
11 September 2006  HIERARCHICAL LOSSLESS ENCODING AND DECODING METHOD,
HIERARCHICAL LOSSLESS ENCODING METHOD,  HIERARCHICAL LOSSLESS DECODING
METHOD,  APPARATUS AND PROGRAM THEREFOR 5 TECHNICAL FIELD The present
invention relates to a hierarchical lossless encoding and  decoding
technology for digital signals such as of music data, audio data, or  the
like. 10 BACKGROUND ART One process for lossless encoding of audio signals
such as music  signals is a hierarchical lossless encoding process. Data
encoded by the  hierarchical lossless encoding process is characterized in
that it includes 15 low-bit-rate non-lossless encoded data hierarchically
as part thereof. A  summary of the hierarchical lossless encoding process
is described in IEEE  Signal Processing Magazine, pp. 21 - 32, July 2001.
The conventional  hierarchical lossless encoding and decoding technology
will briefly be  described below with reference to Figs. 1 and 2 of the
accompanying 20 drawings which show a conventional hierarchical lossless
encoding  apparatus and a conventional hierarchical lossless decoding
apparatus,  respectively. In the conventional hierarchical lossless
encoding apparatus shown in  Fig. 1, an input signal from input terminal
100 is supplied to low-bit-rate 25 encoder 101 and delay compensator 102.
The input signal supplied to low- bit-rate encoder 101 is encoded thereby
and is output as low-bit-rate 



11 September 2006  encoded data to output terminal 105 and low-bit-rate
decoder 103. Low-bit- rate decoder 103 decodes the supplied low-bit-rate
encoded data into a low- bit-rate decoded signal. The input signal supplied
to delay compensator 102  is delayed by a time corresponding to a delay
caused by the low-bit-rate 5 encoding and decoding process (a processing
time required by low-bit-rate  encoder 101 and low-bit-rate decoder 103),
and thereafter output as a  delayed input signal. Lossless encoder 104
encodes a differential signal,  which is produced by subtracting the
low-bit-rate decoded signal from the  delayed input signal, according to a
lossless encoding process, and outputs 10 lossless encoded data to output
terminal 106. In the conventional hierarchical lossless decoding apparatus
shown in  Fig. 2, low-bit-rate encoded data from input terminal 200 is
decoded into a  low-bit-rate decoded signal by low-bit-rate decoder 201.
Lossless encoded  data from input terminal 202 is decoded into a
differential signal by lossless 15 decoder 203. The low-bit-rate decoded
signal is output to output terminal  204, and added to the differential
signal from lossless decoder 203,  producing a sum signal that is output as
a lossless reproduced signal to  output terminal 205. The lossless
reproduced signal is the same as the input  signal insofar as the
low-bit-rate decoded signal in the decoding apparatus is 20 identical to
the low-bit-rate decoded signal in the encoding apparatus. The low-bit-rate
encoding and decoding process may be a transform  encoding and decoding
process or a CELP (Code Excited Linear Prediction)  encoding and decoding
process. The transform encoding and decoding  process will not be described
in detail below as reference can be made to 25 Proceedings on ICASSP, pp.
1093 - 1096, Apr. 1990 for details of the  transform encoding and decoding
process. The CELP encoding and  



2 11 September 2006  decoding process will not be described in detail below
as reference can be  made to Proceedings on ICASSP, pp. 937 - 940, Mar.
1985 for details of the  CELP encoding and decoding process. The lossless
encoding and decoding  process will not be described in detail below as
reference can be made to 5 IEEE Signal Processing Magazine, pp. 21 - 32,
July 2001 for details of the  lossless encoding and decoding process. The
conventional hierarchical lossless encoding and decoding  process is
problematic in that if the low-bit-rate decoded signal in the  decoding
apparatus is not identical to the low-bit-rate decoded signal in the 10
encoding apparatus, then the lossless reproduced signal is not the same as
the input signal. This problem occurs primarily when the processing
accuracy in the low-bit-rate decoder in the encoding apparatus and the
processing accuracy in the low-bit-rate decoder in the decoding apparatus
are different from each other. For example, if international standards 15
ISO/IEC 13818-7 (generally known as MPEG-2 AAC) for audio data  encoding
are used as the low-bit-rate encoding and decoding process, then  the
processing accuracy in the low-bit-rate decoder is allowed to be of such  a
level that the decoded signal produced thereby has a decoding error of  1
at maximum with respect to a reference decoded signal. Therefore, each of
20 the low-bit-rate decoded signals in the encoding apparatus and the
decoding  apparatus may possibly have a decoding error of m 1 at maximum
with  respect to the reference decoded signal, and hence the total error of
the low- bit-rate decoded signals in the encoding apparatus and the
decoding  apparatus may possibly reach. :t 2 at maximum. As a result, it is
possible 25 that the lossless reproduced signal derived from the
low-bit-rate decoded  



signal may not be identical to the input signal. 3 11 September 2006
DISCLOSURE OF THE INVENTION It is an object of example embodiments of the
present invention to  make a lossless reproduced signal identical to an
input signal even when the  processing accuracy in a low-bit-rate decoder
in an encoding apparatus and  the processing accuracy in a low-bit-rate
decoder in a decoding apparatus  are different from each other. In
accordance with one aspect of the present invention, there is  provided a
hierarchical lossless encoding and decoding method comprising  the steps
of: in an encoding apparatus, encoding an input signal into low-bit- rate
encoded data and transmitting the low-bit-rate encoded data to a  decoding
apparatus; encoding a differential signal between a low-bit-rate  decoded
signal produced by decoding said low-bit-rate encoded data and  said input
signal, into lossless encoded data, and. transmitting the lossless  encoded
data to the decoding apparatus; and extracting corrective  information from
said low-bit-rate decoded signal and transmitting the  corrective
information to the decoding apparatus; in the decoding apparatus,  decoding
the low-bit-rate encoded data transmitted from the encoding  apparatus into
a low-bit-rate decoded signal; decoding the lossless encoded  data
transmitted from the encoding apparatus into a differential signal; and
correcting said low-bit-rate decoded signal based on the corrective
information transmitted from said encoding apparatus, and adding the
corrected low-bit-rate decoded signal and said differential signal into a
lossless reproduced signal. In a second aspect of the present invention,
there is provided a  



hierarchical lossless encoding and decoding method comprising the steps of:
in an encoding apparatus, encoding an input signal into low-bit-rate
encoded  data and transmitting the low-bit-rate encoded data to a decoding
apparatus; 4 11 September 2006  encoding a differential signal between a
low-bit-rate decoded signal produced by decoding said low-bit-rate encoded
data and said input signal,  into lossless encoded data, and transmitting
the lossless encoded data to  the decoding apparatus; and extracting
corrective information from said input  signal and transmitting the
corrective information to the decoding apparatus;  in the decoding
apparatus, decoding the low-bit-rate encoded data  transmitted from the
encoding apparatus into a low-bit-rate decoded signal;  decoding the
lossless encoded data transmitted from the encoding  apparatus into a
differential signal; adding said low-bit-rate decoded signal  and said
differential signal into a lossless reproduced signal; and correcting  said
lossless reproduced signal based on said corrective information. In
accordance with a third aspect of the present invention, there is  provided
a hierarchical lossless encoding and decoding method comprising  the steps
of: in an encoding apparatus, encoding an input signal into low-bit- rate
encoded data and transmitting the low-bit-rate encoded data to a  decoding
apparatus; decoding said low-bit-rate encoded data into a low-bit- rate
decoded signal, extracting corrective information from said low-bit-rate
decoded signal, and transmitting the corrective information to the decoding
apparatus; and encoding a differential signal between a corrected low-bit-
rate decoded signal produced by correcting said low-bit-rate decoded signal
and said input signal, into lossless encoded data, and transmitting the
lossless encoded data to the decoding apparatus; in the decoding  



