi-
cients ., . . ., 0, Where P is a positive integer representing
a prediction order. For example, according to a P-order
autoregressive process, which is an all-pole model, an input
audio signal x(t) at a time point t is expressed by Formula (1)
with past values x(t-1), . . ., X(t-P) of the signal itself at the
past P time points, a prediction residual e(t) and linear
predictive coefficients o, . . . , dp.

[0032] (Step 2) The linear predictive coefficients a,, . . .,
ap are used to obtain an amplitude spectral envelope
sequence W([1], . ... W[N] of the input audio signal at N
points. For example, each value W[n] of the amplitude
spectral envelope sequence can be obtained using quantized
linear predictive coeflicients "a.,, . . ., "a, that correspond
to the linear predictive coefficients a., . . . , 05 in accordance
with Formula (2). Alternatively, each value W[n| of the
amplitude spectral envelope sequence can be obtained using
the linear predictive coefficients a.,, . . ., 0 in accordance
with Formula (2) in which "o is replaced with o.

[0033] <Frequency-Domain Transform Part 110>

[0034] The frequency-domain transform part 110 trans-
forms an input time-domain audio signal in each frame,
which is a predetermined time segment, into a coeflicient
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string X[1], . .., X[N] at N points in the frequency domain
and outputs the coefficient string X[1], . . ., X[N] (S110).
Transform into the frequency domain may be performed by
a method such as modified discrete cosine transform
(MDCT) or discrete Fourier transform (DFT).

[0035] <Periodicity Analyzing Part 130>

[0036] The periodicity analyzing part 130 takes an input of
a coefficient string X[1], . . ., X[N], obtains the period T of
the coefficient string X[1], . . . , X[N], and outputs the period
T (S130).

[0037] The period T is information corresponding to the
interval between occurrences of a periodic component in the
frequency-domain coefficient string derived from the input
audio signal, for example the coefficient string X[1], . . .,
X[N] (intervals at which a large value periodically appears).
While the period T is hereinafter sometimes referred to as
the interval T, they are different terms referring to the same
concept. T is a positive value and may be an integer or a
decimal fraction (for example, 5.0, 5.25, 5.5, 5.75).

[0038] The periodicity analyzing part 130 may take an
input of a coefficient string X[1], . . . , X[N] and may also
obtain and output an indicator S of the degree of periodicity.
In that case, the indicator S of the degree of periodicity is
obtained on the basis of the ratio between the energy of a
periodic component part of the coefficient string X[1], . . .,
X[N] and the energy of the other part of the coefficient string
X[1], ..., X[N], for example. The indicator S in this case
indicates the degree of periodicity of a sample string in the
frequency domain. Note that the greater the magnitude of the
periodic component, i.e. the greater the amplitudes of
samples at integer multiples of the period T and samples
neighboring the samples (the absolute values of samples),
the greater the “degree of periodicity” of the sample string
in the frequency domain.

[0039] Note that the periodicity analyzing part 130 may
obtain the period in the time domain from a time-domain
input audio signal and may transform the obtained period in
the time domain to a period in the frequency domain to
obtain the period T. Alternatively, the periodicity analyzing
part 130 may transform a period in the time domain to a
period in the frequency domain and multiply the frequency-
domain period by a constant to obtain the period T or may
obtain a value near the frequency-domain period multiplied
by the constant as the period T. Similarly, the periodicity
analyzing part 130 may obtain the indicator S of the degree
of periodicity from a time-domain input audio signal, for
example, on the basis of the magnitude of correlation
between signal strings temporally different from one another
by a period in the time domain.

[0040] In short, any of various conventional methods may
be chosen and used to obtain the period T and the indicator
S from a time-domain input audio signal or a frequency-
domain coefficient string derived from a time-domain input
audio signal.

[0041] <Periodic-Envelope-Sequence
140>

[0042] The periodic-envelope-sequence generating part
140 takes an input of the interval T and outputs a periodic
envelope sequence P[1], . . ., P[N](5140). The periodic
envelope sequence P[1], . . ., P[N] is a frequency-domain
discrete sequence that has peaks at periods resulting from a
pitch period, that is, a discrete sequence corresponding to a
harmonic model. FIG. 3 illustrates an example of periodic
envelope sequence P[1], . . ., P[N]. The periodic envelope

Generating  Part
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sequence P[1], . .., P[N] is a sequence in which only values
of a periodic envelope corresponding to indices that are
integer values neighboring integer multiples of the interval
T and a predetermined number of preceding and succeeding
the integer values are positive values and values of a
periodic envelope corresponding to the other indices are 0 as
in a waveform illustrated in FIG. 3. The indices that are
integer values neighboring integer multiples of the interval
T periodically take the maximum value (peak) and the
values of P[n] corresponding to a predetermined number of
indices preceding and succeeding the indices monotonically
decrease with the increasing distance of the indices n from
the indices corresponding to the peaks. 1, 2, . . ., on the
horizontal axis in FIG. 3 represent indices of discrete sample
points (hereinafter referred to as “frequency indices”).
[0043] For example, let n denote a variable representing a
frequency index and T denote a frequency index correspond-
ing to the maximum value (peak), then the shape of the peak
can be represented by a function Q(n) given below. Here, the
number of decimals of the interval T is L and an interval T
is T'=Tx2".

[ n- T)z ] 3
O(n) = h-exp| - \

2PD
h=2.8-(1.125 — exp(-0.07 - T"/2%)),

PD=0.5-(2.6 - exp(—0.05-7"/2))

where h represents the height of the peak and the greater the
interval T, the higher the peak. PD represents the width of
the peak portion and the greater the interval T, the greater the
width.

[0044] Let U denote a positive integer indicating a value
from 1 to the number of peaks (for example, 1 to 10 in the
case of FIG. 3), v denote an integer greater than or equal to
1 (for example, from 1 to 3 or so), floor (*) denote a function
that drops the fractional part and returns an integer value,
then the periodic envelope sequence P[n] may be calculated,
for example, as

2PD

Here, (UXT")/2-—v<n<(UxT")/2 +v. For example, in the case
of L=2, T=80 when T=20.00, T'=81 when T=20.25, T'=82
when T=20.50, and T'=83 when T=20.75. Note that the
periodic envelope sequence P[n] may be calculated by using
a function Round (*) that rounds off a value to the nearest
integer and returns the integer value as

(n— Round(U x T) = v))? )
Pln] = {h . exp[— 2P J}
[0045] <Periodic-Combined-Envelope Generating Part
150>

[0046] The periodic-combined-envelope generating part
150 takes inputs of at least a periodic envelope sequence
P[1], ..., P[N] and an amplitude spectral envelope sequence
WI[1], ..., W[N] and obtains a periodic combined envelope
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sequence W, [1], . . ., W,,[N] (S150). Specifically, the
periodic-combined-envelope generating part 150 obtains a
periodic combined envelope W,,[n] as following formula:

Wi[n]=W(n]-(1+8-P[n]) 6

where 0 is a value determined such that the shape of the
periodic combined envelope W,,[n] and the shape of a
sequence of the absolute values of coefficients X[n] are
similar to one another or 8 is a predetermined value.
[0047] If the periodic-combined-envelope generating part
150 determines & such that the shape of the periodic com-
bined envelope W,,[n] and the shape of the sequence of the
absolute values of coefficients X[n] are similar to one
another, the periodic-combined-envelope generating part
150 may also take an input of a coefficient string X[1], . . .
, X[N] and may output the determined & and the periodic
combined envelope sequence W, [1], . . ., W,,[N] at that
point in time. For example, & that minimizes E defined by
the formula given below may be chosen from among a
number of candidates for 8, for example two candidates, 0.4
and 0.8. In other words, 8 may be chosen such that the shape
of the periodic combined envelope W,,[n] and the shape of
the sequence of the absolute values of coefficients X[n]
become similar to one another.

v ) )
E= Z(X[n] W elnl)

=1

S

1 ®

v 1 )
G= ;IX[n]I Y

[0048] & is a value that determines the extent to which the
periodic envelope P[n] is taken into account in the periodic
combined envelope W, [n]. In other words, 8 is a value that
determines the mixture ratio between the amplitude spectral
envelope W[n] and the periodic envelope P[n] in the peri-
odic combined envelope W,,[n]. G in Formula (9) is the
inner product of the sequence of the absolute values of the
coefficients X[n] in the coefficient string X[1], ..., X[N] and
the reciprocal sequence of the periodic combined envelope
sequence. “W,,[n] in Formula (8) is a normalized periodic
combined envelope obtained by normalizing each value
W,,[n] in the periodic combined envelope with G. The inner
product of the coefficient string X[1] . . . ., X[N] and the
normalized periodic combined envelope sequence “W,,[1], .
., "W,,IN] is raised to the power of 4 in Formula (7) in
order to emphatically reduce the inner product (distance)
obtained by coefficients X[n] that have particularly large
absolute values. This means that 8 is determined such that
coefficients X[n] that have particularly large absolute values
in the coefficient string X[1], . . . , X[N] and the periodic
combined envelope W,,[n] are similar to one another.

