
11 July 2006  DESCRIPTION AUDIO ENCODING AND DECODING DEVICE AND METHODS
THEREOF  Technical Field 5 The present invention relates to an encoding
device for  encoding an inputted audio signal, storing and transmitting an
encoded code, and to a decoding device for decoding the code  acquired in
such encoding device and for reproducing an audio  signal, as well as to an
encoding method and a decoding method in  10 such encoding device and
decoding device. Background Art As a technology to encode a general audio
signal to be  represented by a small amount of bits for acquiring a
high-quality  reproduction signal, there is a well-known method utilizing
band 1s division encoding. Such method is realized by dividing an inputted
audio signal into a signal having a plurality of frequency bands  through
band division filter, or by transforming an inputted audio  signal into a
signal in the frequency domain through a time- frequency transform such as
Fourier transform and dividing 20 the resulting signal into a plurality of
bands in the frequency domain,  which is followed by the allocation of
appropriate encoding bits to  each band. The reason why band division
encoding provides a  high-quality reproduction signal is that processing on
the basis of.  human auditory characteristics is performed in such method
at the 2s encoding stage. Generally, the human sense of hearing is less
sensitive to a high-frequency sound at around 10kHz  and to a sound  at a
low level. Furthermore, there is a well-known phenomenon,  called frequency
masking, due to which it is difficult for a person,  when there is a high
level sound in a certain frequency band, to 30 perceive a lower level sound
in the proximity of such frequency band.  Concerning such sounds that are
hard to be perceived because of  the human auditory characteristics, it
results in little contribution to  1 11 July 2006  



the human auditory characteristics, it results in little contribution to
the improvement in the quality of a reproduction signal even if  encoding
is performed by allocating a large number of bits and  therefore there is
no point of performing such encoding. This .5 means, however, that it is
possible to improve the quality of a  reproduction signal by allocating
encoding bits which are allocated  to the parts a person cannot perceive
well without taking into  account the human auditory characteristics, to
the parts to which  the human hearing is sensitive, and then by performing
a detailed  10 encoding for such parts. As a representative example of
encoding utilizing the  above-mentioned band division, exists ISO standard
MPEG-4 AAC  (ISO/IEC 14496-3). The following explains 'the operation of
the.  MPEG-4 AAC (to be referred to as "AAC" hereinafter) with reference
15 to figures. Fig.1 is a block diagram showing the configuration of an
'encoding device 100 in accordance with the conventional AAC  system. The
encoding device 100 is an encoding device for  evaluating an input signal
109 on the basis of the human auditory 20 characteristics so as to encode
such input signal 109 by allocating  the amount of bits according to the
result of such evaluation. Such  encoding device 100 is comprised of an
auditory characteristics  evaluating unit 101, a transform block length
selecting unit 102, an  MDCT transforming unit 103, a band dividing unit
104, a spectral 25 signal processing unit 105, a bit allocating unit 106, a
quantizing  unit IG7, and a code multiplexing unit. 108. The input signal
109 is  divided in units of 1024 samples which is the basic frame length
per  frame and then is inputted to the auditory characteristics evaluating
unit 101 and the MDCT transforming unit 103. The auditory .3o
characteristics evaluating unit 101 evaluates the input signal 109
according to the human auditory characteristics and outputs an  auditory
characteristics evaluated value 110. The transform block  -2 11 July 2006  



length selecting unit 102 selects a transform block length suited to
encode the input signal 109 according to the auditory characteristics
evaluated value 110 -and outputs the selected transform block length  to
the MDCT transforming unit 103. Then the MDCT transforming .5 unit 103
transforms the input signal 109 into MDCT coefficients 111  with such
selected transform block length. In the case of the AAC,  a transform block
length is 128 samples or 1024 samples. The  shorter transform block length
is provided if the input signal 109 is  a transient signal, while the
longer transform block length is  10 provided if the input signal 109 is a
stationary signal. MDCT (Modified Discrete Cosine Transform) employed here
is  a kind of cosine transform, and the determined MDCT coefficients  111
serve as coefficients. representing the. frequency spectrum of  the input
signal 109. The determined MDCT coefficients Ill are 15 divided into a
plurality of frequency bands (sub-bands) by the band  dividing unit 104.
Then, for MDCT coefficients 112 divided into  each frequency band, the
spectral signal processing unit 105 makes  such predictions as contribute
to encoding of an increased efficiency  and performs noise shaping on . the
basis of the auditory 20 characteristics evaluated value 110. Moreover, if
the input signal  109 is such signal as a stereo signal made up a plurality
of channels,  the spectral signal processing unit. 108 performs processing
called  joint stereo which enhances the efficiency of encoding by utilizing
an  inter-channel correlation of signals. Furthermore, there is a case 25
where processing called PNS (Perceptual Noise Substitution) is  carried
out, a detailed explanation of which is given later.  Meanwhile,
information concerning what kind of processing is performed in the spectral
signal processing unit 105 is outputted as  an auxiliary information code
114. The b.it . allocating unit 106  3o determines bit allocation 115
required for quantization and outputs Such bit allocation 115 to the
quantizing -unit 10.7. The quantizing  unit 107 quantizes MDCT coefficients
1 13 for which processing is  -3 11 July 2006  



performed in the spectral signal processing unit 105 with the  number of
bits indicated by the bit allocation 115. Quantization is  performed for a
combination of normalized gain information of each  sub-band called the
scale factor and values of MDCT coefficients 5 normalized by the scale
factor. The code multiplexing unit 108  multiplexes the auxiliary
information code 114 outputted from the  spectral signal processing unit
105 with a spectral code 116  outputted from the quantizing unit 107 and
then puts the resulting  code into a specified format to output it as an
output code 117. lo Note that in the case of the AAC, since the number of
bits to be  allocated for the basic frame can be arbitrarily determined on
a  per-frame basis, encoding is basically performed at a variable bit
rate. However, by providing a buffer called bit reservoir before the  final
output processing so as to have such buffer absorb bit rate 15 variations
of each frame, it is possible for a signal to be transmitted  at a fixed
bit rate. Next, an explanation is provided for PNS processing. In PNS,  it
is judged whether or not the above-mentioned each sub-band has  noise
characteristics in terms of the auditory sense. When judged 20 to have
noise characteristics, MDCT coefficients in such band are  substituted with
a noise signal to be generated randomly. Since  there is no need for
quantizing values of MDCT coefficient in a band  substituted with a noise
signal and therefore only the gain  information corresponding to the scale
factor needs to. be quantized, 25 it is possible to make a significant
reduction in. the number of  encoding bits required. for quantization,
Through such encoding processing, the AAC enables a  high-quality encoding
of a stereo signal in a wide band at 2OHz - 16kHz or over at around 96kbps,
for instance. 30 However, when the bit rate is further lowered to around
48kbps, for example, there occurs a problem that the bandwidth of  a stereo
signal for which high-quality encoding is possible becomes  -4 11 July 2006



narrower, resulting in a muffled sound from an audibility standpoint.
Furthermore, too frequent use of PNS for the sake of reducing  the number
of encoding bits of MDCT coefficients at the stage of  lowering the bit
rate- leads to a in increase of parts to be substituted  with a noise
signal, and therefore the resulting sound is with much.  noise and
distortion even to human -ears. In view of the above-mentioned problems,
the present.  invention aims at providing. an encoding device, a decoding,
device,  an encoding method and a decoding method which allow lo
-high-quality decoding of an audio. signal in a wide bandwidth on- the
part of the - decoding device -which -receives a, code, when  transmitting
the code of such audio signal encoded in the encoding,.  -device at a low
bit rate. 15 Disclosure of Invention According to a first aspect of the
present invention, there is provided an  encoding device comprising: a
first band dividing unit operable to divide an input  signal into a low
frequency signal representing a signal in a lower frequency band  and a
high frequency signal representing a signal in a higher frequency band; a
lower  frequency band encoding unit operable to encode the divided low
frequency signal  and generate a low frequency code; a similarity judging
unit operable to judge  similarity between the high frequency signal and
the low frequency signal, and output  the similarity; a plurality of higher
frequency band encoding units operable to encode  the high frequency signal
through respective encoding methods and generate a high  frequency code; an
encoding selecting unit operable to select one of a plurality of the
higher frequency band encoding units, have the selected higher frequency
band  encoding unit perform encoding, and generate selection information
specifying an  encoding method employed by the selected higher frequency
band encoding unit;  and a code multiplexing unit operable to multiplex the
low frequency 11 July 2006  code from the lower frequency band encoding
unit, the high frequency code from the  selected higher frequency band
encoding unit and the selection information from the  encoding selecting
unit, and generate an output code. According to a second aspect of the
present invention, there is provided a  decoding device comprising: a lower
frequency band decoding unit operable to  



decode a low frequency signal representing a signal in a lower frequency
band out of  an input code; a plurality of higher frequency band decoding
units operable to decode  a high frequency signal representing a signal in
a higher frequency band out of the  input code through respective decoding
methods; a decoding selecting unit operable  to select one of a plurality
of the higher frequency band decoding units according to  selection
information included in the input code, and have the selected higher
frequency band decoding unit perform decoding; and a signal combining unit
operable to combine the low frequency signal decoded by the lower frequency
band  decoding unit with the high frequency signal decoded by the selected
higher  frequency band decoding unit, and generate an output decoded
signal. With the above configuration, since it may be possible to divide
the input  signal into a signal in the lower frequency band and a signal in
the higher frequency  band and to encode such signal in the higher
frequency band appropriately so as to  represent it with a small amount of
bits based on similarity between such signal in the  higher frequency band
and the signal in the lower frequency band, a high-quality  reproduction
signal may be acquired from a code represented by a smaller amount of
bits. Moreover, according to another encoding device and decoding device of
example embodiments of the present invention, it may be possible to divide
the input  signal into a signal in the lower frequency band and a signal in
the higher frequency  band and to encode the signal in the higher frequency
band appropriately so as to  represent it with a small -6 11 July 2006
amount of bits, based on similarity between such signal in the higher
frequency band  and the signal in the lower frequency band. Furthermore,
since it may also be  possible to obtain a more suitable value as the
degree of similarity by using the  signal acquired as a result of decoding
the code encoded by the lower frequency  band encoding unit as a signal in
the lower frequency band when determining  similarity, a high-quality
reproduction signal may be obtained from a code  represented by a smaller
amount of bits. Furthermore, according to another encoding device and
decoding device of  the example embodiments, it may be possible to divide
the input signal into a signal  in the lower frequency band and a signal in
the higher frequency band and to encode  



the signal in the higher frequency band appropriately so as to represent it
with a  small amount of bits, based on similarity between such signal in
the higher frequency  band and the signal in the lower frequency band.
Moreover, since it may also be  possible to improve efficiency in the
encoding of the lower frequency band encoding  unit by performing
down-sampling for the signal in the lower frequency band, a high- quality
reproduction signal may be obtained from a code represented by a smaller
amount of bits. What is more, according to another encoding device and
decoding device of  the example embodiments, since it may be possible to
divide the spectral coefficients  in the higher frequency band and to apply
an optimum encoding method for each  divided coefficients, a high-quality
reproduction signal may be obtained from a code  represented by a smaller
amount of bits. Moreover, according to another encoding device and decoding
device of the  example embodiments, it may be possible to divide the input
signal into a signal in  the lower frequency band and a signal in the
higher frequency band and to encode  the signal in the higher frequency
band appropriately so as to represent it with a  small amount of bits,
based on similarity between such signal in the higher -7 11 July 2006
frequency band and the signal in the lower frequency band, a high-quality
reproduction signal may be acquired from a code represented by a smaller
amount of  bits. Furthermore, since it may be possible to collectively
calculate spectral  coefficients to be encoded in the lower frequency band
encoding unit and the higher  frequency band encoding unit, the amount of
processing required for time-frequency  transform may be reduced. What is
more, since it may also be possible to collectively  transform spectral
coefficients decoded by the lower frequency band decoding unit  and the
higher frequency band decoding unit into a time signal, the amount of
processing required for frequency-time transform may be reduced.
Furthermore, according to another encoding device and decoding device of
the example embodiments, after dividing the input signal into a signal in
the higher  frequency band and a signal in the lower frequency band, a
conventional encoding  method may be employed for the signal in the lower
frequency band, while the  following methods may be employed for the signal
in the higher frequency band for  encoding: the similarity judging unit
that judges similarity between the signal in the  



higher frequency band and the signal in the lower frequency band; and the
higher  frequency band encoding unit that performs encoding by the use of
either the  similarity with the signal in the lower frequency band or a
random noise signal on the  basis of a result of such judgment made by the
similarity judging unit. Accordingly, it  may be possible to perform
encoding and decoding for a signal in the higher  frequency band which
cannot be encoded thorough a conventional method so as to  represent it
with a smaller amount of bits, which may consequently result in the
improvement in the auditory quality of an encoded audio signal. As is
obvious from the above description, according to the encoding device  and
the decoding device of the example embodiments, by dividing the input
signal  into a signal in the higher frequency band and a signal in the
lower frequency band  and by encoding the -8 11 July 2006  signal in the
higher frequency band by the use of similarity between such signal in  the
higher frequency band and the signal in the lower frequency band, it may be
possible to encode the signal in the higher frequency band in a more
efficient manner  and to obtain a high-quality decoded signal from a code
represented by a smaller  amount of bit, Moreover, the use of spectral
coefficients in the same format for the encoding  of both the lower and
higher frequency bands may make it possible for a high-quality  decoded
signal to be obtained through a smaller amount of processing. According to
a third aspect of the present invention, there is provided an  encoding
method comprising: a band dividing. step for dividing an input signal into
a low  frequency signal representing a signal in a lower frequency band and
a high frequency signal representing a signal in a higher frequency band;
a lower frequency band encoding: step for encoding the divided  low
frequency signal and generating a tow frequency code; a similarity judging
step for judging similarity between the high  freq'uency signal and the low
frequency, signal, and output the  similarity a plurality of higher
frequency: ding .  



y band encoding steps for encoding -the high frequency signal through
respective encoding methods and  generating a high frequency code; an
encoding _selecting strp. (or selecting one of a plurality of the  higher
frequency band encoding steps based on the similarity, having  encoding
performed in the.selected higher frequency band encoding  -step, and
generating, selection Information'. specifying an encoding  -method
employed in the selected- .higher frequency band encoding step;  and a code
multiplexing step for multiplexiing the low frequency code  generated in
the lower frequency. band encoding step, high  frequency code generated in-
the selected higher frequency band  encoding step and -the selection
information generated in the encoding  selecting step and generating an
output. code. -9 11 July 2006  According to a fourth aspect of the present
invention, there is provided a  decoding method comprising: a lower
frequency band decoding step for decoding a low  frequency signal.
representing a signal in a lower frequency band out of  an input code; a
plurality of higher frequency band decoding steps for decoding  a high
frequency. signal representing a signal in a higher frequency band  out of
the input code through respective decoding methods; a decoding selecting
step for selecting one of a plurality of the  higher frequency band
do-coding steps according to selection Information  included in the input
code and having decoding, performed in the  -selected higher frequency band
decoding. step; and a signal combining step for combining W6 low  frequency
signal  decoded in the lower frequency band decoding step with  the high
frequency signal decoded in the selected higher frequency band  decoding
step and generating an -output decoded signal. 



According to a fifth aspect of the present invention, there is provided a
program for having a computer execute the following steps: a -band.
dividing step for dividing an input signal. into a low  -frequency signal-
representing a signal in. a lower frequency band and  6 high-frequency
signal representihg a signal in a higher frequency  band, a tower frequency
band. -encoding. step for encoding the  divided low frequency signal and
generating a low frequency code;, 4 similarity judging step for judging
similarity -between the  high -frequency signal and the- low frequency.
signal, and output -the  similarity; 1 plurality of higher frequency band
encoding steps for  encoding. the high frequency  signal through respective
encoding  methods and generating a high frequency code; -9a 11 July 2006
an encoding selecting step for selecting one of a plurality of the higher
frequency band encoding steps based on the similarity, having  encoding
performed in the selected higher frequency band encoding  step, and
generating selection information specifying an encoding  method employed in
the selected higher frequency band encoding step;  and a code multiplexing
step for multiplexing the low frequency code  generated in the lower
frequency band encoding step, the high  frequency code generated in the
selected higher frequency band  encoding step and the selection.
information generated in the encoding  selecting step~ so- as to generate
an output code. According to a sixth aspect of the present invention, there
is provided a  program for having a computer execute the following steps: a
lower frequency band decoding step for decoding a low  frequency signal
representing a signal in a lower frequency band out of  



can Input code; a plurality of higher frequency band decoding steps for-
decoding  high frequency signal representing a signal in a higher frequency
band  out of the input code through respective decoding -methods; a deco
Ing selecting step The selecting one of a plurality of  ahigher frequency
band' decoding steps according to selection information  included in the
input code and having decoding -performed in the  selected higher
frequency band decoding step; and a signal combining step for combining the
low 0, men signal  n  decoded in the. lower frequency band decoding 8tep
with the hIgh  frequency signal decoded in the selected. higher frequency
band  decoding step. and generating an output decoded signal  According to
a seventh aspect of the present invention, there is provided a
computer-readable storage medium in which a program for having a computer
execute the following steps is stored: -9b I I July 2006  a band dividing
step for dividing an input signal into a low frequency signal representing
a signal in a lower frequency band and  a high frequency signal
representing a signal in a higher frequency  band; a lower frequency band
encoding step for encoding. the divided  16W frequency signal and.
generating a low frequency code; a similarity judging step for judging
similarity between the  -high frequency signal and the low frequency
signal, and output the  similarity;. a plurality of higher frequency -band
encoding steps for  encoding the high frequency- signal through respective
encoding  methods and generating a high frequency code; an encoding
selecting step for selecting one of a plurality of the  higher frequency
band encoding steps based on the similarity,  haing 



encoding performed-in the selected higher frequency. band encoding  step ,
and generating selection information specifying an encoding method  tip
-employed in the selected higher frequency ban en d coding step; and  a,
code multiplexing step for multiplexing the low frequency code  gerferated
in the lower frequency. -band encoding step,. the high  '.-frequency code
generated in, the -selected, higher frequency band  encoding step and -the
selection  information generated in the encoding  selecting step so as to
generate an output code. According to an eighth aspect of the present
invention, there is provided a  computer-readable storage medium in which a
program for having a computer  execute the following steps is stored: a
lower frequency band decoding step for decoding a low  -Frequency signal
representing a signal in a lower frequency band out of  an Input code; a
plurality of higher frequency band decoding -steps for decoding  a. high
frequency signal -representing a signal in a higher frequency band.  out of
the input code through respective decoding methods* p  a decoding selecting
step W selecting one of a - plurality of the  -9c 11 July 2006  higher
frequency band decoding steps according to selection  information included
in the input code and having decoding performed  in the selected higher
frequency band. decoding step; and a signal combining step for combining
the low frequency signal  decoded in the lower frequency band decoding step
with the high  frequency signal decoded in the selected higher frequency
band  decoding step and generating an output decoded signal. Further
Information about Technical Background to -this  Application The following
applications are incorporated herein by  



reference: Japanese patent application Ser .No.2002-022356 filed  January
30, 2002; and Japanese patent application  Ser.No .2002-12048 filed April
23, 2002. Brief Description of Drawings These and other-objects, advantages
and features of the  invention will become apparent from the following
description  thereof taken in conjunction- with the accompanying drawings
that  illustratea specific embodiment of the invention. In the Drawings.
Fig. I is a block diagram showing a configuration of an  encoding device in
accordance with the conventional AAC  system.  Fig.2 is a block diagram,
showing a configuration of an  encoding device according *to the first
embodiment. Flg.3A is a diagram illustrating two sine waves with different
-frequencies as time signals. Fig.3B is a diagram illustrating two sine
Waves with different  frequencies as frequency, signals. Fig.4. is .a block
diagram showing a configuration of a decoding  -9d 11 July 2006  device
according to the first embodiment. Fig.5 is a block diagram showing a
configuration of an  encoding device according to the second embodiment.
Fig.6 is a block diagram showing a configuration of an  5 encoding device
according to the third embodiment. Fig.7 is a block diagram showing a
configuration of a decoding  device that decodes an output code encoded by
the encoding device  illustrated in Fig.6. Fig.8 is a block diagram showing
a configuration of parts that  io generate a high frequency code and
switching information in an  encoding device according to the fourth
embodiment. Fig.9A is a diagram illustrating an encoding method of the
first.higher frequency band encoding unit. Fig.913 is a diagram
illustrating an encoding -method of the  15 second higher frequency band
encoding unit. 



