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Description
BACKGROUND OF THE INVENTION
Field Of The Invention

[0001] The presentinvention relates to a data compression apparatus, a data compression program, a data compres-
sion system, a data compression method, a data decompression apparatus, a data compression/decompression appa-
ratus, and the data structure of compressed data.

Description of the Background Art

[0002] Conventionally, there is an apparatus that, for example, divides input music data on the basis of frequency
ranges, and converts the divided signals into frequency domain data to encode it, thereby compressing the music data
(Japanese Unexamined Patent Application Publication No. 2008-107615, for example).

[0003] The conventional technique, however, divides a signal on the basis of fixed frequency ranges determined in
advance, and encodes the divided signals. Thus, there is room for improvement in, for example, the efficiency of data
compression.

SUMMARY OF THE INVENTION

[0004] Therefore, it is an object of the present invention to provide a data compression technique that can improve
the efficiency of data compression.

[0005] To achieve the above object, the present invention employs the following configurations.

[0006] The present invention is a data compression apparatus for compressing input compression target data to
generate compressed data. The data compression apparatus includes conversion means, block generation means, and
compressed data generation means. The conversion means converts the compression target data into a plurality of
pieces of frequency domain data. The block generation means generates a plurality of blocks by, on the basis of the
plurality of pieces of frequency domain data, dividing a data sequence in which the plurality of pieces of frequency domain
data are arranged into a plurality of blocks such that separation positions of the blocks are variable. The compressed
data generation means generates the compressed data by compressing, on a block basis, the pieces of frequency
domain data included in the blocks generated by the block generation means.

[0007] On the basis of the above, itis possible to generate blocks such that the separation positions of a data sequence
is variable, and compress the data on a block basis. This makes it possible to, for example, efficiently compress data.
[0008] In addition, in another configuration, the block generation means may generate the plurality of blocks on the
basis of the characteristics of the plurality of pieces of frequency domain data.

[0009] On the basis of the above, it is possible to generate a plurality of blocks on the basis of the characteristics of
a plurality of pieces of frequency domain data. Here, "generate a plurality of blocks on the basis of the characteristics
of a plurality of pieces of frequency domain data" means the generation of a plurality of blocks on the basis of the
properties of pieces of data obtained by reading the pieces of data, not the generation of a plurality of blocks with a
pattern determined in advance.

[0010] In addition, in another configuration, the block generation means may generate the plurality of blocks on the
basis of the characteristics of the plurality of pieces of frequency domain data with respect to a certain number of pieces
of the compression target data.

[0011] On the basis of the above, it is possible to generate a plurality of blocks on the basis of, with respect to a frame
including a certain number of pieces of compression target data, the characteristics of a plurality of pieces of frequency
domain data included in the frame. This makes it possible to vary the separation positions of the blocks depending on
the frame.

[0012] In addition, in another configuration, the block generation means may generate the plurality of blocks on the
basis of a similarity between the plurality of pieces of frequency domain data.

[0013] On the basis of the above, it is possible to generate a plurality of blocks on the basis of a similarity between a
pieces of data, and compress each block. Here, the similarity indicates that the pieces of data are similar from a certain
point of view, and indicates, for example, that the values of the pieces of data are the same or the difference between
the values is a predetermined value or less, or that the numbers of bits for representing the pieces of data are the same
or are in a predetermined range.

[0014] In addition, in another configuration, the block generation means may generate the plurality of blocks such that,
in the data sequence of the plurality of pieces of frequency domain data, a plurality of pieces of data having different
values but having a similarity are included in one of the blocks.
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[0015] On the basis of the above, it is possible to include pieces of data having different values but having a similarity
in the same block to generate the block.

[0016] Inaddition,in another configuration, the block generation means may categorize the pieces of frequency domain
data in accordance with values thereof, and may generate the plurality of blocks on the basis of the categories.

[0017] On the basis of the above, it is possible to categorize pieces of frequency domain data, and generate blocks
in accordance with the categories. This makes it possible to categorize pieces of data into some types, and generate
blocks on the basis of the types.

[0018] In addition, in another configuration, the block generation means may generate the plurality of blocks so as to
include any of the pieces of frequency domain data of the same category in the same block.

[0019] On the basis of the above, it is possible to include pieces of data belonging to the same category in one block.
This makes it possible to generate blocks more suitable for data compression, and compress the blocks.

[0020] In addition, in another configuration, even when one of the pieces of frequency domain data and one of the
blocks belong to different categories, if the piece of data and the block satisfy a predetermined condition, the block
generation means may include the piece of data in the block.

[0021] On the basis of the above, even when a piece of data and a block belong to different categories, if the piece
of data and the block satisfy a predetermined condition, it is possible to include the pieces of data in the block. This
makes it possible to, for example, prevent an increase in the number of blocks, and therefore prevent an increase in the
data size of the entire data when compressed. Here, the predetermined condition may be a condition determined taking
into account the case where the piece of data is included in the block and the case where the piece of data is not included
in the block.

[0022] In addition, in another configuration, the block generation means may generate the plurality of blocks on the
basis of a continuity between the plurality of pieces of frequency domain data when arranged.

[0023] On the basis of the above, it is possible to generate blocks on the basis of a continuity between pieces of data.
Here, the continuity between pieces of data may be, for example, the fact that the values of a piece of data and a piece
of data adjacent thereto or at a position in a predetermined range therefrom are continuous (the difference between the
pieces of data is a predetermined value or less).

[0024] In addition, in another configuration, the block generation means may generate the plurality of blocks on the
basis of the number of bits for representing each of the pieces of frequency domain data.

[0025] On the basis of the above, it is possible to generate blocks on the basis of the number of bits of each piece of
data. This makes it possible to generate blocks and compress data by a simple method.

[0026] In addition, in another configuration, the block generation means may assemble, in one of the blocks, any of
the pieces of frequency domain data having the same number of bits for representing each of the pieces of frequency
domain data. The compressed data generation means may compress the pieces of frequency domain data included in
each block by removing unnecessary bits so as to leave bits for representing each piece of data included in the block.
[0027] On the basis of the above, it is possible to efficiently compress data by a simple method such as assembling
pieces of data having the same number of bits, and removing unnecessary bits. Further, it is also possible to accurately
reconstruct data before being compressed.

[0028] In addition, in another configuration, even when one of the pieces of frequency domain data and one of the
blocks have different numbers of bits for representing each of the pieces of frequency domain data, if the piece of data
and the block satisfy a predetermined condition, the block generation means may include the piece of data in the block.
[0029] On the basis of the above, even when a piece of data and a block have different numbers of bits, if the pieces
of data and the block satisfy a predetermined condition, it is possible to include the pieces of data in the block. This
makes it possible to, for example, prevent an increase in the number of blocks, and therefore prevent an increase in the
data size of the entire data when compressed.

[0030] In addition, in another configuration, taking into account a size of the compressed data compressed when one
of the blocks is divided and the size of the compressed data compressed when the block is not divided, the block
generation means may determine whether or not the block is to be divided, and if the block generation means has
determined that the block is to be divided, the block generation means may divide the block.

[0031] On the basis of the above, it is possible to, taking into account the size of data when a block is divided and the
size of the data when the block is not divided, determine whether or not the block is to be divided. This makes it possible
to generate blocks by a manner of dividing a block that results in a small data size, and compress the blocks, which
makes it possible to increase the compression ratio.

[0032] In addition, in another configuration, if a size of the data sequence compressed when separated at a particular
position is smaller than the size of the data sequence compressed when separated at a position different from the
particular position, the block generation means may separate the data sequence at the particular position.

[0033] On the basis of the above, it is possible to generate blocks by separating data at a separation position that
results in a higher compression ratio when the data is compressed, and compress the blocks.

[0034] Inaddition, in another configuration, the block generation means may generate, on a block basis, decompression
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information used to decompress the blocks.

[0035] Onthebasisoftheabove, itis possible to generate decompression information on ablock basis, and decompress
each block using the decompression information.

[0036] In addition, in another configuration, the decompression information may be information common to the pieces
of frequency domain data included in each block.

[0037] On the basis of the above, it is possible to generate information common to pieces of data as decompression
information, and decompress the compressed data using the information.

[0038] In addition, in another configuration, the block generation means may generate the plurality of blocks on the
basis of a size of the decompression information.

[0039] On the basis of the above, it is possible to generate blocks, taking into account the size of decompression
information used to decompress compressed data.

[0040] In addition, in another configuration, if a size of one of the blocks when the block is not divided is larger than
a size of two blocks that are obtained by dividing the block and include the decompression information increased when
the block is divided, the block generation means may divide the block.

[0041] On the basis of the above, it is possible to, taking into account decompression information added when a block
is divided, determine whether or not the block is to be divided. This makes it possible to divide a block by a method that
results in a smaller size, which makes it possible to increase the compression ratio of the entire data.

[0042] In addition, in another configuration, the block generation means may divide the plurality of pieces of frequency
domain data into the plurality of blocks such that, if the plurality of pieces of frequency domain data are arranged in
accordance with frequencies thereof, separation positions of the frequencies are variable.

[0043] On the basis of the above, it is possible to generate variable blocks, instead of generating fixed blocks in
accordance with frequency ranges, and compress the blocks. This makes it possible to efficiently compress data.
[0044] In addition, in another configuration, the block generation means may include determination means and gen-
eration means. The determination means determines whether or not one of the pieces of frequency domain data arranged
in the data sequence is to be included in a current block. The generation means, if the determination means has
determined that the piece of frequency domain data is to be included in the current block, includes the piece of frequency
domain data in the current block, and, if the determination means has determined that the piece of frequency domain
data is not to be included in the current block, generates a subsequent block and includes the piece of frequency domain
data in the subsequent block.

[0045] On the basis of the above, it is possible to generate blocks by processing pieces of frequency domain data in
order.

[0046] Another example of the present invention is a data compression apparatus for compressing input compression
target data to generate compressed data, the data compression apparatus. The data compression apparatus includes
conversion means, block generation means, and compressed data generation means. The conversion means converts
the compression target data into a plurality of pieces of frequency domain data. The block generation means, on the
basis of characteristics of the plurality of pieces of frequency domain data, generates a plurality of blocks such that the
number of the pieces of frequency domain data included in each block is variable. The compressed data generation
means generates the compressed data by compressing, on a block basis, the pieces of frequency domain data included
in the blocks generated by the block generation means.

[0047] Another example of the present invention is a data decompression apparatus for decompressing compressed
data to generate decompressed data. The compressed data includes a plurality of blocks having a plurality of pieces of
compressed frequency domain data, and information for specifying the number of the pieces of compressed frequency
domain data included in each block. The data decompression apparatus includes extraction means and decompression
means. The extraction means extracts each block included in the compressed data. The decompression means, on the
basis of the information for specifying the number of the pieces of compressed frequency domain data included in the
block, decompresses the compressed data on a block basis to generate a plurality of pieces of frequency domain data,
to thereby generate the decompressed data.

[0048] Another example of the present invention is a data compression/decompression system for compressing input
data to generate compressed data and decompressing the compressed data, the data compression/decompression
system. The data compression/decompression system includes conversion means, block generation means, com-
pressed data generation means, extraction means, and decompression means. The conversion means converts the
input data into a plurality of pieces of frequency domain data. The block generation means generates a plurality of blocks
by, on the basis of the plurality of pieces of frequency domain data, dividing a data sequence in which the plurality of
pieces of frequency domain data are arranged into a plurality of blocks such that separation positions of the blocks are
variable. The compressed data generation means generates the compressed data by compressing, on a block basis,
the pieces of frequency domain data included in the blocks generated by the block generation means. The extraction
means extracts each block included in the compressed data. The decompression means decompresses the compressed
data by decompressing the compressed data on a block basis to generate the plurality of pieces of frequency domain data.
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[0049] Another example of the present invention is a data structure of compressed data obtained by compressing
compression target data. The compressed data includes a plurality of blocks. Each of the plurality of blocks includes a
region containing a plurality of pieces of compressed data, and a block header region containing information for decom-
pressing the pieces of compressed data.

[0050] The data structure may further include a frame header region including information for specifying information
regarding the block header region.

[0051] It should be noted that another example of the present invention may be a data compression program to be
executed by the data compression apparatus, or may be a data compression system including a plurality of apparatuses.
Alternatively, another example of the present invention may be a data compression method. Yet alternatively, another
example of the present invention may be a data decompression program to be executed by the data decompression
apparatus, or may be a data decompression system, or may be a data decompression method.

[0052] The presentinvention makes it possible to generate blocks such that the number of pieces of data included in
the blocks are variable, and compress the pieces of data on a block basis.

(Configuration B1 of Another Aspect)

[0053] Configuration B1 of another aspect is a data compression apparatus for compressing a plurality of pieces of
input data to generate compressed data, the data compression apparatus including:

block generation means for, on the basis of required numbers of bits indicating the numbers of bits required to
represent values of the pieces of input data, generating a plurality of blocks such that each of the plurality of pieces
of input data is included in any one of the plurality of blocks; and

data compression means for compressing, on a block basis, the pieces of input data included in the blocks generated
by the block generation means, thereby generating the compressed data.

(Configuration B2)

[0054] In the data compression apparatus according to configuration B1, the block generation means generates the
plurality of blocks by, on the basis of the required numbers of bits, separating a data sequence in which the plurality of
pieces of input data are arranged.

(Configuration B3)

[0055] In the data compression apparatus according to configuration B1 or B2, the data compression means com-
presses the pieces of input data included in each block by removing unnecessary bits so as to leave bits required to
represent the values of the pieces of input data included in the block.

(Configuration B4)

[0056] In the data compression apparatus according to any one of configurations B1 to B3, if the required numbers
of bits of adjacent pieces among the pieces of input data are the same, the block generation means includes the adjacent
pieces of input data in the same block.

(Configuration B5)

[0057] In the data compression apparatus according to configuration B4, even when the required numbers of bits of
adjacent pieces among the pieces of input data are different from each other, if the adjacent pieces of input data satisfy
a predetermined condition, the block generation means includes the adjacent pieces of input data in the same block.