[0049] If the periodic-combined-envelope generating part
150 determines the number of candidates for 8 in accordance
with the degree of periodicity, the periodic-combined-enve-
lope generating part 150 also takes an input of the indicator
S of the degree of periodicity. If the indicator S indicates a
frame that corresponds to high periodicity, the periodic-
combined-envelope generating part 150 may choose o that
minimizes E defined by Formula (7) from among many
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candidates for &; If the indicator S indicates a frame that
corresponds to low periodicity, the periodic-combined-en-
velope generating part 150 may choose a predetermined
value as 6. That is, if the periodic-combined-envelope gen-
erating part 150 determines the number of candidates for &
in accordance with the degree of periodicity, the periodic-
combined-envelope generating part 150 may increase the
number of candidates for & with increasing degree of peri-
odicity.

Effects of First Embodiment of the Invention

[0050] FIGS. 4A-4D illustrate examples for explaining
differences among sequences generated from the same audio
signal. FIG. 4A illustrates the shape of a curve produced by

interpolating a coefficient string X[1], . . ., X[N], FIG. 4B
illustrates the shape of a curve produced by interpolating a
periodic envelope sequence P[1], . . . , P[N], FIG. 4C

illustrates the shape of a curve produced by interpolating a
smoothed amplitude spectral envelope sequence "WI[1], . . .
, "W[N], and FIG. 4D illustrates the shape of a curve
produced by interpolating a periodic combined envelope
sequence W, [1], . . ., W,,[IN]. As illustrated in FIGS.
4A-4D, the periodic combined envelope sequence W,,[1], .
.., W,,[N] has a shape comprising periodic peaks appearing
in the coefficient string X[1], . . ., X[N] as compared with
the smoothed amplitude spectral envelope sequence “W[1],
..., "W[N]. The periodic combined envelope sequence
W, 1], . .., W,[N] can be generated using information
about an interval T or an interval T and value of & in addition
to linear predictive coefficients or quantized linear predictive
coefficients which are information representing a spectral
envelope. Accordingly, peaks of amplitude caused by the
pitch period of an input audio signal can be represented with
a higher degree of accuracy simply by adding a small
amount of information to information representing a spectral
envelope of the input audio signal than by a spectral enve-
lope obtained using linear predictive coefficients. In other
words, the amplitude of the input audio signal can be
estimated with a high degree of accuracy using a small
amount of information made up of linear predictive coeffi-
cients or quantized linear predictive coefficients, and an
interval T, or an interval T and value of 6. Note that the
smoothed amplitude spectral envelope “W[n] is an envelope
expressed by the following formula, where 7y is a positive
constant less than or equal to 1 for blunting (smoothing)
amplitude spectral coefficients.

o’ 1

2 P 2
1+ deypexp(—ﬂﬂnp/N)
p=1

am

Win] =

[0051] If the periodic-combined-envelope-sequence gen-
eration device according to the present invention is used in
an encoder and a decoder, codes (linear predictive coefficient
codes C;) for identifying quantized linear predictive coef-
ficients "0, obtained by a processing part other than the
periodic-combined-envelope-sequence generation device
included in the encoder and a code for identifying a period
T or a time-domain period (a period code C) are input in the
decoder. Therefore, by outputting a code indicating infor-
mation concerning 6 from the periodic-combined-envelope-



US 2023/0021878 Al

sequence generation device of the present invention, the
same periodic combined envelope sequence as a periodic
combined envelope sequence generated by the periodic-
combined-envelope-sequence generation device at the
encoder side can also be generated by the periodic-com-
bined-envelope-sequence generation device at the decoder
side. Accordingly, an increase in the amount of code trans-
mitted from the encoder to the decoder is small.

Key Points of First Embodiment of the Invention

[0052] The most important point of the periodic-com-
bined-envelope-sequence generation device 100 according
to the first embodiment is that the periodic-combined-
envelope generating part 150 transforms an amplitude spec-
tral envelope sequence W[1], . . . , W[N] to a periodic
combined envelope sequence W, [1], . .., W,,[N] on the
basis of a periodic component of a coefficient string X[1], .
. ., X[N]. In particular, the effect described above can be
better achieved by more greatly changing the values of
samples at integer multiples of the interval T (period) in the
amplitude spectral envelope sequence W[1], . .., W[N] and
samples in the neighborhood of the samples as the degree of
periodicity of the coefficient string X[1], . . . , X[N] is
greater, that is, as the magnitude of a periodic component is
greater. The “samples in the neighborhood” are samples
indicated by indices which are integer values in the neigh-
borhood of integer multiples of the interval T. “Neighbor-
hood” means within a range determined using a predeter-
mined method such as Formulas (3) to (5), for example.
[0053] Further, the greater the interval T between occur-
rences of a periodic component in the coefficient string X[ 1],
..., X|[N], the greater the values of the periodic envelope
sequence P[1], .. ., P[N] shown in Formulas (4) and (5), and
the greater range of samples, that is, the more samples at
integer multiples of the interval T (period) and the more
samples in the neighborhood of those samples have non-zero
values. In other words, the periodic-combined-envelope
generating part 150 more greatly changes the values of
samples of integer multiples of the interval T (period) and
samples in the neighborhood of those samples in the ampli-
tude spectral envelope sequence as the length of the interval
T between occurrences of a periodic component in the
coeflicient string is longer. Furthermore, as an interval T
between occurrences of a periodic component in a coeffi-
cient string is longer, the periodic-combined-envelope gen-
erating part 150 changes the values of samples in a wider
range in an amplitude spectral envelop sequence, i.e. the
values of samples at integer multiples of the interval T
(period) and a larger number of samples in the neighborhood
of the samples at integer multiples of the interval T. The
“more samples in the neighborhood” means that the number
of samples in a range corresponding to the “neighborhood”
(a range determined using a predetermined method) is
increased. That is, the periodic-combined-envelope gener-
ating part 150 transform the amplitude spectral envelope
sequence in this way to better achieve the effect described
above.

[0054] Note that examples of effective uses of the char-
acteristic of the periodic combined envelope sequence that
“it can represent peaks of amplitude caused by the pitch
period of an input audio signal with an improved degree of
accuracy” include an encoder and a decoder, which will be
illustrated in second and third embodiments. However, there
may be examples of uses of the characteristic of the periodic

Jan. 26, 2023

combined envelope sequence other than an encoder and a
decoder, such as a noise reduction device and a post-filter.
The periodic-combined-envelope-sequence  generation
device has been thus described in the first embodiment.
[0055] [First Modification] (an Example in which Period-
icity is Analyzed Using a Normalized Coefficient String)
[0056] FIG. 1 also illustrates a periodic-combined-enve-
lope-sequence generation device according to a first modi-
fication. FIG. 2 also illustrates a process flow in the periodic-
combined-envelope-sequence generation device according
to the first modification. The periodic-combined-envelope-
sequence generation device 101 is different from the peri-
odic-combined-envelope-sequence generation device 100 in
that the periodic-combined-envelope-sequence generation
device 101 further comprises a frequency-domain-sequence
normalizing part 111 and that the periodic-combined-enve-
lope-sequence generation device 101 comprises a spectral-
envelope-sequence calculating part 121 and a periodicity
analyzing part 131 that are different from those of the
periodic-combined-envelope-sequence generation device
100. The other components are the same as those of the
periodic-combined-envelope-sequence generation device
100. Only differences will be described below.

[0057] <Spectral-Envelope-Sequence Calculating Part
121>
[0058] The spectral-envelope-sequence calculating part

121 calculates a smoothed amplitude spectral envelope
sequence “"W([1], . . ., "W[N] in addition to an amplitude
spectral envelope sequence W[1], . . ., W[N].

[0059] Specifically, the spectral-envelope-sequence calcu-
lating part 121 performs the following step in addition to
(Step 1) and (Step 2) shown in the description of the
spectral-envelope-sequence calculating part 120.

