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DESCRIPTION
Technical Field

[0001] The present invention relates to a speech decoder, a speech encoder, a speech 
decoding method, a speech encoding method, a speech decoding program, and a speech 
encoding program.

Background Art

[0002] Speech and audio coding technologies that compress the amount of data in a signal to 
one-several tenths by removing information which is not necessarily perceived by a human 
according to the auditory psychology is a significantly important technology in connection with 
transmission and accumulation of signals. An example of widely used perceptual audio coding 
techniques is MPEG4 AAC (Advanced Audio Coding) standardized by ISO/IEC MPEG (Moving 
Picture Experts Group).

[0003] Further, as a method for improving the performance of speech coding and obtaining 
high speech quality at a low bit rate, a bandwidth extension technology that generates high 
frequency band components of a speech using low frequency band components there of has 
been widely used recently. Atypical example of the bandwidth extension technology is the SBR 
(Spectral Band Replication) technology used in MPEG4 AAC. The SBR technology generates 
high frequency band components by performing, on a signal transformed into the frequency 
domain by QMF (Quadrature Mirror Filter) bank, copying spectral coefficients from a low 
frequency band to a high frequency band and thereafter adjusts the high frequency band 
components by adjusting the spectral envelope and tonality of the replicated coefficients. 
Adjustment of the spectral envelope and tonality will be referred hereinafter to as "adjustment 
of frequency envelope". The speech encoding method using such a bandwidth extension 
technology can reproduce high frequency band components of a signal using only a small 
amount of supplementary information, and it is thus effective to achieve lower bit rate of 
speech coding.

[0004] In the bandwidth extension technology in the frequency domain such as SBR, since the 
frequency envelope is adjusted to the spectral coefficients expressed in the frequency domain, 
when an audio signal with large variations of time envelope, such as a speech signal, a 
clapping sound or a castanet sound, is encoded, there is a case where reverberant noise 
called pre-echo or post-echo may be perceived in a decoded signal. This problem is caused by 
the fact that the time envelope of high frequency band components is deformed in the process 
of adjustment and, in many cases, becomes flatter in shape than before the adjustment. The 
time envelope of high frequency band components that has become flat as a result of the 
adjustment does not coincide with the time envelope of high frequency band components in
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the original signal before encoding and causes pre-echoes or post-echoes.

[0005] As a solution to this problem, the following method is known (see Patent Literature 1). 
Specifically, the method acquires the electric power of low frequency band components for 
each time slot of a frequency domain signal, extracts time envelope information from the 
acquired power, and superimposes the extracted time envelope information onto high 
frequency band components that are adjusted using supplementary information and then 
processed to adjust the frequency envelope. This method is referred hereinafter to as "a 
method of time envelope deformation". It is thereby possible to adjust the time envelope of a 
decoded signal to have a less distorted shape and obtain a reproduced signal with less pre­
echo and post-echo. Moreover, in US 2007/0238415 A1 a method and apparatus is disclosed 
for encoding an audio signal and for decoding a compressed audio signal.

Citation List

Patent Literature

[0006]

PTL 1: WO/2010/114123

PTL 2: US 2007/0238415 A1

Summary of Invention

Technical Problem

[0007] In the time envelope deformation method disclosed in the above-described Patent 
Literature 1, after a decoded signal is obtained which contains only low frequency band 
components which are obtained on the basis of an inputted, multiplexed bit stream, a signal in 
the QMF domain is obtained from the decoded signal. Further, time envelope information is 
acquired from the signal in the QMF domain, and the time envelope information is adjusted 
using parameters. Thereafter, using the adjusted time envelope information, a time envelope 
deformation process is performed on the signal in the QMF domain obtained from high 
frequency band components of.

[0008] However, in the above-described time envelope deformation method, because the time 
envelope deformation process is performed using single time envelope information which is a 
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function of time obtained from the signal in the QMF domain obtained from the low frequency 
band components, when the time envelope of the low frequency band components and the 
time envelope of the high frequency band components are not sufficiently correlated, it is 
difficult to adjust the waveform of the time envelope. As a result, pre-echoes and post-echoes 
in the decoded signal tend to be not sufficiently reduced .

[0009] The present invention has been made in view of the above problem and provides a 
speech decoder, a speech encoder, a speech decoding method, a speech encoding method, a 
speech decoding program, and a speech encoding program in which by adjusting the time 
envelope of a decoded signal to have a less distorted shape, a reproduced signal is obtained 
whose pre-echoes and post-echoes are sufficiently reduced.

Solution to Problem

[0010] To solve the above problem, a decoder according to one aspect of the invention is a 
speech decoder that decodes a coded sequence of an encoding speech signal. The speech 
decoder comprises the features according to claim 1. Features for preferable embodiments of 
the speech decoder are recited in the dependent claims thereto.

[0011] A decoding method according to one aspect of the invention is a speech decoding 
method of decoding a coded sequence of an encoded speech signal. The method comprises 
the features according to claim 11. Features for a preferable embodiments of the method are 
recited in the dependent claim thereto.

[0012] A decoding program according to one aspect of the invention is a speech decoding 
program according to claim 14.

[0013] According to the decoder, the decoding method or the decoding program described 
above, the low frequency band signal is obtained from the coded sequence by demultiplexing 
and decoding, and the supplementary information for high frequency band generation and the 
time envelope information are obtained from the coded sequence by demultiplexing, decoding 
and dequantization. Then, the high frequency band components in the frequency domain are 
generated from the low frequency band signal transformed into the frequency domain using 
the supplementary information for high frequency band generation, and, after acquiring a 
plurality of low frequency band time envelopes by analyzing the low frequency band signal in 
the frequency domain, the high frequency band time envelope is calculated using the plurality 
of low frequency band time envelopes and the time envelope information. Further, the time 
envelope of the high frequency band components is adjusted by the calculated high frequency 
band time envelope, and the adjusted high frequency band components and the low frequency 
band signal are added together and thereby the time domain signal is output. In this manner, 
because a plurality of low frequency band time envelopes are used for adjustment of the time 
envelope of the high frequency band components, the waveform of the time envelope of the 
high frequency band components is adjusted with high accuracy by use of the correlation 
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between the time envelopes of low frequency band components and the time envelope of high 
frequency band components. As a result, the time envelope in the decoded signal is adjusted 
to have a less distorted shape, and therefore a reproduced signal can be obtained in which 
pre-echoes and post-echoes are sufficiently reduced.

[0014] It is in particular preferred that the speech decoder further includes the features 
according to claim 3. With the time envelope calculation control means, it is possible to omit 
calculation of the low frequency band time envelopes or calculation of the high frequency band 
time envelope according to properties such as the power of the low frequency band signal, 
thereby reducing the amount of computation.

[0015] It is in particular preferred that the speech decoder further includes the features 
according to claim 4. With the time envelope calculation control means, it is possible to omit 
calculation of the low frequency band time envelopes or calculation of the high frequency band 
time envelope according to the time envelope information obtained from the coded sequence, 
thereby reducing the amount of computation.

[0016] It is in particular preferred that the speech decoder further includes the features 
according to claim 5. In this configuration, it is possible to omit calculation of the low frequency 
band time envelopes or calculation of the high frequency band time envelope according to the 
time envelope calculation control information obtained from the coded sequence, thereby 
reducing the amount of computation.

[0017] It is also in particular preferred that the speech decoder further includes the features 
according to claim 6. In this case also, it is possible to omit calculation of the low frequency 
band time envelopes or calculation of the high frequency band time envelope according to the 
time envelope calculation control information obtained from the coded sequence, thereby 
reducing the amount of computation.

[0018] Further, an encoder according to one aspect of the invention is a speech encoder that 
encodes a speech signal. The speech encoder comprises the features according to claim 7. 
Features for preferable embodiments of the speech encoder are recited in the dependent 
claims thereto.

[0019] An encoding method according to one aspect of the invention is a speech encoding 
method of encoding a speech signal. The method comprises the steps according to claim 13.

[0020] An encoding program according to one aspect of the invention is a speech encoding 
program according to the claim 15.

[0021] According to the speech encoder, the encoding method or the encoding program 
described above, the low frequency band signal is obtained by down-sampling of a speech 
signal, and the low frequency band signal is encoded, while a plurality of time envelopes of low 
frequency band components are calculated based on the speech signal in the frequency 
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domain, and using the plurality of time envelopes of low frequency band components, the time 
envelope information for acquiring the time envelope of high frequency band components is 
calculated. Further, the supplementary information for high frequency band generation for 
generating high frequency band components from the low frequency band signal is calculated, 
and, after the supplementary information for high frequency band generation and the time 
envelope information are quantized and encoded, the high frequency band coded sequence is 
constructed, which contains the supplementary information for high frequency band generation 
and the time envelope information. Then, the coded sequence is generated in which the low 
frequency band coded sequence and the high frequency band coded sequence are 
multiplexed. Accordingly, when the coded sequence is input to the decoder, a plurality of low 
frequency band time envelopes can be used on the decoder side for adjusting the time 
envelope of high frequency band components on the decoder side, and thereby the waveform 
of the time envelope of high frequency band components is adjusted with high accuracy, using 
the correlation between the time envelope of low frequency band components and the time 
envelope of high frequency band components on the decoder side. As a result, the time 
envelope in the decoded signal is adjusted to have a less distorted shape, and therefore a 
reproduced signal can be obtained on the decoder side in which pre-echoes and post-echoes 
are sufficiently reduced.

[0022] It is in particular preferred that the speech encoder further includes the features 
according to claim 8. In this configuration, adjustment of the frequency envelope of the high 
frequency band components can be made on the decoder side, and therefore a reproduced 
signal with improved frequency characteristics can be obtained on the decoder side.

[0023] It is also in particular preferred that the speech encoder further includes the features 
according to claim 9. In this case, it is possible to increase the efficiency of time envelope 
calculation on the decoder side by referring to the property such as the power of the speech 
signal and the time envelope information, thereby reducing the amount of computation.

Advantageous Effects of Invention

[0024] According to the present invention, it is possible to adjust the time envelope of a 
decoded signal to have a less distorted shape and thereby obtain a reproduced signal in which 
pre-echoes and post-echoes are sufficiently reduced.

Brief Description of Drawings

[0025]

Fig. 1 is a schematic block diagram of a speech decoder 1 according to a first embodiment of 
the invention;
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Fig. 2 is a flowchart showing a procedure of a speech decoding method implemented by the 
speech decoder 1 shown in Fig. 1;

Fig. 3 is a schematic block diagram of a speech encoder 2 according to the first embodiment of 
the invention;

Fig. 4 is a flowchart showing a procedure of a speech encoding method implemented by the 
speech encoder 2 shown in Fig. 3;

Fig. 5 is a diagram showing a configuration of a principal part relating to envelope calculation in 
a first alternative example of the speech decoder 1 according to the first embodiment;

Fig. 6 is a flowchart showing a procedure of envelope calculation performed by the speech 
decoder 1 shown in Fig. 5;

Fig. 7 is a diagram showing a configuration of a principal part relating to envelope calculation in 
a second alternative example of the speech decoder 1 according to the first embodiment;

Fig. 8 is a flowchart showing a procedure of envelope calculation performed by the speech 
decoder 1 shown in Fig. 7;

Fig. 9 is a diagram showing a configuration of a principal part relating to envelope calculation in 
a third alternative example of the speech decoder 1 according to the first embodiment;

Fig. 10 is a flowchart showing a procedure of envelope calculation performed by the speech 
decoder 1 shown in Fig. 9;

Fig. 11 is a flowchart showing a procedure of envelope calculation in a fourth alternative 
example of the speech decoder 1 according to the first embodiment;

Fig. 12 is a flowchart showing a procedure of envelope calculation in a fifth alternative example 
of the speech decoder 1 according to the first embodiment;

Fig. 13 is a flowchart showing a procedure of envelope calculation in a sixth alternative 
example of the speech decoder 1 according to the first embodiment;

Fig. 14 is a flowchart showing a procedure of time envelope calculation performed by a time 
envelope calculation unit 1g in a seventh alternative example of the speech decoder 1 
according to the first embodiment;

Fig. 15 is a flowchart showing a part of processing by a time envelope calculation control unit 
1m when the seventh alternative example of the speech decoder 1 according to the first 
embodiment is applied to the second alternative example of the speech decoder 1 according to 
the first embodiment;

Fig. 16 is a flowchart showing a part of processing by a time envelope calculation control unit 
In when the seventh alternative example of the speech decoder 1 according to the first 
embodiment is applied to the fourth alternative example of the speech decoder 1 according to 
the first embodiment;
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Fig. 17 is a diagram showing a configuration of a first alternative example of the speech 
encoder 2 according to the first embodiment;

Fig. 18 is a flowchart showing a procedure of speech encoding performed by the speech 
encoder 2 shown in Fig. 17;

Fig. 19 is a diagram showing a configuration of a second alternative example of the speech 
encoder 2 according to the first embodiment;

Fig. 20 is a flowchart showing a procedure of speech encoding performed by the speech 
encoder 2 shown in Fig. 19;

Fig. 21 is a diagram showing a configuration of a third alternative example of the speech 
encoder 2 according to the first embodiment;

Fig. 22 is a flowchart showing a procedure of speech encoding performed by the speech 
encoder 2 shown in Fig. 21;

Fig. 23 is a diagram showing a configuration of a speech decoder 101 according to a second 
embodiment;

Fig. 24 is a flowchart showing a procedure of speech decoding performed by the speech 
decoder 101 shown in Fig. 23;

Fig. 25 is a diagram showing a configuration of a speech encoder 102 according to the second 
embodiment;

Fig. 26 is a flowchart showing a procedure of speech encoding performed by the speech 
encoder 102 shown in Fig. 25;

Fig. 27 is a diagram showing a configuration in which the first alternative example of the 
speech encoder 2 according to the first embodiment of the invention is applied to the speech 
encoder 102 according to the second embodiment of the invention;

Fig. 28 is a flowchart showing a procedure of speech encoding performed by the speech 
encoder 102 shown in Fig. 27;

Fig. 29 is a diagram showing a configuration in which the second alternative example of the 
speech encoder 2 according to the first embodiment of the invention is applied to the speech 
encoder 102 according to the second embodiment of the invention;

Fig. 30 is a flowchart showing a procedure of speech encoding performed by the speech 
encoder 102 shown in Fig. 29;

Fig. 31 is a diagram showing a configuration of a speech decoder 201 according to a third 
embodiment;

Fig. 32 is a flowchart showing a procedure of speech decoding performed by the speech
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decoder 201 shown in Fig. 31;

Fig. 33 is a diagram showing a configuration of a speech decoder 301 according to a fourth 
embodiment;

Fig. 34 is a flowchart showing a procedure of speech decoding performed by the speech 
decoder 301 shown in Fig. 33;

Fig. 35 is a diagram showing a configuration of a speech encoder 202 according to the third 
embodiment;

Fig. 36 is a flowchart showing a procedure of speech encoding performed by the speech 
encoder 202 shown in Fig. 35;

Fig. 37 is a diagram showing a configuration of a speech encoder 302 according to a fourth 
embodiment;

Fig. 38 is a flowchart showing a procedure of speech encoding performed by the speech 
encoder 302 shown in Fig. 37;

Fig. 39 is a diagram showing a configuration of a third alternative example of the speech 
decoder 101 according to the second embodiment; and

Fig. 40 is a flowchart showing a procedure of speech decoding performed by the speech 
decoder 101 shown in Fig. 39.

Description of Embodiments

[0026] The invention is defined in the appended claims. All occurrences of the word 
"embodiment(s)", except the ones corresponding to the claims, refer to examples useful for 
understanding the invention which were originally filed but which do not represent 
embodiments of the presently claimed invention. These examples are shown for illustrative 
purposes only.

[0027] Preferred embodiments of a speech decoder, a speech encoder, a speech decoding 
method, a speech encoding method, a speech decoding program, and a speech encoding 
program according to the present invention are described hereinafter in detail with reference to 
the drawings. It is noted that, in the description of the drawings, the same elements will be 
denoted by the same reference symbols and redundant description will be omitted.

[First Embodiment]
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[0028] Fig. 1 is a schematic block diagram of a speech decoder 1 according to a first 
embodiment of the invention, and Fig. 2 is a flowchart showing a procedure of a speech 
decoding method implemented by the speech decoder 1. The speech decoder 1 includes CPU, 
ROM, RAM, a communication device and the like, which are not shown, and the CPU loads a 
specified computer program (for example, a computer program for performing the process 
shown in the flowchart of Fig. 2) stored in an internal memory such as the ROM of the speech 
decoder 1 to the RAM and executes the program to exercise control over the speech decoder 
1. The communication device of the speech decoder 1 receives a multiplexed coded sequence 
that is output from the speech encoder 2, which will later be described , and outputs a decoded 
speech signal to the outside.

[0029] As shown in Fig. 1, the speech decoder 1 functionally includes a demultiplexing unit 
(demultiplexing means) 1a, a low frequency band decoding unit (low frequency band decoding 
means) 1b, a band splitting filter bank unit (frequency transformation means) 1c, a coded 
sequence analysis unit (high frequency band coded sequence analysis means) 1d, a coded 
sequence decoding/dequantization unit (coded sequence decoding and dequantization means) 
1e, first to n-th (n is an integer of two or more) low frequency band time envelope calculation 
unit (low frequency band time envelope calculation means) 1f| to 1fn, a time envelope 

calculation unit (time envelope calculation means) 1 g, a high frequency band generation unit 
(high frequency band generation means) 1 h, a time envelope adjustment unit (time envelope 
adjustment means) 1 i, and a band synthesis filter bank unit (inverse frequency transformation 
means) 1j (Ic to 1e and 1h to 1i are sometimes referred to also as a bandwidth extension unit 
(bandwidth extension means)). The respective units of the speech decoder 1 shown in Fig. 1 
are functional units that are realized by the CPU of the speech decoder 1 executing a 
computer program stored in the internal memory of the speech decoder 1. The CPU of the 
speech decoder 1 executes the computer program (uses the functional units of Fig. 1) and 
thereby sequentially executes the process shown in the flowchart of Fig. 2 (the process of 
Steps S01 to S10). It is assumed that various data required for execution of the computer 
program and various data generated through execution of the computer program are stored in 
the internal memory, such as ROM and RAM, of the speech decoder 1.

[0030] The functions of the respective units of the speech decoder 1 will hereinafter be 
described in detail.

[0031] The demultiplexing unit 1a divides a multiplexed coded sequence that is input through 
the communication device of the speech decoder 1 into a low frequency band coded sequence 
and a high frequency band coded sequence by demultiplexing.

[0032] The low frequency band decoding unit 1b decodes the low frequency band coded 
sequence supplied from the demultiplexing unit 1a and obtains a decoded signal that contains 
only low frequency band components . A method of decoding may be based on a speech 
coding method such as CELP (Code-Excited Linear Prediction) or based on audio coding such 
as AAC (Advanced Audio Coding) and TCX (Transform Coded Excitation). Further, it may be 
based on PCM (Pulse Code Modulation) coding. Furthermore, it may be based on a method 
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that uses those coding methods switchably. In this embodiment, a method of coding is not 
particularly limited.

[0033] The band splitting filter bank unit 1c analyzes the decoded signal containing only low 
frequency band components supplied from the low frequency band decoding unit 1b and 
transforms the decoded signal into a signal in the frequency domain. Hereinafter, the signal in 
the frequency domain that corresponds to the low frequency band acquired by the band 
splitting filter bank unit 1c is represented as Xdec(jJ) {0-j-kx, t(s)^i<t(s+1), 0^s<se), where j is 

an index in the frequency direction, i is an index in the time direction, and kx is a nonnegative 

integer. Further, t is defined so that the range t(s)^i<t(s+1) of the signal Xdec(j,i) with respect to 

the index i corresponds to the s-th (0^s<Se) frame. Further, se is the number of all frames. The 

above frame corresponds to the frame specified by the coding method to which the decoding 
method of the low frequency band decoding unit 1b conforms . Further, the above frame may 
correspond to so-called SBR frame or SBR envelope time segment in SBR used in "MPEG4 
AAC" specified by "ISO/IEC 14496-3". Note that, in this embodiment, the time interval specified 
by the frame is not limited to the above example. The above index i may correspond to a QMF 
subband subsample or a time slot equaling several subband samples in SBR used in "MPEG4 
AAC" specified by "ISO/IEC 14496-3".

[0034] The coded sequence analysis unit 1d analyzes the high frequency band coded 
sequence supplied from the demultiplexing unit 1a and acquires coded supplementary 
information for high frequency band generation and coded time-frequency envelope 
information.

[0035] The coded sequence decoding/dequantization unit 1e decodes and dequantizes the 
coded supplementary information for high frequency band generation supplied from the coded 
sequence analysis unit 1d and obtains coded supplementary information for high frequency 
band generation, and decodes and dequantizes the coded time envelope information supplied 
from the coded sequence analysis unit 1d and acquires time envelope information.

[0036] The first to n-th low frequency band time envelope calculation units 1 ή to 1fn calculate 

time envelopes different from each other. Specifically, the k-th low frequency band time 
envelope calculation unit If^ (1<k<n) receives a low frequency band signal X(j,i) {0<j<kx, 

t(s)^i<t(s+1), 0^s<se) from the band splitting filter bank unit 1c and calculates the k-th time 

envelope Ldec(k,i) in the low frequency band (processing in Step Sb6). To be specific, the k-th 

low frequency band time envelope calculation unit If^ calculates the time envelope Ldec(k,i) as 

follows.

