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Description

BACKGROUND OF THE INVENTION

Field of The Invention

[0001] The present invention 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. The present invention relates to a data compression apparatus, a data compression
program, a data compression system, a data compression method, a data decompression apparatus, a data compres-
sion/decompression apparatus, and the data structure of compressed data, which are defined by the claim set.
[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 audio data or image data to
generate compressed data, the data compression apparatus comprising:

conversion means for converting the audio data or image data into a plurality of pieces of frequency domain data;
block generation means 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 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, wherein
the block generation means generates the plurality of blocks on the basis of a number of bits for representing each
of the pieces of frequency domain data,
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,
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, and

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.
[0007] On the basis of the above, it is 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] 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.
[0009] 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.
[0010] 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
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the frame.
[0011] 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.
[0012] 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.
[0013] 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 included in one of the blocks.
[0014] 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.
[0015] In addition, 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.
[0016] 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.
[0017] 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.
[0018] 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.
[0019] 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.
[0020] 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.
[0021] 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.
[0022] 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).
[0023] 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.
[0024] 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.
[0025] 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.
[0026] 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.
[0027] 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.
[0028] 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.
[0029] 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
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particular position, the block generation means may separate the data sequence at the particular position.
[0030] 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.
[0031] In addition, in another configuration, the block generation means may generate, on a block basis, decompression
information used to decompress the blocks.
[0032] On the basis of the above, it is possible to generate decompression information on a block basis, and decompress
each block using the decompression information.
[0033] In addition, in another configuration, the decompression information may be information common to the pieces
of frequency domain data included in each block.
[0034] 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.
[0035] 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.
[0036] 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.
[0037] 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.
[0038] 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.
[0039] 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.
[0040] 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.
[0041] 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.
[0042] On the basis of the above, it is possible to generate blocks by processing pieces of frequency domain data in
order.
[0043] 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 systemcomprising:

conversion means for converting the input data into a plurality of pieces of frequency domain data;
block generation means 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 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; wherein
the block generation means generates the plurality of blocks on the basis of a number of bits for representing each
of the pieces of frequency domain data,
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,
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, and
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,
extraction means for extracting each block included in the compressed data; and
decompression means 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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[0044] 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.
[0045] The present invention 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.
[0046] These and other objects, features, aspects and advantages of the present invention will become more apparent
from the following detailed description of the present invention when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047]

FIG. 1 is 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. 3 is 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. 15 is a diagram 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;
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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)

[0048] 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
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.
[0049] FIG. 1 is 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.
[0050] 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.
[0051] 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.
[0052] 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.
[0053] 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
output section 17 receives the analog signal from the D/A conversion section 16, and outputs the analog signal as a sound.
[0054] 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.
[0055] 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.
[0056] 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)

[0057] Next, a description is given of an overview of a data compression process performed by the data compres-
sion/decompression apparatus 10. FIG. 2 is a diagram showing an overview of an audio compression process according
to the exemplary embodiment.
[0058] As shown in FIG. 2, first, sampling data is acquired by sampling an analog audio signal with a predetermined



EP 2 693 431 B1

7

5

10

15

20

25

30

35

40

45

50

55

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.
[0059] 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"
in order to be distinguished from the sampling data described above.
[0060] 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.
[0061] 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).
[0062] 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.
[0063] 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.
[0064] 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.
[0065] 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.
[0066] 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.
[0067] 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.
[0068] 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.
[0069] 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.
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[0070] 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.
[0071] 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
of data are removed. Data is thus compressed on a block basis, thereby reducing the data size of the entire data.
[0072] 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.
[0073] 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.
[0074] 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.
[0075] 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.
[0076] 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) 3 (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) 3 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) 3 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.
[0077] 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.
[0078] 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.
[0079] FIG. 5 is a diagram showing, when the sample data sequence is divided into three blocks, the data sizes of
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the compressed data based on the differences in the separation positions. For example, it is 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.
[0080] 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 cl 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.
[0081] On the other hand, 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.
[0082] 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
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.
[0083] 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.
[0084] 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.
[0085] 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.
[0086] 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.
[0087] 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.
[0088] 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.
[0089] 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.
[0090] The similarity between the pieces of data indicates that the properties of the pieces of data are similar, such
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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.
[0091] 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
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.
[0092] Depending on 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.
[0093] 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.
[0094] 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.
[0095] 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.
[0096] 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)