[0060] (Step 3) Each quantized linear predictive coeffi-
cient "o, is multiplied by "y* to obtain quantized smoothed
linear predictive coeflicients “a;y, "oy>, . . ., "oyt yis a
positive constant less than or equal to 1 for smoothing. Then
a smoothed amplitude spectral envelope sequence “W(1], . .
., "WIN] is obtained in accordance with Formula (10)
(S121). Like the spectral-envelope-sequence calculating
part 120, the spectral-envelope-sequence calculating part
121 may use linear predictive coefficients a. instead of the
quantized linear predictive coeflicients "o, of course.

[0061] <Frequency-Domain-Sequence Normalizing Part
111>
[0062] The frequency-domain-sequence normalizing part

111 divides each coefficient in a coefficient string X[1], . . .
, X[N] by a coeflicient in a smoothed amplitude spectral
envelope sequence “"W[1], . . ., "W[N] to obtain a normal-
ized coefficient string X, [1], . . . , X,[N]. Specifically, for
n=1,...,N,

Xpln]=Xn) Wn] an

is calculated to obtain a normalized coeflicient string X, [1],
ooy XAINT (S111).

[0063] <Periodicity Analyzing Part 131>

[0064] The periodicity analyzing part 131 takes an input of
the normalized coefficient string X, [1], . . . , X,[N] and
obtains and outputs the period T of the normalized coeffi-
cient string X, [1], . . ., X,[N] (8131). That is, the interval
between occurrences of a periodic component of a normal-
ized coeflicient string X,[1], . . . , X,[N], which is a
frequency-domain coefficient string derived from the input
audio signal, is obtained as the period T in this modification.
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The periodicity analyzing part 131 may also take an input of
a coeflicient string X[1], . . ., X[N] and obtain and output
an indicator S of the degree of periodicity.

[0065] The other processes are the same as in the periodic-
combined-envelope-sequence generation device 100.
Accordingly, the same effect as that of the first embodiment
can be achieved. Note that the periodic-combined-envelope
generating part 150 of the periodic-combined-envelope-
sequence generation device 101 may use a smoothed ampli-
tude spectral envelope sequence "W[1], ..., "W[N] instead
of an amplitude spectral envelope sequence W[1], . . .,
WIN]. In this case, calculation is performed in accordance
with the following formula instead of Formula (6).

Wadr]=Wn]-(1+8-P[n]) 12

[0066] [Second Modification] (an Example in which Infor-
mation is Input from an External Source)

[0067] If a periodic-combined-envelope-sequence genera-
tion device according to the present invention is provided in
each of an encoder and a decoder, processing parts com-
prised in the encoder and the decoder other than the peri-
odic-combined-envelope sequence generation device may
obtain a coefficient string X[1], . . . , X[N], a normalized
coeflicient string X,[1], . . . , X,[N], a quantized linear
predictive coeflicients "a.p, quantized smoothed linear pre-
dictive coefficients “o,y", an amplitude spectral envelope
WI[1], ..., W[N], a smoothed amplitude spectral envelope
sequence ~W|[1], ..., ~W][N], a period T, an indicator S or
the like. In such a case, at least any of the frequency-domain
transform part, the frequency-domain normalizing part, the
spectral-envelope-sequence calculating part, and the period-
icity analyzing part may be omitted from the periodic-
combined-envelope-sequence generation device. In this
case, a code identifying the quantized linear predictive
coeflicients "o, (a linear predictive coefficient code C,), a
code identifying the period T or the time-domain period (a
period code C;), a code identifying the identifier S and the
like are output from the processing parts other than the
periodic-combined-envelope-sequence generation device in
the encoder and input into the decoder. Accordingly, in this
case, a code identifying the quantized linear predictive
coeflicients "o, (the linear predictive coeflicient code C,),
the code identifying the period T or the time-domain period
(the period code C,), the code identifying the indicator S and
the like do not need to be output from the periodic-com-
bined-envelope-sequence generation device in the encoder.

[0068] If a periodic-combined-envelope-sequence genera-
tion device according to the present invention is used in an
encoder and a decoder, the encoder and the decoder need to
be allowed to obtain the same periodic combined envelope
sequence. Therefore, a periodic combined envelope
sequence need to be obtained using information that can be
identified by a code output from the encoder and input into
the decoder. For example, a spectral-envelope-sequence
calculating part of the periodic-combined-envelope-se-
quence generation device used in the encoder needs to use
quantized linear predictive coefficients corresponding to a
linear predictive coeflicient code C; to obtain an amplitude
spectral envelope sequence whereas a spectral-envelope-
sequence calculating part of the periodic-combined-enve-
lope-sequence generation device used in the decoder needs
to use decoded linear predictive coefficients corresponding
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to the linear predictive coefficient code C; output from the
encoder and input into the decoder to obtain the amplitude
spectral envelope sequence.

[0069] Note that if an encoder and a decoder use periodic
combined envelope sequences, required processing parts in
the  periodic-combined-envelope-sequence  generation
device may be provided in the encoder and the decoder,
rather than providing the periodic-combined-envelope-se-
quence generation device inside the encoder and the
decoder, as described above. Such encoder and decoder will
be described in the description of a second embodiment.

Second Embodiment

<<Encoder>>

[0070] FIG. 5 illustrates an exemplary functional configu-
ration of an encoder according to the second embodiment
and FIG. 6 illustrates a process flow in the encoder accord-
ing to the second embodiment. The encoder 200 comprises
a spectral-envelope-sequence calculating part 221, a fre-
quency-domain transform part 110, a frequency-domain-
sequence normalizing part 111, a periodicity analyzing part
230, a periodic-envelope-sequence generating part 140, a
periodic-combined-envelope generating part 250, a vari-
able-length-coding-parameter calculating part 260, and a
variable-length coding part 270. The encoder 200 takes an
input time-domain audio digital signal as an input audio
signal x(t) and outputs at least a code C, representing
quantized linear predictive coefficients "ct, . . ., "o, a code
C,of an interval T representing the period of a normalized
coefficient string X, [1], . . . , X,IN], and a variable-length
code C, generated by variable-length coding of the normal-
ized coeflicient string X, [1], . . . , X IN]. The frequency-
domain-sequence normalizing part 111 is similar to the
frequency-domain-sequence normalizing parts 111 in the
first modification of the first embodiment. The frequency-
domain transform part 110 and the periodic-envelope-se-
quence generating part 140 are the same as that of the first
embodiment. Components that differ from the components
of the first embodiment and the first modification will be
described below.

[0071] <Spectral-Envelope-Sequence Calculating Part
221>
[0072] The spectral-envelope-sequence calculating part

221 calculates an amplitude spectral envelope sequence
W[1], . . ., W[N] and a smoothed amplitude spectral
envelope sequence "W[1], . . ., "W[N] of an input audio
signal x(t) on the basis of time-domain linear prediction of
the input audio signal and also obtains a code C, represent-
ing quantized linear predictive coefficients ", . . ., "ap
obtained in the process of the calculations (S221). Here, N
is a positive integer. The spectral-envelope-sequence calcu-
lating part 221 may perform the following process.

[0073] (Step 1) Linear prediction analysis of the input
audio signal in each frame, which is a predetermined time
segment, is performed to obtain linear predictive coefficients
o, ..., Op where P is a positive integer representing a
prediction order. For example, according to a P-order autore-
gressive process, which is an all-pole model, an input audio
signal x(t) at a time point t can be expressed by Formula (1)

with past values x(t-1), . . ., X(t-P) of the signal itself at the
past P time points, a prediction residual e(t) and linear
predictive coefficients o, . . . , dp.
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[0074] (Step 2) The linear predictive coefficients ¢, . . .,
O are encoded to obtain and output a code C, and quantized
linear predictive coefficients “0(;, . . . , "0, that correspond
to the code C, are obtained. The quantized linear predictive
coefficients “tt,, . . . , "0p are used to obtain an amplitude
spectral envelope sequence W[1], . . ., W[N] of the input
audio signal at N points. For example, each value W[n] of
the amplitude spectral envelope sequence can be obtained in
accordance with Formula (2). Note that any method for
obtaining a code C, by encoding any coefficients that can be
transformed to linear predictive coefficients may be used to
encode the linear predictive coefficients o, . . ., O to obtain
the code C;, such as a method that transforms linear
predictive coefficients to an LSP parameter and encodes the
LSP parameter to obtain a code C,.