[0037] First, different sub-bands in the low frequency band can be specified using two integers 
k| and kh satisfying the following condition.

[Equation 1]
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[0038] The total number of possible sets of integers (k|, kh) satisfying the above condition is 

nmax=kx(kx+1)/2. The sub-bands can be specified by selecting any one from those sets of 

integers.

[0039] Next, n number of sub-bands are specified by selecting n number from the nmax sets of 

integers. Hereinafter, to represent the n number of bands, two arrays B| and Bh with the size n 

are defined so that the signal XdecdJ) {B|(k)<j<Bh(k), t(s)<i<t(s+1)), 0<s<se corresponds to the 

k-th (1<k<n) sub-band component.

[0040] Further, the power time envelope of the n number of sub-band components is acquired 
by the following equation.
[Equation 2]

kt=Bt(k), kh=Bh(k),

l<k<n, t(s) < i < t(s +1), 0 < 5 < sB

[0041] Then, the following equation is calculated for the above E|_(k,i).
[Equation 3]

L0(k,i) = 101og10 EL(k,i),

1 < k < n, t(s) <i<t(s +1), 0 < s < sE

[0042] Then, a time envelope L(k,i) is acquired by performing specified processing on the 
quantity l_o(k,i). For example, the time envelope L(k,i) may be acquired by smoothing the 

quantity l_o(k,i) in the time direction by using the following equation.
[Equation 4J

' d
^L0(k,i-J)sc(J) d<i
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1 < k < η,

Σ Lo (k, i - j)sc(j) i < d
J=o

t(s) <i<t(s +1), 0< s <sE

[0043] In the above equation, sc(j), O^j^d is the coefficient of smoothing, and d is the order of 
smoothing. The value of sc(j) is set by the following equation, for example.
[Equation 5]

sc(j) = U(d+ Ϊ), 0<j<d
However, in this embodiment, the value of sc(j) is not limited to the above equation.

[0044] Further, the above l_o(k,i) may be calculated by the following equation, for example. 
[Equation 6]

1 < k < n, t(s) <i<t(s + V), 0 < s < sE

[0045] Furthermore, the above l_o(k,i) may be calculated by the following; equation, for

example.
[Equation 7]

where ε is the relaxation factor for avoiding division by zero. Further, the above l_o(k,i) may be

calculated by the following equation, for example. 
[Equation 8]

/(5+1)-1
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l—t J

l<k<n, t(s) <i <t(s +1), 0 < s < sE

[0046] The time envelope Ldec(k,i) calculated by the k-th low frequency band time envelope 

calculation unit 1 f^ is obtained using the following equation:
[Equation 9]

\<k<n, t(s) < i < t(s +1), 0<s<sJi
or the following equation:
[Equation 10].

1 < k < w, t(s) < i < t(s +1), 0 < 5 < sE

1 </,m <n-\

[0047] Note that the above Ldec(k,i) may be any parameter representing the time-variation of 

the signal power or the signal amplitude of the k-th sub-band signal and not limited to the 
above form of l_o(k,i) and L-j(k,i).

[0048] Further, the above Ldec(k,i) may be calculated by a method using principal component 

analysis as follows.

[0049] First, in the process of calculating Ldec(k,i) {1<k<n, t(s)<i<t(s+1), 0<s<Se described 

above, m kinds of quantities corresponding to the above Ldec(k,i) are calculated for the index k 

by replacing n with another integer m=n-1, and those quantities are represented as l_2(k,i) 

{1<k<m(=n-1), t(s)^i<t(s+1), 0^s<Se}· Then, the above l_2(l,i) {1<l<m, t(s)^i<t(s+1)} 

corresponding to the s-th (0^s<se) frame is regarded as samples of m number of vectors with 

the order D=t(s+1)-t(s), and the average of those samples is calculated by the following 
equation.
[Equation 11]

m

2,ave
W 1=1
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t(s) < i < t(s +1), O < 5 < sE

[0050] Using the above average, the displacement vector is defined by the following equation. 
[Equation 12]

m,

t(s) < i < t(s +1), 0 < s < sE

[0051] From those displacement vectors, the variance-covariance matrix Cov with the size 
DxD is calculated by the following equation.
[Equation 13]

[0052] Then, the eigenvectors \Ak) of the matrix Cov that satisfy the following equation 
[Equation 14]

and are orthogonal to each other are calculated. The above \Äk)j is the component of the 

eigenvectors \Xk), and A(k) is the eigenvalue of the matrix Cov corresponding to \Xk). Each of 

the above vectors \Äk) may be normalized. However, a method normalization is not limited in 

this invention. Hereinafter, it is assumed that λ(1)>λ(2)>...>λ(°) to simplify the description.
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[0053] Using the eigenvectors acquired in the above manner, the low frequency band time 
envelope calculation unit 1fR (1<k<n) calculates the time envelope Ldec(k,i) as follows. 

Specifically, when D>m(=n-1), n-1 number of vectors are selected from the above eigenvectors 
in the order of magnitudes corresponding eigenvalues, and the time envelope is calculated by 
the following equation.
[Equation 15]

t(s)<i<t(s + l), 0<s<sE

[0054] On the other hand, when D<m(=n-1), the time envelope is calculated by the following 
equation using the above eigenvectors.
[Equation 16]

+ — 1
k = n

where a is a constant number, and a=0, for example. Further, when D<m(=n-1), the time 
envelope may be calculated by the following equation.

[Equation 17]

t(s) < i < t(s +1), 0 < s < sE
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[0055] Further, the above Ldec(k,i) may be calculated by the following method. First, in the 

process of calculating l_2(l,i) described above, l_2(l,i), lsl<m, t(s)<i<t(s+1), 0<s<se is calculated 

assuming m=n. Those can be regarded as a group of n number of D=t(s+1)-t(s) dimensional 
vectors. Using the n number of vectors, n number of orthogonal vectors are calculated by a 
method such as Gram-Schmidt orthogonalization and set as Ldec(k,i), 1<l<n, t(s)^i<t(s+1), 

0^s<se· A method of orthogonalization, however, is not limited to the above example. Further, 

the orthogonal vectors are not necessarily normalized.

[0056] The time envelope calculation unit 1g calculates a high frequency band time envelope 
using the n number of low frequency band time envelopes supplied from the first to n-th low 
frequency band time envelope calculation units 1f| to 1fn and the time envelope information 

supplied from the coded sequence decoding/dequantization unit 1e. Specifically, the calculation 
of the time envelope by the time envelope calculation unit 1g is performed as follows.

[0057] First, the high frequency band is divided into πη (n^l) number of sub-bands, and 

those sub-bands are represented as ß(T)-,(1=1,2.3,...,πη). Next, using the above-described time 

envelope LjeJkJ), the time envelope gdec(U) of the sub-band B(T)-, in the high frequency band 

is calculated, i is the index in the time direction.

[0058] For example, the above-described gdecOJ) is given by the following equation. 
[Equation 18]

n

Zdec (s) ■ Llk,
k=\

ϊ<1<ηπ, t{s)<i<t(s + V), §<s<sE

[0059] The value in the above equation:
[Equation 19]

k\A 1 - b
is the time envelope information supplied from the coded sequence decoding/dequantization 
unit 1e.

[0060] Further, in the time envelope information supplied from the coded sequence 
decoding/dequantization unit 1e, the coefficient A, k(s) may contain the coefficient:
[Equation 20]

4)0(s), $<s<sE
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and, in this case, the above gdec(M) rnay βθ given by the following equation. 
[Equation 21]

A=1

l<l<nH, t(js)<i</(5 + !), 0<5<5^

[0061] Further, the time envelope information supplied from the coded sequence 
decoding/dequantization unit 1e may contain the coefficient given by the following equation: 
[Equation 22]

4.-*(ri,  l-kig, 0<s<sE
in addition to the above coefficient A| ^(s) {1 <Ι<ηπ, 1^k<n, 0^s<se or the above coefficient 

Ai,k(s) {Ι^Ι^πη, 0<k<n, 0<s<se), and, in this case, the above gdec(U) rnay be given by the 

following equation:
[Equation 23]

(10 = Σ (4 Ari ■ WM)+ Σ Ari W J))

/(5) < z </(5 +1), 0<s<sE
or the following equation:

[Equation 24]

= Σ+Ari ■ 4,o(ri+(ri ·
A=1 A=1

1<1<ηΗ, /(5) <z</(5 + 1), 0<s<sE
where U(k,i) {1<k<g, t(s)^i<t(s+1), 0^s<se} is a specified coefficient or a specified function. For 

example, U(k,i) may be the function given by the following equation:
[Equation 25]

U (£, z) = cos(Q —

1 < k < g, /(5) < z < /(5 +1), 0 < 5 < sE
where Ω is a specified coefficient.
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[0062] The above gdecO-O may be in another form as long as it is a representation by Ldec(k, i), 

and the time envelope information is also not limited to the form of the coefficient A| ^(s).

[0063] Finally, using the above gdec(U), the time envelope calculation unit 1g calculates the 

time envelope by the following equation
[Equation 26]

or the following equation.
[Equation 27]

0 < 51 <

l<l<nH, t(s) < i < t(s +1), 0 < s < sE

[0064] The high frequency band generation unit 1h replicates, using the supplementary 
information for high frequency band generation supplied from the coded sequence 
decoding/dequantization unit 1e, the low frequency band signal Xdec(jJ) {0-j<kx, t(s)^i<t(s+1), 

0^s<se} supplied from the band splitting filter bank unit 1c onto the high frequency band and 

thereby generates a high frequency band signal Xdec(j.i) ikx—j<kmax, t(s)<i<t(s+1), 0<s<se}· The 

generation of the high frequency band is performed in accordance with a method of HF 
generation in SBR of "MPEG4 AAC" specified by "ISO/IEC 14496-3" ("ISO/IEC 14496-3 subpart 
4 General Audio Coding").

[0065] The time envelope adjustment unit 1i adjusts the time envelope of the high frequency 
band signal XhOJ) {kx<j<kmax, t(s)<i<t(s+1), 0<s<se) supplied from the high frequency band 

generation unit 1h by using the time envelope Εγ(Ι,ί) {1<1<πη, t(s)^i<t(s+1), 0^s<Se) supplied 

from the time envelope calculation unit 1g.

[0066] Specifically, adjustment of the time envelope is made by a method similar to the HF 
adjustment in SBR of "MPEG4 AAC" as descried below. For simplification, a method that takes 
only noise addition in the HF adjustment into consideration is described below, and methods 
corresponding to processing such as gain limiter, gain smother and sinusoid addition are 
omitted. However, it is easy to generalize processing so as to include the above omitted 
processing. Note that it is assumed that noise floor scale factor required for performing 
processing corresponding to noise addition or a parameter required for performing the above­
described omitted processing are already supplied from the coded sequence 
decoding/dequantization unit 1e.
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[0067] First, for simplification of the following description, an array Fh having πη+1 number of 

indexes representing the boundary of the sub-band ß(T)| (1 <l<n|_]) as elements is defined so 

that the signal XhÜ,') {Fh(1 )<j<FH(l+1 ), t(s)<i<t(s+1), 0<s<Se corresponds to the component of 

the sub-band ß(T)|. Note that Fh(1 )=kx and Fn(nH+1 )=kmax+1.

[0068] Under the above definition, the time envelope is transformed by the following equation: 
[Equation 28]

kt — kx < m < kh — kx,
k,=FH(T)

kh-FffQ+h-l

1 < I <nH, t(s) <i< t(s +1), 0 < 5 < sE

[0069] After that, the noise floor scale factor Q(m,i) given by the coded sequence 
decoding/dequantization unit 1e are transformed by the following equation:
[Equation 29]

0 < m < M, t(s) < i < t(s +1), 0 < s < sE
where M=F(nH+1 )-F(1). Further, the gain is calculated by the following equation: 
[Equation 30]

0 < m <M, t(s) <i< t(s4-1), 0 < 5 <sE

[0070] The quantity represented by the following equation is defined. 
[Equation 31]

kk
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CUTT'·-'’ "X’’/

kt <k<kh, 

l<p<nH, t(s)<i<t(s + T), 0<s<sE

[0071] Finally, the time envelope adjustment unit 1i obtains the signal with the adjusted time 
envelope by the following equation:
[Equation 32]

Re{y(m + kx,i)} = +
Im{F(m + kx,i)} = +
Wl(m,i) = G(m,i)· XJec (m + kx, i),

0 < m < M, t(s) < i < t(s +1), 0 < 5 < sE
where Vo and V-; are arrays specifying the noise component, and f is the function to map the 

index i onto an index on the arrays (see "ISO/IEC 14496-3 4.B.18" for a specific example).

[0072] The band synthesis filter bank unit 1j adds the high frequency band signal Y(ij) 
{kx<j<kmax, t(s)^i<t(s+1), 0^s<se} supplied from the time envelope adjustment unit 1i and the 

low frequency band signal X(j,i) {0<j<kx, t(s)<i<t(s+1), 0<s<se} supplied from the band splitting 

filter bank unit 1c together and then synthesizes them, and thereby acquires a decoded 
speech signal in the time domain containing the entire frequency band components, and 
outputs the acquired speech signal to the outside through the internal communication device.

[0073] Hereinafter, the operation of the speech decoder 1 is described and the speech 
decoding method in the speech decoder 1 is also described in detail with reference to Fig. 2.

[0074] First, the demultiplexing unit 1a divides the input coded sequence into the low 
frequency band coded sequence and the high frequency band coded sequence (Step S01). 
Next, the low frequency band decoding unit 1b decodes the low frequency band coded 
sequence and obtains the decoded signal containing only low frequency band components 
(Step S02). Then, the band splitting filter bank unit 1c analyzes the decoded signal containing 
only low frequency band components and transforms it into a signal in the frequency domain 
(Step S03).

[0075] Further, the coded sequence analysis unit 1d analyzes the high frequency band coded 
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sequence and acquires the coded supplementary information for high frequency band 
generation and the quantized time envelope information (Step S04). Then, the coded 
sequence decoding/ dequantization unit 1e decodes the supplementary information for high 
frequency band generation and dequantizes the time envelope information (Step S05). After 
that, the high frequency band generation unit 1h replicates the low frequency band signal 
Xdec(ii) onto th® high frequency band using the supplementary information for high frequency 

band generation and thereby generates the high frequency band signal XdecdJ) (Step S06). 

Then, the first to n-th low frequency band time envelope calculation units 1ή to 1fn calculate a 

plurality of low frequency band time envelopes Ldec(k,i) based on the low frequency band 

signal X(j,i) (Step S07).

[0076] Further, the time envelope calculation unit 1g calculates the high frequency band time 
envelope Εγ(Ι,ί) using the plurality of low frequency band time envelopes Lcjec(k,i) and the time 

envelope information (Step S08). Then, the time envelope adjustment unit 1i adjusts the time 
envelope of the high frequency band signal XhOJ) by using the time envelope Εγ(Ι,ί) (Step 

S09). Finally, the band synthesis filter bank unit 1j adds the high frequency band signal Y(i,j) 
and the low frequency band signal X(j,i) together and then synthesizes them to acquire the 
decoded speech signal in the time domain and outputs the decoded speech signal (Step S10).

[0077] Fig. 3 is a diagram showing a configuration of the speech encoder 2 according to the 
first embodiment of the invention, and Fig. 4 is a flowchart showing a procedure of a speech 
encoding method implemented by the speech encoder 2. The speech encoder 2 includes CPU, 
ROM, RAM, a communication device and the like that are not physically shown, and the CPU 
loads a specified computer program (for example, a computer program for performing the 
process shown in the flowchart of Fig. 4) stored in an internal memory such as the ROM of the 
speech encoder 2 to the RAM and executes the program to thereby exercise control over the 
speech encoder 2. The communication device of the speech encoder 2 receives a speech 
signal to be encoded from the outside and outputs a coded multiplexed bit stream to the 
outside.

[0078] As shown in Fig. 3, the speech encoder 2 functionally includes a down-sampling unit 
(down-sampling means) 2a, a low frequency band encoding unit (low frequency band encoding 
means) 2b, a band splitting filter bank unit (frequency transformation means) 2c, a 
supplementary information for high frequency band generation calculation unit (supplementary 
information calculation means) 2d, first to n-th (n is an integer of two or more) low frequency 
band time envelope calculation units (low frequency band time envelope calculation means) 
2ei to 2en, a time envelope information calculation unit (time envelope information calculation 

means) 2f, a quantization/encoding unit (quantization and encoding means) 2g, a high 
frequency band coded sequence construction unit (coded sequence construction means) 2h, 
and a multiplexing unit (multiplexing means) 2i. The respective units of the speech encoder 2 
shown in Fig. 3 are functional units that are realized by the CPU of the speech encoder 2 
executing a computer program stored in the internal memory of the speech encoder 2. The 
CPU of the speech encoder 2 executes the computer program (uses the functional units of Fig.
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3) to sequentially execute the process shown in the flowchart of Fig. 4 (the process of Steps 
S11 to S20). It is assumed that various data required for execution of the computer program 
and various data generated by execution of the computer program are stored in the internal 
memory, such as ROM and RAM, of the speech encoder 2.

[0079] The down-sampling unit 2a processes an external input signal that is received through 
the communication device of the speech encoder 2 and obtains a down-sampled time domain 
signal in the low frequency band. The low frequency band encoding unit 2b encodes the down- 
sampled time domain signal and obtains a low frequency band coded sequence. The encoding 
in the low frequency band encoding unit 2b may be based on a speech coding method such as 
CELP, or based on transform coding such as AAC or audio coding such as TCX. Further, it 
may be based on PCM coding. Furthermore, it may be based on a method that uses those 
coding methods switchably. In this embodiment, a method of coding is not particularly limited.

[0080] The band splitting filter bank unit 2c analyzes an external input signal that is received 
through the communication device of the speech encoder 2 and transforms it into a signal X(j,i) 
in the entire frequency bands in the frequency domain, where j is an index in the frequency 
direction, i is an index in the time direction.

[0081] The supplementary information for high frequency band generation calculation unit 2d 
receives the frequency domain signal X(j,i) from the band splitting filter bank unit 2c and 
calculates, based on analysis of the power, signal variations, tonality and the like of the high 
frequency band, supplementary information for high frequency band generation to be used 
when generating high frequency band signal components from low frequency band signal 
components.

[0082] The first to n-th low frequency band time envelope calculation units 2e| to 2en calculate 

a plurality of different time envelopes of low frequency band components, respectively. 
Specifically, the k-th low frequency band time envelope calculation unit 2e^ (1<k<n) receives a 

low frequency band signal X(j,i) {0<j<kx, t(s)^i<t(s+1), 0^s<Se) from the band splitting filter 

bank unit 2c and calculates the k-th time envelope L(k,i) {t(s)^i<t(s+1), 0^s<se) in the low 

frequency band in accordance with the above-described calculation method of the time 
envelope Ldec(k,i) of the k-th low frequency band time envelope calculation unit If^ (1<k<n) of 

the speech decoder 1 described above.

[0083] The time envelope information calculation unit 2f receives the high frequency band 
signal X(j,i) {kx<j<N, t(s)^i<t(s+1), 0^s<Se) from the band splitting filter bank unit 2c and 

receives the time envelope L(k,i) (t(s)^i<t(s+1), 0^s<se) from the k-th low frequency band time 

envelope calculation unit 2e^ (1 <k<n), and calculates time envelope information required for 

acquiring the time envelope of high frequency band components of the signal X(j,i). The time 
envelope information is information that can construct the approximation of a reference time 
envelope in the high frequency band when the time envelope Ldec(k,i) is given on the speech 

decoder 1 side described above.
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[0084] Specifically, calculation of the time envelope information is performed as follows. First, 
a time envelope of power is calculated by the following equation.
[Equation 33]

l<l<nH, /(5) < i < t(s +1), 0<ό’<ό* Λ

[0085] Next, when the reference time envelope in the 1-th (1 <l<n|_|) frequency band of the high 

frequency band is represented as H(l,i) {t(s)^i<t(s+1)}, the reference time envelope H(l,i) is 
calculated by the following equation.
[Equation 34]

t(s) <i <t(s +1), 0 < s < sE
or by the following equation.
[Equation 35]

k^ = k7/(0? 0 +1) 1?

t(s) <i < t(s +1), 0 <s <sE

[0086] Note that, the reference time envelope in the high frequency band may be obtained by 
performing specified processing (for example, smoothing) on H(l,i), like the time envelope in 
the low frequency band described above. Further, the reference time envelope in the high 
frequency band is not necessarily calculated by the above calculation method as long as it is a 
parameter representing the time-variation of the signal power or the signal amplitude of the 
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high frequency band signal. When the approximation of the reference time envelope H(l,i) by 
the time envelope L(k,i) is represented as g(l,i), the form of g(l,i) conforms to the form gdec(l,i) 

in the speech decoder 1. The time envelope L(k,i) corresponds to the time envelope Ldec(k,i) 

on the speech decoder 1 side.

[0087] For example, the time envelope information can be calculated by defining an error of 
the above g(l,i) with respect to the reference time envelope H(l,i) and calculating g(l,i) that 
minimizes the error. Specifically, it can be calculated by treating the error as a function of the 
time envelope information and finding the time envelope information that gives the minimum 
value of the error. The calculation of the time envelope information may be performed 
numerically or may be calculated using a numerical formula.

