
2F11135-PCI DESCRIPT ION Title of Invention ENCODER APPARATUS AND ENCODING METHOD
5 Technical Field [0001]The present invention relates to a coding apparatus and coding methods.
10Background Art [0002]A coding method is proposed which combines a CELP (Code Excited Linear
Prediction) coding method suitable for a speech signal with a transform coding method suitable for a
music signal in a layer structure, as a coding method which can 15  compress speech and music and
so forth at a low bit rate and with high sound quality (see for example, Non-Patent Literature 1).
Hereinafter, a speech signal and a music signal may be collectively referred to as an audio signal.
[0003]In the coding method, a coding apparatus first encodes 20an input signal by a CELP coding
method to generate CELP 



coded data.The coding apparatus then converts a residual signal (hereinafter, referred to as a CELP
residual signal) between the input signal and a CELP decoded signal (a decoded result of the CELP
coded data) into the frequency domain to 25acquire a residual spectrum and performs transform
coding on the residual spectrum, thereby providing a high sound quality.  2F11135-PCT A transform
coding method is proposed which generates pulses at frequencies having a high residual spectrum
energy and encodes information of the pulses (see, Non-Patent Literature 1). 5[0004]While the CELP
coding method is suitable for speech signal coding, the coding model of the CELP coding method is
different from that of a music signal, and therefore sound quality degrades in coding the music signal
through the CELP coding method. For this reason, the CELP residual signal 10component is large
when the music signal is encoded by the above coding method, and thereby raising a problem that
sound quality is less likely to be improved in encoding the CELP residual signal (residual spectrum) by
the transform coding. [0005]To solve this problem, a coding method (a CELP 15 component
suppressing method) is proposed which suppresses the amplitude of a frequency component of the
CELP decoded signal (hereinafter, referred to as a CELP component) to calculate a residual spectrum
and performs transform coding on the calculated residual spectrum to provide high sound quality
20(see, for example, Patent Literature 1 and Non-Patent Literature 



1 (section 6.11.6.2)). [0006] The CELP component suppressing method disclosed in Non-Patent
Literature 1 suppresses the amplitude of the CELP component (hereinafter, referred to as CELP
suppressing) in 25only a middle band of 0.8 kHz to 5.5 kHz when a sampling frequency for an input
signal is 16 kHz.In Non-Patent  2F1 35-PCT Literature 1, the coding apparatus does not directly
perform transform coding on the CELP residual signal, and reduces the residual signal of a CELP
component by another transform coding method beforehand (see, for example, Non-Patent  5
Literature 1 (Section 6.11.6.1)). For this reason, the coding apparatus does not perform CELP
suppressing on a frequency component coded by the other transform coding method even in the
middle band. A CELP suppressing coefficient indicating thedegreeof
CELPsuppressing(level)isconstantin 10frequencies in the middle band other than frequencies in which
the CELP suppressing is not performed. The CELP suppressing coefficients are stored in a code book
(hereinafter, referred to as a CELP suppressing coefficient code book) according to the level of the
CELP suppressing. The CELP suppressing  15 coefficient code book stores a coefficient (-1.0)
meaning that no CELP component is suppressed. [0007]The coding apparatus performs CELP
suppressing by multiplying the CELP component (a CELP decoded signal) by 



theCELPsuppressingcoefficientstoredintheCELP  20 suppressing coefficient code book before the
transform coding, acquires the residual spectrum between the input signal and the CELP decoded
signal (a CELP decoded signal after the CELP suppressing), and performs transform coding on the
residual spectrum. This transform coding is performed for all CELP 25suppressing coefficients.The
coding apparatus then calculates a residual signal between the input signal and a signal obtained  2F1
35-PCT by adding a decoded signal of the transform-coded data and the CELP decoded signal in
which the CELP component is suppressed, determines a CELP suppressing coefficient such that an
energy of the residual signal (hereinafter, referred to as 5 a coding distortion) is minimum, and
encodes the searched CELP suppressing coefficient (a CELP suppressing coefficient such that the
coding distortion is minimum). By this means, the coding apparatus can perform transform coding
which minimizes the coding distortion in all bands. Hereinafter, a 10 series of processes in which
transform coding is performed for each CELP suppressing coefficient and a CELP suppressing
coefficient is determined such that a coding distortion (an energy of the residual signal) is minimum is
referred to as a "main selection." 15[0008]Meanwhile, a decoding apparatus suppresses the CELP
component of the CELP decoded signal using the CELP suppressing coefficient transmitted from the
coding apparatus and adds a decoded signal subjected to transform coding to the CELP decoded
signal in which the CELP component is 20 suppressed. This allows the decoding apparatus to acquire
a decoded signal having less deterioration of sound quality due to CELP coding when performing
coding which combines the CELP coding and the transform coding in a layer structure. 25Citation List
Patent Literature  2F11135-PCT 



[0009] PTL 1 U.S.PatentApplicationPublicationNo.2009/0112607 Specification 5Non-Patent Literature
[0010] NPL 1 Recommendation ITU-T G.718, June, 2008 10Summary of Invention Technical Problem
[0011]However, when evaluation of a coding distortion    (hereunder, may be referred to as "distortion
evaluation") is performed by performing transform coding for each CELP
15suppressingcoefficientstoredinaCELPsuppressing coefficient code book by the above CELP
component suppressing method, since it is necessary to perform transform coding for all CELP
suppressing coefficient candidates, that is, for all the CELP suppressing coefficients that are stored in
the 20 CELP suppressing coefficient code book, there is the problem that the workload in the coding
apparatus becomes extremely large. [0012]It is an object of the present invention to provide a
coding apparatus and a coding method that can reduce a
25workloadatacodingapparatuswhilesuppressinga deteriorationinthequalityofencodingbyselecting
2F11135-PCT 



(hereunder, referred to as "preliminary selection") a part of input signals (hereunder, referred to as
"target signals") for a transform coding process that are generated for each CELP suppressing
coefficient, to thereby limit targets on which 5transform coding is performed in a main selection.
Solution to Problem [0013]A coding apparatus according toone aspect of the present invention
includes: a first coding section that outputs a 10 spectrum of a first decoded signal that is generated by
decoding a first code obtained by a first encoding of an input signal; a suppressing section that
suppresses an amplitude of the spectrum of the first decoded signal using a suppressing coefficient
that is specified from among a plurality of IS suppressing coefficients, to generate a suppressed
spectrum; a residual spectrum calculating section that calculates a residual spectrum using a spectrum
of the input signal and the suppressed spectrum; a preliminary selecting section that preliminarily
selects a predetermined number of suppressing 20 coefficients using the spectrum of the input signal
and the residual spectrum, and specifies the preliminarily selected suppressing coefficients to the
suppressing section; and a second coding section that performs a second encoding using a residual
spectrum that is calculated by inputting into the 25residual spectrum calculating section a suppressed
spectrum that is generated using the specified suppressing coefficient in  2F11135-PCT
thesuppressingsection,anddeterminesonesuppressing coefficient among the specified suppressing
coefficients using a spectrum of a second decoded signal that is generated by decoding a second
code obtained by the second encoding, the 



5suppressed spectrum and the spectrum of the input signal. [0014] A coding method according to one
aspect of the present invention includes: a first coding step of outputting a spectrum of a first decoded
signal that is generated by decoding a first code obtained by a first encoding of an input signal; a 10
suppressing step of suppressing an amplitude of the spectrum of the first decoded signal using a
suppressing coefficient that is specified from among a plurality of suppressing coefficients, to generate
a suppressed spectrum; a residual spectrum calculating step of calculating a residual spectrum using
a spectrum of the 15input signal and the suppressed spectrum; a preliminary selection step of
preliminarily selecting a predetermined number of suppressing coefficients that are used in the
suppressing step using the spectrum of the input signal and the residual spectrum, and setting the
preliminarily selected 20 suppressing coefficients as the specified suppressing coefficients; and a
second coding step of performing a second encoding using a residual spectrum that is calculated in
the residual spectrum calculating step using a suppressed spectrum that is generated using the
specified suppressing coefficient in 25thesuppressingstep,anddeterminingonesuppressing coefficient
among the specified suppressing coefficients using a  2F11135-PCT spectrum of a second decoded
signal that is generated by decoding a second code obtained by the second encoding, the suppressed
spectrum and the spectrum of the input signal. 5Advantageous Effects of Invention [0015]According to
the present invention, in a coding method which combines coding suitable for a speech signal with
coding suitable for a music signal in a layer structure, in comparison to a method that successively
performs transform coding with 