[0097] 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.
[0098] 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
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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.
[0099] FIG. 6 is a main flow chart showing the flow of the encoding process performed by the encoding section 13.
[0100] 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.
[0101] 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
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.
[0102] After acquiring the 2n pieces of sampling data, the encoding section 13 next performs the process of step S102.
[0103] 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.
[0104] 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.
[0105] 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.
[0106] 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.
[0107] 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.
[0108] 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.
[0109] 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.
[0110] FIG. 15 is 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).
[0111] For example, 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
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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.
[0112] 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.
[0113] 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.
[0114] Next, in step 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.
[0115] 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.
[0116] The processes of steps S101 through S111 are thus repeated, whereby audio data is compressed and stored
in the compressed data storage section 14.
[0117] 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)

[0118] 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.
[0119] 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.
[0120] 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.
[0121] 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.
[0122] 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].
[0123] 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.
[0124] In addition, "the number of bits of each piece of sample data" of the block header BH is the number of bits
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assigned to each piece of sample data included in the data section.
[0125] 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.
[0126] As described above, 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.
[0127] 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
in each block of the frame is 256 (8 bits) at this time).
[0128] 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)

[0129] 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.
[0130] As shown in 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.
[0131] 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.
[0132] If the 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 is the process of reducing the number of bits of each piece of data included in the Kth group of the eight equal groups.
[0133] 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.
[0134] 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.
[0135] 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.
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[0136] 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.
[0137] FIG. 19 is 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.
[0138] 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.
As described above, the first technique equally compresses the entire range of values.
[0139] 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.
[0140] 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.
[0141] 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.
[0142] 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.
[0143] 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.
[0144] 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.
[0145] 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).
[0146] 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
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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.
[0147] 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
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.
[0148] 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)

[0149] 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.
[0150] That is, 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.
[0151] 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.
[0152] 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.
[0153] Accordingly, in the 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.
[0154] FIG. 8 is a flow chart showing details of the block optimization process in step S109.
[0155] 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.
[0156] 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.
[0157] In step S303, the encoding section 13 includes the i+1th piece of data in the current block.
[0158] 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
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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.
[0159] After the process of step S303, the encoding section 13 performs the process of step S307.
[0160] 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.
[0161] FIG. 9 is a flow chart showing details of the division determination process in step S304.
[0162] As shown 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
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.
[0163] In step S402, the encoding section 13 determines whether or not H ≤ α 3 N holds. Here, "H" represents the
size [bits] of the block header BH shown in FIG. 17 described above. Further, "α" 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.
[0164] If the determination result of step S402 is positive (H < α 3 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 ≤ αN) used to determine whether or not
the i+1th piece of data is to be divided from the current block.
[0165] On the other hand, if the determination result of step S402 is negative (H ≤ α 3 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 α.
[0166] 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 ≤ α 3 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.
[0167] 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.
That is, 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.
[0168] As described above, on the basis of whether or not the condition for the division (H ≤ αN) 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).
[0169] 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.
[0170] In FIG. 24, it is assumed that the current block is formed by performing the process on the data D1 through
D3. It is 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).

[0171] Here, "B" represents the number of bits for the current block. Further, "M" represents the number of pieces of
data included in the subsequent block. Further, as described above, "N" represents the number of pieces of data included
in the current block, and "α" 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 3 N, and therefore
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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 α, 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 + α). Thus, the total size of the two blocks can be expressed by the formula (1).
[0172] 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).

[0173] 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).

[0174] The formula (3) is expanded to obtain the following formula (4) representing the condition for the division.