[0088] To be more specific, the error of the above g(l,i) with respect to the reference time 
envelope H(l,i) may be calculated by the following equation:
[Equation 36]

/(5+1)-1

error = £ ,
i=t(s)

0<s<sE

[0089] Further, the error may be calculated as a weighted error using the following equation: 
[Equation 37]

/(5+1)-1

error = w(i)(H(l, z) - g(/, ø)2,
i=t(s)

l<l<nH, 0<s<sE

[0090] Furthermore, the error may be calculated by the following equation: 
[Equation 3 8]

/(5+1)—1

ßfFOV —
l—l i=t(s)

0<s <sE
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[0091] The weight w(l,i) may be defined as a weight that varies with the time index i or a weight 
that varies with the frequency index 1, and it may be defined as a weight that varies with the 
time index i and the frequency index 1. Note that, in this embodiment, the form of the error and 
the form of the weight are not particularly limited to the above examples.

[0092] The quantization/encoding unit 2g receives the time envelope information from the time 
envelope information calculation unit 2f and then quantizes and encodes the time envelope 
information, and receives the supplementary information for high frequency band generation 
from the supplementary information for high frequency band generation calculation unit 2d and 
then encodes the supplementary information for high frequency band generation.

[0093] As a quantization and encoding method of the time envelope information, when the 
information is in the form of the coefficient A| k(s), for example, A| k(s) may be scalar-quantized 

and then entropy-coded. Further, A|j<(s) may be vector-quantized using a specified code book 

and then its index may be coded. In this embodiment, however, the quantization and encoding 
method of the time envelope information is not limited to the above.

[0094] The high frequency band coded sequence construction unit 2h receives the coded 
supplementary information for high frequency band generation and the quantized time 
envelope information from the quantization/encoding unit 2g and constructs a high frequency 
band coded sequence containing those.

[0095] The multiplexing unit 2i receives the low frequency band coded sequence from the low 
frequency band encoding unit 2b and receives the high frequency band coded sequence from 
the high frequency band coded sequence construction unit 2h, multiplexes those two coded 
sequences to generate a coded sequence and outputs the generated coded sequence.

[0096] Hereinafter, the operation of the speech encoder 2 is described and the speech 
encoding method in the speech encoder 2 is also described in detail with reference to Fig. 4.

[0097] First, the band splitting filter bank unit 2c analyzes an input speech signal and thereby 
acquires the frequency domain signal X(j,i) in the entire frequency bands (Step S11). Next, the 
down-sampling unit 2a processes an external input speech signal and acquires the down- 
sampled time domain signal (Step S12). Then, the low frequency band encoding unit 2b 
encodes the down-sampled time domain signal and obtains the low frequency band coded 
sequence (Step S13).

[0098] Further, the supplementary information for high frequency band generation calculation 
unit 2d analyzes the frequency domain signal X(j,i) acquired from the band splitting filter bank 
unit 2c and calculates the supplementary information for high frequency band generation to be 
used when generating high frequency band signal components (Step S14). Then, the first to n- 
th low frequency band time envelope calculation units 2ei to 2en calculate a plurality of low 

frequency band time envelopes L(k,i) based on the low frequency band signal X(j,i) (Step S15).
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After that, the time envelope information calculation unit 2f calculates, based on the high 
frequency band signal X(j,i) and the plurality of low frequency band time envelopes L(k,i), the 
time envelope information required for acquiring the time envelope of high frequency band 
components of the signal X(j,i) (Step S16). Then, the quantization/encoding unit 2g quantizes 
and encodes the time envelope information and encodes the supplementary information for 
high frequency band generation (Step S17).

[0099] Further, the high frequency band coded sequence construction unit 2h constructs the 
high frequency band coded sequence containing the coded supplementary information for high 
frequency band generation and the quantized time envelope information (Step S18). Then, the 
multiplexing unit 2i generates the coded sequence by multiplexing the low frequency band 
coded sequence and the high frequency band coded sequence and outputs the generated 
coded sequence (Step S19).

[0100] According to the speech decoder 1, the decoding method or the decoding program 
described above, the low frequency band signal is obtained from the coded sequence by 
demultiplexing and decoding, and the supplementary information for high frequency band 
generation and the time envelope information are obtained from the coded sequence by 
demultiplexing, decoding and dequantization. Then, the high frequency band component 
Xdec(jJ) in the frequency domain is generated from the low frequency band signal Xdec(j.i) 

transformed into the frequency domain using the supplementary information for high frequency 
band generation, and, on the other hand, after acquiring a plurality of low frequency band time 
envelopes Ldec(k,i) by analyzing the low frequency band signal XdecG,i) in the frequency 

domain, the high frequency band time envelope Εγ(Ι,ί) is calculated using the plurality of low 

frequency band time envelopes Ldec(k,i) and the time envelope information. Further, the time 

envelope of the high frequency band component XhGJ) is adjusted by the calculated high 

frequency band time envelope Εγ(Ι,ί), and the adjusted high frequency band component and 

the low frequency band signal are added together and thereby the time domain signal is 
output. In this manner, because a plurality of low frequency band time envelopes Ldec(k,i) are 

used for adjustment of the time envelope of the high frequency band component XhGJ), the 

waveform of the time envelope of the high frequency band component is adjusted with high 
accuracy by use of the correlation between the time envelope of low frequency band 
components and the time envelope of high frequency band components. As a result, the time 
envelope in the decoded signal is adjusted into a less distorted shape, and therefore a 
reproduced signal with less pre-echo and post-echo can be obtained.

[0101] Further, according to the speech encoder 2, the encoding method or the encoding 
program described above, the low frequency band signal is obtained by down-sampling of a 
speech signal, and the low frequency band signal is encoded and, on the other hand, a 
plurality of time envelopes L(k,i) of low frequency band components are calculated based on 
the speech signal X(j,i) in the frequency domain, and the time envelope information for 
acquiring the time envelope of high frequency band components is calculated using the 
plurality of time envelopes L(k,i) of low frequency band components. Further, the 



DK/EP 2677519 T3

supplementary information for high frequency band generation for generating high frequency 
band components from the low frequency band signal is calculated, and, after the 
supplementary information for high frequency band generation and the time envelope 
information are quantized and encoded, the high frequency band coded sequence containing 
the supplementary information for high frequency band generation and the time envelope 
information is constructed. Then, the coded sequence in which the low frequency band coded 
sequence and the high frequency band coded sequence are multiplexed is generated. 
Accordingly, when the coded sequence is input to the speech decoder 1, a plurality of low 
frequency band time envelopes can be used for adjustment of the time envelope of high 
frequency band components on the speech decoder 1 side, and the waveform of the time 
envelope of high frequency band components is thereby adjusted with high accuracy by use of 
the correlation between the time envelope of low frequency band components and the time 
envelope of high frequency band components on the speech decoder 1 side. As a result, the 
time envelope in the decoded signal is adjusted into a less distorted shape, and therefore a 
reproduced signal with less pre-echo and post-echo can be obtained on the decoder side.

[First Alternative Example of Speech Decoder According to First Embodiment]

[0102] Fig. 5 is a diagram showing a configuration of a principal part related to envelope 
calculation in a first alternative example of the speech decoder 1 according to the first 
embodiment, and Fig. 6 is a flowchart showing a procedure of envelope calculation by the 
speech decoder 1 shown in Fig. 5.

[0103] The speech decoder 1 shown in Fig. 5 includes a time envelope calculation control unit 
(time envelope calculation control means) 1k in addition to the low frequency band time 
envelope calculation units 1f to 1fn and the time envelope calculation unit 1g. The time 

envelope calculation control unit 1k receives a low frequency band signal from the band 
splitting filter bank unit 1c, calculates the power of the low frequency band signal in the frame 
(Step S31), and compares the calculated power of the low frequency band signal with a 
specified threshold (Step S32). When the power of the low frequency band signal is not larger 
than the specified threshold (NO in Step S32), the time envelope calculation control unit 1k 
outputs a low frequency band time envelope calculation control signal to the low frequency 
band time envelope calculation units 1ή to 1fn and outputs a time envelope calculation control 

signal to the time envelope calculation unit 1g so that time envelope calculation is not 
performed in the low frequency band time envelope calculation units 1f| to 1fn and the time 

envelope calculation unit 1g. In this case, the time envelope of the high frequency band signal 
is sent to the band synthesis filter bank unit 1j without being adjusted based on the above­
described time envelope (for example, in the above Equation 29, E(m,i) is replaced with 
Ecurr(m,i)), and the following equation:
[Equation 39]

G(m.i) =
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is used in place of the above Equation 30) (Step S36). On the other hand, when the power of 
the low frequency band signal is larger than the specified threshold, the time envelope 
calculation control unit 1k outputs a low frequency band time envelope calculation control 
signal to the low frequency band time envelope calculation units 1 ή to 1fn and outputs a time 

envelope calculation control signal to the time envelope calculation unit 1g so that time 
envelope calculation is performed in the low frequency band time envelope calculation units 1f| 

to 1fn and the time envelope calculation unit 1g. In this case, the high frequency band signal 

whose time envelope is adjusted by the time envelope adjustment unit 1i based on the above­
described time envelope is sent to the band synthesis filter bank unit 1j.

[0104] Referring to Fig. 6, in the first alternative example of the speech decoder 1, the 
envelope calculation process shown in Steps S31 to S36 is executed in place of the process in 
Steps S07 to S09 of the speech decoder 1 according to the first embodiment shown in Fig. 2.

[0105] In the first alternative example of the speech decoder 1 described above, when the 
power of the low frequency band signal is low and not used for calculation of the time envelope 
of the high frequency band signal, the process in Steps S07 to S08 can be skipped to reduce 
the amount of computation.

[0106] Note that the time envelope calculation control unit 1k may calculate the power of a part 
corresponding to the first to n-th low frequency band time envelopes calculated by the first to 
n-th low frequency band time envelope calculation units 1ή to 1fn, output the low frequency 

band time envelope calculation control signal based on a result of comparing the calculated 
power corresponding to the first to n-th low frequency band time envelopes with a specified 
threshold and thereby control whether or not to skip the processing of the first to n-th low 
frequency band time envelope calculation units 1 ή to 1fn.

[0107] In this case, when the time envelope calculation control unit 1k makes control to skip 
the processing by all of the first to n-th low frequency band time envelope calculation units 1ή 

to 1fn, it outputs the time envelope calculation control signal to the time envelope calculation 

unit 1g so as to skip the time envelope calculation process. On the other hand, when the time 
envelope calculation control unit 1k makes control so that at least one of the first to n-th low 
frequency band time envelope calculation units 1 ή to 1fn performs the low frequency band time 

envelope calculation process, it outputs the time envelope calculation control signal to the time 
envelope calculation unit 1g so as to perform the time envelope calculation process.

[Second Alternative Example of Speech Decoder According to First Embodiment]

[0108] Fig. 7 is a diagram showing a configuration of a principal part relating to envelope 
calculation in a second alternative example of the speech decoder 1 according to the first 
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embodiment, and Fig. 8 is a flowchart showing a procedure of envelope calculation performed 
by the speech decoder 1 shown in Fig. 7.

[0109] The speech decoder 1 shown in Fig. 7 includes a time envelope calculation control unit 
(time envelope calculation control means) 1m in addition to the low frequency band time 
envelope calculation units 1f to 1fn and the time envelope calculation unit 1g. The time 

envelope calculation control unit 1m outputs a low frequency band time envelope calculation 
control signal to the first to n-th low frequency band time envelope calculation units 1f| to 1fn 

based on the time envelope information received from the coded sequence decoding/ 
dequantization unit 1e and controls execution of the low frequency band time envelope 
calculation in the first to n-th low frequency band time envelope calculation units 1f to 1fn.

[0110] To be specific, in the second alternative example of the speech decoder 1, the envelope 
calculation process in Steps S41 to S48 shown in Fig. 8 is executed, which replaces the 
process in Steps S07 to S09 of the speech decoder 1 according to the first embodiment shown 
in Fig. 2.

[0111] First, the time envelope calculation control unit 1m sets a count value "count" to 0 (Step 
S41). Next, the time envelope calculation control unit 1m determines whether a coefficient 
A|,count+i(s) contained in the time envelope information received from the coded sequence 

decoding/ dequantization unit 1e is 0 or not (Step S42).

[0112] As a result of the determination, when the coefficient A| count+-|(s) is 0 (NO in Step S42), 

the time envelope calculation control unit 1m outputs a low frequency band time envelope 
calculation control signal to the count-th low frequency band time envelope calculation unit 
1fCountso that the low frequency band time envelope calculation in the low frequency band time 

envelope calculation unit 1fCOunt is n°t performed and then proceeds to Step S44. On the other 

hand, when it is determined that the coefficient A| count+-|(s) is not 0 (YES in Step S42), the time 

envelope calculation control unit 1m outputs a low frequency band time envelope calculation 
control signal to the count-th low frequency band time envelope calculation unit 1 fCOunt so that 

the low frequency band time envelope calculation in the low frequency band time envelope 
calculation unit 1fCOunt is performed. The low frequency band time envelope is thereby 

calculated by the low frequency band time envelope calculation unit 1fcount (Step S43).

[0113] Further, the time envelope calculation control unit 1m increments the count value 
"count" by 1 (Step S44), and then compares the count value "count" with the number n of the 
low frequency band time envelope calculation units 1 ή to 1fn (Step S45). When the count value 

"count" is smaller than the number n (YES in Step S45), the process returns to Step S42 and 
repeats the determination for the next coefficient A|,count(s) contained in the time envelope 

information. On the other hand, when the count value "count" is equal to or larger than the 
number n (NO in Step S45), the process proceeds to Step S46. Then, the time envelope 
calculation control unit 1m determines whether the low frequency band time envelope 
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calculation is performed in one or more low frequency band time envelope calculation units 1ή 

to 1fn (Step S46). As a result of the determination, when the low frequency band time envelope 

calculation is not performed in any of the low frequency band time envelope calculation units 
1f| to 1fn (NO in Step S46), the time envelope calculation control unit 1m outputs the time 

envelope calculation control signal to the time envelope calculation unit 1g so as to skip the 
time envelope calculation process. In this case, Step S49 is performed in place of Step S47 to 
S48 and then the process proceeds to Step S10 (Fig. 2). On the other hand, when the low 
frequency band time envelope calculation is performed in one or more the low frequency band 
time envelope calculation units 1f| to 1fn (YES in Step S46), the time envelope calculation unit 

1g performs the time envelope calculation process (Step S47). Then, the time envelope 
adjustment unit 1i performs adjustment of the time envelope of the high frequency band signal 
(Step S48). After that, the band synthesis filter bank unit 1j synthesizes the output signal.

[0114] By the second alternative example of the speech decoder 1 described above, when a 
part of the process is not required based on the time envelope information obtained from the 
coded sequence, any of the process in Steps S07 to S08 can be skipped to reduce the amount 
of computation.

[Third Alternative Example of Speech Decoder According to First Embodiment]

[0115] Fig. 9 is a diagram showing a configuration of a principal part related to envelope 
calculation according to a third alternative example of the speech decoder 1 according to the 
first embodiment, and Fig. 10 is a flowchart showing a procedure of envelope calculation by 
the speech decoder 1 shown in Fig. 9.

[0116] The speech decoder 1 shown in Fig. 9 includes a time envelope calculation control unit 
(time envelope calculation control means) In in addition to the low frequency band time 
envelope calculation units 1ή to 1fn and the time envelope calculation unit 1g. The time 

envelope calculation control unit In receives time envelope calculation control information from 
the coded sequence analysis unit 1d. In this alternative example, the time envelope calculation 
control information describes whether or not to perform the time envelope calculation process 
in the frame. When decoding and dequantization are needed for reading the description of the 
time envelope calculation control information, the coded sequence decoding/ dequantization 
unit 1e performs decoding and dequantization. Further, the time envelope calculation control 
unit 1n determines whether or not to perform the time envelope calculation process in the 
frame by referring to the time envelope calculation control information. When the time 
envelope calculation control unit 1n determines not to perform the time envelope calculation 
process, it outputs a low frequency band time envelope calculation control signal to the low 
frequency band time envelope calculation units 1ή to 1fn and outputs a time envelope 

calculation control signal to the time envelope calculation unit 1g so that the time envelope 
calculation process is not performed in the low frequency band time envelope calculation units 
1ή to 1fn and the time envelope calculation unit 1g. In this case, the high frequency band signal 
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is sent to the band synthesis filter bank unit 1j without adjustment of its time envelope based on 
the above-described time envelope. On the other hand, when the time envelope calculation 
control unit In determines to perform the time envelope calculation process, it outputs a low 
frequency band time envelope calculation control signal to the low frequency band time 
envelope calculation units 1f| to 1fn and outputs a time envelope calculation control signal to 

the time envelope calculation unit 1g so that the time envelope calculation process is 
performed in the low frequency band time envelope calculation units 1f| to 1fn and the time 

envelope calculation unit 1g. In this case, the high frequency band signal is sent to the band 
synthesis filter bank unit 1j after its time envelope is adjusted in the time envelope adjustment 
unit 1 i.

[0117] Referring to Fig. 10, in the third alternative example of the speech decoder 1, the 
envelope calculation process in Steps S51 to S54 is executed in place of the process of Steps 
S07 to S09 of the speech decoder 1 according to the first embodiment shown in Fig. 2.

[0118] In the third alternative example of the speech decoder 1 described above also, the 
process in Steps S07 to S08 can be skipped based on the control information from the encoder 
to thereby reduce the amount of computation.

[Fourth Alternative Example of Speech Decoder According to First Embodiment]

[0119] Fig. 11 is a flowchart showing a procedure of envelope calculation performed by a 
fourth alternative example of the speech decoder 1 according to the first embodiment. Note 
that the configuration of the fourth alternative example of the speech decoder 1 is the same as 
that shown in Fig. 9.

[0120] In the fourth alternative example, the envelope calculation process in Steps S61 to S64 
shown in Fig. 11 is executed in place of the process in Steps S07 to S09 of the speech decoder 
1 according to the first embodiment shown in Fig. 2.

[0121] Specifically, the time envelope calculation control information describes the low 
frequency band time envelope to be used for time envelope calculation in the frame among the 
first to n-th low frequency band time envelopes. When decoding and dequantization are 
needed for reading the description of the time envelope calculation control information, the 
coded sequence decoding/ dequantization unit 1e performs decoding and dequantization. 
Then, the time envelope calculation control unit In selects, based on the time envelope 
calculation control information, the low frequency band time envelope to be used for the time 
envelope calculation process in the frame (Step S61).

[0122] Then, the time envelope calculation control unit In outputs the low frequency band time 
envelope calculation control signal to the first to n-th low frequency band time envelope 
calculation units 1ή to 1fn. It is thereby controlled so that the low frequency band time envelope 
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is calculated by the low frequency band time envelope calculation unit 1ή to 1fn corresponding 

to the low frequency band time envelope that is selected in the above selection, and the low 
frequency band time envelope is not calculated by the low frequency band time envelope 
calculation unit 1f| to 1fn corresponding to the low frequency band time envelopes that is not 

selected in the above selection (Step S62).

[0123] After that, the time envelope calculation control unit In outputs the time envelope 
calculation control signal to the time envelope calculation unit 1g so that the time envelope is 
calculated using only the selected low frequency band time envelope (Step S63). Further, the 
time envelope adjustment unit 1i adjusts, using the calculated time envelope, the time 
envelope of the high frequency band signal generated in the high frequency band generation 
unit 1h (Step S64).

[0124] Further, when any of the low frequency band time envelope is not selected in the above 
selection, Steps S62 to S63 may be skipped, and the high frequency band signal may be sent 
to the band synthesis filter bank unit 1j without adjustment of its time envelope based on the 
above-described time envelope (Step S36 in Fig. 6).

[0125] In the fourth alternative example of the speech decoder 1 described above also, the 
process in Steps S07 to S08 can be skipped based on the control information from the encoder 
to reduce the amount of computation.

[Fifth Alternative Example of Speech Decoder According to First Embodiment]

[0126] Fig. 12 is a flowchart showing a procedure of envelope calculation performed by a fifth 
alternative example of the speech decoder 1 according to the first embodiment. Note that the 
configuration of the fifth alternative example of the speech decoder 1 is the same as that 
shown in Fig. 9.

[0127] In the fifth alternative example, the envelope calculation process in Steps S71 to S75 
shown in Fig. 12 is executed in place of the process in Steps S07 to S09 of the speech 
decoder 1 according to the first embodiment shown in Fig. 2.

[0128] Specifically, the time envelope calculation control information describes a calculation 
method of the first to n-th low frequency band time envelopes in the frame. When decoding 
and dequantization are needed for reading the description of the time envelope calculation 
control information, the coded sequence decoding/ dequantization unit 1e performs decoding 
and dequantization. The calculation method of the first to n-th low frequency band time 
envelopes described in the time envelope calculation control information may be the content 
related to setting of the arrays B| and Bh representing sub-bands, for example, and the 

frequency range of the sub-band can be controlled based on the time envelope calculation 
control information. The content related to setting of the arrays B| and Bh may be the 
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description of a set of integers (k^k^) to set the arrays B| and B^ or the description related to 

selection from a plurality of specified contents of setting of the arrays B| and B^. In this 

alternative example, a method of describing the content related to setting of the arrays B| and 

Β^ is not particularly limited. Further, a calculation method of the first to n-th low frequency 

band time envelopes described in the time envelope calculation control information may be the 
content related to setting of the specified processing (for example, the content related to 
setting of the smoothing coefficient sc(j) described above), and the specified processing (for 
example, the smoothing) can be controlled based on the time envelope calculation control 
information. The content related to setting of the smoothing coefficient sc(j) may be a result of 
quantizing and encoding the value of the smoothing coefficient sc(j) or may be the content 
related to selection of any one of a plurality of specified smoothing coefficients sc(j). Further, it 
may include the description as to whether or not to perform the smoothing. In this alternative 
example, a method of describing the content related to setting of the specified processing (for 
example, setting of the smoothing coefficient sc(j) described above) is not particularly limited. 
Furthermore, a method of calculating the first to n-th low frequency band time envelopes 
described in the time envelope calculation control information may include at least one of the 
above calculation methods. Note that, in this alternative example, a method of calculating the 
first to n-th low frequency band time envelopes described in the time envelope calculation 
control information is not limited to the above description as long as the content related to a 
method of calculating the low frequency band time envelope is described.