10 respect to all CELP suppressing coefficient candidates, a workload at a coding apparatus can be
reduced while suppressing a deterioration in the quality of encoding. Brief Description of Drawings
15[0016]         FIG. I is a block diagram showing a configuration of a coding apparatus according to
Embodiment 1 of the present invention;            FIG. 2 is a block diagram showing a configuration of a
20decoding apparatus according to Embodiment 1 of the present invention; and         FIG. 3 is a block
diagram showing a configuration of a coding apparatus according to Embodiment 2 of the present
invention. 25 Description of Embodiments 2F11135-PCT [0017]Hereinafter, embodiments of the
present invention will be explained in detail with reference to the accompanying drawings.A coding
apparatus and a decoding apparatus according to the present invention will be described using an
5audio coding apparatus and an audio decoding apparatus as examples.As described above, a
speech signal and a music 



signal are collectively referred to as an audio signal.In other    words, the audio signal represents any
of the only substantive speech signal, the only substantive music signal, the mixture of tothe speech
signal and the music signal. [0018]A coding apparatus and a decoding apparatus according to the
present invention include at least two coding layers. Hereinafter, CELP coding is employed for coding
suitable for a speech signal and transform coding is employed for coding 5  suitable for a music signal
as a representative, and the coding apparatus and the decoding apparatus each employ a coding
method which combines CELP coding and transform coding in a layer structure. 20[0019](Embodiment
1)         FIG. 1 is a block diagram showing a main configuration of coding apparatus 100 according to
Embodiment 1 of the present invention. Coding apparatus 100 encodes an input signal such as a
speech signal and a music signal through a 25coding method which combines CELP coding with
transform coding in a layer structure and outputs coded data.As shown 2F11135-PCT in FIG. 1,
coding apparatus 100 includes modified discrete cosine transform (MDCT) section 101, CELP coding
section 102, MDCT section 103, CELP component suppressing section 104, CELP residual signal
spectrum calculating section 105, 5 pulse position estimating section 106, estimated pulse attenuating
section 107, estimated distortion evaluating section 108, main selection candidate limiting section 109,
transform coding section 110, adding section 111, distortion evaluating section 112, and multiplexing
section 113. Each section 10performs the following operations. [0020]In coding apparatus 100 shown
in FIG. 1, MDCT 



section 101 performs a MDCT process on an input signal to generate an input signal spectrum.MDCT
section 101 then outputs the generated input signal spectrum to CELP residual 15signal spectrum
calculating section 105, distortion evaluating section 112, and estimated distortion evaluating section
108. [0021]CELP coding section 102 encodes the input signal by a CELP coding method to generate
CELP coded data.CELP coding section 102 decodes (local-decodes) the generated CELP 20 coded
data to generate a CELP decoded signal. CELP coding section 102 then outputs the CELP coded data
to multiplexing section 113 and outputs the CELP decoded signal to MDCT section 103.    [0022]
MDCT section 103 performs a MDCT process on the 25CELP decoded signal inputted from CELP
coding section 102 to generate a CELP decoded signal spectrum. MDCT section 103  2F11135-PCT
then outputs the generated CELP decoded signal spectrum to CETI' component suppressing section
104. [0023]Thus, for example, CELP coding section 102 and MDCT section 103 operate as a first
coding section that outputs 



5a spectrum of a first decoded signal generated by decoding a first code acquired by a first encoding
on an input signal. [0024]CELP component suppressing section 104 includes a CELP suppressing
coefficient code book which stores CELP suppressing coefficients indicating the degree (level) of
CELP  10 suppressing. The CELP suppressing coefficient code book, for example, stores four types of
CELP suppressing coefficients from 1.0 representing no-suppression to 0.5 representing that the
amplitude of a CELP component is reduced to half. In other words, the value of the CELP suppressing
coefficient is  15 small as the degree (level) of the CELP suppressing is higher. In this case, it is
assumed that, in the CELP suppressing coefficient code book, CELP suppressing coefficients are
stored in ascending or descending order of the degree (level) of CELP suppressing. It is also assumed
that each CELP suppressing  20 coefficient is assigned an index (a CELP suppressing coefficient
index) in ascending or descending order with respect to the degree (level) of CELP suppressing.
[0025]CELP component suppressing section 104 first selects    the CELP suppressing coefficient from
the CELP suppressing 25coefficient code book in accordance with a CELP suppressing coefficient
index inputted from estimated distortion evaluating  2F11135-PCT section 108, main selection
candidate limiting section 109, or distortionevaluatingsection112.CELPcomponent
suppressingsection104thenmultiplieseachfrequency 



component of the CELP decoded signal spectrum inputted from 5MDCT section103by the
selectedCELP suppressing coefficient,tocalculateaCELPcomponentsuppressed spectrum.CELP
component suppressing section 104 then outputs the CELP component suppressed spectrum to CELP
residual signal spectrum calculating section 105 and adding IDsection 111. [0026]CE LP residual
signal spectrum calculating section 105 calculates a CELP residual signal spectrum, i.e., a difference
between the input signal spectrum inputted from MDCT section 101 and the CELP component
suppressed spectrum inputted 15 from CELP component suppressing section 104. To be more
specific, CELP residual signal spectrum calculating section 105 acquires the CELP residual signal
spectrum by subtracting the CELP component suppressed spectrum from the input signal spectrum.
CELP residual signal spectrum calculating section 20 105 then outputs the CELP residual signal
spectrum to transform coding section 110, pulse position estimating section 106, estimated pulse
attenuating section 107. [0027]Pulse position estimating section 106 estimates pulse    positions (for
example, frequencies having a large amplitude of 25the CELP residual signal spectrum) that are
encoded by transform coding section 110, using the CELP residual signal 



2F11135-PCT spectrum (target signal for transform coding; hereunder, may be referred to as "target
signal") that is inputted from CELP residual signal spectrum calculating section 105. Pulse position
estimating section 106 then outputs the pulse positions 5that were estimated (estimated pulse
positions) to estimated pulse attenuating section 107. [0028]Estimated pulse attenuating section 107
attenuates the    amplitude at the estimated pulse positions that are inputted from pulse position
estimating section 106 in the CELP residual 10signal spectrum that is inputted from CELP residual
signal spectrum calculating section 105. Estimated pulse attenuating section 107 then outputs a
spectrum after the attenuation to estimated distortion evaluating section 108 as a transform coding
estimated residual spectrum. 15[0029]Estimated distortion evaluating section 108 calculates an
estimated distortion energy that is an estimated value of a coding distortion (distortion energy) that is
due to transform coding, using the input signal spectrum that is inputted from MDCT section 101, and
the transform coding estimated residual 20spectrum that is inputted from estimated pulse attenuating
section 107. Estimated distortion evaluating section 108 then outputs the estimated distortion energy
to main selection candidate limiting section 109. [0030]Estimated distortion evaluating section 108
outputs a 25CELP suppressing coefficient index that is an evaluation target to CELP component
suppressing section 104 in order to obtain a  



2F11135-PCT transform coding estimated residual spectrum corresponding to the CELP suppressing
coefficient that is an evaluation target in a preliminary selection search that is described later. For
example, when calculating an estimated distortion energy for a 5CELP suppressing coefficient index j
= 1, estimated distortion evaluating section 108 outputs the CELP suppressing coefficient index j = 1 to
CELP component suppressing section 104. Estimated distortion evaluating section 108 then calculates
an estimated distortion energy for a transform coding 10 estimated residual spectrum (corresponding
to CELP suppressing coefficient index j = 1) that is a result of the sequential processing at CELP
component suppressing section 104, CELP residual signal spectrum calculating section 105, pulse
position estimating section 106 and estimated pulse 15attenuating section 107. [0031]Main selection
candidate limiting section 109 limits CELP suppressing coefficient candidates (CELP suppressing
coefficients to be used in transform coding) that are searched for in a main selection search, described
later, among the CELP 20suppressingcoefficientsstoredin theCELPsuppressing coefficient code book,
based on the distribution of the estimated distortion energy that is inputted from estimated distortion
evaluating section 108. Main selection candidate limiting section 109 then outputs CELP suppressing
coefficient 25indices indicating the limited CE LP suppressing coefficient candidatestoCELP
componentsuppressingsection104.  2F1 35-PCT 



Hereinafter, the CELP suppressing coefficient candidates that have been limited at this time may be
referred to collectively as a "CELP suppressing coefficients group." Further, CELP suppressing
coefficient indices corresponding to the limited 5 CELP suppressing coefficient candidates may be
referred to collectively as a "CELP suppressing coefficient indices group." [0032] Thus, for example,
pulse position estimating section 106,estimatedpulseattenuatingsection107,estimated distortion
evaluating section 108 and main selection candidate 10 limiting section 109 operate as a preliminary
selecting section that preliminarily selects a predetermined number of CELP suppressing coefficients
using an input signal spectrum and a CELP residual signal spectrum, and specifies the preliminarily
selected CELP suppressing coefficients to CELP component 15suppressing section 104. [0033]In
coding apparatus 100 shown in FIG. 1, CELP component suppressing section 104, CELP residual
signal spectrum calculating section 105, pulse position estimating section 106, estimated pulse
attenuating section 107, estimated 20distortion evaluating section 108 and main selection candidate
limiting section 109 define a closed loop.The components forming thisclosedloopsearch for
candidates(CELP suppressing coefficient indices) that are search targets in the main selection search,
described later, among the CELP 25suppressing coefficientsstoredin the CELP suppressing 



coefficient code book included in CELP component suppressing  2F11135-PCT section 104, using
CELP suppressing coefficients corresponding to the CELP suppressing coefficient indices specified by
estimated distortion evaluating section 108. Hereinafter, this search processing is referred to as a
"preliminary selection 5search." [0034]Transform coding section 110 encodes the CELP residual
signal spectrum (target signal) inputted from CELP residual signal spectrum calculating section 105 by
transform coding to generate transform-coded data.Transform coding 10section 110 decodes
(local-decodes) the generated transform- coded data to generate a decoded transform-coded signal
spectrum. At that time, transform coding section 110 performs encoding so as to reduce the distortion
between the CELP residual signal spectrum and the decoded transform-coded 15 signal spectrum.
Transform coding section 110, for example, performs coding so as to reduce the above distortion by
generating pulses at frequencies having a large amplitude (energy) of the CELP residual signal
spectrum. Transform coding section 110 then outputs the transform-coded data 20  obtained by
encoding to distortion evaluating section 112 and outputs the decoded transform-coded signal
spectrum to adding section 111. [0035]Adding section 111 adds the CELP component
suppressedspectruminputtedfromCELPcomponent 25suppressing section 104 and the decoded
transform-coded signal 