apparatus, decoding the low-bit-rate encoded data transmitted from the
encoding apparatus into a low-bit-rate decoded signal; decoding the
lossless  encoded data transmitted from the encoding apparatus into a
differential  signal; and correcting said low-bit-rate decoded signal based
on said  corrective information, and adding the corrected low-bit-rate
decoded signal  to said differential signal. 4a I 1 September 2006  In a
fourth aspect of the present invention, there is provided a hierarchical
lossless encoding method comprising the steps of: encoding an  input signal
into low-bit-rate encoded data; decoding said low-bit-rate  encoded data
into a low-bit-rate decoded signal; encoding a differential  signal between
said low-bit-rate decoded signal and said input signal into  lossless
encoded data; and extracting corrective information from said low- bit-rate
decoded signal. In a fifth aspect of the present invention, there is
provided a  hierarchical lossless encoding method comprising the steps of:
encoding an  input signal into low-bit-rate encoded data; decoding said
low-bit-rate  encoded data into a low-bit-rate decoded signal; encoding a
differential  signal between said low-bit-rate decoded signal and said
input signal into  lossless encoded data; and extracting corrective
information from said input  signal. In a sixth aspect of the present
invention, there is provided a  hierarchical lossless encoding method
comprising the steps of. encoding an  input signal into low-bit-rate
encoded data; decoding said low-bit-rate  encoded data into a low-bit-rate
decoded signal; extracting corrective  information from said low-bit-rate
decoded signal; and encoding a differential  



signal between a corrected low-bit-rate decoded signal produced by
correcting said low-bit-rate decoded signal and said input signal, into
lossless encoded data. In a seventh aspect of the present invention, there
is provided a  hierarchical lossless decoding method comprising the steps
of: inputting  hierarchical lossless encoded data comprising low-bit-rate
encoded data,  lossless encoded data, and corrective information; decoding
said low-bit-rate  encoded data into a low-bit-rate decoded signal;
decoding said lossless  encoded data into a differential signal; and
correcting said low-bit-rate 4b 11 September 2006  decoded signal based on
said corrective information, and thereafter adding the corrected
low-bit-rate decoded signal and said differential signal into a  lossless
reproduced signal. In an eighth aspect of the present invention, there is
provided a  hierarchical lossless decoding method comprising the steps of:
inputting  hierarchical lossless encoded data comprising low-bit-rate
encoded data,  lossless encoded data, and corrective information; decoding
said low-bit-rate  encoded data into a low-bit-rate decoded signal;
decoding said lossless  encoded data into a differential signal; adding
said low-bit-rate decoded  signal and said differential signal into a
lossless reproduced signal; and  correcting said lossless reproduced signal
based on said corrective  information. In a ninth aspect of the present
invention, there is provided a  hierarchical lossless encoding and decoding
apparatus comprising an  encoding apparatus and a decoding apparatus, said
encoding apparatus  comprising: a low-bit-rate encoder for encoding an
input signal into low-bit- 



rate encoded data and transmitting the low-bit-rate encoded data to the
decoding apparatus; a low-bit-rate decoder for decoding said low-bit-rate
encoded data into a low-bit-rate decoded signal and outputting the low-bit-
rate decoded signal; a lossless encoder for encoding a differential signal
between the low-bit-rate decoded signal output from said low-bit-rate
decoder and said input signal, into lossless encoded data, and transmitting
the lossless encoded data to the decoding apparatus; and a corrective
information extractor for extracting corrective information from said
low-bit- rate decoded signal and transmitting the corrective information to
the  decoding apparatus; said decoding apparatus comprising: a low-bit-rate
decoder for decoding the low-bit-rate encoded data transmitted from said
encoding apparatus into a low-bit-rate decoded signal; a lossless decoder
for 4c I 1 September 2006  decoding the lossless encoded data transmitted
from said encoding apparatus into a differential signal; a corrector for
correcting said low-bit-rate  decoded signal based on the corrective
information transmitted from said  encoding apparatus; and an adder for
adding the low-bit-rate decoded signal  corrected by said corrector and
said differential signal into a lossless  reproduced signal. In a tenth
aspect of the present invention, there is provided a  hierarchical lossless
encoding and decoding apparatus comprising an  encoding apparatus and a
decoding apparatus, said encoding apparatus  comprising: a low-bit-rate
encoder for encoding an input signal into low-bit- rate encoded data and
transmitting the low-bit-rate encoded data to the  decoding apparatus; a
low-bit-rate decoder for decoding said low-bit-rate  encoded data into a
low-bit-rate decoded signal and outputting the low-bit- 



rate decoded signal; a lossless encoder for encoding a differential signal
between the low-bit-rate decoded signal output from said low-bit-rate
decoder and said input signal, into lossless encoded data, and transmitting
the lossless encoded data to the decoding apparatus; and a corrective
information extractor for extracting corrective information from said input
signal and transmitting the corrective information to the decoding
apparatus;  said decoding apparatus comprising: a low-bit-rate decoder for
decoding the  low-bit-rate encoded data transmitted from said encoding
apparatus into a  low-bit-rate decoded signal; a lossless decoder for
decoding the lossless  encoded data transmitted from said encoding
apparatus into a differential  signal; an adder for adding said
low-bit-rate decoded signal and said  differential signal into a lossless
reproduced signal; and a corrector for  correcting said lossless reproduced
signal based on said corrective  information. 4d 11 September 2006  In an
eleventh aspect of the present invention, there is provided a hierarchical
lossless encoding and decoding apparatus comprising an  encoding apparatus
and a decoding apparatus, said encoding apparatus  comprising: a
low-bit-rate encoder for encoding an input signal into low-bit- rate
encoded data and transmitting the low-bit-rate encoded data to the
decoding apparatus; a low-bit-rate decoder for decoding said low-bit-rate
encoded data into a low-bit-rate decoded signal; a corrective information
extractor for extracting corrective information from said low-bit-rate
decoded  signal and transmitting the corrective information to the decoding
apparatus;  and a lossless encoder for encoding a differential signal
between a corrected  low-bit-rate decoded signal produced by correcting the
low-bit-rate decoded  