[0129] In Step S71, the time envelope calculation control unit In determines, based on the time 
envelope calculation control information, whether or not to change the calculation method of 
the low frequency band time envelope in the frame. When it is determined not to change the 
calculation method of the low frequency band time envelope (NO in Step S71), the first to n-th 
low frequency band time envelope calculation units 1ή to 1fn calculate the first to n-th low 

frequency band time envelopes without changing the calculation method of the low frequency 
band time envelope (Step S73). On the other hand, when it is determined to change the 
calculation method of the low frequency band time envelope (YES in Step S71), the time 
envelope calculation control unit In outputs the low frequency band time envelope calculation 
control signal to the first to n-th low frequency band time envelope calculation units 1f| to 1fn 

and thereby instructs the calculation method of the low frequency band time envelope, so that 
the calculation method of the low frequency band time envelope is changed (Step S72). After 
that, the first to n-th low frequency band time envelope calculation units 1 ή to 1fn calculate the 

first to n-th low frequency band time envelopes by the changed low frequency band time 
envelope calculation method (Step S73). Further, the time envelope calculation unit 1g 
calculates the time envelope by using the first to n-th low frequency band time envelopes 
calculated by the first to n-th low frequency band time envelope calculation units 1 ή to 1fn (Step 

S74). Then, the time envelope adjustment unit 1i adjusts, using the time envelope calculated in 
the time envelope calculation unit 1 g, the time envelope of the high frequency band signal 
generated in the high frequency band generation unit 1h (Step S75).

[0130] In the fifth alternative example of the speech decoder 1 described above also, the 
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process in Steps S07 to S08 can be precisely controlled based on the control information from 
the encoder, thereby allowing highly accurate adjustment of the time envelope.

[Sixth Alternative Example of Speech Decoder According to First Embodiment]

[0131] Fig. 13 is a diagram showing a configuration of a principal part related to envelope 
calculation in a sixth alternative example of the speech decoder 1 according to the first 
embodiment. The speech decoder 1 shown in Fig. 13 includes a time envelope calculation 
control unit (time envelope calculation control means) 1o in addition to the low frequency band 
time envelope calculation units 1ή to 1fn and the time envelope calculation unit 1g. The time 

envelope calculation control unit 1o is configured to perform any one or more of the envelope 
calculation process in the first to fifth alternative examples of the speech decoder 1.

[Seventh Alternative Example of Speech Decoder According to First Embodiment]

[0132] Fig. 14 is a flowchart showing a procedure of envelope calculation performed by a 
seventh alternative example of the speech decoder 1 according to the first embodiment. Note 
that the configuration of the seventh alternative example of the speech decoder 1 is the same 
as the speech decoder 1 according to the first embodiment. Steps S261 to S262 in Fig. 14 
replace Step S08 in the flowchart of Fig. 2 showing the process of the speech decoder 1 
according to the first embodiment.

[0133] In this alternative example, the time envelope calculation unit 1g performs specified 
processing (processing of Step S261) using the low frequency band time envelope Ldec(k,i) 

{1 <k<n, t(s)^i<t(s+1), 0^s<se) supplied from the low frequency band time envelope calculation 

units 1ή to 1fn and the time envelope information supplied from the coded sequence decoding/ 

dequantization unit 1e and then calculates the time envelope (processing of Step S262). 
Examples of the specified processing and the calculation of the time envelope related thereto 
are as follows.

[0134] In the first example, the coefficient A| k(s) in Equation 18, 21, 23 or 24 is calculated 

using the time envelope information supplied in another form from the coded sequence 
decoding/ dequantization unit 1e. For example, the coefficient is calculated by the following 
equation.
[Equation 40]

^~lk — ^lk (^1 &2 CO? ’ ” ’ ^Num (0)
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0<s<sE
where Ok(s), k=1,2,...,Num, O^s<se is the time envelope information supplied from the coded 

sequence decoding/ dequantization unit 1e, and F|k(xi,X2,-.,XNum), 1^πη, 1^k<n is a specified 

function with Num number of variables as arguments. After that, using the coefficient A| k(s) 

acquired in the above method, the time envelope is calculated by Equation 18, 21,23 or 24.

[0135] In the second example, the quantity given by the following equation is calculated first. 
[Equation 41]

£=1 /:=1

1 < I < nH, t(s) < i < t(s +1), 0 < 5 < sE

[0136] Note that the following equation:
[Equation 42]

l,k j 1 < / < Ti ff f —g<k<n
is a specified coefficient.

[0137] Further, the above-described g(°\l,i) may be a specified coefficient, or a specified 

function for the index I, i. For example, g(°\l,i) may be a function given by the following 
equation.
[Equation 43]

1 < I < n, /(5) < i < t(s +1), 0 < s < sE

[0138] Then, the quantity corresponding to the left-hand side of Equation 18, 21, 23 or 24 is 

calculated, and the result is represented as g(1)(l,i) {1 <l<n|_], t(s)^i<t(s+1), 0^s<se}· Then, the 

time envelope is calculated by the following equation, for example.
[Equation 44]
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[0139] Further, the time envelope may be calculated by the following equation. 
[Equation 45]

?(1O

l<l<nHi t(s)<i <i(s + l), 0<s<sE

[0140] Further, the time envelope may be calculated by the following equation. 
[Equation 46]

\<l<nH, 0<s<sE

[0141] When the time envelope information is not supplied from the coded sequence 
decoding/ dequantization unit 1e, the time envelope may be calculated by the following 
equation.

[Equation 47]

t(s)<i<t(s + 1), 0<s<sE

[0142] In this alternative example, the form of the above-described gdec(U) is not limited to the 

above example.

[0143] Note that, in the present invention, the specified processing and the calculation of the 
time envelope related thereto are not limited to the above examples.

[0144] This alternative example may be applied to the first to sixth alternative examples of the 
speech decoder 1 according to the first embodiment as follows.

[0145] In the case of application to the first alternative example of the speech decoder 1 
according to the first embodiment, Step S34 in Fig. 6 is replaced with Steps S261 to S262 in 
Fig. 14, for example. A plurality of kinds of the above-described specified processing may be 
prepared in advance and changed depending on the power of the low frequency band signal.
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Further, any one of a) calculating the time envelope by performing the above-described 
specified processing only, b) calculating the time envelope by performing the above-described 
specified processing and further using the time envelope information and c) calculating the 
time envelope using the time envelope information without performing the above-described 
specified processing may be selected depending on the power of the low frequency band 
signal.

[0146] Fig. 15 is a flowchart showing a part of processing performed by the time envelope 
calculation control unit 1m when the seventh alternative example of the speech decoder 1 
according to the first embodiment is applied to the second alternative example of the speech 
decoder 1 according to the first embodiment.

[0147] In the case of application to the second alternative example of the speech decoder 1 
according to the first embodiment, Step S42 in Fig. 8 is replaced with Step 271 in Fig. 15, and 
Step S47 in Fig. 8 is replaced with Steps S261 to S262 in Fig. 14, for example. A plurality of 
kinds of the above-described specified processing may be prepared in advance and changed 
depending on the time envelope information. Further, any one process may be selected, 
depending on the time envelope information, from a) calculating the time envelope by 
performing the above-described specified processing only, b) calculating the time envelope by 
performing the above-described specified processing and further using the time envelope 
information and c) calculating the time envelope using the time envelope information without 
performing the above-described specified processing.

[0148] In the case of application to the third alternative example of the speech decoder 1 
according to the first embodiment, Step S53 in Fig. 10 is replaced with Steps S261 to S262 in 
Fig. 14. A plurality of kinds of the above-described specified processing may be prepared in 
advance and changed depending on the time envelope calculation control information. Further, 
any one may be selected, depending on the time envelope calculation control information, from
a) calculating the time envelope by performing the above-described specified processing only,
b) calculating the time envelope by performing the above-described specified processing and 
further using the time envelope information and c) calculating the time envelope using the time 
envelope information without performing the above-described specified processing.

[0149] Fig. 16 is a flowchart showing a part of processing performed by the time envelope 
calculation control unit In when the seventh alternative example of the speech decoder 1 
according to the first embodiment is applied to the fourth alternative example of the speech 
decoder 1 according to the first embodiment.

[0150] In the case of application to the fourth alternative example of the speech decoder 1 
according to the first embodiment, Step S61 in Fig. 11 is replaced with Step 281 in Fig. 16, and 
Step S63 in Fig. 11 is replaced with Steps S261 to S262 in Fig. 14. In Step 281 in Fig. 16, as 
method of selecting the time envelope of low frequency band components to be calculated 

from the first to n-th low frequency band time envelopes, it may be examined whether Α^0)^ in 

one example of the above-described specified processing is zero or not and, the low frequency 
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band signal time envelope calculation unit 1f^ may calculate Lcjec(k,i) when A(°)| is not zero 

and it is directed to calculate Ldec(k,i) in the low frequency band signal time envelope 

calculation unit 1 f^ in the time envelope calculation control information.

[0151] In the case of application to the fifth alternative example of the speech decoder 1 
according to the first embodiment, Step S74 in Fig. 12 is replaced with Steps S261 to S262 in 
Fig. 14. When the method of calculating the time envelope of low frequency band components 
is changed, the above-described processing method may be changed accordingly.

[0152] Further, application to the sixth alternative example of the speech decoder 1 according 
to the first embodiment is made in accordance with the way of application to the first to fifth 
alternative examples described above.

[0153] Note that, although the flow that calculates the time envelope after performing the 
specified processing is shown in Fig. 14, the specified processing may be performed after 
calculating the time envelope. For example, specified processing such as smoothing may be 
performed on the calculated time envelope. Further, the time envelope may be calculated after 
performing the specified processing, and further another specified processing may be 
performed on that time envelope.

[First Alternative Example of Speech Encoder According to First Embodiment]

[0154] Fig. 17 is a diagram showing a configuration of a first alternative example of the speech 
encoder 2 according to the first embodiment, and Fig. 18 is a flowchart showing a procedure of 
speech encoding by the speech encoder 2 shown in Fig. 17.

[0155] In the speech encoder 2 shown in Fig. 17, a time envelope calculation control 
information generation unit (control information generation means) 2j is added to the speech 
encoder 2 according to the first embodiment.

[0156] The time envelope calculation control information generation unit 2j generates time 
envelope calculation control information using at least one of the signal X(j,i) in the frequency 
band domain received from the band splitting filter bank unit 2c and the time envelope 
information received from the time envelope information calculation unit 2f. The generated time 
envelope calculation control information may be any of the time envelope calculation control 
information in the third to seventh alternative examples of the speech decoder 1 according to 
the first embodiment.

[0157] The time envelope calculation control information generation unit 2j may calculate the 
signal power in the frequency band corresponding to the low frequency band signal of the 
signal X(j,i) in the frequency domain received from the band splitting filter bank unit 2c, for 
example, and generate the time envelope calculation control information indicating whether or 
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not to perform the time envelope calculation in the speech decoder 1 according to the 
calculated signal power.

[0158] Alternatively, the time envelope calculation control information generation unit 2j may 
calculate the signal power in the frequency band corresponding to the high frequency band 
signal of the signal X(j,i) in the frequency domain and generate the time envelope calculation 
control information indicating whether or not to perform the time envelope calculation in the 
speech decoder 1 according to the calculated signal power.

[0159] Further, the time envelope calculation control information generation unit 2j may 
calculate the signal power in the frequency band corresponding to the entire frequency band 
signal (i.e. the frequency band corresponding to the low frequency band signal and the 
frequency band corresponding to the high frequency band signal) of the signal X(j,i) in the 
frequency domain and generate the time envelope calculation control information indicating 
whether or not to perform the time envelope calculation in the decoder according to the 
calculated signal power.

[0160] The time envelope calculation control information generation unit 2j may calculate the 
power of a part corresponding to the first to n-th low frequency band time envelopes calculated 
by the first to n-th low frequency band time envelope calculation units 2e| to 2en, and generate 

the time envelope calculation control information related to selection of the low frequency band 
time envelope to be used for the time envelope calculation in the speech decoder 1 according 
to the calculated signal power.

[0161] The time envelope calculation control information generation unit 2j may calculate the 
signal power in the frequency band corresponding to the low frequency band signal of the 
signal X(j,i) in the frequency domain and generate the time envelope calculation control 
information related to the low frequency band time envelope calculation method in the speech 
decoder 1 according to the calculated signal power.

[0162] In this alternative example, the frequency band of the signal power to be calculated is 
not particularly limited, and the time envelope calculation control information that is generated 
according to the calculated signal power may be any one or more of the time envelope 
calculation control information in the third to seventh alternative examples of the speech 
decoder 1 according to the first embodiment described above.

[0163] Further, the time envelope calculation control information generation unit 2j may detect 
or measure the signal characteristics of the signal X(j,i) in the frequency domain, and generate 
the time envelope calculation control information indicating whether or not to perform the time 
envelope calculation in the speech decoder 1 according to the calculated signal characteristics.

[0164] Alternatively, the time envelope calculation control information generation unit 2j may 
generate the time envelope calculation control information related to selection of the low 
frequency band time envelope to be used for the time envelope calculation in the speech 
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decoder 1 according to the signal characteristics of the signal X(j,i) in the frequency domain.

[0165] The time envelope calculation control information generation unit 2j may generate the 
time envelope calculation control information related to the low frequency band time envelope 
calculation method in the speech decoder 1 according to the signal characteristics of the signal 
X(j,i) in the frequency domain.

[0166] Note that the signal characteristics detected or measured in the time envelope 
calculation control information generation unit 2j may be the characteristics related to the 
steepness of the rising edge or the falling edge of the signal. The signal characteristics may be 
the characteristics related to the stationarity of the signal. The signal characteristics may be the 
characteristics related to the strength of the tonality of the signal. Further, the signal 
characteristics may be at least one of the above characteristics.

[0167] In this alternative example, the signal characteristics to be detected or measured are 
not particularly limited, and the time envelope calculation control information that is generated 
according to the detected or measured signal characteristics may be any one or more of the 
time envelope calculation control information in the third to sixth alternative examples of the 
speech decoder 1 according to the first embodiment described above.

[0168] Furthermore, the time envelope calculation control information generation unit 2j may 
generate the time envelope calculation control information indicating whether or not to perform 
the time envelope calculation in the speech decoder 1 according to the value of the time 
envelope information A| ^(s) (1<Ι<πη, 1^k<n,0^s<SE) received from the time envelope 

information calculation unit 2f, for example. The time envelope calculation control information 
generation unit 2j may generate the time envelope calculation control information related to 
selection of the low frequency band time envelope to be used for the time envelope calculation 
in the speech decoder 1. The time envelope calculation control information generation unit 2j 
may generate the time envelope calculation control information related to the low frequency 
band time envelope calculation method in the speech decoder 1.

[0169] In this alternative example, the time envelope calculation control information that is 
generated according to the time envelope information may be any one or more of the time 
envelope calculation control information in the third to sixth alternative examples of the speech 
decoder 1 according to the first embodiment described above.

[0170] Alternatively, the time envelope calculation control information generation unit 2j may 
generate, using the signal X(j,i) in the frequency domain received from the band splitting filter 
bank unit 2c and the coded sequence of the supplementary information for high frequency 
band generation received from the quantization/encoding unit 2g, for example, the time 
envelope calculation control information indicating whether or not to perform the time envelope 
calculation in the speech decoder 1 . The time envelope calculation control information 
generation unit 2j may generate the time envelope calculation control information related to 
selection of the low frequency band time envelope to be used for the time envelope calculation 
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in the speech decoder 1. The time envelope calculation control information generation unit 2j 
may generate the time envelope calculation control information related to the low frequency 
band time envelope calculation method in the speech decoder 1.

[0171] To be specific, the time envelope calculation control information generation unit 2j may 
decode and dequantize the coded sequence of the supplementary information for high 
frequency band generation received from the quantization/encoding unit 2g and thereby 
obtains locally decoded supplementary information for high frequency band generation, and 
then generates a pseudo locally decoded high frequency band signal using the locally decoded 
supplementary information for high frequency band generation and the signal X(j,i) in the 
frequency domain. The pseudo locally decoded high frequency band signal can be generated 
by performing the same processing as the high frequency band generation unit 1h of the 
speech decoder 1 according to the first embodiment. The time envelope calculation control 
information generation unit 2j compares the generated pseudo locally decoded high frequency 
band signal with the frequency band corresponding to the high frequency band signal of the 
signal X(j,i) in the frequency domain and generates the time envelope calculation control 
information based on the comparison result.

[0172] The comparison between the pseudo locally decoded high frequency band signal and 
the frequency band corresponding to the high frequency band signal of the signal X(j,i) in the 
frequency domain may be made by calculating a differential signal of the two signals and 
based on the power of the differential signal. Further, it may be made by calculating the time 
envelopes of the pseudo locally decoded high frequency band signal and the frequency band 
corresponding to the high frequency band signal of the signal X(j,i) in the frequency domain 
and based on at least one of a difference of the time envelopes and an amplitude of the 
difference.

[0173] Alternatively, the time envelope calculation control information generation unit 2j may 
generate, using, for example, the signal X(j,i) in the frequency domain received from the band 
splitting filter bank unit 2c, the time envelope information received from the time envelope 
information calculation unit 2f, and the coded sequence of the supplementary information for 
high frequency band generation received from the quantization/encoding unit 2g, the time 
envelope calculation control information indicating whether or not to perform the time envelope 
calculation in the speech decoder 1 . The time envelope calculation control information 
generation unit 2j may generate the time envelope calculation control information related to 
selection of the low frequency band time envelope to be used for the time envelope calculation 
in the speech decoder 1. The time envelope calculation control information generation unit 2j 
may generate the time envelope calculation control information related to the low frequency 
band time envelope calculation method in the speech decoder 1.

[0174] To be specific, the time envelope calculation control information generation unit 2j may 
generate a pseudo locally decoded high frequency band signal and adjust the time envelope of 
the pseudo locally decoded high frequency band signal by using the time envelope information 
received from the time envelope information calculation unit 2f, and then compare the pseudo 
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locally decoded high frequency band signal with the adjusted time envelope with the frequency 
band corresponding to the high frequency band signal of the signal X(j,i) in the frequency 
domain and generate the time envelope calculation control information based on the 
comparison result.

[0175] The comparison between the pseudo locally decoded high frequency band signal with 
the adjusted time envelope and the frequency band corresponding to the high frequency band 
signal of the signal X(j,i) in the frequency domain may be performed in the same manner as 
the comparison is performed between the pseudo locally decoded high frequency band signal 
and the frequency band corresponding to the high frequency band signal of the signal X(j,i) in 
the frequency domain.

[0176] Further, in the time envelope information calculation unit 2f of the speech encoder 2 
according to the first embodiment, the time envelope information may be calculated using the 
pseudo locally decoded high frequency band signal. To be specific, the coded sequence of the 
supplementary information for high frequency band generation received from the 
quantization/encoding unit 2g is further input to the time envelope information calculation unit 
2f, and the coded sequence of the supplementary information for high frequency band 
generation is decoded and dequantized to acquire locally decoded supplementary information 
for high frequency band generation, and the pseudo locally decoded high frequency band 
signal is generated using the locally decoded supplementary information for high frequency 
band generation and the signal X(j,i) in the frequency domain.

[0177] For example, the time envelope information calculation unit 2f may output, as the 
calculated time envelope information, the time envelope information that allows best 
approximation to the frequency band corresponding to the high frequency band signal of the 
signal X(j,i) in the frequency domain when the time envelope of the pseudo locally decoded 
high frequency band signal is adjusted using the time envelope calculated from the time 
envelope information. The determination as to whether it is close to the frequency band 
corresponding to the high frequency band signal of the signal X(j,i) in the frequency domain 
may be made based on a differential signal between the pseudo locally decoded high 
frequency band signal with the adjusted time envelope and the frequency band corresponding 
to the high frequency band signal of the signal X(j,i) in the frequency domain, or may be based 
on an error between the time envelopes of those signals.

[0178] Alternatively, the time envelope calculation control information generation unit 2j may 
generate the time envelope calculation control information indicating whether or not to perform 
the time envelope calculation in the speech decoder 1 according to the amount of information 
(to be more specific, the number of bits) needed for encoding of the time envelope information 
received from the quantization/encoding unit 2g, for example. The time envelope calculation 
control information generation unit 2j may generate the time envelope calculation control 
information related to selection of the low frequency band time envelope to be used for the 
time envelope calculation in the speech decoder 1. The time envelope calculation control 
information generation unit 2j may generate the time envelope calculation control information 
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related to the low frequency band time envelope calculation method in the speech decoder 1.