[0075] (Step 3) Each quantized linear predictive coeffi-
cient "0, is multiplied by ¥* to obtain quantized smoothed
linear predictive coefficients "0, Y, "0l Y, . . ., "0pY . Yis a
predetermined positive constant less than or equal to 1 for
smoothing. Then a smoothed amplitude spectral envelope

sequence “W[1], ..., "WI[N] is obtained in accordance with
Formula (10).
[0076] <Periodicity Analyzing Part 230>

[0077] The periodicity analyzing part 230 takes an input of
a normalized coefficient string X,[1], . . . , Xy[N], obtains
the interval T of the normalized coefficient string X, [1], . .
. » XyIN] (the intervals at which a large value periodically
appears) and outputs the interval T and a code C represent-
ing the interval T (S230). The periodicity analyzing part 230
also obtains and outputs an indicator S of the degree of
periodicity (i.e. an indicator of the degree of periodicity of
a frequency-domain sample string) as needed. Additionally,
the periodicity analyzing part 230 also obtains and outputs
a code C representing the indicator S as needed. Note that
the indicator S and the interval T themselves are the same as
the indicator S and the interval T, respectively, generated by
the periodicity analyzing part 131 of the first modification of
the first embodiment.

[0078] <Periodic-Combined-Envelope Generating Part
250>

[0079] The periodic-combined-envelope generating part
250 takes inputs of at least a periodic envelope sequence
P[1]. ..., P[N] and an amplitude spectral envelope sequence
WI[1], . . ., W[N], obtains a periodic combined envelope
sequence W,,[1], . . ., W,,[N] and outputs a periodic
combined envelope W, [n]. If the periodic-combined-enve-
lope generating part 250 selects any of a predetermined
number of candidate values as a value & rather than a
predetermined one value, the periodic-combined-envelope
generating part 250 also takes an input of coefficient string
X[1], . .., X[N], chooses as the value & a candidate value
that makes the shape of a periodic combined envelope
W,,[n] and the shape of a sequence of the absolute values of
coefficients X[n] similar to one another among the prede-
termined number of candidate values and also outputs a code
C; representing the value & (S250).

[0080] The periodic combined envelope W,,[n] and the
value & are the same as the periodic combined envelope
W,,[n] and the value 6, respectively in the first embodiment.
The periodic combined envelope W,,[n] may be obtained in
accordance with Formulas (6), . . ., (9). If the periodic-
combined-envelope generating part 250 determines the
number of candidates for & in accordance with the degree of
periodicity, the periodic-combined-envelope generating part
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250 may also take an input of an indicator S of the degree
of periodicity. When the indicator S of a frame is corre-
sponding to high periodicity, the periodic-combined-enve-
lope generating part 250 may choose 0 that minimizes E
defined by Formula (7) from among the large number of
candidates for 6; when the indicator S of a frame is corre-
sponding to low periodicity, the periodic-combined-enve-
lope generating part 250 may choose a predetermined value
as 6. Note that if & is a predetermined value, a code Cg that
represents the value 8 does not need to be output.

[0081] <Variable-Length-Coding-Parameter Calculating
Part 260>

[0082] The variable-length-coding-parameter calculating
part 260 takes inputs of a periodic combined envelope

sequence W, [1], . . . , W,,[N], a smoothed amplitude
spectral envelope sequence "WI[1], . . . , "W[N] and a
normalized coefficient string X, [1], . . . , X,[N] and obtains

a variable-length coding parameter r,, (S260). The variable-
length-coding-parameter calculating part 260 is character-
ized by calculating the variable-length coding parameter r,,
by relying on an amplitude value obtained from the periodic
combined envelope sequence W, [1] . . ., W,,[N].

[0083] The variable-length coding parameter identifies a
range of values that the amplitudes of a signal to be encoded,
that is, the amplitudes of coefficients in the normalized
coefficient string X, [1], . . ., X[N] can take. For example,
a Rice parameter in Rice coding is equivalent to the variable-
length coding parameter; in arithmetic coding, the range of
values that the amplitude of the signal to be encoded can
take is equivalent to the variable-length coding parameter.
[0084] If variable-length coding is performed for each
sample, a variable-length coding parameter is calculated for
each coefficient X [n] in the normalized coefficient string. If
variable-length coding is performed for each set of samples
(for example each set of two samples), a variable-length
coding parameter is calculated for each set of samples. In
other words, the variable-length-coding-parameter calculat-
ing part 260 calculates the variable-length coding parameter
r,, for each normalized partial coefficient string that is a part
of the normalized coefficient string. It is assumed here that
there are a plurality of normalized partial coefficient strings
and none of the coefficients of the normalized coefficient
string overlap among the plurality of normalized partial
coefficient strings. A method for calculating the variable-
length coding parameter will be described below by taking
an example where Rice coding is performed for each
sample.

[0085] (Step 1) The logarithm of the average of the
amplitudes of the coefficients in the normalized coefficient
string X, [1], . . ., X\[N] is calculated as a reference Rice
parameter sb (a reference variable-length coding parameter)
as follows.

237 vl 3
N

sb = logz{(ln2)-

sb is encoded only once per frame and is transmitted to a
decoder 400 as a code C_, corresponding to the reference
Rice parameter (the reference variable-length coding param-
eter). Alternatively, if the average value of the amplitudes of
the normalized coefficient string X,[1], . . ., X[N] can be
estimated from additional information transmitted to the
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decoder 400, a method for approximating sb from the
estimated average of the amplitudes that is common to the
encoder 200 and the decoder 400 may be determined in
advance. For example, in the case of coding in which a
parameter representing the slope of an envelope and a
parameter representing the magnitude of an average enve-
lope for each sub-band are additionally used, the average of
amplitudes can be estimated from additional information
transmitted to the decoder 400. In that case, sb does not need
to be encoded and a code C, corresponding to the reference
Rice parameter does not need to be output to the decoder
400.

[0086] (Step 2) A threshold 6 is calculated in accordance
with the following formula.

N 7 14
2 Wi [n]/Wn]
9= 10g2{(1n2). %}

0 is the logarithm of the average of amplitudes of values
obtained by dividing each value W, [n] in the periodic-
combined-envelope sequence by each value "W[n] in the
smoothed amplitude spectral envelope sequence.

[0087] (Step 3) The greater IW,,[n]/"W[n]! is than 0, the
greater the value of the Rice parameter r,, for Rice coding of
the normalized coefficients X,[n] than sb is chosen. The
smaller IW,,[n]/"W[n]! is than 6, the smaller the value of the
Rice parameter r, for Rice coding of the normalized coef-
ficients X,[n] than sb is chosen.

[0088] (Step 4) Step 3 is repeated for all n=1, 2, . . ., N
to obtain the value of the Rice parameter r,, for each X,[n].
[0089] <Variable-Length Coding Part 270>

[0090] The variable-length coding part 270 encodes the
normalized coefficient string X,\[1], . . ., X,[N] by variable-
length coding using the values of the variable-length coding
parameter r, calculated by the variable-length-coding-pa-
rameter calculating part 260 and outputs a variable-length
code C, (5270). For example, the variable-length coding part
270 encodes the normalized coefficient string X, [1]. . . .,
X,IN] by Rice coding using the Rice parameter r, obtained
by the variable-length-coding-parameter calculating part
260 and outputs the obtained code as a variable-length code
Cy. The values of the Rice parameter r, calculated by the
variable-length-coding-parameter calculating part 260 are
the values of the variable-length coding parameter that are
dependent on the amplitude values of the periodic combined
envelope sequence and greater values of the Rice parameter
r,, are obtained for frequencies with greater values of the
periodic combined envelope sequence. Rice coding is one of
well-known variable-length coding techniques that are
dependent on amplitude values and uses the Rice parameter
r,, to perform variable-length coding that is dependent on
amplitude values. The periodic combined envelope
sequence generated by the periodic-combined-envelope
generating part 250 represents a spectral envelope of the
input audio signal with a high degree of accuracy. That is,
the variable-length coding part 270 encodes the normalized
coefficient string X,[1], . . . , X [N] by variable-length
coding on the assumption that the amplitude of the fre-
quency-domain coefficient string X[1], . . . , X[N] of the
input audio signal is greater for a frequency with a greater
value of the periodic-combined envelope sequence, in other
words, the variable-length coding part 270 encodes the
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normalized coefficient string X,\[1], . . . , X\[N] by variable-
length coding that depends on the amplitude value using the
variable-length coding parameter. The amplitude value
herein is a value such as the average amplitude value of the
coefficient string to be encoded, an estimated amplitude
value of each of the coefficients included in the coefficient
string, or an estimated value of an envelope of the amplitude
of the coefficient string.