signal and said input signal, into lossless encoded data, and transmitting
the  lossless encoded data to the decoding apparatus; and said decoding
apparatus comprising: a low-bit-rate decoder for decoding the low-bit-rate
encoded data transmitted from said encoding apparatus into a low-bit-rate
decoded signal; a lossless decoder for decoding the lossless encoded data
transmitted from said encoding apparatus into a differential signal; and a
corrector for correcting said low-bit-rate decoded signal based on said
corrective information, and adding the corrected low-bit-rate decoded
signal  to said differential signal. In a twelfth aspect of the present
invention, there is provided a  hierarchical lossless encoding apparatus
comprising: a low-bit-rate encoder  for encoding an input signal into
low-bit-rate encoded data; a low-bit-rate  decoder for decoding said
low-bit-rate encoded data into a low-bit-rate  decoded signal; a lossless
encoder for encoding a differential signal  between the low-bit-rate
decoded signal and said input signal, into lossless  encoded data; and a
corrective information extractor for extracting corrective  information
from said low-bit-rate decoded signal. 4e 11 September 2006  In a
thirteenth aspect of the present invention, there is provided a
hierarchical lossless encoding apparatus comprising: a low-bit-rate encoder
for encoding an input signal into low-bit-rate encoded data; a low-bit-rate
decoder for decoding said low-bit-rate encoded data into a low-bit-rate
decoded signal; a lossless encoder for encoding a differential signal
between the low-bit-rate decoded signal and said input signal, into
lossless  encoded data; and a corrective information extractor for
extracting corrective  information from said input signal. 



In a fourteenth aspect of the present invention, there is provided a
hierarchical lossless encoding apparatus comprising: a low-bit-rate encoder
for encoding an input signal into low-bit-rate encoded data; a low-bit-rate
decoder for decoding said low-bit-rate encoded data into a low-bit-rate
decoded signal; a corrective information extractor for extracting
corrective  information from said low-bit-rate decoded signal; a corrector
for correcting  said low-bit-rate decoded signal and outputting the
corrected low-bit-rate  decoded signal; and a lossless encoder for encoding
a differential signal  between the corrected low-bit-rate decoded signal
and said input signal, into  lossless encoded data. In a fifteenth aspect
of the present invention, there is provided a  hierarchical lossless
decoding apparatus comprising: a low-bit-rate decoder  for decoding
low-bit-rate encoded data into a low-bit-rate decoded signal; a lossless
decoder for decoding lossless encoded data into a differential  signal; a
corrector for correcting said low-bit-rate decoded signal based on
corrective information; and an adder for adding the low-bit-rate decoded
signal corrected by said corrector and said differential signal into a
lossless  reproduced signal. 4f 11 September 2006  In a sixteenth aspect of
the present invention, there is provided a hierarchical lossless decoding
apparatus comprising: a low-bit-rate decoder  for decoding low-bit-rate
encoded data into a low-bit-rate decoded signal; a lossless decoder for
decoding lossless encoded data into a differential  signal; an adder for
adding said low-bit-rate decoded signal and said  differential signal into
a lossless reproduced signal; and a corrector for  correcting said lossless
reproduced signal based on corrective information. 



In a seventeenth aspect of the present invention, there is provided a
hierarchical lossless encoding apparatus having a program for enabling a
computer to perform a process of: encoding an input signal into
low-bit-rate  encoded data; decoding said low-bit-rate encoded data into a
low-bit-rate  decoded signal; encoding a differential signal between said
low-bit-rate  decoded signal and said input signal into lossless encoded
data; and  extracting corrective information from said low-bit-rate decoded
signal. In an eighteenth aspect of the present invention, there is provided
a  hierarchical lossless encoding apparatus having a program for enabling a
computer to perform a process of., encoding an input signal into
low-bit-rate  encoded data; decoding said low-bit-rate encoded data into a
low-bit-rate  decoded signal; encoding a differential signal between said
low-bit-rate  decoded signal and said input signal into lossless encoded
data; and  extracting corrective information from said input signal. In a
nineteenth aspect of the present invention, there is provided a
hierarchical lossless encoding apparatus having a program for enabling a
computer to perform a process of: encoding an input signal into
low-bit-rate  encoded data; decoding said low-bit-rate encoded data into a
low-bit-rate  decoded signal; extracting corrective information from said
low-bit-rate  decoded signal; and encoding a differential signal between a
corrected low 4g 11 September 2006  bit-rate decoded signal produced by
correcting said low-bit-rate decoded signal and said input signal, into
lossless encoded data. In a twentieth aspect of the present invention,
there is provided a  hierarchical lossless decoding apparatus having a
program for enabling a  computer to perform a process of. inputting
hierarchical lossless encoded  



data comprising low-bit-rate encoded data, lossless encoded data, and
corrective information; decoding said low-bit-rate encoded data into a low-
bit-rate decoded signal; decoding said lossless encoded data into a
differential signal; and correcting said low-bit-rate decoded signal based
on  said corrective information, and thereafter adding the corrected
low-bit-rate  decoded signal and said differential signal into a lossless
reproduced signal. In a twenty-first aspect of the present invention, there
is provided a  hierarchical lossless decoding apparatus having a program
for enabling a  computer to perform a process of: inputting hierarchical
lossless encoded  data comprising low-bit-rate encoded data, lossless
encoded data, and  corrective information; decoding said low-bit-rate
encoded data into a low- bit-rate decoded signal; decoding said lossless
encoded data into a  differential signal; adding said low-bit-rate decoded
signal and said  differential signal into a lossless reproduced signal; and
correcting said lossless reproduced signal based on said corrective
information. 4h 11 September 2006  BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1
is a block diagram of a conventional hierarchical lossless  encoding
apparatus; Fig. 2 is a block diagram of a conventional hierarchical
lossless  5 decoding apparatus; Fig. 3 is a block diagram of a hierarchical
lossless encoding  apparatus according to a first embodiment of the present
invention;  Fig. 4 is a block diagram of a hierarchical lossless decoding
apparatus according to the first embodiment of the present invention;  



10 Fig. 5 is a flowchart of a processing sequence of corrector 207;  Fig. 6
is a block diagram of a hierarchical lossless encoding apparatus according
to a second embodiment of the present invention;  Fig. 7 is a block diagram
of a hierarchical lossless decoding  apparatus according to the second
embodiment of the present invention; 15 Fig. 8 is a block diagram of a
hierarchical lossless encoding  apparatus according to a third embodiment
of the present invention;  Fig. 9 is a block diagram of a hierarchical
lossless decoding  apparatus according to the third embodiment of the
present invention; and Fig. 10 is a flowchart of a processing sequence of
corrector 208.  20 BEST MODE FOR CARRYING OUT THE INVENTION  Embodiments of
the present invention will be described in detail  below with reference to
the drawings. Fig. 3 is a block diagram of  hierarchical lossless encoding
apparatus 1 according to a first embodiment 25 of the present invention,
and Fig. 4 is a block diagram of hierarchical lossless  decoding apparatus
2 according to the first embodiment of the present 5 II September 2006
invention. As shown in Fig. 3, hierarchical lossless encoding apparatus 1
comprises input terminal 100, low-bit-rate encoder 101, delay compensator
102, low-bit-rate decoder 103, lossless encoder 104, corrective information
5 extractor 107, adder ADD1, output terminals 105, 106, 108, and recording
medium K1. Hierarchical lossless encoding apparatus 1 according to the
present embodiment differs from the conventional apparatus shown in Fig. 1
in that corrective information extractor 107, output terminal 108, and  



