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Description 

Title of Invention: SIGNAL PROCESSING APPARATUS AND 

METHOD, AND PROGRAM 
Technical Field 

[00011 The present disclosure relates to a signal processing apparatus and method as well as 

a program. More particularly, an embodiment relates to a signal processing apparatus 

and method as well as a program configured such that audio of higher audio quality is 
obtained in the case of decoding a coded audio signal. 

Background Art 
[0002] Conventionally, HE-AAC (High Efficiency MPEG (Moving Picture Experts Group) 

4 AAC (Advanced Audio Coding))(International Standard ISO/IEC 14496-3), etc. are 

known as audio signal coding techniques. With such coding techniques, a high-range 

characteristics coding technology called SBR (Spectral Band Replication) is used (for 
example, see PTL 1). 

[0003] With SBR, when coding an audio signal, coded low-range components of the audio 

signal (hereinafter designated a low-range signal, that is, a low-frequency range signal) 

are output together with SBR information for generating high-range components of the 
audio signal (hereinafter designated a high-range signal, that is, a high-frequency range 

signal). With a decoding apparatus, the coded low-range signal is decoded, while in 

addition, the low-range signal obtained by decoding and SBR information is used to 
generate a high-range signal, and an audio signal consisting of the low-range signal 
and the high-range signal is obtained. 

[00041 More specifically, assume that the low-range signal SL1 illustrated in Fig. 1 is 

obtained by decoding, for example. Herein, in Fig. I, the horizontal axis indicates 

frequency, and the vertical axis indicates energy of respective frequencies of an audio 
signal. Also, the vertical broken lines in the drawing represent scalefactor band 

boundaries. Scalefactor bands are bands that plurally bundle sub-bands of a given 

bandwidth, i.e. the resolution of a QMF (Quadrature Mirror Filter) analysis filter. 
[0005] In Fig. 1, a band consisting of the seven consecutive scalefactor bands on the right 

side of the drawing of the low-range signal SL1 is taken to be the high range. High-

range scalefactor band energies El 1 to E17 are obtained for each of the scalefactor 
bands on the high-range side by decoding SBR information. 

[0006] Additionally, the low-range signal SLI and the high-range scalefactor band energies 

are used, and a high-range signal for each scalefactor band is generated. For example, 

in the case where a high-range signal for the scalefactor band Bobj is generated, 

components of the scalefactor band Borg from out of the low-range signal SL1 are 
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frequency-shifted to the band of the scalefactor band Bobj. The signal obtained by the 

frequency shift is gain-adjusted and taken to be a high-range signal. At this time, gain 

adjustment is conducted such that the average energy of the signal obtained by the 

frequency shift becomes the same magnitude as the high-range scalefactor band energy 

El3 in the scalefactor band Bobj. 

[0007] According to such processing, the high-range signal SH1 illustrated in Fig. 2 is 

generated as the scalefactor band Bobj component. Herein, in Fig. 2, identical 

reference signs are given to portions corresponding to the case in Fig. 1, and de-

scription thereof is omitted or reduced. 

[0008] In this way, at the audio signal decoding side, a low-range signal and SBR in-

formation is used to generate high-range components not included in a coded and 

decoded low-range signal and expand the band, thereby making it possible to playback 

audio of higher audio quality. 

Citation List 

Patent Literature 
[0009] PTL 1: Japanese Unexamined Patent Application Publication (Translation of PCT 

Application) No. 2001-521648 

Summary of Invention 

[0010] in a first aspect, there is provided a computer-implemented method for processing an audio signal, 

the method comprising: receiving an encoded low-frequency range signal corresponding to the 

audio signal; decoding the encoded signal to produce a decoded signal having an energy spectrum 

of a shape including an energy depression; performing filter processing on the decoded signal, the 

filter processing separating the decoded signal into low-frequency range band signals; performing a 

smoothing process on the decoded signal, the smoothing 	smoothing the energy depression process 

of the decoded signal; performing a frequency shift on the smoothed decoded signal, the frequency 

shift generating high-frequency range band signals from the low-frequency range band signals; 

combining the low-frequency range band signals and the high-frequency range band signals to 

generate an output signal; and outputting the output signal, wherein the encoded signal comprises 

smoothing position information for the low-frequency range band signals. 

[0010a] In a second aspect, there is provided a computer-implemented method for processing a signal, the 

method comprising: receiving an input signal; extracting a low-frequency range signal from the 

input signal; performing filter processing on the low-frequency range signal, the filter processing 

separating the signal into low-frequency range band signals; calculating energy information for the 

low-frequency range band signals; encoding the low-frequency range signal and the energy 

information; and outputting the encoded low-frequency range signal and the encoded energy 

information, wherein the encoded signal comprises smoothing position information for the low-

frequency range band signals. 
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[0011] In a third aspect, there is provided a device for processing an audio signal, the device comprising: 

a low-frequency range decoding circuit configured to receive an encoded low-frequency range 

signal corresponding to the audio signal and decode the encoded signal to produce a decoded signal 

having an energy spectrum of a shape including an energy depression; a filter processor configured 

to perform filter processing on the decoded signal, the filter processing separating the decoded 

signal into low-frequency range band signals; a high-frequency range generating circuit configured 

to: perform a smoothing process on the decoded signal, the smoothing process smoothing the 

energy depression; and perform a frequency shift on the smoothed decoded signal, the frequency 

shift generating high-frequency range hand signals from the low-frequency range band signals; and 

a combinatorial circuit configured to combine the low-frequency range band signals and the high- 

frequency range band signals to generate an output signal, and output the output signal, wherein the 

encoded signal comprises smoothing position information for the low-frequency range band signals. 

[0011a] In a fourth aspect, there is provided a device for processing a signal, the device comprising: a 

downsampler configured to receive an input signal and extract a low-frequency range signal from 

the input signal; a high-frequency range coding circuit configured to: perform filter processing on 

the low-frequency range signal, the filter processing separating the signal into low-frequency range 

band signals; calculate energy information for the low-frequency range band signals; and encode the 

energy information; a low-frequency range coding circuit configured to encode the low-frequency 

range signal; and a multiplexing circuit configured to output the encoded low-frequency range 

signal and the encoded energy information, wherein the encoded signal comprises smoothing 

position information for the low-frequency range band signals. 
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[0012] In a fifth aspect, there is provided a tangibly embodied computer-readable storage medium 

including instructions that, when executed by a processor, perform a method for processing an audio 

signal, the method comprising: receiving an encoded low-frequency range signal corresponding to 

the audio signal; decoding the encoded signal to produce a decoded signal having an energy 

spectrum of a shape including an energy depression; performing filter processing on the decoded 

signal, the filter processing separating the decoded signal into low-frequency range band signals; 

performing a smoothing process on the decoded signal, the smoothing process smoothing the energy 

depression of the decoded signal; performing a frequency shift on the smoothed decoded signal, the 

frequency shift generating high-frequency range band signals from the low-frequency range band 

signals; combining the low-frequency range band signals and the high-frequency range band signals 

to generate an output signal; and outputting the output signal, wherein the encoded signal comprises 

smoothing position information for the low-frequency range band signals. 