[0091] The encoder 200 outputs the code C, representing
the quantized linear prediction coefficients "o, . . ., "0y, the
code C; representing the interval T, and the variable-length
code Cj, generated by variable-length coding of the normal-
ized coefficient string X, [1], . . . , X,[N] that have been
obtained as a result of the process described above. The
encoder 200 also outputs the code C; representing the value
 and the code C, representing the reference variable-length
coding parameter sb, if needed. The codes output from the
encoder 200 are input into the decoder 400.

[0092] [First Modification of Encoder] (an Example in
which Information is Input from an External Source)

[0093] Note that the encoder may comprise only the
periodic-envelope-sequence generating part 140, the peri-
odic-combined-envelope generating part 250, the variable-
length-coding-parameter calculating part 260 and the vari-
able-length coding part 270 and may take inputs of a
smoothed amplitude spectral envelope sequence "WI[1], . . .
, "W[N], a normalized coefficient string X, [1], ..., X, [N],
an interval T and, if needed, an amplitude spectral envelope
sequence W[1], . .., W[N] and, if needed, the indicator S,
that are generated externally to the encoder and may output
a variable-length code Cy.

[0094] [Second Modification of Encoder] (an Example in
which an Interval T is Obtained from a Coefficient String
X[n])

[0095] While the periodicity analyzing part 230 described
above takes an input of the normalized coefficient string
XM11, ..., X\IN] to obtain the interval T, the periodicity
analyzing part 230 may take an input of a coefficient string
X[1], . .., X[N] output from the frequency-domain trans-
form part 110 to obtain the interval T. In this case, the
interval T is obtained in the same way as in the periodicity
analyzing part 130 of the first embodiment.

[0096] <<Decoder>>

[0097] FIG. 7 illustrates an exemplary functional configu-
ration of a decoder according to the second embodiment and
FIG. 8 illustrates a process flow in the decoder according to
the second embodiment. The decoder 400 comprises a
spectral-envelope-sequence calculating part 421, a periodic-
envelope-sequence generating part 440, a periodic-com-
bined-envelope generating part 450, a variable-length-cod-
ing-parameter calculating part 460, a variable-length
decoding part 470, a frequency-domain-sequence denormal-
izing part 411, and a frequency-domain inverse transform
part 410. The decoder 400 receives a code C, representing
quantized linear predictive coefficients "al;, . . ., “0lp, a code
Crepresenting an interval T, and a variable-length code Cy
generated by variable-length coding of a normalized coef-
ficient string X,[1], . . . . X[N] and outputs an audio signal.
Note that the decoder 400 also receives a code Cg repre-
senting a value 8, a code C,, representing a reference
variable-length coding parameter sb, and a code Cg repre-
senting an indicator S, if needed. The components will be
detailed below.
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[0098] <Spectral-Envelope-Sequence Calculating Part
421>
[0099] The spectral-envelope-sequence calculating part

421 takes an input of a code C; and calculates an amplitude
spectral envelope sequence W[1], . . . , W[N] and a
smoothed amplitude spectral envelope sequence "W[1], . ..
, "W[N] (S421). More specifically, the following process
may be performed.

[0100] (Step 1) The code C; is decoded to obtain decoded
linear predictive coefficients "o, . . ., "ap.

[0101] (Step 2) The decoded linear predictive coefficients
"0y, . . ., 0p are used to obtain an amplitude spectral

envelope sequence WJ[1], . . . , W[N] at N points. For
example, each value W(n] in the amplitude spectral enve-
lope sequence can be obtained in accordance with Formula
2).

[0102] (Step 3) Each of the decoded linear predictive
coefficients "a, is multiplied by y* to obtain decoded
smoothed linear predictive coefficients "oy, "oy, . . .
"apy’. Here, y is a predetermined positive constant less than
or equal to 1 for smoothing. Then, a smoothed amplitude
spectral envelope sequence “W(1], . . ., "W[N] is obtained
in accordance with Formula (10).

[0103] <Periodic-Envelope-Sequence Generating Part
440>
[0104] The periodic-envelope-sequence generating part

440 takes an input of a code C; indicating an interval T and
decodes the code C; to obtain the interval T. The periodic-
envelope-sequence generating part 440 then obtains and
outputs a periodic envelope sequence P[1], . . ., P[N] in the
same way as the periodic-envelope-sequence generating part
140 of the encoder 200 does (S440).

[0105] <Periodic-Combined-Envelope Generating Part
450>
[0106] The periodic-combined-envelope generating part

450 takes inputs of a periodic envelope sequence P[1], . . .
, P[N], an amplitude spectral envelope sequence W[1], . . .
, W[N], and codes C and C. However, the codes Cg and Cg
are input optionally. The periodic-combined-envelope gen-
erating part 450 decodes the code Cg to obtain a value d.
However, if the code Cg is not input, code C, decoding is not
performed but instead a value § stored in the periodic-
combined-envelope generating part 450 in advance is
acquired. Note that if the code Cg is input, the periodic-
combined-envelope generating part 450 decodes the code Cg
to obtain the indicator S. If the obtained indicator S of a
frame is corresponding to high degree of periodicity, the
periodic-combined-envelope generating part 450 decodes
the code Cg to obtain a value 8; if the obtained indicator S
of'a frame is corresponding to low periodicity, the periodic-
combined-envelope generating part 450 does not decode the
code Cg but instead acquires a value d stored in advance in
the periodic-combined-envelope generating part 450. The
periodic-combined-envelope generating part 450 then
obtains a periodic combined envelope sequence W, [1], . . .
, W,IN] in accordance with Formula (6) (S450).

[0107] <Variable-Length-Coding-Parameter Calculating
Part 460>
[0108] The variable-length-coding-parameter calculating

part 460 takes inputs of a periodic combined envelope
sequence W, [1], . . . , W,IN], a smoothed amplitude
spectral envelope sequence "W(1], . .., "W[N] and a code
C,, to obtain a variable-length coding parameter r,, (S460).
However, if the average of amplitudes can be estimated from
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additional information transmitted to the decoder 400, a
method for approximating sb from the average amplitude
value estimated from the additional information may be
determined in advance. In that case, the code C,, is not input.
A method for calculating the variable-length coding param-
eter will be described below by taking an example where
Rice decoding is performed for each sample.

[0109] (Step 1) The code C,, is decoded to obtain a
reference Rice parameter sb (a reference variable-length
coding parameter). If a method for approximating sb from an
estimated value of the average of amplitudes that is common
to the encoder 200 and the decoder 400 has been determined,
the Rice parameter sb is calculated using the method.
[0110] (Step 2) A threshold 8 is calculated in accordance
with Formula (14).

[0111] (Step 3) The greater IW, [n]/"W[n]l is than 0, the
greater the value of the Rice parameter r,, than sb is chosen
in the same way as the variable-length-coding-parameter
calculating part 260 of the encoder 200 does. The smaller
IW,n]/""W[n]l is than 6, the smaller the value of the Rice
parameter r, than sb is chosen in the same way as the
variable-length-coding-parameter calculating part 260 of the
encoder 200 does.

[0112] (Step 4) Step 3 is repeated for alln=1,2, ..., N to
obtain the value of the Rice parameter r,, for each X,[n].
[0113] <Variable-Length Decoding Part 470>

[0114] The variable-length decoding part 470 decodes a
variable-length code C,, by using a variable-length coding
parameter r, calculated by the variable-length-coding-pa-
rameter calculating part 460, thereby obtaining a decoded
normalized coefficient string "X, 1], . . . , "X,[N] (S470).
For example, the variable-length decoding part 470 decodes
the variable-length code C, by using the Rice parameter r,,
calculated by the variable-length-coding-parameter calculat-
ing part 460, thereby obtaining the decoded normalized
coeflicient string "X, [1], . . ., "X[N]. The decoding method
used by the variable-length decoding part 470 corresponds
to the coding method used by the variable-length coding part
270.

[0115] <Frequency-Domain-Sequence Denormalizing
Part 411>
[0116] The frequency-domain-sequence denormalizing

part 411 takes inputs of a decoded normalized coefficient
string "X, [1], . . ., "X,[N] and a smoothed amplitude
spectral envelope sequence “"W/[1], ..., "W[N] to obtain and
outputs a decoded coeflicient string "X[1], . . . , "X[N] as

"X[n]="Xnln]" Wln] (15)

(S411).