recording medium K1 are added to the conventional apparatus. Recording 10
medium K1 comprises a disk, a semiconductor memory, or another recording
medium, and stores a program for enabling a computer to function as
hierarchical lossless encoding apparatus 1. The program is read by the
computer and controls its operation to realize low-bit-rate encoder 101,
delay  compensator 102, low-bit-rate decoder 103, lossless encoder 104,
corrective 15 information extractor 107, and adder ADD1 on the computer. As
shown in Fig. 4, hierarchical lossless decoding apparatus 2  comprises
input terminals 200, 202, 206, low-bit-rate decoder 201, lossless  decoder
203, corrector 207, adder ADD2, output terminals 204; 205, and  recording
medium K2. Hierarchical lossless decoding apparatus 2 according 20 to the
present embodiment differs from the conventional apparatus shown in  Fig. 2
in that corrector 207, input terminal 206, and recording medium K2  added
to the conventional apparatus. Recording medium K1 comprises a  disk, a
semiconductor memory, or another recording medium, and stores a  program
for enabling a computer to function as hierarchical lossless 25 decoding
apparatus 2. The program is read by the computer and controls its
operation to realize low-bit-rate decoder 201, lossless decoder 203,
corrector  6 11 September 2006  207, and adder ADD2 on the computer.
Operation of the present embodiment will be described below.  Corrective
information extractor 107 in hierarchical lossless encoding  apparatus 1
extracts corrective information rx in view of a maximum error of 5
low-bit-rate decoder 103 from a low-bit-rate decoded signal that has been
calculated by low-bit-rate decoder 103 in the same manner as heretofore,
and outputs corrective information rx to output terminal 108. Corrective  



information rx may employ a value represented by low-order M bits of a
sampled value of a low-bit-rate decoded signal. If the absolute value of 10
maximum errors of a low-bit-rate decoded signal in the encoding apparatus
and a low-bit-rate decoded signal in the decoding apparatus is represented
by E, then M satisfies the following formula: 2E + 1 5 2m ...(1) If the bit
width of the sampled value of the low-bit-rate decoded signal  15 is N
bits, then 0 < M < N. Though the absolute value E of maximum errors is
preset in the present embodiment, the absolute value E may be variable
depending on the amplitude of the input signal. If the absolute value E is
variable, then the setting information of the absolute value needs to be
indicated to the decoding apparatus through a transmitting means or a 20
recording medium. The number M of bits of corrective information rx can be
smaller as E is smaller as can be understood from the formula (1).
Therefore, the number of transmitted bits can be reduced by making E
variable depending on the amplitude of the input signal and transmitting
corrective information rx having the number of bits depending on E to the
25 decoding apparatus. Low-bit-rate encoded data, lossless encoded data,
and  corrective information rx that are output from respective output
terminals 7 11 September 2006  105, 106, 108 of hierarchical lossless
encoding apparatus 1 are inputted  respectively to input terminals 200,
202, 206 of hierarchical lossless decoding apparatus 2. Corrector 207 of
hierarchical lossless decoding apparatus 2 corrects a  5 low-bit-rate
decoded signal calculated by low-bit-rate decoder 201 in the  same manner
as heretofore, based on corrective information rx inputted from  



input terminal 206, and outputs the corrected low-bit-rate decoded signal.
The corrected low-bit-rate decoded signal and a differential signal
calculated  by lossless decoder in the same manner as heretofore are added
to each 10 other by adder ADD2, and the sum is output as a lossless
reproduced signal  to output terminal 205. Corrector 207 operates per
sample of the low-bit-rate  decoded signal. An example of operation of
corrector 207 will be described  in detail below with reference to a
flowchart shown in Fig. 5. As an initial setting, mt is calculated using
the low-order bit number M  15 according to the following equation (2)
(step Al): mt = 2M ...(2) Value xhigh represented by high-order (N-M) bits
of input value x and  value xlow represented by low-order M bits of input
value x are calculated  according to the following equations (3), (4) (step
A2): 20 xhigh = x & mhigh ...(3)  xlow = x & mlow ...(4) where the symbol
"&" represents a logical product for bits. mhigh and mlow  are mask
patterns, and calculated according to the following equations (5),  (6): 25
mhigh = - mt ...(5) mlow = mt - 1 ...(6)  8 11 September 2006  Value xlow
of low-order M bits of the low-bit-rate decoded signal output from
low-bit-rate decoder 201 and corrective information rx inputted  from input
terminal 206 are compared with each other to check if the  inequality (7)
shown below is satisfied or not (step A3). Specifically, in step 5 A3, it
is checked whether or not a carry occurs on the low-order (M+1)th bit  



of the low-bit-rate decoded signal due to an error. xlow + E < rx ...(7) If
the inequality (7) is satisfied (Yes in step A3), then it is judged that a
carry occurs on the low-order (M+1)th bit due to an error, and output value
y  10 is calculated according to the following equation (8) (step A5): y =
(xhigh - mt)Jrx .10) where the symbol "I" represents a logical sum for
bits. According to the  equation (8), the effect of the carry occurring on
the low-order (M+1)th bit is  eliminated by xhigh - mt, and the low-order M
bits are set to rx, making 15 output value y identical to the low-bit-rate
decoded signal in the encoding  apparatus. If the inequality (7) is not
satisfied (No in step A3), then it is checked  whether the inequality (9)
shown below is satisfied or not (step A4).  Specifically, in step A4, it is
checked whether or not a borrow occurs on the  20 low-order (M+1)th bit due
to an error. rx<xlow - E ...(9) If the inequality (9) is satisfied (Yes in
step A4), then it is judged that a  borrow occurs on the low-order (M+1)th
bit due to an error, and output value  y is calculated according to the
following equation (10) (step A7): 25 y = (xhigh + mt)Jrx ... (10)
According to the equation (10), the effect of the borrow occurring on  9 11
September 2006  the low-order (M+1)th bit is eliminated by xhigh + mt, and
the low-order M bits are set to rx, making output value y identical to the
low-bit-rate decoded  signal in the encoding apparatus. If the inequality
(9) is not satisfied (No in step A4), then it is judged 