spectrum inputted from transform coding section 110 to  2F11135-PCT calculate a decoded signal
spectrum and outputs the decoded signal spectrum to distortion evaluating section 112.
[0036]Distortion evaluating section 112 scans some indices     (CELP suppressing coefficient indices
that were limited by  5 main selection candidate limiting section 109) of the CELP suppressing
coefficients stored in the CELP suppressing coefficient code book included in CELP component
suppressing section 104 and searches for a CELP suppressing coefficient index to minimize the
distortion (that is, coding distortion due  10 to transform coding) between the input signal spectrum
inputted from MDCT section 101 and the decoded signal spectrum inputted from adding section 111.
Distortion evaluating section 112 performs CELP suppressing using CELP suppressing coefficients
corresponding to some indices above (  45 distortion evaluating section 112 outputs CELP
suppressing coefficient indices) by controlling CELP component suppressing section 104. Distortion
evaluating section 112 then outputs a CELP suppressing coefficient index which minimizes the
calculated distortion to multiplexing section 113 as a CELP  20 suppressing coefficient optimal index
and outputs transform-coded data corresponding to the CELP suppressing coefficient optimal index
among transform-coded data inputted from transform coding section 110 to multiplexing section 113
(transform-coded data when distortion is minimum). 25[0037]Thus, for example, transform coding
section 110, adding section111and distortion evaluatingsection112  2F11135-PCT operate as a
second coding section that performs transform coding (second encoding) using a CELP residual signal
spectrum that is calculated by inputting into CELP residual signal spectrum calculating section 105 a
CELP suppressed 5 spectrum that is generated using CELP suppressing coefficients specified by the
above described preliminary selecting section in CELP component suppressing section 104, and that
determines one CELP suppressing coefficient among the specified CELP suppressing coefficients
using a decoded 



10 transform-coded signal spectrum (a spectrum of a second decoded signal) that is generated by
decoding transform-coded data (a second code) obtained by transform coding, a CELP suppressed
spectrum and an input signal spectrum. [0038]In coding apparatus 100 shown in FIG. 1, CELP 15
component suppressing section 104, CELP residual signal spectrum calculating section 105, transform
coding section 110, adding section 111 and distortion evaluating section 112 define a closed loop. The
components forming this closed loop generate a decoded signal spectrum using CELP suppressing 20
coefficients corresponding to CELP suppressing coefficient indices specified by main selection
candidate limiting section 109 among a plurality of CELP suppressing coefficients stored in the CELP
suppressing coefficient code book included in CELP component suppressing section 104, and search
for a 25candidate (a CELP suppressing coefficient index) which minimizes the distortion (coding
distortion due to transform  2F11135-PCT coding) between the input signal spectrum and the decoded
signal spectrum. Hereinafter, this search processing is referred to as a "main selection search."
[0039]Multiplexing section 113 multiplexes the CEILP coded 5 data inputted from CELP coding section
102, the transform-coded data inputted from distortion evaluating section 112 (transform-coded data
when distortion is minimized), and the CELP suppressing coefficient optimal index and transmits a
multiplexed result to a decoding apparatus as coded data. 10[0040]Decoding apparatus 200 will now
be explained. Decoding apparatus 200 decodes the coded data transmitted from coding apparatus
100 and outputs a decoded signal. [0041]FIG.2isablockdiagramshowingamain configuration of
decoding apparatus 200.Decoding apparatus 15 200 includes demultiplexing section 201, transform
coding decoding section 202, CELP decoding section 203, MDCT section 204, CELP component
suppressing section 205, adding section 206, and inverse modified discrete cosine transform (IMDCT)
section 207. Each section performs the following 



20operations. [0042]In decoding apparatus 200 shown in FIG. 2, demultiplexing section 201 receives
coded data including CELP coded data, transform-coded data, and CELP suppressing coefficient
optimal index from coding apparatus 100 (FIG. 1) 25through a transmission path (not
shown).Demultiplexing section 201 demultiplexes the coded data into the CELP coded  2F11135-PCT
data, the transform-coded data, and the CELP suppressing coefficient optimal index. Demultiplexing
section 201 then outputs the CELP coded data to CELP decoding section 203, outputs the
transform-coded data to transform coding decoding  5 section 202, and outputs the CELP suppressing
coefficient optimal index to CELP component suppressing section 205. [0043] Transform coding
decoding section 202 decodes the transform-coded data inputted from demultiplexing section 201 to
generate a spectrum of a decoded signal subjected to  10 transform coding and outputs the decoded
transform-coded signal spectrum to adding section 206. [0044] CELP decoding section 203 decodes
the CELP coded data inputted from demultiplexing section 201 and outputs the CELP decoded signal
to MDCT section 204. 15[0045] MDCT section 204 performs a MDCT process on the CELP decoded
signal inputted from CELP decoding section 203 to generate a CELP decoded signal spectrum. MDCT
section 204 then outputs the generated CELP decoded signal spectrum to CELP component
suppressing section 205. 



20[0046]CELP component suppressing section 205 includes a CELP suppressing coefficient code
book that is similar to the CELP suppressing coefficient code book that CELP component suppressing
section 104 includes. Although it is sufficient that the CELP suppressing coefficient code book that
CELP 25component suppressing section 205 includes is basically the exact same as the CELP
suppressing coefficient code book that  2F11135-PCT CELP component suppressing section 104
includes, in a case in which suppressing is performed that includes some other kind of adjustment or
the like, the aforementioned CELP suppressing coefficient code books need not necessarily be the
same. 5 CELP component suppressing section 205 multiplies each frequency component of the CELP
decoded signal spectrum inputted from MDCT section 204 by the CELP suppressing coefficient
corresponding to a CELP suppressing coefficient optimal index inputted from demultiplexing section
201, 10 thereby calculating a CELP component suppressed spectrum in which the CELP decoded
signal spectrum (CELP component) is suppressed. CELP component suppressing section 205 then
outputs the calculated CELP component suppressed spectrum to adding section 206. 15[0047]Adding
section 206 adds the CELP component suppressed spectrum inputted from CELP component
suppressing section 205 and the decoded transform-coded signal spectrum inputted from transform
coding decoding section 202 to calculate a decoded signal spectrum, as with adding section 20 111 in
coding apparatus 100. Adding section 206 then outputs the calculated decoded signal spectrum to
IMDCT section 207. [0048] IMDCT section 207 performs a MDCT process on the decoded signal
spectrum inputted from adding section 206 and outputs the decoded signal. 25[0049]Next, details of
preliminary selection search process in coding apparatus 100 (FIG. 1) will be described.
2F11135-PCT 



[0050]First, an example of a method by which estimated pulse positions are estimated at pulse
position estimating section 106 is described. [00511Generally, in transform coding, coding is
performed  5 such that pulses are generated at frequencies having a large amplitude of the input
signal (in this case, the CELP residual signal spectrum). At this time, the number of pulses that are
generated and a difference between the amplitudes of the pulses and the input signal differ according
to a set bit rate or a  10 frequency characteristic of the signal. Consequently, a coding distortion in
transform coding can not be exactly determined without actually performing the coding. However, it is
possible to estimate pulse positions to be encoded in transform coding by using statistical techniques.
15[0052]In this case, it is assumed that a CELP residual signal spectrum has a normal distribution. It is
also assumed that, in the transform coding, pulses are generated at frequencies that have larger
amplitudes and that the pulse information is encoded. For example, it is assumed that pulses at the
highest  20 10% of frequencies having a large amplitude in the CELP residual signal spectrum are
encoded by coding apparatus 100, and coding apparatus 100 calculates a threshold value (amplitude
threshold value) for determining pulse positions to be encoded by transform coding section 110.
25[0053]Specifically, first, average absolute value Iavg[j] of the CELP residual signal spectrum is
calculated in accordance  2F11135-PCT with equation I. [1]    



[0054]Here, Iavg[j] represents an average absolute value of  5 the CELP residual signal spectrum with
respect to CELP suppressing coefficient index j, i represents the number of a frequency sample, and
Cr represents an amplitude of the CELP residual signal spectrum. Further, the total number of CELP
suppressing coefficient indices is taken as M, and the total 10number of frequency samples is taken as
N. [0055]Next, standard deviation a[j] of the CELP residual signal spectrum with respect to CELP
suppressing coefficient index j is calculated in accordance with equation 2. [2] N 15Qin =Cr[j][1]2 (N -1)
- lavg[j]2. (Equation 2) [0056] Then, using average absolute value lavg[j] calculated by equation 1 and
standard deviation o[j] calculated by equation 2, threshold value Ithr is calculated, for example, in
accordance with equation 3. 20[ 3] Ithr[j] = lavg[j] + o-[j]*. (Equation 3) [0057]Here, 13 is a constant that
controls the value of threshold value Ithr.For example, when setting a threshold value so that the
highest 10% of frequencies having a large  2F11135-PCT 



amplitude in the CELP residual signal spectrum are selected, the value of p is set to approximately
1.6. Further, for example, when setting a threshold value so that the highest 5% of frequencies having
a large amplitude in the CELP residual 5signal spectrum are selected, the value of 0 is set to
approximately 2.0.The setting value of p can be determined according to a normal distribution table.
[0058]Pulse position estimating section 106 estimates a pulse       position (estimated pulse position)
to be encoded by transform 10coding section 110 by using threshold value Ithr shown in equation 3.
More specifically, pulse position estimating section 106 estimates a pulse position to be encoded by
transform coding section 110 with respect to CELP suppressing coefficient index j in accordance with
equation 4. 15[4] {1.0 if ICr[j][i] > Ithr[j] (1N) leP[f][i] 0.0otherwise (1 i N) . (Equation 4)  [0059]Here,
lep[j][i] indicates an estimated result regarding whether or not a pulse is generated at each frequency
sample i 