[0179] To be specific, the time envelope calculation control information generation unit 2j 
generates the time envelope calculation control information indicating to perform the time 
envelope calculation in the speech decoder 1 when the amount of information (to be more 
specific, the number of bits) needed for encoding of the time envelope information received 
from the quantization/encoding unit 2g is equal to or smaller than a specified threshold, for 
example. On the other hand, when the amount of information needed for encoding of the time 
envelope information is larger than a specified threshold, the time envelope calculation control 
information generation unit 2j generates the time envelope calculation control information 
indicating not to perform the time envelope calculation in the speech decoder 1.

[0180] Further, the time envelope calculation control information generation unit 2j may 
generate the time envelope calculation control information related to selection of the low 
frequency band time envelope to be used for the time envelope calculation in the speech 
decoder 1 so that the amount of information needed for encoding of the time envelope 
information is equal to or smaller than a specified threshold. At this time, the time envelope 
calculation control information generation unit 2j may notify the result of comparing the amount 
of information needed for encoding of the time envelope information with the threshold to the 
time envelope information calculation unit 2f, and the time envelope information calculation unit 
2f may re-calculate the time envelope information according to the notified comparison result. 
Note that, in the case where the time envelope information is re-calculated, the 
quantization/encoding unit 2g encodes and quantizes the re-calculated time envelope 
information. The number of times of re-calculating the time envelope information is not 
particularly limited.

[0181] In this alternative example, the time envelope calculation control information is 
calculated based on the amount of information needed for encoding of the time envelope 
information, and the time envelope calculation control information to be generated may be any 
one or more of the time envelope calculation control information in the third to sixth alternative 
examples of the speech decoder 1 according to the first embodiment described above.

[0182] The time envelope calculation control information generated by the time envelope 
calculation control information generation unit 2j in the above manner is further added to the 
high frequency band coded sequence by the high frequency band coded sequence 
construction unit 2h and thereby the high frequency band coded sequence is constructed.

[Second Alternative Example of Speech Encoder According to First Embodiment]

[0183] Fig. 19 is a diagram showing a configuration of a second alternative example of the 
speech encoder 2 according to the first embodiment, and Fig. 20 is a flowchart showing a 
procedure of speech encoding by the speech encoder 2 shown in Fig. 19.
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[0184] In the speech encoder 2 shown in Fig. 19, a low frequency band decoding unit 2k is 
added to the speech encoder 2 according to the first embodiment.

[0185] The low frequency band decoding unit 2k receives the low frequency band coded 
sequence from the low frequency band encoding unit 2b, decodes and dequantizes the low 
frequency band coded sequence and thereby acquires a locally decoded low frequency band 
signal. Note that, when the quantized low frequency band signal can be acquired from the low 
frequency band encoding unit 2b, the low frequency band decoding unit 2k may dequantize the 
quantized low frequency band signal and acquire the locally decoded low frequency band 
signal. Then, the low frequency band time envelope calculation units 2ei to 2en calculate the 

first to n-th low frequency band time envelopes by using the locally decoded low frequency 
band signal acquired by the low frequency band decoding unit 2k.

[0186] Note that the second alternative example of the speech encoder 2 according to the first 
embodiment may be applied also to the first alternative example of the speech encoder 2 
according to the first embodiment.

[Third Alternative Example of Speech Encoder According to First Embodiment]

[0187] Fig. 21 is a diagram showing a configuration of a third alternative example of the 
speech encoder 2 according to the first embodiment, and Fig. 22 is a flowchart showing a 
procedure of speech encoding by the speech encoder 2 shown in Fig. 21.

[0188] The speech encoder 2 shown in Fig. 21 is different from the speech encoder 2 
according to the first embodiment in that it includes a band synthesis filter bank unit 2m in 
place of the down-sampling unit 2a.

[0189] The band synthesis filter bank unit 2m receives the signal X(j,i) in the frequency domain 
from the band splitting filter bank unit 2c, performs band synthesis for the frequency band 
corresponding to the low frequency band signal and thereby acquires a down-sampled signal. 
The acquisition of the down-sampled signal by band synthesis may be performed according to 
the method of downsampled synthesis filterbank in SBR of "MPEG4 AAC" specified in "ISO/IEC 
14496-3", for example ("ISO/IEC 14496-3 subpart 4 General Audio Coding").

[0190] Note that the third alternative example of the speech encoder 2 according to the first 
embodiment may be applied also to the first and second alternative examples of the speech 
encoder 2 according to the first embodiment.

[0191] In a fourth alternative example of the speech encoder 2 according to the first 
embodiment, the specified processing corresponding to the seventh alternative example of the 
speech decoder 1 according to the first embodiment described above is performed when 
calculating g(l,i) in the time envelope information calculation unit 2f of the speech encoder 2 
according to the first embodiment. Note that, as described in the seventh alternative example 
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of the speech decoder 1 according to the first embodiment, g(l,i) may be calculated using the 
low frequency band time envelope after performing the specified processing, or g(l,i) may be 
calculated by performing the specified processing after calculating g(l,i) using the low 
frequency band time envelope.

[0192] Note that the fourth alternative example of the speech encoder 2 according to the first 
embodiment may be applied also to the first to third alternative examples of the speech 
encoder 2 according to the first embodiment.

[0193] In the case of applying the fourth alternative example of the speech encoder 2 
according to the first embodiment to the first alternative example of the speech encoder 2 
according to the first embodiment, information as to whether or not to perform the above­
described specified processing in the speech decoder 1 according to the first embodiment may 
be contained in the time envelope calculation control information based on an error of g(l,i) 
with respect to H(l,i) described above.

[Second Embodiment]

[0194] A second embodiment of the present invention is described hereinbelow.

[0195] Fig. 23 is a diagram showing a configuration of the speech decoder 101 according to 
the second embodiment, and Fig. 24 is a flowchart showing a procedure of speech decoding 
by the speech decoder 101 shown in Fig. 23. The speech decoder 101 of Fig. 23 is different 
from the speech decoder 1 according to the first embodiment in that it further includes a 
frequency envelope superposition unit (frequency envelope superposition means) 1q and that 
it includes a time-frequency envelope adjustment unit (time-frequency envelope adjustment 
means) 1p in place of the time envelope adjustment unit 1i (1c to 1e, 1 h, 1j and 1p are 
sometimes referred to also as a bandwidth extension unit (bandwidth extension means)).

[0196] The coded sequence analysis unit 1d analyzes the high frequency band coded 
sequence supplied from the demultiplexing unit 1a and thereby acquires coded supplementary 
information for high frequency band generation and quantized time-frequency envelope 
information.

[0197] The coded sequence decoding/ dequantization unit 1e decodes the coded 
supplementary information for high frequency band generation supplied from the coded 
sequence analysis unit 1d and thereby obtains supplementary information for high frequency 
band generation, and dequantizes the quantized time-frequency envelope information supplied 
from the coded sequence analysis unit 1d and thereby acquires time-frequency envelope 
information.

[0198] The frequency envelope superposition unit 1q receives a time envelope Εγ(Ι,ί) from the 
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time envelope calculation unit 1g and frequency envelope information from the coded 
sequence decoding/ dequantization unit 1e. Then, the frequency envelope superposition unit 
1q calculates a frequency envelope from the frequency envelope information and 
superimposes the frequency envelope onto the time envelope. Specifically, the frequency 
envelope superposition unit 1q performs this processing in the following procedure, for 
example.

[0199] First, the frequency envelope superposition unit 1q transforms the time envelope by the 
following equation.
[Equation 48]

Eo (m, zj = ET (I, i)

k,-kx<m<kh~kx,
kh=FH(l+ !)-!’

1 < I < nH, t(s) < z < /(s +1), 0 < s < sE

[0200] Next, the frequency envelope superposition unit 1q divides the high frequency band into 

m|_|(m|_|^1) number of sub-bands. The sub-bands are represented as B(f\ (k=1,2,3,...,m|_|)· 

Further, for simplification of the description, an array Gh having mH+1 number of indexes 

representing the boundary of the sub-band b(f\ (1 <k<mn) as factors is defined so that the 

signal XhOJ), Gn(k)ij<GH(k+1), t(s)<i<t(s+1), 0<s<Se corresponds to the component of the 

sub-band b(f\. Note that Gh(1 )=kx, Οη(πίη+1 )=kmax+1.

[0201] Then, the frequency envelope superposition unit 1q calculates the frequency envelope 
by the following equation.
[Equation 49]

EFdec (k’s) = 10°‘(i,s), 1 < k < mH,

0 s ' E
where sfdec(k,s) (where 1<k<mn, 0^s<se) is a scale factor corresponding to the sub-band 

βΗ.

[0202] Note that the frequency envelope may be calculated by the following equation.
[Equation 50]
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^xec(^^ = ö4X2—

Ο < 5 < SE 

1 < k < mH

[0203] In this embodiment, the form of EpjC|ec(k,s) is not limited to the above example.

[0204] The frequency envelope superposition unit 1q calculates sfdec(k,s) as follows. First, the 

values of sfdec(k,s) corresponding to several sub-bands are set as constant numbers that are 

not dependent on time as represented by the following equation (hereinafter, a set of indexes k 
corresponding to those sub-bands is denoted as Nc).
[Equation 51]

sfdec(k,s) = C, VkeNc, 0<s<sE

[0205] Although the value of C may be C=0, the value of C is not specified in this embodiment. 
Then, when the integer 1 is not included in the set Nc, the frequency envelope superposition 

unit 1q acquires the scale factor sfdec(1 ,s), 0^s<s from the frequency envelope information.

[0206] After that, the frequency envelope superposition unit 1q repeats the processing of the 
following (Step k) from k=2 to k=mn and calculates the above-described scale factor.

(Step k)

[0207] When the integer k is not included in the set Nc, a difference in scale factor dsfdec(k,s), 

0^s<s is acquired from the frequency envelope information, the scale factor is calculated by 
the following equation:
[Equation 52], 

and 1 is added to the integer k and then the process proceeds to the next (Step k). On the 
other hand, when the integer k is included in the set Nc, 1 is added to the integer k as it is and 

then the process proceeds to the next (Step k).

[0208] Further, in the case of receiving a difference in scale factor sfdec(1.s). 0^s<Se from the 

frequency envelope information, the processing in the above Step k may be performed by 
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calculating sfdec(O,s), O^s<Se using the low frequency band component of the signal in the 

frequency domain received from the band splitting filter bank unit 1c. For example, in the 
equations 63, 64 and 65 described later, X(j,i) may be replaced with Xdec(j,i), and sf(0,s) 

calculated using a specified k| and kh satisfying 0<k|<kh<kx where k=0 may be set as sfdec(0,s).

[0209] In this example, differently from the above-described example, the frequency envelope 
information may correspond to the scale factor sfdec(k,s) itself. Further, the frequency envelope 

information may be a difference dtsf(s,k), 1<s<se, 1^k<m|-| in the time direction when 

calculating the scale factor sfdec(k,s), 1 <k<m|_| in the s-th (s^1) frame by the following equation 

using the scale factor sfdec(k,s-1) in the (s-1 )th frame.
[Equation 53]

Sfdec (k,s) = Sfdec (k,s - !) + dtsf(s, k),

1 < k < mH, \<s <sE

[0210] In this case, however, sfdec(k,0), 1 <k<m|_| corresponding to the initial value is acquired 

using another way such as the above-described method.

[0211] Further, the scale factor of the sub-band may be calculated using interpolation or 
extrapolation from at least one of the scale factor of the low frequency band component and 
the scale factor of the sub-band of the high frequency band. In this case, the frequency 
envelope information is the scale factor of the sub-band to be used for the interpolation or 
extrapolation and an interpolation or extrapolation parameter within the high frequency band. 
For calculation of the scale factor of the low frequency band component, the low frequency 
band component of the signal in the frequency domain received from the band splitting filter 
bank unit 1c is used.

[0212] The interpolation or extrapolation parameter may be a specified parameter. Further, the 
interpolation or extrapolation of the scale factor may be made by calculating a parameter to be 
actually used for interpolation or extrapolation from the specified interpolation or extrapolation 
parameter and the interpolation or extrapolation parameter contained in the frequency 
envelope information. Furthermore, in at least one of the cases where the frequency envelope 
information is not received and where the frequency envelope information does not contain the 
interpolation or extrapolation parameter, the interpolation or extrapolation of the scale factor 
may be made using the specified interpolation or extrapolation parameter only. Note that, in 
this embodiment, a method of interpolation and extrapolation is not particularly limited.

[0213] The form of the frequency envelope information described above is just one example, 
and it may be any form as long as it is a parameter representing variation of the signal power 
or the signal amplitude in the frequency direction for each sub-band of the high frequency 
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band. In this embodiment, the form of the frequency envelope information is not particularly 
limited.

[0214] Then, the frequency envelope superposition unit 1q transforms the above-described 
Ep(k,s) using the following equation.

[Equation 54]

F,dec

5
Ίι

1 < k < nH,

0 < 5 <sE

[0215] Then, the frequency envelope superposition unit 1q calculates the quantity E2(m,i) by 

the following equation using the time envelope Eo(m,i) and the frequency envelope E-|(m,i) 

transformed as above.
[Equation 55]

0 < m < k — k.

t(s) <i <t(s + V), 0 < s < sE

[0216] Further, the above-described E2(m,i) may be in the form given by the following 

equation.
[Equation 56]

Ir _ Jr^max r

k=Q
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t(s) < i < t(s +1), O < s < sE

[0217] Further, it may be in the form given by the following equation. 
[Equation 57]

Eh (2O)+i)-£x-i

£=¾ (SO))-£X

t(s) <, i < t(s +1), 0<s<s£
where Q(m), O^rn<kmax-kx is an integer satisfying the following equation. 

[Equation 58]

fh (Q(mD -kx<m<F„ (Q(m) + \)~kx

1 — Q(rn) + Hyy

[0218] Further, it may be in the form given by the following equation. 
[Equation 59]

£2 (m, i)
FH(Q(m)+l)~kx-l

FH(Q(m)+l)-kx-l
^E^k, s) + £

< k=FH(Q(^))-kx

^-m-km3X~kx,

t(s) < i < t(s +1), 0<s<sE

[0219] Note that, however, the form of the above-described £2(01,i) is not limited to the above 

examples in the present invention.

[0220] Then, the frequency envelope superposition unit 1q calculates the quantity E(m,i) by 
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the following equation using the above-described E2(m,i).
[Equation 60]

E(m,i) = C(s) ■ E2 (m, i),

t(s)<i<t(s+l), 0<s<s£

[0221] The coefficient C(s) is given by the following equation. 
[Equation 61]

C(s) =

0 < s < sE

[0222] Further, it may be the following equation. 
[Equation 62]

/(5+1) 1 ^max kx

/(5+1) 1 &max kx

i=t(s) p-0

y i=t(s) p=Q

0 < S < sE

[0223] The time-frequency envelope adjustment unit 1p adjusts, using the time-frequency 
envelope E-|(m,i) supplied from the frequency envelope superposition unit 1 q, the time­
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frequency envelope of the high frequency band signal XhG, ■), kx<j<kmax supplied from the high 

frequency band generation unit 1h .

[0224] It should be noted that the first to sixth alternative examples of the speech decoder 1 
according to the first embodiment of the invention may be applied to the speech decoder 101 
according to the second embodiment of the invention.

[0225] Fig. 25 is a diagram showing a configuration of a speech encoder 102 according to the 
second embodiment, and Fig. 26 is a flowchart showing a procedure of speech encoding by 
the speech encoder 102 shown in Fig. 25. The speech encoder 102 of Fig. 25 is different from 
the speech encoder 2 according to the first embodiment in that it further includes a frequency 
envelope information calculation unit2n.

[0226] The frequency envelope information calculation unit 2n receives the high frequency 
band signal X(j,i) {O^j<N, 0^i<t(s£)} from the band splitting filter bank unit 2c and calculates the 

frequency envelope information. Specifically, calculation of the frequency envelope information 
is performed as follows.

[0227] First, the frequency envelope information calculation unit 2n calculates the frequency 

envelope of the power on the sub-band b(f\ (where k=1,2,3,...,m|_|) by the following equation. 
[Equation 63]

/c,.=G„(ÅT kh=Gn(k + V)-\, 0<s<sE

[0228] Next, the frequency envelope information calculation unit 2n calculates the scale factor 

sf(k,s), 1<k<mH of the sub-band b(f\. The value of sf(k,s) is calculated by the following 

equation, for example.
[Equation 64]

sf (k, s) = 10 log10 Ef (k, s),

kt =GH(k), kh=GH(k + \)-\, l<k<mH, 0<s<sE

[0229] Further, the frequency envelope information calculation unit 2n may calculate the value 
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of sf(k,s) by the following equation in accordance with the method described in "ISO/IEC
14496-3 4.B.18".
[Equation 65]

= kh = Gh(k +1)-1, \<k<mH, $<s<sE

[0230] Further, it may be set by the following equation 
[Equation 66] 

sf{kys) = C9 VkENc, 0 < s < sE
in accordance with the speech decoder 101.

[0231] Then, the frequency envelope information calculation unit 2n may set the frequency 
envelope information as the above-described scale factor sf(k, s) (1<k<m|_|)· Further, the 

frequency envelope information may be in the form of the following equation. Specifically, a 
difference in the above-described scale factor sf(k, s) is defined by the following equation 
[Equation 67],

dsf(k, s) = sf(k, s)~ sf (£ -1, s),
0<s<sE> 2<k<mH
and dsf(k,s) and sf(1 ,s)(0^s<se) may be used as the frequency envelope information.

[0232] Further, like the frequency envelope superposition unit 1q of the speech decoder 101 
according to the second embodiment, the above-described scale factor sf(0,s) may be 
calculated using the low frequency band signal X(j,i)(O^j<kx) in the frequency domain, and 

dsf(1,s) calculated by the scale factor sf(0,s) may be contained in the frequency envelope 
information.

[0233] Further, the frequency envelope information may be an extrapolation parameter from 
the low frequency band when the scale factor of the high frequency band is approximated by 
extrapolation from the scale factor of the low frequency band component. Further, the 
frequency envelope information may be the scale factor of the sub-band and the interpolation 
or extrapolation parameter within the high frequency band when calculating a part different 
from several sub-bands from the scale factors of these several sub-bands of the high 
frequency band by using interpolation or extrapolation. A combination of the former and latter 
forms may be the frequency envelope information.
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[0234] Note that, in this invention, the frequency envelope information is not limited to the 
above-described examples.

[0235] As a quantization and encoding method of the frequency envelope information, the 
frequency envelope information may be scalar-quantized and then entropy-coded such as 
Huffman coding and Arithmetic coding. Further, the frequency envelope information may be 
vector-quantized using a specified code book and then its index may be set as a code.

[0236] Specifically, the above-described scale factor sf(k,s) may be scalar-quantized and then 
entropy-coded such as Huffman coding and Arithmetic coding. Further, the above-described 
dsf(k,s) may be scalar-quantized and then entropy-coded. Furthermore, the above-described 
scale factor sf(k,s) may be vector-quantized using a specified code book and then its index 
may be set as a code. Further, the above-described dsf(k,s) may be vector-quantized using a 
specified code book and then its index may be set as a code. Furthermore, a difference of the 
scalar-quantized scale factor sf(k,s) may be entropy-coded.

[0237] For example, EDe|ta(k,s) may be calculated by the following equation
[Equation 68]

EQ(k,s) = INT(a ■ m?a.(sf(k,s),0)+0.5),

2<k<mH, 0<s<sB
using sf(k,s) in the above-described equation in accordance with the method described in 
"ISO/IEC 14496-3 4.B.18", and EDe|ta(k,s) may be Huffman coded.

[0238] Note that, when the integer 1 is included in a set Nc, the above-described quantization 

and encoding of sf(1,s) (0<s<se) and dsf(1,s) (0<s<se) may be omitted.

[0239] Further, in the present invention, quantization and encoding of the frequency envelope 
information are not limited to the above-described examples.

[0240] The first to fourth alternative examples of the speech encoder 2 according to the first 
embodiment of the invention may be applied to the speech encoder 102 according to the 
second embodiment of the invention. For example, Fig. 27 is a diagram showing a 
configuration when the first alternative example of the speech encoder 2 according to the first 
embodiment of the invention is applied to the speech encoder 102 according to the second 
embodiment of the invention, Fig. 28 is a flowchart showing a procedure of speech encoding 
by the speech encoder 102 shown in Fig. 27. Further, Fig. 29 is a diagram showing a 
configuration when the second alternative example of the speech encoder 2 according to the 
first embodiment of the invention is applied to the speech encoder 102 according to the second 
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embodiment of the invention, and Fig. 30 is a flowchart showing a procedure of speech 
encoding by the speech encoder 102 shown in Fig. 29.

[Third Embodiment]

[0241] A third embodiment of the present invention is described hereinbelow.

[0242] Fig. 31 is a diagram showing a configuration of a speech decoder 201 according to the 
third embodiment, and Fig. 32 is a flowchart showing a procedure of speech decoding by the 
speech decoder 201 shown in Fig. 31. The speech decoder 201 of Fig. 31 is different from the 
speech decoder 1 according to the first embodiment in that it further includes a time envelope 
calculation control unit 1s and that it includes a coded sequence decoding/ dequantization unit 
1 r and an envelope adjustment unit It in place of the coded sequence decoding/ dequantization 
unit 1e and the time envelope adjustment unit 1i (1c to 1 d, 1 h, 1j, and 1r to It are sometimes 
referred to also as a bandwidth extension unit (bandwidth extension means)).