(Configuration B6)

[0058] In the data compression apparatus according to any one of configurations B1 to B5, if a data size of the
compressed data compressed by including adjacent pieces among the pieces of input data in two different blocks is
smaller than the data size of the compressed data compressed by including the adjacent pieces of input data in one
block, the block generation means includes the adj acent pieces of input data in the two different blocks to generate two
blocks.
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(Configuration B7)

[0059] Inthe data compression apparatus according to any one of configurations B1 to B6, on the basis of the required
numbers of bits, the data compression means generates, on a block basis, decompression information used to decom-
press the compressed data, thereby generating the compressed data including the decompression information.

(Configuration B8)

[0060] In the data compression apparatus according to configuration B7, on the basis of the required numbers of bits,
the data compression means sets, as the decompression information, bit information indicating the number of bits of
each of the pieces of input data included in each block, and compresses the number of bits of each of the pieces of input
data included in the block to the number of bits indicated by the bit information, thereby generating the compressed data.

(Configuration B9)

[0061] In the data compression apparatus according to configuration B8, on the basis of a difference between the
required number of bits of one of the pieces of input data adjacent to one of the blocks and the number of bits indicated
by the bit information regarding the block, the block generation means determines whether the adjacent piece of input
data is to be included in the block to generate one block, or the adjacent piece of input data is to be included in a different
one of the blocks to generate two blocks.

(Configuration B10)

[0062] Inthedatacompressionapparatus accordingto configuration B9, onthe basis also of a size of the decompression
information, the block generation means determines whether the piece of input data adjacent to the block is to be included
in the block to generate one block, or the adjacent piece of input data is to be included in the different block to generate
two blocks.

(Configuration B11)

[0063] In the data compression apparatus according to configuration B10, when the required number of bits of the
adjacent piece of input data is greater than the number of bits indicated by the bit information regarding the block, if a
product of the difference and the number of pieces of input data included in the block is smaller than the size of the
decompression information, the block generation means includes the adjacent piece of input data in the block.

(Configuration B12)

[0064] In the data compression apparatus according to configuration B11, when the required number of bits of the
adjacent piece of input data is greater than the number of bits indicated by the bit information regarding the block, if the
adjacent piece of input data is to be included in the block, the block generation means increases the number of bits
indicated by the bit information regarding the block.

(Configuration B13)

[0065] Inthe data compression apparatus according to any one of configurations B9 to B12, when the required number
of bits of the adjacent piece of input data is smaller than the number of bits indicated by the bit information regarding
the block, if a product of the difference and the number of pieces of input data included in the different block is smaller
than the size of the decompression information, the block generation means includes the adjacent piece of input data
in the block.

(Configuration B14)
[0066] The data compression apparatus according to any one of configurations B1 to B13 further includes

number-of-bits reduction means for, before the data compression means compresses the pieces of input data, reducing
the numbers of bits of the plurality of pieces of input data to values determined in advance.
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(Configuration B15)

[0067] The data compression apparatus according to any one of configurations B1 to B14 further includes
logarithmic process means for logarithmically transforming original data to generate the pieces of input data, wherein
the block generation means generates a plurality of blocks such that each of the pieces of input data generated by the
logarithmic process means is included in any one of the plurality of blocks.

(Configuration B16)

[0068] In the data compression apparatus according to any one of configurations B1 to B15, the plurality of pieces of
input data are audio data obtained by performing analog-to-digital conversion on an audio signal.

(Configuration B17)

[0069] The data compression apparatus according to any one of configurations B1 to B16 further includes
conversion means for converting a plurality of pieces of time domain data obtained by sampling an audio signal with a
predetermined period, into a plurality of pieces of frequency domain data, wherein

the block generation means generates a plurality of blocks such that, as the plurality of pieces of input data, each of the
plurality of pieces of frequency domain data is included in any one of the plurality of blocks.

(Configuration B18)

[0070] A data decompression apparatus for decompressing decompression target data,

the decompression target data including a block including a plurality of pieces of compressed data, and information
indicating the number of bits of each of the pieces of compressed data included in the block, and

the data decompression apparatus including:

extraction means for, on the basis of the information indicating the number of bits of each of the pieces of compressed
data, extracting the plurality of pieces of compressed data included in the block; and
decompression means for decompressing the pieces of compressed data extracted by the extraction means.

(Configuration B19)

[0071] A data compression program to be executed by a computer of a data compression apparatus for compressing
a plurality of pieces of input data to generate compressed data, the data compression program causing the computer
to function as:

block generation means for, on the basis of required numbers of bits indicating the numbers of bits required to
represent values of the pieces of input data, generating a plurality of blocks such that each of the plurality of pieces
of input data is included in any one of the plurality of blocks; and

data compression means for compressing, on a block basis, the pieces of input data included in the blocks generated
by the block generation means, thereby generating the compressed data.

(Configuration B20)

[0072] A data compression system for compressing a plurality of pieces of input data to generate compressed data,
the data compression system including:

block generation means for, on the basis of required numbers of bits indicating the numbers of bits required to
represent values of the pieces of input data, generating a plurality of blocks such that each of the plurality of pieces
of input data is included in any one of the plurality of blocks; and

data compression means for compressing, on a block basis, the pieces of input data included in the blocks generated
by the block generation means, thereby generating the compressed data.

(Configuration B21)

[0073] A data compression method to be performed by a data compression system for compressing a plurality of
pieces of input data to generate compressed data, the data compression method including:



10

15

20

25

30

35

40

45

50

EP 2 693 431 A1

a block generation step of, on the basis of required numbers of bits indicating the numbers of bits required to
represent values of the pieces of input data, generating a plurality of blocks such that each of the plurality of pieces
of input data is included in any one of the plurality of blocks; and

a data compression step of compressing, on a block basis, the pieces of input data included in the blocks generated
in the block generation step, thereby generating the compressed data.

(Configuration B22)

[0074] A data decompression system for decompressing decompression target data,

the decompression target data including a block including a plurality of pieces of compressed data, and information
indicating the number of bits of each of the pieces of compressed data included in the block, and

the data decompression system including:

extraction means for, on the basis of the information indicating the number of bits of each of the pieces of compressed
data, extracting the plurality of pieces of compressed data included in the block; and
decompression means for decompressing the pieces of compressed data extracted by the extraction means.

(Configuration B23)

[0075] A data compression/decompression system for compressing a plurality of pieces of input data to generate
compressed data and decompressing the compressed data, the data compression/decompression system including:

block generation means for, on the basis of required numbers of bits indicating the numbers of bits required to
represent values of the pieces of input data, generating a plurality of blocks such that each of the plurality of pieces
of input data is included in any one of the plurality of blocks;

data compression means for compressing, on a block basis, the pieces of input data included in the blocks generated
by the block generation means and generating information indicating the number of bits of each of the pieces of
data included in the block, thereby generating the compressed data;

extraction means for, on the basis of the information indicating the number of bits of each of the pieces of data,
extracting the plurality of pieces of compressed data included in the block; and

decompression means for decompressing the pieces of compressed data extracted by the extraction means.

(Configuration C1 of Another Aspect)

[0076] Configuration C1 of another aspect is a data compression apparatus for compressing a data sequence including
a plurality of pieces of input data represented by a plurality of bits, to generate compressed data, the data compression
apparatus including:

block generation means for generating a plurality of blocks including the plurality of pieces of input data by separating
the data sequence; and

compressed data generation means for compressing, on a block basis, the pieces of input data included in the
blocks, thereby generating the compressed data,

the block generation means including:

determination means for making a division determination based on a size of the compressed data compressed
by including adj acent pieces among the pieces of input data in one block, and the size of the compressed data
compressed by dividing the adjacent pieces of input data into two blocks; and

processing means for: if the determination means has determined, as a result of the division determination, that
the adjacent pieces of input data are not to be divided, generating one block including the adjacent pieces of
input data; and if the determination means has determined that the adjacent pieces of input data are to be
divided, dividing the adjacent pieces of input data to generate two blocks.

(Configuration C2)

[0077] In the data compression apparatus according to configuration C1,
the determination means includes:

first determination means for determining whether or not the adjacent pieces of input data satisfy a first condition; and



10

15

20

25

30

35

40

45

50

55

EP 2 693 431 A1

second determination means for, if the first determination means has determined that the adjacent pieces of input
data do not satisfy the first condition, determining whether or not the adjacent pieces of input data satisfy a second
condition different from the first condition, and

the processing means:

if the first determination means has determined that the adjacent pieces of input data satisfy the first condition,
includes the adjacent pieces of input data in one block;

if the second determination means has determined that the adjacent pieces of input data satisfy the second condition,
divides the adjacent pieces of input data into two blocks; and

if the second determination means has determined that the adjacent pieces of input data do not satisfy the second
condition, includes the adjacent pieces of input data in one block.

(Configuration C3)

[0078] In the data compression apparatus according to configuration C1 or C2,
the determination means:

if values of the adjacent pieces of input data are equal, includes the adjacent pieces of input data in one block; and
even when the values of the adjacent pieces of input data are different from each other, if the adjacent pieces of
input data satisfy a predetermined condition, includes the adjacent pieces of input data in one block.

(Configuration C4)

[0079] In the data compression apparatus according to any one of configurations C1 to C3, the determination means
makes the division determination regarding any adjacent pieces among the pieces of input data in the data sequence.

(Configuration C5)

[0080] The data compression apparatus according to any one of configurations C1 to C4 further includes
decompression information generation means for generating, on a block basis, decompression information used to
decompress the compressed data included in the blocks, wherein

the determination means determines, on the basis of a size of the decompression information, whether or not the adjacent
pieces of input data are to be divided to generate two blocks.

(Configuration C6)

[0081] In the data compression apparatus according to configuration C5, if the size of the compressed data including
the decompression information when one block including the adjacent pieces of input data is generated is greater than
the size of the compressed data including the decompression information when two blocks are generated by dividing
the adjacentpieces ofinput data, the determination means divides the adjacent pieces of input data to generate two blocks.

(Configuration C7)

[0082] In the data compression apparatus according to any one of configurations C1 to C6, the determination means
determines, on the basis of the numbers of bits required to represent the values of the pieces of input data, whether or
not the adjacent pieces of input data are to be divided into two blocks.

(Configuration C8)

[0083] A data compression program to be executed by a computer of a data compression apparatus for compressing
a data sequence including a plurality of pieces of input data represented by a plurality of bits, to generate compressed
data, the data compression program causing the computer to function as:

block generation means for generating a plurality of blocks including the plurality of pieces of input data by separating
the data sequence; and

compressed data generation means for compressing, on a block basis, the pieces of input data included in the
blocks, thereby generating the compressed data,

the block generation means including:
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determination means for making a division determination based on a size of the compressed data compressed
by including adj acent pieces among the pieces of input data in one block, and the size of the compressed data
compressed by dividing the adjacent pieces of input data into two blocks; and

processing means for: if the determination means has determined, as a result of the division determination, that
the adjacent pieces of input data are not to be divided, generating one block including the adjacent pieces of
input data; and if the determination means has determined that the adjacent pieces of input data are to be
divided, dividing the adjacent pieces of input data to generate two blocks.

(Configuration C9)

[0084] A data compression system for compressing a data sequence including a plurality of pieces of input data
represented by a plurality of bits, to generate compressed data, the data compression system including:

block generation means for generating a plurality of blocks including the plurality of pieces of input data by separating
the data sequence; and

compressed data generation means for compressing, on a block basis, the pieces of input data included in the
blocks, thereby generating the compressed data,

the block generation means including:

determination means for making a division determination based on a size of the compressed data compressed
by including adjacent pieces among the pieces of input data in one block, and the size of the compressed data
compressed by dividing the adjacent pieces of input data into two blocks; and

processing means for: if the determination means has determined, as a result of the division determination, that
the adjacent pieces of input data are not to be divided, generating one block including the adjacent pieces of
input data; and if the determination means has determined that the adjacent pieces of input data are to be
divided, dividing the adjacent pieces of input data to generate two blocks.

(Configuration C10)

[0085] A datacompression method to be performed by a data compression apparatus for compressing a data sequence
including a plurality of pieces of input data represented by a plurality of bits, to generate compressed data, the data
compression apparatus including:

a block generation step of generating a plurality of blocks including the plurality of pieces of input data by separating
the data sequence; and

a compressed data generation step of compressing, on a block basis, the pieces of input data included in the blocks,
thereby generating the compressed data,

the block generation step including:

a determination step of making a division determination based on a size of the compressed data compressed
by including adjacent pieces among the pieces of input data in one block, and the size of the compressed data
compressed by dividing the adjacent pieces of input data into two blocks; and

aprocessing step of: if it has been determined, as a result of the division determination made in the determination
step, that the adjacent pieces of input data are not to be divided, generating one block including the adjacent
pieces of input data; and if it has been determined that the adjacent pieces of input data are to be divided,
dividing the adjacent pieces of input data to generate two blocks.

(Configuration D1 of Another Aspect)

[0086] A data structure of compressed data obtained by compressing compression target data,
the compressed data including a frame containing a frame header and a plurality of blocks,
each of the plurality of blocks including a plurality of pieces of compressed data and a block header used to decom-
press the pieces of compressed data, and

the frame header including block information, which is information regarding the block header and is common to
the plurality of block headers included in the frame.

10



10

15

20

25

30

35

40

45

50

55

EP 2 693 431 A1
(Configuration D2)

[0087] In the data structure of the compressed data according to configuration D1, the block information is information
regarding lengths of the plurality of block headers.

(Configuration D3)

[0088] In the data structure of the compressed data according to configuration D2, the block information is set to any
one of a plurality of values determined in advance, and the lengths of the plurality of block headers are determined in
accordance with the value set in the block information.

(Configuration D4)

[0089] In the data structure of the compressed data according to configuration D2 or D3, each of the plurality of blocks
is a variable-length block of which a length changes in accordance with the compression target data,

the block information is information for specifying lengths of predetermined regions of the plurality of block headers,

and

in each of the predetermined regions of the block headers, information for settling the length of the block is stored.
(Configuration D5)
[0090] Inthe data structure of the compressed data according to configuration D4, in each of the predetermined regions
of the block headers, information indicating the number of the plurality of pieces of compressed data included in the
block is stored.