(1i< N) of CELP suppressing coefficient index j.In other 20words, as shown in equation 4, in CELP
suppressing coefficient index j, lep[j][i] = 1.0 at a frequency sample i for which it is estimated that a
pulse is generated, and rep[= 0.0 at the other frequency samples.That is, pulse position estimating
section 106 takes a frequency sample for which Iep[j][i] = 1.0 25as an estimated pulse position.
2F11135-PCT [0060]Inthismanner,basedonthedistribution characteristics of the CELP residual signal
spectrum (target signal), with only a low amount of computation, pulse position estimating section 106
efficiently estimates pulse positions to 5be obtained as a result of encoding in transform coding section
110. More specifically, pulse position estimating section 106 compares a threshold value (lthr) that is
calculated on the basis of a statistical quantity of amplitudes or a statistical quantity of absolute values
of the amplitudes of the CELP residual 10 signal spectrum (target signal), with an amplitude of the
CELP residual signal spectrum, and estimates pulses (estimated pulse positions) to be encoded in
transform coding section 110. Thus, it is sufficient to only judge between an amplitude and the
threshold value in pulse position estimating section 106, 15 and it is possible to identify pulse positions
that are estimated to be encoded in transform coding section 110, with a smaller workload than a
workload in transform coding section 110. Further, it is sufficient to include at least standard deviation
a as the aforementioned statistical quantity that is used in pulse 



20 position estimating section 106. By calculating a threshold value using a standard deviation that
quantitatively represents the degree of variation in an amplitude or an absolute value of a target signal
in this manner, it is possible to calculate a threshold value that provides high accuracy with respect to
25estimationof pulse positions witha small amount of computation.  2F11135-PCT
[0061]Subsequently, estimated pulse attenuating section 107 attenuates the amplitude at estimated
pulse positions (band corresponding to lep[j][i] = 1.0) that were estimated in pulse position estimating
section 106, to thereby generate a transform 5coding estimated residual spectrum. [0062]For example,
in this case, for simplicity, it is assumed that, as the result of attenuation of the spectrum in estimated
pulse attenuating section 107, a difference of a certain ratio remains with respect to the amplitude of
the CELP residual 10signalspectrumattheestimatedpulsepositions(band corresponding to lep[j][i] =1.0),
and at the other pulse 



positions (band corresponding to Iep[j][il = 0.0) the CELP residual signal spectrum remains as a
difference without change.More specifically, estimated pulse attenuating section 15107 calculates
transform coding estimated residual spectrum Cra in accordance with equation 5. [5] Cro[j][i] Cr[j][i]* a
if lep[j][i] =1.0N) ... (Equation 5) Cr[j][i]otherwise (1 i N)    [0063]Here, a indicates to what extent the
amplitude of the 20 CELP residual signal spectrum remains as a difference at an estimated pulse
position (that is, indicates the degree of attenuation), and represents a constant that is greater than or
equal to 0 and less than 1 (hereinafter, referred to as "estimated residual coefficient"). For example,
when a 25difference at an estimated pulse position is regarded as zero, a 



2F11135-PCT - 0.0 is set, and when a difference of 10% is expected at an estimated pulse position, a
= 0.1 is set. In other words, estimated pulse attenuating section 107 calculates a transform coding
estimated residual spectrum (that is, an estimated value 5  of a decoded signal spectrum) by
multiplying the amplitude of the CELP residual signal spectrum by the estimated residual coefficient (a
value that is greater than or equal to 0 and less than 1). By estimating a difference due to transform
coding by multiplying a constant that is greater than or equal to 0 and 10  less than 1 by the CELP
residual signal spectrum in this manner, a difference is calculated so that a predetermined SNR
(Signal Noise Ratio) is acquired by transform coding. The SNR at this time is represented by equation
6. [6]  15SNR = -20.1ogio a. . . (Equation 6) [0064]Next, in accordance with equation 7, using the input
signal spectrum and the transform coding estimated residual spectrum, estimated distortion evaluating
section 108 calculates estimated distortion energy Ee that is an estimated value of a 20coding
distortion (distortion energy) due to transform coding (hereinafter, maybe referred to as "estimated
distortion evaluation"). [7]   



2F11135-PCT [0065]Here, S represents an input signal spectrum.Further, 0 represents a fixed value
that is set for each CELP suppressing coefficient, and has a function of adjusting an estimated
distortion energy between CELP suppressing coefficients.For 5 example, when a CELP suppressing
coefficient (index j) is zero, O[j] = 1.0 is set, and as the CELP suppressing coefficient (index j)
increases, an adjustment is made so as to approach O[j] = 0.0. [0066]Thus, estimated distortion
evaluating section 108 10 calculates an estimated distortion energy with respect to a transform coding
estimated residual spectrum for which the amplitude of the spectrum at estimated pulse positions has
been attenuated using a ratio that is greater than or equal to 0 and less than 1. Thus, in estimated
distortion evaluating section 15 108, an estimated distortion energy at pulse positions that are
estimated to be encoded in transform coding section 110 can be estimated by means of a smaller
workload than a workload in transform coding section 110. [0067]Note that, in the preliminary selection
search, when 20performing an estimated distortion evaluation using all CELP suppressing coefficients,
estimated distortion evaluating section 108 operates so as to scan all of the CELP suppressing
coefficient indices. In other words, estimated distortion evaluating section 108 outputs all of the CELP
suppressing 25coefficient indices to CELP component suppressing section 104. On the other hand, in
the preliminary selection search, it is  2F11135-PCT 



also possible to limit the CELP suppressing coefficient candidates on which to perform an estimated
distortion evaluation. [0068]For example, a case will be described in which a 5preliminary selection
search is performed for only three candidates when the total number of CELP suppressing coefficient
indices is M = 4. At this time, candidates are limited by excluding either of a coefficient that suppresses
most strongly and a coefficient that suppresses most weakly 10 from the main selection search. First,
estimated distortion energies are calculated with respect to CELP suppressing coefficient indices j = 1
and j = 4 (that is, Ee[1] and Ee[4]). Next, if Es[l] is less than Ee[4], estimated distortion evaluating
section 108 calculates an estimated distortion energy 5  (that is, Ee[2]) corresponding to CELP
suppressing coefficient index j = 2, and if Ee[4] is less than Ee[1], estimated distortion evaluating
section 108 calculates an estimated distortion energy (that is, Ee[3]) corresponding to CELP
suppressing coefficient index j = 3.In other words, an estimated distortion evaluation 20is performed
that is limited to three kinds of CELP suppressing coefficients for4, and either one of 2 and 3 to
thereby complete the preliminary selection search.Hence, estimated distortion evaluating section 108
only needs to perform an estimated distortion evaluation for three CELP suppressing 25coefficients,
and thus the workload required for the preliminary selection search can be suppressed to
approximately 3/4 of the  2F11135-PCT 



workload required for evaluating all four of the CELP suppressing coefficients for j = 1 to 4. [0069]Next,
based on the distribution of the estimated distortion energy, main selection candidate limiting section
109 5 limits the CELP suppressing coefficient candidates (CELP suppressing coefficients to be used in
transform coding) that are search targets in the main selection search. That is, based on the estimated
distortion energy, main selection candidate g section109 preliminarily selects a predetermined 10
number of CELP suppressing coefficients among a plurality of CELP suppressing coefficients stored in
the CELP suppressing coefficient code book. Hereunder, limitation methods 1 and 2 for the main
selection search at main selection candidate limiting section 109 are described. Hereunder, as one
15example, a case is described in which M = 4 (j = 1 to 4). [0070]<Method 1>         According to
method I, a preliminary selection search is performed with respect to the largest coefficient and the
smallest coefficient of the CELP suppressing coefficients, it is 20 determined that the possibility of the
CELP suppressing coefficient for which the estimated distortion energy is larger being selected in the
main selection search is small, and therefore the CELP suppressing coefficient in question is excluded
from the main selection search to thereby reduce the 25workload in the main selection search.
[0071]The above method is implemented as follows.First, 2F11 135-PCT estimated distortion energies
for CELP suppressing coefficient indices j = 1 and j = 4 (that is, Ee[1] and Ee[4]) are inputted to main
selection candidate limiting section 109. [0072](1) Main selection candidate limiting section 109
5compares Ee[1] and Ee[4]. 