Fig.10 is a block diagram showing a configuration of parts  (higher
frequency band decoding device) that decode the high  frequency code in a
decoding device used in a pair with the encoding  device illustrated in
Fig.8. 20 Fig.11 is a block diagram showing a configuration of an  encoding
device according to the fifth embodiment. Fig.12 is a block diagram showing
a configuration of a  decoding device that decodes an input code which is
the.output code  of the encoding device illustrated in Fig.11. 25. Fig.13
is, a block diagram showing a configuration of an  encoding device
according to the sixth embodiment. Fig.14 is a. diagram showing high
frequency coefficients and  low frequency coefficients in the case where a
basic transform block  is selected in the transform block length selecting
unit illustrated in  3o Fig.13. FigAS is a diagram showing high frequency
coefficients and- low frequency coefficients in the case where a transform
sub-block  _10 11 July 2006  is selected in the transform block length
selecting unit illustrated in  Fig.13. Fig-16 is a block diagram showing a
configuration of a  decoding device that decodes the output code outputted
by the  6 encoding device illustrated in Fig.13. Fig.17 is a block diagram
showing a configuration of an  encoding device according to the seventh
embodiment. Fig.18~ is a block diagram showing a configuration of a
decoding device that decodes the output code encoded by the  io encoding
device illustrated in Fig.17. Fig.19 is a block diagram showing a
configuration of an  encoding device according to the eighth embodiment.
Fig.20A Is a diagram showing an example of all frequency  bands
coefficients outputted according to the block length  16 information from
the time frequency transforming unit of the  



.encoding device illustrated in Fig. 19. Fig.2013 is a diagram showing an
example of the high  frequency coefficients inputted to the higher
frequency band  encoding unit of the encoding device illustrated in Fig.19.
:20 Fig.20C is a diagram showing an example of the low frequency
coefficients inputted to the lower frequency band encoding unit of  -the
encoding device illustrated in Fig.19. Fig.?I is a diagram showing a
relation between, the high  fre quency coefficients and the low frequency
coefficients in the case  25 where grouping is performed in the lower
frequency band encoding  unit of the encoding device Illustrated in Fig.19.
Fi.g.22 -is a block diagram showing a configuration of another  encoding
device according to the eighth embodiment. 'Fig.23 is a block diagram
showing a configuration of another  so encoding device according to the
eighth embodiment. Figi24 is a block diagram showing a configuration of a
decoding device that, decodes the output code generated by the 11 July 2006
encoding device illustrated in Fig.19. Fig.25 is a block diagram showing a
configuration of a  decoding device that decodes the output code generated
by the  encoding device illustrated in Fig.22. Fig.26 is a block diagram
showing a configuration of a  decoding device that decodes the output code
generated by the  encoding device illustrated in Fig.23 as an input code.
Best Mode for Carrying Out the Invention 10 The following paragraphs
provide detailed explanations of  embodiments of the present invention with
reference to -the figures.  (The First Embodiment) Fig.2 is a block diagram
showing the configuration of an  encoding device 200 according to the first
embodiment of the  15 present invention. The encoding device 200 is an
encoding device that checks similarity between a signal in. the higher
frequency band  and a-signal in the lower frequency band of an input signal
so as to  



encode such signal in the higher frequency band to be represented  by a
smaller number of bits. Such encoding device 200 includes a 20 band
dividing unit 201, a lower frequency band encoding unit 202, a  similarity
judging unit 203, a switching unit M4, a higher frequency  band encoding
unit 205, and a code multiplexing unit 206. In such  encoding device 200,
the band dividing unit 201 performs band  division for an input signal 207
so as to divide such input signal 207 25. into a low frequency signal 208
including only a signal in the lower  frequency band and a high frequency
-signal 209 including only a  ~signal in the higher frequency band. The
boundary between the  upper limit frequency included. in the low frequency
signal 208 and  the lower limit frequency included in the high frequency
signal 209 30 can be arbitrarily determined, and there may be an overlap in
such  upper and lower limit frequencies. The lower frequency band  encoding
unit 202 encodes the low frequency signal 208 to output a 11 July 2006  low
frequency code 213. Note that any one of known encoding  units can be
employed as the lower frequency band encoding unit  202 here. Next, the
similarity judging unit 203 makes a judgment  on similarity between the low
frequency signal 208 and the high -5 frequency signal 209 to output
switching information 210 and  similarity information 211. The prediction
error, for example, can  be used to judge similarity, but more specific
method is explained in  detail later. The higher frequency band encoding
unit 205 encodes the  10 high frequency signal 209 in an optimized manner
according to  values indicated by the switching information 210 and the
similarity  information 211. To be more specific, the. higher frequency
band  encoding unit 205 is comprised of "n" higher frequency band.
encoding units made up of the first - the ~"n"th ("n" is a natural 15
number) higher frequency band encoding units, one. of which is  selected
according to the switching information 210. Each of the  first - the "n"th
higher frequency band encoding unit is configured  to optimally encode the
high frequency signal 209, characteristics of  



which varies on a per-signal basis and which is classified according 20 to
similarity between the low frequency signal 208 and the high  frequency
signal 209. The switching unit 204 selects a  predetermined optimal higher
frequency band encoding unit from  among the first - the 'n"th higher
frequency band encoding units  and the selected higher frequency band
encoding unit,encodes the 25 high frequency signal 209 referring to the
similarity information 211  and outputs a high frequency code 212. When
similarity is low, the  :similarity judging unit 203 judges, for example,
that the input signal  207 is a random. signal with noise characteristics
and outputs such  switching information 210 as selects a higher frequency
band go encoding unit capable of encoding the high frequency signal 209 by
the use of noise, from among the first - the 'n"th higher freuency  ~ band
encoding units. When similarity is high, on the other hand,  13  11 July
2006  the similarity judging unit 203 outputs such switching information
210 as indicates that a higher frequency band encoding unit capable  of
encoding a differential signal determined as a result of deducting  the low
frequency signal 208 judged to have a high degree of 5 similarity from the
high frequency signal 209 is selected.  Meanwhile, the similarity judging
unit 203 is assumed, to be  configured to output to the higher frequency
band encoding unit 205  a part in the low frequency signal 208 having a
high degree of  similarity with the high frequency signal 209 or a
differential lo between the high frequency signal 209 and the low frequency
signal  208 having a: high degree of similarity as a part of the similarity
information 211, when similarity between the low frequency signal  -208 and
the high frequency signal 209 -is high, and when similarity  between the
low frequency signal 208 and the high frequency signal 15 209 is low, the
similarity judging unit 203 outputs 110" as the  similarity information
211. When encoding is performed in the higher frequency band  



-encoding unit 205 by the use of noise, since the selected higher
frequency band encoding unit regards a high frequency signal to be 20
encoded as a noise signal generated randomly and encodes only  .gain
information indicating the strength of such high frequency  signal, the
number of bits required for encoding is largely reduced as  compared to
when values of a high frequency signal is directly  encoded. Furthermore,
in an encoding method utilizing -a :25 differential signal when similarity
is high, reduction can be made in  the number of bits required for encoding
the high frequency signal  .209 by quantizing the differential between such
high frequency  .signal 209 and the low frequency signal 208 having a high
degree of  similarity. Note that when similarity is extremely high or. when
30 encoding a signal in an extremely high frequency band. which is not
Very important from the standpoint of the auditory characteristics,  ~the
high frequency signal 209 to be encoded may be substituted with 11 July
2006  the low frequency signal 208 with a high degree of similarity without
encoding the differential. By so doing, since encoding is required  only
for information used to specify such low frequency signal 208  ,serving as
a substitution, the number of bits required to encode the 5 high frequency
signal 209 is further reduced. Meanwhile, the low  frequency code 213, the
high frequency code-212 and the switching  information 210 which are
outputs generated as a result of encoding  processing performed by the
lower frequency band encoding unit  202, by the higher frequency band
encoding unit 205 and by the lo similarity judging unit 203 respectively,
are multiplexed in the code  multiplexing unit 206 to be outputted as an
output code 214.  Next, an explanation is provided for a method utilizing
the prediction error as an example of a similarity judging method.  Since
the low frequency signal 208 and the high frequency signal  15 209 are
generated as a result of band division performed for the input signal, each
signal includes different frequency components.  therefore, it is difficult
to make a judgment on similarity between  .such two signals as long as they
are seen as. time signals. However,  



seen as frequency signals, it becomes easier to judge similarity 2o between
such two signals by making a comparison between the  distributions of each
signal's frequency components. Such  principle is illustrated in Figs.3A
and 3B, which present a IkHz sine  wave and a 2kHz sine wave with the same
amplitude as a time signal  and as a frequency signal (e.g. FFT power
spectral coefficients), -as 25 -an example of-signals having different
frequency components.  Figs. 3A and 3B are diagrams illustrating the
difference  between when two signals are seen as time signals and when seen
as frequency signals. Fig.3A is a diagram representing two sine  Waves with
different frequencies as time signals. Fig.3B is a 30 diagram representing
two sine waves with different frequencies as'  frequency signals. In
Fig.3A, there is no similarity which can be  easily judged between a 1kHz
sine wave 301 and a 2kHz sine wave  -15 11 July 2006  302 represented as
time signals. In contrast, in Fig.3B, since a  1kHz sine wave 303 and a
2kHz sine wave 304 represented as  frequency signals are illustrated as a
single line spectrum, it is easy  to judge that there is an extremely high
degree of similarity between 5 them. In other words, the only difference
between such. two sine  waves is their positional information indicated as
"frequency." For  example, in Fig.3B, with the position of the 2kHz sine
wave 304 set  .as a reference point 305, when comparing a signal extracted
from  the reference point 305 with a signal extracted from the position A
distant only by distance "k" from the reference point 305 to the IkHz  sine
wave 303(= shift number 306), these two signals matchi  Based on this
principle, the low frequency signal 208 and the high frequency signal 209
are transformed into spectral coefficients.  indicating frequency
components of the input signal 207 by the  16 similarity judging unit 203
through time-frequency transform so that similarity between such low
frequency signal 208 and high  frequency signal 209 are judged. As a
time-frequency transform,  any one of known transforms- may be employed
including Fourier  



transform, cosine transform and filter bank. As illustrated in the 2o
example of in Fig.3B, similarity between the low frequency signal  208 and
the high frequency signal 209 can be judged by shifting to  ,overlay one
signal to the other in the frequency domain, and the  prediction error is
provided as a scale which indicates the  mismatching part when such two
signals are overlaid each other. 2,6. Since the present invention uses the
low frequency signal 208 to  encode the high frequency signal 209, a
preferable configuration is  one with which similarity between such two
signals is judged by  Making the high frequency signal 209 fixed as a
target, to which the  low frequency signal 208 is shifted. In such.
configuration, by 3o representing the low frequency signal. 208 and the
high frequency  signal 209 transformed into spectral coefficients as x(i)
and as y(j)  xespectively, the prediction error is represented as follows:
-16 11 July 2006  [Expression 1] E(k) J~F(yo-) - ax(k, j)y (K MIN k < K
MAX) In this expression, x(k, j) is a signal extracted from the position to
which a shift is made by "V samples with x(j) as the reference point  5
305, while "a" is gain, and "m" is the number of spectral coefficients
included in the low frequency signal x(k, j) and the high frequency
.signal y(j). The number of spectral coefficients "m" which  specifies the
range of the* high frequency signal y(j) to be encoded,  may be arbitrarily
decided. Meanwhile, the position of the io reference point 305 and the
maximum (k._MAX) and the minimum  (K - MIN) shift numbers "k" may also be
decided arbitrarily.. , By  changing "k" within the decided range of shift
numbers, Measuring  the prediction error E(k) and selecting the minimum
number, the low  frequency signal x(k, j) with the highest degree of
similarity, the n shift number "W', and I the gain "a" can be determined
for'the high  frequency signal y(j) to be encoded. Since x(k, j) becomes
unique  with the determination of the shift number "W" the prediction error
E(k), the shift number 'k" and the gain ~a" can be used as the  



similarity information 211. The switching of the first - the "n"th ,2o h
igher frequency band encoding units is made using the.prediction  error
E(k) as a measurement scale. When the prediction error E(k)  is smaller
than the predefined threshold, such switching information  210 is outputted
as selects a higher frequency band encoding unit  used when the degree of
similarity is high, and when the prediction 25 error E(k) is bigger than
the predefined threshold, such switching  information 210 is outputted as
selects a higher frequency band  encoding unit used when the degree of
similarity is low. Note that although the prediction error of spectral
coefficients  is employed as a method of similarity judgment in the
similarity  00 judging unit 203 in the above explanation, the prediction
error of  -17 11 July 2006  time signals can be also used for a signal for
which band division is  performed by means of filter bank, for example.
Furthermore,  although the above explanation describes a higher frequency
band  encoding unit which performs encoding by the use of noise and a 5
higher frequency band encoding unit which uses similarity between  the low
frequency signal 208 and the high frequency sig.nal 209, it is  also
possible to use a higher frequency band encoding unit which  performs
encoding by using both similarity and noise when similarity  is in a
moderate degree, for example. Note that when an input 10 signal is a signal
made up of a plurality of channels such as a stereo  signal, it can be
configured in a manner in which encoding-. is  .-performed by the. use of
joint stereo encoding in addition to a  method to encode the high frequency
signal 209 specifically for each  channel. 15 As explained above, by
dividing the input signal 207 into the  high frequency signal 209 and the
low frequency signal 208 to  encode the high frequency signal 209 by the
use of similarity  between such high frequency signal 209 and low frequency
signal  208, it becomes possible to acquire a high-quality reproduction  2o
signal from a code represented by a smaller number of bits. 



Fig.4 is a block diagram showing the configuration of a  decoding device
400 according to the first embodiment. The  decoding device 400, which is
a. decoding device for decoding the  output code 214 encoded In the
encoding device 200 illustrated in 25 Fig.2 and for.reproducing,.an audio
signal, includes a code dividing  unit 401, a lower frequency band
decoding.unit 40Z, a switching unit  403, a higher frequency band decoding
unit 404 and a signal  combining unit 405. If Fig..4, an input code 406 is
equivalent. to the output code  30 214 in the encoding device 200 in Fig.2.
The code dividing unit 401  Aivides the input code 406 into a low frequency
code 407, a high  frequency code 408 and switching information 409. The
lower  -18 11 July 2006  frequency band decoding unit 402 decodes the low
frequency code  407 and output a low frequency signal 410. Any one of known
decording  units may be used as the lower frequency band decoding  unit 402
as long as such decoding unit has the decoding functionality. 5 The higher
frequency band decoding unit 404 is comprised of "n"  higher frequency band
decoding units made up of the first - the  "n"th ("n" is a natural number)
higher frequency band decoding  units, each configured to decode a high
frequency code in  accordance with a predefined method. The switching unit
403 .1o selects a higher frequency band decoding unit specified by
switching  information 409 and the selected higher frequency band decoding
unit decodes the high frequency code 408 referring to the low  frequency.
signal 410 to output a high frequency signal .411. The  signal combining
unit 405 combines the low frequency signal 410 16 and the high frequency
signal 411 to generate an output signal 412.  If the above-explained higher
frequency band encoding unit  205 of the encoding device 200 is configured
with a higher frequency  band encoding unit to perform encoding by the use
of noise and a  higher frequency band encoding unit to. encode the
differential go signal determined as a result of deducting a low frequency
signal  



from a high frequency signal by the use of such low frequency signal
judged to have a high degree of similarity, the decoding device 400  also
needs to be equipped with the-higher frequency band decoding  unit 404
corresponding to such higher frequency band encoding unit 25 205 of the
encoding device 200. The following is an explanation for  an example
configuration of the higher frequency band. decoding  unit 404 and the
operation thereof. For explanation purposes, Fig.4  describes a decoding
unit to decode a code encoded by the use of  noise as the first higher
frequency band decoding unit and a 3o decoding unit to decode a code
encoded as the differential signal  between a low frequency signal and a
high frequency signal as the  second higher frequency band decoding unit.
1f switching  _19 11 July 2006  information 409 indicates that the high
frequency code 408 is to be  inputted to the first higher frequency band
decoding unit, a high  frequency signal. to be decoded is represented as a
random noise  signal. Therefore, the high frequency code 408 includes only
gain 5 information which indicates. the signal strength. Accordingly, the
first higher frequency band decoding unit decodes the gain  information
included in the high frequency code 408, generates a  random noise signal
(inside, and generates the high frequency signal  411 by multiplying gain
described in the gain information by such  10 generated noise signal. In
contrast when switching information 409 indicates that:  the high frequency
code 408 is to be inputted to the second higher.  frequency band decoding
unit, the high frequency code 408 includes,  for example, similarity
information such as the shift number, the 15 gain and the differential
signal used to specify in the low frequency  signal 208 the part having a,
high degree of similarity with the high  frequency signal 209 in a decoded
form. Meanwhile, a high  frequency signal is represented by the sum of a
low frequency signal  extracted from the low frequency signal 410 acquired
in the lower 20 frequency band decoding unit 402 and the differential
signal  



acquired in the second higher frequency band decoding unit.  Therefore, the
second higher frequency band decoding unit decodes  the high frequency code
408 first, extracts the-low frequency signal  208 similar to the high
frequency signal 209 from the -low frequency -26 -signal 410 according to
the similarity information included in such  high frequency code 408, and
after multiplying with it the decoded  gain, outputs the high frequency
signal 411 by adding the decoded  differential signal. The resulting low
frequency signal 410 and high  frequency signal 411 are then combined in
the signal combining -unit  3o -405 to be outputted as an output signal
412. As explained above, since the use of a high frequency code  encoded
in.. a more efficient manner is realized by decoding -a high  -20 11 July
2006  frequency signal by the use of similarity between such high
frequency signal and a low frequency signal out of an inputted code  which
is encoded by having been divided into the high frequency  signal and the
low frequency signal, it is possible to obtain a 5 high-quality
reproduction signal from a code represented by a  smaller number of bits.
(The Second Embodiment) The configuration of an encoding device according
to the  second embodiment of the present invention is explained with  10
reference to Fig.5, which is a block diagram showing the configuration of
an encoding device 500- according to the second  embodiment. The encoding
device 500 illustrated in Fig.5, which newly  includes a lower frequency
.band decoding unit 501 in addition to the  15 configuration of the
encoding device 200 illustrated in Fig.2 according to the first embodiment,
is configured to decode the low  frequency code 213 encoded in the lower
frequency band encoding  - Unit 202 to generate a low frequency decoded
signal 510, and to input such low frequency decoded signal 510 to a
similarity judging  



,20 unit 503 instead of the low frequency signal 208. Such encoding  device
500 is comprised of the band dividing unit 201, the lower  frequency band
encoding unit 202, the lower frequency band  decoding unit 501, the
similarity judging unit 503, the switching unit  204, the higher frequency
band encoding unit 205, and the code 26 multiplexing unit 206. . Note that
since an explanation is already  provided for the same components; as those
included in the encoding  device 200 illustrated in Fig.2. in Fig.5 and the
subsequent diagrams,  an explanation for such components is omitted by
providing them  with the same numbers as used in Fig.2. In the encoding
device 30 500 with the above-mentioned configuration,. since the similarity
judging unit 203 makes a judgment on similarity with the high  frequency
signal 2-09 by the use of the low frequency decoded -signal  -21 11 July
2006  .510 decoded by the lower frequency band decoding unit 501 after
encoded by the lower frequency band encoding unit 202 once, the  effect of
achieving a high frequency signal closer to the original  sound is produced
as compared to the case where a decoding device 5 decodes the output code
214 from the encoding device 200 for which  similarity with the high
frequency signal 209 is judged by the use of  the low frequency signal 208
of the original sound. To be more specific, as presented in an example of
the  decoding device 400 illustrated in Fig.4, -the decoding device  10
decodes the high frequency signal by the use of the low frequency signal
acquired, by decoding the once-encoded low frequency: code  rather than the
low frequency signal of the original sound. This.  indicates that in order
to encode a. high frequency signal more  correctly, encoding of such high
frequency signal needs to be 15 -performed on the basis of similarity
between a low frequency signal  which is decoded after encoded once and
such high frequency signal  to be encoded. Therefore, in the encoding
device 500, similarity  information 511 calculated by the similarity
judging unit 503  indicates similarity between the high frequency signal
209 and the 



2o low frequency decoded signal 510. Accordingly, since the higher
frequency band encoding unit 205 encodes the high frequency signal  .209 in
accordance with such similarity information 511 and  switching information
513, it is possible to output a high frequency  code 512 with which a high
frequency signal can be encoded more 25 correctly in a decoding device. As
a result, in the encoding device  500,, an output code 514 is outputted in
which the switching  .information 513, the high frequency code 512 and the
low frequency  code 213 acquired in the above-mentioned manner are
multiplexed,  which consequently results in the improvement in the quality
of a  30 decoded signal in a decoding device. Note that since the only
difference between the encoding  device 200 of the first embodiment and the
encoding device 500 of  -22 11 July 2006  the second embodiment is the low
frequency signal used to calculate  similarity, meaning that the
configurations of the higher frequency  band encoding unit and the lower
frequency band encoding unit as  well as the high frequency signal and the
low frequency signal to be 6 encoded are all the same, the configuration of
a decoding device  used in a pair with the encoding device 500 of the
second  embodiment may be the same as the configuration of the decoding
device 400 of the first embodiment illustrated in Fig.4. (The Third
Embodiment) 10 The configuration of an encoding device according to the
third  embodiment of the present invention is explained with reference. to
Fig.6, which is a block diagram showing the configuration of an  encoding
device 600 according to the third embodiment. The encoding device 600
illustrated in Fig.6, which has a  15 down-sampling unit 601 in addition to
the configuration of the  encoding device 200 of the flrst  embodiment
shown in Fig.2, is  configured to have a low frequency signal 616
down-sampled by the  down-sampling unit 601 be inputted to the lower
frequency band  encoding unit 202 instead of the low frequency signal 208
of the 



:20 original sound for which band division is performed so as to output  a
low frequency code 613 generated as a result of such encoding.  Generaily,
the low frequency signal 208 and the high frequency  signal 209
band-divided  by the band dividing unit 201 are signals  with the same
sampling frequency as the input signal 207. - For 25 example, assuming that
the sampling frequency. of. the -input signal  207 is 48kHz and the
boundary frequency divided by the- band  dividing unit 201 is 8kHz, for
example, since the input signal 207  includes a signal at 0 - 24kHz
according to the sampling theorem,  the bandwidth of a signal included in
the low frequency signal 208. ad and the high frequency signal 209 is 0 -
8kHz and 8 - 24kHz  respectively. However, the sampling frequency of the
low  frequency signal 208 and the high frequency signal 209remains  -23 11
July 2006  unchanged at 48kHz. While it is possible to encode such low
frequency signal 208 as, it is in the lower frequency band encoding  unit
202, the fact is that a known encoding unit to be used as the  lower
frequency band encoding unit 202 is generally configured to 5 operate most
efficiently when the signal bandwidth included the  input signal .207- is
at the maximum frequency (= sampling  frequency/2) which is determined
according to the sampling  frequency of an input signal. Therefore, by
having the lower  frequency band encoding unit 202, which is configured on
the io premise of including a signal up to at 24 kHz with a sampling  f
-requency of 48kHz, input the low frequency signal 208 that includes  only
up to 8kHz,. or one third of the assumed. frequency, so as to  .perform
encoding, there arises a problem that efficiency. of the lower  frequency
band encoding unit is reduced. 15 In order to,solve such problem,
down-sampling is required for  the sampling frequency of the low frequency
signal 208. to be  inputted to the lower frequency band encoding unit 202
in  accordance with the frequency bandwidth of a. signal included in the
low frequency signal 208 so that the efficiency of the lower 