(Configuration D6)

[0091] Inthe data structure of the compressed data according to any one of configurations D1 to D5, each of the block
headers includes information for extracting each of the plurality of pieces of compressed data included in the block.

(Configuration D7)

[0092] Inthe data structure of the compressed data according to any one of configurations D1 to D6, each of the block
headers includes bit information indicating the number of bits of each of the plurality of pieces of compressed data, and
each of the plurality of pieces of compressed data in the block is represented by the number of bits indicated by the bit
information.

(Configuration D8)

[0093] In the data structure of the compressed data according to any one of configurations D1 to D7, the frame
comprises a plurality of frames, the compressed data includes the plurality of frames, and the block information included
in the frame headers is set on a frame basis.

(Configuration D9)

[0094] In the data structure of the compressed data according to any one of configurations D1 to D8, the compressed
data is data obtained by compressing a sound.

(Configuration D10)

[0095] In the data structure of the compressed data according to configuration D9, the frame is data generated on the
basis of data obtained by sampling an audio signal with a predetermined period.

(Configuration D11)

[0096] A storage medium having stored therein the compressed data having the data structure according to any one
of configurations D1 to D10.
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(Configuration D12)

[0097] A data compression apparatus for generating compressed data obtained by compressing compression target
data, the data compression apparatus comprising:

block generation means for, on the basis of the compression target data, generating a plurality of blocks each
including a plurality of pieces of compressed data and a block header used to decompress the pieces of compressed
data;

frame header generation means for generating a frame header including block information, which is information
regarding the block header and is common to the plurality of block headers; and

frame generation means for generating as the compressed data a frame including the frame header and the plurality
of blocks.

(Configuration D13)

[0098] A data compression program to be executed by a computer of a data compression apparatus for generating
compressed data obtained by compressing compression target data, the data compression program causing the com-
puter to function as:

block generation means for, on the basis of the compression target data, generating a plurality of blocks each
including a plurality of pieces of compressed data and a block header used to decompress the pieces of compressed
data;

frame header generation means for generating a frame header including block information, which is information
regarding the block header and is common to the plurality of block headers; and

frame generation means for generating as the compressed data a frame including the frame header and the plurality
of blocks.

(Configuration D14)

[0099] A data compression system for generating compressed data obtained by compressing compression target
data, the data compression system comprising:

block generation means for, on the basis of the compression target data, generating a plurality of blocks each
including a plurality of pieces of compressed data and a block header used to decompress the pieces of compressed
data;

frame header generation means for generating a frame header including block information, which is information
regarding the block header and is common to the plurality of block headers; and

frame generation means for generating as the compressed data a frame including the frame header and the plurality
of blocks.

(Configuration D15)

[0100] A data compression method to be performed by a data compression system for generating compressed data
obtained by compressing compression target data, the data compression method comprising:

a block generation step of, on the basis of the compression target data, generating a plurality of blocks each including
a plurality of pieces of compressed data and a block header used to decompress the pieces of compressed data;
a frame header generation step of generating a frame header including block information, which is information
regarding the block header and is common to the plurality of block headers; and

a frame generation step of generating as the compressed data a frame including the frame header and the plurality
of blocks.

[0101] These and other objects, features, aspects and advantages of the present invention will become more apparent
fromthe following detailed description of the presentinvention when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0102]

12



10

15

20

25

30

35

40

45

50

55

EP 2 693 431 A1

FIG. 1is a block diagram showing an example of the functional configuration of a data compression/decompression
apparatus 10;

FIG. 2 is a diagram showing an example of an overview of an audio compression process according to an exemplary
embodiment;

FIG. 3is a diagram showing an example of a method of compressing blocks according to the exemplary embodiment;
FIG. 4 is a diagram showing an example of the data size when a block is not divided and the data size when the
block is divided;

FIG. 5 is a diagram showing an example of, when a sample data sequence is divided into three blocks, the data
sizes of the compressed data based on the differences in separation positions;

FIG. 6 is a main flow chart showing an example of the flow of an encoding process performed by an encoding section
13;

FIG. 7 is a flow chart showing an example of details of a number-of-bits reduction process on a frequency range
basis in step S108;

FIG. 8 is a flow chart showing an example of details of a block optimization process in step S109;

FIG. 9 is a flow chart showing an example of details of a division determination process in step S304;

FIG. 10 is a diagram showing an example of the waveform of an audio signal input to an input section 11;

FIG. 11 is a diagram showing an example of the waveform of the audio signal during a period of time T;

FIG. 12 is a diagram showing an example of the state where pieces of acquired time domain data are compressed;
FIG. 13 is a diagram showing an example of pieces of frequency domain data obtained by performing an MDCT;
FIG. 14 is a diagram illustrating an example of the separation into a sign data sequence and an absolute value data
sequence;

FIG. 15is adiagram illustrating an example of a number-of-bits reduction process (a change to a 5-bit representation)
in step S107;

FIG. 16 is a diagram showing an example of the definition of a frame according to the exemplary embodiment;
FIG. 17 is a diagram showing an example of the definition of a block according to the exemplary embodiment;
FIG. 18 is a diagram showing an example of an overview of the number-of-bits reduction process on a frequency
range basis;

FIG. 19 is a diagram showing an example of a change to a lower-bit representation using a first technique, and is
a diagram showing an example of the process of reducing the number of bits from 5 bits to 4 bits, using the first
technique;

FIG. 20 is a diagram showing an example of a change to a lower-bit representation using a second technique, and
is a diagram showing an example of the process of reducing the number of bits from 5 bits to 4 bits, using the second
technique;

FIG. 21 is a diagram showing an example of the values of a data sequence and the number of bits required to
represent the values;

FIG. 22 is a diagram showing an example of the state where, if the number of bits of i+1th piece of data and the
number of bits for the current block are the same as each other, the i+1th piece of data is included in the current block;
FIG. 23 is a diagram illustrating an example of the process of increasing the number of bits for the current block in
step S405;

FIG. 24 is a diagram illustrating an example of the basis for the calculation of the condition for the division when the
number of bits of the i+1th piece of data is greater than the number of bits for the current block;

FIG. 25 is a diagram illustrating an example of the basis for the calculation of the condition for the division when the
number of bits of the i+1th piece of data is smaller than the number of bits for the current block;

FIG. 26 is a diagram showing an example of the state where the number of pieces of data M in the subsequent
block is settled, and is a diagram showing an example of the state where the current block and the subsequent
block are divided from each other;

FIG. 27 is a diagram showing an example of the difference in data size based on the value set in a region FH2 of
a frame header FH; and

FIG. 28 is a flow chart showing an example of the flow of a decoding process performed by a decoding section 15.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

(Configuration of Data Compression/Decompression Apparatus)

[0103] With reference to the drawings, a data compression/decompression apparatus 10 according to an exemplary
embodiment is described below. The data compression/decompression apparatus 10, for example, receives an input

of an audio signal (or an image signal), converts the audio signal into a digital signal, compresses the digital signal, and
stores data of the compressed digital signal. Further, the data compression/decompression apparatus 10 decompresses
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the stored compressed data, converts the decompressed data into an audio signal, and outputs the audio signal. A
description is given below of the case where a sound such as a human voice (or music or the like) is compressed and
decompressed using the data compression/decompression apparatus 10.

[0104] FIG. 1is a block diagram showing the functional configuration of the data compression/decompression appa-
ratus 10. As shown in FIG. 1, the data compression/decompression apparatus 10 includes an input section 11, an A/D
conversion section 12, an encoding section 13, a compressed data storage section 14, a decoding section 15, a D/A
conversion section 16, and an output section 17.

[0105] The input section 11 is, for example, a microphone, and receives an input of an audio signal of a sound such
as a human voice. The A/D conversion section 12 receives an analog signal from the input section 11, and converts the
analog signal into a digital signal. The A/D conversion section 12 samples an analog audio signal with a predetermined
sampling period, and temporarily stores the sampling data obtained by sampling the audio signal in a storage section
such as a memory. The sampling frequency may be, for example, 44 kHz, or may be any other frequency, or may be
variable.

[0106] The encoding section 13 acquires the sampling data from the A/D conversion section 12, and performs a
predetermined process on the sampling data. Specifically, the encoding section 13 converts the acquired sampling data
into frequency domain data, and compresses the converted frequency domain data to generate compressed data ob-
tained by compressing the audio signal.

[0107] The compressed data storage section 14 stores the compressed data generated by the encoding section 13.
The compressed data storage section 14 is composed, for example, of a non-volatile memory.

[0108] The decoding section 15 reads the compressed data from the compressed data storage section 14, and de-
compresses the compressed data. The D/A conversion section 16 converts the decompressed data into an analog
signal, and outputs the analog signal to the output section 17. The output section 17 is, for example, a loudspeaker. The
outputsection 17 receives the analog signal from the D/A conversion section 16, and outputs the analog signal as a sound.
[0109] It should be noted that the data compression/decompression apparatus 10 has a hardware configuration in-
cluding a CPU, a main memory, a non-volatile memory, a microphone, a loudspeaker, and the like. For example, the
non-volatile memory stores a program for performing a data compression process (described later) performed by the
encoding section 13, and a data decompression process (described later) performed by the decoding section 15.
Then, the program is loaded into the main memory, and causes the CPU to function as the above components. Further,
the data compression/decompression apparatus 10 may include a dedicated circuit that functions as some or all of the
above components. That is, the above components can be achieved by software, hardware, or a combination of software
and hardware.

[0110] It should be noted that the configuration of the data compression/decompression apparatus 10 is merely illus-
trative, and processes described later (an encoding process and a decoding process) may be performed by any apparatus.
For example, the data compression/decompression apparatus 10 may include a plurality of physically separated appa-
ratuses. For example, a data compression/decompression apparatus (system) may be achieved by the connection, via
a network, between a plurality of apparatuses installed at physically separated locations. For example, the encoding
section 13 and the decoding section 15 may be physically separated from each other, so that compressed data encoded
by the encoding section 13 is transmitted in a streaming format to the decoding section 15, and decoded by the decoding
section 15.

(Overview of Data Compression Process)

[0111] Next, a description is given of an overview of a data compression process performed by the data compression/
decompression apparatus 10. FIG. 2 is a diagram showing an overview of an audio compression process according to
the exemplary embodiment.

[0112] As shown in FIG. 2, first, sampling data is acquired by sampling an analog audio signal with a predetermined
sampling period. Here, it is assumed that m pieces of sampling data (m is a positive integer) are acquired during a period
of time T. This data sequence of pieces of time domain sampling data is subjected to a predetermined conversion so
as to be converted into pieces of frequency domain data (a frequency spectrum). The predetermined conversion may
be a modified discrete cosine transform (MDCT) described later, or may be any conversion method such as a discrete
cosine transform (DCT), a Fourier transform, or a transform derived therefrom.

[0113] The predetermined conversion results in acquiring, for example, n pieces of frequency domain data (n is a
positive integer). That is, the time domain data sequence acquired during the period of time T is subjected to a prede-
termined process so as to be converted into, for example, the coefficients of a linear combination of cosine functions
(the sum of cosine functions having various frequencies and amplitudes) as a frequency domain data sequence. The
frequency domain data sequence obtained here is a sequence of n numbers arranged in order from the lowest to the
highest frequency. It should be noted that, here, the frequency domain data (a coefficient of a cosine function of a
particular frequency) obtained as a result of the predetermined conversion is occasionally referred to as "sample data"
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in order to be distinguished from the sampling data described above.

[0114] As shown in FIG. 2, the n pieces of frequency domain data are divided into a plurality of blocks. Specifically,
the data sequence of the n pieces of frequency domain data is divided into a plurality of blocks such that the number of
pieces of data included in each block is variable. That is, a plurality of pieces of frequency domain data (a plurality of
pieces of sample data) are included in each block, and the numbers of pieces of frequency domain data included in the
respective blocks are different from one block to another. For example, a block 1 includes a pieces of sample data, and
a block 2 includes b pieces of sample data.

[0115] Then, compression is performed on a block basis. Here, to each block, a block header BH (decompression
information) for decompressing (decoding) the block is added. The block header BH is used to decompress compressed
data. It should be noted that the compression does not need to be performed after the division of the n pieces of sample
data into the plurality of blocks. Alternatively, the compression and the division into the blocks may be simultaneously
performed (the processing order does not matter).

[0116] As described above, in the exemplary embodiment, a data sequence converted from the time domain to the
frequency domain is divided into blocks of variable lengths, and the blocks are compressed. This makes it possible to
increase the compression efficiency.

[0117] The method of compressing each block may be any method. As an example, a description is given below of
the method of compressing each block according to the exemplary embodiment. For example, in the exemplary embod-
iment, each block is compressed on the basis of the number of bits required to represent each piece of sample data.
[0118] FIG. 3 is a diagram showing an example of the method of compressing blocks according to the exemplary
embodiment. As shown in FIG. 3, it is assumed that the time domain data is subjected to the predetermined conversion
to obtain a frequency domain data sequence including, for example, sample data D1, sample data D2, ..., and sample
data Dn. It is assumed that the size of each piece of sample data is, for example, 5 bits. In this case, the size of the
entire sample data sequence is 5n bits.

[0119] Here, a value shown in FIG. 3 is stored in each piece of sample data whose bit size is 5 bits. For example, "9"
is stored in the data D1; "10" is stored in the data D2; "10" is stored in the data D3; and "10" is stored in the data D4.
Although the size of each piece of data is 5 bits (5 bits are secured for each piece of data), the number of bits required
to represent the piece of data (the number of bits required to represent the value of the piece of data) is 4 bits. Thus,
pieces of data having the same number of bits required to represent the piece of data are assembled in one block. Then,
the numbers of bits of the pieces of data included in the block are reduced, thereby compressing the size of the block.
[0120] Specifically, as shown in FIG. 3, the data D1 through D7 have values ranging from 9 to 11, and therefore can
be represented by 4 bits. Thus, the data D1 through D7 are assembled in a block 1. Further, the data D8 through D10
have values ranging from 5 to 7, and therefore can be represented by 3 bits. Thus, the data D8 through D10 are assembled
in a block 2.