[0117] <Frequency-Domain Inverse Transform Part 410>
[0118] The frequency-domain inverse transform part 410
takes an input of a decoded coefficient string "X[1], . . .,
"X[N] and transforms the decoded coeflicient string "X[1], .
, "X[N] to an audio signal (in the time domain) in each
frame, which is a predetermined time segment (S410).
[0119] [First Modification of Decoder] (an Example in
which Information is Input from an External Source)
[0120] A decoder may comprise the periodic-envelope-
sequence generating part 440, the periodic-combined-enve-
lope generating part 450, the variable-length-coding-param-
eter calculating part 460 and the variable-length decoding
part 470 alone, may take inputs of a smoothed amplitude
spectral envelope sequence "W[1], ..., "W[N], an amplitude
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spectral envelope sequence W[1], ..., W[N] and an interval
T and, if needed, an indicator S, that are obtained externally
to the decoder, in addition to the codes Cy and C,, which are
input into the decoder if necessary, and may output a
normalized coefficient string X, [1], . . . , X JN], which may
be multiplied by the smoothed amplitude spectral envelope
sequence externally to the decoder to transform to a time-
domain audio signal.

Effects of Second Embodiment of the Invention

[0121] Variable-length coding is a coding method that
adaptively determines a code in accordance with the range
of values of the amplitude of an input values to be encoded
can take, thereby improving the efficiency of the coding.
While a normalized coefficient string X, [1], . . . , X [N],
which is a coefficient string in the frequency domain, is
encoded in the second embodiment, the efficiency of the
variable-length coding itself performed by the encoder can
be increased by using a variable-length coding parameter
obtained more precisely using information concerning the
amplitude of each coefficients included in a coefficient string
to be encoded. However, in order for the decoder to obtain
the variable-length coding parameter, the information con-
cerning the amplitude of each coefficient included in the
coeflicient string to be encoded needs to be more precisely
transmitted from the encoder to the decoder, resulting in an
increase in the amount of code transmitted from the encoder
to the decoder accordingly.

[0122] In order to reduce the increase in the amount of
code, a method for obtaining an estimated value of the
amplitude of each coefficient included in the coeflicient
string to be encoded from a code with a small code amount
is necessary. Because a periodic combined envelope
sequence W, [1], . .., W, IN] in the second embodiment
approximates a coefficient string X[1], . . ., X[N] with a high
degree of accuracy, IW,[1]/"W[1]l, . . ., IW,IN]/"W[N]I
can approximate the amplitude envelope of X, [1], X,[2], .
.., Xy[N], which are coefficients to be encoded by variable-
length coding, with a high degree of accuracy. In other
words, IW, [1]/"WI[1]l, . . ., IW,IN]/"W[N]I is a sequence
in a positive correlation with the amplitude of the coeffi-
cients to be encoded.

[0123] Information required for recovering W, [1]/"W[1]
I, IW, 217 W21, . . ., IW,IN]/"W[N]I at the decoder side
is

[0124] Information representing quantized linear predic-

tion coefficients ", . . ., "o (code C;)

[0125] Information indicating the interval T (code C;)
[0126] Information indicating value 9 (code Cy).

That is, with the encoder and the decoder according to the
second embodiment, the decoder can reproduce envelopes
including peaks of amplitude caused by the pitch period of
an input audio signal input in the encoder with a small
amount of information, namely only codes C;, C, and Cs.
[0127] Note that the encoder and the decoder according to
the second embodiment may be used in combination with an
encoder and a decoder that perform coding/decoding that
involve linear prediction or pitch prediction in many situa-
tions. In those situations, the codes C; and Care transmitted
from the encoder that is located external to the encoder 200
and performs coding that involves linear prediction or pitch
prediction to the decoder that is located external to the
decoder 400 and performs decoding involving linear pre-
diction or pitch prediction. Accordingly, information that
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needs to be transmitted from the encoder 200 to the decoder
400 in order to allow the decoder side to recover envelopes
comprising peaks of amplitude caused by the pitch period of
an input audio signal input into the encoder side is codes C.
The code amount of each code Cg is small (each requires
about 3 bits at most and even 1 bit of C, can be effective) and
is smaller than the total amount of code corresponding to a
variable-length coding parameter for each partial sequence
included in a normalized coefficient string to be encoded.
[0128] The encoder and the decoder according to the
second embodiment are thus capable of improving coding
efficiency with a small increase in the amount of code.

Key Points of Second Embodiment of the Invention

[0129] Viewing the encoder and decoder according to the
second embodiment from the point of achieving the effect
described above, the encoder 200 may be characterized by
comprising:

[0130] a periodic-combined-envelope generating part
250 which generates a periodic combined envelope
sequence which is a frequency-domain sequence based
on a spectral envelope sequence which is a frequency-
domain sequence corresponding to a linear predictive
coeflicient code obtained from an input audio signal in
a predetermined time segment and a frequency-domain
period corresponding to a period code obtained from
the input audio signal, and

[0131] a variable-length coding part 270 which encodes
a frequency-domain sequence derived from the input
audio signal on the assumption that the amplitude of the
input audio signal is greater for a frequency with a
greater value of the periodic-combined envelope
sequence, and

[0132] the decoder 400 may be characterized by compris-
ing:
[0133] a periodic-combined-envelope generating part

450 which generates a periodic combined envelope
sequence which is a frequency-domain sequence based
on a spectral envelope sequence which is a frequency-
domain sequence corresponding to a linear predictive
coefficient code and a frequency-domain period corre-
sponding to a period code, and

[0134] a wvariable-length decoding part 470 which
decodes a variable-length code to obtain a frequency-
domain sequence on the assumption that the amplitude
of the audio signal is greater for a frequency with a
greater value of the periodic-combined envelope
sequence. Note that “on the assumption that the ampli-
tude of the input audio signal is greater for a frequency
with a greater value of the periodic-combined envelope
sequence” and “on the assumption that the amplitude of
the audio signal is greater for a frequency with a greater
value of the periodic-combined envelope sequence”
represent that the periodic combined envelope
sequence is characterized by taking a large value at a
frequency with a large amplitude of the input audio
signal or the audio signal. Further, “derived from the
input audio signal” means that the frequency-domain
sequence can be obtained from the input audio signal or
corresponds to the input audio signal. For example, a
coefficient string X[1], . . . , X[N] and a normalized
coefficient string X,[1], . . ., X,[N] are frequency-
domain sequences derived from the input audio signal.
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Third Embodiment

<<Encoder>>

[0135] FIG.9 illustrates an exemplary functional configu-
ration of an encoder according to a third embodiment and
FIG. 10 illustrates a process flow in the encoder according
to the third embodiment. The encoder 300 comprises a
spectral-envelope-sequence calculating part 221, a fre-
quency-domain transform part 110, a frequency-domain-
sequence normalizing part 111, a periodicity analyzing part
330, a periodic-envelope-sequence generating part 140, a
periodic-combined-envelope generating part 250, a vari-
able-length-coding-parameter calculating part 260, a second
variable-length-coding-parameter calculating part 380, and
a variable-length coding part 370. The encoder 300 takes an
input time-domain audio digital signal as an input audio
signal x(t) and outputs at least a code C, representing
quantized linear predictive coefficients "al;, . . ., "0lp, a code
C, of an interval T representing the period of a normalized
coefficient string X,[1], . . . , X,[N], a predetermined
indicator S of the degree of periodicity of a coefficient string
X[1], ..., X[N] or the normalized coefficient string X,[1],
. » XyINI, a code Cg representing the indicator S, and a
variable-length code C generated by variable-length coding
of the normalized coefficient string X, [1], . . . ., X[N]. The
frequency-domain-sequence normalizing part 111 is the
same as the frequency-domain-sequence normalizing part
111 of the first modification of the first embodiment. The
frequency-domain transform part 110 and the periodic-
envelope-sequence generating part 140 are the same as the
frequency-domain transform part 110 and the periodic-
envelope-sequence generating part 140, respectively, of the
first embodiment. The amplitude-spectral-envelope-se-
quence calculating part 221, the periodic-combined-enve-
lope generating part 250 and the variable-length-coding-
parameter calculating part 260 are the same as the
amplitude-spectral-envelope-sequence calculating part 221,
the periodic-combined-envelope generating part 250 and the
variable-length-coding-parameter calculating part 260,
respectively, of the second embodiment. Components that
differ from the components of the embodiments and modi-
fications described above will be described below.