20 frequency band encoding unit 202 can be increased. More  specifically,
when the low frequency signal 208.to be inputted to the  down-sampling unit
601 is a time signal, the down-sampling unit  601 thins outsampled data-so
that a desired sampling frequency can  be acquired, and when the low
frequency signal 208 to be inputted 25 is frequency-transformed spectral
data, the data length of the low  frequency signal 208 is notified to the
lower frequency band  encoding unit 202. In this example, since the
frequency bandwidth  of a signal included in the low frequency signal 208
is 0 - 8k-Hz, a  sampling frequency required to represent the low frequency
signal 3o 208 is 16KHz. By having the,lower frequency band encoding unit
2.02 input the low frequency signal 616 down-sampled to .16kHzk it  becomes
possible for the lower frequency band encoding u:ni.t 202 to  -24 11 July
2006  encode the inputted low frequency signal 208 in the most efficient
manner, and therefore the effect of acquiring an output code 614
represented by a small number of bits can be achieved while  improving the
quality of the decoded signal at the same time. Next, an explanation is
provided for a decoding device 700  according to the third embodiment with
reference to Fig.7, which is  a block diagram showing the configuration of
the decoding device  700 to decode the output code 614 encoded by the
encoding device  600 illustrated iri Fig.6. Such decoding device 700 shown
in Fig.7, 10 which newly includes an up-sampling unit 701 in addition to
the  -,configuration of the decoding device . 400 illustrated in Fig-4
according to the: first embodiment, is configured to -have the  up-sampling
unit 701 up-sample a low frequency signal .71.0 decoded  by the lower
.frequency band decoding unit 402, and to have such 15 up-sampled low
frequency signal 410 be inputted to the higher  frequency band decoding
unit 404 and the signal combining unit 405.  Such decoding device 700 is
comprised of the code dividing unit 401,  the lower frequency band decoding
unit 402, the up-sampling unit  701, the switching unit 403, the higher
frequency band decoding 



20 unit 404, and the signal combining unit 405. Note that since an
explanation is already provided for the same components as:those  included
in the decoding device 400 illustrated in Fig.4, an  explanation for such
components is omitted by providing thern with  the same numbers as used in
Fig.4. 25 In Fig.7, an input code 706 is equivalent to the,output code
.614 in the encoding .device 600 in Fig.6. In the decoding device 700,
-since a low frequency code 707 outputted from the code dividing  unit 401
is the encoded low frequency signal 616 which is  down -sampled on the part
of the* encoding device 600, the sampling  so frequency of a low frequency
signal 710 decoded in the lower  -frequency band decoding unit 402 equals
to the sampling frequency  of the low frequency signal 616 (e.g. 16kHz)
used on the encoding  25  11 July 2006  device 600's part. On the other
hand, the high frequency code 408  is the encoded high frequency signal 209
which is not down-sampled  and therefore the sampling frequency of the high
frequency signal  408 to be decoded equals to the sampling frequency of the
input 5 signal 207 (e.g. 48kHz) inputted to the encoding device 600.
Therefore, in order to decode the high frequency signal by the use of  the
decoded low frequency signal 710, the decoding device 700 is  configured to
have the low frequency signal 710 be inputted to the  higher frequency band
decoding unit 404 after such low frequency .10 signal 710 Is. up-sampled to
be the same sampling frequency of the  high frequency signal to be decoded
(= the sampling~ frequency of an  output signal. e.g. 48kHz). Similarly,
the signal combining unit 405  performs processing for. combining signals
by the use of the decoded  high frequency signal 411 and the up-sampled low
frequency signal  15 410 to. generate the output signal 412. As explained
above, by up-sampling the decoded low  frequency signal 710 out of the
input code 706 which is encoded by  having been divided into the high
frequency code 408 and the  



down-sampled low frequency code 707 so as .to decode the high A frequency
signal 411 using similarity between such high frequency  signal 411 and the
up-sampled low frequency signal 410, it becomes  possible to acquire a
high-quality reproduction signal from a code  represented by- a smaller
number of bits by the use of a low  frequency code encoded in a more
efficient manner. (The.Fourth Embodiment) The configuration of an encoding
device 800 according to the  fourth embodiment of the present invention is
explained with  reference to Fig.8, which is a block. diagram showing the
configuration of parts that generate a high frequency code 817 and 30
switching information 816 in the encoding device 800 according to  the
fourth embodiment. -Parts of a similarity judging unit 8 18 and a  higher
frequency. band, encoding unit 819 enclosed in dashed lines in  -26 11 July
2006  Fig-8, which correspond to the similarity judging unit 203 and the
similarity judging unit 503 to judge similarity between the low  frequency
signal 208 and the high frequency. signal 209 as well as  to the higher
frequency band encoding unit 205 to encode the high 5 frequency signal 209
according to a result of judgment made by  such similarity judging units in
the encoding device 200 and the  encoding device 500 according to the first
to the third embodiments  of the present invention, represent more
preferable forms of a  similarity judging unit and a higher frequency band
encoding unit. 10 Such encoding device 800 includes a time-frequency
transforming  ~unit 801, a band dividing unit 802, a noise
-characteristics. judging  unit 803, a prediction ..error calculating unit
804, a switch  determining unit 805, a switching unit 80.6, a first
higher., frequency  'band encoding unit 807, and a second higher frequency
band 15 encoding unit 808 as units to encode the high frequency signal 209.
In Fig.8, the high frequency signal 209 and the low frequency  signal 208..
which are generated as a result of the division of the  input signal into
the higher frequency band and the lower frequency  



band performed in advance by the band dividing unit 201 not 20 illustrated
in the diagram, for example, are inputted to the  time-frequency
transforming unit 801.. As the low frequency signal  208, either a low
frequency signal which is divided directly from an  input signal or a -low
frequency decoded signal which is decoded  after encoded once by the lower
frequency band encoding unit not: ,25 illustrated . in the diagram can be
used. The time-frequency  transforming unit 801 transforms the inputted
high frequency signal  209 and, low frequency signal 208 into spectral
coefficients to output  such signals as high frequency coefficients 811 and
low frequency  coefficients 812 respectively. Any one of known transforms
such as 3f) Fourier transform, cosine transforrn, .and filter bank may be
adopted  as a time-frequency transform used in the time-frequency
transforming unit 801, but an example is provided here for the case  -27 11
July 2006  where MDCT used in the AAC is employed. The band dividing unit
802 divides the high frequency  coefficients 811, which are MDCT
coefficients .determined as a result  of transforming the high frequency
signal. 209, further into a 5 plurality of bands (to be referred to as high
frequency encoding A  sub-band(s ) hereinafter), and the band divided high
frequency coefficients .813 are outputted to the noise characteristics
judging  unit 803, the prediction error calculating unit 804 and the
switching  unit 806. Note that processing for each high frequency encoding
10 sub-band divided by the band dividing unit 802 Is all the same and
therefore  that. an explanation is provided only for processing for a
certain high frequency encoding sub-band here. Encoding for the  high
frequency coefficients can be completed by just repeating the
below~described processing for each high frequency encoding  15 sub-band.
The noise characteristics judging unit 803 makes a judgment  on noise
characteristics of the high frequency coefficients 813 to  output a noise
characteristics judgment value 814. The reason of  



judging noise characteristics here is that, if the high frequency 2o
coefficients 813 to be encoded is a signal having noise  characteristics,
since it can be assumed in advance that similarity  between such high
frequency coefficients 813 and the low frequency  coefficients 812 is low
and therefore that the prediction error is big,  the subsequent processing.
related to prediction error calculation 25 -can be omitted. Values of MDCT
coefficients indicating that a signal  has noise characteristics show an
almost uniform distribution  .,,pattern. Therefore, when checking :a
plurality :of MDCT coefficients  included in a certain band, while. many
values are centered close to  a certain value (e.g,  the mean value) if a:
signal is a (stationary) 3o noise, there are relatively many values
centered even in parts  greatly distant from the mean value if a signal
does not have noise  characteristics. In order to judge noise
characteristics of the  -28 11 July 2006  band-divided high frequency
coefficients 813 by utilizing such  characteristics of a noise, the noise
characteristics judging unit 803  evaluates the size distribution of MDCT
coefficients in each high  frequency encoding sub-band, for example, to
judge that a signal is 5 of non-noise characteristics if the distribution
width is larger than a  predetermined threshold and that a signal has noise
characteristics- if the distribution width is smaller than a predetermined
threshold.  .As a scale to evaluate the distribution- of MD.CT
coefficients, any  statistical evaluation value may be used which includes
the 10 difference between the minimum value and the maximum value, the
difference between the *mean value and the maximum value,.  -dispersion and
the~standard deviation of MDCT coefficients in a high  frequency encoding
sub.band. As a result of the judgment, the noise characteristics judging  n
unit 803 outputs the noise characteristics judgment value 814  indicating
noise characteristics/non-noise characteristics of the high  frequency
coefficients 813 to the prediction error calculating unit  804 and the
switch determining unit 805. The noise characteristics  



judgment value 814 is expressed as "0" for example, when the.high 20
frequency coefficients 813 have noise characteristics, and as "1". for
example, when the high frequency coefficients 813 do not have  noise
characteristics. Note that other values can be used as the  noise
characteristics judgment value 814. When notified through  .the noise
characteristics judgment value 814 that the high 25 .:frequency
coefficients 813 are a signal of non-noise characteristics  as ,a result of
the judgment made by the noise judging unit~703, the  prediction error
calculating unit 904 calculates and evaluates the  prediction error so as
to judge similarity between the high frequency  coefficients 813 and the
low frequency coefficients 812. The  prediction error can be calculated by
following the method disclosed  in the first embodiment. Therefore, the
prediction error E(k) can  be calculated by using Expression 1 by replacfng
x(l) with the low  -29 11 July 2006  frequency coefficients 812, y(j) with
the high frequency coefficients  813 included in a high frequency encoding
sub-band, and "m" with  the number of MDCT coefficients included in the
high frequency  encoding sub-band. In Expression 1, by changing the shift
number  'V within the predetermined values of the minimum value K MIN  and
the maximum value K_- MAX, low frequency coefficients x(k,j),  the shift
number 'W" and gain ~a" which minimize the prediction  error E(k) can be
determined as similarity information 815. The switch determining unit 805
determines a higher  io frequency band encoding unit to be used for
encoding the  band-divided -high frequency coefficients 813 according to
the noise  characteristics judgment value 814 and the similarity
information  815, and outputs switching information 816 to switch between
the  first higher frequency band encoding unit 807 and the second higher 15
frequency band encoding unit 808 at the switching unit 806. The  first
higher frequency band encoding unit 807 is an encoding unit  'configured to
best encode high frequency coefficients 813 with a low  degree of
similarity and the second higher frequency band encoding  



.unit 808 to best encode~ high frequency coefficients 813 with. a high 20
degree of similarity. The switching unit 806 selects the first higher
frequency band encoding unit 807 when (I) the noise characteristics
Judgment value 814 indicates that a signal has noise characteristics  and
(2)the noise characteristics judgment value 814 indicates that a  signal
does not have noise characteristics -and similarity is low, and 25 selects
the second higher frequency band encoding unit 8.08 when  the noise
characteristics judgment value 814. indicates that a signal  has noise
characteristics and similarity is high... Next, an explanation is provided
for the operation of a higher  frequency band encoding unit 819 with
reference to the figures.  36 Fig.9A is a diagram showing the encoding
method of the first higher frequency band encoding unit. 867 and Fig.913
illustrates the  encoding method of the second higher frequency-band
encoding unit  -30 11 July 2006  808. Of a low frequency encoding band 902
and a high frequency  encoding band 903 divided at an encoding boundary
frequency 905,  the high frequency coefficients 813 to be inputted to the
first higher  frequency band encoding unit 807 are MDCT coefficients
(spectral 5 coefficients) 901 included in the range of the high frequency
encoding band 903. Such high frequency encoding band 903 is  further
divided into more than one high frequency encoding  sub-band 904. Since the
spectral coefficients 901 to be inputted to  the first higher frequency
band encoding unit 807 are coefficients, 10 noise characteristics or
similarity of which with MDCT coefficients in  the range of the -low
..frequency encoding- band 9021s low, the first  higher -frequency band
encoding unit 807 performs encoding by- regarding coefficients in the high
frequency encoding sub-band 904  as a random noise, without using the
similarity information 815. In 15 -other words, such coefficients in the
high frequency encoding  sub-band 904 ate expressed as a random sequence
represented by  an average amplitude 906, and only such average amplitude
906  (amplitude information) is encoded. Note that the average energy,  



the average power and other may be used. other than the average 20
amplitude as a representative value of such random sequence.  Similarly, of
a low frequency encoding band 908 and a high  frequency encoding band 909
divided at an encoding boundary  frequency 911, the high frequency
coefficients 813 to be inputted to  the second higher. frequency band
encoding unit 808 are MDCT 25 -coefficients.'(spectral coefficients) 907
included in the. range of the  high frequency encoding band 909. Such- high
frequency encoding  band 909 is further divided into more than one high
frequency  encoding sub-band 910. The spectral coefficients 907 to be
inputted to the 'second higher frequency band encoding unit 808 are 3o
coefficients, similarity of which with spectral coefficients in the  range
of the low frequency encoding band 908 is high, the second  higher
frequency band encoding unit 808 performs encoding by the  -31 11 July 2006
use of the similarity information 815. Assuming that one of the  high
frequency encoding sub-bands 810 is a high frequency section  A 915, the
above-explained prediction error calculating unit 804  selects a low
frequency section B 914 which has the same number of  spectral coefficients
as the high frequency section A 915 and which  therefore has the highest
degree of similarity, out of coefficients in  the low frequency encoding
band 908, and. then the similarity  information 815 is outputted. Of the
similarity information 815, shift number 913 "k" is a  10 distance from the
encoding boundary frequency 911 to the lower  limit frequency of the low
frequency section B- 9.14, with -the  encoding boundary frequency 9.11 set
as -the reference point. . Gain  a" is the amplitude ratio -between
spectral coefficients 907 in the  high frequency section A 915 and spectral
coefficients 907 in the low 15 frequency section 6 914. In the second
higher frequency band  encoding unit 808, the. shift number 913 ~"k", the
gain. "a", and.  per-sample differential signals of the spectral
coefficients between  -the high frequency section A,915 .and the low
frequency section B  



914 are encoded as the acquired similarity information 815. Note 20 that
encoding of differential signals between the high frequency  section A 915
and the low frequency section B 914 may be omitted,  .in which case only
the. shift number 913 "k" and the gain "a" are  encoded. Alternatively i it
is possible to use noise components-to  represent differential signals
between the high frequency section A 25 915 and the low frequency section B
914, in, which case gain  information of noise components is encoded in
addition to the shift  .-number "k" and the gain "a". With regard to a
method to represent  the gain 'a' to be encoded, in addition to a method
with which the  gain "a" is represented as. (1)the amplitude ratio between
spectral 30 coefficients 907 in the high frequency section A 915 and
spectral  -coefficients 907 in the low frequency section B 914, ,the gain
"a" can  be also represented as (Zan average amplitude 912 of each ~high
-32 11 July 2006  frequency encoding sub-band 910, or (Man average energy
in each  high frequency encoding sub-band 910 and (4)an average power in
each high frequency encoding sub-band 910 or the like, just like the
amplitude information in the first higher frequency band encoding 5- unit
807. Codes which are the differential signals encoded on a per  high
frequency encoding sub-band 910 basis are multiplexed with  such
information as the shift number 'k" and the gain "a" to be  outputted as
the high frequency code 817.. Note that it is also possible to reduce the
number of bits of the  10 high frequency code 817 by compressing codes by
the use of a  mathematical technique at the multiplexing stage. . The
following  includes exemplary methods: a method for re-encoding
differential  information between codes a method for re-encoding a.
multiple  number of codes as vector information; a method for replacing  15
codes with variable length codes such as Huffman codes. Moreover, in
determining spectral coefficients 907 of a high  frequency encoding
sub-band 910, although band division is  performed on the MDCT coefficients
811 after transforming the high  



frequency signal -209 into MDCT coefficients, it is also possible to 2o
divide the high frequency signal 209 into high frequency encoding
sub-bands -810 through filter bank or the like and then determines  MDCT
coefficients in a high frequency encoding sub-band 910, by  performing MDCT
for a signal in each sub-band. Furthermore, since the shift number 913 "'k"
to be encoded is  26 information used to identify the low frequency section
B 914, it does  -not have to, be a value to indicate the number of samples
in the  frequency domain and therefore, by setting in advance more than
one low frequency section with the same frequency width as a high
frequency encoding sub-bands 9.12 in the low frequency encoding 30 band
908, it is possible to express the shift number 'V. by  identification
information indicating which low frequency section is  selected from among
them. 33  11 July 2006  Moreover, although the band dividing unit 802 is
placed after the time-frequency transforming unit 801, the present
invention is  not restricted to such placement and therefore it is also
possible that  the band dividing unit 802 is placed before the
time-frequency  5 transforming unit 801. As explained above, by dividing
MDCT coefficients in the  higher frequency band into a plurality of high
frequency encoding  sub-bands, judging noise characteristics of MDCT
coefficients in the  higher frequency band as well as similarity between
MDCT io coefficients in the higher frequency band and MDCT coefficients in
the lower frequency band on a per-high frequency. encoding  sub-band basis;
and performing encoding through a higher  frequency band encoding unit
indicated as optimal by such judgment,  it is possible to acquire a
high-quality reproduction signal from a  15 code represented by a smaller
number of bits. Next, an explanation is provided for the configuration of a
decoding device according to the fourth embodiment of the present
invention with reference to Fig.10, which is a block diagram showing  



the configuration of the part (a higher frequency band decoding 20 -device
1000) which decodes the high frequency code 817 in a  decoding device used
in a pair with the encoding, device 800  illustrated in Fig.8. Such higher
frequency band decoding part (the  higher frequency band decoding device
1000). illustrated in Fig-10  ;represents a more preferable form as the
part to decode a high 25 -frequency codein the decoding device 400 and the
decoding device  700 according to the first to the third embodiments of the
present  invention. The higher frequency band decoding device 1000 is
comprised of a time-frequency transforming unit 1001, a first higher
frequency band decoding. unit 1003, a second higher frequency band 30
decoding unit 1004, a spectrum combining unit 1005, and a  frequency-time
transforming unit 1006. .The following provides an  explanation for the
case where -MDCT coefficients are employed as  -34 11 July 2006  spectral
coefficients in the higher frequency band decoding device  1000 as in the
case of the above-mentioned encoding device 800.  In Fig.10, information to
be inputted to the higher frequency band  decoding device 1000 is a high
frequency code 1007, switching 5 information 1008, and a low frequency
decoded signal 1009. The  high frequency code 1007 is the high frequency
code 817, for  example, outputted from the first higher frequency band
encoding  unit 807 or the second higher frequency band encoding unit 808 of
the encoding device 800 shown in Fig.8. The switching information io 1008
is the switching information 816, for example, outputted from  the switch
determining unit 80S of the encoding device 800.  Furthermore, the low
frequency decoded signal. 1009: -is the low  frequency . signal.: 410, for
example, outputted from the lower  frequency band decoding unit 402 of the
decoding device 400  15 illustrated in Fig.4. The time-frequency
transforming unit 1001 performs MDCT  for the inputted low frequency
decoded signal 1009 and outputs low  frequency coefficients 1010
represented as MDCT coefficients. The  



first higher frequency band decoding unit 1003 is a decoding unit to 20
decode high frequency code 1007 encoded by the use of noise, while  the
second higher frequency band decoding unit 1004 is a decoding  unit to
decode high frequency code 1007 encoded by the use of  similarity between
the low frequency coefficients 812 and the high  frequency coefficients
813. Since the high frequency coefficients 25 813 are encoded. having been
divided into predetermined: high  frequency . encoding sub-bands in advance
In the encoding device  800, decoding processing which supports such
encoding is  performed on the basis - of codes -corresponding to each high
frequency encoding sub-band. In other words, codes included in 3o the high
frequency code 1007 are divided into codes of each high  frequency encoding
sub-band so as to perform decoding for such  divided codes on a per-high
frequency encoding sub-band basis. If  -35 11 July 2006  codes
corresponding to each high frequency encoding sub-band are  compressed by
means of a mathematical method on the part of the  encoding device 800,
decoding by the use of a mathematical method  is also performed. When the
switching information 1008 indicates that the high  frequency code 1007 is
to be inputted to the first higher frequency  band decoding unit 1003, high
frequency coefficients 1011 acquired  as a result of decoding are expressed
as a random noise. Therefore,  only gain information indicating the signal
strength is included in the lo high frequency code 1007. Accordingly, the
first higher frequency  -band decoding unit 1003 generates a random noise
signal inside and  generates the-band-divided high frequency coefficients
1011 by  multiplying gain Indicated, by the decoded gain information. with
such generated noise signal. 15 In contrast, when the switching information
1008 indicates  that the high frequency code 1007 is to be inputted to the
second  higher frequency band decoding unit 1004, the high frequency
coefficients 1011 to be acquired as a result of decoding are  