[0121] Then, the number of bits of each piece of data included in the block 1 is reduced to the required number of bits.
For example, each piece of data in the block 1 can be represented by 4 bits. Thus, the size of each piece of data in the
block 1 is changed from 5 bits to 4 bits, so that the number of bits of each piece of data is reduced by 1 bit. Further,
each piece of data in the block 2 can be represented by 3 bits. Thus, the size of each piece of data in the block 2 is
changed from 5 bits to 3 bits, so that the number of bits of each piece of data is reduced by 2 bits.

[0122] The block header BH is added to each block. The block header BH includes information required to decompress
(decode) the pieces of sample data included in the block. Specifically, the block header BH includes information regarding
the bit size of each piece of sample data included in the block (the bit length assigned to each piece of sample data),
and the number of the pieces of sample data (the number of the samples) included in the block.

[0123] For example, the block header BH of the block 1 stores "4" as the bit size of each piece of sample data, and
stores "7" as the number of the samples. The bit size of each piece of sample data included in the block and the number
of the pieces of sample data included in the block make it possible to distinguish the separations between the pieces of
data, which makes it possible to decompress each piece of compressed data.

[0124] It should be noted that, although details of the process will be described later, in the exemplary embodiment,
each block is generated by processing the sample data sequence in order, starting from the beginning piece of data.
Specifically, if the number of bits for a current block B1 (the number of bits of each piece of data included in the current
block B1) and the number of bits of subsequent data Dn+1 are the same as each other, the subsequent data Dn+1 is
included in the block B1. Even when the number of bits for the current block B1 and the number of bits of the subsequent
data Dn+1 are different from each other, if the current block B1 and the subsequent data Dn+1 satisfy a predetermined
condition, the subsequent data Dn+1 is included in the block B1. If the current block B1 and the subsequent data Dn+1
does not satisfy the predetermined condition, the subsequent data Dn+1 is divided from the block B1 and included in a
subsequent block B2. After this, the subsequent blocks B2, B3... are generated by performing a similar process.
[0125] As described above, pieces of sample data having the same number (or similar numbers) of bits required to
represent the piece of data are assembled in one block, and each piece of data is represented by the required number
of bits. In other words, from each piece of data included in the block, bits unnecessary for the representation of the piece
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of data are removed. Data is thus compressed on a block basis, thereby reducing the data size of the entire data.
[0126] For example, if time domain data obtained by sampling an audio signal is converted into frequency domain
data, it is possible to obtain a sample data sequence in which the pieces of sample data are arranged in order from the
lowest to the highest frequency. In this case, the pieces of sample data corresponding to the range of the frequencies
inaudible to the human ear may be deleted from the data sequence, thereby obtaining only the pieces of sample data
corresponding to the frequencies audible to the human ear. There may be a case where, in the sample data sequence
thus obtained, pieces of data having relatively close values are grouped. Such pieces of data having close values can
be represented by the same number of bits, and therefore are represented by the same number of bits and assembled
in one block. Then, the number of bits is reduced on a block basis, thereby compressing the data.

[0127] Here, the data size of the entire data when compressed varies depending on how the plurality of pieces of
sample data are assembled in blocks. That is, depending on how many blocks the obtained sample data sequence is
divided into and how many pieces of data are assigned to each block, the data size of the entire data when each block
is compressed varies.

[0128] FIG. 4 is a diagram showing the data size when a block is not divided and the data size when the block is
divided. As shown in FIG. 4, the data size of the entire data including block headers BH is different between when a+b
pieces of sample data are stored in a block X and when a pieces of sample data are stored in a block Y and b pieces
of sample data are stored in a block Z. That is, if one block is divided into two blocks, a block header BH is newly added,
which increases the data size. At the same time, if one block is divided into two blocks, the size of the entire data may
be reduced.

[0129] In the exemplary embodiment, taking into account the data size when one block is divided into two blocks and
the data size when the one block is not divided, it is determined whether or not the one block is to be divided. Then, if
the division of the one block results in a smaller data size, the one block is divided into two blocks.

[0130] For example, if the data sequence is divided into blocks on the basis of the number of bits of each piece of
data as described above, the data size of the block X including the a+b pieces of sample data as shown in FIG. 4 is
BH + (the number of bits of each piece of sample data) X (a + b). On the other hand, if the block X is divided into the
block Y (the number of pieces of data is a) and the block Z (the number of pieces of data is b), the data size of the block
Y is BH + (the number of bits of each piece of sample data in the block Y) X a. Further, in this case, the data size of the
block Z is BH + (the number of bits of each piece of sample data in the block Z) X b. If the total size of the block Y and
the block Z is smaller than the size of the block X, the division of the block X into the block Y and the block Z results in
a smaller data size of the entire data.

[0131] As described above, in the exemplary embodiment, taking into account the data size when a block is divided
and the data size when the block is not divided, it is determined, on the basis of the condition for the division of the block,
whether or not the block is to be divided. Then, the block is divided in accordance with the determination result. That is,
if the size of the data compressed when the block is not divided is larger than the size of the data compressed when the
block is divided, the block is divided. In the exemplary embodiment, each block is generated on the basis of the number
of bits required to represent each piece of data. In this case, the condition for the division of the block is a formula (4)
or a formula (8) described later. Details of the condition for the division will be described later.

[0132] It should be noted that, in the above embodiment, it is determined whether or not a block is to be divided, and
if it is determined that the block is to be divided, the block is divided. That is, in the above embodiment, a data sequence
is divided into a plurality of blocks such that the separation positions of the blocks are variable, whereby the number of
blocks into which the data sequence is divided and the number of pieces of data included in each block are variable.
Alternatively, in another embodiment, while the number of blocks may be fixed, it may be determined where the separation
positions of the blocks are to be set. That is, the number of blocks may be fixed, and the number of pieces of data
included in each block may be variable. Even if the number of blocks is the same, the size of the entire data when
compressed may vary depending on the number of pieces of data included in each block.

[0133] FIG. 5 is a diagram showing, when the sample data sequence is divided into three blocks, the data sizes of
the compressed data based on the differences in the separation positions. For example, itis assumed that, if the sample
data sequence obtained by a predetermined conversion is separated at a separation position P1, the number of pieces
of data counted from the beginning piece of data to the separation position P1 is a1. In this case, if the pieces of data
from the beginning piece of data to the a1th piece of data are assembled in one block and compressed, a block X1 is
formed.

[0134] Next, if b1 pieces of data from the separation position P1 to a separation position P2 are assembled in one
block and compressed, a block Y1 is formed. Then, if c1 pieces of data from the separation position P2 to the end of
the data sequence are assembled in one block and compressed, a block Z1 is formed.

[0135] Ontheotherhand, if b2 pieces of data from the separation position P1 to a separation position P3 are assembled
in one block and compressed, a block Y2 is formed. Then, if c2 pieces of data from the separation position P3 to the
end of the data sequence are assembled in one block and compressed, a block Z2 is formed.

[0136] At this time, if the sum of the sizes of the block X1, the block Y2, and the block Z2 is smaller than the sum of
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the sizes of the block X1, the block Y1, and the block Z1, the separation position P3 of the pieces of data results in a
higher compression ratio than the separation position P2. As described above, while the number of blocks may be fixed,
the separation positions of the pieces of data may be variable. Thus, the separation positions may be set so as to result
in a smaller data size of the data when compressed, which may make it possible to reduce the data size of the entire data.
[0137] In addition, although described in detail later, in the above embodiment, blocks are generated on the basis of
the numbers of bits of each piece of sample data, and bits unnecessary for the representation of the piece of data in the
block is removed, thereby compressing each block. Alternatively, in another embodiment, blocks may be generated not
on the basis of the number of bits, or each block may be compressed by another compression method.

[0138] For example, another compression method may be Huffman coding. For example, to compress audio data
(compression target data), the data sequence may be divided into fixed blocks and subjected to Huffman coding. For
example, the data sequence may be divided into a plurality of blocks so as to be separated equally, or may be divided
into a plurality of blocks so as to be separated unequally. Even if the data sequence is separated unequally, the separation
positions are determined in advance. Then, a frequency analysis is performed on the divided blocks (pieces of sample
data having the same or close values are defined as one event to obtain the frequency of appearance of each event),
and a piece of data having a higher frequency of appearance of the event is assigned a code having a short bit length.
Thus, each block is compressed.

[0139] Meanwhile, in the exemplary embodiment, a data sequence of pieces of compression target data is divided
into a plurality of blocks such that the separation positions of the pieces of data are variable. Specifically, in the exemplary
embodiment, the number of pieces of frequency domain data included in each block and the number of blocks are
variable. That is, one block may be divided at a particular position so as to be defined as two blocks, or two blocks may
be defined as one block, or the separation positions of blocks may be changed. A plurality of blocks thus divided may
be compressed using, for example, Huffman coding. If a data sequence is divided and subjected to Huffman coding,
the data size of the entire data may be different between when the data sequence is divided into fixed blocks and when
the data sequence is divided into variable blocks. For example, if the original data sequence includes a section having
a higher frequency of appearance of an event and a section having a lower frequency of appearance of the event, the
size of the data when compressed may vary depending on how the original data sequence is divided. In the exemplary
embodiment, pieces of data may be divided such that the separation positions of the pieces of data are variable, whereby
it may be possible to compress the pieces of data by generating blocks more suitable for the compression.

[0140] As described above, in the exemplary embodiment, a data sequence is divided into a plurality of blocks in a
more preferable manner, and the blocks are compressed by a predetermined compression method. This makes it
possible to, for example, improve the compression ratio.

[0141] In addition, in the exemplary embodiment, the description is given of the example where a plurality of blocks
are generated on the basis of the number of bits to represent each piece of frequency domain data. Alternatively, in
another embodiment, blocks may be generated on the basis not only of the number of bits but also of the categories of
the pieces of data. Specifically, the pieces of data may be categorized in accordance with their values, and blocks may
be generated such that pieces of data of the same category are assembled in one block.

[0142] In addition, in another embodiment, a plurality of blocks may be generated on the basis not only of the number
of bits but also of the frequency domain data sequence such that the number of pieces of data included in each block
is variable, and a plurality of pieces of frequency domain data are included in each block.

[0143] Here, the generation of a plurality of blocks on the basis of the frequency domain data sequence means that
the data sequence is divided into a plurality of blocks on the basis of the properties (characteristics) of the data sequence.
For example, the data sequence may be divided into a plurality of blocks on the basis of the value of each piece of data
included in the data sequence, the number of bits to represent each piece of data, or the like. Alternatively, the data
sequence may be divided into blocks on the basis of the similarity between the pieces of data or the continuity between
the pieces of data.

[0144] The similarity between the pieces of data indicates that the properties of the pieces of data are similar, such
as the case where the values of the pieces of data are equal, the case where the values of the pieces of data are similar
(the difference between the values is a predetermined value or less), the case where the numbers of bits required to
represent the pieces of data are equal, or the case where the numbers of bits are similar (the difference between the
numbers of bits is a predetermined value or less). For example, when two pieces of data are subjected to a predetermined
conversion, if the values of the pieces of converted data are similar, it can be said that the pieces of data have a similarity.
Blocks may be generated such that pieces of data having such a similarity are assembled in one block. For example,
if, in a data sequence, pieces of data having a similarity are concentrated in a predetermined range so as to be adjacent
to each other, the pieces of data having such a similarity are assembled in one block, and each block is compressed.
In this case, information required to decompress each piece of data included in the block is generated on the basis of
the similarity.

[0145] In addition, the continuity between the pieces of data indicates the property that the values of two pieces of
data are continuous, and indicates that the values of a piece of data and a piece of data adjacent thereto or at a position
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in a predetermined range therefrom are continuous. The values of pieces of data being continuous indicates that the
difference between the values of the pieces of data is a predetermined value or less. Further, for example, when a
plurality of pieces of data are arranged, if the rate of change in their values is a predetermined value or less, the pieces
of data have a continuity. Pieces of data having such a continuity may be assembled in one block, and each block is
compressed. In this case, information required to decompress each piece of data included in the block is generated on
the basis of the continuity.

[0146] Dependingon such various properties of the data sequence, the number of blocks into which the data sequence
is to be divided may be varied, or the number of pieces of data to be included in each block may be varied.

[0147] In addition, in the above embodiment, the frequency domain data sequence is divided into a plurality of blocks
such that the separation positions of the pieces of data are optionally determined. Alternatively, in another embodiment,
a plurality of patterns defining the separation positions of the pieces of data may be prepared in advance, so that one
of the plurality of patterns prepared in advance may be selected on the basis of the characteristics of the data sequence.
Then, the frequency domain data sequence may be divided into a plurality of blocks on the basis of the selected pattern
of the separation positions.

[0148] In addition, in the above embodiment, in terms of improvement of the compression ratio, a data sequence is
divided into a plurality of variable blocks, and each block is compressed. Specifically, if the size of the data compressed
when a block is divided is smaller than the size of the data compressed when the block is not divided, the block is divided.
Alternatively, in another embodiment, in terms not only of improvement of the compression ratio, but also of, for example,
improvement of the processing speed, a data sequence may be divided into a plurality of variable blocks, and the blocks
may be compressed by a predetermined compression method. That is, the above technique may be used in order to
reduce the processing load for compressing or decompressing the data sequence.

[0149] In addition, in the above embodiment, a data sequence in which a plurality of pieces of frequency domain data
are arranged in order from the lowest to the highest frequency is divided into a plurality of blocks such that the separation
positions of the blocks are variable. Alternatively, in another embodiment, a data sequence in which a plurality of pieces
of frequency domain data are arranged in order from the highest to the lowest frequency may be divided, and blocks
may be generated. Yet alternatively, a plurality of pieces of frequency domain data may be arranged not only in order
of frequency but also in a predetermined order, and blocks may be generated. Yet alternatively, for example, a plurality
of pieces of data may be arranged on a two-dimensional plane, and a plurality of blocks may be generated such that
the separation positions of the blocks are variable.