5 that neither carry nor borrow occurs on the low-order (M+1)th bit, and
output  value y is calculated according to the following equation (11)
(step A6): y = xhighlrx ...(11) According to the equation (11), the
low-order M bits of the low-bit-rate  decoded signal are set to corrective
information rx, making output value y 10 identical to the low-bit-rate
decoded signal in the encoding apparatus.  Output value y thus calculated
is inputted to one of the input terminals of  adder ADD2. Operation of
corrector 207 has been described above with  reference to Fig. 5. Using
numerical examples of the above correcting process will be 15 described
below in relation to corrections according to the equations (8) and  (10).
If N = 16, M = 3, E = 2, for example, then xlow ranges from 0 to 7, and  rx
can take 5 (= 2E + 1) types of values shown in the following table: 10 11
September 2006  xlow rx 0 0,1,2,6,7  1 0,1,2,3,7  2 0,1,2,3,4  3 1,2,3,4,5
4 2,3,4,5,6  5 3,4,5,6,7  6 0,4,5,6,7  7 0,1,5,6,7 For any of combinations
of xlow and rx in the above table satisfy the  5 inequality (7) or (9),
e.g., for xlow = 0, rx = 6 or xlow = 7, rx = 1, the high- order (N-M) bit
value xhigh of the low-bit-rate decoded signal in the decoding  



apparatus is not identical to the high-order (N-M) bit value of the
low-bit-rate  decoded signal in the encoding apparatus due to the effect of
an error  E. In order to correct the error, the high-order (N-M) bit value
xhigh needs to be  10 corrected (xhigh-mt, xhigh+m) according to the
equation (8) or the equation  (10). Since corrective information rx
represents the low-order M bit value of  the low-bit-rate decoded signal in
the encoding apparatus and the corrected  high-order (N-M) bit value is the
same as the high-order (N-M) bit value of  the low-bit-rate decoded signal
in the encoding apparatus, a signal which is 15 the same as the
low-bit-rate decoded signal in the encoding apparatus can  be reproduced in
the decoding apparatus, using corrective information and  11 11 September
2006  the corrected high-order (N-M) bit value. Accordingly, even when the
processing accuracy in the low-bit-rate decoder in the encoding apparatus
and the processing accuracy in the low-bit-rate decoder in the decoding
apparatus are different from each other, the present correcting process 5
makes the low-bit-rate decoded signals in the encoding apparatus and the
decoding apparatus identical to each other, thus making the lossless
reproduced signal identical to the input signal. Another embodiment of the
present invention will be described below  with reference to Figs. 6 and 7.
Fig. 6 is a block diagram of a hierarchical  10 lossless encoding apparatus
according to a second embodiment of the present invention, and Fig. 7 is a
block diagram of a hierarchical lossless  decoding apparatus according to
the second embodiment of the present  invention. Hierarchical lossless
encoding apparatus 1 a shown in Fig. 6 differs  15 from hierarchical
lossless encoding apparatus 1 shown in Fig. 3 in that the  



input applied to corrective information extractor 107 is a delayed input
signal  output from delay compensator 102 and recording medium K1 a is
employed  instead of recording medium K1. Recording medium K1 a stores a
program  for enabling a computer to function as hierarchical lossless
encoding 20 apparatus 1 a. The program is read by the computer and controls
its  operation to realize low-bit-rate encoder 101, delay compensator 102,
low- bit-rate decoder 103, lossless encoder 104, corrective information
extractor  107, and adder ADD1 on the computer. Hierarchical lossless
decoding apparatus 2a shown in Fig. 7 differs  25 from hierarchical
lossless decoding apparatus 2 shown in Fig. 4 in that the  input applied to
corrector 207 is an output from adder ADD2a which adds the 12 11 September
2006  output of low-bit-rate decoder 201 and the output of lossless decoder
203 to  each other, and recording medium K2a is employed instead of
recording  medium K2. Recording medium K2a stores a program for enabling a
computer to function as hierarchical lossless decoding apparatus 2a. The 5
program is read by the computer and controls its operation to realize
low-bit- rate decoder 201, lossless decoder 203, corrector 207, and adder
ADD2a on  the computer. In hierarchical lossless encoding apparatus 1 a,
corrective information  extractor 107 has it input supplied as a delayed
input signal calculated by  10 delay compensator 102. Corrective
information extractor 107 extracts corrective information (e.g., a value
represented by the low-order M bits of  the delayed input signal) from the
delayed input signal in view of a maximum  error that can occur in the
low-bit-rate decoded signal calculated by low-bit- rate decoder 103, and
outputs the corrective information to output terminal  



15. 108. In hierarchical lossless decoding apparatus 2a, corrector 207
corrects  a lossless reproduced signal, which is produced by adding the
low-bit-rate  decoded signal calculated by low-bit-rate decoder 201 and the
differential  signal calculated by lossless decoder 203, using corrective
information 20 supplied through input terminal 206, in the same manner as
with the first  embodiment, and outputs the corrected lossless reproduced
signal. Since  the error in the low-bit-rate decoded signal is the same as
the error in the  lossless reproduced signal, the lossless reproduced
signal becomes identical  to the input signal when the lossless reproduced
signal is corrected. The 25 second embodiment has been described above. A
third embodiment of the present invention will be described in detail  13
11 September 2006  below. Fig. 8 is a block diagram of hierarchical
lossless encoding apparatus 1 b according to a third embodiment of the
present invention, and Fig. 9 is a  block diagram of hierarchical lossless
decoding apparatus 2b according to  the third embodiment of the present
invention. 5 Hierarchical lossless encoding apparatus 1 b shown in Fig. 8
differs  from hierarchical lossless encoding apparatus 1 shown in Fig. 3 in
that it has  corrector 110, recording medium K1 b is employed instead of
recording  medium K1, corrective information extractor 109 is employed
instead of  corrective information extractor 107, and adder ADD1 b is
employed instead 10 of adder 1. Recording medium K1 b stores a program for
enabling a  computer to function as hierarchical lossless encoding
apparatus 1 b. The  program is read by the computer and controls its
operation to realize low-bit- rate encoder 101, delay compensator 102,
low-bit-rate decoder 103, lossless  



encoder 104, corrective information extractor 109, corrector 110, and adder
15 ADD1 b on the computer. Hierarchical lossless decoding apparatus 2b
shown in Fig. 9 differs  from hierarchical lossless decoding apparatus 2
shown in Fig. 4 in that  corrector 208 is employed instead of corrector 207
and recording medium  K2b is employed. instead of recording medium K2.
Recording medium K2b 20 stores a program for enabling a computer to
function as hierarchical lossless  decoding apparatus 2b. The program is
read by the computer and controls  its operation to realize low-bit-rate
decoder 201, lossless decoder 203,  corrector 208, and adder ADD2a on the
computer. In hierarchical lossless, encoding apparatus 1 b, corrective
information  25 extractor 109 extracts corrective information expressed by
a single bit in view  of a maximum error from the low-bit-rate decoded
signal calculated by the 14 11 September 2006  low-bit-rate decoder 103 in
the same manner as with the above embodiments, and outputs single-bit
corrective information rb to output  terminal 108. Single-bit corrective
information rb may be, for example, a  value represented by the single Mth
bit counted from the low-order bit of a 5 sampled value of the low-bit-rate
decoded signal. The low-order bit  comprises the first bit. M satisfies the
above formula (1). Corrector 110 corrects the low-order M bits of the
low-bit-rate  decoded signal output from low-bit-rate decoder 103 by
applying a 0 mask  thereto, and outputs the corrected low-bit-rate decoded
signal. 10 Adder ADD1 b outputs a differential signal representing the
difference  between the delayed input signal and the corrected low-bit-rate
decoded  signal. The output differential signal is encoded by lossless
encoder 104,  