expressed as the sum of-low frequency coefficients within a specified  .20
low frequency section extracted from the low frequency coefficients  1010
according to a shift number and a differential extracted from  the high
frequency code 1007. Therefore, the high frequency code  1007 includes
shift number 'k" to indicate the position from which  the low frequency
coefficients are extracted, gain "a.' which P5 indicates, for example, an
average amplitude of the high frequency  -coefficients, and information
indicating the differential between the  -high frequency coefficients.
within a. high frequency encoding  sub-band and the low frequency
coefficients within the low  frequency section with the highest degree of
similarity. The high -30 frequency coefficients are encoded as MDCT
coefficients, which are  a kind of. spectral coefficients, and therefore
the low frequency  decoded signal 1009 inputted in order to decode the high
frequency 11 July 2006  coefficients also needs to be expressed as MDCT
coefficients. Since  the low frequency decoded signal 1009 is generally
provided as a  time signal, it is transformed into MDCT coefficients by the
time-frequency transforming unit 1001 to be inputted to the second 5 higher
frequency band decoding unit 1004 as the low frequency  coefficients 1010.
If the low frequency decoded signal 1009 is  provided as MDCT coefficients,
such low frequency decoded signal  1009 can be regarded as the low
frequency coefficients 1010 and  therefore the time-frequency transforming
unit 1001 can be  10 omitted. The -second higher. frequency band decoding
unit 1004  extracts a predetermined number of MDCT coefficients from the
position to which a shift is made only by the shift number "k" from a.
Predetermined reference point in the low frequency coefficients 15 1010.
Then the second higher frequency band decoding unit 1004  generates MDCT
coefficients representing high frequency  coefficients 1011 by multiplying
the extracted low frequency MDCT  coefficients with the gain "a" and adding
to it spectral coefficients  



indicating the differential. Note that if spectral coefficients 20
indicating the differential are omitted, the result of multiplying the
extracted MDCT  coefficients with the gain 'a" serves as MDCT  coefficients
representing the high frequency coefficients 1011. The  high frequency
coefficients 1011 Which are decode by the first  higher frequency band
decoding unit 1003 or. the second higher  frequency band decoding unit 1004
and which are band-divided -into  the frequency bandwidth of high frequency
encoding sub-bands, are  combined together by the spectrum combining unit
1005 to be  outputted as high frequency coefficients 1012 samples which are
placed in increasing frequency order in the high frequency encoding 30
band. Then, the frequericy time transforming unit 1006 transforms  y the
high frequency coefficients 1012 into a time signal and  generates a high
frequency signal 1013. -37 11 July 2006  Note that if the shift number "k"
is not information indicating the number of samples in the frequency domain
but identification  information indicating a predetermined specific low
frequency  section, MDCT coefficients in such predetermined specific low 5
frequency section may be extracted according to the identification
information. As explained above, out of an input signal which is encoded
having been divided into a high :frequency signal and a low frequency
signal, by. decoding the high frequency, signal by the use of similarity 10
between such high frequency signal and low frequency signal, the  use of a
high frequency code encoded in amore efficient manner is  realized, making
it possible to acquire a high-quality reproduction  signal from a code
represented by a smaller number. of bits. (The Fifth Embodiment) . 15 The
configuration of an encoding device according to the fifth  embodiment of
the present invention is explained with reference to  Fig.11, which is a
block diagram showing the configuration of an  



encoding device 1100 according to the. fifth embodiment. The  encoding
device 1100 shown in Fig.11, which includes the similarity 20 judging unit
818 and the higher frequency band. encoding unit 819 of  the encoding
device 800 illustrated in Fig.8, performs encoding for  the lower frequency
band by the use of low frequency spectral  coefficients for which
time-frequency transform is performed in  advance. While any one of known
spectral coefficients may be used 25 including Fourier transform
coefficients and cosine transform  coefficients as spectral coefficients
encoded by the lower. frequency  band encoding unit, here, the lower
frequency band encoding unit  performs encoding pursuant. to the AAC system
and MDCT  coefficients are employed as spectral. coefficients.. In Fig.11,
the 3o encoding unit 1100 is comprised of a time-frequency transforming
unit 1101, a band dividing unit 1102, the. similarity judging unit 818
.(the noise characteristics judging unit 803, the prediction error  -38 I I
July 2006  calculating unit 804 and the switch determining unit 805), the
higher frequency band encoding unit 819 (the first higher frequency  band
encoding unit 807 and the second higher frequency -band  encoding unit
808), a lower frequency band encoding unit 1109, and ii a code multiplexing
unit 1110. The time-frequency transforming  unit 1101 collectively performs
MDCT for the input signal 207 which  includes the low frequency signal and
the high. frequency signal to  output MDCT coefficients 1112. Since the
lower frequency band  encoding unit 1109, the first higher frequency band
encoding. unit 10 807 and the second higher frequency band encoding unit
808 are all  encoding units -that -encode MDCT coefficients; with . the.
time-frequency transforming unit 1101 collectively transforming the  input
signal 207 into the MDCT coefficients 1112, required MDCT  coefficients can
be determined by one transform. This results in 15 the reduction in the
amount of processing concerning calculations of  MDCT coefficients as
compared to the case where MDCT is  performed in a lower frequency band
encoding unit and a higher  



frequency band encoding unit separately. The band dividing unit 1102
divides the MDCT coefficients  20 1112 into low frequency coefficients 1114
and the high frequency  coefficients 81.3. Regarding this, since such band
dividing  processing is performed on MDCT coefficients, processing such as
band division filter in the band dividing unit 1102- can be omitted,
-allowing a reduced amount of processing to be performed in the 25- band
dividing unit 1102. Meanwhile, it is possible for the high  frequency
coefficients 813 to be band-divided into high frequency  encoding sub-bands
at this stage. As explained above, the  band-divided high frequency
coefficients 813, processing for which  -is performed by the similarity
judging unit 818 and -the higher 3o frequency band encoding unit 819
illustrated in Fig.8, are outputted  as the switching information 816 and
the high frequency code 817.  ~Furtherrnore,  the lower frequency band.
encoding unit 1109 encodes  _39 11 July 2006  low frequency coefficients
1114 in accordance with the AAC system  to output it as a low frequency
code 1119. The code multiplexing  unit 1110 multiplexes the switching
information 816 outputted from  the switch determining unit 805, the high
frequency code 817 5 outputted from the higher frequency band encoding,
unit 819, and  the low frequency code 1119 outputted from the lower
frequency  band encoding unit 1109 to generate an output code 1120. As
described above, with the encoding device 1100 with the  above
configuration, it is possible to encode high frequency  10 coefficients and
low frequency coefficients through a smaller  amount of processing.. Next,
an explanation is provided for the configuration -of a  decoding device
according to the fifth embodiment .of the present  invention with reference
to Fig.12, which is a block diagram showing 15 the configuration of a
decoding device 1200 for decoding an input  code. 1208 which is the output
code 1120 of the encoding device  1100 illustrated in Fig.11. The decoding
device 1200 -illustrated in  



fig.12 has the higher frequency band decoding unit 1000 illustrated  in
Fig.10 and the lower frequency band decoding unit decodes low 20 frequency
spectral coefficients acquired as MDCT coefficients.  While any one of
known spectral coefficients may be used including  Fourier transform
coefficients and cosine transform coefficients as  .spectral coefficients
decoded by the lower frequency band decoding- unit,. here, the lower
frequency band decodIng  unit performs 25 decoding in accordance with the
AAC system and.MDCT coefficients  are employed as spectral coefficients.
This .decoding device 1200 is  comprised of the higher frequency band
decoding device 1000 (the  first *higher frequency band decoding unit 1003
and the second  ]higher frequency band decoding unit 1004), a code
-dividing unit 30 .1201, a lower frequency band decoding unit 1202, a
spectrum  combining unit. 1206 and a frequency-time transforming unit 1207.
In the decoding device 1200, parts corresponding to the  -40 11 July 2006
higher frequency band decoding device 1000 illustrated in Fig. 10 are  the
switching unit 1002, the first higher frequency band decoding  unit 1003,
the second higher frequency band decoding unit 1004,  the lower frequency
band decoding unit 1202, the spectrum 5 combining unit 1206 and the
frequency-time transforming unit 1207,  but the lower frequency band
decoding unit 1202 is different from  time-frequency transforming unit 1001
illustrated in Fig.10 in that  ,such lower frequency band decoding unit
1202 decodes the low  frequency code 1210 which is encoded low frequency
MDCT 10 Coefficients. the spectrum combining unit 1206 is different from
the spectrum combining unit 1005 illustrated in Fig 10 in that it  combines
the low frequency coefficients 1010 -not only with the high  frequency
coefficients 1011 but also with the spectrurn ~combined  high frequency
coefficients 1011. Moreover, the frequency-time 15 transforming unit 1207
of the decoding device 1200 is different from  the frequency-time
transforming unit 1006 illustrated in Fig.10  



which performs MDCT for the low frequency decoded signal 1009 on  the time
domain in that the frequency-time transforming unit 1207  .-performs
inverse MDCT for the MDCT coefficients 1214 which are 20 combined with the
low frequency coefficients 1010 in addition to the  high frequency
coefficients 1012. In the decoding device 1200 illustrated in Fig.12, the
code  dividing unit 1201 extracts the switching information 1008, the high
frequency code 1007, and a low frequency code 1210 from the input -25 code
1208. Subsequently, the lower frequency band. decoding unit  -1202 decodes
the, extracted low frequency code 1210 in accordance  with the AAC system
to output the low frequency coefficients 1010.  ,Both switching information
1008 and the high frequency code 1007  .extracted from the input code 1208
are inputted to the higher 3o frequency band decoding device 1000
illustrated in Fig.10. In the  higher frequency band decoding device 1000,
-the first higher  frequency band decoding unit 1003 or the second higher
frequency  -41 11 July 2006  band decoding unit 1004 selected according to
the switching  information 1008 decodes the high frequency code 1007 to
output  the high frequency coefficients 1011. Since such high frequency
coefficients 1011. are decoded here by the use of similarity with the 5 low
frequency coefficients, the low frequency decoded signal  outputted from
the lower frequency band decoding unit needs to be  transformed into the
same MDCT coefficients as the high frequency  coefficients 1011. In
contrast, since both the high frequency  coefficients and the low frequency
coefficients are transformed into .10 MDCT coefficients by the encoding
device 1100. according to the  present configuration, the low - frequency
coefficients. 1010 are.  outputted as -MDCT coefficients, which therefore
requires no  transform processing for the low frequency coefficients. 1010,
resulting in a reduced amount of processing. -15 The. spectrum combining
unit 1206 combines the low  frequency coefficients 1010 outputted from the
lower frequency  



band decoding unit 1202 with the high frequency coefficients 1011
outputted from the higher frequency band decoding device 1000 in  the
frequency domain. The frequency-time transforming unit 1207 2o collectively
transforms MDCT coefficients 1214 generated as a result  of such combining
processing performed by the spectrum combining  unit 1206 into a time
signal, which is then generated as an output  signal 1215. As described
above, with the encoding device that performs  .25 encoding using the high
frequency coefficients and the low  -frequency coefficients which are
collectively performed  time-frequency transform as well as the decoding
device collectively  performing frequency-time- transform for such
resulting codes, it is  possible for the decoding device to decode the high
frequency so spectral coefficients and the low frequency spectral
coefficients  through a smaller amount of processing so as to acquire an
output  signal. -42 11 July 2006  Note that it is possible also in the
encoding device 1100 and the decoding device 1200 with the above
configuration that the  encoding device includes a down-sampling unit and
the decoding  unit includes an up-sampling unit and that encoding for the
lower 5 frequency band is performed at a lower sampling frequency than the
sampling frequency of an input signal, as presented in the third
embodiment. More importantly, as a down-sampling method, the  present
configuration allows the low frequency coefficients 1114  divided by the
band dividing unit 1102 of the encoding device 1100 Io to be regarded as
coefficients acquired as a result of transforming a  signal at a sampling
frequency after down-sampling is performed, so  as to.perform processing.
For example purposes, an explanation is  provided for the, case where -an
input signal. at the. sampling - frequency of 48kHz is down-sampled to half
the frequency of 24kHz. 16 Assuming that MDCT coefficients 2048 samples are
acquired as a  result of transforming 2048 samples of the input signal,
such MDCT  



coefficients 2048 samples represent a signal at 0 - 24kHz. When  1024
samples on the lower frequency side are extracted out of MDCT  coefficients
2G48 samples as low frequency coefficients, such low 20 frequency
coefficients represent a signal at 0 - 12kHz. if  inverse- MDCT is
performed for such low frequency: coefficients 1024  samples, a time signaI
having 1024 samples is acquired, as a result  of which the number of
samples of the time signal is reduced to half.  This means that such time
signal is down-sampled to half the value 25 of the sampling frequency.
Meanwhile, since inverse -MDCT  processing is -not necessary if the lower
frequency band encoding  unit uses MDCT coefficients,, it is possible to
simplify  down -samplin g -related processing. Also in the case of
up-sampling, processing is performed by regarding decoded .low 30 frequency
coefficients as coefficients acquired as a result of  transforming a signal
at a sampling frequency after up-samplinq is  -performed. 11 July 2006
(The Sixth Embodiment) Fig.13 is a block diagram showing the configuration
of an  encoding device 1300 according to the sixth embodiment. The
encoding device 1300 is an encoding device for performing 6 time-frequency
transform by switching a transform block length of  an input signal
according to whether such input signal varies steeply  in amplitude in an,
infinitesimal period of time. Such encoding  device 1.300 is comprised of
the band dividing unit 201, the lower  frequency band encoding unit 202, a
transform block length 10 selecting unit 1301, a time-frequency
transforming unit 1302, a  band dividing unit .1303; a similarity judging -
unit 1-312. (a noise  characteristics judging unit 1304, a prediction error
calculating. unit  1305 and a switch. determining unit 1306), a switching.
unit 1307, a  higher frequency band encoding unit.1313 (a first higher
frequency 15 band encoding unit 1308 and a second higher frequency band
encoding unit 1309), and a code multiplexing unit 1321.. Note that only the
difference between the higher frequency  



band. encoding unit 1313 and the similarity judging unit 1312  illustrated
in Fig.13, and the higher frequency band encoding unit 20 819 and the
similarity judging unit 818 of the encoding device 800  illustrated. in
Fig.8 is that the former perform processing in units of  frequency
coefficients having the number of samples which. differs  depending .on a
selection of the transform block length selecting unit  .1301 and therefore
that their configurations and the contents of 25 processing are all the
same. Moreover, a high frequency code 1320  is different from the high
frequency code 817 only in that the high  frequency code 1320.. is encoded
with a block length which differs  .depending on a selection of the
transform block length selecting unit  ..1301. Similarly, a noise
characteristics judgment value 131.7r so similarity information 1318, and
switching information 1319 differ  respectively from the noise
characteristics judgment value 814, the  similarity. information 815, and
the switching information 816  -44 11 July 2006  illustrated in Fig.8 only
in that a transform block length of the high  frequency coefficients 1316
to be processed varies according to a  selection of the transform block
length selecting unit 1301. Note  that since the configuration and the
operation of the higher  frequency band encoding unit 819 and the
similarity judging unit  818 shown in Fig.8 are already explained,
explanation's for the  higher frequency band encoding unit 1313 and the
similarity judging  Unit 1312 are omitted unless they are related to newly
added  processing. 10 In Fig.13, the transform block length selecting. unit
1301  -determines a transform block length to be used - -in-' the
time-frequency transforming -unit 1302, according to characteristics  of
the input signal 207. The transform block length selecting unit  1301
measures, for example, the amount of variation at an average 15 signal
level of the input signal 207 within an infinitesimal time At.  If the
measured amount of variations -exceeds a specified value, a  shorter
transform block length is selected, while a longer transform  



block length is selected if the measured amount of variations is at or
below a specified value. A transform block length to be. determined 2 o may
be either an arbitrary length. or a length to be selected from  among
predetermined multiple alternatives. In the following,  switching is made
between two transform block lengths,. of -which  1024 samples is used for
the longer transform block length and 1-28  samples for the: shorter
transform. block length. Such longer 25 transform block length. and shorter
transform block length are  respectively referred to as basic transform
block and transform  :sub-block. According to this configuration, one basic
transform  block can be divided into eight transform sub-blocks. The
transform block length selecting unit 1301 generates block length 3o
information 1310 indicating a selected transform block length.  According
to the block length information, 13 10 generated by  the transform block
length selecting unit 1301, the time-frequency  -45 I I July 2006
transforming unit 1302 transforms the low frequency signal 208 and  the
high frequency signal 209 band-divided by the band dividing unit  201 and
outputs such two signals as low frequency coefficients 1315  and high
frequency coefficients 1314.. Any one of known 6 transforms such as Fourier
transform, cosine transform and filter  bank may be employed as a time-
frequency transform used in the  time-frequency transforming unit 1302, but
MDCT is employed in  the following explanation. The band dividing unit 1303
divides the  high frequency coefficients 1314 represented as MDCT
coefficients io further into a plurality of high frequency encoding
sub-bands and  then outputs them to the noise characteristics judging unit
1304,  the prediction error calculating unit 1305, and the switching unit
1307. Here, an explanation is provided for the relation between  15
band-divided higher frequency coefficients 1316 and the  subsequent
encoding processing with reference to-figures. Fig.14  is a diagram
illustrating the high frequency coefficients 1316 and the  



low frequency coefficients. 1315 in the case where a basic transform  block
1401 is selected by the transform block length.selecting unit 20 .1301
illustrated in Fig.13, while Fig.15 is a diagram illustrating the  .high
frequency coefficients 13.16 and the low frequency coefficients  13.15 in
the case where a transform sub-block 1506 is selected in the  transform
block length selecting unit 1301 illustrated in Fig.13.  Both Figs.14 and
15 depict the high frequency coefficients 1316 and 25 the low frequency
coefficients 1315 in the case where a signal  having 1024 samples per
frame, forr example, is inputted. As  illustrated in Fig.14, when the basic
transform block 1401 is selected  by the transform block length selecting
unit 1301, the  time-frequency transforming unit 1302 performs transform
only 30 once for the high frequency signal. 209 represented by 1024 samples
per a frame with the transform block length of 1024% samples. This  is.
also applicable to the low frequency signal 208. Therefore,  -46 11 July
2006  ~concerning  the direction of the time domain, the high frequency
coefficients 1314 in a high frequency encoding band 1402 and the  low
frequency coefficients 1315 in a low frequency encoding band  1403 are
made. up of a single set of coefficients to be determined by 5 one
transform. To put it another way, such coefficients can be  regarded as
independent of temporal changes in the sampling time  of the
above-mentioned one frame. As for the -direction of  frequency domain,
however, the high frequency coefficients 1314 in  'the high frequency
encoding band 1402 are divided further into a 10 plurality of high
frequency encoding sub-bands 1404 by the band  dividing unit 1303 to be
high frequency coefficients 1316 made up..of  multiple sets of high
frequency encoding sub-bands 1404. Of the  'high frequency coefficients
1314 included in each basic transform  block 1401, only coefficients which
correspond to the frequency n domain of a high frequency encoding band 1402
have values, while  the other coefficients are represented as 0. Similarly,
of the low  frequency coefficients 1315 included in each basic transform
block  



1401, only coefficients. which correspond to the frequency domain of  a low
frequency encoding band 1403 have values, while the other 2o coefficients
are represented as 0. In Fig.14, only low frequency  .,coefficients and
high frequency coefficients having values are shown  on the same plane. -
Note that since the subsequent encoding  processing for the high frequency
coefficients 1316 is performed on  a per high frequency encoding sub-band
1404 basis in the. direction 25 of the frequency domain, encoding
processing by the use of the  basic  transform block 1401 is performed for
each diagonally shaded  domain 1405 within each high frequency encoding
sub-band 1404  (to be referred to as 'encoding cell' hereinafter). In
contrast, as illustrated in Fig.15, When the transform  '3o sub-block 1506
is selected by the transform block length selecting  unit 1301, the
time-frequency transforming unit 1302 performs  transform with the
transform block length of 128 samples for the  -47 11 July 2006  high
frequency signal 209 represented by 1024 samples in one  frame 1501 for
eight times (1024/128). This is applicable to the  low frequency signal 208
in a low frequency encoding band 1503.  Therefore, both the high frequency
coefficients 1314 and the low 5 frequency coefficients 1315 acquired as a
result of transform by the  time-frequency transforming unit 1302 are
coefficients made up of  eight sets of transform sub-blocks 1506 in the
direction of the time  domain. The high frequency coefficients 1314
included in each  transform sub-block 1506 are 128 samples and only
coefficients 10 which correspond to the frequency domain of a high
frequency  encoding band 1502. have -values, while the other coefficients
are  represented as 0.. Similarly, the low frequency: coefficients 1315
included in each transform sub-block 1506 are 128 samples and only
coefficients which correspond to the frequency domain of a low 15 frequency
encoding band 1503 have values, while the other  coefficients are
represented as 0. In Fig.15,  only low frequency  coefficients and high
frequency coefficients having values are shown  