[0073](2)If heft]isless than Ee[4],main selection candidate limiting section 109 limits the main selection
search to the three kinds of CELP suppressing coefficients for j = 1, 2, 3. In contrast, if Ee[4] is less
than Ee[l], main selection 10candidate limiting section 109 limits the main selection search to the three
kinds of CELP suppressing coefficients for j = 2, 3, 4.  [0074]The main selection search uses the three
CELP       suppressing coefficients (CELP suppressing coefficient indices) 15for limiting the main
selection search in this manner. [0075] That is, among the plurality of CELP suppressing coefficients
that are stored in CELP component suppressing section 104, main selection candidate ng section 109
compares an estimated distortion energy when a maximum value 20  is used and an estimated
distortion energy when a minimum value is used (in the above example, compares the smallest index j
= 1 and the largest index j = 4), and excludes a CELP suppressing coefficient for which the estimated
distortion energy is larger from the targets of the main selection search 25(CELP suppressing
coefficients group of main selection search). That is, by performing a preliminary selection search, the
2F11135-PCT search target candidates for the main selection search are reduced by one. 



[0076]At this time, in coding apparatus 100, the number of computations in the preliminary selection
search (number of  5 estimated distortion evaluations) is two (in the above example, two times for j = 1
and 4), and the number of computations in the main selection search is three (j = 1, 2 and 3, or j = 2, 3,
and 4). At this time, if the workload for a single computation (the decreased amount) of transform
coding in the main  10 selection search is greater than a workload for two computations in the
preliminary selection search, the overall workload of coding apparatus 100 is reduced. [0077]Thus,
according to method 1, a preliminary selection search is performed for only the required minimum
CELP  15 suppressing coefficients (in this case, two CELP suppressing coefficients that are a
maximum value and a minimum value). Further, in method 1, the CELP suppressing coefficient for
which the estimated distortion energy is larger is excluded from the targets of the main selection
search. Thus, compared to  20 when performing a search with respect to all CELP suppressing
coefficients in the main selection search, the workload in coding apparatus 100 can be reduced while
suppressing a deterioration in the quality of encoding. [0078] <Method 2> 25According to method 2, a
preliminary selection search is performed using all CELP suppressing coefficients, and the
2F1I135-PCT workload of the main selection search is decreased by limiting the main selection search
to CELP suppressing coefficients which have a high possibility of being selected in the main selection
search also based on the estimated distortion energy. 5 At this time, a candidate for which the
estimated distortion energy is lowest is always left as a candidate for the main selection search.
Further, (one of or both of) the CELP suppressing coefficients of indices that are next to a CELP
suppressing coefficient index assigned to the candidate that is 10 left are also left as a candidate for
the main selection search. This is because, when CELP suppressing coefficient indices are arranged
in ascending or descending order with respect to the degree of suppressing, the possibility of these
CELP suppressing coefficient candidates being selected as a candidate 



15 with respect to which the distortion energy is smallest at the time of the main selection search is
higher than that of CELP suppressing coefficient candidates other than the candidate with respect to
which the estimated distortion energy is smallest and the candidates that are next to that candidate. 20
[0079] A case where two kinds of CELP suppressing coefficients are taken as search targets in the
main selection search will now be described as a method that performs the above described process.
[0080]The estimated distortion energies (that is, Ee[1] to 25Ee[4]) for all the CELP suppressing
coefficients= I to 4) are inputted into main selection candidate limiting section 109.  2F11135-PCT
[0081](1) Main selection candidate limiting section 109 searches for the smallest estimated distortion
energy among the estimated distortion energies Ee[1] to Ee[4], and stores the CELP suppressing
coefficient index corresponding to the 5smallest estimated distortion energy. [0082](2) Main selection
candidate limiting section 109 compares the estimated distortion energies corresponding to CEI,P
suppressing coefficient indices that are before and after (at both ends of) the stored CELP suppressing
coefficient index 



10  (that is, the CELP suppressing coefficient index corresponding to the smallest estimated distortion
energy), and stores the CELP suppressing coefficient index with respect to which the estimated
distortion energy is smaller. [0083](3) Main selection candidate limiting section 109 15limits the CELP
suppressing coefficients group for the main selection search to two kinds of CELP suppressing
coefficients, namely, the CELP suppressing coefficient index stored in the processing of (1) (that is,
the CELP suppressing coefficient index corresponding to the smallest estimated distortion 20energy),
and the CELP suppressing coefficient index stored in the processing of (2). [0084]The two CELP
suppressing coefficients (CELP    suppressing coefficient indices) to which the CELP suppressing
coefficients group has been limited in this manner are used in 25the main selection search. [0085]That
is, among the plurality of CELP suppressing  2F11135-PCT , coefficients stored in CELP component
suppressing section 104, main selection candidate limiting section 109 specifies a CELP suppressing
coefficient with respect to which the estimated distortion energy is smallest (first CELP suppressing 5
coefficient) and a CELP suppressing coefficient (second CELP suppressing coefficient) with respect to
which the estimated distortion energy is smaller among the CELP suppressing coefficients
corresponding to the CELP suppressing coefficient indices before and after the CELP suppressing
coefficient with 10respect to which the estimated distortion energy is smallest, as targets of the main
selection search. In other words, as a predetermined number of CELP suppressing coefficients, main
selection candidate limiting section 109 preliminarily selects a CELP suppressing coefficient (first CE
LP suppressing 15 coefficient) with respect to which the estimated distortion energy is smallest among
the plurality of CELP suppressing coefficients, and a CELP suppressing coefficient (second CELP
suppressing coefficient) with respect to which the estimated distortion energy is smaller among two
CELP suppressing 



20 coefficients corresponding to CELP suppressing coefficient indices before and after a CELP
suppressing coefficient index assigned to the CELP suppressing coefficient with respect to which the
estimated distortion energy is smallest. [0086]At this time, in coding apparatus 100, the number of
25computations (number of estimated distortion evaluations) is four (j = 1 to 4) in the preliminary
selection search, and the  2F11135-PCT number of computations in the main selection search is two.
In this case, if the workload for two (decreased amount) transform coding operations in the main
selection search is greater than the workload for four computations in the 5preliminary selection
search, the overall workload of coding apparatus 100 is reduced. In other words, similarly to method 1,
if the workload for one transform coding operation in the main selection search is greater than a
workload for two computations in the preliminary selection search, the overall 10workload of coding
apparatus 100 is reduced. [0087]Thus, according to method 2, although a preliminary selection search
is performed that takes all CELP suppressing coefficients as targets, the CELP suppressing
coefficients group that is the target of the main selection search is limited to a 15 narrower group in
comparison to in method 1. It is thereby possible to reduce the workload in the main selection search
more than in method 1. [0088]Also, according to method 2, a CELP suppressing 



coefficient with respect to which the estimated distortion 20 energy is smallest and a CELP
suppressing coefficient with respect to which the estimated distortion energy is smaller among CELP
suppressing coefficients corresponding to CELP suppressing coefficient indices at both ends of the
aforementioned CELP suppressing coefficient are the targets of 25the main selection search.That is,
in the preliminary selection search, CELP suppressing coefficients which have a  2F11135-PCT high
possibility of being determined as an optimal CELP suppressing coefficient (CELP suppressing
coefficient with respect to which the distortion energy is smallest) in the main selection search are
searched for. Hence, according to method  5 2, in comparison to a case of performing a search with
respect to all CELP suppressing coefficients in the main select on search, the workload in coding
apparatus 100 can be reduced while suppressing a deterioration in the quality of encoding. [0089]
Note that, in method 2, main selection candidate  10 limiting section 109 may also specify a CELP
suppressing coefficient with respect to which the estimated distortion energy is smallest (for example,
CELP suppressing coefficient index j) among a plurality of CELP suppressing coefficients stored in
CELP component suppressing section 104 and a CELP  15 suppressing coefficients group (for
example, CELP suppressing coefficient indices [j - 11 and [j + 1]) corresponding to CELP suppressing
coefficient indices before and after the CELP suppressing coefficient with respect to which the
estimated distortion energy is smallest as targets of the main selection  20 search. In other words,
main selection candidate limiting section 109 may also preliminarily select a CELP suppressing
coefficient with respect to which the estimated distortion energy is smallest among a plurality of CELP
suppressing coefficients and two CETI) suppressing coefficients 25corresponding to indices before
and after an index assigned to the CELP suppressing coefficient with respect to which the
2F11135-PCT 



estimated distortion energy is smallest as the predetermined number of CELP suppressing
coefficients. [0090]In the foregoing, methods 1 and 2 for limiting a CELP suppressing coefficients
group that serves as a target of the 5main selection search at main selection candidate limiting section
109 are described.As described above, according to method 1, by broadening the range of targets of
the main selection search in comparison to method 2, it is possible to further reduce a degradation in
the performance of the main 10selection search that is caused by limiting the targets of the main
selection search.On the other hand, according to method 2, the workload in the main selection search
can be decreased further compared to method I. [0091]Thus, in coding apparatus 100, in the
preliminary 15selection search, estimated distortion evaluating section 108 outputs CELP suppressing
coefficient indices that are taken as search targets in the preliminary selection search to CELP
component suppressing section 104. As a result, a transform coding estimated residual spectrum for
each CELP suppressing 20  coefficient index is inputted to estimated distortion evaluating section 108,
and estimated distortion evaluating section 108 calculates an estimated distortion energy
corresponding to each CELP suppressing coefficient index. Further, main selection candidate limiting
section 109 limits the CELP suppressing 25coefficient indices that are to be taken as search targets in
the 



main selection search for actually performing a distortion  2F11135-PCT evaluation using transform
coding, based on the estimated distortion energy. In other words, in coding apparatus 100, in the
preliminary selection search, CELP suppressing coefficients with respect to which it is expected
(estimated) that the  5 distortion energy due to transform coding will be smaller in the main selection
search are specified. [0092]Next, in coding apparatus 100, in the main selection search, transform
coding section 110 performs transform coding using only the CELP suppressing coefficient indices
group that  10 is specified by main selection candidate limiting section 109, and distortion evaluating
section 112 performs a search for a CELP suppressing coefficient with respect to which the distortion
energy is smallest. A CELP suppressing coefficient index corresponding to the CELP suppressing
coefficient with  15 respect to which the distortion energy is smallest is then outputted to multiplexing
section 113, and the relevant CELP suppressing coefficient index is transmitted to decoding apparatus
200 as one part of coded data of coding apparatus 100. 20[0093]That is, according to the present
embodiment, coding apparatus 100 statistically estimates pulse positions to be encoded by transform
coding, calculates estimated distortion energies that are estimated at the estimated pulse positions,
and limits a CELP suppressing coefficients group that is a target of 25a main selection search to CELP
suppressing coefficients with respect to which the estimated distortion energy is smaller  2F11 35-PCT