which outputs lossless encoded data to output terminal 106. In hierarchical
lossless decoding apparatus 2b, corrector 208 corrects  15 the low-bit-rate
decoded signal calculated by the low-bit-rate decoder 201 in  the same
manner as with the above embodiments, based on single-bit  corrective
information rb, and outputs the corrected low-bit-rate decoded  signal. The
corrected low-bit-rate decoded signal is added to a differential  signal
calculated by lossless decoder 203 in the same manner as with the 20 above
embodiments, and outputs the sum signal as a lossless reproduced  signal to
output terminal 205. An example of operation of corrector 208 will be
described in detail  below with reference to a flowchart shown in Fig. 10.
As initial settings,  25 mt = 2M, t1=E-1, and 15 I 1 September 2006  th=mt-
E are calculated using the low-order bit number M and the maximum error E
(step 61). Value xhigh represented by high-order (N-M) bits of input value
x and  5 value xlow represented by low-order M bits of input value x are
calculated in  the same manner as in step A2 in the above embodiments (step
62). Then, value xlow represented by low-order M bits is compared with
threshold value t1 to check if the inequality (12) shown below is satisfied
or  not (step 83). Specifically, it is checked whether or not a carry
occurs on the  10 low-order (M+1)th bit due to an error. tl < xlow ... (12)



If the inequality (12) is not satisfied, then since there is a possibility
that a carry occurs on the low-order (M+1)th bit, it is checked whether
single- bit corrective information rb is an upper limit ("1 ") or not (step
B5). 15 If single-bit corrective information rb is "1" (Yes in step 65),
then it is  judged that a carry occurs on the low-order (M+1)th bit, and
output value y is  calculated according to the equation (13) shown below
(step 87).  Specifically, in step B7, the effect of the carry due to an
error is eliminated. y =xhigh - mt ... (13) 20 If single-bit corrective
information rb is "0" (No in step 65), then it is  judged that neither
carry nor borrow occurs on the low-order (M+1)th bit, and  output value y
is calculated according to the equation (14) shown below  (step 68).
Specifically, in step B8, a signal produced by setting all the low- order M
bits of the low-bit-rate decoded signal output from low-bit-rate 25 decoder
201 to "0" is output. y = xhigh ...(14)  16 11 September 2006  If the
answer to step B3 is Yes, then it is checked whether the inequality (15)
shown below is satisfied or not (step 134). That is, it is  checked whether
or not there is a possibility that a borrow occurs on the low- order
(M+1)th bit due to an error. 5 xlow<th ...(15)  If the inequality (15) is
not satisfied, then since there is a possibility  that a borrow occurs on
the low-order (M+1)th bit, it is checked whether  single-bit corrective
information rb is a lower limit ("0") or not (step 66). If single-bit
corrective information rb is "0"), then it is judged that a  10 borrow
occurs, and output value y is calculated according to the equation  



(16) shown below (step 69). Specifically, in step B9, the effect of the
borrow  is eliminated. y = xhigh + mt ... (16) If single-bit corrective
information rb is "1 " (No in step 66), then it is  15 judged that neither
carry nor borrow occurs on the low-order (M+1)th bit, and  output value y
is calculated according to the equation (14) (step 68).  Operation of
corrector 208 has been described above with. reference to Fig.  10. In
steps BY, B9, xhigh is corrected for the reasons that as with the first  20
and second embodiments, the high-order (N-M) bit value xhigh of the
corrected low-bit-rate decoded signal in the decoding apparatus is not
identical to the high-order (N-M) bit value xhigh of the corrected
low-bit-rate  decoded signal in the encoding apparatus due to the effect of
an error  E.  According to the present correcting process, the corrected
low-bit-rate 25 decoded signals in the encoding apparatus and the decoding
apparatus are  made identical to each other, thus making the lossless
reproduced signal  17 11 September 2006  identical to the input signal. The
number of bits of corrective information rx in the first and second
embodiments, varies depending on maximum error E. According to the third
embodiment, the number of bits of corrective information rx is 1 at all
times 5 independently of maximum error E, and hence the number of bits
required  for transmitting the corrective information is reduced. According
to the present invention, as described in detail above, the  corrective
information extractor in the encoding apparatus extracts corrective
information in view of a maximum error that can occur in the low-bit-rate 



10 decoder from the low-bit-rate decoded signal, and the corrector in the
decoding apparatus corrects the low-bit-rate decoded signal based on the
corrective information. Therefore, the low-bit-rate decoded signal in the
encoding apparatus and the low-bit-rate decoded signal in the decoding
apparatus are made identical to each other, thus making the lossless 15
reproduced signal identical to the input signal.  18 11 September 2006
SCOPE OF CLAIMS 1. A hierarchical lossless encoding and decoding method
comprising the steps of: in an encoding apparatus, 5 encoding an input
signal into low-bit-rate encoded data and  transmitting the low-bit-rate
encoded data to a decoding apparatus;  encoding a differential signal
between a low-bit-rate decoded signal produced by decoding said
low-bit-rate encoded data and said input  signal, into lossless encoded
data, and transmitting the lossless encoded  10 data to the decoding
apparatus; and extracting corrective information from said low-bit-rate
decoded  signal and transmitting the corrective information to the decoding
apparatus;  in the decoding apparatus, decoding the low-bit-rate encoded
data transmitted from the  15 encoding apparatus into a low-bit-rate
decoded signal; decoding the lossless encoded data transmitted from the
encoding apparatus into a differential signal; and correcting said
low-bit-rate decoded signal based on the  corrective information
transmitted from said encoding apparatus, and adding  



20 the corrected low-bit-rate decoded signal and said differential signal
into a  lossless reproduced signal. 2. A hierarchical lossless encoding and
decoding method  according to claim 1, wherein.the corrective information
extracted from said  25 low-bit-rate decoded signal represents low-order M
bits of said low-bit-rate decoded signal, and said step of correcting said
low-bit-rate decoded signal  19 11 September 2006  comprises the steps of:
determining whether a carry or a borrow occurs on a low-order  (M+1)th bit
of said low-bit-rate decoded signal based on said corrective  information
and said low-bit-rate decoded signal; 5 if a carry occurs, subtracting "1"
from the low-order (M+1)th bit  of said low-bit-rate decoded signal and
replacing the low-order M bits with  said corrective information; if a
borrow occurs, adding "1" to the low-order (M+1)th bit of  said
low-bit-rate decoded signal and replacing the low-order M bits with said
10 corrective information; and if neither carry nor borrow occurs,
replacing the low-order M  bits of said low-bit-rate decoded signal with
said corrective information. 3. A hierarchical lossless encoding and
decoding method  15 comprising the steps of: in an encoding apparatus,
encoding an input signal into low-bit-rate encoded data and  transmitting
the low-bit-rate encoded data to a decoding apparatus;  encoding a
differential signal between a low-bit-rate decoded 20 signal produced by
decoding said low-bit-rate encoded data and said input  