.on the same plane. . The high frequency coefficients 1.314 in the  high
frequency encoding band 1502 are further divided by the band .2o dividirig
unit 1303 into more than one high frequency encoding  sub-band 1504 in the
direction of the frequency domain.  Accordingly, the subsequent processing
is .performed in units of an  encoding cell 1505, which is diagonally
shaded in Fig.15. As is obvious from Figs.14 and 15, more precise encoding
in  25 the direction of -the time. domain can be performed when the
transform sub-block 1506 is used as a transform block length rather  than
the basic transform block 1401, for the encoding cell 'is divided  more
finely in the direction of, the time domain. However, the  number of
encoding -cells per unit of time increases if the number of so divisions in
the direction of the frequency domain is the same, which  inevitably
results in a larger amount of bits required for encoding.  In order to
circumvent this problem, when the transform sub-block  -48 11 July 2006
1506 illustrated in Fig.15 is used, the number of divisions in the
direction of the frequency domain, that is, the number of high  frequency
encoding sub-bands 1504, needs to be smaller than that  of the high
frequency encoding sub-band 1404 at the time of using 5 the basic transform
block 1401 illustrated in Fig.14. As a result,  the encoding cell 1405
which is more finely divided in the direction  of frequency domain is used
when the basic transform block 1401 is  employed, and the encoding cell
1505 which is more finely divided  into the direction of the time domain Is
used when the transform 10 sub-block 1506 is employed. As described above,
it is possible for  the encoding device 1300 to encode the input signal
-2G.7 'in a -more  -efficient manner by using the encoding cell 1405 and
the encoding  cell 1505 appropriately depending on the characteristics of
such.  input signal 207. 15 Processing which each processing unit of the
encoding device  1300 performs for each encoding cell is the same
regardless of  



whether the basic transform block 1401 or the transform sub-block  1506 .
is used. Therefore,, encoding of the high frequency  coefficients 1316 in
one frame is completed by just repeating the 2o encoding processing
performed by the similarity judging unit 1312  and the higher frequency
band encoding unit 1313 for all encoding  cells. The code multiplexing unit
1321 multiplexes the block length  'information 1310 generated by the
transform block length selecting  -26 - unit 1301, the switching
information 1319 from the switch determining unit 1306, the low frequency
code 213 from the lower  frequency band encoding unit 202, and a high
frequency code 1320  .from the higher frequency band encoding unit 1313 and
outputs an  output code 1311. Note that, in determining MDCT coefficients
in a high  frequency encoding sub-band, the high frequency signal 209 is
transformed into MDCT coefficients first and then band-division is  -49 11
July 2006  -performed on the MDCT coefficients in the present embodiment,
but  as an equivalent configuration, it is also possible that MDCT
coefficients in a high frequency encoding sub-band are determined  by
dividing in advance the high frequency. signal 209 into high 6 frequency
encoding sub-bands through filter bank or the like and  then performing
MDCT for a signal in each band, As explained above, by dividing. MDCT
coefficients in the  higher frequency band into a multiple number of
encoding cells and  by judging noise, characteristics as well as similarity
with MDCT 10 coefficients in the lower frequency band on a per-encoding
cell basis  so as to perform encoding by the use of the optimal higher
frequency  -band encoding unit indicated by the result of such judgment,
the  effect .of acquiring a high-quality reproduction signal in accordance
with the characteristics of the input signal 207 from a code  15
represented by a smaller number of bits. Next an explanation is provided
for a decoding device  



according to the sixth embodiment with reference to Fig.16, which is  a
block diagram showing the configuration of a decoding device  .1600 for
decoding the output code 1311 outputted by the encoding  device 1300
illustrated in Fig.13. The following explanation is  indented for the case
where MDCT coefficients are used as frequency  spectral coefficients as in
the case of the above-explained encoding  device. 1300. In- Fig.16, the
decoding device 1600 is a decoding  device for decoding a high. frequency
code encoded with. either a  basic transform block or a transform sub-block
depending. on block  length information included an input code. Such
decoding device  1600 is comprised of a code dividing unit 160.1, a lower
frequency  band decoding unit 1602, a time-frequency transforming unit
1,603,  a switching unit 1604, a first higher frequency band decoding unit
So ..1605, a -second higher frequency band decoding unit 1606, a  spectrum
combining unit 1607 ,and a frequency-time transforming  unit 1608. The code
dividing- unit. 1601 extracts block length  _50 11 July 2006  information
1610, switching information 1611, a low frequency code  1612, and a high
frequency code 1613 from an input code 1609.  The lower frequency band
decoding unit 1602 decodes the extracted  low frequency code 1612 to output
a low frequency signal 1614 5 which is a time signal. The time-frequency
transforming unit 1603  1ransforms  the low frequency signal 1614 with a
transform block  length indicated by the block length information 1610 and
determines low frequency coefficients 1615 which. are MDCT  coefficients
expressing low frequency components. 10 The switching unit 1604 switches
between the first higher  frequency band decoding unit 1605 and .the second
higher frequency  band decoding. unit 1.606 according to the -extracted
;switching  information 16-1.1, and inputs the block length information
1610 and  the high frequency code 1613 to a selected higher frequency band
15 decoding unit. Here, the first higher frequency band decoding unit  1605
is a decoding unit to. decode a code which is encoded by the use  



of noise, while the-second higher frequency band decoding unit 1606  is a
decoding unit to decode a code. which is encoded by the use of  Similarity
between low frequency coefficients 1615 and high 20 frequency coefficients.
Since high frequency coefficients are  encoded having been divided into
predetermined encoding cells  according to a transform block length and a-
high frequency encoding  sub-band, decoding : processing is performed for '
codes  :.corresponding to each encoding cell. in other-words, ;a! code 25
included in the high frequency code. 16131s divided into codes of  each
encoding. cell., and decoding processing to be performed. for  divided
codes is carried out repeatedly for all encoding cells. If  ~codes
corresponding to each encoding cell are compressed by means  of a
mathernatical  rnethod on the part of the encoding device 1300, 30 decoding
by the use of a mathematical method is also performed.  When the switching
information 1611 indicates that the high  frequency code 1613 is to be
inputted to the first higher frequency 11 July 2006  band decoding unit
1605, high frequency coefficients to be decoded  are represented as a
random noise signal, and only gain information  indicating the signal
strength is included in the high frequency code  1613. Accordingly, the
first higher frequency band decoding unit  1605 generates a random noise
signal inside and generates  band-divided  high frequency  coefficients
1616 by multiplying the  decoded gain with the generated noise signal. In
contrast, when the switching information 1611 indicates  that the high
frequency code 1613 is to be inputted -to the second  10 higher frequency
band decoding unit 1606, the band-divided high frequency coeffictents -1616
are expressed by the sum-of coefficients  extracted out of -the low
frequency coefficients 1615 and the  differential. between the high-
frequency coefficients and the. low  frequency coefficients encoded in the
high frequency code 1613. 15 Therefore,. the high frequency code 1613
includes shift number 'k"  to indicate the position from which the low
frequency coefficients  are extracted, gain 'a". and information indicating
the differential  



:between the high frequency. coefficients and the low frequency
coefficients. The second higher frequency band decoding unit 1606 2o
extracts out of the inputted low frequency- coefficients 1615 a
predetermined number of MDCT coefficients from the position to  which. a
shift is made only by the shift number "V from: a  predetermined reference
point. The number of samples of, MDCT  coefficients to be extracted differs
depending on a block length to be  25 selected. The second higher
frequency-band decoding ~unit 1606  generates MDCT coefficients
representing. high frequency  coefficients. by multiplying the extracted
low frequency MDCT  coefficients with the.gain "a" and by add ng to it
spectral coefficients  indicating the decoded differential information.
Note that if 3o information indicating the differential is omitted, the
result -of  multiplying the extracted MDCT coefficients with the gain "a"
serves  as MDCT coefficients representing the high frequency coefficients.
52 11 July 2006  Furthermore, if information indicating the differential is
typified by  noise components, the result of adding noise components
multiplied  with the decoded gain to the extracted MDCT coefficients
multiplied  With the gain "a" serves as MDCT representing the high
frequency  5 coefficients. The spectrum combining unit 1607 combines the
high  frequency coefficients 1616, which are decoded either by the first
higher frequency band decoding unit 1605 or the second higher  frequency
band decoding unit 1606 and which are divided into high io frequency
encoding sub-bands, with the low frequency coefficients  1615, and
generates them as combined spectral coefficient  -s.1617. Then, the
frequency4ime transforming unit 1608 transforms the  comblned spectral
coefficients 1617 . included in the higher.  frequency band into a time
signal with a transform block length 15 indicated by the block length
information 1610 so as to generate it  as an output signal 1618. 



Note' that, in the second higher frequency band decoding unit  1606, if the
shift number "k" is not information indicating the  number of samples in
the frequency domain but identification 20 information indicating a
predetermined specific low frequency  section, MDCT coefficients in such
predetermined specific low  frequency section may be extracted according to
the identification  information. As explained above, in the sixth
embodiment, since encoding  2 , 5 is performed in the encoding device' 1300
by appropriately switching  transform block lengths for the high frequency.
sIgnal  209 according  to the characteristics of the input signal 207 and
the input code 1609  encoded in such a manner is decoded in the decoding
device 1600  According to the block length information 1610, the decoding
device 30 1600 provides the effect of acquiring a reproduction signal of an
improved quality for which trackability  for the time Variation of the
original sound is further enhanced in addition to the effects  -53 11 July
2006  available in the first to the fifth embodiments. (The Seventh
Embodiment) The configuration of an encoding device according to the
seventh embodiment of the present invention is explained with  5 reference
to Fig.17, which is a block diagrarn  showing the configuration of an
encoding device 1700 according to the seventh  'embodiment. The encoding
device 1700 depicted in Fig.17 is  different from the encoding device 1300
in Fig.13 in that a lower  frequency band encoding unit performs encoding
by the use of 10 transform coefficients which are in the same format as
those used in  a higher frequency band encoding unit and that encoding
processing  is performed. also in. the lower frequency band encoding unit
according to a transform block length determined by. a transform  block
length selecting unit. Such encoding device. 1700 is 15 comprised of the
transform block-length selecting unit 1301, the  switching unit 1307, a
time-frequency transforming unit 1701, a  



band dividing unit 1702, a lower frequency band encoding unit 1703,  the
similarity judging unit 1312 (the noise characteristics judging  unit 1304,
the prediction error calculating unit 1305 and the switch 2o determining
unit 1306), the higher frequency band encoding unit  1313 (the first higher
frequency band encoding unit 1308 and the  second higher frequency band
encoding unit 1309), and -a code  multiplexing unit 1704. Note that since
an explanation is already  provided for the 'same components as those
included in the encoding 25. device 1300 illustrated in Fig.13, an
explanation for such  components is omitted by providing them with the same
numbers in  Fig.17 as used in Fig.13.. in Fig.17, the transform block
length selecting. unit 1301  determines a transform block length according
to the characteristics  of the. input signal 207. The time-frequency
transforming unit 1701  collectively performs time-frequency transform for
the input signal  .207 of all frequency bands made up of th  e lower
frequency band and  -54 11 July 2006  the higher frequency band according
to the block length information  1310 generated by the transform block
length selecting unit 1301  and outputs all frequency bands coefficients
1705. The  timefrequency transforming unit 1701 may use any one of known 6
transforms, but the following explanation describes the case where  MDCT is
employed. The band-dividing unit 1702 divides the all  frequency bands
coefficients 1705 expressed as MDCT coefficients  of either a basic
transform block or a transform sub-block into the  lower frequency band and
the higher frequency band, of which the 10 higher frequency band is further
divided into a plurality of high  frequency encoding sub -bands. Then band
dividing -unit 1702  outputs low frequency coefficients 1706,.and. the high
frequency  -coefficients 13.16.. The lower frequency band encoding unit
1703  encodes the low frequency coefficients 1706 which are expressed as 



16 MDCT coefficients of a variable transform block length to output  such
low frequency coefficients 1706 as a low frequency code 1707.  While any
one of known encoding methods supporting a variable  transform block length
may be used as the lower frequency band  encoding unit 1703, the present
embodiment employs the MPEG-4 .20 AAC system as an example of such encoding
unit. The MPEG-4 AAC  system supports two transform block lengths, i.e.,
1024 samples  and 128 samples, which can be switched* appropriately
according to  need. As in the ca se of the encoding device 1300 illustrated
in  96 Fig.13 where . different trahsform .block lengths are used in the
higher frequency band encoding unit and the lower frequency band  encoding
unit, time-frequency transform needs to be performed in  the encoding
processing of each encoding unit. Accordingly, by  having the lower
frequency band encoding unit select a transform m block length from either
1024 samples or 128 samples, the same  transform block length can be used
in the lower frequency band  encoding unit and the higher frequency band
encoding unit, I I July 2006  meaning that the same time-frequency
transform processing is  performed in such encoding units. In other words,
it becomes  possible for the lower frequency band encoding unit and the
higher  frequency band encoding "nit to share the same time-frequency 5
transform processing. The code multiplexing unit 1704 multiplexes  the
block length information 1310 generated by the transform block  length
selecting unit 1301, the switching information 1319 from the  switch
determining unit 1306, the high frequency code 1320 from  the higher
frequency band encoding unit 1313, and the low io frequency code 1707 from
the lower frequency band encoding. unit  1703 to output an output code
1708. The following is the* operation of the encoding device 1700  with the
above configuration to be explained along with the flow of  data. The
time-frequency transforming unit 1701 transforms the 



15 input signal 207 collectively into MDCT coefficients according to the
block length information 13.10. The resulting all frequency bands
-coefficients 1705 which include frequency components of all bands  -are
then inputted to the band dividing unit 1702 to be outputted as  the low
frequency coefficients 1706 and the . high frequency 20 - coefficients 1316
which are further divided into a plurality of bands.  The low frequency
coefficients 1706 are encoded in the lower  frequency band encoding unit
1703, and the band-divided high  frequency coefficients 1316 are encoded
either in first hi I gher  frequency band encoding unit 1308 or second
higher frequency band  2.5 encoding unit 1309. The high frequency code
1320, which is acquired as a result of  encoding the high frequency
coefficients 1316 through the block  length infdrmation 1310, the switching
information 1319 and the  higher frequency band encoding unit 1313, and the
low frequency 30 cod e 1707 are multiplexed in the code multiplexing unit
170.4 and  then the output code 1708 is -generated. with the above
configuration, itAs'pPss.ible in the encoding  -56 11 July 2006  device
1700 that time-frequency transform processing is shared  between the lower
frequency band encoding unit and the higher  frequency band encoding unit
and that band division performed in  the band dividing unit 1702 is carried
out on coefficients in the 5 frequency domain such as MDCT coefficients,
which consequently  leads to a reduced amount of calculations required for
band-dividing  processing. Next, an expianation is provided for a decoding
device  according to the seventh embodiment of the present invention with
10 reference to Fig-18, which is a block diagram showing the configuration
of a decoding device 1800 for decoding the output  code 1708 encoded in the
encoding device 1700 illustrated' in Fig.17-,  The decoding device 1800
illustrated in Fig;18 is different from the~  decoding device 1600 of the
sixth embodiment in that a lower. 



15 frequency band decoding unit decodes the lower frequency band by  the
use of transform coefficients which are in the same format as  those used
when the higher frequency band is decoded and that  decoding processing is
performed with a transform. block length  indicated by block length
information received from the transform Po block length selecting unit.
Such decoding device 1800 is  comprised of the code dividing unit 1601, the
switching unit 1604,  the first higher frequency band decoding unit 1605,
the second  ~hlgher frequency band decoding unit 1606, the spectrum
combining  unit 1607, the frequency~time transforming unit 1608 and a lower
25 frequency band decoding unit 1801. Note that since an explanation  is
already provided for the same components as those included in  the decoding
device 1600 illustrated in Fig.16, an explanation for --such components is
omitted by providing them with the same  numbers in Fig.18 as used in
Fig.16. An explanation is provided for  30 the.case where MDCT coefficients
are used as frequency spectral coefficients and the AAC system is employed
as a method to decode  the lower frequency band in the decoding device
1800, as in the case  -57 11 July 2006  of the above-explained encoding
device 1700. The lower frequency  band decoding unit 1801 decodes a low
frequency code 1803  separated from an input code 1802 according to the
block length  information 1610 to output the low frequency coefficients
1615. The following explains the operation of the decoding device  1800
with the above configuration. In the decoding device 1800  shown in Fig.
18, the input code 1802 is divided into the block length  information 1610,
the switching information 1611, the low  frequency code 1803, and the high
frequency code 1613 by the code 10 dividing unit 1601. Of them, the low
frequency code 1803 is  decoded by the lower frequency band decoding unit.
1801. according  -to a transform block length indicated -by the block
length information  1.610. The decoded low frequency code 1803 is expressed
as MDCT  coefficients which are encoding parameters pursuant to the AAC 



15 system and is outputted as the low frequency coefficients 1615.
Meanwhile, switching is made in the switching unit 1604  according to the
switching information 1611 separated from the  input code 1802 so that
either the first higher frequency band  decoding unit 1605 or the second
higher frequency band decoding .20 unit 1606 is selected. Then. the
selected higher frequency band  decoding unit decodes the. high frequency
code 1613 to output it as  the high frequency coefficients 1.616. The
operations of the first  higher frequency band decoding. unit 1605 and the
second higher  frequency band decoding unit 1606 are 'the same *as those in
the .25 decoding device .1600 of the seventh embodiment illustrated in:
Fig..16, and -therefore explanations therefor are omitted. Since the
.decoded low frequency coefficients 1615 and the decoded high  frequency
coefficients 1616 are MDCT coefficient s based on the  .same transform
block length, such two types of coefficients can be 30 combined through
simple adding processing. The spectrum  combining unit 1607 adds the
low-frequency coefficients 1615 with- the high frequency coefficients 1616
to determine the combined  -58 11 July 2006  spectral coefficients 1617.
The frequency-time transforming unit  1608 performs inverse MDCT for such
combined spectral  coefficients 1617 to output the output signal 1618.
According to the present embodiment, since the decoding  5 device 1800 with
the above configuration allows frequency-time  transform processing
required for decoding the lower frequency  band and the higher frequency
band to be shared, it is possible to  omit the time-frequency transforming
unit required in the decoding  device 1600 for transforming a high
frequency signal into low 10 frequency coefficients. Consequently, it is
possible to implement  the decoding-device 1800 which is compact in size.-
Furthermore,  according to.-the present embodiment, since it is possible to
perform  combing processing of the spectrum combining unit to be.carried
out  on coefficients in the frequency domain such as MDCT coefficients, 



15 the amount of calculations required for such combining processing  can
be reduced. (The Eighth Embodiment) An explanation is provide for the
confIguration of an encoding  device according to the eighth embodiment of
the present invention  20 with reference to Fig.19, which is a block
diagram showing the configuration of an encoding device 1900 according to
the eighth  embodiment. The encoding device 1900 illustrated in Fig.19 is
different from the encoding device 1700 shown in Fig.17 in that such
system as the.MPEG-4 AAC system supporting an encoding method Z known as
block grouping is employed for the encoding of the lower  frequency band
and that the encoding of the higher frequency band  As performed by the use
of grouping, information provided by a lower  .frequency band encoding
unit. Such encoding device 1900 is  comprised. of the transform block
length selecting unit 1301, the 3o similarity .judging unit 1312 (the noise
characteristics judging unit  .1304, the prediction error calculating unit
1305 and the switch  determining unit 1306). the time -frequency
transforming unit 1701,  _59 I I July 2006  the band dividing unit 1702, a
lower frequency band encoding unit  1901, a higher frequency band encoding
unit 1904 (a first higher  frequency band encoding unit 1902 and a second
higher frequency  band encoding unit 1903), and a code multiplexing unit
1905. Note  that since an explanation is already provided for the same
components as those included in the encoding device 1300 and the  encoding
device 1700 illustrated in Figs.13 or 17, an explanation for  such
components is omitted by providing them with the same  numbers in Fig.19 as
used in Figs.13 or 17. 10 Block grouping is a method to reduce the number
of encoding  -parameters included in an output code. by sharing encoding
-parameters in a group made up of transform sub-blocks, spectrums.  of
which are similar to, each other's. A more detailed explanation  



for block grouping employed in the AAC system is provided below. m
referring to Figs.20A, 20B and 20C. Fig.20A is a diagram  illustrating an
example of the all frequency bands coefficients 1705  outputted from the
time-frequency transforming unit 1701 of the  decoding device 1900. shown
in Fig. 19 according to the block length  information 1310. Fig.20B is a
diagram showing an example of the 20 high frequency coefficients 1316
inputted to the higher frequency  band encoding unit 1904 of the encoding
device 1900 illustrated in  Fig.19. Fig.20C is a diagram showing an example
of the low  frequency coefficients 1706 inputted. to the lower frequency
band'  .encoding unit 1901 of the encoding device% 1900 illustrated in
fig.19. 26 -The AAC -system, which supports two transform block lengths,
Le.,  i024 samples (long block=basic transform block) and 128 samples
(short block=transform sub-block)., is configured to reduce - the  number
of encoding parameters as well as, the number of bits  required to encode
an input .signal by comparing MDCT coefficients so within more than one
adjoining short block when a short block is  used and by sharing some
encoding parameters if similarity among  such MDCT coefficients is high.
-60 11 July 2006  When the block length information 1310 from the transform
block length selecting unit 1301 indicates a short block including  128
samples for both the lower frequency band and the higher  frequency band,
the time-frequency transforming unit 1701 5 illustrated in Fig.19 performs
MDCT for each 128 samples of the  input signal 207, for. example, to output
the all frequency bands  coefficients 1705 as illustrated in Fig.20A.. The
all frequency bands  coefficients 1705 outputted in such manner are made up
of eight  short blocks for each basic transform block (1024 samples), and
10 MDCT coefficients in each short block represent a frequency band
ranging from the- lower frequency band to .the higherf requency band  :to.
be determined, depending on a. sampling- frequency. Such all  frequency
bands coefficients 1705 are divided by the band dividing  



unit 1702 into the low frequency coefficients 1706 and -the high n
frequency coefficients 1316, which are then outputted to the lower
frequency band. encoding unit 1901 and the higher frequency band  encoding
unit 1904 respectively. The lower frequency band encoding unit 1901
compares  MOCT coefficients in adjoining short blocks, and when similarity
20 between such short blocks is high, classifies two or more appropriate
short blocks into one group as shown in Fig.20C.  Among short blocks
belonging to the same group, such encoding  parameters as normalized
coefficients to be calculated for each  encoding performed in a short block
is shared, for example. In 25 such a case, a set of adjoining short blocks:
which share encoding  parameters is called a short block group, and
information indicating  how eight short blocks included within a frame of
'1024. sample  length are grouped is generated as grouping information
1911,  Which is then outputted to the higher frequency band encoding unit
so - 1904. For example, when a short block I and a short block 2 are
grouped together in the lower frequiency band encoding unit 1901 as  shown
in Fig.20C, the grouping information 1911 indicating that 11 July 2006
such short block 1 and short block 2 are grouped together is  outputted.
Such grouping information 1911 is encoded by the  lower frequency band
encoding unit 1901 together with the low  frequency coefficients 1706. In
the higher frequency band 5 encoding unit 1904, the high frequency
coefficients 1316 inputted  from the band dividing unit 1702 are divided
into a larger number of  bands than the low frequency coefficients 1706 so
as to encode the  high frequency coefficients 1316 on a per-band basis. In
so doing,  when the grouping information 1911 indicates that the short
block I 10 and the short block 2 in the lower frequency band are grouped
together, the higher frequency band encoding -.unit 1904 performs  encoding
by having -encoding parameters be shared between a.  transform sub-block I
and a transform sub -block.2 in. the higher  