[0175] 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 α 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 M included in the subsequent
block.
[0176] 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.
[0177] 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.
[0178] Specifically, in step S406, the encoding section 13 determines whether or not H ≤ α 3 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, "α" 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.
[0179] If the determination result of step S406 is positive (H ≤ αM holds), the encoding section 13 determines in step
S403 that the i+1th piece of data is to be divided from the current block.
[0180] On the other hand, if the determination result of step S406 is negative (H ≤ αM 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).
[0181] As described above, on the basis of whether or not the condition for the division (H ≤ αM) is satisfied in step
S406, it is determined whether or not the i+1th piece of data is to be divided from the current block.
[0182] The basis for the calculation of the condition for the division (H ≤ αM) in step S406 is described below.
[0183] 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.
[0184] In FIG. 25, it is 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).

[0185] 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 α. Thus, the data size of the subsequent block is H + M (B - α). Thus, the
total size of the two blocks can be expressed by the formula (5).
[0186] On the other hand, (D) if the current block and the subsequent block are integrated together: the size of the
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integrated block can be calculated by the following formula (6).

[0187] As shown in 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 - α [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.
[0188] 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).

[0189] The formula (7) is expanded to obtain the following formula (4) representing the condition for the division.

[0190] 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 α between the number of bits for the current block and the number of bits of the i+1th piece of data.
[0191] 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.
[0192] 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.
[0193] 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.
[0194] 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 ≤ αN holds (step S402). In the example shown in FIG. 26,
α = 2, and N (the number of pieces of data in the second block) = 6, and therefore, H ≤ αN 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".
[0195] 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 ≤ αM holds. The number of bits for the first block is "4", and
the number of bits for the second block is "2". Thus, α = 2, and the number of pieces of data M in the second block = 6.
Thus, H ≤ αM 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
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that the first block and the second block are to be divided from each other. It should be noted that, if H ≤ αM 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.
[0196] 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.
[0197] 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.
[0198] 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.
[0199] Referring back to FIG. 8, if, as a result 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.
[0200] 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.
[0201] 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.
[0202] As described 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.
[0203] 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.
[0204] 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.
[0205] 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.
[0206] 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.
[0207] 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)

[0208] 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.
[0209] As shown in FIG. 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
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frame, and expands the pieces of data as one data sequence (step S502).
[0210] 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
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.
[0211] 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.
[0212] 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.
[0213] 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.
[0214] 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.
[0215] 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.
[0216] 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.
[0217] As described above, in the 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.
[0218] 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.
[0219] 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.
[0220] 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.
[0221] 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.
[0222] 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
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into the frequency domain data (the above step S 102). This makes it possible to further increase the compression ratio.
[0223] 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
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, it is 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.
[0224] It should be noted that the data compression method described above can be performed by any information
processing apparatus.
[0225] 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.
[0226] 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 included within the scope of the appended claims.

Claims

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

conversion means (13, S104) for converting the audio data or image 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, wherein
the block generation means generates the plurality of blocks on the basis of a number of bits for representing
each of the pieces of frequency domain data,
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,
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,
and

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.

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 audio data or image 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.
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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
data of the same category in the same block.

8. 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.

9. 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.

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

11. The data compression apparatus according to any one of claims 1 to 10, 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.

12. The data compression apparatus according to any one of claims 1 to 11, wherein
the block generation means generates, on a block basis, decompression information used to decompress the blocks.

13. The data compression apparatus according to claim 12, wherein
the decompression information is information common to the pieces of frequency domain data included in each block.

14. The data compression apparatus according to claim 12 or 13, wherein
the block generation means generates the plurality of blocks on the basis of a size of the decompression information.

15. The data compression apparatus according to any one of claims 12 to 14, 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.

16. The data compression apparatus according to any one of claims 1 to 15, 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.

17. The data compression apparatus according to any one of claims 1 to 16, 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
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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.

18. A data compression program to be executed by a computer of a data compression apparatus (10) for compressing
input audio data or image data to generate compressed data, the data compression program comprising instructions
which, when the program is executed by the computer, cause the computer to carry out:

a conversion step (5104) of converting the audio data or image 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 (13) 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 step, wherein

the block generation step generates the plurality of blocks on the basis of a number of bits for representing
each of the pieces of frequency domain data,
the block generation step 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,
the compressed data generation step 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, and
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 step includes the piece of data in the block.