signal, into lossless encoded data, and transmitting the lossless encoded
data to the decoding apparatus; and extracting corrective information from
said input signal and  transmitting the corrective information to the
decoding apparatus; 25 in the decoding apparatus, decoding the low-bit-rate
encoded data transmitted from. the  20 11 September 2006  encoding
apparatus into a low-bit-rate decoded signal; decoding the lossless encoded
data transmitted from the  encoding apparatus into a differential signal;
adding said low-bit-rate decoded signal and said differential  5 signal
into a lossless reproduced signal; and correcting said lossless reproduced
signal based on said  corrective information. 4. A hierarchical lossless
encoding and decoding method 10 according to claim 3, wherein the
corrective information extracted from said  input signal represents
low-order M bits of said input signal, and said step of  correcting said
lossless reproduced signal comprises the steps of: determining whether a
carry or a borrow occurs on a low-order  (M+1)th bit of said lossless
reproduced signal based on said corrective 15 information and said lossless
reproduced signal; if a carry occurs, subtracting "1" from the low-order
(M+1)th bit  of said lossless reproduced signal and replacing the low-order
M bits with  said corrective information; if a borrow occurs, adding "1 "
to the low-order (M+1)th bit of  20 said lossless reproduced signal and
replacing the low-order M bits with said  



corrective information; and if neither carry nor borrow occurs, replacing
the low-order M  bits of said lossless reproduced signal with said
corrective information. 25 5. A hierarchical lossless encoding and decoding
method  comprising the steps of: 21 11 September 2006  in an encoding
apparatus, encoding an input signal into low-bit-rate encoded data and
transmitting the low-bit-rate encoded data to a decoding apparatus;
decoding said low-bit-rate encoded data into a low-bit-rate 5 decoded
signal, extracting corrective information from said low-bit-rate  decoded
signal, and transmitting the corrective information to the decoding
apparatus; and encoding a differential signal between a corrected
low-bit-rate  decoded signal produced by correcting said low-bit-rate
decoded signal and  10 said input signal, into lossless encoded data, and
transmitting the lossless  encoded data to the decoding apparatus; in the
decoding apparatus, decoding the low-bit-rate encoded data transmitted from
the  encoding apparatus into a low-bit-rate decoded signal; 15 decoding the
lossless encoded data transmitted from the  encoding apparatus into a
differential signal; and correcting said low-bit-rate decoded signal based
on said  corrective information, and adding the corrected low-bit-rate
decoded signal  to said differential signal. 20 



6. A hierarchical lossless encoding and decoding method  according to claim
5, wherein the corrective information extracted from said  low-bit-rate
decoded signal represents low-order M bits of said low-bit-rate  decoded
signal, said low-bit-rate decoded signal is corrected in said 25 encoding
apparatus by: applying a 0 mask to the low-order M bits;  22 11 September
2006  and said step of correcting said low-bit-rate decoded signal in said
decoding  apparatus comprises the steps of: determining whether a carry or
a borrow occurs on a low-order  (M+1)th bit of said low-bit-rate decoded
signal based on said corrective 5 information and said low-bit-rate decoded
signal; if a carry occurs, subtracting "1" from the low-order (M+1)th bit
of said low-bit-rate decoded signal and setting all the low-order M bits to
"0";  if a borrow occurs, adding "1" to the low-order (M+1)th bit of said
low-bit-rate decoded signal and setting all the low-order M bits to "0";
10 and if neither carry nor borrow occurs, setting all the low-order M
bits of said low-bit-rate decoded signal to "0". 7. A hierarchical lossless
encoding method comprising the steps  15 of: encoding an input signal into
low-bit-rate encoded data;  decoding said low-bit-rate encoded data into a
low-bit-rate  decoded signal; encoding a differential signal between said
low-bit-rate  20 decoded signal and said input signal into lossless encoded
data; and  



extracting corrective information from said low-bit-rate decoded signal. 8.
A hierarchical lossless encoding method comprising the steps  25 of:
encoding an input signal into low-bit-rate encoded data;  23 11 September
2006  decoding said low-bit-rate encoded data into a low-bit-rate  decoded
signal; encoding a differential signal between said low-bit-rate  decoded
signal and said input signal into lossless encoded data; and  5 extracting
corrective information from said input signal. 9. A hierarchical lossless
encoding method comprising the steps  of: encoding an input signal into
low-bit-rate encoded data;  10 decoding said low-bit-rate encoded data into
a low-bit-rate  decoded signal; extracting corrective information from said
low-bit-rate decoded  signal; and encoding a differential signal between a
corrected low-bit-rate  15 decoded signal produced by correcting said
low-bit-rate decoded signal and  said input signal, into lossless encoded
data. 10. A hierarchical Iossless decoding method comprising the steps  of:
20 inputting hierarchical lossless encoded data comprising low-bit- rate
encoded data, lossless encoded data, and corrective information;  decoding
said low-bit-rate encoded data into a low-bit-rate  



decoded signal; decoding said lossless encoded data into a differential
signal;  25 and correcting said low-bit-rate decoded signal based on said
24 11 September 2006  corrective information, and thereafter adding the
corrected low-bit-rate  decoded signal and said differential signal into a
lossless reproduced signal. 11. A hierarchical lossless decoding method
comprising the steps  5 of: inputting hierarchical lossless encoded data
comprising low-bit- rate encoded data, lossless encoded data, and
corrective information;  decoding said low-bit-rate encoded data into a
low-bit-rate  decoded signal; 10 decoding said lossless encoded data into a
differential signal;  adding said low-bit-rate decoded signal and said
differential  signal into a lossless reproduced signal; and correcting said
lossless reproduced signal based on said  corrective information. 15 12. A
hierarchical lossless encoding and decoding apparatus  comprising an
encoding apparatus and a decoding apparatus, said encoding  apparatus
comprising: a low-bit-rate encoder for encoding an input signal into
low-bit- 20 rate encoded data and transmitting the low-bit-rate encoded
data to the  decoding apparatus; a low-bit-rate decoder for decoding said
low-bit-rate encoded  



data into a low-bit-rate decoded signal and outputting the low-bit-rate
decoded signal; 25 a lossless encoder for encoding a differential signal
between  the low-bit-rate decoded signal output from said low-bit-rate
decoder and  25 11 September 2006  said input signal, into lossless encoded
data, and transmitting the lossless  encoded data to the decoding
apparatus; and a corrective information extractor for extracting corrective
information from said low-bit-rate decoded signal and transmitting the  5
corrective information to the decoding apparatus; said decoding apparatus
comprising: a low-bit-rate decoder for decoding the low-bit-rate encoded
data transmitted from said encoding apparatus into a low-bit-rate decoded
signal; 10 a lossless decoder for decoding the lossless encoded data
transmitted from said encoding apparatus into a differential signal; a
corrector for correcting said low-bit-rate decoded signal  based on the
corrective information transmitted from said encoding  apparatus; and 15 an
adder for adding the low-bit-rate decoded signal corrected  by said
corrector and said differential signal into a lossless reproduced  signal.
13. A hierarchical lossless encoding and decoding apparatus 20 comprising
an encoding apparatus and a decoding apparatus, said encoding  apparatus
comprising:  a low-bit-rate encoder for encoding an input signal into
low-bit- 