.frequency band which correspond to such short block I and short  15 block
2. 'Here, with the configuration of the encoding device 1900, the  length
of a transform sub-block in the higher frequency band and a  short block in
-the lower frequency band in the AAC system is both  128 samples and high
frequency MDCT coefficients transformed with 20 the transform block length
of 128r samples and low frequency MDCT  coefficients transformed, with the
short Wock of 128 samples have  high frequency components and low frequency
components of the  same signal' respectively. - MDCT coefficients included
in the higher  frequency band and the lower frequency band are closely
related, 25 meaning, for example, that it is highly possible that if
adjoining  short blocks in the lower frequency band are similar to each.
other, - corresponding sub-blocks in the higher frequency band are also
similar to each other. According.ly, by using the grouping  ...information
1911 outputted,from the lower frequency band encoding 30 unit in accordance
with the AAC -system also in the higher frequency  band encoding. unit so
as to share encoding parameters used among  sub-blocks having a higher
degree of similarity,. it is, possible to  -62 11 July 2006  ~reduce the
number of encoding parameters as well as the number of  bits required for
encoding. In the encoding device 1900 shown in Fig.19, the grouping
information 1911 outputted from the lower frequency band encoding  6 unit
1901 is inputted to either the first higher frequency band encoding unit
1902 or the second higher frequency band encoding  unit 1.903 via the
switching unit 1307. Then, according to such  grouping information 1911, a
higher frequency band encoding unit  selected by the switching unit 1307
encodes the shared parameters 10 of the grouped sub-blocks only once per
group. Next, an  explanation is provided- for how parameters are shared on-
the basis  of the grouping information 1911. Fig.21 is a diagram showing
the relation. between the high  



frequency coefficients 1316 and the low frequency coefficients 1706  16 in
the case where grouping is performed in the lower frequency band encoding
unit 1901 of the encoding device 1900 illustrated in Fig.19.  As Fig.21
shows, when a transform sub-block 2106 is selected as a  transform block
length by the transform block length selecting unit  -1301, eight sets of
MDCT coefficients (all frequency bands 2o coefficients 1705) which are
transformed with a transform block  length of 128 sample are acquired for
the input signal 207 of a basic  transform block 2101 having 1024 samples.
Such all frequency  ~bands  coefficients 1705 ate divided into the - low
frequency  coefficients 1706 -in a low frequency encoding band 2103 and the
26 high frequency coefficients 1316 in a high frequency encoding band  2102
by the band. dividing unit 1702. - The lower frequency band  encoding unit
1901 checks similarity between adjoining short blocks  in the low frequency
coefficients 1706 so as to classify short blocks  similar to each other
into the same group. When this is done, the. 3o grouping in-formation 1911
indicating which short block and which  short block are grouped together is
generated to 'be outputted to the  ~-higher frequency band encoding unit
1904. Assuming, for example,  -61 11 July 2006  that the lower frequency
band encoding unit 1901 generates the  grouping information 1911 indicating
that a short block 2108 and a  short block 2109 adjoining each other are
grouped together, since  the grouping information 1911 provided from the
lower frequency 5 band encoding unit 1901 indicates a set of -adjoining
transform  sub-blocks 2106 similar to each other, the higher frequency band
encoding unit 1904 classifies the eight transform sub-blocks 2106  into a
plurality of transform sub-block groups according to such  grouping
information 1911. .10 For example, in the high frequency encoding band
2102, the  - --eight transform sub-blocks 2106 are classified into a
transform  sub-block group. 2110, a transform sub-block group 2111, and a
transform sub-block group .2112. The transform sub.-block group  



2110, for instance, is made up of one transform sub-block 2106, ,15 while
the transform sub-block group 2111 is made up of five  transform sub-blocks
2106 which are not depicted in the diagram.  Meanwhile the transform
sub-block group 2112 is made up of the  seventh and the eighth transform
sub-blocks 2106. which correspond  to the short block 2108 -and the short
block 2109 in -the low 20 frequency encoding band 2103. In order to share
encoding  parameters within such ,a transform sub-block group, an encoding
cell which is originally set for .each transform. sub-block 2106 on a  high
frequency encoding. sub-band 2104 basis just needs to be set  for each
transform sub-block group, as indicated by an encoding cell  .26 2105 shown
in Fig.21. In the above-mentioned example, two sets of high frequency
coefficients included in the encoding cell 2105 are encoded  being typified
by a single set of encoding parameters. For example,  when. the second
higher frequency band encoding unit 1903 encodes go the high frequency
coefficients 1316 included in the ~encoding  cell  2105f . MDCT
coefficients within these two transform ~ sub-blocks  -2.106 are
represented by the same shift number "k" and gain "a" to  -64 11 July 2006
be encoded. In contrast, when sub-block grouping is not to be  performed,
the second higher frequency band encoding unit 1903  needs to encode shift
number "k" and gain "a" independently for  MDCT coefficients in each of the
two transform sub-blocks 2106. 5 As just described, by grouping two
transform sub-blocks 2106 into  one transform sub-block group 2112, for
example, the number of  encoding parameters can-be reduced-to half. Note
that there is no  limit for the number of transform sub-blocks 2106 to be
grouped and  therefore that the number of encoding parameters is further.
10 reduced by grouping an increased number of transform sub-blocks  2106
together. - As a, result, it is possible to: reduce the number of  bits
required to encode encoding parameters of all frequency bands  by grouping
transform sub-blocks 2106 as described. above. The  



code multiplexing unit 1905 multiplexes (!)the low frequency code 15 1910
from the lower frequency band encoding unit 1901, (2) the  switching
information 1319 from the switch determining unit 1306,  (3)the block
length information 1310 from the transform block length  selecting unit
1301 and @a high frequency code 1912 from the  higher frequency band
encoding unit 1904, and then outputs the  20 output code 1913. Note that it
is possible to perform grouping intended for  sharing encoding parameters
not only for a plurality of transform  sub-blocks in the .direction of the
time- domain, but also for a  plurality of high frequency encoding
sub-bands in the direction of  25 the frequency domain. Also note that, in
the above example, although transform  sub-blocks 2106 .are grouped
according to the grouping information  1911 (to be referred to as the first
grouping information) from the  lower frequency band encoding unit 1901, it
is also possible that 30 grouping is performed specifically for the higher
frequency band  without using the grouping information 1911 of the lower
frequency  band and that the second* grouping information indicating the
result  -65 I I July 2006  of such grouping processing is generated so as
to perform grouping  of transform sub-blocks 2106 in the higher frequency
band encoding  unit. Fig.22 is a block diagram showing the configuration of
another encoding device 2200 according to the eighth embodiment. 6 Such
encoding device 2200, which is an encoding device for  grouping transform
sub-blocks 2106 specifically for the higher  frequency band, is comprised
of the transform block length selecting  unit 1301, the similarity judging
unit 1312 (the noise characteristics  judging unit 1304, the prediction
error calculating unit 1305 and the 10 switch determining unit 1306), the
time-frequency transforming  .-unit .1701, the band dividing unit 1702, the
lower frequency band  encoding unit 1703, the higher frequency band'
encoding unit 1904  (the first higher frequency band. encoding unit 1902
and the second  



higher frequency band encoding unit 1903), a grouping information
generating unit 2201, and a code multiplexing unit 2202. The grouping
information generating unit 2201 checks  similarity between transform
sub-blocks 2106 in the high frequency  coefficients 1316 which are
band-divided by the band dividing unit  1702, so as to classify transform
sub-blocks 2106 having a high 20 degree of similarity with each other into
the. same group.  furthermore, the grouping information generating unit
2201  generates second grouping information 2210 indicating the result of
such grouping and outputs it to the higher frequency band encoding  unit
1904 and the code multiplexing unit. 2202. Then, a higher 15 frequency band
encoding unit selected according to the switching  information 1319
determines the encoding cell. 2105 based. on the  inputted second grouping
information 2210 and generates a high  frequency code 2211, in which
encoding parameters are shared by  each transform sub-block within the
encoding cell 2105. The code ;3o multiplexing unit 2.202 multiplexes (1)
the second grouping  information 2210 from the grouping information
generating unit  .2201., (2)the  high frequency code 2211 from the higher
-frequency  -.66 11 July 2006  band encoding unit 1904, (3)the  low
frequency code 1707 from the  lower frequency band encoding unit 1703, (a)
the, switching  information 1319 from the switch determining unit 1306 and
(5))the  block length information 1310 from the transform block length  5
selecting unit 1301, and then outputs an output code 2212. Meanwhile, since
the first grouping information 1911 acquired  from the lower frequency band
encoding unit 1901 illustrated in  Fig.19 is generated on the basis of the
low frequency coefficients  1706 used for encoding the lower frequency
band, such first 10 grouping information 1911 is not necessarily suited for
grouping the  -high frequency coefficients 1316. Such. being the case, by
generating the second grouping information 2210 -specifically for the
higher frequency- band on the basis of the high frequency  



coefficients .1316, it is possible to perform grouping more suitable 15
-for the encoding of the high frequency coefficients 1316, leading to  ~the
improvement in the quality of encoding processing for the higher  frequency
band. In such a case, however, the second grouping  information 2210
generated ~speciflcally  for the higher frequency  band is also required to
be encoded and multiplexed into the output 20 code 2212. Note that although
grouping is not performed in the  lower frequency band encoding unit 1703
with the configuration of  the encoding device 2200, it is possible to
configure the encoding  device 2200 to include the lower frequency band
encoding unit,1901  of the encoding device 1900 illustrated. in Fig.19
instead of the lower 9r) frequency band encoding unit 1703 so as to perform
grouping for  short blocks also I n the lower frequency band encoding unit
1901.  Furthermore, although grouping is separately performed for ,the
lower frequency band and the higher frequency band in the  encoding device
2200 shown in Fig.22, it is aIso possible that either  3o the first
grouping information acquired from the lower frequency band encoding Unit
or the second grouping Information generated  specifically on the part" of
the higher frequency band encoding unit is  -67 11 July 2006  selected for
use. Fig.23 is a block diagram showing the  configuration of another
encoding device 2300 according, to the  eighth embodiment. The encoding
device 2300 is an encoding  device that determines an encoding cell in the
higher frequency 5 band by selecting to use either the first grouping
information  indicating how short blocks in the lower frequency band are.
grouped  or the second grouping information indicating how transform
sub-blocks in the higher- frequency band are grouped. Such - encoding
device 2300 includes the transform block length selecting  unit 1301, the
similarity judging unit 1312 (the noise characteristics  -judging unit
1304, the prediction.error calculating unit 1305 and the.'  switch
determining unit 1.306), the time-frequency transforming  unit 1701, the
band dividing unit 1762, the lower frequency band  



encoding unit 1901, the higher frequency band encoding unit 1904 15 (,the
first higher frequency band encoding unit 1902 and the second  higher
frequency band encoding unit 19.03), a grouping information  generating
unit 2301, a grouping information switching unit 2302,  and a code
multiplexing unit 2303. The grouping information generating unit 2301
performs.  20 grouping for the high frequency coefficients 131.6 once
according to,  the first grouping information 1911. In so doing, the
grouping  information generating unit 2301 calculates, for example, the
differential error between transform sub-blocks classified into the  :same
group, cancels grouping to be performed on the ~ basis of the 25 first
grouping information 1911 if the calculated differential error  exceeds a
predetermined threshold, and performs specific .groping  based.on the high
frequency coefficients A 3 16. As a result of such  grouping, the grouping
information generating unit 2301 generates  the second grouping information
2210 indicatlng ~. a result of 30 grouping (i.e. which transform sub-block
and which transform  sub-block, are grouped together) which is specific to
the higher  frequency band. Moreover, the grouping information generating
-68 11 July 2006  unit 2301 outputs grouping information switch information
2311 to  the grouping information switching unit 2302 to have it select the
second grouping information 2210. According to the grouping  information
2310 selected in such manner, the higher frequency 6 band encoding unit
1904 encodes the high frequency coefficients  1316 on the basis of the
similarity information 1318 indicating the  similarity with the low
frequency coefficients 1706 and outputs a  high frequency code 2312. The
code multiplexing unit 2303  multiplexes (1)the high frequency code 2312
from the higher -10 frequency band encoding unit 1904 generated in such
manner, (2)the  low frequency code 1910 -from the lower frequency band
encoding'.  unit 1901, and if the second grouping information 2210 is
selected  by the grouping. information switching unit 2302 according to
.the  



..grouping information switch information 2311, (3)such grouping u
information 2310, (4)the block length information 1310 from the  transform
-block length selecting unit 1301 and (5)the switching  information 1319
from the switch determining unit 1306, and then  outputs an output code
2313. As just described, since the encoding device 2300 with the  20 above
configuration, which usually performs grouping for the high  frequency
coefficients 1316 by the use of the first grouping  information 1911, makes
it possible for the second grouping  information 2210 generated on the part
of the higher frequency  band to-be used only when the first grouping
information 1911 is not -25 suitable for grouping the high frequency
coefficients 1316, it is  possible to reduce the number of code bits needed
to represent the  grouping information 2210 and to improve the quality of
encoding.  With such configuration, the second grouping information 2210 is
encoded to be multiplexed into the output code 2313 only when such  Second
grouping information 2210 is selected. Note that although the code
multiplexing unit 2303 encodes  -the second grouping information. 2210
based on the grouping  -69 11 July 2006  information switch information
2311 from the grouping information  generating unit 2301 and multiplexes it
to the output code 2313, the  present invention is not limited to this
configuration. It is also  possible, for example, that the grouping
information generating unit  5 2301 adds in advance an identification code
to the second grouping  information 2210 indicating that such second
grouping information  2210. is specific to the higher frequency band, and
when such  identification code indicating the second grouping information
2210  is added, the selected higher frequency band encoding unit 1904 !0
performs encoding by incorporating the second grouping  information 2210
into the high-frequency code .2312, while. the first  grouping information
1911 without an identification code-is not  Incorporated into the -high
frequency code .2312. In this case, -the  



code multiplexing unit 2303 just needs to multiplex the switching 15
information 1319, the block length information 1310, the low  frequency
code 1910 and the high frequency code 2312 without  encoding nor
multiplexing the grouping information 2310 and the  grouping information
switch information 2311. Next, an explanation is provided for the
configuration of a  2o decoding device according to the eighth embodiment
with reference  to Fig.24, which is a block diagram showing the
configuration of a  decoding device ~2400 for decoding the output code 1913
generated  in the decoding device 1900 shown in Fig.19., The decoding
device  .2400. illustrated in Fig.24 is a decoding device that -employs as
a .25 lower frequency band -decoding Unit a decoding system pursuant to  an
encoding method. known as block grouping in accordance with the  MPEG-4 AAC
system., for example, in the decoding -device 1900  shown in Fig. 19 and
that decodes the higher frequency band by the  use of grouping information
provided from the lower frequency band 3o decoding unit. Such decoding
device 2400 is comprised of a code  dividing unit 2401, a lower frequency
band decoding *unit 2462, a  .first higher frequency band decoding. unit
2403, a second higher  -70 11 July 2006  frequency band decoding unit 2404,
a switching unit 2405, the  spectrum combining unit 16071 and the
frequency-time  transforming unit 1608. In Fig.24, the code dividing unit
2401 divides an input code  6 2410 into the block length information 1610,
the switching  information 1611, a low frequency code 2411 and 'a high
frequency  code 2412. The lower frequency band decoding unit 2402 decodes
the low frequency code 2411 according to a transform block length
indicated by the block length information 1610 and to grouping 10
information 2413 included in the low frequency code 2411, and  outputs low
frequency coefficients 2415 iexpressed  as -_MDCT  coefficients which are
encoding parameters in compliance with the  AAC system.. At the -same time,
the lower frequency band decoding  



unit 2402 outputs the grouping information 2413 acquired from the 16 low
frequency code 2411 to the switching unit 2405. Such grouping  information
2413 is then inputted to either .the first higher frequency  band decoding
unit 2403 or' the second higher frequency band  decoding unit 2404
depending on a selection indicated by the  switching information 1611. The
selected higher frequency band 2o decoding unit generates high frequency
coefficients 2414 according  to the block, length information 1610, the-
high frequency code 2412,  :the low frequency coefficients 2415 (only when
the second higher  -frequency band decoding unit 2404 is selected),- and
the. grouping  information 2413. 25 To put it an-other way,.. such selected
higher frequency band  decoding unit .performs. decoding for each encoding
cell on the basis  of a basic transform block when the block length
information 1610  indicates that a basic transform block is used, and when
the block  length information 1610 indicates that a transform sub-block is
used,  the selected higher frequency band decoding unit performs decoding
for each encoding cell on the basis of a transform sub-block group
indicated by the grouping information 2413. -71 11 July 2006  An encoding
cell based on a transform sub-block includes sets of MDCT coefficients
corresponding to a plurality of transform  sub-blocks, but each set of MDCT
coefficients are to be decoded  according to the same decoded encoding
parameters. Since the h operations of the first higher frequency band
decoding .unit 2403 and  the second. higher frequency band decoding unit
2404 for  determining MDCT coefficients within an encoding cell according
to  encoding parameters are the same as those of the first higher
frequency band decoding unit 1605 and the second-higher frequency io band
decoding unit 1606 in the decoding device 1800 illustrated in  Fig.18,
excluding that decoding is performed 'for each an encoding  cell on the
basis of -a transform sub-block group indicated by the  grouping
-information 2413,.explanations  thereof are omitted. 



As just described, since the decoded low frequency  15 coefficients 2415
and the decoded high frequency coefficients 2414  are MDCT coefficients
based on the same transform block length,  such coefficients can be
combined by means of a simple adding  processing. The spectrum combining
unit 1607 adds the low  frequency coefficients 2415 with the high frequency
coefficients 20 2414 to determine combined spectral coefficients 2416. The
frequency-time transforming unit 1608 generates to output an  ,output
signal 2417 by performing inverse -MDCT for such combined  spectral
coefficients 2416. The above configuration makes it possible for the
encoding  25 -device 1900 to encode the input signal 207 so as to represent
it with  ..a smaller amount of bits by grouping transform sub-blocks.
Meanwhile, it is possible for the decoding device 2400 to perform a
correct. deco ding of the input code 2410 which is encoded to- be
represented by such smaller amount of bits. 30 Moreover, when the second
grouping information generated  specifically on the part of a higher
frequency band encoding unit is  multiplexed into an input code of a
decoding device as in the case of  -72 11 July 2006  the output code 2212
in the encoding device 2200 illustrated in  Fig.22, a decoding device is to
be configured to perform decoding on  the basis of the second grouping
information as illustrated in Fig.25.  Fig.25 is a block diagram showing
the configuration of a, decoding 5 device 2500 for decoding the output code
2212 from the-encoding  device 2200 shown in Fig.22. The decoding device
2500 is a  decoding device for decoding an output code generated as a
result of  performing block grouping separately for the lower frequency
band  and the higher frequency - band in an encoding device. Such 10
decoding device 2500 is comprised of a code dividing unit 2501, a  tower
frequency ~band decoding unit 2502, a first higher frequency  band decoding
unit 2503, a second higher frequency band decorting  unit 2504, the
switching unit 2-405, the spectrum combining unit.  