[0012a] In a sixth aspect, there is provided a tangibly embodied computer-readable storage medium 

including instructions that, when executed by a processor, perfoiui a method for processing a signal, 

the method comprising: receiving an input signal; extracting a low-frequency range signal from the 

input signal; performing filter processing on the low-frequency range signal, the filter processing 

separating the signal into low-frequency range band signals; calculating energy information for the 

low-frequency range band signals; encoding the low-frequency range signal and the energy 

information; and outputting the encoded low-frequency range signal and the encoded energy 

information, wherein the encoded signal comprises smoothing position information for the low- 

frequency range band signals. 
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Technical Problem 

[0013] 	However, in cases where there is a hole in the low-ranee signal SL1 used to generate 

a high-range signal, that is, where there is a low-frequency range signal having an 

energy spectrum of a shape including an energy depression used to generate a high-

frequency range signal, like the scalefactor band Borg in Fig. 2, it is highly probable 

that the shape of the obtained high-range signal SH1 will become a shape largely 

different from the frequency shape of the original signal, which becomes a cause of 

auditory degradation. Herein, the state of there being a hole in a low-range signal refers 

to a state wherein the energy of a given band is markedly low compared to the energies 

of adjacent bands, with a portion of the low-range power spectrum (the energy 

waveform of each frequency) protruding downward in the drawing. In other words, it 

refers to a state wherein the energy of a portion of the band components is depressed, 

that is, an energy spectrum of a shape including an energy depression. 
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[0014] In the example in Fig. 2, since a depression exists in the low-range signal, that is, 

low-frequency range signal, SL1 used to generate a high-range signal, that is, high-

frequency range signal, a depression also occurs in the high-range signal SH1. If a de-

pression exists in a low-range signal used to generate a high-range signal in this way, 

high-range components can no longer be precisely reproduced, and auditory 

degradation can occur in an audio signal obtained by decoding. 

[0015] Also, with SBR, processing called gain limiting and interpolation can be conducted. 

In some cases, such processing can cause depressions to occur in high-range 

components. 

[0016] Herein, gain limiting is processing that suppresses peak values of the gain within a 

limited band consisting of plural sub-bands to the average value of the gain within the 

limited band. 

[0017] For example, assume that the low-range signal. SL2 illustrated in Fig. 3 is obtained by 

decoding a low-range signal. Herein, in Fig. 3, the horizontal axis indicates frequency, 

and the vertical axis indicates energy of respective frequencies of an audio signal. 

Also, the vertical broken lines in the drawing represent scalefactor band boundaries. 

[001.8] In Fig. 3, a band consisting of the seven consecutive scalefactor bands on the right 

side of the drawing of the low-range signal SL2 is taken to be the high range. By 

decoding SBR information, high-range scalefactor band energies E21 to E27 are 

obtained. 

[001.9] Also, a band consisting of the three scalefactor bands from Bobjl to Bobj3 is taken to 

be a limited band. Furthermore, assume that the respective components of the 

scalefactor bands Borgl to Borg3 of the low-range signal. SL2 are used, and respective 

high-range signals for the scalefactor bands Bobjl to Bobj3 on the high-range side are 

generated. 

[0020] Consequently, when generating a high-range signal SH2 in the scalefactor band 

Bobj2, gain adjustment is basically made according to the energy differential 02 

between the average energy of the scalefactor band Borg2 of the low-range signal SL2 

and the high-range scalefactor band energy E22. In other words, gain adjustment is 

conducted by frequency-shifting the components of the scalefactor band Borg2 of the 

low-range signal SL2 and multiplying the signal obtained as a result by the energy dif-

ferential G2. This is taken to be the high-range signal SH2. 

[0021.] However, with gain limiting, if the energy differential G2 is greater than the average 

value G of the energy differentials 01 to G3 of the scalefactor bands Bobji to Bobj3 

within the limited band, the energy differential 02 by which a frequency-shifted signal 

is multiplied will be taken to be the average value G. In other words, the gain of the 

high-range signal for the scalefactor band Bobj2 will be suppressed down. 

[0022] In the example in Fig. 3, the energy of the scalefactor band Borg2 in the low-range 
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signal SL2 has become smaller compared to the energies of the adjacent scalefactor 

bands Borg I and Borg3. In other words, a depression has occurred in the scalefactor 

band Borg2 portion. 

[0023] In contrast, the high-range scalefactor band energy E22 of the scalefactor band 

Bobj2, i.e. the application destination of the low-range components, is larger than the 

high-range scalefactor band energies of the scalefactor bands Bobj I and Bobj3. 

[0024] For this reason, the energy differential G2 of the scalefactor band Bobj2 becomes 

higher than the average value G of the energy differential within the limited band, and 

the gain of the high-range signal for the scalefactor band Bobj2 is suppressed down by 

gain limiting. 

[0025] Consequently, in the scalefactor band Bobj2, the energy of the high-range signal SH2 

becomes drastically lower than the high-range scalefactor band energy E22, and the 

frequency shape of the generated high-range signal becomes a shape that greatly 

differs from the frequency shape of the original signal. Thus, auditory degradation 

occurs in the audio ultimately obtained by decoding. 

[0026] Also, interpolation is a high-range signal generation technique that conducts 

frequency shifting and gain adjustment on each sub-band rather than each scalefactor 

band. 

[0027] For example, as illustrated in Fig. 4, assume that the respective sub-bands Borg! to 

Borg3 of the low-range signal SL3 are used, respective high-range signals in the sub-

bands Bobj 1 to Bobj3 on the high-range side are generated, and a band consisting of 

the sub-bands Bobj I to Bobj3 is taken to be a limited band. 

[0028] Herein, in Fig. 4, the horizontal axis indicates frequency, and the vertical axis 

indicates energy of respective frequencies of an audio signal. Also, by decoding SBR 

information, high-range scalefactor band energies E31 to E37 are obtained for each 

scalefactor band. 

[0029] In the example in Fig. 4, the energy of the sub-band Borg2 in the low-range signal 

SL3 has become smaller compared to the energies of the adjacent sub-bands Borgl and 

Borg3, and a depression has occurred in the sub-band Borg2 portion. For this reason, 

and similarly to the case in Fig. 3, the energy differential between the energy of the 

sub-band Borg2 of the low-range signal SL3 and the high-range scalefactor band 

energy E33 becomes higher than the average value of the energy differential within the 

limited band. Thus, the gain of the high-range signal SH3 in the sub-band Bobj2 is 

suppressed down by gain limiting. 

[0030] As a result, in the sub-band Bobj2, the energy of the high-range signal SH3 becomes 

drastically lower than the high-range scalefactor band energy E33, and the frequency 

shape of the generated high-range signal may become a shape that greatly differs from 

the frequency shape of the original signal. Thus, similarly to the case in Fig. 3, 
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auditory degradation occurs in the audio obtained by decoding. 
[0031] As in the above, with SBR, there have been cases where audio of high audio quality 

is not obtained on the audio signal decoding side due to the shape (frequency shape) of 

the power spectrum of a low-range signal used to generate a high-range signal. 

Advantageous Effects of Invention 
[0032] According to an aspect of an embodiment, audio of higher audio quality can be 

obtained in the case of decoding an audio signal. 

Brief Description of Drawings 

[0033] [fig.l]Fig. 1 is a diagram explaining conventional SBR. 