[0150] In addition, in the above embodiment, it is assumed that a sound is compressed. Alternatively, in another
embodiment, not only a sound but also, for example, an image may be compressed. For example, a particular image
may be divided into rectangular areas of predetermined sizes and subjected to a transform such as an MDCT to generate
pieces of frequency domain data. A data sequence in which the pieces of generated frequency domain data are arranged
may be divided into a plurality of blocks such that the separation positions of the blocks are variable (the number of
pieces of data included in each block is variable). Then, the data may be compressed on a divided block basis.

(Details of Processing)

[0151] Next, a description is given of details of the processing performed by the data compression/decompression
apparatus 10. Descriptions are given below of an encoding process performed by the encoding section 13 and a decoding
process performed by the decoding section 15. First, with reference to FIGS. 6 through 9, a description is given of the
encoding process performed by the encoding section 13.

[0152] It should be noted that the encoding process and the decoding process shown below are performed as a result
of the CPU included in the data compression/decompression apparatus 10 executing an audio compression/decom-
pression program loaded into a memory. That is, the encoding section 13 and the decoding section 15 are achieved as
a result of the CPU executing the audio compression/decompression program. The audio compression/decompression
program may be, for example, stored in advance in a storage medium (for example, a non-volatile memory, a magnetic
disk, or an optical disk), or may be supplied from another apparatus via wireless or wired communication. The storage
medium may be detachably connected to the data compression/decompression apparatus 10, or may be built into the
data compression/decompression apparatus 10.

[0153] FIG. 6 is a main flow chart showing the flow of the encoding process performed by the encoding section 13.
[0154] First, in step S101, the encoding section 13 acquires data of 2n samples from a seek point. Specifically, the
encoding section 13 acquires 2n pieces of sampling data sampled during a certain period of time T determined on the
basis of the seek point. The pieces of sampling data are those sampled by the A/D conversion section 12.

[0155] FIG. 10 is a diagram showing the waveform of an audio signal input to the input section 11. FIG. 11 is a diagram
showing the waveform of the audio signal during the period of time T. In FIGS. 10 and 11, the horizontal axis represents
time, and the vertical axis represents the amplitude of the audio signal. As shown in FIGS. 10 and 11, in step S101, the
encoding section 13 acquires 2n pieces of sampling data sampled during the period of time T determined on the basis
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of the seek point. The A/D conversion section 12 samples an audio signal with a predetermined sampling period (for
example, 44 kHz), and temporarily stores the pieces of sampling data in a storage section (not shown) such as a memory.
Each piece of sampling data is data representing the amplitude at a particular time, and is time domain data. As shown
in FIG. 11, the pieces of sampling data stored here are pieces of data whose values represent real numerical values
represented by, for example, 16 bits.

[0156] After acquiring the 2n pieces of sampling data, the encoding section 13 next performs the process of step S102.
[0157] In step S102, the encoding section 13 sets the volume of the sound to v%. Here, the encoding section 13
compresses the range of the value of each piece of acquired time domain data. FIG. 12 is a diagram showing the state
where the pieces of acquired time domain data are compressed.

[0158] Specifically, as shown in FIG. 12, the encoding section 13 sets each piece of sampling data to v% (for example,
40%). This results in representing, by 15 bits, the pieces of sampling data represented by 16 bits. That is, the encoding
section 13 compresses the region, in the memory, to be assigned to each piece of sampling data to 15 bits.

[0159] After step S102, the encoding section 13 multiplies the 2n pieces of acquired data by, for example, a Hanning
window (a window function) (step S103). The encoding section 13 next performs the process of step S104.

[0160] In step S104, the encoding section 13 performs an MDCT (modified discrete cosine transform). By performing
an MDCT, n pieces of frequency domain data are obtained from the 2n pieces of sampling data. The following processes
are performed on the n pieces of data. FIG. 13 is a diagram showing an example of the pieces of frequency domain
data obtained by performing an MDCT. In FIG. 13, the horizontal axis represents frequency. As shown in FIG. 13, by
performing an MDCT, n pieces of frequency domain data (sample data) are obtained from the 2n pieces of time domain
data. The data sequence of the n pieces of data obtained as a result of the process of step S104 is a sequence of real
numbers arranged in order from the lowest to the highest frequency.

[0161] Next, in step S105, the encoding section 13 separates the data sequence of the n pieces of sample data
obtained by performing an MDCT, into a data sequence of pieces of sign data and a data sequence of pieces of absolute
value data. FIG. 14 is a diagram illustrating the separation into the sign data sequence and the absolute value data
sequence. As shown in FIG. 14, the pieces of sample data obtained by performing an MDCT include negative numerical
values. Here, to facilitate the following calculations, the sample data sequence obtained by performing an MDCT is
separated into the absolute value data sequence and the sign data sequence. In the following steps S106 through S109,
the processes are performed on a data sequence of n pieces of absolute value data separated in step S105.

[0162] Next, in step S106, the encoding section 13 logarithmically transforms each piece of data of the absolute value
data sequence obtained in step S105. The data sequence obtained by the logarithmic transform is temporarily stored
in a memory. The encoding section 13 next performs the process of step S107.

[0163] In step S107, the encoding section 13 performs a number-of-bits reduction process (a change to a 5-bit rep-
resentation). Here, the encoding section 13 represents, by 5 bits, each piece of data obtained in the process of step
S106 and represented by, for example, 16 bits.

[0164] FIG. 15is a diagram illustrating the number-of-bits reduction process (the change to a 5-bit representation) in
step S107. As shown in FIG. 15, each piece of logarithmically-transformed data is a piece of data represented by, for
example, 16 bits. Here, in the number-of-bits reduction process (the change to a 5-bit representation), it is defined that,
in each piece of data logarithmically-transformed in step S106, values less than 0 are 0, and values greater than 31
are 31. Thus, each piece of data is represented by 5 bits and also represented by integer values ranging from 0 to 31.
In each piece of data logarithmically-transformed in step S106, a value included in the range of 0 to 31 is maintained as
it is (the numbers after the decimal point are disregarded, for example).

[0165] Forexample, if the value of one of the pieces of logarithmically-transformed data is negative, the absolute value
of the piece of data is relatively small (the amplitude of a particular frequency component is small). Thus, even if such
a piece of data is neglected (the value is changed to "0"), the reception of the sound obtained by decompressing the
pieces of data is not significantly affected. Further, if the value of one of the pieces of logarithmically-transformed data
is 32 or greater, the amplitude is so large that it is difficult for a human being to even recognize the difference between
31 and 32 or greater. Thus, even if a piece of data having a value of "32" or greater, whose difference is difficult for a
human being to recognize, is set to "31 ", the reception of the sound is not significantly affected. Thus, in step S107,
each piece of data is represented by a value included in the range of 0 to 31, so as to be represented by 5 bits. That is,
each piece of frequency domain data is assigned 5 bits again. The number of bits of each piece of data is thus reduced.
[0166] Next, in step S108, the encoding section 13 performs a number-of-bits reduction process on a frequency range
basis. Here, the encoding section 13 further reduces, on a frequency range basis, the number of bits of each piece of
data of the data sequence obtained in the process of step S107. Details of the number-of-bits reduction process on a
frequency range basis will be described later with reference to FIG. 7.

[0167] After the process of step S108, the encoding section 13 performs a block optimization process (step S109).
Here, the encoding section 13 optimizes the data sequence obtained in step S108 to divide the data sequence into a
plurality of blocks, and also compresses each block. Details of the block optimization process will be described later
with reference to FIG. 8.
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[0168] Next, instep S110, the encoding section 13 combines together the sign data sequence separated in step S105
and the absolute value data sequence obtained in step S109.

[0169] Next, in step S111, the encoding section 13 determines whether or not the seek point has reached an end
position. If the determination result is positive, the encoding section 13 ends the encoding process shown in FIG. 6. On
the other hand, if the determination result is negative, the encoding section 13 advances the seek point by the number
of n pieces of sampling data (step S112), and performs the process of step S101 again.

[0170] The processes of steps S101 through S111 are thus repeated, whereby audio data is compressed and stored
in the compressed data storage section 14.

[0171] Next, descriptions are given of the number-of-bits reduction process on a frequency range basis in step S108
described above and the block optimization process in step S109 described above. Before details of these processes
are described, the definitions of a block and a frame according to the exemplary embodiment are described.

(Formats of Frame and Block)

[0172] FIG. 16 is a diagram showing the definition of a frame according to the exemplary embodiment. FIG. 17 is a
diagram showing the definition of a block according to the exemplary embodiment.

[0173] In the exemplary embodiment, the encoding process shown in FIG. 6 is performed on a frame basis as shown
in FIG. 16. As shown in FIG. 16, a frame includes a frame header FH and a plurality of blocks. The frame header FH
includes a region FH1 for storing a frame size, and a region FH2 for specifying the number of bits for "the number of
samples" in block headers BH. The "frame size" represents the size of the entire frame. The region FH1 representing
the frame size is assigned 16 bits. "'The number of bits for "the number of samples" in block headers BH’ is the number
of bits assigned to regions BH1 representing "the number of samples" in the respective block headers BH (see FIG. 17).
The region FH2 is assigned 2 bits.

[0174] For example, if the region FH2 stores a value of 0, the regions BH1 of the respective block headers BH are
assigned 7 bits. Further, if the region FH2 stores a value of 1, the regions BH1 of the respective block headers BH are
assigned 8 bits. If the region FH2 stores a value of 2, the regions BH1 of the respective block headers BH are assigned
9 bits. If the region FH2 stores a value of 3, the regions BH1 of the respective block headers BH are assigned 10 bits.
[0175] As shown in FIG. 16, the frame includes a plurality of blocks. As shown in FIG. 17, each block is divided into
a block header BH and a data section. The block header BH is information required to decompress each piece of sample
data included in the data section. Specifically, the block header BH is further divided into a region BH1 for storing "the
number of samples", and a region BH2 representing "the number of bits of each piece of sample data". It should be
noted that the block header BH does not need to be added to the data section, and the data section and the block header
BH of the block may be separated from each other.

[0176] The size of the region BH1 is variable, and is, as described above, determined by the value stored in the region
FH2 of the frame header FH. For example, if the region FH2 of the frame header FH stores "0", the size of the region
BH1 of the block header BH is 7 bits. The value stored in the region BH1 represents the number of pieces of sample
data (the number of samples) included in the data section of the block. For example, if the size of the region BH1 is 7
bits, the data section of the block can include up to 127 pieces of sample data. For example, if the size of the region
BH1 is 7 bits and the block includes four pieces of data, the value stored in the region BH1 is "0000100" (the binary
representation). Hereinafter, the size of the block header BH of the block shown in FIG. 17 is occasionally represented
by H [bits].

[0177] As described above, in the exemplary embodiment, the frame includes the frame header FH and a plurality of
blocks. The frame header FH includes information representing the sizes of the block headers BH. That is, the sizes of
all the block headers BH (the sizes of all the regions BH1) included in the frame are specified by specifying the value of
the frame header FH. This makes it possible to specify the header size of each block.

[0178] In addition, "the number of bits of each piece of sample data" of the block header BH is the number of bits
assigned to each piece of sample data included in the data section. The region BH2 representing "the number of bits
of each piece of sample data" is assigned, for example, 3 bits (a fixed length). For example, if "the number of bits of
each piece of sample data" is set to "101" (the binary representation; "5" in the decimal representation), it means that
the size of each piece of sample data included in the data section is "5" bits.

[0179] Asdescribedabove, the block header BH is variable, and the upper limit of the number of pieces of data included
in the block is determined by the size of the region BH1 of the block header BH. For example, if the region BH1 is
assigned 8 bits, the block can include up to 256 pieces of data. If the region BH1 is assigned 9 bits, the block can include
up to 512 pieces of data.

[0180] In the exemplary embodiment, the value set in the region FH2 varies depending on the frame. For example,
in a frame, the region FH2 of the frame header FH stores the value "0", and stores compressed data (the maximum
number of pieces of data in each block of the frame is 128 (7 bits) at this time). Meanwhile, in another frame, the region
FH2 of the frame header FH stores the value "1", and stores compressed data (the maximum number of pieces of data
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in each block of the frame is 256 (8 bits) at this time).

[0181] It should be noted that, if "the number of bits of each piece of sample data" of the block header BH stores the
value "0", it means that the data section of the block has no data. Further, if "the number of samples" of the block header
BH stores the value "0", it means that the same value continues to the last piece of sample data in the frame. That is,
if pieces of sample data having a value of 0 continue to the end of the frame, the values and the number of the pieces
of sample data are omitted.

(Details of Number-of-Bits Reduction Process on Frequency Range Basis)

[0182] Next, details of the number-of-bits reduction process on a frequency range basis in step S108 are described.
FIG. 7 is a flow chart showing details of the number-of-bits reduction process on a frequency range basis in step S108.
[0183] As shownin FIG. 7, in step S201, the encoding section 13 divides the data sequence into eight equal parts.
Specifically, the encoding section 13 divides the data sequence, changed to a 5-bit representation in the process of step
S107, into eight groups on a frequency range basis such that each group includes the same number of pieces of data.
Here, unlike the block described above, each group includes the same number of pieces of sample data. Thus, a set of
pieces of data divided in step S201 is represented as a "group" in order to be distinguished from the "block" described
above.

[0184] Next, in step S202, the encoding section 13 sets a counter K to 1. Subsequently, in step S203, the encoding
section 13 determines whether or not a first technique is to be used. In step S203, the encoding section 13 determines
whether or not the first technique is to be used as a technique of changing pieces of data of a Kth group to a lower-bit
representation (a technique of reducing the number of bits). Specifically, on the basis of the value of K, the encoding
section 13 determines whether or not the first technique is to be used. It should be noted that the "first technique" will
be described in detail later.