1607, and the frequency-time transforming unit 1608. The code dividing unit
2501 divides an input code 2510 into  .the low frequency code 2411, second
grouping information 2511, a  high frequency code 2512, the block length
information 16-10, and  the switching information 1611. The lower frequency
band  decoding unit 2502 is different from the lower frequency band 2o
decoding unit 2402 illustrated in Fig.24 in that the first grouping
information included in the low frequency code 2411 is not  outputted to
the switching unit 2405. Apart from that, the lower  frequency band
decoding unit 2502 decodes the low frequency code  2411 according to the
first grouping information included in such low 25- frequency code 2411
when block grouping is performed in units of a  short block and then
outputs the low frequency coefficients 2415  represented as MDCT
coefficients to the spectrum combining unit  1607 and to the second higher
frequency band decoding unit 2504  just like the lower frequency band
decoding unit 2402 does. The 30 first higher frequency band decoding unit
2503 and the second  higher frequency band decoding unit 2504 are different
from the  first higher frequency band decoding unit 2403 and the second
-73 11 July 2006  higher frequency band decoding unit 2404 illustrated in
Fig.24 in  that the former decode the high frequency code 2512 for which
specific grouping for the higher frequency band is performed  according to
the second grouping information 2511. However from 6 the standpoint of
hardware, both the first higher frequency band  decoding unit 2503 and the
second higher frequency. band decoding  unit 2504, and the first higher
frequency band decoding unit 2403  and the second higher frequency band
decoding unit 2404 are  identical considering. that the high frequency code
2412 is decoded 10 according to grouping information inputted via the
switching unit  2405. In the encoding :device% 2200, block grouping: is
performed  for the high frequency code 2512 on the basis. of similarity-
between  -adjoining transform sub-blocks -in the higher, frequency. band,  



regardless of block grouping of short blocks in the lower frequency 15
band. Since the second grouping information 2511 indicates how  transform
sub-blocks of the high frequency code 2512 are  *-block- grouped, it is
possible for the first higher frequency band  decoding unit 2503 and the
second higher frequency band decoding  unit 2504 to correctly identify an
encoding cell of the high frequency  2o code 2512 according to such
grouping information 2511. As. just described, since block grouping is
performed for the  high frequency code 2512 in the encoding device 2200
based on  similarity between transform sub-blocks in the higher frequency
band, it can .be said that such encoding is performed more faithfully :25
to the original, sound as compared to when the high frequency  coefficients
.2414: are acquired in the, decoding device 2400 by  directly diverting the
block grouping, of the lower frequency band to  the higher frequency band.
With the decoding device 2500 with the  above configuration, it is possible
for the decoding device 2500 to so decode an input signal encoded more
efficiently by the encoding  device 2200 which groups transform sub-blocks
in a manner optimal  for high frequency coefficients, resulting in *an-
output signal of an  -747 11 July 2006  increased quality. Furthermore, an
explanation is provided for a decoding device  that decodes an input signal
concerning which grouping information  used for block-grouping of high
frequency coefficients varies 6 depending on the degree of similarity
between high frequency  coefficients and low frequency coefficients as in
the case of the  output code in the encoding device 2300 depicted in
Fig.23. Fig.26  is a block diagram showing the configuration of a decoding
device  2600 for decoding. the output code from-the encoding device 2300 10
illustrated in Fig.23 as an input code. The decoding device 2600 is  a
decoding device that decodes a high frequency :code according to  the
second grouping information when the second. grouping.  information Is
multiplexed into an input code and. ~tha  decodes a  



high. frequency code according to the first grouping information n when the
second grouping information is not multiplexed into an  input code. Such
decoding device 2600 is comprised of a code  -dividing unit 2601, a
grouping information switching unit 2602, a  first higher frequency band
decoding unit 2603, a second higher  frequency band decoding unit 2604, the
lower frequency band 20 decoding unit 2402, the switching unit 2405, the
spectrum  combining unit 1607, and the frequency-time transforming unit
IGO& The code dividing unit 2601 divides an input code 2610 into  second
grouping. information 2611, a high frequency code 2612, the  25 switching
information 1611, the block length information 1610 and the low frequency
code 2411. The second grouping information  2611 is multiplexed into the
input code 2610 only when such second  grouping. information 2611 generated
specifically for the higher  frequency band is used. The. second grouping
information 2611 30 outputted from the code dividing unit 2601 and the
first grouping  information 2413 outputted -from the lower frequency band
decoding  unit 2402 are inputted to the grouping information switching
unit, 11 July 2006  2602. When the second grouping information 2611 is
multiplexed  into the input code 2610, the grouping information switching
unit  2602 selects the second grouping information 2611 out of the
above-mentioned second grouping information 2611 and the first 5 grouping
information 2413 so that the second grouping information  2611 outputted
from the code dividing unit 2601 is inputted to a  higher frequency band
decoding unit. On the other hand, when the  second grouping information
2611 is not multiplexed into the input  code 2610, the grouping information
switching. unIt 2602 selects the 10 first grouping information 2413 so that
the first grouping  .information 2413 is inputted to a higher frequency
band decoding  -unit. As a result, It is possible for the first higher
frequency band  



-decoding unit 2603 or the second higher frequency band decoding  15 unit
2604 selected according to the switching information 1611 to decode the
high frequency code 2612 on the basis of selected  grouping information
which is an output from the grouping  information switching unit 2602. In
other words,. when the second  grouping information. 2611 is multiplexed
into the input code 2610, 20 decoding is performed on the basis of the
second grouping  information 2611, and when the second grouping information
2611  is not multiplexed into the input code 2610, decoding is performed
.on-'the basis of the first grouping information 2413 from the lower
frequency band decoding unit 2402. Note that, in the present 25- -ex I
ample, although -the grouping information. switching unit 2602 has  a
function to detect the presence/absence of data. of the second  grouping
information 2611 so as to select the second grouping  information 2611 if
there is such data of the second grouping  information 2611, and to select
the first grouping information 2413 30, if there is no data of second
grouping information 2611, it is also  possible -that a switch is made
-between the first -grouping  Information 2413 and the second grouping
information 2611  -76 11 July 2006  through another method. An example is
that a control line is provided between the code  dividing unit 2601 and
the grouping information switching unit 2602  so that the code dividing
unit 2601 makes a judgment on whether 5 -the second grouping information
2611 is multiplexed into the input  code 2610. Then, according to the
result of such judgment, a  control signal used to switch the grouping
information switching unit  2602 is outputted to the grouping information
switching unit 2602.  Another example is that grouping information -switch
information 10 indicating the result of a switch made in the grouping
information  switching unit 2302 is generated by the grouping information
generating unit 2301, for example, on the part of -the encoding  .-device
2300 illustrated in Fig.23, which is then. multiplexed into the  



high frequency code 2312 in the higher frequency band encoding 15 unit
1904. In such a case too, it is possible that a control line is  provided
between the code dividing unit 2601 and the grouping  information switching
unit 2602 so that the code dividing unit 2601  separates grouping
information switch information from the high  frequency code 2612 and
'outputs such grouping information switch 20 information to the control
line so as to make a switch of the grouping  information switching unit
2602. Furthermore, without providing  the grouping information switching
unit 2602, both the first  grouping information 2413 and the second
grouping information  2611 are configured to be inputted to a selected
higher frequency 25 band. decoding unit via the switching unit 2405 so
that- such selected  higher frequency band decoding unit uses the second
grouping  information 2611 ahead of the first grouping information 2413 if
there exists data of the second, grouping information 2511. The
above-described configuration. makes it possible for the  3o decoding
device 2600 to decode an input signal encoded to be  represented by a
smaller amount of bits by the encoding device  2300 which groups transform
-sub-blocks in a manner optimal for  -77 11 July 2006  high frequency
coefficients. This consequently leads to the  improvement in the quality of
an output signal. Meanwhile, it  becomes possible for the decoding device
2600 to acquire an output  signal which is larger in the bit amount of an
input code but which is 5 of higher quality being closer to the original
sound as compared with  the decoding device 2400. Furthermore, it is also
possible for the  decoding device 2600 to acquire an output signal which is
smaller in  the bit amount of an input code but which is less subject to
quality  deterioration as compared with the decoding device 2500. 10 Note
that although signals/coefficients based on the same  sampling frequency
are used both in a higher frequency band  encoding unit and a lower
frequency band encoding unit in the  explanations for encoding devices and
decoding devices according  



to the foregoing seventh and the eighth embodiments, a different A5
sampling frequency may be employed for each encoding unit. As  an example,
an explanation is provided for the case where transform.  is .performed in
units of a basic transform block first, and a sampling  .frequency of 24kHz
is used for the encoding of the lower frequency  band and a sampling
frequency Of 48kHz is -used for the encoding of.  20 the higher frequency
band. First, assuming that 2048 samples is used as a basic  transform block
length and that MDCT coefficients 2048 samples are  acquired as a result of
transforming an input signal at a sampling  frequency of 48kHz by 2048
samples, such MDCT coefficients 25. represent a signal at 0 - 24kHz. . If
1024 samples in the lower  frequency .band side are extracted from MDCT
coefficients 2048  .samples as lower frequency coefficients, such lower
frequency  coefficients represent a .signal at 0 - 12.kHz. And it inverse
-MDCT  As performed for such low frequency coefficients .1024 samples, a go
time signal having 1024 samples is obtained, meaning that the  .number of
samples of. the time signal is reduced to half,. that is,  down -sampled
to, half the value of the sampling  frequency~  _78 11 July 2006  If MDCT
coefficients 2048 samples acquired by directly performing MDCT for an input
signal are coefficients based on a  sampling frequency of 48kHz, it can be
said that low frequency  MDCT coefficients acquired as a result of
extracting 1024 samples in 6 the lower frequency band side are coefficients
based on a sampling  frequency of 24kHz. By having such low frequency MDCT
coefficients 1024 samples and all frequency bands MDCT  coefficients 2048
samples be inputted to. a, lower frequency band  encoding unit and a higher
frequency band encoding unit lo respectively, a configuration is realized
with which different  sampling frequencies-are used in the lower frequency
band encoding- unit and the higher frequency band encoding. unit.* 



With the above configuration, the transform block length in  the higher
frequency band encoding unit is 2048 samples, while the  15 transform block
length in the lower frequency band encoding unit is 1024 samples. Although
their transform. block lengths differ, since  their sampling frequencies
are 48kHz and 24kHz respectively, their  transform block lengths as time a
re the same  (2048/48000 = 1024/24000). To put it another way, that the .20
transform block length of the lower frequency band encoding unit  and the
transform block length of the higher frequency band  encoding unit are the
same in terms of time is a necessary condition  to realize the present
configuration. As is true of decoding, a decoding device may have a  25
configuration in which transform block. lengths An ,te lower  -frequency
band decoding unit and the higher frequency band  -decoding unit are set to
be the same in terms of time. In such  configuration, low frequency MDCT
coefficients, 1024 samples based  on a sampling frequency of 24kHz which
are decoded* in the lower 30 frequency -band decoding unit are regarded as
1024 samples in the  lower frequency band -side out of MDCT coefficients
2048 samples  based on a, sampling frequency of 48kHz after up-sampling is
-79 I I July 2006  performed, and such low frequency MDCT coefficients are
combined  with high frequency MDCT coefficients decoded as MDCT
coefficients  based on a sampling frequency of 48kHz. Moreover, in the
encoding. devices and decoding devices  5 according to the sixths to the
eighths embodiments explained above,  although the configuration is
presented in which a switch is made  between the first and the second
higher frequency band encoding  units or the flrst  and the second higher
frequency band decoding  units on a per-encoding cell basis, it is also
possible that a switch is 10 made for each. transform sub-block or
transform sub-block group  when a -transform sub-block is used. In the case
where a transform  sub-block is used for encoding, it is usual that-an
input signal varies  



greatly in the direction of, the time domain but does -not vary much.  in
the direction of the frequency domain. Therefore, it is possible 15 to
select. the same higher frequency band encoding unit for a  plurality .of
high frequency encoding sub-bands in the direction of  the frequency domain
included in the same transform sub-block or  the same transform sub-block
group. According to this  configuration, since switching information used
in the encoding unit 20 is encoded not for each encoding cell but for each
transform  sub-block or a transform sub-block group, it is possible to
reduce  the amount of bits required to encode the switching information.
Note that the encoding devices and the decoding devices  according to the.
first to the eighths embodiments of the present  25 -invention may be
realized as encoding methods and decoding. methods by allowing connections
among processing procedures  which realize functions of each unit. It is
possible to realize each  processing procedure by describing it in a
programming language as  software and by executing such software on a
processor. By storing 30 software described in a. programming language in
such storage  medlum as a ROM (Read-Only Memory) and a hard disk drive, and
by  executing it on a processor connected to such - storage medium  ~80_ 11
July 2006  directly or via a network including the Internet, the
functionality of  the encoding devices and the decoding devices according
to the first  to the eighth embodiments of the present invention is
realized. 5 Industrial. Applicability The encoding device according to, the
present invention is  suited for use as an audio encoding device equipped
in broadcasting  stations for satellite broadcasting ~ including BS and CS,
as an audio  encoding device Of. a content distribution server to
distribute 10 contents via a communications network such as the Internet,
as an  audio signal encoding program to be executed on a -general-purpose
computer and as a-storage medium in which such program is-stored.
Moreover,. the decoding device according to the. present.  



-invention is suited for use not only as an audio decoding device  15
equipped in a home-use STB, but also as an audio signal decoding program.
to be executed on a general-purpose computer, as a  storage medium in which
such, program is stored, as a circuit base,  an LS1 and others specialized
for audio signal. decoding equipped in  a STB or in a general-purpose
computer, and as an IC card- to be  20 inserted into a STB or a
general-purpose computer. I I July 2006  CLAIMS 1. An encoding device
comprising: a first band dividing unit operable to divide an input signal
into a  low frequency signal representing a signal in a lower frequency
band  5 and a high frequency signal representing a signal in a higher
frequency  band; a lower frequency band encoding unit operable to encode
the  divided low frequency signal and generate a low frequency code; a
similarity, judging unit operable to judge similarity between the  0 * 1
high frequency signal and the low frequency signal, and output the
similarity; a plurality of higher frequency band encoding units operable to
encode the high frequency signal through respective encoding methods  and
generate a high frequency code; 15 an encoding selecting unit operable to
select one of a plurality of  the higher frequency band encoding units
based on the similarity, have  the selected higher frequency band encoding
unit perform encoding,  and generate selection information specifying an
encoding method  employed by the selected higher frequency band encoding
unit; and 20 a code multiplexing unit operable to multiplex the low
frequency  code from the lower frequency band encoding unit, the high
frequency  code from the selected. higher frequency band encoding unit and
the  selection, information from the encoding selecting unit, and generate
an  output code. 25 2. The encoding device according to Claim1 further
includes a lower  



frequency band decoding unit operable to decode the low frequency  code
generated by the lower frequency band encoding unit, wherein the similarity
judging unit judges similarity between the  80 high frequency signal
acquired from the input signal and a decoded  signal in the lower frequency
band generated by the lower frequency  band decoding unit. -82 11 July 2006
3. The encoding device according to Claim1 further includes a
down-sampling unit operable to down-sample the low frequency  signal
acquired as a result of the band division, wherein the lower frequency band
encoding unit encodes the  5 down-sampled low frequency signal. 4. The
encoding device according to Claim1 further includes a  second band
dividing unit operable to divide-the high frequency  signal into a
plurality of sub-bands, 10 wherein the similarity .judging unit judges
similarity between  ,-.-a signal in each of the sub-bands and the low.
frequency signal for  every sub-band, the encoding selecting unit selects
one of a plurality of the  higher frequency band encoding units in
accordance with the  15 similarity for every sub-band, and the selected
higher frequency band encoding unit encodes the  signal in each of the
sub-bands. S. The encoding device according to Claim 4, 20 wherein the
encoding selecting unit selects a higher  frequency band encoding unit that
encodes only amplitude  parameters of the signal in each of the sub-bands
from among a  plurality of the higher frequency band encoding units, when
the  similarity indicates a low degree of similarity. 26 6. The encoding
device according to Clalm 4 wherein the encoding selecting unit -selects a
higher  frequency band encoding unit that encodes positional parameters  



indicating a relation of frequency positions between the signal in go each
of the sub-bands  and a similar low frequency signal,  - differential
parameters indicating a level differential between the  signal.in each of
the sub-bands and the similar low frequency signal,  -83 11 July 2006  and
the amplitude parameters of the signal in each of the sub-bands  from among
a plurality of the higher frequency band encoding units,  when the
similarity indicates a high degree of similarity. 6 7. The encoding device
according to Claim 4 wherein the encoding selecting unit selects a higher
frequency band encoding unit that encodes the positional  parameters
indicating the relation of frequency positions between  the signal in each
of the sub-bands and a similar low frequency 10 signal, and the amplitude
parameters of the signal in each of the  sub-bands from -among a plurality
of the ;higher frequency band  encoding units, when the ,similarity
indicates a very high, degree of  similarity. 16 8. The encoding device
according to Claim 1 further includes: a time-frequency transforming unit
operable to transform the  band-divided high frequency signal and the
band-divided low  .frequency signal into spectral coefficients representing
respective  frequency components; and 20 a second band dividing unit
operable to divide the spectral  coefficients in the higher frequency band
into a plurality of  sub-bands, wherein the similarity judging unit has a
noise characteristics  judging unit operable to judge noise characteristics
of the spectral  25 coefficients in each of the divided sub-bands, and a
prediction error calculating unit operable to calculate a prediction error
between the  spectral coefficients in each of the sub-bands and the
spectral  coefficients selected from the lower frequency band so as. to
determine similarity between the spectral coefficients in each of the 30
sub-bands and the spectral coefficients selected from the lower  



frequency band, a plurality of the higher' frequency band encoding units
-84 11 July 2006  generate amplitude parameters indicating an amplitude of
the  spectral coefficients in each of the sub-bands, and has a first higher
frequency band encoding unit operable to encode only the generated
amplitude parameters, and a second higher frequency band 5 encoding unit
operable to encode positional parameters of the low  frequency spectral
coefficients similar to the spectral coefficients in  each of the
sub-bands, the amplitude parameters of each of the  sub-bands and
differential parameters between the spectral  coefficients in each of the
sub-bands and the low frequency spectral 10 coefficients similar to the
spectral coefficients in each of the  sub-bands, on the basis of the
similarity, the lower frequency band encoding unit encodes-the -spectral
coefficients representing the frequency components of the lower  frequency
band, and 15 the encoding selecting unit selects one of a plurality of the
-higher frequency band encoding units on the basis of a  comprehensive
judgment about the judged noise characteristics and  the similarity. 20 9.-
The encoding device according to Claim 8 further includes a  transform
block length selecting unit operable to analyze  characteristics of the
input signal, determine a transform block  length used for time frequency
transform performed for the input  signal, and generate block length
information indicating the  z determined transform block length, wherein
the. time-frequency transforming unit transforms the  high frequency signal
and the low frequency signal into high  frequency coefficients and low
frequency coefficients respectively  with the transform block. length
selected by the transform block  30 length selecting unit,. and the, code
multiplexing unit further multiplexes the b.lock  



'length information in addition to the low frequency -code, the high  -85
11 July 2006  frequency code and the selection information. 10. The
encoding-device according to Claim 1 further includes: a time-frequency
transforming unit operable to transform the  .5 band-divided high frequency
signal and the band-divided low  frequency signal into spectral
coefficients representing respective  frequency components; and a second
band dividing unit operable to divide the spectral  coefficients in the
higher frequency band into a plurality of  10 sub-bands, wherein the
similarity judging unit has &noise characteristics  judging .unit operable
to judge noise characteristics of .the spectral  coefficients in each of
the divided sub-bands, and, a :prediction error  calculating unit operable
to calculate a prediction error between the 15 spectral coefficients in
each of the sub-bands and the spectral  coefficients selected from the
lower frequency band so* as to  determine similarity between the spectral
coefficients in each of the  sub-bands and the spectral 'coefficients
selected from the lower  .frequency band, .20 a plurality of the higher
frequency band encoding units  generate amplitude parameters indicating an
amplitude of the  spectral -coefficients in each of the sub-bands, ; and
have a first  higher frequency band encoding unit operable to encode only
the  generated amplitude parameters and a third higher frequency band 25
encoding unit operable to encode only two pieces of information  which are
positional parameters of the low frequency spectral  coefficients similar
to the spectral coefficients in each of the  sub-bands and the amplitude
parameters of each of the sub-bands,  on the basis of the similarity, .30
the lower frequency band encoding unit encodes the spectral  coefficients
representing the frequency components of the lower  -frequency band and 



-86 I I July 2006  the encoding selecting unit selects one of a plurality
of the higher frequency band encoding units on the basis of a
comprehensive judgment about the judged noise characteristics and  the
similarity. 11. The encoding device according to Claim 1 further includes:
a second band dividing unit operable to divide the divided  high frequency
signal into a plurality of sub-bands; and a time-frequency transforming
unit operable to transform the  10 divided low frequency signal and the
high frequency signal which is  divided into a plurality ,of the sub-bands
into spectral coefficients  -representing respective -frequency components,
wherein the similarity judging unit has a noise characteristics  judging
unit operable to judge noise characteristics of the spectral.  16
coefficients in each of the divided sub-bands, and a prediction error
calculating unit operable to calculate a prediction error between the
.spectral coefficients in each of the sub-bands and spectral  coefficients
selected from the lower frequency band so as to  determine similarity
between the spectral coefficients in each of the 20 sub-bands and the
spectral coefficients selected from the lower  frequency band, a plurality
of the higher frequency band encoding units  generate amplitude parameters
indicating an amplitude of the  spectral coefficients in each of the
sub-bands, and have a first 25 higher frequency band . encoding unit
operable to encode only the  generated amplitude parameters and a second
higher frequency.  band encoding unit -operable to encode positional
parameters of the  low frequency spectral coefficients similar to the
spectral- coefficients in each of the sub-bands, the amplitude parameters
in 3o each of the sub-bands, and differential parameters between the
spectral. coefficlents in each of the sub-bands and the low frequency
..spectral coefficients similar to the spectral coefficients. in each. of
the  -87 