[0243] The coded sequence analysis unit 1d analyzes the high frequency band coded 
sequence supplied from the demultiplexing unit 1a and thereby obtains coded supplementary 
information for high frequency band generation and time envelope calculation control 
information and further obtains coded time envelope information or coded second frequency 
envelope information.

[0244] The coded sequence decoding/ dequantization unit 1r decodes the coded 
supplementary information for high frequency band generation supplied from the coded 
sequence analysis unit 1d and thereby obtains supplementary information for high frequency 
band generation.

[0245] The high frequency band generation unit 1h replicates, using the supplementary 
information for high frequency band generation supplied from the coded sequence decoding/ 
dequantization unit 1 r, the low frequency band signal Xdec(j,i), 0-j<kx supplied from the band 

splitting filter bank unit 1c onto the high frequency band and thereby generates a high 
frequency band signal Xdec(j.·). kx<j<kmax.

[0246] The time envelope calculation control unit 1s checks, based on the time envelope 
calculation control information supplied from the coded sequence analysis unit Id, whether the 
envelope adjustment unit 1t is to adjust the envelope of the high frequency band signal using 
the second frequency envelope information. When the envelope adjustment unit It does not 
adjust the envelope of the high frequency band signal using the second frequency envelope 
information, the coded sequence decoding/ dequantization unit 1r decodes and dequantizes 
the coded time envelope information supplied from the coded sequence analysis unit 1d and 
thereby obtains the time envelope information. On the other hand, when the envelope 
adjustment unit It adjusts the envelope of the high frequency band signal using the second 
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frequency envelope information, the time envelope calculation control unit Is outputs a low 
frequency band time envelope calculation control signal to the low frequency band time 
envelope calculation units If-, to 1fn and outputs a time envelope calculation control signal to 

the time envelope calculation unit 1g so that the envelope calculation is not performed in the 
low frequency band time envelope calculation units If-, to 1fn and the time envelope calculation 

unit 1g.

[0247] Further, the coded sequence decoding/ dequantization unit 1r decodes and 

dequantizes the coded second frequency envelope information supplied from the coded 
sequence analysis unit 1d and thereby obtains the second frequency envelope information. 
Further, in this case, the envelope adjustment unit 1t adjusts, using the second frequency 
envelope information supplied from the coded sequence decoding/ dequantization unit 1 r, the 
frequency envelope of the high frequency band signal XhGJ) (kx<j<kmax) supplied from the high 

frequency band generation unit 1h.

[0248] Specifically, the quantity E3(k,s), 1<k<mH, 0<s<Se corresponding to EFdec(k,s) is 

calculated using the decoded and dequantized second frequency envelope information in 
accordance with the calculation method of EFdec(k,s) in the frequency envelope superposition 

unit 1q of the speech decoder 101, and further the above-described E3(k,s) is transformed by 

the following equation.
[Equation 69]

E(m,i) = E3(k,s)

ki-kAm^kh~k^

1 < k < mH,

Q<s <sE

[0249] After that, the high frequency band signal Y(ij) {kx<j<kmax, t(s)^i<t(s+1), 0^s<Se} whose 

envelope is adjusted in accordance with the procedure in the time-frequency envelope 
adjustment unit 1 p of the speech decoder 101 is acquired.

[0250] Note that the first to seventh alternative examples of the speech decoder 1 according to 
the first embodiment of the invention may be applied to the speech decoder 201 according to 
the third embodiment of the invention.
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[0251] Fig. 35 is a diagram showing a configuration of a speech encoder 202 according to the 
third embodiment, and Fig. 36 is a flowchart showing a procedure of speech encoding by the 
speech encoder 202 shown in Fig. 35. The speech encoder 202 of Fig. 35 is different from the 
speech encoder 2 according to the first embodiment in that it further includes a time envelope 
calculation control information generation unit 2j and a second frequency envelope information 
calculation unit 2o.

[0252] The second frequency envelope information calculation unit 2o receives the high 
frequency band signal X(j.i) {kx<j<N, t(s)^i<t(s+1), 0^s<Se} from the band splitting filter bank 

unit 2c and calculates the second frequency envelope information (processing in Step S207).

[0253] The second frequency envelope information may be calculated in the same manner as 
the calculation method of the frequency envelope information in the speech encoder 102 
according to the second embodiment. In this embodiment, however, the calculation method of 
the second frequency envelope information is not particularly limited.

[0254] The quantization/encoding unit 2g quantizes and encodes the time envelope 
information and the second frequency envelope information. The quantization and encoding of 
the time envelope information may be performed in the same manner as the quantization and 
encoding in the quantization/encoding unit 2g of the speech encoder according to the first and 
second embodiments. The quantization and encoding of the second frequency envelope 
information may be performed in the same manner as the quantization and encoding of the 
frequency envelope information in the quantization/encoding unit 2g of the speech encoder 
according to the second embodiment. In this embodiment, however, the quantization and 
encoding method of the time envelope information and the second frequency envelope 
information is not particularly limited.

[0255] The time envelope calculation control information generation unit 2j generates time 
envelope calculation control information using at least one of the signal X(j,i) in the frequency 
domain received from the band splitting filter bank unit 2c, the time envelope information 
received from the time envelope information calculation unit 2f, and the second frequency 
envelope information received from the second frequency envelope information calculation unit 
2o (processing in Step S209). The generated time envelope calculation control information 
may be the time envelope calculation control information in the speech decoder 201 according 
to the third embodiment described above.

[0256] The time envelope calculation control information generation unit 2j may be the same 
as that of the first alternative example of the speech encoder 2 according to the first 
embodiment, for example.

[0257] The time envelope calculation control information generation unit 2j generates the 
pseudo locally decoded high frequency band signals using the time envelope information and 
the second frequency envelope information, respectively, and compares them with the original 
signal in the same manner as in the first alternative example of the speech encoder 2
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according to the first embodiment, for example. When the pseudo locally decoded high 
frequency band signal generated using the second frequency envelope information is closer to 
the original signal, information indicating adjustment of the high frequency band signal using 
the second frequency envelope information in the decoder is generated as the time envelope 
calculation control information. The comparison between each of the pseudo locally decoded 
high frequency band signals with the original signal may be made by calculating a differential 
signal and determining whether the differential signal is small or not, for example. Further, the 
comparison may be made by calculating the time envelopes of each of the pseudo locally 
decoded high frequency band signals and the original signal, calculating a difference of the 
time envelopes of each of the pseudo locally decoded high frequency band signals and the 
original signal, and determining whether the difference is small or not. Furthermore, the 
comparison may be made by determining whether the maximum value of the differential signal 
from the original signal and/or the difference in the envelope is small or not. In this 
embodiment, the comparison method is not limited the above examples.

[0258] The time envelope calculation control information generation unit 2j may further use at 
least one of the quantized time envelope information and the quantized second frequency 
envelope information when generating the time envelope calculation control information.

[0259] When the coded supplementary information for high frequency band generation 
received from the quantization/encoding unit 2g and the time envelope calculation control 
information direct that the high frequency band signal be adjusted using the second frequency 
envelope information in the decoder, the coded sequence construction unit 2h constructs the 
high frequency band coded sequence using the coded second frequency envelope information 
and otherwise constructs the same using the coded time envelope information otherwise 
(processing in Step S211).

[0260] Note that the first to fourth alternative examples of the speech encoder 2 according to 
the first embodiment of the invention may be applied to the speech encoder 202 according to 
the third embodiment of the invention.

[Fourth Embodiment]

[0261] A fourth embodiment of the present invention is described hereinbelow.

[0262] Fig. 33 is a diagram showing a configuration of a speech decoder 301 according to the 
fourth embodiment, and Fig. 34 is a flowchart showing a procedure of speech decoding by the 
speech decoder 301 shown in Fig. 33. The speech decoder 201 of Fig. 33 is different from the 
speech decoder 1 according to the first embodiment in that it further includes a time envelope 
calculation control unit 1 s and a frequency envelope superposition unit 1u and that it includes 
a coded sequence decoding/ dequantization unit 1r and a time-frequency envelope adjustment 
unit 1v in place of the coded sequence decoding/dequantization unit 1e and the time envelope 
adjustment unit 1 i, respectively (1c to 1 d, 1 h, 1j, 1r to Is, and 1u to 1v are sometimes referred 
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to also as a bandwidth extension unit (bandwidth extension means)).

[0263] The coded sequence analysis unit 1d analyzes the high frequency band coded 
sequence supplied from the demultiplexing unit 1a and thereby obtains coded supplementary 
information for high frequency band generation and time envelope calculation control 
information and further obtains coded time envelope information and coded frequency 
envelope information or coded second frequency envelope information.

[0264] The time envelope calculation control unit 1s checks, based on the time envelope 
calculation control information supplied from the coded sequence analysis unit 1 d, whether the 
envelope adjustment unit 1v is to adjust the envelope of the high frequency band signal using 
the second frequency envelope information and, when the envelope adjustment unit 1v does 
not adjust the envelope of the high frequency band signal using the second frequency 
envelope information, the coded sequence decoding/ dequantization unit 1r decodes and 
dequantizes the coded time envelope information supplied from the coded sequence analysis 
unit 1d and thereby obtains the time envelope information.

[0265] On the other hand, when the envelope adjustment unit 1v adjusts the envelope of the 
high frequency band signal using the second frequency envelope information, the same 
processing as in Step S190 of the third embodiment is performed. Further, the processing of 
the time-frequency envelope adjustment unit 1v is also the same as in Step S191 of the third 
embodiment.

[0266] It should be noted that the first to seventh alternative examples of the speech decoder 
1 according to the first embodiment of the invention may be applied to the speech decoder 301 
according to the fourth embodiment of the invention.

[0267] Fig. 37 is a diagram showing a configuration of a speech encoder 302 according to the 
fourth embodiment, and Fig. 38 is a flowchart showing a procedure of speech encoding by the 
speech encoder 302 shown in Fig. 37. The speech encoder 302 of Fig. 37 is different from the 
speech encoder 2 according to the first embodiment in that it further includes a time envelope 
calculation control information generation unit 2j, a frequency envelope information calculation 
unit 2p, and a second frequency envelope information calculation unit 2o.

[0268] The quantization/encoding unit 2g quantizes and encodes the time envelope 
information, the frequency envelope information and the second frequency envelope 
information. The quantization and encoding of the time envelope information may be 
performed in the same manner as the quantization and encoding in the quantization/encoding 
unit 2g of the speech encoder according to the first and second embodiments. The 
quantization and encoding of the frequency envelope information and the second frequency 
envelope information may be performed in the same manner as the quantization and encoding 
of the frequency envelope information in the quantization/encoding unit 2g of the speech 
encoder according to the second embodiment. In this embodiment, however, the quantization 
and encoding method of the time envelope information and the second frequency envelope 
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information is not particularly limited.

[0269] The time envelope calculation control information generation unit 2j generates time 
envelope calculation control information using at least one of the signal X(j,i) in the frequency 
domain received from the band splitting filter bank unit 2c, the time envelope information 
received from the time envelope information calculation unit 2f, the frequency envelope 
information received from the frequency envelope information calculation unit 2p, and the 
second frequency envelope information received from the second frequency envelope 
information calculation unit 2o (processing in Step S250). The generated time envelope 
calculation control information may be the time envelope calculation control information in the 
speech decoder 301 according to the fourth embodiment.

[0270] The time envelope calculation control information generation unit 2j may be the same 
as that of the first alternative example of the speech encoder 2 according to the first 
embodiment, for example. Further, the time envelope calculation control information 
generation unit 2j may be the same as that of the speech encoder 202 according to the third 
embodiment, for example.

[0271] The time envelope calculation control information generation unit 2j generates the 
pseudo locally decoded high frequency band signals using the time envelope information, the 
frequency envelope information and the second frequency envelope information, respectively, 
and compares them with the original signal in the same manner as in the first alternative 
example of the speech encoder 2 according to the first embodiment, for example. When the 
pseudo locally decoded high frequency band signal generated using the second frequency 
envelope information is closer to the original signal, information indicating adjustment of the 
high frequency band signal using the second frequency envelope information in the decoder is 
generated as the time envelope calculation control information.

[0272] The comparison between each of the pseudo locally decoded high frequency band 
signals with the original signal may be the same as in the time envelope calculation control 
information generation unit 2j of the speech encoder 202 according to the third embodiment, 
and the comparison method is not particularly limited in this embodiment.

[0273] The time envelope calculation control information generation unit 2j may further use at 
least one of the quantized time envelope information, the quantized frequency envelope 
information and the quantized second frequency envelope information when generating the 
time envelope calculation control information.

[0274] When the coded supplementary information for high frequency band generation 
received from the quantization/encoding unit 1g and the time envelope calculation control 
information directs that the high frequency band signal be adjusted with the second frequency 
envelope information in the decoder, the coded sequence construction unit 2h constructs the 
high frequency band coded sequence using the coded second frequency envelop information 
and otherwise constructs the same with the coded time envelope information and the coded 
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frequency envelope information (processing in Step S252).

[0275] Note that the first to fourth alternative examples of the speech encoder 2 according to 
the first embodiment of the invention may be applied to the speech encoder 302 according to 
the fourth embodiment of the invention.

[Eighth Alternative Example of Speech Decoder According to First Embodiment]

[0276] In this alternative example, in the time envelope calculation unit 1g of the speech 
decoder 1 according to the first embodiment, processing based on a specified function is 
performed on the calculated time envelope. For example, the time envelope calculation unit 1g 
normalizes the time envelope with respect to time and calculates the time envelope Εγ'(Ι,ί) by 

the following equation.
[Equation 70]

/
(/,/)-ΕΓ(/,ί) /(^ + 1)-/(^)

/(5+1)-1

i=t(s)

t(s) <i <t(s+ Ϊ), 0<s<sE
In this alternative example, after the time envelope Εγ'(Ι,ί) is calculated, processing of replacing 

the value Εγ(Ι,ί) with the value Εγ'(Ι,ί) can be done since then.

[0277] According to this alternative example, only the temporal shape of the high frequency 
band signal XhGJ) (FH(l)-j<FH(l+1)) within the frequency band Fh(1 )<j<F|_|(1 +1) of the frame s 

can be adjusted without changing the total amount of energy of the frequency band 
F(-|(l)^j<F|-|(l+1) in the frame s of the high frequency band signal KhG, i) generated by the high 

frequency band generation unit 1h.

[0278] Note that the eighth alternative example of the speech decoder 1 according to the first 
embodiment may be applied also to the first to seventh alternative examples of the speech 
decoder 1 according to the first embodiment and the speech decoders according to the second 
to fourth embodiments, and, in this case, Εγ(Ι, i) may be replaced with Εγ'(Ι, i).

[Ninth Alternative Example of Speech Decoder According to First Embodiment]

[0279] In this alternative example, when the first to n-th low frequency band time envelope 
calculation units 1 ή to 1fn of the speech decoder 1 according to the first embodiment acquire 

the time envelope L-|(k, i) by smoothing the quantity l_o(k, i) in the time direction, l_o(k,i) (t(s)- 
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d^i<t(s)) is stored upon transition from the frame s-1 to the frame s. This alternative example 
allows smoothing of the quantity l_o(k, i) (to be specific, l_o(k,i) (t(s)^i<t(s)+d)) of the frame s 

that is close to the boundary with the frame s-1.

[0280] The ninth alternative example of the speech decoder 1 according to the first 
embodiment is also applicable to the first to eighth alternative examples of the speech decoder 
1 according to the first embodiment and the speech decoders according to the second to 
fourth embodiments.

[Fifth Alternative Example of Speech Encoder According to First Embodiment]

[0281] In this alternative example, the calculation of the time envelope information in the time 
envelope information calculation unit 2f of the speech encoder 2 according to the first 
embodiment is performed based on the correlation between a reference time envelope H(l,i) 
and the above-described g(l,i). For example, the time envelope information calculation unit 2f 
calculates the time envelope information as follows.

[0282] Specifically, a correlation coefficient corr(l) between H(l,i) and g(l,i) is calculated by the 
following equation.

[Equation 71]

/(.$■11)1

X(s-(Z,/) - AT^(/))(g(/,i) - gave(i))

\<l<nH> t(s) <i< t(s +1), 0 <5 < sE
The correlation coefficient corr(l) is compared with a specified threshold, and the time envelope 
information is calculated based on the comparison result. Alternatively, a value corresponding 

to corr2(l) may be calculated and compared with a specified threshold, and the time envelope 
information may be calculated based on the comparison result.

[0283] For example, the time envelope information is calculated as follows: Assuming that the 
specified threshold to be compared with the correlation coefficient is corqh(l) and gdec(U) is 

given by Equation 21, the time envelope information is calculated by the following equation. 
[Equation 72]

ίAEk (s) ~ 0, AliQ (s) = const(O) corr(l) < corrth (I)

I AEk (s) = const(k), Al 0 (s) = 0 otherwise
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cunsi{K) 7= u, κ .> u

[0284] When the time envelope information calculated in the above example is input to the 
second alternative example of the decoder 1 according to the first embodiment, in the case of 
A|,k(s)=0, A| o(s)=const(0) (i.e. in the case where the correlation coefficient is smaller than a 

specified threshold in the encoder) in the sub-band ß(T)|, the time envelope calculation control 

unit 1m outputs the low frequency band time envelope calculation control signal to the k-th 
(k>0) low frequency band time envelope calculation units 1fR so that the low frequency band 

time envelope calculation in the low frequency band time envelope calculation units 1 fR is not 

performed. On the other hand, in the case of A| k(s)=const(k), A| o(s)=O (i.e. in the case where 

the correlation coefficient is larger than a specified threshold in the encoder), the time 
envelope calculation control unit 1m outputs the low frequency band time envelope calculation 
control signal to the k-th (k>0) low frequency band time envelope calculation units 1 fR so that 

the low frequency band time envelope calculation in the low frequency band time envelope 
calculation units 1 fR is performed.

[0285] Note that, in this alternative example, the calculation method is not limited to the above 
example as long as the time envelope information is calculated based on the correlation 
between the reference time envelope H(l,i) and the above-described g(l,i).

[0286] In the case of calculating the time envelope information based on an error (or a 
weighted error) between the reference time envelope H(l,i) and g(l,i) as described in the 
speech encoder 2 according to the first embodiment, the time envelope information is 
calculated based on the degree of matching between the reference time envelope H(l,i) and 
g(l,i). On the other hand, in this alternative example, the time envelope information is 
calculated based on the degree of similarity between the shapes of the reference time 
envelope H(l,i) and g(l,i).

[0287] The fifth alternative example of the speech encoder 2 according to the first embodiment 
is also applicable to the first to fifth alternative examples of the speech encoder 2 according to 
the first embodiment and the speech encoders according to the second to fourth 
embodiments.

[First Alternative Example of Speech Decoder According to Second Embodiment]

[0288] In this alternative example, in the frequency envelope superposition unit 1q of the 
speech decoder 101 according to the second embodiment, processing based on a specified 
function is performed on the frequency envelope EpiC|ec(k,s). For example, the frequency 

envelope superposition unit 1q performs processing based on a function of smoothing the 
frequency envelope EpiC|ec(k,s) given by the following equation.
[Equation 73]
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^F,dec,Filt “ Σ ^F,dec,Temp Z ~ /) ’ SCh (Λ
j=0

where
[Equation 74]

EF^.Temp<M = Ef^(k,s), t(F> < i < rri+1)
and sch(j) and dh are a specified coefficient of smoothing and a specified order of smoothing, 

respectively. In this case, EFdec Fi|t(k,i) is replaced with EFdec(k,s) in the subsequent 

processing.

[0289] Further, a function of determining whether or not to smooth the frequency envelope 
EFdec(k,s) based on the signal characteristics of the frame corresponding to the frequency 

envelope EFdec(k,s) may be included in the above Equation 73. Furthermore, information 

indicating whether or not to perform smoothing may be included in the coded sequence, and a 
function of determining whether or not to smooth the frequency envelope EFdec(k,s) based on 

the information may be included.

[0290] Note that the first alternative example of the speech decoder 101 according to the 
second embodiment is also applicable to the speech decoder according to the fourth 
embodiment.

[Second Alternative Example of Speech Decoder According to Second Embodiment]

[0291] In the frequency envelope superposition unit 1q of the speech decoder 101 according 
to the second embodiment, the quantity E(m,i) is the value obtained by correcting E2(m,i) with 

C(s) (Equation 60). Further, according to Equation 61, the energy of the high frequency band 
signal after adjustment of the time-frequency envelope in the band kx<m<kmax of the frame s is 

corrected to be the total of the time envelope Eo(m,i) in the band kx<m<kmax of the frame s. On 

the other hand, according to Equation 62, the energy of the high frequency band signal after 
adjustment of the time-frequency envelope in the band kx<m<kmax of the frame s is corrected 

to be the total of the frequency envelope E-|(m,i) in the band kx<m<kmax of the frame s. In this 

alternative example, C(s) is given by the following equation so that the energy of the high 
frequency band signal after adjustment of the time-frequency envelope in the band kx<m<kmax 

of the frame s is maintained after the adjustment of the time-frequency envelope.
[Equation 75]

ί(ί+1)“1 -

Σ
= J~kx_______________

(/(^+1)-1 k^-k*
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\ p=0

[0292] Further, C(s) may be given by the following equation so that the energy of the high 
frequency band signal after adjustment of the time-frequency envelope in the band kx<m<kmax 

of the frame s is the total of the time envelope E2(m,i) in the band kx<m<kmax of the frame s. 
[Equation 76]

[0293] Note that the second alternative example of the speech decoder 101 according to the 
second embodiment is also applicable to the first alternative example of the speech decoder 
101 according to the second embodiment and the speech decoder according to the fourth 
embodiment.