[0185] Ifthe determination result of step S203 is positive, in step S204, the encoding section 13 changes the Kth group
to a lower-bit representation, using the first technique. On the other hand, if the determination result of step S203 is
negative, in step S205, the encoding section 13 changes the Kth group to a lower-bit representation, using a second
technique. It should be noted that the "second technique" will be described in detail later. The process of step S204 or
S205 s the process of reducing the number of bits of each piece of data included in the Kth group of the eight equal groups.
[0186] After the process of step S204 or S205, in step S206, the encoding section 13 adds 1 to K. Then, in the
subsequent step S207, the encoding section 13 determines whether or not K is greater than 8. If the determination result
is positive, the encoding section 13 ends the number-of-bits reduction process on a frequency range basis shown in
FIG. 7. On the other hand, if the determination result is negative, the encoding section 13 performs the process of step
S203 again. The processes of steps S203 through S207 are repeatedly performed, whereby each of the eight equal
groups is changed to a lower-bit representation, using the first technique or the second technique. This is the end of the
description of the flow chart of FIG. 7.

[0187] Next, with reference to FIG. 18, a description is given of an overview of the number-of-bits reduction process
on a frequency range basis shown in the flow chart of FIG. 7.

[0188] FIG. 18 is a diagram showing an overview of the number-of-bits reduction process on a frequency range basis.
As shown in FIG. 18, the data sequence to be processed here is a frequency domain data sequence in which the pieces
of frequency domain data are arranged in order of frequency, from the lowest to the highest frequency component. In
step S201, the data sequence of the n pieces of data (data D1, data D2, ..., and data DN) is divided into eight equal
groups. Then, the process is performed of reducing the number of bits for each group, using the first technique or the
second technique (step S204 or S205). As a result of the number-of-bits reduction process, each piece of data of, for
example, the first group and the second group, which has been represented by 5 bits, is represented by 4 bits. Further,
each piece of data of the third group, which has been represented by 5 bits, is represented by 3 bits. Each piece of data
of the eighth group is represented by 2 bits.

[0189] For example, if n = 512, each group includes 64 pieces of sample data. In this case, the first to 128th pieces
of sample data included in the first and second groups have relatively low frequency components, and therefore, the
number of bits of each of the first to 128th pieces of sample data is reduced by 1 bit. On the other hand, the 449th to
512th pieces of sample data included in the eighth group have relatively high frequency components, and therefore, the
number of bits of each of the 449th to 512th pieces of sample data is reduced by 3 bits.

[0190] FIG. 19is a diagram showing a change to a lower-bit representation using the first technique, and is a diagram
showing the process of reducing the number of bits from 5 bits to 4 bits, using the first technique.

[0191] As shown in FIG. 19, in the first technique, decimal values of 0 and 1 are redefined as "0", decimal values of
2 and 3 are redefined as "1", and decimal values of 4 and 5 are redefined as "2", each decimal value represented by 5
bits. That is, in the first technique, the quotient of dividing, by 2, a decimal value represented by 5 bits is defined as a
value after a change to a lower-bit representation. Consequently, the numbers ranging from 0 to 31 (5 bits) become the
numbers ranging from 0 to 15 (4 bits). Then, the region assigned to each piece of data is changed from 5 bits to 4 bits.
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As described above, the first technique equally compresses the entire range of values.

[0192] FIG. 20 is a diagram showing a change to a lower-bit representation using the second technique, and is a
diagram showing the process of reducing the number of bits from 5 bits to 4 bits, using the second technique.

[0193] As shown in FIG. 20, in the second technique, decimal values of 0 to 16 are redefined as "0", and decimal
values of 17 to 31 are redefined as "1" to 15", respectively, each decimal value represented by 5 bits. That is, in the
second technique, relatively small values, namely 0 to 16, are discarded as "0", and relatively large values, namely 17
to 31, are left. Consequently, the numbers ranging from 0 to 31 (5 bits) become the numbers ranging from 0 to 15 (4
bits). As described above, the second technique discards smaller values, namely 0 to 16, and leaves only larger values.
A small value of each piece of data means that the amplitude of the frequency component (which is related to the volume
of the sound) is small. A small sound is difficult for a human being to hear. Thus, even if such a sound is changed to "0",
it may not affect the reception of the sound. Thus, the second technique discards smaller values, and leaves only larger
values.

[0194] It should be noted that the cutting off of even a small sound may result in the deterioration of the sound quality,
depending on the frequency or the type of the sound. Thus, the first technique is used rather than the second technique,
depending on the frequency or the type of the sound. For example, in a relatively high frequency component, even the
cutting off of a small sound may make it unlikely that the sound quality deteriorates. Further, the use of the second
technique instead of the first technique, which equally makes a change to a lower-bit representation, may make it less
likely that the sound quality deteriorates, depending on the frequency or the type of the sound. If the first technique is
used to equally make a change to a lower-bit representation, it may not be possible to represent slight differences in
amplitude.

This may result in the deterioration of the sound quality. On the other hand, the second technique cuts off values equal
to or less than a particular value, but maintains the other values as they are. This makes it possible to represent slight
differences in amplitude.

[0195] As described above, the number of bits is reduced on a frequency range basis, using the first technique or the
second technique. Specifically, the higher the frequency range, the greater the range of reduction in the number of bits.
For example, in the first group and the second group, which are lower frequency ranges, the numbers of bits are reduced
by 1, from 5 bits to 4 bits. In the seventh group and the eighth group, which are higher frequency ranges, the numbers
of bits are reduced by 3, from 5 bits to 2 bits.

[0196] If the number of bits is reduced by 2 or more bits, the process of reducing the number of bits using the first
technique or the second technique is performed twice or more. For example, if the number of bits is reduced by 2 bits,
from 5 bits to 3 bits, the number of bits is reduced from 5 bits to 4 bits, and is then further reduced from 4 bits to 3 bits.
In this case, the first technique may be used to reduce 5 bits to 4 bits, and the first technique may be similarly used, or
the second technique may be used, to reduce 4 bits to 3 bits.

[0197] It is determined in advance which technique is to be used to perform the process of reducing the number of
bits for each group. Further, it is also determined in advance which techniques are to be used in what order. For example,
only the first technique may be used for the first through sixth groups, and only the second technique may be used for
the seventh group. For the eighth group, in the number-of-bits reduction process performed three times, the first technique
may be used at the first and second time, and the second technique may be used at the third time.

[0198] It should be noted that, to decompress the compressed audio data, a process opposite to the number-of-bits
reduction process using the first technique or the second technique described above is performed in accordance with
the technique used to perform the compression. That is, the data compressed using the first technique is decompressed
by performing a process opposite to the first technique (for example, doubling the value of each piece of data represented
by 4 bits so as to be represented by 5 bits).

[0199] As described above, the sample data sequence is divided into eight equal groups, and the number of bits is
reduced on a group basis. In a higher frequency range, the range of reduction is greater (from 5 bits to 2 bits). In a lower
frequency range, the range of reduction is smaller (from 5 bits to 4 bits). A human being can hear only sounds of
frequencies in a certain range. Further, in a higher frequency range and a lower frequency range, a human being may
or may not be sensitive to even sounds of frequencies in the audible range. Generally, a high-frequency sound (for
example, 10 kHz) is difficult to hear, and therefore, even the compression of data with reduced accuracy of the high-
frequency sound may make it unlikely that the sound quality deteriorates. Further, a human being is sensitive to a low-
frequency sound (for example, 1 kHz), and therefore, it is preferable to allow a highly accurate reconstruction of the low-
frequency sound. Thus, in the exemplary embodiment, in a higher frequency range, the range of reduction in the number
of bits is increased to significantly reduce the amount of data. In a lower frequency range, the range of reduction in the
number of bits is reduced to allow a highly accurate reconstruction of the data.

[0200] As described above, in the number-of-bits reduction process on a frequency range basis, the number of bits
of each piece of sample data is reduced by varying the range of reduction on a frequency range basis. The number-of-
bits reduction process using the first technique and the second technique is an irreversible conversion. Thus, if the
process is performed on data using these techniques, it is not possible to accurately reconstruct the data before being
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subjected to the process. It does not, however, matter even if it is not possible to accurately reconstruct the data, so
long as the sound quality is not affected.

[0201] It should be noted that the process of reducing the number of bits may be, as well as the first technique and
the second technique, another technique. The other technique may be an irreversible conversion or a reversible con-
version.

(Details of Block Optimization Process)

[0202] Next, details of the block optimization process in step S109 are described. The block optimization process in
step S109 is the process of dividing the sample data sequence into a plurality of blocks (see FIG. 16), and is the process
of compressing each block while optimizing it.

[0203] That s, in the block optimization process in step S109, the sample data sequence is divided into a plurality of
blocks by neglecting the separation positions of the eight equal groups divided in the number-of-bits reduction process
on a frequency range in the above step S108. Then, compression is performed on a block basis. Specifically, in the
block optimization process, blocks are generated in the data sequence, subjected to the process of step S108, on the
basis of the number of bits of each piece of data.

[0204] FIG. 21 is a diagram showing the values of the data sequence and the number of bits required to represent
the values. As shown in FIG. 21, after the process of step S108 is performed, data D1, data D2, data D3, ..., and data
DN are temporarily stored as the data sequence in a memory. At this time, for example, the data D1 through D10 have
been subjected to the process as the first group in step S108, and, as a result, compressed so as to be represented by
4 bits. That is, as the regions for storing the values of the data D1 through D10, regions each having 4 bits are secured
in the memory.

[0205] Meanwhile, as shown in FIG. 21, the value of, for example, the data D1 is "6" (the decimal representation), and
the number of bits required to represent the value is "3" (the values that can be represented by 3 bits are 0 to 7). If a
region having 3 bits is secured, it is possible to represent the data D1. That is, if the number of bits required to represent
a piece of data is secured, the other bits are unnecessary.

[0206] Accordingly, inthe block optimization process, with attention focused on the number of bits required to represent
each piece of data, pieces of data having the same number of bits are assembled in one group. Further, even when
pieces of data do not have the same numbers of bits, the pieces of data are assembled in one group if satisfying a
predetermined condition. With reference to a flow chart shown in FIG. 8, details of the block optimization process are
described below.

[0207] FIG. 8 is a flow chart showing details of the block optimization process in step S109.

[0208] As shown in FIG. 8, the encoding section 13 first sets a variable i to 1 (step S301). The variable i represents
the position of a piece of data to be processed. The following processes are performed on an ith piece of sample data
of the data sequence.

[0209] Next, the encoding section 13 determines whether or not the number of bits of an i+1th piece of data and the
number of bits for the current block are equal (step S302). It should be noted that the first piece of data is included in
the first block. If the determination result is positive, the encoding section 13 next performs the process of step S303.
On the other hand, if the determination result is negative, the encoding section 13 next performs the process of step S304.
[0210] In step S303, the encoding section 13 includes the i+1th piece of data in the current block.

[0211] FIG. 22 is a diagram showing the state where, if the number of bits of the i+1th piece of data and the number
of bits for the current block are the same as each other, the i+1th piece of data is included in the current block. As shown
in FIG. 22, when the numbers of bits of the data D1 through D3 (the numbers of bits required to represent the pieces of
data) are "3 ", if the block optimization process shown in FIG. 8 is performed, the data D1 through D3 are included in
the same block (step S303). In this state, if the fourth piece of data, namely the data D4, is subjected to the process
shown in FIG. 8, it is determined whether or not the number of bits for the current block and the number of bits of the
data D4 are equal (step S302). In the example shown in FIG. 22, both numbers are "3" and equal, and therefore, the
data D4 is included in the current block (step S303). As described above, pieces of data whose numbers of bits are
equal are included in the current block one after another.

[0212] After the process of step S303, the encoding section 13 performs the process of step S307.

[0213] On the other hand, in step S304, the encoding section 13 performs a division determination process. Here, the
number of bits of the i+1th piece of data and the number of bits for the current block are different from each other, and
therefore, the encoding section 13 performs the process of determining whether the i+1th piece of data is to be divided
from the current block or included in the current block. With reference to a flow chart shown in FIG. 9, details of the
division determination process are described below.

[0214] FIG. 9 is a flow chart showing details of the division determination process in step S304.

[0215] Asshown in FIG. 9, in step S401, the encoding section 13 determines whether or not the number of bits of the
i+1th piece of data is greater than the number of bits for the current block. If the determination result is positive (the
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number of bits of the i+1th piece of data > the number of bits for the current block), the encoding section 13 next performs
the process of step S402. On the other hand, if the determination result is negative (the number of bits of the i+1th piece
of data < the number of bits for the current block), the encoding section 13 next performs the process of step S406.
[0216] In step S402, the encoding section 13 determines whether or not H < a X N holds. Here, "H" represents the
size [bits] of the block header BH shown in FIG. 17 described above. Further, "o" represents the difference (an absolute
value) between the number of bits for the current block and the number of bits of the i+1th piece of data. Further, "N"
represents the number of pieces of data included in the current block.

[0217] If the determination result of step S402 is positive (H < o X N holds), the encoding section 13 determines in
step S403 that the i+1th piece of data is to be divided from the current block. It should be noted that a description will
be given later of the basis for the calculation of the condition for the division (H < aN) used to determine whether or not
the i+1th piece of data is to be divided from the current block.

[0218] On the other hand, if the determination result of step S402 is negative (H < o X N does not hold), the encoding
section 13 determines in step S404 that the i+1th piece of data is not to be divided from the current block. That is, the
encoding section 13 determines that the i+1th piece of data is to be included in the current block. Then, in the subsequent
step S405, the encoding section 13 increases the number of bits for the current block by a.

[0219] FIG. 23 is a diagram illustrating the process of increasing the number of bits for the current block in step S405.
FIG. 23 shows the state where the current block includes the data D1 through D3, and the process is performed on the
data D4. As shown in FIG. 23, when the number of bits for the current block (the number of bits of each piece of data
included in the block) is "3 ", if the number of bits of the data D4 is "4", H < o X N does not hold. Thus, it is determined
that the data D4 is not to be divided from the current block (step S404). At this time, the number of bits for the current
block is increased to the number of bits of the data D4 to be newly added.