(preliminaryselectionsearch).Subsequently,coding apparatus 100 performs transform coding on each
of the CELP suppressing coefficients that remain after limiting the candidates in the preliminary
selection search, and determines a CELP suppressing coefficient with respect to which the energy
(distortion energy) of a residual signal is smallest (main selection search). [0094]Thus, only CELP
suppressing coefficients with respect to which the distortion energy is expected to be small are taken
10 as targets for the main selection search in the preliminary selection search, and hence the number
of times of performing transform coding is reduced in coding apparatus 100. In this case, as described
above, in the preliminary selection search, it is possible for the estimating of pulse positions in pulse
15position estimating section 106, the calculating of a transform coding estimated residual spectrum in
estimated pulse attenuating section 107, and the calculating of a distortion energy in estimated
distortion evaluating section 108 to be performed with a smaller workload than when performing the 20
corresponding processing in transform coding section 110. Hence, by limiting a CELP suppressing
coefficients group that is to be the target of the main selection search in advance in the preliminary
selection search, the workload in coding apparatus 100 can be reduced in comparison to when
performing 25transform codingsuccessivelyforallCELP suppressing coefficients.  2F11135-PCT
[0095]In addition, the preliminary selection search 1s the candidates as targets for the main selection
search to only CELP suppressing coefficients corresponding to the estimated distortion energy
expected to be small, i.e., to only CELP 



5 suppressing coefficients having a high possibility that the corresponding distortion energy will be
evaluated as the smallest in the main selection search. This can suppress a deterioration in the quality
of encoding caused by limiting the CELP suppressing coefficients group that is taken as a target of
10the main selection search. [0096]Hence, according to the present embodiment, in a coding method
which combines coding suitable for a speech signal with coding suitable for a music signal in a layer
structure, in comparison to a method that successively performs 15 transform coding with respect to all
CELP suppressing coefficient candidates, a workload at a coding apparatus can be reduced while
suppressing a deterioration in the quality of encoding. [0097]Note that, in the present embodiment,
with respect to 20 values that are also used when performing the main selection search (for example,
a CELP residual signal spectrum or the like) among the values calculated at the time of the preliminary
selection search, the values calculated at the time of the preliminary selection search may be utilized
without being 25recalculated at the time of the main selection search.Thus, in the coding apparatus,
the workload at the time of the main  2E11135-PCT selection search can be further reduced.
[0098](Embodiment 2)         FIG. 3 is a block diagram showing a main configuration of coding
apparatus 300 according to Embodiment 2 of the present invention. In FIG. 3, the same components
as in Embodiment 1 (FIG. 1) are assigned the same reference numerals and descriptions will be
omitted. Coding apparatus 300 shown in FIG. 3 differs from coding apparatus 100 shown in FIG. 1 in
that target signal feature extracting section 301 is 



10added to coding apparatus 100.Further, the fact that feature information that is outputted from target
signal feature extracting section 301 is added as an input signal to pulse position estimating section
302 and estimated pulse attenuating section 303 is different from Embodiment 1. 15[0099]In coding
apparatus 300 shown in FIG. 3, target signal feature extracting section 301 extracts a feature of the
relevant target signal using a CELP residual signal spectrum (target signal) that is inputted from CELP
residual signal spectrum calculating section 105. 20[0100]Here, as one example, a case in which FPC
(Factorial Pulse Coding) is used as transform coding will be described. In FPC, there is a characteristic
that the number of pulses that can be encoded increases when variations in the amplitude of a
spectrum that is the target of encoding (here, a CELP residual 25signal spectrum) are small, and the
number of pulses that can be encoded decreases when variations in the amplitude of the
2F11135-PCT spectrum that is the target of encoding are large.For example, in a target signal in which
energy is concentrated in a certain band, the number of pulses encoded by FPC decreases while in a
target signal in which energy is dispersed over all the bands, 5the number of pulses encoded by FPC
increases. [0101]In other words, in coding apparatus 300, the above 



described feature of a target signal (CELP residual signal spectrum) is extracted, and the number of
pulses to be encoded by FPC can be predicted based on the extracted feature.That 10is, in the
preliminary selectionsearch, it is possible to accurately estimate pulse positions of a target signal.
[0102]According to the present embodiment, target signal feature extracting section 301 extracts a
ratio between an average value of amplitudes of a target signal and a maximum 15value of the
amplitudes as a feature of the target signal.More specifically, target signal feature extracting section
301 calculates average value Iavg of the amplitudes of the target signal in accordance with equation I.
Further, target signal feature extracting section 301 takes a maximum value of  20 absolute value
amplitudes of the target signal as tmax. Here, the larger the value of tmax/lavg is, the higher the
possibility is that energy is concentrated in a certain specific band. That the larger the value of
tmax/Iavg is, the higher the possibility is that there are large variations in the spectrum.
25101031Hence, for a larger value of tmax/Iavg, target signal feature extracting section 301
determines to reduce the number  2F11135-PCT 



of pulses of the target signal estimated in the preliminary selection search. On the other hand, since a
smaller value of tmax/Iavg results in a higher possibility that energy is dispersed over all the bands,
target signal feature extracting  5 section 301 determines to increase the number of pulses of the
target signal estimated in the preliminary selection search. Therefore, in accordance with the value of
tmax/lavg, target signal feature extracting section 301 generates information relating to the number of
pulses of the target signal that is 10predicted on the basis of the feature of the target signal as feature
information K in accordance with equation 8. [8] {1.1 t max/ lavg > rch K =0.9 t max/ lavg < d...
(Equation 8) 1.0otherwise [0104]Here, ich is a preset threshold value for determining  15 whether or
not to decrease the number of pulses that are estimated in the preliminary selection search (pulse
position estimating section 302), and Kl is a preset threshold value for determining whether or not to
increase the number of pulses that are estimated in the preliminary selection search. 20[0105]Pulse
position estimating section 302 estimates pulse positions (estimated pulse positions) to be encoded by
transform coding section 110 using the CELP residual signal spectrum (target signal) inputted from
CELP residual signal spectrum calculating section 105 and feature information K  2F11135-PCT
inputted from target signal feature extracting section 301. More specifically, pulse position estimating
section 302 uses threshold value Ithr[j] shown in equation 9 instead of equation 3 that is used in
Embodiment 1 (pulse position estimating 5section 106). 



191 Ithr[j] = lavg[j]+01( ... (Equation 9) [0106]That is, in equation 9, the value of (3 is adaptively
corrected for each frame depending on the value of feature 10  information K (0.9, 1.0, 1.1), to thereby
adaptively control the number of pulses selected in pulse position estimating section 302. In other
words, as shown in equation 9, pulse position estimating section 302 corrects Embodiment 1 (equation
3) using feature information K inputted from target signal feature 1 5extracting section 301.
[0107]Therefore, in pulse position estimating section 302, when there is a high possibility that energy
is concentrated in a certain specific band in the target signal (when tmax/lavg > Kh in equation 8),
since feature information K = 1.1, "13" becomes 2013 * 1.1" and threshold value Ithr[j] is controlled so
as to increase.Hence, in pulse position estimating section 302, the number of pulses that exceed
threshold value Ithr[j] decreases. [0108]On the other hand, in pulse position estimating section 302,
when there is a high possibility that energy is dispersed 25over all bands of the target signal (when
tmax/lavg < id l in equation 8), since feature information K = 0.9, "(I" becomes "f3 



2F11135-PCT * 0.9" and threshold value Ithr[j] is controlled so as to decrease.Hence, in pulse position
estimating section 302, the number of pulses that exceed threshold value Ithr[j] increases. [0109]In
other words, when tmax/Iavg > tch in equation 8  5 en variations in the spectrum are large), pulse
position estimating section 302 sets the estimated number of pulses to a low value, while when
tmax/Iavg < kl in equation 8 (when variations in the spectrum are small), pulse position estimating
section 302 sets the estimated number of pulses to a high value.  10 That is, pulse position estimating
section 302 sets the estimated number of pulses in accordance with the feature of the CELP residual
signal spectrum, and estimates the positions of the number of pulses that are set. For example, pulse
position estimating section 302 sets the number of pulses so as 15to decrease as variations in the
amplitudes of the respective bands of the CELP residual signal spectrum increase. [0110]Estimated
pulse attenuating section 303 uses the featureinformationinputtedfromtargetsignalfeature extracting
section 301 to attenuate the spectrum at estimated  20 pulse positions that are inputted from pulse
position estimating section 302 in the CELP residual signal spectrum that is inputted from CELP
residual signal spectrum calculating section 105. [0111]More specifically, estimated pulse attenuating
section 25303 calculates transform coding estimated residual spectrum Cra in accordance with
equation 10, instead of equation 5 that 