[Third Alternative Example of Speech Decoder According to Second Embodiment]

[0294] Fig. 39 is a diagram showing a configuration of a third alternative example of the 
speech decoder 101 according to the second embodiment, and Fig. 40 is a flowchart showing 
a procedure of speech decoding by the speech decoder 101 shown in Fig. 39. This alternative 
example is different from the speech decoder 101 according to the second embodiment in that 
it includes a frequency envelope calculation unit 1w in place of the frequency envelope 
superposition unit 1q.

[0295] The frequency envelope calculation unit 1w in this alternative example calculates the 
frequency envelope Effm.s) in the same manner as the frequency envelope superposition unit 

1q according to the second embodiment (Step S119a).

[0296] Then, the time-frequency envelope adjustment unit 1p adjusts the time-frequency 
envelope as follows, for example, using the time envelope Εγ(Ι,ί) and the frequency envelope 

E-|(m,s) (StepS120).

[0297] Specifically, the time-frequency envelope adjustment unit 1p transforms the time 
envelope Εγ(Ι,ί) into Eo(m,i) in the same manner as the frequency envelope superposition unit 

1q.

[0298] Further, in the same manner as HF adjustment in SBR of "MPEG4 AAC", the noise floor 
scale factor Q(m,s) in the frame s supplied from the coded sequence decoding/ dequantization 
unit le is transformed by the following equation.
[Equation 77]
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Ο< m <Μ,Q<s <sE

[0299] Further, the level of sinusoid in the frame s is given by the following equation using the 
quantity S(m,s) calculated by a parameter that determines whether or not to add a sinusoid 
and that is supplied from the coded sequence decoding/ dequantization unit 1e.
[Equation 78]

S(m,s)
l + g(m,s)

0 < m < M, 0 < s < sE

[0300] Further, the gain is given by the following equation using the frequency envelope 
E-|(m,s), the noise floor scale factor Q(m,s) in the frame s supplied from the coded sequence 

decoding/ dequantization unit 1e, and the function ö(s) that depends on the parameter of the 
frame s supplied from the coded sequence decoding/ dequantization unit 1e.
[Equation 79]

(m, s)

G(m,s) (e+E^r (^))(1 + 3(s) · Q(m, 5))
if = 0

if S'(m,s) Ψ 0

0<m<Af,0<5<5£

[0301] The quantity Ecurr(m,s) is defined by the following equation. 
[Equation 80]

r(jr-t-I)—l kh

Σ ΣΜΜ
Ecurr S) = -------------------------- - ,

(t(s + 1)- 7(^))(^ — kl +1)
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- kx < m < kh - kx , f
μ4 = σ„(λ+ΐ)-ι’1-*-' ”'

0 < I < nH, 0 < 6’ < sB

[0302] It may be defined also by the following equation. 
[Equation 81]

Q<m<M,0<s<sE

[0303] Further, S'(m,s) is the function that represents whether there is a sinusoid to be added 

in the sub-band ß(F)k (G|-|(k)sm<G|-|(k+1)) including the frequency represented by the index m 

in the frame s, and it is "1" when there is a sinusoid to be added and "0" otherwise.

[0304] Further, the following quantity X'|-|(m+kx,i) can be calculated using the above-described 

quantity Ecurr(m,s).
[Equation 82]

0 < m < M, t(s) <i< t(s +1), 0 < s<sE

[0305] Alternatively, the quantity X'|_|(m+kx,i) can be calculated also by the following equation. 
[Equation 83]
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kl-kx<m<kh~kx
I =<?*(*)
[kh = GH(k + 1) -1’

1 < k < mH

t(s) <i< i(s +1),0 <s <sE

[0306] The quantity X'|_|(m+kx,i) can be calculated also from the following equation. 
[Equation 84]

kt-kx <m<kh~kx

t(s) <i< t(s +1),0 <s <sE

[0307] In this processing, the high frequency band signal X|_|(m+kx,i) can be smoothed in the 

time direction in the frequency index m or the sub-band ß(F)k. Thus, by performing the 

subsequent processing, the high frequency band signal on the basis of the time envelope 
calculated in the time envelope calculation unit 1g can be output without depending on the time 
envelope of the high frequency band signal X|_|(m+kx,i).

[0308] Note that the gain G2(m,s), the noise floor scale factor Q3(m,s) and the sinusoid level 

S3(m,s) can be calculated by performing processing based on a specific function on the above­

described gain, the noise floor scale factor and the sinusoid level. For example, in the same 
manner as the HF adjustment in SBR of "MPEG4 AAC", processing based on the function of 
limitation to the gain for avoiding the unneeded addition of noise (gain limiter) and 
compensation for the energy loss by the gain limitation (gain booster) is performed on the 
above-described gain, the noise floor scale factor and the sinusoid level to thereby calculate 
the gain G2(m,s), the noise floor scale factor Q3(m,s) and the sinusoid level S3(m,s) (see 

ISO/IEC 1449-3 4.6.18.7.5 for a specific example). In the case of performing the above 
specified processing, G2(m,s), Q3(m,s) and S3(m,s) are used instead of G(m,s), Q2(m,s) and 

S2(m,s) in the subsequent processing.

[0309] The quantities G3(m,i) and Q^rnj) given by the following equation are calculated using 
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the gain G(m,s), the noise floor scale factor Q2(m,s) and the time envelope Eo(m,i) obtained as 

above. In the following equation, the gain and the noise floor scale factor are calculated based 
on the time envelope, and, after the subsequent processing, the signal with the time-frequency 
envelope adjusted by the time-frequency envelope adjustment unit 1p can be finally output. 
[Equation 85]

G3 (m, z) = · G(m, s)

0<m<M, t(s) < i < t(s +1), 0 < s < sE

[Equation 86]

Ö,(m,i) = ^E0(m,i) -Q2(m,s)

0<m<M, t(s) < i < t(s +1), 0 < s < sE

[0310] Note that, although the gain and the noise floor scale factor are calculated based on the 
time envelope in the above equation, the sinusoid level can be calculated also based on the 
time envelope in the same manner as the gain and the noise floor scale factor.

[0311] Further, processing based on a specified function can be performed on the above­
described G3(m,i) and Q4(m,i). For example, processing based on a function of smoothing may 

be performed. Gnit(m,i) and Qnit(m,i) given by the following equations are calculated.
[Equation 87]

GFilt 0 = Σ GTemp J (J)
J=0

0<m<M, t(s) < i < t(s +1), 0 < y < sE

[Equation 88]

Qfiu (E i) = Σ Qrcv Vn,i-j + dh)· sch (/)
J—0

0 < m < Μ, /(5) < i < Z(y + 1), 0 < s < sE
where schd) and dh are a specified coefficient of smoothing and a specified order of smoothing, 

respectively. Further, GTemp(m,i) and QTemp(mJ) are given by the following equations.
[Equation 89]
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Ο < m < Μ, t(s) < i < /(5- + 1), O < 5 < sE

[Equation 90]

Qremp(m,i + dh) = · Q2(m,s) 

0<m<M ,t(s)<i < /(5 + 1),0 <5 <sE

[0312] Furthermore, the effect of smoothing can be equally obtained by processing based on 
the following functions.
[Equation 91]

GFill (tn, f) = GM (m) ■ W<M (m, i) + (m, i) ■ wcttrr (m, i)

0<m<M,t(s) <i< /(5 + 1),0<5<5^

[Equation 92]

Qf* (m> 0 = Qoid (m) · ™oid (md) + Qremp0 · Wcurr (m> 0
0 < m < M, t(s) < i < /(5 + 1), 0 < 5 < sE

where w0|d(m,i) and wcurr(m,i) are specified weighting factors. Further, GTemp(m,i) and 

QTemp(m,i) are given by the following equations.
[Equation 93]

GTemp(m,i) = ■ G(m,s)

Q<m<M,t(s) <z </(5 +1),0<5<sE

[Equation 94]

ßrw(«>0 = Q2(.m,s)

0 < m <M,/(5) <i< /(5+1),0 <5 <sE

[0313] Further, Goid(m) is the gain of a time index (specifically, t(s)-1) in the previous frame 

(specifically, the frame s-1) at the boundary with the frame s and given by any of the following 
equations.
[Equation 95]
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^old W = ^Temp “ -U = V A) (kS) ~ 0 ’
0 < m < M, 0 < s < 5£

[Equation 96]

0 < m < M, 0<s<sE

[0314] In the case where the above-described processing based on a specified function is 
performed, Gnit(m,s) and Qnit(m,s) are used instead of G3(m,s) and Q4(m,s) in the 

subsequence processing.

[0315] The above-described function of smoothing may include a function of determining 
whether or not to perform smoothing based on the parameter of the frame s supplied from the 
coded sequence decoding/ dequantization unit 1e. Further, information indicating whether or 
not to perform smoothing may be included in the coded sequence, and the above-described 
function of smoothing may include a function of determining whether or not to perform 
smoothing based on the information. Furthermore, it may include a function of determining 
whether or not to perform smoothing based on at least one of the above.

[0316] Finally, the time-frequency envelope adjustment unit 1p obtains the signal with the 
adjusted time-frequency envelope by the following equations.
[Equation 97]

W, (m, z) = G3 (m, i) · XH (m + kz, i)

Re {W2 (m, z) } = Re («, z)} + Q, (m, i) · (/(z))
(m, z)} = Im{^ (zzz, z)} + ft (m, z) · V, (/(z))

[Equation 98]

Re{y(zzz,z)} = Re{W2(m,i)} +

Im{K (m, z)} = Im{JT2 (m, I)} + (m, s, z)
^Re(z»,s,z) - S2(m,s) ■ ^Re.si„(/5i„(z))

(¾(«,s>b = S2{m,s·)·(-1)”’ ■ ^Resi„(/sill(z))
where Vo and V-, are arrays that specify a noise component, f is a function that maps the index 

i onto the index on the arrays, (|)Re,sin and 4>im,sin are arrays that specify the phase of a sinusoid 

component, and fSjn is a function that maps the index i onto the index on the arrays (see 
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"ISO/IEC 14496-3 4.6.18" for a specific example).

[0317] Alternatively, in the above-described Equation 97, X'|-|(m+kx,i) may be used in place of 

XH(m+kx,i).

[0318] Note that, when the gain booster of HF adjustment in SBR of "MPEG4 AAC" described 
above is applied to the frequency envelope superposition unit 1q of the speech decoder 101 
according to the second embodiment, the energy loss due to gain limitation is compensated in 

units of the frame s for each sub-band B^^k (G|_i(k)^j<G|_i(k+1)). On the other hand, according 

to the following equation, the energy loss due to gain limitation is compensated in units of the 

time index i for the high frequency band signal XhOD f°r each sub-band B(F)k 

(GH(k)<j<GH(k+1)).
[Equation 99]

e+
GBoOStTeKi (k,i) = _____________

Ga <Ä+i)-L, '
s+ Σ k„!(/,i)'G2o»+s22o'.s)+i(52(y,s),s)-a!o») 

W)

G2(m,i) = Ga„,w (L<)-G(m,s)

β, <) = -s)

1 < k < mH, Gh(k) < m + kx <GH(k +1), t(s) < i < t(s +1), 0 < s < sE

[0319] In the above-described equation, the gain limiter of HF adjustment in SBR of "MPEG4 
AAC" described above may be applied to the gain G(m,s) and the noise scale factor Q2(m,s).

[0320] Using the gain G2(m,i) and the noise scale factor Q3(m,i), GTemp(mJ) and QTemp(mJ) 
are given by the following equation instead of the above-described Equations 89 and 90. 
[Equation 100]

0 < m < M, t(s) < i < t(s +1), 0 < s < sE

[Equation 101]

Qt^(m,i + dk) = ylE0(m,i) ■ Q3(m,i)

1 \ ΓΧ
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u m <, ivi, i^s) i <. i{s +1j, u 5 <ς sE

[0321] Further, when Equation 99 is replaced with the following equation, the energy loss due 
to gain limitation is compensated in units of the time index i for the high frequency band signal 

XhGJ) for each sub-band B(T\ (F|_|(k)<j<F|_|(k+1)).
[Equation 102]

£■+ Σ£ι<^)
^FSIm

ε+ Σ o>:
= Gßwst w (k,i)>G(jn,s) 

Q3 (m, 0 = GSoostrmf (k, i)-Q2 (m, s')

1 < k < mH, FH(k) < m + kK < FH(k +1), t(s) < i < t(s +1), 0 < s < sE

[0322] Furthermore, when Equation 99 is replaced with the following equation, the energy loss 
due to gain limitation is compensated in units of the time index i for the high frequency band 
signal XhGJ) for each frequency index m.
[Equation 103]

Gaooa.t^m^ =
8 + EAm.s)

kj. ,i)-G2 (m, s) + S22(m, s) + É(S2 (m, s), s) - Q2 (m, s( ·> .
XH (m +

G2(m,i) = GSaostTm? (m,i) ■ G(m,s)

Q3 (m,i) = (m,z) · Q2(m,s) 

l<k <mH,0<m<M, t(s) < i < t(s +1), 0 < s < sE

[0323] Alternatively, when calculating the above quantity GßoostTempim.i), X'H(m+kx,i) may be 

used instead of X|_|(m+kx,i).

[0324] In the time-frequency envelope adjustment unit 1p of the speech decoder 101 
according to the second embodiment, adjustment of the time-frequency envelope is performed 
by the similar way to the HF adjustment in SBR of "MPEG4 AAC" using the quantity E(m,i) 
received from the frequency envelope superposition unit 1 q, in the same manner as performed 
by the time envelope adjustment unit Ii of the speech decoder 1 according to the first 
embodiment. Therefore, in the same manner as performed by the HF adjustment in SBR of 
"MPEG4 AAC", when a gain limiter operation for avoiding addition of unneeded noise is 
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performed on a gain, a noise floor scale factor and a sinusoid level, and a gain booster 
operation is performed to compensate energy loss caused by the gain booster operation, 
these operations are performed on the time index i(t(s)^i<t(s+1)). On the other hand, 
according to this alternative example, when a gain limiter operation for avoiding addition of 
unneeded noise is performed on a gain, a noise floor scale factor and a sinusoid level, and a 
gain booster operation is performed to compensate energy loss caused by the gain booster 
operation, at least one of these operations may be performed on the frame s. Thus, this 
alternative example allows reduction of the amount of operation for the above processing 
compared with the speech decoder 101 according to the second embodiment.

[0325] Note that the third alternative example of the speech decoder 101 according to the 
second embodiment is applicable also to the first and second alternative examples of the 
speech decoder 101 according to the second embodiment and the speech decoder according 
to the fourth embodiment.

[Another Embodiment of Third Alternative Example of Speech Decoder 101 According 
to Second Embodiment]

[0326] In the case where the first, second and third alternative examples of the speech 
decoder 1 used in the first embodiment and the fifth alternative example of the speech decoder 
1 used in the first embodiment which implements at least one of the above alternative 
examples are applied to the above-described alternative example, there is a case where the 
time envelope calculation unit 1g does not calculate the time envelope Εγ(Ι,ί). In this case, the 

operation processing that requires Eo(m,i) is performed by replacing Eo(m,i) with 1. In this way, 

the processing of multiplying Eo(m,i), the power of Eo(m,i) and the square root of Eo(m,i) can 

be omitted, thereby reducing the amount of computation. Note that, in the processing using the 
above method, the time-frequency envelope adjustment unit 1p does not need to calculate 
E0(m,i).

[Sixth Alternative Example of Speech Encoder 2 According to First Embodiment]

[0327] The time envelope information calculation unit 2f calculates the time envelope 
information based on the characteristics of at least one signal of the signal X(j,i) in the 
frequency domain obtained from the band splitting filter bank unit 2c, an external input signal 
received through the communication device of the speech encoder 2, and the down-sampled 
low frequency band signal in the time domain obtained as an output from the down-sampling 
unit 2a. The signal characteristics may be transient characteristics, tonality, noise 
characteristics and the like of the signal, for example, through the signal characteristics are not 
limited to those specific examples in this alternative example.

[0328] Note that this alternative example is also applicable to the first to fifth alternative 
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examples of the speech encoder 2 according to the first embodiment and the speech encoders 
according to the second to fourth embodiments.

[Seventh Alternative Example of Speech Encoder 2 According to First Embodiment]

[0329] The time envelope calculation control information generation unit 2j generates the time 
envelope calculation control information related to the low frequency band time envelope 
calculation method in the speech decoder 1 according to the signal characteristics of at least 
one signal of the signal X(j,i) in the frequency domain obtained from the band splitting filter 
bank unit 2c, an external input signal received through the communication device of the 
speech encoder 2, and the down-sampled low frequency band signal in the time domain 
obtained as an output from the down-sampling unit 2a. The signal characteristics may be 
transient characteristics, tonality, noise characteristics and the like of the signal, for example, 
through the signal characteristics are not limited to those specific examples in this alternative 
example.

[0330] Note that this alternative example is also applicable to the first to sixth alternative 
examples of the speech encoder 2 according to the first embodiment and the speech encoders 
according to the second to fourth embodiments.

[Quantization/Encoding Unit of Speech Encoder According to First to Fourth 
Embodiments]

[0331] In the quantization/encoding unit 2g of the speech encoder according to the first to 
fourth embodiments, the noise floor scale factor, and the parameter that determines whether 
or not to add a sinusoid may be quantized and encoded as a matter of course.

Industrial Applicability

[0332] The present invention is used for a speech decoder, a speech encoder, a speech 
decoding method, a speech encoding method, a speech decoding program, and a speech 
encoding program, and it is possible to adjust the time envelope of a decoded signal into a less 
distorted shape and thereby obtain a reproduced signal in which pre-echo and post-echo are 
sufficiently reduced.

Reference Signs List

[0333] 1f-|~1fn...low frequency band time envelope calculation unit, 2e-|~2en...low frequency 

band time envelope calculation unit, 1,102,201,301 ...speech decoder, 1a...demultiplexing unit, 
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1 b...low frequency band decoding unit, 1c...band splitting filter bank unit, 1d...coded sequence 
analysis unit, le...dequantization unit, 1g...time envelope calculation unit, 1 h...high frequency 
band generation unit, 1i...time envelope adjustment unit, 1j...band synthesis filter bank unit, 1k, 
1m, 1 n, 1o...time envelope calculation control unit, 1 p,1v...time-frequency envelope adjustment 
unit, 1q...frequency envelope superposition unit, 1r...coded sequence decoding/dequantization 
unit, 1s...time envelope calculation control unit, 1t...envelope adjustment unit, 1u...frequency 
envelope superposition unit, 1w...frequency envelope calculation unit, 2,102,202,302...speech 
encoder, 2a...down-sampling unit, 2b...low frequency band encoding unit, 2c...band splitting 
filter bank unit, 2d...supplementary information for high frequency band generation calculation 
unit, 2e-|~2ek...low frequency band time envelope calculation unit, 2f...time envelope 

information calculation unit, 2g...quantization/encoding unit, 2h...high frequency band coded 
sequence construction unit, 2i...multiplexing unit, 2j...time envelope calculation control 
information generation unit, 2k...low frequency band decoding unit, 2m...band synthesis filter 
bank unit, 2n, 20, 2p...frequency envelope information calculation unit
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Patentkrav

1. Taleafkoder (1), der afkoder en kodet sekvens af kodet talesignal, omfattende: 

demultiplekseringsorgan (la) til at demultipleksere den kodede sekvens til 

en kodet sekvens med lavt frekvensbånd og en kodet sekvens med højt 

frekvensbånd;

lavfrekvensbåndafkodningsorgan (lb) til at afkode den kodede sekvens 

med lavt frekvensbånd demultiplekseret af demultiplekseringsorganet (la) 

og at opnå et signal med lavt frekvensbånd; 

frekvenstransformationsorgan (lc) til at transformere signalet med lavt 

frekvensbånd, som opnås af lavfrekvensbåndafkodningsorganet (lb), til et 

frekvensdomæne;

højfrekvensbånd kodet sekvens-analyseorgan (ld) til at analysere den 

kodede sekvens med højt frekvensbånd demultiplekseret af 

demultiplekseringsorganet (la) og at erhverve supplerende information til 

højfrekvensbåndgenerering og tidsindhyllingskurveinformation; 

kodet sekvensafkodnings- og dekvantificeringsorgan (le, lr) til at afkode 

og dekvantificere den supplerende information til 

højfrekvensbåndgenerering og tidsindhyllingskurveinformationen erhvervet 

af højfrekvensbånd kodet sekvens-analyseorganet (ld);

højfrekvensbåndgenereringsorgan (lh) til at generere, ved at anvende den 

supplerende information til højfrekvensbåndgenerering afkodet af kodet 

sekvensafkodnings- og dekvantificeringsorganet (le, lr), et signal med 

højt frekvensbånd aftalesignalet fra signalet med lavt frekvensbånd; 

første til N'te (N er et heltal lig med eller større end to) 

lavfrekvensbåndtidsindhyllingskurveberegningsorgan (lfi,..., lfn) til at 
analysere signalet med lavt frekvensbånd transformeret til 

frekvensdomænet via frekvenstransformationsorganet (lc) og at erhverve 

en flerhed af lavfrekvensbånd-tidsindhyllingskurver; 

tidsindhyllingskurveberegningsorgan (lg) til at beregne en 

højfrekvensbåndstidsindhyllingskurve ved at anvende 

tidsindhyllingskurveinformationen, som erhverves af kodet 

sekvensafkodnings- og dekvantificeringsorganet (le, lr), og flerheden af 

lavfrekvensbånd-tidsindhyllingskurver, som erhverves af lavfrekvensbånd- 

tidsindhyllingskurveberegningsorganet (lfi,..., lfn);
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tidsindhyllingskurve-indstillingsorgan (li) til at indstille, ved at anvende 

tidsindhyllingskurven erhvervet af tidsindhyllingskurveberegningsorganet 

(lg), en tidsindhyllingskurve af signalet med højt frekvensbånd genereret 

af højfrekvensbåndgenereringsorganet (lh); og

invers frekvenstransformationsorgan (lj) til at tilføje signalet med højt 

frekvensbånd (Y(i,j)), som indstilles af 

tidsindhyllingskurveindstillingsorganet (li), og signalet med lavt 

frekvensbånd (X(j,i)), som afkodes af lavfrekvensbåndafkodningsorganet 

(lb), og at udlæse et tidsdomænesignal, der indeholder samlede 

frekvensbåndskomponenter,

kendetegnet ved at

tidsindhyllingskurveberegningsorganet (lg) er konfigureret til at beregne 

højfrekvensbåndstidsindhyllingskurven ved at udføre en behandling, der 

nødvendigvis anvender flerheden af lavfrekvensbåndstidsindhyllingskurver, 

valgt baseret på tidsindhyllingskurveinformationen fra en flerhed af 

specificerede behandlinger ved at anvende forskellige formler fremstillet på 

forhånd.