rate encoded data and transmitting the low-bit-rate encoded data to the
decoding apparatus; 25 a low-bit-rate decoder for decoding said
low-bit-rate encoded  data into a low-bit-rate decoded signal and
outputting the low-bit-rate 26 11 September 2006  decoded signal; a
lossless encoder for encoding a differential signal between  the
low-bit-rate decoded signal output from said low-bit-rate decoder and  said
input signal, into lossless encoded data, and transmitting the lossless  5
encoded data to the decoding apparatus; and a corrective information
extractor for extracting corrective  information from said input signal and
transmitting the corrective information  to the decoding apparatus; said
decoding apparatus comprising: 10 a low-bit-rate decoder for decoding the
low-bit-rate encoded  data transmitted from said encoding apparatus into a
low-bit-rate decoded  signal; a lossless decoder for decoding the lossless
encoded data  transmitted from said encoding apparatus into a differential
signal; 15 an adder for adding said low-bit-rate decoded signal and said
differential signal into a lossless reproduced signal; and a corrector for
correcting said lossless reproduced signal  based on said corrective
information. 20 14. A hierarchical lossless encoding and decoding apparatus
comprising an encoding apparatus and a decoding apparatus, said encoding
apparatus comprising: 



a low-bit-rate encoder for encoding an input signal into low-bit- rate
encoded data and transmitting the low-bit-rate encoded data to the 25
decoding apparatus; a low-bit-rate decoder for decoding said low-bit-rate
encoded  27 11 September 2006  data into a low-bit-rate decoded signal; a
corrective information extractor for extracting corrective  information
from said low-bit-rate decoded signal and transmitting the  corrective
information to the decoding apparatus; and 5 a lossless encoder for
encoding a differential signal between a  corrected low-bit-rate decoded
signal produced by correcting the low-bit-rate  decoded signal and said
input signal, into lossless encoded data, and transmitting the lossless
encoded data to the decoding apparatus; and  said decoding apparatus
comprising: 10 a low-bit-rate decoder for decoding the low-bit-rate encoded
data transmitted from said encoding apparatus into a low-bit-rate decoded
signal; a lossless decoder for decoding the lossless encoded data
transmitted from said encoding apparatus into a differential signal; and
15 a corrector for correcting said low-bit-rate decoded signal based on
said corrective information, and adding the corrected low-bit-rate  decoded
signal to said differential signal. 15. A hierarchical lossless encoding
apparatus comprising: 20 a low-bit-rate encoder for encoding an input
signal into low-bit- rate encoded data; a low-bit-rate decoder for decoding
said low-bit-rate encoded  



data into a low-bit-rate decoded signal; a lossless encoder for encoding a
differential signal between  25 the low-bit-rate decoded signal and said
input signal, into lossless encoded  data; and 28 11 September 2006  a
corrective information extractor for extracting corrective information from
said low-bit-rate decoded signal. 16. A hierarchical lossless encoding
apparatus comprising: 5 a low-bit-rate encoder for encoding an input signal
into low-bit- rate encoded data; a low-bit-rate decoder for decoding said
low-bit-rate encoded  data into a low-bit-rate decoded signal; a lossless
encoder for encoding a differential signal between  10 the low-bit-rate
decoded signal and said input signal, into lossless encoded  data; and a
corrective information extractor for extracting corrective  information
from said input signal. 15 17. A hierarchical lossless encoding apparatus
comprising: a low-bit-rate encoder for encoding an input signal into
low-bit- rate encoded data; a low-bit-rate decoder for decoding said
low-bit-rate encoded  data into a low-bit-rate decoded signal; 20 a
corrective information extractor for extracting corrective  information
from said low-bit-rate decoded signal; a corrector for correcting said
low-bit-rate decoded signal and  outputting the corrected low-bit-rate
decoded signal; and 



a lossless encoder for encoding a differential signal between  25 the
corrected low-bit-rate decoded signal and said input signal, into lossless
encoded data. 29 11 September 2006  18. A hierarchical lossless decoding
apparatus comprising: a low-bit-rate decoder for decoding low-bit-rate
encoded data  into a low-bit-rate decoded signal; 5 a lossless decoder for
decoding lossless encoded data into a  differential signal; a corrector for
correcting said low-bit-rate decoded signal  based on corrective
information; and an adder for adding the low-bit-rate decoded signal
corrected  10 by said corrector and said differential signal into a
lossless reproduced  signal. 19. A hierarchical lossless decoding apparatus
comprising: a low-bit-rate decoder for decoding low-bit-rate encoded data
15 into a low-bit-rate decoded signal; a lossless decoder for decoding
lossless encoded data into a  differential signal; an adder for adding said
low-bit-rate decoded signal and said  differential signal into a lossless
reproduced signal; and 20 a corrector for correcting said lossless
reproduced signal  based on corrective information. 20. A hierarchical
lossless encoding apparatus having a program  for enabling a computer to
perform a process of: 25 encoding an input signal into low-bit-rate encoded
data;  



decoding said low-bit-rate encoded data into a low-bit-rate  30 11
September 2006  decoded signal; encoding a differential signal between said
low-bit-rate  decoded signal and said input signal into lossless encoded
data; and  extracting corrective information from said low-bit-rate decoded
5 signal. 21. A hierarchical lossless encoding apparatus having a program
for enabling a computer to perform a process of: encoding an input signal
into low-bit-rate encoded data;  10 decoding said low-bit-rate encoded data
into a low-bit-rate  decoded signal; encoding a differential signal between
said low-bit-rate  decoded signal and said input signal into lossless
encoded data; and  extracting corrective information from said input
signal.  15 22. A hierarchical lossless encoding apparatus having a program
for enabling a computer to perform a process of: encoding an input signal
into low-bit-rate encoded data;  decoding said low-bit-rate encoded data
into a low-bit-rate  20 decoded signal; extracting corrective information
from said low-bit-rate decoded  signal; and encoding a differential signal
between a corrected low-bit-rate  decoded signal produced by correcting
said low-bit-rate decoded signal and  25 said input signal, into lossless
encoded data. 



31 11 September 2006  23. A hierarchical lossless decoding apparatus having
a program for enabling a computer to perform a process of: inputting
hierarchical lossless encoded data comprising low-bit- rate encoded data,
lossless encoded data, and corrective information; 5 decoding said
low-bit-rate encoded data into a low-bit-rate  decoded signal; decoding
said lossless encoded data into a differential signal;  and correcting said
low-bit-rate decoded signal based on said  10 corrective information, and
thereafter adding the corrected low-bit-rate  decoded signal and said
differential signal into a lossless reproduced signal. 24. A hierarchical
lossless decoding apparatus having a program  for enabling a computer to
perform a process of: 15 inputting hierarchical lossless encoded data
comprising low-bit- rate encoded data, lossless encoded data, and
corrective information;  decoding said low-bit-rate encoded data into a
low-bit-rate  decoded signal; decoding said lossless encoded data into a
differential signal;  20 adding said low-bit-rate decoded signal and said
differential  signal into a lossless reproduced signal; and correcting said
lossless reproduced signal based on said  corrective information. 32 