2F11135-PCT is used in Embodiment 1 (estimated pulse attenuating section 107). [10] Cra[j][i] Cr[f][i]*
(a RC) if lep[j][i] = 1.0 (15_ i 5_ N) Cr[j][1]otherwise (15_ i 5_ N) ... (Equation  510) [0112]That is in
equation 10, the value of estimated residual count a is adaptively corrected for each frame depending
on the value of feature information K (0.9,1.0, 1.1), to thereby adaptivelycontrolthedegreeof
attenuation(estimated  10 difference amount) in estimated pulse attenuating section 303. In other
words, as shown in equation 10, estimated pulse attenuating section 303 corrects Embodiment 1
(equation 5) using feature information K inputted from target signal feature extracting section 301.
15[0113]Thereby, in estimated pulse attenuating section 303, when there is a high possibility that
energy is concentrated in a certain specific band in the target signal (when tmax/lavg > xh in equation
8), since feature information K = 1.1, "a" becomes "a/1.1" and a difference at the estimated pulse
position is 



20 controlled so as to decrease further. On the other hand, in estimated pulse attenuating section 303,
when there is a high possibility that energy is dispersed over all bands of the target signal (when
tmax/Iavg < xl in equation 8), since feature information K = 0.9, "a" becomes "a/0.9" and a difference
at 25the estimated pulse position is controlled so as to increase  2F11135-PCT further. [0114]In other
words, when tmax/lavg > ich in equation 8 (when variations in the amplitude of the spectrum are
large), estimated pulse attenuating section 303 increases the degree of  5 attenuation of the spectrum,
while when tmax/Iavg < id in equation 8 (when variations in the amplitude of the spectrum are small),
estimated pulse attenuating section 303 decreases the degree of attenuation of the spectrum. That is,
estimated pulse attenuating section 303 sets the degree of attenuation of  10 the CELP residual signal
spectrum so as to increase as variations in the amplitude of respective bands of the CELP residual
signal spectrum increase. [0115]In other words, an SNR that is calculated according to       an
estimated value of a difference in transform coding is 15adaptively changed depending on variations in
an amplitude of the spectrum.The SNR at this time is represented by equation 11. [11] 



SNR = -20.1ogio(x )... (Equation 11) 20[0116]In this manner, coding apparatus 300 adaptively controls
the number of pulses that are encoded in transform coding section 110 and a difference of the pulses
(degree of attenuation in estimated pulse attenuating section 303) in accordance with a feature (in this
case, a variation (tmax/Iavg) 25in an amplitude of a spectrum) of a target signal (CELP  2F1 11
35-PCT residual signal spectrum).As a result, in coding apparatus 300, a distortion energy at a pulse
position estimated to undergo encoding in transform coding section 110 can be estimated more
accurately than in Embodiment 1.Further, 5 similarly to Embodiment 1, in coding apparatus 300, the
estimating of estimated pulse positions, the calculating of a transform coding estimated residual
spectrum in estimated pulse attenuating section 107, and the calculating of distortion energies in
estimated distortion evaluating section 108 can be 10performed with a smaller workload than when
performing the corresponding processing in transform coding section 110. [0117]Hence, according to
the present embodiment, in a coding method which combines coding suitable for a speech signal with
coding suitable for a music signal in a layer 15 structure, relative to Embodiment 1, it is possible to
reduce a workload at a coding apparatus when compared to a method that successively performs
transform coding with respect to all CELP suppressing coefficient candidates, while further
suppressing a deterioration in the quality of encoding. 



20 [0118] Note that, although according to the present embodiment, a case is described in which a
variation in an amplitude of a spectrum is used as a feature of a target signal, the present invention is
not limited to a case where a variation in an amplitude of a spectrum is used as a feature of a target
25signal.For example, a tone feature of a target signal may also be used as a feature of a target
signal.As used herein, the  2F11135-PCT term "tone feature" refers to an indicator that shows a size of
a peak of a spectrum or a size of a dynamic range. For example, it is possible to measure a ratio of the
geometric mean to the arithmetic mean of a target signal or an absolute value thereof, 5and determine
that the tone feature is high if the ratio is close to 0. More specifically, in coding apparatus 300 shown
in FIG. 3, target signal feature extracting section 301 measures a tone feature of a target signal.
Further, pulse position estimating section 302 sets the number of pulses so as to decrease as the  10
tone feature increases. For example, it is sufficient for pulse position estimating section 302 to set a
threshold value to a large value when the tone feature of the target signal is high, to thereby perform
control to decrease the estimated number of pulses, and to set the threshold value to a small value
when the 15tone feature of the target signal is low, to thereby perform control to increase the
estimated number of pulses. Further, estimated pulse attenuating section 303 sets the degree of
attenuation of the CELP residual signal spectrum so as to increase as the tone feature increases. That
is, it is sufficient  20 for estimated pulse attenuating section 303 to perform control so as to decrease
an estimated residual coefficient (increase the degree of attenuation) and thereby reduce a residual
signal (difference) when a tone feature of the target signal is high, and to perform control so as to
increase an estimated residual 25coefficient (decrease the degree of attenuation) and thereby
increase a residual signal (difference) when a tone feature of  2F1 135-PCT 



the target signal is low.Thus, even when using a tone feature as the feature of the target signal, the
same effect as that of the present embodiment can be obtained. [0119]Further, for example, a noise
feature of a target signal  5 may also be used as a feature of the target signal. As used herein, the
term "noise feature" refers to an indicator that shows the smallness of a bias of energy of a target
signal. For example, it is possible to divide a target signal into a number of bands and measure the
energy for each band, and determine 10that a noise feature is high when there is a small degree of
dispersion with respect to the energy for each band. More specifically, in coding apparatus 300 shown
in FIG. 3, target signal feature extracting section 301 measures a noise feature of the target signal.
Subsequently, pulse position estimating 15section 302 makes a setting so that the number of pulses
increases as the noise feature increases. For example, it is sufficient for pulse position estimating
section 302 to set the threshold value to a small value when the noise feature of the target signal is
high to thereby perform control to increase the  20 estimated number of pulses, and to set the
threshold value to a large value when the noise feature of the target signal is low to thereby perform
control to reduce the estimated number of pulses. Further, estimated pulse attenuating section 303
makes a setting so that the degree of attenuation of the CELP residual 25signal spectrum decreases
as the noise feature increases.That is, it is sufficient for estimated pulse attenuating section 303
2F11135-PCT to perform control so as to increase an estimated residual coefficient (decrease the
degree of attenuation) and thereby increase a residual signal (difference) when the noise feature of the
target signal is high, and to perform control so as to 5decrease an estimated residual coefficient
(increase the degree of attenuation) and thereby decrease a residual signal (difference) when the
noise feature of the target signal is low. Thus, even when using a noise feature as a feature of a target
signal, the same effect as that of the present embodiment can be 



10obtained. [0120]Embodiments of the present invention have been described above. [0121]In the
above embodiments, a case has been described in which it is assumed that, in the pulse position
estimating  15 section, a signal (CELP residual signal spectrum) that is input to the transform coding
section has a normal distribution, and a threshold value (Ithr) is set for selecting frequencies having a
larger amplitude. However, when it can be assumed that a signal (CELP residual signal spectrum) that
is input to the  20 transform coding section has a distribution other than a normal distribution, the pulse
position estimating section may set the threshold value (Ithr) in accordance with the relevant
distribution model. [0122]Further, according to the above embodiments, a case 25may arise in which
the pulse position estimating section estimates the number of pulses that exceeds an upper limit of
2F11135-PCT the number of pulses to be encoded at the transform coding section. In this respect, the
pulse position estimating section may control the number of pulses that is estimated, by using the
relevant upper limit. At this time, the pulse position 5 estimating section may exclude pulses that have
smaller amplitudes or may exclude pulses on a higher band side. Alternatively, in addition to the
above-described amplitude and frequency band conditions, the pulse position estimating section may
link other conditions that can be calculated on the 10  basis of a feature of a signal to determine the
pulses to be excluded. [0123]Further, in the above embodiments, a case has been 



described where CELP suppressing coefficients are stored in a CELP suppressing coefficient code
book in an ascending or 15 descending order of the degree of CELP suppressing. However, when
using a method independent of the order of the storing, as a method of limiting suppressing coefficient
candidates, the CELP suppressing coefficients need not necessarily be stored in an ascending or
descending order. 20 [0124] The above embodiments employ CELP coding as an example of coding
suitable for a speech signal, but the present invention can be implemented using, for example,
ADPCM (Adaptive Differential Pulse Code Modulation), APC (Adaptive Prediction Coding), ATC
(Adaptive Transform Coding), and 25TCX (Transform Coded Excitation), and the same effect can be
acquired.  2F11135-PCT [0125]A case has been described where the transform coding is employed as
an example of coding suitable for a music signal in the above embodiments, but a method may be also
applicable which can efficiently encode a residual signal between an input signal and a decoded signal
in a coding method suitable for a speech signal in the frequency domain. Such a method includes FPC
(Factorial Pulse Coding) and AVQ (Algebraic Vector Quantization), and the same effect can be
acquired. [0126]In the above embodiments, decoding apparatus 200 10receive coded data outputted
from coding apparatus 100 and 300, but the present invention is not limited thereto.In other words,
decoding apparatus 200 can decode any coded data outputted from a coding apparatus capable of
generating coded data including coded data necessary for decoding, instead of 15coded data
generated in the configuration of coding apparatus 100 and 300. 