19. A data compression method to be performed by a data compression system for compressing input audio data or
image data to generate compressed data, the data compression method comprising:

a conversion step (S104) of converting the audio data or image 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, wherein

the block generation step generates the plurality of blocks on the basis of a number of bits for representing
each of the pieces of frequency domain data,
the block generation step 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,
the compressed data generation step 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, and
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 step includes the piece of data in the block.

20. 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,
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the pieces of frequency domain data included in the blocks generated by the block generation means; wherein
the block generation means generates the plurality of blocks on the basis of a number of bits for representing
each of the pieces of frequency domain data,
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,
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,
and
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 predeter-
mined condition, the block generation means includes the piece of data in the block,
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.

Patentansprüche

1. Datenkompressionsvorrichtung (10) zum Komprimieren von eingegebenen Audiodaten oder Bilddaten, um kompri-
mierte Daten zu erzeugen, wobei die Datenkompressionsvorrichtung umfasst:

Umwandlungsmittel (13, S104) zum Umwandeln der Audiodaten oder Bilddaten in eine Vielzahl von Teilen von
Frequenzbereichsdaten;
Blockerzeugungsmittel (13, S109) zum Erzeugen einer Vielzahl von Blöcken, indem basierend auf der Vielzahl
von Teilen von Frequenzbereichsdaten eine Datensequenz, in der die Vielzahl von Teilen von Frequenzbe-
reichsdaten angeordnet sind, in eine Vielzahl von Blöcken unterteilt wird, so dass Trennpositionen der Blöcke
variabel sind; und
Mittel zum Erzeugen komprimierter Daten (13) zum Erzeugen der komprimierten Daten durch Komprimieren,
auf einer Blockbasis, der Teile von Frequenzbereichsdaten, die in den Blöcken beinhaltet sind, die durch das
Blockerzeugungsmittel erzeugt wird, wobei
das Blockerzeugungsmittel die Vielzahl von Blöcken basierend auf einer Anzahl von Bits zur Repräsentation
jedes der Teile von Frequenzbereichsdaten erzeugt,
das Blockerzeugungsmittel in einem der Blöcke beliebige Teile von Frequenzbereichsdaten mit der gleichen
Anzahl von Bits zum Darstellen jedes Teils von Frequenzbereichsdaten zusammensetzt,
das Mittel zum Erzeugen komprimierter Daten die Teile der Frequenzbereichsdaten, die in jedem Block beinhaltet
sind, komprimiert, indem unnötige Bits entfernt werden, so dass Bits zum Repräsentieren jedes Teils der Daten,
die in dem Block beinhaltet sind, übrig bleiben, und
selbst wenn einer der Teile der Frequenzbereichsdaten und einer der Blöcke eine unterschiedliche Anzahl von
Bits zum Repräsentieren jedes Teils der Frequenzbereichsdaten aufweisen, wenn der Teil der Daten und der
Block eine vorbestimmte Bedingung erfüllen, fügt das Mittel zum Erzeugen des Blocks den Teil der Daten in
den Block ein.

2. Datenkompressionsvorrichtung nach Anspruch 1, wobei das Mittel zum
Erzeugen von Blöcken die Vielzahl von Blöcken basierend auf den Eigenschaften der Vielzahl von Frequenzbe-
reichsdaten erzeugt.

3. Datenkompressionsvorrichtung nach Anspruch 2, wobei das Mittel zum
Erzeugen von Blöcken die Vielzahl von Blöcken basierend auf den Eigenschaften der Vielzahl von Teilen von
Frequenzbereichsdaten in Bezug auf eine bestimmte Anzahl von Teilen der Audiodaten oder Bilddaten erzeugt.

4. Datenkompressionsvorrichtung nach Anspruch 2 oder 3, wobei
das Mittel zum Erzeugen von Blöcken die Vielzahl von Blöcken basierend auf einer Ähnlichkeit zwischen der Vielzahl
von Teilen von Frequenzbereichsdaten erzeugt.