[fig.2]Fig. 2 is a diagram explaining conventional SBR. 

Ifig.31Fig. 3 is a diagram explaining conventional gain limiting. 

[fig.41Fig. 4 is a diagram explaining conventional interpolation. 

[fig.5]Fig. 5 is a diagram explaining SBR to which an embodiment has been applied. 

[fig.6]Fig. 6 is a diagram illustrating an exemplary configuration of an embodiment of 

an encoder to which an embodiment has been applied. 

[fig.7]Fig. 7 is a flowchart explaining a coding process. 

[fig.8lFig. 8 is a diagram illustrating an exemplary configuration of an embodiment of 

a decoder to which an embodiment has been applied. 

[fig.9]Fig. 9 is a flowchart explaining a decoding process. 

[fig.10]Fig. 10 is a flowchart explaining a coding process. 

[fig.11]Fig. 11 is a flowchart explaining a decoding process. 

[fig.12]Fig. 12 is a flowchart explaining a coding process. 

[fig.13)Fig. 13 is a flowchart explaining a decoding process. 

[fig.I4]Fig. 14 is a block diagram illustrating an exemplary configuration of a 

computer. 

Description of Embodiments 
[0034] Hereinafter, embodiments will be described with reference to the drawings. 

Overview of present invention 

[0035] First, band expansion of an audio signal by SBR to which an embodiment has been 

applied will be described with reference to Fig. 5. Herein, in Fig. 5, the horizontal axis 

indicates frequency, and the vertical axis indicates energy of respective frequencies of 

an audio signal. Also, the vertical broken lines in the drawing represent scalefactor 

band boundaries. 

[0036] For example, assume that at the audio signal decoding side, a low-range signal SL1I 

and high-range scalefactor band energies Eobj 1 to Eobj7 of the respective scalefactor 

bands Bobjl to Bobj7 on the high-range side are obtained from data received from the 

coding side. Also assume that the low-range signal SL1 I and the high-range 
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scalefactor band energies Eobj 1 to Eobj7 are used, and high-range signals of the re-

spective scalefactor bands Bobj1 to Bobj7 are generated. 

100371 Now consider that the low-range signal SL11 and the scalefactor band Borg]. 

component are used to generate a high-range signal of the scalefactor band'  obj3 on 

the high-range side. 

[0038] In the example in Fig. 5, the power spectrum of the low-range signal SL11 is greatly 

depressed downward in the drawing in the scalefactor band Borg I portion. In other 

words, the energy has become small compared to other bands. For this reason, if a 

high-range signal in scalefactor band Bobj3 is generated by conventional SBR, a de-

pression will also occur in the obtained high-range signal, and auditory degradation 

will occur in the audio. 

[0039] Accordingly, in an embodiment, a flattening process (i.e., smoothing process) is first 

conducted on the scalefactor band Borgl component of the low-range signal SL11. 

Thus, a low-range signal H11 of the flattened scalefactor band Borgl is obtained. The 

power spectrum of this low-range signal HII is smoothly coupled to the band portions 

adjacent to the scalefactor band Borgl in the power spectrum of the low-range signal 

SL11. In other words, the low-range signal SL11 after flattening, that is, smoothing, 

becomes a signal in which a depression does not occur in the scalefactor band Borgl. 

[0040] In so doing, if flattening of the low-range signal SL11 is conducted, the low-range 

signal HI I obtained by flattening is frequency-shifted to the band of the scalefactor 

band Bobj3. The signal obtained by frequency shifting is gain-adjusted and taken to be 

a high-range signal H12. 

[0041] At this point, the average value of the energies in each sub-band of the low-range 

signal H1.1. is computed as the average energy Eorgl of the scalefactor band Borgl. 

Then, gain adjustment of the frequency-shifted low-range signal Hit is conducted 

according to the ratio of the average energy Eorgl and the high-range scalefactor band 

energy Eobj3. More specifically, gain adjustment is conducted such that the average 

value of the energies in the respective sub-bands in the frequency-shifted low-range 

signal H11 becomes nearly the same magnitude as the high-range scalefactor band 

energy Eobj3. 

[0042] In Fig. 5, since a depression-less low-range signal Hl l is used and a high-range 

signal H12 is generated, the energies of the respective sub-bands in the high-range 

signal H1.2 have become nearly the same magnitude as the high-range scalefactor band 

energy Eobj3. Consequently, a high-range signal nearly the same as a high-range 

signal in the original signal is obtained. 

[0043] In this way, if a flattened low-range signal is used to generate a high-range signal, 

high-range components of an audio signal can be generated with higher precision, and 

the conventional auditory degradation of an audio signal produced by depressions in 
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the power spectrum of a low-range signal can be improved. In other words, it becomes 

possible to obtain audio of higher audio quality. 

[0044] Also, since depressions in the power spectrum can be removed if a low-range signal 

is flattened, auditory degradation of an audio signal can be prevented if a flattened 

low-range signal is used to generate a high-range signal, even in cases where gain 

limiting and interpolation are conducted. 

[0045] Herein, it may be configured such that low-range signal flattening is conducted on all. 

band components on the low-range side used to generate high-range signals, or it may 

he configured such that low-range signal flattening is conducted only on a band 

component where a depression occurs from among the band components on the low-

range side. Also, in the case where flattening is conducted only on a band component 

where a depression occurs, the band subjected to flattening may be a single sub-band if 

sub-bands are the bands taken as units, or a band of arbitrary width consisting of a 

plurality of sub-bands. 

[0046] Furthermore, hereinafter, for a scalefactor band or other band consisting of several 

sub-bands, the average value of the energies in the respective sub-bands constituting 

that band will also be designated the average energy of the band. 

[0047] Next, an encoder and decoder to which an embodiment has been applied will be 

described. Herein, in the following, a case wherein high-range signal generation is 

conducted taking scalefactor bands as units is described by example, but high-range 

signal generation may obviously also be conducted on individual bands consisting of 

one or a plurality of sub-bands. 

First embodiment 

[0048] <Encoder configuration> 

Fig. 6 illustrates an exemplary configuration of an embodiment of an encoder. 

[0049] An encoder 11 consists of a downsampler 21, a low-range coding circuit 22, that is a 

low-frequency range coding circuit, a QMF analysis filter processor 23, a high-range 

coding circuit 24, that'  s a high-frequency range coding circuit, and a multiplexing 

circuit 25. An input signal, i.e. an audio signal, is supplied to the downsampler 21 and 

the QMF analysis filter processor 23 of the encoder 11. 

[0050] By downsampling the supplied input signal, the downsampler 21 extracts a low-

range signal, i.e. the low-range components of the input signal, and supplies it to the 

low-range coding circuit 22. The low-range coding circuit 22 codes the low-range 

signal supplied from the downsampler 21 according to a given coding scheme, and 

supplies the low-range coded data obtained as a result to the multiplexing circuit 25. 

The AAC scheme, for example, exists as a method of coding a low-range signal. 

[0051] The QMF analysis filter processor 23 conducts filter processing using a QMF 

analysis filter on the supplied input signal, and separates the input signal into a 



9 

WO 2012/017621 
	

PCT/JP2011/004260 

plurality of sub-bands. For example, the entire frequency band of the input signal is 

separated into 64 by filter processing, and the components of these 64 bands 

(sub-bands) are extracted. The QMF analysis filter processor 23 supplies the signals of 

the respective sub-bands obtained by filter processing to the high-range coding circuit 

24. 