[0136] <Periodicity Analyzing Part 330>

[0137] The periodicity analyzing part 330 takes an input of
a normalized coefficient string X,[1], . . . , Xy[N], obtains
an indicator S of the degree of periodicity of the normalized
coefficient string X, [1], . . . , X[N] and an interval T
(intervals at which a large value periodically appears) and
outputs the indicator S, a code Cg representing the indicator
S, the interval T and a code C; representing the interval T
(8330). Note that the indicator S and the interval T are the
same as those output from the periodicity analyzing part 131
of the first modification of the first embodiment.

[0138] In the encoder 300, if the indicator S is within a
predetermined range that indicates high periodicity, the
variable-length-coding-parameter calculating part 260 cal-
culates a variable-length coding parameter r,; if the indicator
S is not within the predetermined range indicating high
periodicity, the second variable-length-coding-parameter
calculating part 380 calculates a variable-length coding
parameter r,, (S390). The “predetermined range indicating
high periodicity” may be a range of values of the indicator
S that are greater than or equal to a predetermined threshold.
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[0139] <Second Variable-Length-Coding-Parameter Cal-
culating Part 380>

[0140] The second variable-length-coding-parameter cal-
culating part 380 takes inputs of an amplitude spectral
envelope sequence W[1], ..., W[N], a smoothed amplitude
spectral envelope sequence "WI[1], . . . , "W[N], and a
normalized coefficient string X, [1], . . . , X,[N] and obtains
a variable-length coding parameter r, (S380). While the
variable-length-coding-parameter calculating part 260 is
characterized by calculating a variable-length coding param-
eter r, by relying on an amplitude value obtained from a
periodic combined envelope sequence W,,[1], . .., W[N],
the second variable-length-coding-parameter calculating
part 380 is characterized by calculating a variable-length
coding parameter by relying on an amplitude value obtained
from an amplitude spectral envelope sequence. A method for
calculating the variable-length coding parameter will be
described below by taking an example where Rice coding is
performed for each sample.

[0141] (Step 1) The logarithm of the average of the
amplitudes of the coefficients in the normalized coefficient
string X, [1], . . ., X\[N] is calculated as a reference Rice
parameter sb (a reference variable-length coding parameter)
as Formula (13). The step is the same as the step performed
by the variable-length-coding-parameter calculating part
260.

[0142] (Step 2) A threshold 0 is calculated according to the
following Formula.

ZZTIIWM/WMI} 1o

0= logz{(ln2) . ~

0 is the logarithm of the average of amplitudes of values
obtained by dividing each value W, [n] in the amplitude
spectral envelope sequence by each value "W[n] in the
smoothed amplitude spectral envelope sequence.

[0143] (Step 3) The greater IWM[n]/"W|[n]! is than 0, the
greater the value of the Rice parameter r,, for Rice coding of
the normalized coefficients X,[n] than sb is chosen. The
smaller ’'WM[n]/"W[n]! is than 6, the smaller the value of the
Rice parameter r, for Rice coding of the normalized coef-
ficients X,[n] than sb is chosen.

[0144] (Step 4) Step 3 is repeated for all n=1, 2, . . ., N
to obtain the value of the Rice parameter r,, for each X,[n].
[0145] <Variable-Length Coding Part 370>

[0146] The variable-length coding part 370 encodes the
normalized coefficient string X,\[1], . . . , X\[N] by variable-
length coding using a variable-length coding parameter r,,
and outputs a variable-length code C (S370). Note that if the
indicator S is within the predetermined range indicating high
periodicity, the variable-length coding parameter r, is a
variable-length coding parameter r, calculated by the vari-
able-length-coding-parameter calculating part 260; if the
indicator S is not within the predetermined range indicating
high periodicity, the variable-length coding parameterr, is a
variable-length coding parameter r,, calculated by the second
variable-length-coding-parameter calculating part 380.
[0147] The encoder 300 outputs the code C, representing
the quantized linear prediction coefficients "oy, . . ., "0p, the
code C representing the indicator S of degree of periodicity,
the code C; representing the interval T, and the variable-
length code Cy generated by variable-length coding of the
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normalized coefficient string X, [1], . . . , X,[N] which have
been obtained as a result of the process described above and
transmits them to the decoding side. The encoder 300 also
outputs the code Cg representing the value 8 and the code C,
representing the reference variable-length coding parameter
sb, if needed and transmits them to the decoding side.
[0148] [First Modification of Encoder]| (an Example in
which Information is Input from an External Source)
[0149] Note that the encoder may comprise only the
periodic-envelope-sequence generating part 140, the peri-
odic-combined-envelope generating part 250, the variable-
length-coding-parameter calculating part 260, the second
variable-length-coding-parameter calculating part 380, and
the variable-length coding part 370 and may take inputs of
a smoothed amplitude spectral envelope sequence “"W(1], . .
., "WI[N], a normalized coefficient string X,[1], ..., X, IN],
and an interval T and, if needed an amplitude spectral
envelope sequence WJ[1], . . ., W[N] and if needed the
indicator S that are generated externally to the encoder and
may output a variable-length code Cy.

[0150] [Second Modification of Encoder] (an Example in
which an Interval T is Obtained from a Coeflicient String
X[n])

[0151] While the periodicity analyzing part 330 described
above takes an input of the normalized coefficient string
XM 11, . .., X3N] to obtain the interval T, the periodicity
analyzing part 330 may take an input of a coefficient string
X[1], . . ., X[N] output from the frequency-domain trans-
form part 110 to obtain the interval T. In this case, the
interval T is obtained in the same way as the periodicity
analyzing part 130 of the first embodiment does.

[0152] <<Decoder>>

[0153] FIG. 11 illustrates an exemplary functional con-
figuration of a decoder according to the third embodiment
and FIG. 12 illustrates a process flow in the decoder accord-
ing to the third embodiment. The decoder 500 comprises a
spectral-envelope-sequence calculating part 421, an indica-
tor decoding part 530, a periodic-envelope-sequence gener-
ating part 440, a periodic-combined-envelope generating
part 450, a variable-length-coding-parameter calculating
part 460, a second variable-length-coding-parameter calcu-
lating part 580, a variable-length decoding part 570, a
frequency-domain-sequence denormalizing part 411, and a
frequency-domain inverse transform part 410. The decoder
500 receives a code C; representing quantized linear pre-
dictive coefficients "o, . . ., "0, a code C representing an
indicator S, a code C;, representing an interval T, and a
variable-length code C,, generated by variable-length coding
of a normalized coefficient string X,[1], . . . , X,[N] and
outputs an audio signal. Note that the decoder 500 also
receives a code Cg representing a value 9, and a code C,
representing a reference variable-length coding parameter
sb, as needed. The spectral-envelope-sequence calculating
part 421, the periodic-envelope-sequence generating part
440, the periodic-combined-envelope generating part 450,
the variable-length-coding-parameter calculating part 460,
the frequency-domain-sequence denormalizing part 411,
and a frequency-domain inverse transform part 410 are the
same as those of the second embodiment. Components that
differ from the components of the second embodiment will
be described below.

[0154] <Indicator Decoding Part 530>

[0155] The indicator decoding part 530 decodes the code
Cs to obtain the indicator S. In the decoder 500, if the
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indicator S is within a predetermined range that indicates
high periodicity, the variable-length-coding-parameter cal-
culating part 460 calculates a variable-length coding param-
eter r,; if the indicator S is not within the predetermined
range that indicates high periodicity, the second variable-
length-coding-parameter calculating part 580 calculates a
variable-length coding parameter r, (S590). Note that the
“predetermined range that indicates high periodicity” is the
same range that is set in the encoder 300.

[0156] <Second Variable-Length-Coding-Parameter Cal-
culating Part 580>

[0157] The second variable-length-coding-parameter cal-
culating part 580 takes inputs of an amplitude spectral
envelope sequence W[1], ..., W[N], a smoothed amplitude
spectral envelope sequence "W[1], . .., "W[N], and a code
C,, and obtains a variable-length coding parameter r,
(S580). However, if the average of amplitudes can be
estimated from additional information transmitted to the
decoder 500, a method for approximating sb from the
average of the amplitudes estimated from the additional
information may be determined in advance. In that case, the
code C,, is not input. A method for calculating the variable-
length coding parameter will be described below by taking
an example where Rice coding is performed for each
sample.

[0158] (Step 1) The code C,, is decoded to obtain a
reference Rice parameter sb (a reference variable-length
coding parameter). If a method for approximating sb from an
estimated value of amplitudes that is common to the encoder
300 and the decoder 500 has been determined, the Rice
parameter sb is calculated using the method.

[0159] (Step 2) A threshold value 0 is calculated in accor-
dance with Formula (16).