2. Taleafkoderen (1) ifølge krav 1,

hvor højfrekvensbånd kodet sekvens-analyseorganet (ld) er konfigureret til at 

yderligere erhverve kodet supplerende information til højfrekvensbåndgenerering, 

og frekvensindhyllingskurveinformation;

hvor kodet sekvensafkodnings- og dekvantificeringsorganet (le, lr) er 

konfigureret til at afkode og dekvantisere den supplerende information til 

højfrekvensbåndgenerering, frekvensindhyllingskurveinformationen og 
tidsindhyllingskurveinformationen erhvervet af højfrekvensbånd kodet sekvens- 

analyseorganet (ld);

hvor taleafkoderen (1) yderligere omfatter 

frekvensindhyllingskurveberegningsorgan (lw) til at beregne en 

frekvensindhylling ved at anvende frekvensindhyllingskurveinformationen 

erhvervet af kodet sekvensafkodnings- og dekvantificeringsorganet (le, lr);

hvor tidsindhyllingskurveindstillingsorganet (li) omfatter 

tidsfrekvensindhyllingskurveindstillingsorgan (lp, lv) til at indstille, ved at 

anvende tidsindhyllingskurven erhvervet af tidsindhyllingskurveberegningsorganet 

(lg) og frekvensindhyllingen erhvervet af
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frekvensindhyllingskurveberegningsorganet (lw), tidsindhyllingskurven og en 

frekvensindhylling af højfrekvensbåndkomponenterne genereret af 

højfrekvensbåndgenereringsorganet (lh).

3. Taleafkoder (1) ifølge et hvilket som helst af kravene 1 til 2, yderligere 

omfattende:

tidsindhyllingskurveberegningsstyringsorgan (lk, lm, ln, lo) til at styre, ved at 

anvende signalet med lavt frekvensbånd transformeret til frekvensdomænet via 

frekvenstransformationsorganet (lc), mindst en af (i) beregning af 

lavfrekvensbåndtidsindhyllingskurverne i det første til N'te 

lavfrekvensbåndtidsindhyllingskurveberegningsorgan (lfi,..., lfn) og (ii) beregning 

af højfrekvensbåndstidsindhyllingskurven i tidsindhyllingskurveberegningsorganet 

(ig).

4. Taleafkoder (1) ifølge et hvilket som helst af kravene 1 til 2, yderligere 

omfattende:
tidsindhyllingskurveberegningsstyringsorgan (lk, lm, ln, lo) til at styre, ved at 

anvende tidsindhyllingskurveinformationen erhvervet af kodet sekvensafkodnings- 

og dekvantificeringsorganet (le, lr), mindst en af (i) beregning af 

lavfrekvensbåndtidsindhyllingskurverne i det første til N'te 

lavfrekvensbåndtidsindhyllingskurveberegningsorgan (lfi,..., lfn) og (ii) beregning 

af højfrekvensbåndstidsindhyllingskurven i tidsindhyllingskurveberegningsorganet 

(ig).

5. Taleafkoder (1) ifølge et hvilket som helst af kravene 1 til 2, hvor 
højfrekvensbånd kodet sekvens-analyseorganet (ld) yderligere erhverver 

tidsindhyllingskurveberegningsstyringsinformation og

taleafkoderen (1) yderligere omfatter tidsindhyllingskurveberegningsstyringsorgan 

(lk, lm, ln, lo) til at styre, ved at anvende 

tidsindhyllingskurveberegningsstyringsinformationen erhvervet af højfrekvensbånd 

kodet sekvens-analyseorganet (ld), mindst en af (i) beregning af 

lavfrekvensbåndtidsindhyllingskurverne i det første til N'te 

lavfrekvensbåndtidsindhyllingskurveberegningsorgan (lfi,..., lfn) og (ii) beregning 

af højfrekvensbåndstidsindhyllingskurven i tidsindhyllingskurveberegningsorganet
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(ig).

6. Taleafkoder (1) ifølge et hvilket som helst af kravene 1 til 2, hvor 

højfrekvensbånd kodet sekvens-analyseorganet (ld) yderligere erhverver 

tidsindhyllingskurveberegningsstyringsinformation,

kodet sekvensafkodnings- og dekvantificeringsorganet (le, lr) yderligere 

erhverver anden frekvensindhyllingskurveinformation og

taleafkoderen (1) yderligere omfatter tidsindhyllingskurveberegningsstyringsorgan 

(lk, lm, ln, lo) til at bestemme, baseret på 

tidsindhyllingskurveberegningsstyringsinformationen, hvorvidt 

frekvensindhyllingen af højfrekvensbåndkomponenterne skal indstilles, baseret på 

den anden frekvensindhyllingskurveinformation og, når det bestemmes, at 

indstille frekvensindhyllingen, at styre ikke at udføre beregning af 

lavfrekvensbåndtidsindhyllingskurverne i det første til N'te 

lavfrekvensbåndtidsindhyllingskurveberegningsorgan (lfi,..., lfn) eller beregning 

af højfrekvensbåndstidsindhyllingskurven i tidsindhyllingskurveberegningsorganet 

(ig).

7. Talekoder (2), der koder et talesignal, omfattende:

frekvenstransformationsorgan (2c) til at transformere talesignalet til et 

frekvensdomæne;
nedadaflæsningsorgan (2a) til at nedadaflæse talesignalet og at erhverve 

et signal med lavt frekvensbånd;

lavfrekvensbåndskodningsorgan (2b) til at kode signalet med lavt 

frekvensbånd erhvervet af nedadaflæsningsorganet (2a);

første til N'te (N er et heltal lig med eller større end to) 

lavfrekvensbåndtidsindhyllingskurveberegningsorgan (2ei,..., 2en) til at 

beregne en flerhed af tidsindhyllingskurver af lavfrekvensbåndkomponenter 

af talesignalet transformeret til frekvensdomænet via 

frekvenstransformationsorganet (2c);

tidsindhyllingskurveinformationsberegningsorgan (2f) til at beregne, ved at 

anvende tidsindhyllingskurverne af lavfrekvensbåndkomponenterne 

beregnet af det første til N'te 

lavfrekvensbåndtidsindhyllingskurveberegningsorgan (2ei,..., 2en), 

tidsindhyllingskurveinformation nødvendigt for at erhverve en 
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tidsindhyllingskurve af højfrekvensbåndkomponenter af talesignalet 

transformeret via frekvenstransformationsorganet (2c);

beregningsorgan til supplerende information (2d) til at analysere 

talesignalet og at beregne supplerende information til 

højfrekvensbåndgenerering, der skal anvendes til at generere 

højfrekvensbåndkomponenter fra signalet med lavt frekvensbånd; 

kvantiserings- og kodningsorgan (2g) til at kvantisere og kode den 

supplerende information til højfrekvensbåndgenerering, som er genereret 

af beregningsorganet til supplerende information (2d), og 

tidsindhyllingskurveinformationen, som er beregnet af 

tidsindhyllingskurveinformationsberegningsorganet (2f);

kodet sekvens konstruktionsorgan (2h) til at konstruere en kodet sekvens 

med højt frekvensbånd fra den supplerende information til 

højfrekvensbåndgenerering og tidsindhyllingskurveinformationen  

kvanticeret og kodet af kvantiserings- og kodningsorganet (2g); og 

multiplekseringsorgan (2i) til at generere en kodet sekvens, hvori den 

kodede sekvens med lavt frekvensbånd, som erhverves af 

lavfrekvensbåndskodningsorganet (2b), og den kodede sekvens med højt 

frekvensbånd, som er konstrueret af kodet sekvenskonstruktionsorganet 

(2h), multiplekseres, 

kendetegnet ved at 

tidsindhyllingskurveinformationsberegningsorganet (2f) er konfigureret til 

at beregne tidsindhyllingskurveinformationen anvendt til at vælge en 

behandling fra en flerhed af specificerede behandlinger ved at anvende 

forskellige formler til at erhverve tidsindhyllingskurven for 
højfrekvensbåndkomponenter nødvendigvis fra flerheden af 

lavfrekvensbåndstidsindhyllingskurver.

8. Talekoderen (2) ifølge krav 7, yderligere omfattende: 
frekvensindhyllingskurveinformationsberegningsorgan (2n, 2o, 2p) til at 

beregne frekvensindhyllingskurveinformation af 

højfrekvensbåndkomponenterne af talesignalet transformeret til 

frekvensdomænet via frekvenstransformationsorganet (2c), hvor 

kvantiserings- og kodningsorganet (2g) yderligere kvantiserer og koder 

frekvensindhyllingskurveinformationen, og
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kodet sekvenskonstruktionsorganet (2h) konstruerer den kodede sekvens 

med højt frekvensbånd ved at yderligere tilføje 

frekvensindhyllingskurveinformationen, der er kvanticeret og kodet af 

kvantiserings- og kodningsorganet (2g).

9. Talekoderen (2) ifølge krav 7 eller 8, yderligere omfattende:

styringsinformationsgenereringsorgan (2j) til at generere 

tidsindhyllingskurveberegningsstyringsinformation, der styrer 

tidsindhyllingskurveberegning i en taleafkoder ved at anvende mindst et af

(i) talesignalet transformeret til frekvensdomænet via 

frekvenstransformationsorganet (2c) og (ii) 

tidsindhyllingskurveinformationen beregnet af 

tidsindhyllingskurveinformationsberegningsorganet (2f), hvor 

kodet sekvenskonstruktionsorganet (2h) konstruerer den kodede sekvens 

med højt frekvensbånd ved yderligere at tilføje 

tidsindhyllingskurveberegningsstyringsinformationen genereret af 

styringsinformationsgenereringsorganet (2j).

10. Talekoderen (2) ifølge et hvilket som helst af kravene 7 til 9, hvor 

tidsindhyllingskurveinformationsberegningsorganet (2f) beregner en 

tidsindhyllingskurve af højfrekvensbåndkomponenter af talesignalet transformeret 

til frekvensdomænet via frekvenstransformationsorganet (2c), og beregner 

tidsindhyllingskurveinformationen baseret på korrelation mellem en 

tidsindhyllingskurve beregnet fra de første til N'te tidsindhyllingskurver af 

lavfrekvensbåndkomponenter og tidsindhyllingskurven af frekvenskomponenterne.

11. Taleafkodningsfremgangsmåde til at afkode en kodet sekvens genereret ved 

at afkode et talesignal, omfattende:

et demultiplekseringstrin, udført af demultiplekseringsorgan (la), til at 

demultipleksere den kodede sekvens til en kodet sekvens med lavt 

frekvensbånd og en kodet sekvens med højt frekvensbånd;

et lavfrekvensbåndsafkodningstrin, udført af 

lavfrekvensbåndafkodningsorganet (lb), til at afkode den kodede sekvens 

med lavt frekvensbånd demultiplekseret af demultiplekseringsorganet (la) 

og at opnå signal med lavt frekvensbånd;
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et frekvenstransformationstrin, udført af frekvenstransformationsorgan 

(lc), til at transformere signalet med lavt frekvensbånd opnået af 

lavfrekvensbåndafkodningsorganet (lb) til et frekvensdomæne;

et højfrekvensbåndkodet sekvensanalysetrin, udført af højfrekvensbånd 

kodet sekvens-analyseorganet (ld), til at analysere den kodede sekvens 

med højt frekvensbånd demultiplekseret af demultiplekseringsorganet (la) 

og at erhverve kodet supplerende information til 

højfrekvensbåndgenerering og tidsindhyllingskurveinformation;

et trin til at afkode og dekvantificere en kodet sekvens, der udføres af et 

kodet sekvens afkodnings- og dekvantificeringsorgan (le, lr), til at afkode 

og dekvantificere den supplerende information til 

højfrekvensbåndgenerering og tidsindhyllingskurveinformationen erhvervet 

af højfrekvensbånd kodet sekvens-analyseorganet (ld);

et højfrekvensbåndgenereringstrin, udført af 

højfrekvensbåndgenereringsorgan (lh), til at generere, ved at anvende den 

supplerende information til højfrekvensbåndgenerering afkodet af kodet 

sekvensafkodnings- og dekvantificeringsorganet (le, lr), et 

højfrekvensbåndssignal aftalesignalet fra signalet med lavt frekvensbånd; 

et første til N'te (N er et heltal lig med eller større end to) 

lavfrekvensbåndstidsindhyllingskurveberegningstrin, udført af første til N'te 

lavfrekvensbåndtidsindhyllingskurveberegningsorgan (lfi,.., lfn), til at 

analysere signalet med lavt frekvensbånd transformeret til 

frekvensdomænet via frekvenstransformationsorganet (lc) og at erhverve 

en flerhed af lavfrekvensbåndstidsindhyllingskurver;

et tidsindhyllingskurveberegningstrin, som udføres 

tidsindhyllingskurveberegningsorgan (lg), til at beregne en 

højfrekvensbåndstidsindhyllingskurve ved at anvende 

tidsindhyllingskurveinformationen, som erhverves af kodet 

sekvensafkodnings- og dekvantificeringsorganet (le, lr), og flerheden af 

lavfrekvensbåndstidsindhyllingskurver, som erhverves af 

lavfrekvensbåndtidsindhyllingskurveberegningsorganet (lfi,.., lfn);

et tidsindhyllingskurveindstillingstrin, der udføres af 

tidsindhyllingskurveindstillingsorganet (li), til at indstille en 

tidsindhyllingskurve af signalet med højt frekvensbånd genereret af 

højfrekvensbåndgenereringsorganet (lh) ved at anvende 
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tidsindhyllingskurven, som erhverves af 

tidsindhyllingskurveberegningsorganet (lg); og 

et invers frekvenstransformationstrin, der udføres af invers 

frekvenstransformationsorgan (lj), til at tilføje signalet med højt 

frekvensbånd, som er indstillet af tidsindhyllingskurveindstillingsorganet 

(li), og signalet med lavt frekvensbånd, som er afkodet af 

lavfrekvensbåndafkodningsorganet (lb), og at udlæse et 

tidsdomænesignal, der indeholder de samlede frekvensbåndskomponenter, 

kendetegnet ved at 

tidsindhyllingskurveberegningstrinnet inkluderer at beregne 

højfrekvensbåndstidsindhyllingskurven ved at udføre en behandling, der 

nødvendigvis anvender flerheden af lavfrekvensbåndstidsindhyllingskurver, 

valgt baseret på tidsindhyllingskurveinformationen fra en flerhed af 

specificerede behandlinger, der anvender forskellige formler fremstillet på 

forhånd.

12. Taleafkodningsfremgangsmåde ifølge krav 11, hvor højfrekvensbåndkodet 

sekvensanalysetrinnet yderligere omfatter at erhverve kodet supplerende 

information til højfrekvensbåndgenerering og 

frekvensindhyllingskurveinformation;

hvor trinnet til at afkode og dekvanticere den kodede sekvens omfatter at afkode 
og dekvantificere den supplerende information til højfrekvensbåndgenerering, 

frekvensindhyllingskurveinformationen og tidsindhyllingskurveinformationen, der 

erhverves af højfrekvensbånd kodet sekvens-analyseorganet (ld);

hvor fremgangsmåden yderligere omfatter et 

frekvensindhyllingskurveberegningstrin, udført af 

frekvensindhyllingskurveberegningsorgan (lw), til at beregne en 

frekvensindhylling ved at anvende frekvensindhyllingskurveinformationen, der 

erhverves af kodet sekvensafkodnings- og dekvantificeringsorganet (le, lr); 
hvor tidsindhyllingskurveindstillingstrinnet omfatter et 

tidsfrekvensindhyllingskurveindstillingstrin, udført af 

tidsfrekvensindhyllingskurveindstillingsorgan (lp, lv) af 

tidsindhyllingskurveindstillingsorganet (li), til at indstille, ved at anvende 

tidsindhyllingskurven, der erhverves af tidsindhyllingskurveberegningsorganet 

(lg) og frekvensindhyllingen, der erhverves af
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frekvensindhyllingskurveberegningsorganet (lw), en tidsindhyllingskurve og en 

frekvensindhylling af højfrekvensbåndkomponenterne genereret af 

højfrekvensbåndgenereringsorganet (lh).

13. Talekodningsfremgangsmåde til at afkode et talesignal, omfattende:

et frekvenstransformationstrin, udført af frekvenstransformationsorgan 

(2c), til at transformere talesignalet til et frekvensdomæne;

et nedadaflæsningstrin, udført af nedadaflæsningsorgan (2a), til at 

nedadaflæse talesignalet og at erhverve et signal med lavt frekvensbånd;

et lavfrekvensbåndskodningstrin, udført af lavfrekvensbåndskodningsorgan 

(2b), til at kode signalet med lavt frekvensbånd, der erhverves af 

nedadaflæsningsorganet (2a);

et første til N'te (N er et heltal lig med eller større end to) 

lavfrekvensbåndstidsindhyllingskurveberegningstrin, udført af første til N'te 

lavfrekvensbåndtidsindhyllingskurveberegningsorgan (2ei,..., 2en), til at 

beregne en flerhed af tidsindhyllingskurver af lavfrekvensbåndkomponenter 

af talesignalet transformeret til frekvensdomænet via 

frekvenstransformationsorganet (2c);

et tidsindhyllingskurveinformationsberegningstrin, udført af 

tidsindhyllingskurveinformationsberegningsorgan (2f), til at beregne, ved at 

anvende tidsindhyllingskurverne af lavfrekvensbåndkomponenterne 

beregnet af det første til N'te 

lavfrekvensbåndtidsindhyllingskurveberegningsorgan (2ei,..., 2en), 

tidsindhyllingskurveinformation nødvendigt for at erhverve en 

tidsindhyllingskurve af højfrekvensbåndkomponenter af talesignalet 

transformeret via frekvenstransformationsorganet (2c);

et beregningstrin af supplerende information, udført af beregningsorgan til 

supplerende information (2d), til at analysere talesignalet og at beregne 

supplerende information til højfrekvensbåndgenerering, der skal anvendes 

til at generere højfrekvensbåndkomponenter fra signalet med lavt 

frekvensbånd;

et kvantiserings- og kodningstrin, udført af kvantiserings- og 

kodningsorgan (2g), til at kvantisere og kode den supplerende information 

til højfrekvensbåndgenerering, som er genereret af beregningsorganet til
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beregnet af tidsindhyllingskurveinformationsberegningsorganet (2f);

et konstruktionstrin til en kodet sekvens, udført af kodet sekvens 

konstruktionsorgan (2h), til at konstruere en kodet sekvens med højt 

frekvensbånd fra den supplerende information til 

højfrekvensbåndgenerering og tidsindhyllingskurveinformationen  

kvanticeret og kodet af kvantiserings- og kodningsorganet (2g); og 

et multiplekseringstrin, udført af multiplekseringsorgan (2i), til at generere 

en kodet sekvens, hvori den kodede sekvens med lavt frekvensbånd, som 

erhverves af lavfrekvensbåndskodningsorganet (2b), og den kodede 

sekvens med højt frekvensbånd, som er konstrueret af kodet 

sekvenskonstruktionsorganet (2h), multiplekseres,

kendetegnet ved at 

tidsindhyllingskurveinformationsberegningstrinnet inkluderer at beregne 

tidsindhyllingskurveinformationen anvendt til at vælge en behandling fra en 

flerhed af specificerede behandlinger ved at anvende forskellige formler til 
at erhverve tidsindhyllingskurven til højfrekvensbåndkomponenter 

nødvendigivs fra flerheden af lavfrekvensbåndstidsindhyllingskurver.

14. Taleafkodningsprogram omfattende instruktioner, der, når udført af en 

computer, forårsager, at computeren udfører trinnne i fremgangsmåden ifølge et 

hvilket som helst af kravene 11 til 12.

15. Talekodningsprogram omfattende instruktioner, der, når udført afen 

computer, forårsager, at computeren udfører trinnne i fremgangsmåden ifølge 

krav 13.
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