[0052] Additionally, hereinafter, the signals of respective sub-bands of the input signal are 

taken to also be designated sub-band signals. Particularly, taking the bands of the low-

range signal extracted by the downsampler 21 as the low range, the sub-band signals of 

respective sub-bands on the low-range side are designated low-range sub-band signals, 

that is, low-frequency range band signals. Also, taking the bands of higher frequency 

than the bands on the low-range side from among all bands of the input signal as the 

high range, the sub-band signals of the sub-bands on the high-range side are taken to 

be designated high-range sub-band signals, that is, high-frequency range band signals. 

[0053] Furthermore, in the following, description taking bands of higher frequency than the 

low range as the high range will continue, but a portion of the low range and the high 

range may also be made to overlap. In other words, it may be configured such that 

bands mutually shared by the low range and the high range are included. 

[0054] The high-range coding circuit 24 generates SBR information on the basis of the sub-

band signals supplied from the QMF analysis filter processor 23, and supplies it to the 

multiplexing circuit 25. Herein, SBR information is information for obtaining the high-

range scalefactor band energies of the respective scalefactor bands on the high-range 

side of the input signal, i.e. the original signal. 

[0055] The multiplexing circuit 25 multiplexes the low-range coded data from the low-range 

coding circuit 22 and the SBR information from the high-range coding circuit 24, and 

outputs the bitstream obtained by multiplexing. 

Description of coding process 

[0056] Meanwhile, if an input signal is input into the encoder 11 and coding of the input 

signal is instructed, the encoder 11 conducts a coding process and conducts coding of 

the input signal. Hereinafter, a coding process by the encoder 11 will be described with 

reference to the flowchart in Fig. 7. 

[0057] In a step S11, the downsampler 21 downsamples a supplied input signal and extracts 

a low-range signal, and supplies it to the low-range coding circuit 22. 

[0058] In a step S12, the low-range coding circuit 22 codes the low-range signal supplied 

from the downsampler 21 according to the AAC scheme, for example, and supplies the 

low-range coded data obtained as a result to the multiplexing circuit 25. 

[0059] In a step S13, the QMF analysis filter processor 23 conducts filter processing using a 

QMF analysis filter on the supplied input signal, and supplies the sub-band signals of 

the respective sub-bands obtained as a result to the high-range coding circuit 24. 
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[0060] In a step S14, the high-range coding circuit 24 computes a high-range scalefactor 

band energy Eobj, that is, energy information, for each scalefactor band on the high-

range side, on the basis of the sub-band signals supplied from. the QMF analysis filter 

processor 23. 

[0061] In other words, the high-range coding circuit 24 takes a band consisting of several 

consecutive sub-bands on the high-range side as a scalefactor hand, and uses the sub-

band signals of the respective sub-bands within the scalefactor band to compute the 

energy of each sub-band. Then, the high-range coding circuit 24 computes the average 

value of the energies of each sub-band within the scalefactor band, and takes the 

computed average value of energies as the high-range scalefactor band energy Eobj of 

that scalefactor band. Thus, the high-range scalefactor band energies, that is, energy in-

formation, Eobjl to Eobj7 in Fig. 5, for example, are calculated. 

[0062] In a step S15, the high-range coding circuit 24 codes the high-range scalefactor band 

energies .Eobj for a plurality of scalefactor bands, that is, energy information, 

according to a given coding scheme, and generates SBR information. For example, the 

high-range scalefactor band energies Eobj are coded according to scalar quantization, 

differential coding, variable-length coding, or other scheme. The high-range coding 

circuit 24 supplies the SBR information obtained by coding to the multiplexing circuit 

25. 

[0063] In a step S16, the multiplexing circuit 25 multiplexes the low-range coded data from 

the low-range coding circuit 22 and the SBR information from the high-range coding 

circuit 24, and outputs the bitstream obtained by multiplexing. The coding process 

ends. 

[0064] In so doing, the encoder 11 codes an input signal, and outputs a bitstream mul-

tiplexed with low-range coded data and SBR information. Consequently, at the 

receiving side of this bitstream, the low-range coded data is decoded to obtain a low-

range signal, that is a low-frequency range signal, while in addition, the low-range 

signal and the SBR information is used to generate a high-range signal, that is, a high-

frequency range signal. An audio signal of wider band consisting of the low-range 

signal and the high-range signal can be obtained. 

Decoder configuration 

[0065] Next, a decoder that receives and decodes a bitstream output from the encoder 11 in 

Fig. 6 will be described. The decoder is configured as illustrated in Fig. 8, for example. 

100661 In other words, a decoder 51 consists of a demultiplexing circuit 61, a low-range 

decoding circuit 62, that is, a low-frequency range decoding circuit, a QMF analysis 

filter processor 63, a high-range decoding circuit 64, that is, a high-frequency range 

generating circuit, and a QMF synthesis filter processor 65, that is, a combinatorial 

circuit. 
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[0067] The demultiplexing circuit 61 demultiplexes a bitstream received from the encoder 

11, and extracts low-range coded data and SBR information. The demultiplexing 

circuit 61 supplies the low-range coded data obtained by demultiplexing to the low-

range decoding circuit 62, and supplies the SBR information obtained by demul-

tiplexing to the high-range decoding circuit 64. 

[0068] The low-range decoding circuit 62 decodes the low-range coded data supplied from 

the demultiplexing circuit 61 with a decoding scheme that corresponds to the low-

range signal coding scheme (for example, the AAC scheme) used by the encoder 11, 

and supplies the low-range signal, that is, the low-frequency range signal, obtained as a 

result to the QMF analysis filter processor 63. The QMF analysis filter processor 63 

conducts filter processing using a QMF analysis filter on the low-range signal supplied 

from. the low-range decoding circuit 62, and extracts sub-band signals of the respective 

sub-bands on the low-range side from the low-range signal. In other words, band 

separation of the low-range signal is conducted. The QMF analysis filter processor 63 

supplies the low-range sub-band signals, that is, low-frequency range band signals, of 

the respective sub-bands on the low-range side that were obtained by filter processing 

to the high-range decoding circuit 64 and the QMF synthesis filter processor 65. 

[0069] Using the SBR information supplied from the demultiplexing circuit 61. and the low-

range sub-band signals, that is, low-frequency range band signals, supplied from the 

QMF analysis filter processor 63, the high-range decoding circuit 64 generates high-

range signals for respective scalefactor bands on the high-range side, and supplies 

them to the QMF synthesis filter processor 65. 

[0070] The QMF synthesis filter processor 65 synthesizes, that is, combines, the low-range 

sub-band signals supplied from the QMF analysis filter processor 63 and the high-

range signals supplied from the high-range decoding circuit 64 according to filter 

processing using a QMF synthesis filter, and generates an output signal. This output 

signal is an audio signal consisting of respective low-range and high-range sub-band 

components, and is output from the QMF synthesis filter processor 65 to a subsequent 

speaker or other playback unit. 