[0160] (Step 3) The greater IWM|[n]|/"W{n]| is than 0, the
greater the value of the Rice parameter r,, than sb is chosen
in the same way as the second variable-length-coding-
parameter calculating part 380 of the encoder 300 does. The
smaller 'WM[n]/"W/[n]l is than 6, the smaller the value of the
Rice parameter r,, than sb is chosen in the same way as the
second variable-length-coding-parameter calculating part
380 of the encoder 300 does.

[0161] (Step 4) Step 3 is repeated for all n=1, 2, ..., N
to obtain the Rice parameter r,, for each X, [n].

[0162] <Variable-Length Decoding Part 570>

[0163] The variable-length decoding part 570 decodes a
variable-length code C by using the variable-length coding
parameter r,,, thereby obtaining a decoded normalized coef-
ficient string "X, [1], . . . , "X,[N] (S570). Note that if the
indicator S is within the predetermined range indicating high
periodicity, the variable-length coding parameter r, is a
variable-length coding parameter r,, calculated by the vari-
able-length-coding-parameter calculating part 460; if the
indicator S is not within the range indicating high period-
icity, the variable-length coding parameter r,, is a variable-
length coding parameter r, calculated by the second vari-
able-length-coding-parameter calculating part 580.

[0164] [First Modification of Decoder] (an Example in
which Information is Input from an External Source)
[0165] A decoder may comprise the periodic-envelope-
sequence generating part 440, the periodic-combined-enve-
lope generating part 450, the variable-length-coding-param-
eter calculating part 460, a second variable-length-coding-
parameter calculating part 580, and the variable-length
decoding part 570 alone, may take inputs of a smoothed
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amplitude spectral envelope sequence “W[1], ..., "W[N], an
amplitude spectral envelope sequence W[1], . .., W[N] and
an interval T and, an indicator S, that are obtained externally
to the decoder, in addition to the codes C4 and C,, which are
input into the decoder if needed, and may output a normal-
ized coefficient string X,[1], . . . , X,[N], which may then
be multiplied by a smoothed amplitude spectral envelope
sequence externally to the decoder to transform it to a
time-domain audio signal.

Effects of the Third Embodiment of the Invention

[0166] Ifthe degree of periodicity of an input audio signal
is low, peaks of amplitude caused by the pitch period of the
input audio signal is small. Therefore, when the degree of
periodicity of an audio signal to be encoded is high, the
encoder and decoder according to the third embodiment use
a periodic combined envelope sequence to obtain a variable-
length coding parameter; when the degree of periodicity of
the audio signal to be encoded is not high, the encoder and
the decoder use an amplitude spectral envelope sequence to
obtain a variable-length coding parameter. Accordingly, a
more appropriate variable-length coding parameter can be
used for variable-length coding, which has the effect of
improving the coding accuracy.

[0167] The first to third embodiments have been described
with examples in which amplitude sequences such as an
amplitude spectral envelope sequence, a smoothed ampli-
tude spectral envelope sequence, and a periodic combined
envelope sequence are used. However, instead of amplitude
sequences, power sequences, namely a power spectral enve-
lope sequence, a smoothed power spectral envelope
sequence, a periodic combined envelope sequence that is a
power sequence may be used as W(n], "W[n], and W, [n].
[0168] [Program and Recording Media]

[0169] The processes described above may be performed
not only in time sequence as is written but also in parallel or
individually, depending on the throughput of the devices that
perform the processes or requirements. It would be under-
stood that modifications can be made as appropriate without
departing from the spirit of the present invention.

[0170] If the configurations described above is imple-
mented by a computer, processing of the function that each
device needs to include is described in a program. The
program is executed on the computer to implement the
processing functions described above on the computer.
[0171] The program describing the processing can be
recorded on a computer-readable recording medium. The
computer-readable recording medium may be any medium
such as a magnetic recording device, an optical disc, a
magneto-optical recording medium, and a semiconductor
memory, for example.

[0172] The program may be distributed, for example, by
selling, transferring, or lending portable recording media on
which the program is recorded, such as DVDs or CD-ROMs.
The program may be stored on a storage device of a server
computer and transferred from the server computer to other
computers over a network, thereby distributing the program.
[0173] A computer that executes the program first stores
the program recorded on a portable recording medium or the
program transferred from a server computer into a storage
device of the computer, for example. When the computer
executes the processes, the computer reads the program
stored in the recording medium of the computer and
executes the processes according to the read program. In

Jan. 26, 2023

another mode of execution of the program, the computer
may read the program directly from a portable recording
medium and may execute the processes according to the
program or may further execute the processes according to
the program each time the program is transferred from the
server computer to the computer. Alternatively, the pro-
cesses described above may be executed using a so-called
ASP (Application Service Provider) service in which the
program is not transferred from a server computer to the
computer but processing functions are implemented only by
instructions to execute the program and acquisition of the
results of the execution. It should be noted that the program
in this mode includes information that is made available for
use in processing by an electronic computer and is equiva-
lent to a program (such as data that is not direct commands
to the computer but has the nature of defining processing
performed by the computer).

[0174] While a given program is executed on a computer
to configure the present device in this mode, at least part of
the processes may be implemented by hardware.

DESCRIPTION OF REFERENCE NUMERALS

[0175] 100, 101 Periodic-combined-envelope-sequence
generation device

[0176] 110 Frequency-domain transform part
[0177] 111 Frequency-domain-sequence normalizing part
[0178] 120, 121, 221, 421 Spectral envelope sequence

calculating part

[0179] 130, 131, 230, 330 Periodicity analyzing part

[0180] 140, 440 Periodic-envelope-sequence generating
part

[0181] 150, 250, 450 Periodic-combined-envelope gener-
ating part

[0182] 200, 300 Encoder

[0183] 260, 360, 460 Variable-length-coding-parameter

calculating part

[0184] 270, 370 Variable-length coding part

[0185] 380, 580 Second variable-length-coding-parameter
calculating part

[0186] 400, 500 Decoder

[0187] 410 Frequency-domain inverse transform part

[0188] 411 Frequency-domain-sequence denormalizing
part

[0189] 470, 570 Variable-length decoding part

[0190] 530 Indicator decoding part

What is claimed is:

1: A periodic-combined-envelope-sequence generation

device comprising:

a spectral-envelope-sequence calculating part which
takes, as an input audio signal, a time-domain audio
digital signal in each frame which is a predetermined
time segment, and calculates a spectral envelope
sequence of the input audio signal on the basis of
time-domain linear prediction of the input audio signal;
and

a periodic-combined-envelope generating part which
transforms the spectral envelope sequence to a periodic
combined envelope sequence on the basis of a periodic
component of the input audio signal in the frequency
domain.

2: The periodic-combined-envelope-sequence generation

device according to claim 1,

wherein the periodic-combined-envelope generating part

obtains, as a periodic combined envelope sequence, a
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sequence that can be obtained by more greatly chang- 4: The periodic-combined-envelope-sequence generation
ing values of at least samples at integer multiples of a method according to claim 3,
period in the frequency-domain of the input audio wherein the periodic-combined-envelope generating step
signal in the spectral envelope sequence and samples in obtains, as a periodic combined envelope sequence, a
a neighborhood of the integer multiples of the period as sequence that can be obtained by more greatly chang-
the length of a period in the frequency domain of the ing values of at least samples at integer multiples of a
input audio signal is longer. p.erlod. in the frequency-domain of the input aud;o

signal in the spectral envelope sequence and samples in
3: A periodic-combined-envelope-sequence generation a neighborhood of the integer multiples of the period as
method, executing: the length of a period in the frequency domain of the

input audio signal is longer.
5: A non-transitory computer-readable recording medium
on which the periodic-combined-envelope-sequence genera-
tion program for causing a computer to function as the

Siglﬁlem’ and c?il.cule.ltlng_{,l a Spe;ftrﬁl epve}ope seéluenge periodic-combined-envelope-sequence generation device
of the mput audio signal on the basis of time-domain according to claim 1 is recorded.

linear prediction of the input audio signal; and 6: A non-transitory computer-readable recording medium
a periodic-combined-envelope generating step of trans- on which the periodic-combined-envelope-sequence genera-

forming the spectral envelope sequence to a periodic tion program for causing a computer to function as the

combined envelope sequence on the basis of a periodic perlodl.c-combln.ed-en.velope-sequence generation  device

component of the input audio signal in the frequency according to claim 2 is recorded.

domain. k% & %

a spectral-envelope-sequence calculating step for taking,
as an input audio signal, a time-domain audio digital
signal in each frame which is a predetermined time