[0220] Specifically, the number of bits of the data D4 is "4", and therefore, the number of bits for the current block is
also increased to "4". Here, "4" bits are required to represent the data D4 to be newly added, and therefore, the number
of bits for the current block is also increased in accordance with the number of bits of the data D4 to be newly added.
Thatis, the numbers of bits of the other pieces of data already belonging to the current block are increased in accordance
with the number of bits of the data D4 to be newly added. The number of bits for the current block is thus increased in
accordance with the number of bits of a piece of data to be newly added, whereby it is possible to maintain the value of
each piece of data already belonging to the current block, and also represent the value of the piece of data to be newly
added.

[0221] As described above, on the basis of whether or not the condition for the division (H < aN) is satisfied in step
S402, it is determined whether or not the i+1th piece of data is to be divided from the current block (whether or not the
i+1th piece of data is to be included in the current block).

[0222] Here, with reference to FIG. 24, the basis for the calculation of the condition for the division in step S402 is
described. FIG. 24 is a diagram illustrating the basis for the calculation of the condition for the division when the number
of bits of the i+1th piece of data is greater than the number of bits for the current block.

[0223] In FIG. 24, it is assumed that the current block is formed by performing the process on the data D1 through
D3. Itis assumed that the subsequent block is a temporary block obtained by temporarily dividing the data D4 from the
current block without including the data D4 in the current block. As shown in FIG. 24, (A) if the current block is divided
from the subsequent block: the total size of the two blocks can be calculated by the following formula (1).

The total size of the two blocks (A) = (H + BN) + {H+ M (B + o)} (D)

[0224] Here, "B" represents the number of bits for the current block. Further, "M" represents the number of pieces of
dataincludedin the subsequent block. Further, as described above, "N" represents the number of pieces of data included
in the current block, and "o" represents the difference between the number of bits for the current block and the number
of bits for the subsequent block. The data size of the current block is obtained by adding a header to B X N, and therefore
is H + BN. Further, the number of bits for the subsequent block is greater than the number of bits B for the current block
by a, and the number of pieces of data in the subsequent block is M. Thus, the data size of the subsequent block is H
+ M (B + o). Thus, the total size of the two blocks can be expressed by the formula (1).

[0225] On the other hand, (B) if the current block and the subsequent block are integrated together: the size of the
integrated block can be calculated by the following formula (2).

The size of the one integrated block (B) =H + (N + M)(B + ) (2)
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[0226] Here, if the total size of the two blocks (A) is equal to or less than the size of the one integrated block (B), the
division into the two blocks results in a smaller data size of the entire data. Thus, the condition for the division is expressed
by the following formula (3).

H-+BN)+ {H+MB+a)} <H+N+M)B +a) (3)

[0227] The formula (3) is expanded to obtain the following formula (4) representing the condition for the division.

H <aN (4)

[0228] The size H of the block header BH is determined by the frame header FH, and therefore is fixed (here, H = 11,
for example). Thus, as shown in the formula (4), the condition for the division when the number of bits of the i+1th piece
of data is greater than the number of bits for the current block depends on the number of pieces of data N included in
the current block and the difference o between the number of bits for the current block and the number of bits of the
i+1th piece of data. That is, the condition for the division when the number of bits of the i+1th piece of data is greater
than the number of bits for the current block does not depend on the number of pieces of data Mincluded in the subsequent
block.

[0229] As described above, if the number of bits of the i+1th piece of data is greater than the number of bits for the
current block, the encoding section 13 determines, on the basis of whether or not the condition for the division shown
in the formula (4) is satisfied, whether or not the i+1th piece of data is to be divided from the current block.

[0230] Referring back to FIG. 9, if the determination result of step S401 is negative (the number of bits of the i+1th
piece of data < the number of bits for the current block), the encoding section 13 performs the process of step S406.
[0231] Specifically, in step S406, the encoding section 13 determines whether or not H < o X M holds. Here, "M"
represents the number of pieces of data included in the subsequent block. Further, "H" is the size (the number of bits)
of the block header BH shown in FIG. 17 described above. Further, "o" represents the difference (an absolute value)
between the number of bits for the current block and the number of bits of the i+1th piece of data.

[0232] If the determination result of step S406 is positive (H < aM holds), the encoding section 13 determines in step
S403 that the i+1th piece of data is to be divided from the current block.

[0233] On the other hand, if the determination result of step S406 is negative (H < oM does not hold), the encoding
section 13 determines in step S407 that the i+1th piece of data is not to be divided from the current block (that is,
determines that the i+1th piece of data is to be included in the current block).

[0234] As described above, on the basis of whether or not the condition for the division (H < aM) is satisfied in step
S4086, it is determined whether or not the i+1th piece of data is to be divided from the current block.

[0235] The basis for the calculation of the condition for the division (H < aM) in step S406 is described below.
[0236] FIG. 25 is a diagram illustrating the basis for the calculation of the condition for the division when the number
of bits of the i+1th piece of data is smaller than the number of bits for the current block.

[0237] In FIG. 25, itis assumed that, as in FIG. 24, the current block is formed by performing the process on the data
D1 through D3, and the subsequent block is a temporary block. As shown in FIG. 25, (C) if the current block is divided
from the subsequent block: the total size of the two blocks can be calculated by the following formula (5).

The total size of the two blocks (C) = (H +BN) + {H+ M (B — o)} (5)

[0238] Here, "B", "N", and "M" are as described above. The number of bits for the subsequent block is smaller than
the number of bits B for the current block by a. Thus, the data size of the subsequent block is H + M (B - a). Thus, the
total size of the two blocks can be expressed by the formula (5).

[0239] On the other hand, (D) if the current block and the subsequent block are integrated together: the size of the
integrated block can be calculated by the following formula (6).

The size of the one integrated block (D) =H + (N + M) B (6)
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[0240] Asshownin FIG. 25, if the number of bits of the fourth data D4 is smaller than the number of bits for the current
block, it is possible to represent the pieces of data included in the current block and the data D4 through D7 to be newly
added to the current block, without increasing the number of bits for the current block. Conversely, if the number of bits
for the current block is reduced to the number of bits of the data D4 to be newly added, it is not possible to represent
the data D1 through D3 included in the current block. Thus, the number of bits for the integrated block is maintained.
Conversely, although the data D4 through D7 to be added can be represented by B - a. [bits], regions are secured for B
[bits] in the integrated block. As described above, if the number of bits of the data D4 to be newly added is smaller than
the number of bits for the current block, the size of the integrated block is, as shown in the formula (6), obtained by
adding a header H, and therefore is H + (N + M) B.

[0241] Here, if the total size of the two divided blocks (C) is equal to or less than the size of the block when not divided
(D), the division into the two blocks results in a smaller data size of the entire data. Thus, the condition for the division
is expressed by the following formula (7).

I +BN)+ {(H+MB-0)} <H+(N+M)B (7

[0242] The formula (7) is expanded to obtain the following formula (4) representing the condition for the division.

H < oM (8)

[0243] The size H of the block header BH is determined by the frame header FH, and therefore is fixed. Thus, as
shown in the formula (8), the condition for the division when the number of bits of the i+1th piece of data is smaller than
the number of bits for the current block depends on the number of pieces of data M in the subsequent block and the
difference o between the number of bits for the current block and the number of bits of the i+1th piece of data.

[0244] Here, the number of pieces of data M in the subsequent block is not yet settled at the time of the determination
of the condition for the division in step S406. Thus, to settle the number of pieces of data M in the subsequent block,
the number of pieces of data M in the subsequent block is calculated by starting the block optimization process from the
i+1th piece of data.

[0245] FIG. 26 is a diagram showing the state where the number of pieces of data M in the subsequent block is settled,
and is a diagram showing the state where the current block and the subsequent block are divided from each other. FIG.
26 shows the state where a first block is generated by the data D1 through D3, and the process is to be performed on
the data D4 from now. After the first block is generated by the data D1 through D3, the number of bits of the data D4
and the number of bits for the first block are compared with each other, as the process on the data D4.

[0246] As shown in FIG. 26, the number of bits of the data D4 is smaller than the number of bits for the first block. In
this case, the number of pieces of data M in the subsequent block is required to determine whether or not the data D4
is to be included in the first block. Thus, to settle the number of pieces of data M in the subsequent block, the generation
of a new temporary block (a second block) is started from the data D4, while suspending the process of determining
whether or not the data D4 is to be included in the first block.

[0247] The numbers of bits of the data D4 through D9 are "2" and equal, and therefore, the data D4 through D9 are
included in the second block (the above step S303). Next, it is determined whether the data D10 is to be included in the
second block, or the data D10 is not to be included in the second block but is to be included in a third block. The number
of bits of the data D10 is "4", and the number of bits for the second block is "2". Thus, it is determined in the above step
S401 that it is "YES", and it is determined whether or not H < aN holds (step S402). In the example shown in FIG. 26,
o = 2, and N (the number of pieces of data in the second block) = 6, and therefore, H < aN holds. Thus, the second
block and the data D10 are divided from each other. At this time, the number of pieces of data in the second block is
settled to "6". It should be noted that, even at this time, it is not yet determined whether the second block is to be divided
from, or integrated with, the first block. Thus, the second block is still a "temporary block".

[0248] Since the number of pieces of data M in the second block has thus been settled, the process on the data D4
is restarted. Specifically, it is determined whether or not H < aM holds. The number of bits for the first block is "4", and
the number of bits for the second block is "2". Thus, o, = 2, and the number of pieces of data M in the second block = 6.
Thus, H < aM holds (the condition for the division is satisfied). Consequently, the encoding section 13 determines that
the first block and the data D4 are to be divided from each other (S403). That is, the encoding section 13 determines
that the first block and the second block are to be divided from each other. It should be noted that, if H < «M does not
hold (the condition for the division is not satisfied), the encoding section 13 integrates the first block and the second
block into one block without dividing them, and defines the integrated block as a first block.
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[0249] As described above, if the number of bits of the subsequent piece of data (the i+1th piece of data) is smaller
than the number of bits for the current block, the number of pieces of data in the subsequent block is settled first, and
then, it is determined whether or not the i+1th piece of data is to be included in the current block.

[0250] It should be noted that, if, in FIG. 26, the number of bits of the data D10 is smaller than the number of bits for
the second block (a temporary block), the encoding section 13 further starts the generation of a new block from the data
D10, and performs the process of settling the number of pieces of data in the third block (a temporary block). Subsequent
blocks are thus provisionally generated, and the numbers of pieces of data to be included in the blocks are sequentially
settled.

[0251] After the process of step S403, the process of step S405, or the process of step S407, the encoding section
13 ends the division determination process shown in FIG. 9, and returns the processing to FIG. 8.

[0252] Referring back to FIG. 8, if, as aresult of the division determination process in step S304, it has been determined
that the block is to be divided (step S305: YES), the encoding section 13 performs the process of step S306. On the
other hand, if it has been determined that the block is not to be divided (step S305: NO), the encoding section 13 next
performs the process of step S303.

[0253] In step S306, the encoding section 13 includes the i+1th piece of data in the subsequent block. Consequently,
the current block is settled, and the subsequent block is newly generated. After this, the process is performed of deter-
mining whether or not a piece of data is to be included in the subsequent block.

[0254] After the process of step S306, in step S307, the encoding section 13 adds 1 to the variable i. Then, in the
subsequent step S308, the encoding section 13 determines whether or not i is greater than n. If the determination result
is negative, the encoding section 13 performs the process of step S302 again. If i is greater than n, the encoding section
13 ends the block optimization process shown in FIG. 8.

[0255] Asdescribed above, the processes of steps S302 through S308 are repeatedly performed, whereby the process
on the n pieces of sample data is performed. This results in dividing the frequency domain data sequence into a plurality
of blocks, and optimizing each block.

[0256] Specifically, taking into account the data size of the entire data including headers when a block is divided and
the data size of the entire data including headers when the block is not divided, and on the basis of the condition for
obtaining a smaller data size of the entire data, it is determined whether or not the block is to be divided. Then, data is
compressed on a divided block basis. More specifically, a block is a set of pieces of data that can be represented by
the same number of bits, and the numbers of bits of the pieces of data are reduced after the compression.

[0257] As described above, the sample data sequence is divided into a plurality of variable blocks on the basis of the
numbers of bits of each piece of data, and extra bits are removed. Although apparent from the above descriptions, the
block optimization process in FIG. 8 is a reversible conversion that allows an accurate reconstruction of the value of
each piece of sample data, unlike the number-of-bits reduction process on a frequency range basis shown in FIG. 7.
[0258] It should be noted that the block optimization process shown in FIG. 8 is performed with respect to each value
of the region FH2 of the frame header FH. That is, values of 0 to 3 are set in the region FH2, and the block optimization
process is performed with respect to each value. Then, the frame of the smallest size is selected and stored.

[0259] FIG. 27 is a diagram showing the difference in data size based on the value set in the region FH2 of the frame
header FH. As shown in FIG. 27, if a value of 0 is set in the region FH2, it is determined that the maximum number of
pieces of data to be included in each block is 128. If a value of 2 is set in the region FH2, it is determined that the
maximum number of pieces of data to be included in each block is 512. At this time, as shown in FIG. 27, if the maximum
numbers of pieces of data to be included in blocks are different, the size of the entire frame may vary when the data is
compressed.

[0260] Thus, in the exemplary embodiment, each value (0 to 3) is set in the region FH2 of the frame header FH, and
the data is compressed. Then, with respect to each value, the frame of the smallest data size of the compressed data
is selected.

(Decoding Process)

[0261] Next, a description is given of the process of decoding the compressed data that has been compressed as
described above. The decoding process is a process opposite to the encoding process described above. That is, the
data compressed and stored in the encoding process is loaded on a frame basis, and is subjected to a process opposite
to the process described above. FIG. 28 is a flow chart showing the flow of the decoding process performed by the
decoding section 15.

[0262] AsshowninFIG. 28, the decoding section 15 first extracts one frame from the compressed data storage section
14 (step S501). Subsequently, the decoding section 15 obtains pieces of data in each block included in the extracted
frame, and expands the pieces of data as one data sequence (step S502).