Description of decoding process 

[0071.] If a bitstream from the encoder 11 is supplied to the decoder 51 illustrated in Fig. 8 

and decoding of the bitstream is instructed, the decoder 51 conducts a decoding 

process and generates an output signal. Hereinafter, a decoding process by the decoder 

51 will be described with reference to the flowchart in Fig. 9. 

[0072] In a step S41, the demultiplexing circuit 61 demultiplexes the bitstream received 

from the encoder 11. Then, the demultiplexing circuit 61 supplies the low-range coded 

data obtained by demultiplexing the bitstream to the low-range decoding circuit 62, 

and in addition, supplies SBR information to the high-range decoding circuit 64. 
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[0073] In a step S42, the low-range decoding circuit 62 decodes the low-range coded data 

supplied from the low-range decoding circuit 62, and supplies the low-range signal, 

that is, the low-frequency range signal, obtained as a result to the QMF analysis filter 

processor 63. 

[0074] In a step S43, the QMF analysis filter processor 63 conducts filter processing using a 

QMF analysis filter on the low-range signal supplied fmm the low-range decoding 

circuit 62. Then, the QMF analysis filter processor 63 supplies the low-range sub-band 

signals, that is low-frequency range band signals, of the respective sub-bands on the 

low-range side that were obtained by filter processing to the high-range decoding 

circuit 64 and the QMF synthesis filter processor 65. 

(0075) In a step 544, the high-range decoding circuit 64 decodes the SBR information 

supplied from the low-range decoding circuit 62. Thus, high-range scalefactor band 

energies Eobj, that is, the energy information, of the respective scalefactor bands on 

the high-range side are obtained. 

[0076] In a step S45, the high-range decoding circuit 64 conducts a flattening process, that 

is, a smoothing process, on the low-range sub-band signals supplied from the QMF 

analysis filter processor 63. 

[0077] For example, for a particular scalefactor band on the high-range side, the high-range 

decoding circuit 64 takes the scalefactor band on the low-range side that is used to 

generate a high-range signal for that scalefactor band as the target scalefactor band for 

the flattening process. Herein, the scalefactor bands on the low-range that are used to 

generate high-range signals for the respective scalefactor bands on the high-range side 

are taken to be determined in advance. 

[0078] Next, the high-range decoding circuit 64 conducts filter processing using a flattening 

filter on the low-range sub-band signals of the respective sub-bands constituting the 

processing target scalefactor band on the low-range side. More specifically, on the 

basis of the low-range sub-band signals of the respective sub-bands constituting the 

processing target scalefactor band on the low-range side, the high-range decoding 

circuit 64 computes the energies of those sub-bands, and computes the average value 

of the computed energies of the respective sub-bands as the average energy. The high-

range decoding circuit 64 flattens the low-range sub-band signals of the respective sub-

bands by multiplying the low-range sub-band signals of the respective sub-bands con-

stituting the processing target scalefactor band by the ratios between the energies of 

those sub-bands and the average energy. 

[0079] For example, assume that the scalefactor band taken as the processing target consists 

of the three sub-bands SB1 to SB3, and assume that the energies El to E3 are obtained 

as the energies of those sub-bands. In this case, the average value of the energies El to 

E3 of the sub-bands SBI to SB3 is computed as the average energy EA. 
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[0080] Then, the values of the ratios of the energies, i.e. EA/E1, EA/E2, and EA/E3, are 

multiplied by the respective low-range sub-band signals of the sub-bands SB1 to SB3. 
In this way, a low-range sub-band signal multiplied by an energy ratio is taken to be a 

flattened low-range sub-band signal. 

[0081] Herein, it may also be configured such that low-range sub-band signals are flattened 

by multiplying the ratio between the maximum value of the energies El to E3 and the 

energy of a sub-band by the low-range sub-band signal of that sub-band. flattening of 

the low-range sub-band signals of respective sub-bands may be conducted in any 

manner as long as the power spectrum of a scalefactor band consisting of those sub-
bands is flattened. 

[0082] In so doing, for each scalefactor band on the high-range side intended to be generated 

henceforth, the low-range sub-band signals of the respective sub-bands constituting the 

scalefactor bands on the low-range side that are used to generate those scalefactor 

bands are flattened. 

[0083] In a step S46, for the respective scalefactor bands on the low-range side that are used 

to generate scalefactor bands on the high-range side, the high-range decoding circuit 

64 computes the average energies Eorg of those scalefactor bands. 
[0084] More specifically, the high-range decoding circuit 64 computes the energies of the 

respective sub-bands by using the flattened low-range sub-band signals of the re-

spective sub-bands constituting a scalefactor band on the low-range side, and addi- 
tionally computes the average value of the those sub-band energies as an average 

energy Eorg. 

[0085] In a step S47, the high-range decoding circuit 64 frequency-shifts the signals of the 
respective scalefactor bands on the low-range side, that is, low-frequency range band 
signals, that are used to generate scalefactor bands on the high-range side, that is, high-

frequency range band signals, to the frequency bands of the scalefactor bands on the 

high-range side that are intended to be generated. In other words, the flattened low-
range sub-band signals of the respective sub-bands constituting the scalefactor bands 

on the low-range side are frequency-shifted to generate high-frequency range band 

signals. 

[0086] In a step S48, the high-range decoding circuit 64 gain-adjusts the frequency-shifted 

low-range sub-band signals according to the ratios between the High-range scalefactor 

band energies Eobj and the average energies Eorg, and generates high-range sub-band 

signals for the scalefactor bands on the high-range side. 
[0087] For example, assume that a scalefactor band on the high-range that is intended to be 

generated henceforth is designated a high-range scalefactor band, and that a scalefactor 

band on the low-range side that is used to generate that high-range scalefactor band is 

called a low-range scalefactor band. 
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[0088] The high-range decoding circuit 64 gain-adjusts the flattened low-range sub-band 

signals such that the average value of the energies of the frequency-shifted low-range 

sub-band signals of the respective sub-bands constituting the low-range scalefactor 

band becomes nearly the same magnitude as the high-range scalefactor band energy of 

the high-range scalefactor band. 
[0089] In so doing, frequency-shifted and gain-adjusted low-range sub-band signals are 

taken to be high-range sub-band signals for the respective sub-bands of a high-range 

scalefactor band, and a signal consisting of the high-range sub-band signals of the re-

spective sub-bands of a scalefactor band on the high range side is taken to be a 

scalefactor band signal on the high-range side (high-range signal). The high-range 

decoding circuit 64 supplies the generated high-range signals of the respective 

scalefactor bands on the high-range side to the QMF synthesis filter processor 65. 

[0090] In a step S49, the QMF synthesis filter processor 65 synthesizes, that is, combines, 

the low-range sub-band signals supplied from the QMF analysis filter processor 63 and 

the high-range signals supplied from the high-range decoding circuit 64 according to 

filter processing using a QMF synthesis filter, and generates an output signal. Then, the 

QMF synthesis filter processor 65 outputs the generated output signal, and the 

decoding process ends. 

[0091] In so doing, the decoder 51 flattens, that is, smoothes, low-range sub-band signals, 

and uses the flattened low-range sub-band signals and SBR information to generate 

high-range signals for respective scalefactor bands on the high-range side. In this way, 

by using flattened low-range sub-band signals to generate high-range signals, an output 

signal able to play back audio of higher audio quality can be easily obtained. 