[0127]Although a case has been described with each    embodiment as an example where the present
invention is implemented with hardware, the present invention can be 20implemented with software in
collaboration with hardware. [0128] Each function block employed in the description of each of the
aforementioned embodiments may typically be implemented as an LSI constituted by an integrated
circuit. These may be individual chips or partially or totally contained 25on a single chip."LSI" is
adopted here but this may also be referred to as "IC," "system LSI," "super LSI," or "ultra LSI"
2F11135-PCT depending on differing extents of integration. [0129]Further, the method of circuit
integration is not limited to LSI's, and implementation using dedicated circuitry or general purpose
processors is also possible.After LSI 5 manufacture, utilization of an FPGA (Field Programmable Gate
Array) or a reconfigurable processor where connections and settings of circuit cells in an LSI can be
regenerated is also possible. [0130]Further, if integrated circuit technology comes out to 10 replace
LSI's as a result of the advancement of semiconductor technology or a derivative other technology, it is
naturally also possible to carry out function block integration through this technology. Application of
biotechnology is also possible. [0131]The disclosure of Japanese Patent Application No. 15
2010-203657, filed on September 10, 2010, including the specification, drawings and abstract, is
incorporated herein by reference in its entirety. 



Industrial Applicability 20[0132]The present invention can prevent deterioration of quality of encoding
and reduce amount of computation as an entire apparatus, and may be applicable to a packet
communication system,a mobile communication system, and so forth. 25 Reference Signs List
2F11135-PCT [0133] 100, 300 Coding apparatus 200 Decoding apparatus     101, 103, 204 MDCT
section 5102 CELP coding section 104, 205 CELP component suppressing section 105 CELP residual
signal spectrum calculating section 106, 302 Pulse position estimating section 107, 303 Estimated
pulse attenuating section 10108 Estimated distortion evaluating section 



109 Main selection candidate limiting section 110 Transform coding section 111, 206 Adding section
112 Distortion evaluating section 15113 Multiplexing section 201 Demultiplexing section 202
Transform coding decoding section 203 CELP decoding section 207 IMDCT section 20301 Target
signal feature extracting section  2F11135-PCT CLAIMS Claim 1A coding apparatus comprising:
a first coding section that outputs a spectrum of a first decoded signal that is generated by decoding a
first code obtained by a first encoding of an input signal;         a suppressing section that suppresses
an amplitude of the spectrum of the first decoded signal using a suppressing coefficient that is
specified from among a plurality of suppressing coefficients, to generate a suppressed spectrum; 10 a
residual spect u calculating section that calculates a residual spectrum using a spectrum of the input
signal and the suppressed spectrum;         a preliminary selecting section that preliminarily selects a
predetermined number of suppressing coefficients using the 



15 spectrum of the input signal and the residual spectrum, and specifies the preliminarily selected
suppressing coefficients to the suppressing section; and         a second coding section that performs a
second encoding using a residual spectrum that is calculated by inputting into 20 the residual
spectrum calculating section a suppressed spectrum that is generated using the specified suppressing
coefficient in the suppressing section, and determines one suppressing coefficient among the specified
suppressing coefficients using a spectrum of a second decoded signal that is generated by
25decoding a second code obtained by the second encoding, the suppressed spectrum and the
spectrum of the input signal.  2F11135-PCT Claim 2The coding apparatus according to claim1,
wherein: the second coding section encodes a pulse that is 5  generated with respect to the residual
spectrum in the second encoding, and searches for the suppressing coefficient with respect to which a
coding distortion caused by the second encoding is smallest; and the preliminary selecting section
further comprises: 10an estimating section that estimates a position of the pulse using the residual
spectrum; anattenuatingsection thatgeneratesanestimated residual spectrum by attenuating an
amplitude at the estimated position of the pulse in the residual spectrum; 



15acalculatingsectionthatcalculatesanestimated distortion energy that is an estimated energy of the
coding distortion, using the estimated residual spectrum and the spectrum of the input signal; and a
candidate limiting section that preliminarily selects the 20  predetermined number of suppressing
coefficients among the plurality of suppressing coefficients based on the estimated distortion energy.
Claim 3The coding apparatus according to claim 2, 25wherein: indices are assigned to the plurality of
suppressing  2F11135-PCT coefficients in an ascending or descending order with respect to a degree
of suppressing; and         among the suppressing coefficients that correspond to a largest index and a
smallest index, the candidate limiting section excludes a suppressing coefficient with respect to which
the estimated distortion energy is larger, from the predetermined number of suppressing coefficients.
Claim 4The coding apparatus according to claim towherein:         indices are assigned to the plurality
of suppressing coefficients in an ascending or descending order with respect to a degree of
suppressing; and as the predetermined number of suppressing coefficients, 15 the candidate limiting
section preliminarily selects a suppressing coefficient with respect to which the estimated distortion
energy is smallest among the plurality of suppressing coefficients, and two suppressing coefficients
that correspond to indices before and after an index assigned to the suppressing 



20coefficient with respect to which the estimated distortion energy is smallest. Claim 5The coding
apparatus according to claim 2, wherein: 25indices are assigned to the plurality of suppressing
coefficients in an ascending or descending order with respect to  21-711135-PCT a degree of
suppressing; and         as the predetermined number of suppressing coefficients, the candidate limiting
section preliminarily selects a first suppressing coefficient with respect to which the estimated  5
distortion energy is smallest among the plurality of suppressing coefficients, and a second suppressing
coefficient with respect to which the estimated distortion energy is smaller among two suppressing
coefficients that correspond to indices before and after an index assigned to the first suppressing
coefficient. 10 Claim 6Thecoding apparatusaccording to claim 2, wherein:         the estimating section
estimates a position of the pulse by comparing a threshold value that is calculated based on a
15statistical quantity of an amplitude of the residual spectrum, 



and an amplitude of the residual spectrum. Claim 7The coding apparatusaccording to claim6, wherein
20the statistical quantity includes at least a standard deviation of the amplitude. Claim 8The coding
apparatus according to claim 2, wherein 25the attenuating section attenuates an amplitude of the
spectrum at the estimated position of the pulse by multiplying  2F11135-PCT the amplitude by a
coefficient having a value that is greater than or equal to 0 and less than 1. Claim
9Thecodingapparatusaccordingtoclaim2, 5wherein         the estimating section sets the number of the
pulses to be estimated, in accordance with a feature of the residual spectrum, and estimates positions
of the set number of the pulses. 10 



Claim 10Thecodingapparatusaccording toclaim 9, wherein:         the feature is a variation in an
amplitude in each band of the residual spectrum; and 15the estimating section sets the number of the
pulses so as to decrease as the variation increases. Claim 11Thecodingapparatusaccordingtoclaim9,
wherein: 20the feature is a tone feature of the residual spectrum; and         the estimating section sets
the number of the pulses so as to decrease as the tone feature increases. Claim 12Thecoding
apparatusaccording to claim9, 25wherein: the feature is a noise feature of the residual spectrum;
21711135-PCT and         the estimating section sets the number of the pukes so as to increase as the
noise feature increases. 



5Claim 13The coding apparatus according to claim 2, wherein         the attenuating section attenuates
an amplitude of the spectrum at the estimated position of the pulse in accordance with a feature of the
residual spectrum. 10 Claim 14The coding apparatus according to claim 13, wherein:         the feature
is a variation in an amplitude in each band of the residual spectrum; and 15the attenuating section sets
a degree of attenuation of the spectrum so as to increase as the variation increases. Claim 15The
coding apparatus according to claim13, wherein: 20the feature is a tone feature of the residual
spectrum; and         the attenuating section sets a degree of attenuation of the spectrum so as to
increase as the tone feature increases. Claim 16The coding apparatus according to claim 13,
25wherein: the feature is a noise feature of the residual spectrum; 



2F11135-PCT and         the attenuating section sets a degree of attenuation of the spectrum so as to
decrease as the noise feature increases. 5Claim 17A coding method comprising:         a first coding
step of outputting a spectrum of a first decoded signal that is generated by decoding a first code
obtained by a first encoding of an input signal; a suppressing step of suppressing an amplitude of the
10 spectrum of the first decoded signal using a suppressing coefficient that is specified from among a
plurality of suppressing coefficients, to generate a suppressed spectrum;         a residual spectrum
calculating step of calculating a residual spectrum using a spectrum of the input signal and the
15suppressed spectrum;         a preliminary selection step of preliminarily selecting a predetermined
number of suppressing coefficients that are used in the suppressing step using the spectrum of the
input signal and the residual spectrum, and setting the preliminarily  20 selected suppressing
coefficients as the specified suppressing coefficients; and         a second coding step of performing a
second encoding using a residual spectrum that is calculated in the residual spectrum calculating step
using a suppressed spectrum that is 25generated using the specified suppressing coefficient in the
suppressing step, and determining one suppressing coefficient  



2F11135-PCT among the specified suppressing coefficients using a spectrum of a second decoded
signal that is generated by decoding a second code obtained by the second encoding, the suppressed
spectrum and the spectrum of the input signal. 