[0263] Specifically, the decoding section 15 reads values stored in the region FH1 and the region FH2 of the frame
header FH to specify the size of the frame, and also specify the number of bits for "the number of samples" of the block
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headers BH. The size of each block header BH is specified on the basis of the specified number of bits for the number
of samples. The decoding section 15 reads the block header BH of a beginning block to specify the number of pieces
of sample data included in the beginning block, and also specify the number of bits of each piece of sample data in the
beginning block. Then, the decoding section 15 extracts each piece of sample data included in the beginning block.
Further, the decoding section 15 can specify the separation position of the subsequent block on the basis of the number
of pieces of sample data in the beginning block and the number of bits of each piece of sample data in the beginning
block. The above process is repeatedly performed from the beginning block to the last block, whereby the decoding
section 15 can extract all the pieces of sample data (the n pieces of frequency domain data) included in the frame, and
expand the pieces of sample data as a data sequence.

[0264] Next, in step S503, the decoding section 15 separates the data sequence obtained in the process of step S502
into a sign data sequence and an absolute value data sequence. Then, the decoding section 15 changes the separated
absolute value data sequence to a 16-bit representation (step S504). Here, a process opposite to the encoding process
is performed, whereby each piece of data is represented by 16 bits.

[0265] Next, in step S505, the decoding section 15 exponentially transforms each piece of obtained absolute value
data. That is, a process opposite to the logarithmic transform in step S106 of FIG. 6 is performed. Subsequently, in step
S507, the decoding section 15 combines the separated sign data sequence and absolute value data sequence together.
[0266] Next, in step S508, the decoding section 15 performs an IMDCT (Inverse MDCT; inverse modified discrete
cosine transform). Consequently, the frequency domain data is converted into time domain data. Subsequently, the
decoding section 15 multiplies the obtained time domain data by a Hanning window (step S509). Then, the decoding
section 15 sets the volume of the sound to 100/v% (step S510). As described above, the decoding process is performed
on the one frame.

[0267] Subsequently, the decoding section 15 determines whether or not data has run out in the compressed data
storage section 14 (step S511). If data has run out, the decoding section 15 ends the decoding process of FIG. 28. If
data has not run out, the decoding section 15 performs the process of step S501 again.

[0268] As described above, the processes of steps S501 through S511 are repeatedly performed, whereby the com-
pressed data that has been compressed is decompressed and output as a sound.

[0269] It should be noted that the processes of all the steps in the flow charts shown in FIGS. 6 through 9 and FIG.
28 are merely illustrative. Thus, the processing order of the steps may be changed so long as similar results are obtained.
Further, the values used in all the steps are merely illustrative, and therefore, any value may be used. Further, in the
exemplary embodiment, descriptions are given on the assumption that the CPU of the data compression/decompression
apparatus 10 performs the processes of all the steps in the flow charts. Alternatively, a processor or a dedicated circuit
other than the CPU may perform the processes of some or all of the steps in the flow charts.

[0270] Asdescribed above, inthe exemplary embodiment, a frequency domain data sequence is divided into a plurality
of variable blocks, and each block is compressed. This makes it possible to generate blocks more preferable for data
compression, and compress data. Specifically, taking into account the size of block headers increased when a block is
divided, it is determined whether or not the block is to be divided. If the division results in a smaller data size, the block
is divided. This makes it possible to obtain a smaller size of the entire data when compressed.

[0271] In addition, in the exemplary embodiment, blocks are generated on the basis of the number of bits of each
piece of data, and unnecessary bits of each piece of data in each block are removed, thereby compressing the data.
This makes it possible to assemble a plurality of pieces of data in a block by simple calculations, and compress the data.
Further, in the block optimization process according to the exemplary embodiment, only unnecessary bits are removed
so as to leave necessary bits, which allows a reversible compression of the data.

[0272] In addition, in the exemplary embodiment, in the number-of-bits reduction process on a frequency range basis,
the range of reduction in the number of bits varies in accordance with the frequency range. This makes it possible to
reconstruct data in a specific frequency range with high accuracy where necessary, and also compress data in the other
frequency ranges with a high compression ratio. As described above, it is possible to prevent the deterioration of data
while improving the compression ratio of the entire data.

[0273] In addition, in the exemplary embodiment, in the number-of-bits reduction process on a frequency range basis,
the number of bits is reduced using any of a plurality of techniques (the first technique and the second technique). This
makes it possible to, for example, compress data using a technique that has a smaller effect on the data when decoded.
[0274] In addition, in the exemplary embodiment, an evaluation is made of whether or not a block is to be divided (the
determination of the condition for the division), and the block is divided on the basis of the evaluation. This makes it
possible to, for example, divide a block by a method that results in a smaller size.

[0275] In addition, in the exemplary embodiment, not only is data compressed after the conversion of an audio signal
from time domain data to frequency domain data, but also the time domain data is compressed before being converted
into the frequency domain data (the above step S102). This makes it possible to further increase the compression ratio.
[0276] As described above, in the exemplary embodiment, it is possible to compress, for example, a sound. For
example, it is particularly effective if the compression method according to the exemplary embodiment is used for an
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audio signal of a human voice. A large amplitude has a larger tendency to appear only in a partial frequency range (a
portion that is not a high-frequency range) when an audio signal of a human voice is converted into frequency domain
data, than when an audio signal of music or the like is converted into frequency domain data. Further, in the case of a
human voice, an amplitude tends to be relatively small in a high-frequency range. Thus, as a result, itis likely that pieces
of data belong to the same block, which increases the compression efficiency. That is, in the case of a human voice, it
is likely that pieces of data that can be represented by a small number of bits appear in a high-frequency range, and a
block having a high compression ratio (a block having a large number of pieces of data and a small number of bits) is
generated.

[0277] It should be noted that the data compression method described above can be performed by any information
processing apparatus.

[0278] For example, examples of any information processing apparatus may include personal computers, servers,
smartphones, mobile phones, PDAs, game apparatuses, and tablet computers. Further, a system including such a
plurality of apparatuses connected together may perform the encoding process and the decoding process described
above.

[0279] While certain example systems, methods, devices and apparatuses have been described herein, it is to be
understood that the appended claims are not to be limited to the systems, methods, devices and apparatuses disclosed,
but on the contrary, are intended to cover various modifications and equivalent arrangements included within the spirit
and scope of the appended claims.

Claims

1. A data compression apparatus (10) for compressing input compression target data to generate compressed data,
the data compression apparatus comprising:

conversion means (13, S104) for converting the compression target data into a plurality of pieces of frequency
domain data;

block generation means (13, S109) for generating a plurality of blocks by, on the basis of the plurality of pieces
of frequency domain data, dividing a data sequence in which the plurality of pieces of frequency domain data
are arranged into a plurality of blocks such that separation positions of the blocks are variable; and
compressed data generation means (13) for generating the compressed data by compressing, on a block basis,
the pieces of frequency domain data included in the blocks generated by the block generation means.

2. The data compression apparatus according to claim 1, wherein
the block generation means generates the plurality of blocks on the basis of characteristics of the plurality of pieces
of frequency domain data.

3. The data compression apparatus according to claim 2, wherein
the block generation means generates the plurality of blocks on the basis of the characteristics of the plurality of
pieces of frequency domain data with respect to a certain number of pieces of the compression target data.

4. The data compression apparatus according to claim 2 or 3, wherein
the block generation means generates the plurality of blocks on the basis of a similarity between the plurality of
pieces of frequency domain data.

5. The data compression apparatus according to any one of claims 2 to 4,
wherein
the block generation means generates the plurality of blocks such that, in the data sequence of the plurality of pieces
of frequency domain data, a plurality of pieces of data having different values but having a similarity are included
in one of the blocks.

6. The data compression apparatus according to any one of claims 2 to 5,
wherein
the block generation means categorizes the pieces of frequency domain data in accordance with values thereof,
and generates the plurality of blocks on the basis of the categories.

7. The data compression apparatus according to claim 6, wherein
the block generation means generates the plurality of blocks so as to include any of the pieces of frequency domain
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data of the same category in the same block.

The data compression apparatus according to claim 7, wherein

even when one of the pieces of frequency domain data and one of the blocks belong to different categories, if the
piece of data and the block satisfy a predetermined condition, the block generation means includes the piece of
data in the block.

The data compression apparatus according to any one of claims 2 to 8,

wherein

the block generation means generates the plurality of blocks on the basis of a continuity between the plurality of
pieces of frequency domain data when arranged.

The data compression apparatus according to any one of claims 1 to 9,

wherein

the block generation means generates the plurality of blocks on the basis of the number of bits for representing
each of the pieces of frequency domain data.

The data compression apparatus according to claim 10, wherein

the block generation means assembles, in one of the blocks, any of the pieces of frequency domain data having
the same number of bits for representing each of the pieces of frequency domain data, and

the compressed data generation means compresses the pieces of frequency domain data included in each block
by removing unnecessary bits so as to leave bits for representing each piece of data included in the block.

The data compression apparatus according to claim 11, wherein

even when one of the pieces of frequency domain data and one of the blocks have different numbers of bits for
representing each of the pieces of frequency domain data, if the piece of data and the block satisfy a predetermined
condition, the block generation means includes the piece of data in the block.

The data compression apparatus according to any one of claims 1 to 12,

wherein

taking into account a size of the compressed data compressed when one of the blocks is divided and the size of
the compressed data compressed when the block is not divided, the block generation means determines whether
or not the block is to be divided, and if the block generation means has determined that the block is to be divided,
the block generation means divides the block.

The data compression apparatus according to any one of claims 1 to 13,

wherein

if a size of the data sequence compressed when separated at a particular position is smaller than the size of the
data sequence compressed when separated at a position different from the particular position, the block generation
means separates the data sequence at the particular position.

The data compression apparatus according to any one of claims 1 to 14,
wherein
the block generation means generates, on a block basis, decompression information used to decompress the blocks.

The data compression apparatus according to claim 15, wherein
the decompression information is information common to the pieces of frequency domain data included in each block.

The data compression apparatus according to claim 15 or 16, wherein
the block generation means generates the plurality of blocks on the basis of a size of the decompression information.

The data compression apparatus according to any one of claims 15 to 17,

wherein

if a size of one of the blocks when the block is not divided is larger than a size of two blocks that are obtained by
dividing the block and include the decompression information increased when the block is divided, the block gen-
eration means divides the block.

The data compression apparatus according to any one of claims 1 to 18,

30



10

15

20

25

35

40

45

50

55

20.

21.

22.

23.

24,

EP 2 693 431 A1

wherein

the block generation means divides the plurality of pieces of frequency domain data into the plurality of blocks such
that, if the plurality of pieces of frequency domain data are arranged in accordance with frequencies thereof, sepa-
ration positions of the frequencies are variable.

The data compression apparatus according to any one of claims 1 to 19,
wherein
the block generation means includes:

determination means (S305) for determining whether or not one of the pieces of frequency domain data arranged
in the data sequence is to be included in a current block;

and

generation means (S306) for, if the determination means has determined that the piece of frequency domain data
is to be included in the current block, including the piece of frequency domain data in the current block, and for, if
the determination means has determined that the piece of frequency domain data is not to be included in the current
block, generating a subsequent block and including the piece of frequency domain data in the subsequent block.

A data compression system (10) for compressing input compression target data to generate compressed data, the
data compression system comprising:

conversion means (13, S104) for converting the compression target data into a plurality of pieces of frequency
domain data;

block generation means (13, S109) for generating a plurality of blocks by, on the basis of the plurality of pieces
of frequency domain data, dividing a data sequence in which the plurality of pieces of frequency domain data
are arranged into a plurality of blocks such that separation positions of the blocks are variable; and
compressed data generation means (13) for generating the compressed data by compressing, on a block basis,
the pieces of frequency domain data included in the blocks generated by the block generation means.

A data compression program to be executed by a computer of a data compression apparatus (10) for compressing
input compression target data to generate compressed data, the data compression program causing the computer
to function as:

conversion means (13, S104) for converting the compression target data into a plurality of pieces of frequency
domain data;

block generation means (13, S109) for generating a plurality of blocks by, on the basis of the plurality of pieces
of frequency domain data, dividing a data sequence in which the plurality of pieces of frequency domain data
are arranged into a plurality of blocks such that separation positions of the blocks are variable; and
compressed data generation means (13) for generating the compressed data by compressing, on a block basis,
the pieces of frequency domain data included in the blocks generated by the block generation means.

A data compression method to be performed by a data compression system for compressing input compression
target data to generate compressed data, the data compression method comprising:

aconversion step (S104) of converting the compression target data into a plurality of pieces of frequency domain
data;

a block generation step (S109) of generating a plurality of blocks by, on the basis of the plurality of pieces of
frequency domain data, dividing a data sequence in which the plurality of pieces of frequency domain data are
arranged into a plurality of blocks such that separation positions of the blocks are variable; and

a compressed data generation step (S109) of generating the compressed data by compressing, on a block
basis, the pieces of frequency domain data included in the blocks generated in the block generation step.

A data decompression apparatus (10) for decompressing compressed data to generate decompressed data,

the compressed data including a plurality of blocks having a plurality of pieces of compressed frequency domain
data, and information for specifying the number of the pieces of compressed frequency domain data included in
each block,

the data decompression apparatus comprising:
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extraction means (15) for extracting each block included in the compressed data; and

decompression means (15) for generating the decompressed data by, on the basis of the information for spec-
ifying the number of the pieces of compressed frequency domain data included in the block, decompressing
the compressed data on a block basis to generate a plurality of pieces of frequency domain data.

25. A data compression/decompression system (10) for compressing input data to generate compressed data and
decompressing the compressed data, the data compression/decompression system comprising:

conversion means (13) for converting the input data into a plurality of pieces of frequency domain data;

block generation means (13) for generating a plurality of blocks by, on the basis of the plurality of pieces of
frequency domain data, dividing a data sequence in which the plurality of pieces of frequency domain data are
arranged into a plurality of blocks such that separation positions of the blocks are variable;

compressed data generation means (13) for generating the compressed data by compressing, on a block basis,
the pieces of frequency domain data included in the blocks generated by the block generation means;
extraction means (15) for extracting each block included in the compressed data;

and

decompression means (15) for decompressing the compressed data by decompressing the compressed data
on a block basis to generate the plurality of pieces of frequency domain data.
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