[00921 Herein, in the foregoing, all bands on the low-range side are described as being 

flattened, that is, smoothed. However, on the decoder 51 side, flattening may also be 

conducted only on a band where a depression occurs from among the low range. In 

such cases, low-range signals are used in the decoder 51, for example, and a frequency 

band where a depression occurs is detected. 

Second embodiment 

[0093] <Description of coding process> 

Also, the encoder II may also be configured to generate position information for a 

band where a depression occurs in the low range and information used to flatten that 

band, and output SBR information including that information. In such cases, the 

encoder 11 conducts the coding process illustrated in Fig. 10. 

[0094] Hereinafter, a coding process will be described with reference to the flowchart in Fig. 

10 for the case of outputting SBR information including position information, etc. of a 

band where a depression occurs. 

[0095] Herein, since the processing in step S71 to step S73 is similar to the processing in 
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step Sll to step S13 in Fig. 7, its description is omitted or reduced. When the 

processing in step S73 is conducted, sub-band signals of respective sub-bands are 

supplied to the high-range coding circuit 24. 

[0096] In a step S74, the high-range coding circuit 24 detects bands with a depression from 

among the low-range frequency bands, on the basis of the low-range sub-band signals 

of the sub-bands on the low-range side that were supplied from the QMF analysis filter 

processor 23. 
[0097] More specifically, the high-range coding circuit 24 computes the average energy EL, 

i.e. the average value of the energies of the entire low range by computing the average 

value of the energies of the respective sub-bands in the low range, for example. Then, 

from among the sub-bands in the low range, the high-range coding circuit 24 detects 

sub-bands wherein the differential between the average energy EL and the sub-band 

energy becomes equal to or greater than a predetermined threshold value. In other 

words, sub-bands are detected for which the value obtained by subtracting the energy 
of the sub-band from the average energy EL is equal to or greater than a threshold 

value. 

[0098] Furthermore, the high-range coding circuit 24 takes a band consisting of the above-
described sub-bands for which the differential becomes equal to or greater than a 

threshold value, being also a band consisting of several consecutive sub-bands, as a 

band with a depression (hereinafter designated a flatten band). Herein, there may also 

be cases where a flatten band is a band consisting of one sub-band. 
[0099] In a step S75, the high-range coding circuit 24 computes, for each flatten band, 

flatten position information indicating the position of a flatten band and flatten gain in-

formation used to flatten that flatten band. The high-range coding circuit 24 takes in-

formation consisting of the flatten position information and the flatten gain information 

for each flatten band as flatten information. 

101001 More specifically, the high-range coding circuit 24 takes information indicating a 

band taken to be a flatten band as flatten position information. Also, the high-range 

coding circuit 24 calculates, for each sub-band constituting a flatten band, the dif-

ferential DE between the average energy EL and the energy of that sub-band, and takes 

information consisting of the differential DE of each sub-band constituting a flatten 

band as flatten gain information. 
[0101] In a step S76, the high-range coding circuit 24 computes the high-range scalefactor 

band energies Eobj of the respective scalefactor bands on the high-range side, on the 

basis of the sub-band signals supplied from the QMF analysis filter processor 23. 
Herein, in step S76, processing similar to step S14 in Fig. 7 is conducted. 

[0102] In a step S77, the high-range coding circuit 24 codes the high-range scalefactor band 

energies Eobj of the respective scalefactor bands on the high-range side and the flatten 
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information of the respective flatten bands according to a coding scheme such as scalar 

quantization, and generates SBR information. The high-range coding circuit 24 

supplies the generated SBR information to the multiplexing circuit 25. 

[0103] After that, the processing in a step S78 is conducted and the coding process ends, but 

since the processing in step S78 is similar to the processing in step S16 in Fig. 7, its de-

scription is omitted or reduced. 

[0104] In so doing, the encoder 1.1 detects flatten bands from the low range, and outputs 

SBR information including flatten information used to flatten the respective flatten 

bands together with the low-range coded data. Thus, on the decoder 51 side, it 

becomes possible to more easily conduct flattening of flatten bands. 

<Description of decoding process> 

[0105] Also, if a bitstream output by the coding process described with reference to the 

flowchart in Fig. 10 is transmitted to the decoder 51, the decoder 51 that received that 

bitstream conducts the decoding process illustrated in Fig. 11. Hereinafter, a decoding 

process by the decoder 51 will be described wi.th  reference to the flowchart in Fig. 11. 

[0106] Herein, since the processing in step S101 to step S104 is similar to the processing in 

step S41. to step S44 in Fig. 9, i.ts description is omitted or reduced. However, in the 

processing in step S104, high-range scalefactor band energies Eobj and flatten in-

formation of the respective flatten bands is obtained by the decoding of SBR in-

formation. 

[0107] In a step S1.05, the high-range decoding circuit 64 uses the flatten information to 

flatten the flatten bands indicated by the flatten position information included in the 

flatten information. In other words, the high-range decoding circuit 64 conducts 

flattening by adding the differential DE of a sub-band to the low-range sub-band signal 

of that sub-band constituting a flatten band indicated by the flatten position in-

formation. Herein, the differential DE for each sub-band of a flatten band is in-

formation included in the flatten information as flatten gain information. 

[0108] In so doing, low-range sub-band signals of the respective sub-band constituting a 

flatten band'  rom among the sub-bands on the low-range side are flattened. After that, 

the flattened low-range sub-band signals are used, the processing in step S106 to step 

S109 is conducted, and the decoding process ends. Herein, since this processing in step 

S106 to step 5109 is similar to the processing in step S46 to step S49 in Fig. 9, its de-

scription is omitted or reduced. 

[0109] In so doing, the decoder 51 uses flatten information included in SBR information, 

conducts flattening of flatten bands, and generates high-range signals for respective 

scalefactor bands on the high-range side. By conducting flattening of flatten bands 

using flatten information in this way, high-range signals can be generated more easily 

and rapidly. 
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Third embodiment 

[0110] <Description of coding process> 

Also, in the second embodiment, flatten information is described as being included in 

SBR information as-is and transmitted to the decoder 51. However, it may also be 

configured such that flatten information is vector quantized and included in SBR in-

formation. 

[0111] In such cases, the high-range coding circuit 24 of the encoder 11 logs a position table 

in which are associated a plurality of flatten position information vectors, that is , 

smoothing position information, and position indices specifying those flatten position 

information vectors, for example. Herein, a flatten information position vector is a 

vector taking respective flatten position information of one or a plurality of flatten 

bands as its elements, and is a vector obtained by arraying that flatten position in-

formation in order of lowest flatten band frequency. 

[0112] Herein, not only mutually different flatten position information vectors consisting of 

the same numbers of elements, but also a plurality of flatten position information 

vectors consisting of mutually different numbers of elements are logged in the position 

table. 

[0113] Furthermore, the high-range coding circuit 24 of the encoder 11 logs a gain table in 

which are associated a plurality of flatten gain information vectors and gain indices 

specifying those flatten gain information vectors. Herein, a flatten gain information 

vector is a vector taking respective flatten gain information of one or a plurality of 

flatten bands as its elements, and is a vector obtained by arraying that flatten gain in-

formation in order of lowest flatten band frequency. 