I I July 2006  sub-bands, on the basis of the similarity, the lower
frequency band encoding unit encodes the spectral  coefficients
representing the frequency components of the lower  frequency band, and the
encoding selecting unit selects one of a plurality of the  higher frequency
band encoding units on the basis of . a  comprehensive judgment about the
judged noise characteristics and  the similarity. 10 12. The encoding
device according to Clal 1 further includes a  time-frequency transforming
unit operable to transform an inputted  time signal into spectral
coefficients representing frequency  components of all frequency bands of
the input, signal, wherein the first band dividing unit divides the
spectral  15 coefficients into coefficients in the lower frequency band and
coefficients in the higher frequency band, the lower frequency band
encoding unit encodes the divided  coefficients in the lower frequency
band, the similarity judging unit judges similarity between the  20
coefficients in the higher frequency band and the coefficients in the
lower frequency band, and a plurality of the higher frequency band:
encoding units  encode the coefficients in the higher frequency band and
generate  ",the high frequency code. 25 The encoding, device according to
Claim 12, Wherein the first band dividing unit divides the spectral
.coefficients in the higher frequency band further into a plurality (if
sub-bands, .30 the similarity judging unit. has a noise characteristics
judging  unit operable to judge noise characteristics of the spectral
coefficients in each of the divided sub-bands and a prediction error  _88
11 July 2006  



calculating unit operable to calculate a prediction error between the
spectral coefficients in each of the sub-bands and the spectral
coefficients selected from the lower frequency band so as to  determine
similarity between the spectral coefficients in each of the 5 divided
sub-bands and the spectral coefficients selected from the  lower frequency
band, a plurality of the higher frequency band encoding units  generate
amplitude parameters indicating an amplitude of the  spectral coefficients
in each of the sub-bands, and have a first 10 higher frequency band
encoding unit operable to encode only the  generated amplitude parameters
and a second -higher frequency  band encoding :unit operable to encode
positional parameters of the  low frequency spectral coefficients similar
to the ..spectral  coefficients in each of the sub-bands, the amplitude
parameters of 15 each of the sub-bands, and differential parameters between
the  spectral coefficients in- each of the sub-bands and the low frequency
spectral coefficients similar to the spectral coefficients in each of the
sub-bands, on the basis of the similarity, and the encoding selecting unit
selects one of a plurality of the  20 higher frequency band encoding units
on the basis of a  comprehensive judgment about the judged noise
characteristics. and  the similarity. 14. The encoding device according to
Claim13 further includes a  25 transform block length selecting unit
operable to analyze  characteristics of the input signal, determine a
transform block  length used for time-frequency transform performed for the
input  signal, and generate block length information indicating the
determined transform block length, so wherein the time-frequency
transforming unit transforms the  input signal into spectral coefficients
representing frequency  components of all frequency bands of the input
signal with the  _89 11 July 2006  transform block length selected by the
transform block length  



selecting unit, and the code multiplexing unit further multiplexes the
block  .length information in addition to the low frequency code, the high
frequency code and the selection information. 15. The encoding device
according to ClaIm 14 further includes:  a classifying unit operable to
judge similarity between high  frequency coefficients included in one of
transform blocks to be 10 transformed With the transform block length and
high frequency  coefficients included- in. another transform block, when a
~ short  transform block length-is selected by the transform block length
selecting unit, and classify high frequency coefficients in .each of the
transform blocks judged to have a high degree of similarity with one  15
another into a group; and a classification information generating . unit
operable to  generate classification information. indicating a result
provided from  the classifying unit, wherein a plurality of the higher
frequency band encoding  20 units collectively encode high frequency
coefficients in more than  one transform. block included in one group, and.
the code multiplexing unit further multiplexes the  classification
information in addition to the low frequency code, the  high frequency
code, the selection information, and the block length  Z information. 16.
The encoding device according to Claim 15, wherein the classifying unit
compares low frequency  coefficients included in one of the transform
blocks with low  3o frequency coefficients included in another transform
block for every transform block and when the low frequency coefficients in
each of  the transform Mocks are similar to one. another, judges -that high
_90 11 July 2006  frequency coefficients included in each of the transform
blocks also  have a high degree of similarity with one another, and
classifies the  low frequency coefficients and the high frequency
coefficients into a  



same group. 17. The encoding device according to Claim 15  wherein the
classifying unit has: a first judging unit operable to compare low
frequency  coefficients included in one of . the transform blocks with low
10 frequency coefficients included in another transform block for every
transform block, and when the low frequency coefficients in each-of  the
transform blocks are similar to one anotheri judges that high  frequency
coefficients included in each of the transform blocks also.  have a high
degree of similarity with one another; and a second judging unit operable
to compare high frequency  coefficients included in one of the transform
blocks with high  .frequency coefficients included in another transform
block for every  transform block, and judge similarity between the high
frequency  coefficients in each of the transform blocks, and .20 the
classifying unit selects one of the judgment made by the  first judging
unit and the judgment made by the second judging unit,  and classifies the
high frequency coefficients in each of the  transform block into a group
according to the selected judgment. 26. 18. The encoding device according
to Claim 12, wherein the first band dividing unit divides the spectral
coefficients in the higher frequency band further into a plurality of
sub-bands,  the similarity judging. unit has a noise characteristics
judging  80 unit operable to judge noise characteristics of the spectral
coefficients in each of the divided sub-bands and a prediction error
calculating unit operable to calculate a prediction error between the  _91
11 July 2006  spectral coefficients in each of the sub-bands and the
spectral*  coefficients selected from the lower frequency band so as to
determine similarity between the spectral coefficients in each of the
divided sub-bands and the spectral coefficients selected from the  5 lower
frequency band, 



a plurality of the higher frequency band encoding units  -generate
amplitude parameters indicating an amplitude of the  spectral coefficients
in each of the sub-bands, and have a first  higher frequency band encoding
unit operable to encode only the 10generated amplitude parameters and a
third higher frequency band  encoding unlt .operable to encode only two -
pieces of information  which are positional parameters of the low frequency
spectral  coefficients similar to the spectral coefficients in . each of
the  sub-bands and the amplitude parameters of each of the sub-bands,  15
on the basis of the similarity, and the encoding selecting .unit selects
one of a plurality of the  higher frequency of a  ,y band encoding units on
the basis comprehensive judgment about the judged noise characteristics and
the similarity. 20 19. A decoding device comprising: a lower frequency band
decoding unit operable to decode a  low frequency signal representing a
signal in a lower frequency band  out of an input code; 26 a plurality'of
higher frequency band decoding units operable  to decode a high frequency
signal representing a signal in a higher  frequency band out of the input
code through respective decoding  methods; a decoding selecting unit
operable to select one of .a plurality  3o of the higher frequency band
decoding units according to selection  information included In the input
code, and have the selected higher  frequency band decoding unit perform
decoding.; and -92 11 July 2006 a signal combining unit operable to combine
the low  frequency signal decoded by the lower frequency band decoding unit
with the high frequency signal decoded by the selected higher  frequency
band decoding unit, and generate an output decoded  



5 signal. r 20. The decoding device ding to CIaim 19 further includes an
up-sampling unit operable to up-sample the decoded low frequency  signal,
10 wherein the signal combining unit combines the up-sampled  low frequency
signal with the high frequency signal decoded by the  selected higher
frequency band decoding: unit and generates an  output decoded signal. 15
21. The decoding device according to Claim19, wherein the decoding
selecting unit selects one of a plurality  of the higher frequency band
decoding units in accordance with the  selection information for each
sub-band in the higher frequency  band which is divided into a plurality of
sub-bands, and 20 the selected higher frequency band decoding unit decodes
the  high frequency signal in each of the sub-bands. 22. The decoding
device according to Claim 21, wherein a plurality of the higher frequency
band decoding  ..25 units have a first higher frequency band decoding unit
operable to  decode the high frequency signal by the use of a specified
'noise  signal and amplitude parameters of each of the sub-bands, 23. The
decoding device according to Claim 21 30 wherein a plurality of ~ the
higher frequency band decoding  units have a' second higher frequency band
decoding unit oprerable  to  'decode the high frequency signal by the use
of the decoded low  93 11 July 2006  frequency signal, positional
parameters indicating a relation of  frequency positions between the signal
in each of the sub-bands and  a part in the low frequency signal having
similarity with the signal in  each of the sub-bands, differential
parameters indicating a level 5 differential between the signal -in each of
the sub-bands and the  decoded low frequency signal, and the amplitude
parameters of the  signal in each of the sub-bands. 



24. The decoding device according to Claim 2l, 10 wherein a plurality of
the higher frequency band decoding  units have a third higher frequency
band decoding unit operable to  decode the -high frequency signal by the
use of. the decoded -low  .frequency signal, positional ~ parameters
indicating. a -relation of  frequency positions between the signal in each
of the sub-bands and n a part in the low frequency signal having similarity
with the signal in  each of the sub-bands, and the amplitude parameters of
the signal  in each of the sub-bands. 2-5. The decoding device according to
Claim 19 further includes  20 a time-frequency transforming unit operable
to transform the  low frequency signal decoded by the lower frequency band
decoding  unit into low frequency coefficients which are spectral
coefficients  with a transform block length indicated by block length
information  -included in the input code, ..26 wherein a plurality of the
higher frequency band decoding  units have a first higher frequency band
decoding unit operable to  decode high frequency coefficients transformed
with the transform  block length using the specified noise signal and the
amplitude  parameters included in the input code, and a second higher 30
frequency band decoding unit operable to decode the high frequency
coefficients using ~the  low frequency coefficients acquired as a result
of the transform performed by the time-frequency  transform unit,  94 11
July 2006  positional parameters indicating a position of a part in the low
frequency coefficients similar to corresponding high frequency
coefficients, amplitude parameters of the high frequency  coefficients and
differential parameters between the low frequency  5 coefficients and the
high frequency coefficients, and the signal combining unit has a spectral
coefficients  combining unit operable to combine the high frequency
coefficients  decoded by the selected higher frequency band decoding unit
with  the low. frequency coefficients decoded by the lower frequency band 



10 decoding unit, and a frequency-time transforming unit operable to
transform the ,decoded spectral coefficients into -a time signal with  the
transform block -length indicated by the block length  information. 15 26.
The decoding device according to Claim 19, wherein the low frequency signal
is low frequency coefficients  representing spectral coefficients in the
lower frequency band and  the high frequency signal is high frequency
coefficients representing  spectral coefficients in the higher frequency
band which are divided  20 into a plurality of sub-bands, and a plurality
of the higher frequency band decoding units have a  first higher frequency
band decoding unit operable to decode the  high frequency coefficients
using only amplitude parameters  'included in the input code, and a second
higher frequency band ..25. decoding unit operable to decode the high
frequency coefficients  using (!)positional parameters indicating a
relation of frequency  positions between the high frequency coefficients
and a part in the  low frequency coefficients having similarity, (Z the
amplitude  ~parameters,  and (3) differential parameters indicating a level
.3o differentia l between the low frequency coefficients and the high
frequency coefficients included in the input code, the decoding selecting
unit selects one of a plurality of the  -95 11 July 2006  higher frequency
band decoding units for every sub-band according  to the selection
information included in the input code, and the signal combining unit has a
spectrum combining unit  operable to combine the decoded low frequency
coefficients with the  5 high frequency coefficients decoded by the
selected higher frequency band decoding unit, and a frequency tlme
transforming  unit operable to transform the combined spectral coefficients
into a  time signal. 10 27. The decoding device according to Claim 26,
wherein the low frequency coefficients and the 



high frequency.  -coefficients are perforrmed  time-frequency -transform
with a  transform block length indicated by block length information
included in the input code, and 16 the frequency-time transforming unit
transforms the decoded  spectral coefficients into a time signal with the
transform block  length indicated by. the block length information.
included in the  input code. 2o 28, The decoding device according to Claim
27, wherein the selected hIgher frequency band decoding unit.  performs
decoding for all transform blocks in a same group by the  use of sets of
encoding parameters commonly used in a plurality of  the transform blocks
included in the group according to 25 classification information included
in the input code, when the  transform: block length indicated by the block
length information is a  short transform block length. 29. The.decoding
device accoroing  to Claim 28, 30 wherein the selected higher frequericy
band decoding unit  performs decoding- for the transform blocks in the same
group  ~according  to. the classification information decoded together with
-96 11 July 2006  the low frequency coefficients, when the transform block
length  indicated by the block length information is the short transform
block length. -6 30. The decoding device according to Claim 28, wherein the
lower frequency band decoding unit performs  decoding for said all
transform blocks belonging to the same group  by the use of the sets of the
encoding parameters commonly used in  a plurality of the transform blocks
included in the group according to  10 first classification information
included in the input code, and the selected higher frequency band decoding
unit selects one  of the first classification information acquired. from
the lower  frequency band decoding ~unit  and. second classification
information  



included in the input code, and decodes the high frequency 15 coefficients
according to the selected classification information.  31. The decoding
device according to Claim19, wherein the low frequency signal is low
frequency coefficients  representing spectral coefficients in the lower
frequency band .and  20 the high frequency signal is high frequency
coefficients representing spectral coefficients in the higher frequency
band which are divided  -into a plurality of sub-bands, and a plurality of
the higher frequency band decoding 6 nits have a  first higher frequency
band decoding unit operable to decode the  n encoded high frequency
coefficients using only amplitude parameters of the high frequency
coefficients, and a third higher  frequency band decoding unit operable to
decode the encoded high  frequency coefficients using the decoded low
frequency coefficients,  and (1)positional parameters indicating a relation
of frequency so positions between the high frequency coefficients and the
low  frequency coefficients and (2) amplitude parameters of the high
frequency coefficients included in the. input code, -97 11 July 2006  the
decoding selecting unit selects one of a plurality of the higher frequency
band decoding units for every sub-band according  to the selection
information included in the input code, and the signal combining unit has a
spectrum combining unit  5 operable to combine the decoded low frequency
coefficients with the  high frequency coefficients decoded by the selected
higher  frequency band decoding unit, and a frequency-time transforming
unit operable to transform the combined spectral coefficients into a  time
signal. 10 32. The decoding device according to Claim 19 further. includes
a  .code dividing unit operable to divide a multiplexed. input code into -a
plurality of codes, wherein the lower frequency band decoding unit decodes
the  



15 low frequency coefficients out of the divided input code, a plurality of
the higher frequency band decoding units  decode the high frequency
coefficients out of the divided input code,  the decoding selecting unit
selects one of a plurality of the higher frequency band decoding units on
the basis of the selection  2o information included in the divided input
code, and the signal combining unit has a - spectral coefficients
combining unit operable to combine the decoded low frequency  coefficients
with the high frequency coefficients and, generate  spectral coefficients
in all frequency bands, and a frequency-time 25 -transforming unit operable
to. transform the combined spectral  coefficients into a time signal. 33.
The decoding device according to Clairn19 further includes a  code
dividing. unit operable to divide a multiplexed input code into, a  '3o
plurality. of codes, wherein- the lower frequency band decoding unit
decodes the  low frequency coefficients out of the divided. input code, I I
July 2006 a plurality of the higher frequency band decoding units have a
first higher frequency band decoding unit operable to decode the  high
frequency coefficients using only amplitude parameters  included in the
divided input code, and a second higher frequency 5 band decoding unit
operable to decode the encoded high frequency  coefficients using the
decoded low frequency coefficients, and (1)  positional parameters
indicating a relation of frequency positions  between the high frequency
coefficients and the low frequency  coefficients, (Z the amplitude
parameters, and (3) differential 10 parameters indicating a level
differential between the low frequency  coefficients and the high-
frequency coefficients included. In the  divided input code the decoding
selecting unit selects one of a plurality of the  higher frequency band
decoding units for every sub-band according  15 to the selection
information included in the input code, and the signal combining unit has a
spectral coefficients  



combining unit operable to combine the decoded low frequency  coefficients
with the high frequency coefficients and generate  spectral coefficients in
all frequency bands, and a frequency-time 20 transforming unit operable to
transform the combined spectral  coefficients into a time signal. 34. The
decoding device according. to Claim19 includes: a code dividing unit
operable to divide a -multiplexed input  25 code into a plurality -of
codes; and the lower frequency band decoding unit operable to decode  the
low frequency coefficients out of the input code, wherein a plurality of
the higher frequency band decoding  units have a first higher frequency
band decoding unit operable to  .:30 decode the high frequency coefficients
encoded by the use of only amplitude parameters included in-the input code,
and a third higher  frequency band decoding unit operable to decode the
.high frequency  _99 11 July 2006  coefficients by the use of only
positional parameters indicating a  relation of frequency positions between
the high frequency  coefficients and the low frequency coefficients, and
the amplitude  parameters of the high frequency coefficients, the decoding
selecting unit selects one of a plurality of the higher  frequency band
decoding units on the basis of the selection information  included in the
input code, and the signal combining unit has a spectral coefficients
combining  unit operable to combine the decoded low frequency coefficients
with  10 the high frequency coefficients and generate spectral coefficients
in all frequency bands, and a frequency-time transforming unit operable to
transform the combined spectral coefficients into a time signal. 35. An
encoding method comprising: 15 a band dividing step for dividing an input
signal into a low  frequency signal representing a signal in a lower
frequency band and a  high frequency signal representing a signal in a
higher frequency band; a lower frequency band encoding step for encoding
the divided  



low frequency signal and generating a low frequency code; 20 a similarity
judging step for judging similarity between the high  frequency signal and
the low frequency signal, and output the  similarity; a plurality of higher
frequency band encoding steps for encoding  the high frequency signal
through respective encoding methods and  25 generating a high frequency
code; an encoding selecting step for selecting one of a plurality of the
higher frequency band encoding steps based on the similarity, having
encoding performed in the. selected higher frequency band encoding  step~
and generating selection information specifying an encoding 30 method
employed in the selected -higher frequency band encoding step;  and a code
multiplexing step for multiplexing the low frequency code  _100 11 July
2006  generated in the lower frequency band encoding step, the high
frequency code generated in the selected higher frequency band  encoding
step and the selection information generated in the encoding  selecting
step and generating an output code. 5 36. A decoding method comprising: a
lower frequency band decoding step for decoding a low  frequency signal.
representing a signal in a lower frequency band out of  an input code; 10 a
plurality of higher frequency band decoding steps for decoding  a high
frequency signal representing a signal in a higher frequency band  out of
the input code through respective decoding methods; a decoding selecting
step for selecting one of a plurality of the  higher frequency band
decoding steps according to selection information  15 included in the input
code and having decoding performed in the  selected higher frequency band
decoding step; and a signal combining step for combining the low frequency
signal  decoded in the lower frequency band decoding step with the high  



frequency signal decoded in the selected higher frequency band  20 decoding
step and generating an output decoded signal. 37. A program for having a
computer execute the following steps: a band dividing step for dividing an
input signal into a low  frequency signal. representing a signal in a lower
frequency band and  25 a high frequency signal representing a signal in a
higher frequency  band; a lower frequency band encoding step for encoding
the  divided low frequency signal and generating a low frequency code; a
similarity judging step for judging similarity between the  30 high
frequency signal and the low frequency signal, and output the  similarity;
a plurality of higher frequency band encoding steps for  -lol 11 July 2006
encoding the high frequency signal through respective encoding  methods and
generating a high frequency code; an encoding selecting step for selecting
one of a plurality of the  higher frequency band encoding steps based on
the similarity, having  5 encoding performed in the selected higher
frequency band encoding step, and generating selection information
specifying an encoding  method employed in the selected higher frequency
band encoding step;  and a code multiplexing step for multiplexing the low
frequency code  1o generated in the lower frequency band encoding step, the
high  frequency code generated in the selected higher frequency band
encoding step and the selection information generated in.the encoding
selecting step so as to generate an output code. 15 :38.A program for
having a computer execute the following steps: a lower frequency band
decoding step for decoding a low  frequency signal representing a signal in
a lower frequency band out of  an input code; a plurality of higher
frequency band decoding steps for decoding  20 a high frequency signal
representing a. signal in a higher frequency band  



out of the input code through respective decoding methods; a decoding
selecting step for selecting one of a plurality of the  higher frequency
band decoding steps according to selection information  included in the
input code and having decoding performed in the  25 selected higher
frequency band decoding step; and a signal combining step for combining the
low frequency signal.  decoded in the lower frequency band decoding step
with the high  frequency signal, decoded in the selected higher frequency
band  decoding step and generating an output decoded signal. 30 39. A
computer-readable storage medium in which a program for  having a computer
execute the following steps is stored: -102 11 July 2006  a band dividing
step for dividing an input signal into a low frequency signal representing
a signal in a lower frequency band and  a high frequency signal
representing a signal in a higher frequency  band; a lower frequency band
encoding step for encoding the divided  low frequency signal and generating
a low frequency code; a similarity judging step for judging similarity*
between the  high frequency signal and the low frequency signal, and output
the  similarity; 10 a plurality of higher frequency band encoding steps for
encoding the high frequency signal through respective encoding  methods and
generating a high frequency code; an encoding selecting step for selecting
one of a plurality of the  higher frequency band encoding steps based on
the similarity, having  15 encoding performed in the selected higher
frequency band encoding step, and generating selection information
specifying an encoding method  -employed in the selected higher frequency
band encoding step; and a code multiplexing step for multiplexing the low
frequency code  generated in the lower frequency band encoding step, the
high  20 frequency code generated in the selected . higher frequency band 



encoding step and the selection information generated in the encoding
selecting step so as to generate an output code. 40.A computer-readable
storage medium in which a program for having  25 a computer execute the
following steps is stored: a lower frequency band decoding step for
decoding a low  frequency signal representing a signal in a lower frequency
band out of  an input code; a plurality of higher frequency band decoding
steps for decoding  30 a high frequency signal representing a signal in a
higher frequency band  out of the input code through respective decoding
methods; a decoding selecting step for selecting one of a plurality of the
-103 I I July 2006  higher frequency band decoding steps according to
selection  information included in the input code and having decoding
performed  in the selected higher frequency band decoding step; and a
signal combining step for combining the low frequency signal  decoded in
the lower frequency band decoding step with the high  frequency signal
decoded in the selected higher frequency band  decoding step and generating
an output decoded signal. -104-1 