[0114] Similarly to the case of the position table, not only a plurality of mutually different 

flatten gain information vectors consisting of the same numbers of elements, but also a 

plurality of flatten gain information vectors consisting of mutually different numbers 

of elements are logged in the gain table. 

[0115] In the case where a position table and a gain table are logged in the encoder 11 in this 

way, the encoder 11 conducts the coding process illustrated in Fig. 12. Hereinafter, a 

coding process by the encoder 11 will be described with reference to the flowchart in 

Fig. 12. 

[0116] Herein, since the respective processing in step S141. to step S1.45 is similar to the re-

spective step S71 to step S75 in Fig. 10, its description is omitted or reduced. 

[0117] If the processing in a step 5145 is conducted, flatten position information and flatten 

gain information is obtained for respective flatten bands in the low range of an input 

signal. Then, the high-range coding circuit 24 arrays the flatten position information of 

the respective flatten bands in order of lowest frequency band and takes it as a flatten 

position information vector, while in addition, arrays the flatten gain information of the 
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respective flatten bands in order of lowest frequency band and takes it as a flatten gain 

information vector. 

[0118] In a step 5146, the high-range coding circuit 24 acquires a 	index and a position 	gain 

index corresponding to the obtained flatten position information vector and flatten gain 

information vector. 

[0119] In other words, from among the flatten position information vectors logged in the 

position table, the high-range coding circuit 24 specifies the flatten position in-

formation vector with the shortest Euclidean distance to the flatten position in-

formation vector obtained in step S145. Then, from the position table, the high-range 

coding circuit 24 acquires the position index associated with the specified flatten 

position information vector. 

[0120] Similarly, from among the flatten gain information vectors logged in the gain table, 

the high-range coding circuit 24 specifies the flatten gain information vector with the 

shortest Euclidean distance to the flatten gain information vector obtained in step 

5145. Then, from the gain table, the high-range coding circuit 24 acquires the gain 

index associated with the specified flatten gain information vector. 

[0121] In so doing, if a position index and a gain index are acquired, the processing in a step 

S147 is subsequently conducted, and high-range scalefactor band energies Eobj for re-

spective scalefactor bands on the high-range side are calculated. Herein, since the 

processing in step S147 is similar to the processing in step S76 in Fig. 10, its de-

scription is omitted or reduced. 

[0122] In a step S148, the high-range coding circuit 24 codes the respective high-range 

scalefactor band energies Eobj as well as the position index and gain index acquired in 

step S146 according to a coding scheme such as scalar quantization, and generates 

SBR information. The high-range coding circuit 24 supplies the generated SBR in-

formation to the multiplexing circuit 25. 

[0123] After that, the processing in a step S149 is conducted and the coding process ends, 

but since the processing in step S149 is similar to the processing in step S78 in Fig. 10, 

its description is omitted or reduced. 

[0124] In so doing, the encoder 11 detects flatten bands from the low range, and outputs 

SBR information including a position index and a gain index for obtaining flatten in-

formation used to flatten the respective flatten bands together with the low-range coded 

data. Thus, the amount of information in a bitstream output from the encoder 11 can be 

decreased. 

<Description of decoding process> 

[0125] Also, in the case where a position index and a gain index are included in SBR in-

formation, a position table and a gain table are logged in advance the high-range 

decoding circuit 64 of the deroder 51. 
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[0126] 	In this way, in the case where the decoder 51 logs a position table and a gain table, 

the decoder 51 conducts the decoding process illustrated in Fig. 13. Hereinafter, a 

decoding process by the decoder 51 will be described with reference to the flowchart in 

Fig. 13. 

[0127] 	Herein, since the processing in step SI71 to step S174 is similar to the processing in 

step S101 to step S104 in Fig. 11, its description is omitted or reduced. However, in the 

processing in step S174, high-range scalefactor band energies Eobj as well as a 

position index and a gain index are obtained by the decoding of SBR information. 

[0128] 	In a step S175, the high -range decoding circuit 64 acquires a flatten position in- 

formation vector and a flatten gain information vector on the basis of the position 

index and the gain index. 

[0129] 	In other words, the high -range decoding circuit 64 acquires from the logged position 

table the flatten position information vector associated with the position index obtained 

by decoding, and acquires from the gain table the flatten gain information vector as- 

sociated with the gain index obtained by decoding. From the flatten position in- 

formation vector and the flatten gain information vector obtained in this way, flatten 

information of respective flatten bands, i.e. flatten position information and flatten gain 

information of respective flatten bands, is obtained. 

[0130] 	If flatten information of respective flatten bands is obtained, then after that the 

processing in step 5176 to step S180 is conducted and the decoding process ends, but 

since this processing is similar to the processing in step S105 to step 5109 in Fig. 11, 

its description is omitted or reduced. 

[0131] 	In so doing, the decoder 51 conducts flattening of flatten bands by obtaining flatten 

information of respective flatten bands from a position index and a gain index included 

in SBR information, and generates high-range signals for respective scalefactor bands 

on the high-range side. By obtaining flatten information from a position index and a 

gain index in this way, the amount of information in a received bitstream can be 

decreased. 

[0132] 	The above-described series of processes can be executed by hardware or executed by 

software. In the case of executing the series of processes by software, a program con- 

stituting such software in installed from a program recording medium onto a computer 

built into special-purpose hardware, or alternatively, onto for example a general- 

purpose personal computer, etc. able to execute various functions by installing various 

programs. 

[0133] 	Fig. 14 is a block diagram illustrating an exemplary hardware configuration of a 

computer that executes the above -described series of processes according to a program. 

[0134] 	In a computer, a CPU (Central Processing Unit) 201, ROM (Read Only Memory) 

202, and RAM (Random Access Memory) 203 are coupled to each other by a bus 204. 
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[0135] Additionally, an input/output interface 205 is coupled to the bus 204. Coupled to the 

input/output interface 205 are an input unit 206 consisting of a keyboard, mouse, mi-

crophone, etc., an output unit 207 consisting of a display, speakers, etc., a recording 

unit 208 consisting of a hard disk, non-volatile memory, etc., a communication unit 

209 consisting of a network interface, etc., and a drive 210 that drives a removable 

medium 211 such as a magnetic disk, an optical disc, a magneto-optical disc, or semi-

conductor memory. 

[0136] In a computer configured like the above, the above-described series of processes is 

conducted due to the CPU 201 loading a program recorded in the recording unit 208 

into the RAM 203 via the input/output interface 205 and bus 204 and executing the 

program, for example. 

[0137] The program executed by the computer (CPU 201) is for example recorded onto the 

removable medium 211, which is packaged media consisting of magnetic disks 

(including flexible disks), optical discs (CD-ROM (Compact Disc-Read Only 

Memory), DVD (Digital Versatile Disc), etc.), magneto-optical discs, or semi-

conductor memory, etc. Alternatively, the program is provided via a wired or wireless 

transmission medium such as a local area network, the Internet, or digital satellite 

broadcasting. 

[0138] Additionally, the program can be installed onto the recording unit 208 via the input/ 

output interface 205 by loading the removable medium 211 into the drive 210. Also, 

the program can be received at the communication unit 2.09 via a wired or wireless 

transmission medium, and installed onto the recording unit 208. Otherwise, the 

program can be pre-installed in the ROM 202 or the recording unit 208. 

[0139] Herein, a program executed by a computer may be a program wherein processes are 

conducted in a time series following the order described in the present specification, or 

a program wherein processes are conducted in parallel or at required timings, such as 

when a call is conducted. 

[0140] Herein, embodiments are not limited to the above-described embodiments, and 

various modifications are possible within a scope that does not depart from the 

principal matter. 

Reference Signs List 
[0141] 11 encoder 

22 low-range coding circuit, that is, a low-frequency range coding circuit; 

24 high-range coding circuit, that is, a high-frequency range coding circuit 

25 multiplexing circuit 

51 decoder 

61 demultiplexing circuit 
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63 QMF analysis filter processor 

64 high-range decoding circuit, that is, a high-frequency range generating circuit 

65 QMF synthesis filter processor, that is, a combinatorial circuit 
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Claims 

1. A computer-implemented method for processing an audio signal, the 

method comprising: 

receiving an encoded low-frequency range signal corresponding to the 

audio signal; 

decoding the encoded signal to produce a decoded signal having an energy 

spectrum of a shape including an energy depression; 

performing filter processing on the decoded signal, the filter processing 

separating the decoded signal into low-frequency range band signals; 

performing a smoothing process on the decoded signal, the smoothing 

process smoothing the energy depression of the decoded signal; 

performing a frequency shift on the smoothed decoded signal, the 

frequency shift generating high-frequency range band signals from the low-

frequency range band signals; 

combining the low-frequency range band signals and the high-frequency 

range band signals to generate an output signal; and 

outputting the output signal, 

wherein the encoded signal comprises smoothing position information for 

the low-frequency range band signals. 

2. A computer-implemented method as in claim 1, wherein the encoded 

signal further comprises energy information for the low-frequency range band 

signals. 

3. A computer-implemented method as in claim 2, wherein performing the 

frequency shift is based on the energy information for the low-frequency range 

band signals. 
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4. A computer-implemented method as in claim 1, wherein the encoded 

signal further comprises SBR (spectral band replication) information for the 

high-frequency range bands of the audio signal. 

5. A computer-implemented method as in claim 4, wherein 

	

	the performing 

frequency shift is based on the SBR information. 

6. A computer-implemented method as in claim 5, wherein performing the 

smoothing process on the decoded signal is based on the smoothing position 

information for the low-frequency range band signals. 

7. A computer-implemented method as in claim 1, further comprising: 

performing gain adjustment on the frequency-shifted smoothed decoded 

band signal. 

8. A computer-implemented method as in claim 7 wherein the encoded 

signal further comprises gain information for the low-frequency range bands 

signals. 

9. A computer-implemented method as in claim 8, wherein performing 

gain adjustment on the frequency-shifted decoded signal is based on the gain 

information. 
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10. A computer-implemented method as in claim 1, further comprising: 

computing the average energies of the low-frequency range band signals. 

11. A computer-implemented method as in claim 1, wherein performing a 

smoothing process on the decoded signal further comprises: 

computing an average energy of a plurality low-frequency range band 

signals; 

computing a ratio for a selected one of the low-frequency range band 

signals by computing a ratio of the average energy of the plurality of low-

frequency range band signals to the energy for the selected low-frequency range 

band signal; and 

performing a smoothing process by multiplying the energy of the selected 

low-frequency range band signal by the computed ratio. 

12. A computer-implemented method as in claim 1, wherein the encoded 

signal s multiplexed. 

13. A computer implemented method as in claim 12 further comprising: 

demultiplexing the multiplexed encoded signal. 

14. A computer-implemented method as in claim 1, wherein the encoded 

signal is encoded using an AAC (Advanced Audio Coding) scheme. 

15. A device for processing an audio signal, the device comprising: 

a low-frequency range decoding circuit configured to receive an encoded 

low-frequency range signal corresponding to the audio signal and decode the 

encoded signal to produce a decoded signal having an energy spectrum of a 
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shape including an energy depression; 

a filter processor configured to perform filter processing on the decoded 

signal, the filter processing separating the decoded signal into low-frequency 

range band signals; 

a high-frequency range generating circuit configured to: 

perform a smoothing process on the decoded signal, the smoothing 

process smoothing the energy depression; and 

perform a frequency shift on the smoothed decoded signal, the 

frequency shift generating high-frequency range band signals from the low-

frequency range band signals; and 

a combinatorial circuit configured to combine the low-frequency range 

band signals and the high-frequency range band signals to generate an output 

signal, and output the output signal, 

wherein the encoded signal comprises smoothing position information for 

the low-frequency range band signals. 

16. 	A tangibly embodied computer-readable storage medium including 

instructions that, when executed by a processor, perform a method for 

processing an audio signal, the method comprising: 

receiving an encoded low-frequency range signal corresponding to the 

audio signal; 

decoding the encoded signal to produce a decoded signal having an energy 

spectrum of a shape including an energy depression; 

performing filter processing on the decoded signal, the filter processing 

separating the decoded signal into low-frequency range band signals; 

performing a smoothing process on the decoded signal, the smoothing 

process smoothing the energy depression of the decoded signal; 

performing a frequency shift on the smoothed decoded signal, the 
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frequency shift generating high-frequency range band signals from the low- 

frequency range band signals; 

combining the low-frequency range band signals and the high-frequency 

range band signals to generate an output signal; and 

outputting the output signal, 

wherein the encoded signal comprises smoothing position n ormation for 

the low-frequency range band signals. 

17. A computer-implemented method for processing a signal, the method 

comprising: 

receiving an input signal; 

extracting a low-frequency range signal from the input signal; 

performing filter processing on the low-frequency range signal, the filter 

processing separating the signal into low-frequency range band signals; 

calculating energy information for the low-frequency range band signals; 

encoding the low-frequency range signal and the energy information; and 

outputting the encoded low-frequency range signal and the encoded 

energy information, 

wherein the encoded signal comprises smoothing position information for 

the low-frequency range band signals. 

18. A device for processing a signal, the device comprising: 

a downsampler configured to receive an input signal and extract a low- 

frequency range signal from the input signal; 

a high-frequency range coding circuit configured to: 

perform filter processing on the low-frequency range signal, the 

filter processing separating the signal into low-frequency range band signals; 

calculate energy information for the low-frequency range band 
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signals; and 

encode the energy information; 

a low-frequency range coding circuit configured to encode the low- 

frequency range signal; and 

a multiplexing circuit configured to output the encoded low-frequency 

range signal and the encoded energy information, 

wherein the encoded signal comprises smoothing position information for 

the low-frequency range band signals. 

19. 	A tangibly embodied computer-readable storage medium including 

instructions that, when executed by a processor, perform a method for 

processing a signal, the method comprising: 

receiving an input signal; 

extracting a low-frequency range signal from the input signal; 

performing filter processing on the low-frequency range signal, the filter 

processing separating the signal into low-frequency range band signals; 

calculating energy information for the low-frequency range band signals; 

encoding the low-frequency range signal and the energy information; and 

outputting the encoded low-frequency range signal and the encoded 

energy information, 

wherein the encoded signal comprises smoothing position information. for 

the low-frequency range band signals. 