5. Datenkompressionsvorrichtung nach einem der Ansprüche 2 bis 4, wobei
das Mittel zum Erzeugen von Blöcken die Vielzahl von Blöcken so erzeugt, dass in der Datensequenz der Vielzahl
von Frequenzbereichsdaten eine Vielzahl von Daten mit unterschiedlichen Werten, die jedoch eine Ähnlichkeit
aufweisen, in einem der Blöcke enthalten sind.
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6. Datenkompressionsvorrichtung nach einem der Ansprüche 2 bis 5, wobei
das Mittel zum Erzeugen von Blöcken die Teile von Frequenzbereichsdaten entsprechend ihrer Werte kategorisiert
und die Vielzahl von Blöcken basierend auf den Kategorien erzeugt.

7. Datenkompressionsvorrichtung nach Anspruch 6, wobei
das Mittel zum Erzeugen von Blöcken die Vielzahl von Blöcken so erzeugt, dass sie beliebige Teile von Frequenz-
bereichsdaten derselben Kategorie im selben Block beinhalten.

8. Datenkompressionsvorrichtung nach Anspruch 7, wobei
selbst wenn eines der Teile der Frequenzbereichsdaten und einer der Blöcke zu verschiedenen Kategorien gehören,
das Mittel zum Erzeugen von Blöcken der Teil der Daten in dem Block einfügt, wenn der Teil der Daten und der
Block eine vorbestimmte Bedingung erfüllen.

9. Datenkompressionsvorrichtung nach einem der Ansprüche 2 bis 8, wobei
das Mittel zum Erzeugen von Blöcken die Vielzahl von Blöcken basierend auf einer Kontinuität zwischen der Vielzahl
von Teilen von Frequenzbereichsdaten erzeugt, wenn diese angeordnet sind.

10. Datenkompressionsvorrichtung nach einem der Ansprüche 1 bis 9, wobei
unter Berücksichtigung einer Größe der komprimierten Daten, die komprimiert werden, wenn einer der Blöcke geteilt
wird, und der Größe der komprimierten Daten, die komprimiert werden, wenn der Block nicht geteilt wird, bestimmt
das Mittel zum Erzeugen von Blöcken, ob der Block zu teilen ist oder nicht, und wenn das Mittel zum Erzeugen von
Blöcken bestimmt hat, dass der Block zu teilen ist, teilt das Mittel zum Erzeugen von Blöcken den Block.

11. Datenkompressionsvorrichtung nach einem der Ansprüche 1 bis 10, wobei
wenn eine Größe der Datensequenz, die komprimiert wird, wenn sie an einer bestimmten Position getrennt wird,
kleiner ist als die Größe der Datensequenz, die komprimiert wird, wenn sie an einer anderen Position als der
bestimmten Position getrennt wird, das Mittel zum Erzeugen von Blöcken die Datensequenz an der bestimmten
Position trennt.

12. Datenkompressionsvorrichtung nach einem der Ansprüche 1 bis 11, wobei
das Mittel zum Erzeugen von Blöcken auf einer Blockbasis Dekompressionsinformation erzeugt, die zum Dekom-
primieren der Blöcke verwendet wird.

13. Datenkompressionsvorrichtung nach Anspruch 12, wobei die Dekompressionsinformation Information ist, die den
in jedem Block enthaltenen Frequenzbereichsdaten gemeinsam ist.

14. Datenkompressionsvorrichtung nach Anspruch 12 oder 13, wobei das Mittel zum Erzeugen von Blöcken die Vielzahl
von Blöcken basierend auf einer Größe der Dekompressionsinformation erzeugt.

15. Datenkompressionsvorrichtung nach einem der Ansprüche 12 bis 14, wobei
wenn eine Größe eines der Blöcke, wenn der Block nicht geteilt wird, größer ist als eine Größe von zwei Blöcken,
die durch Teilen des Blocks erhalten werden und die Dekompressionsinformation beinhalten, die erhöht wird, wenn
der Block geteilt wird, das Mittel zum Erzeugen von Blöcken den Block teilt.

16. Datenkompressionsvorrichtung nach einem der Ansprüche 1 bis 15, wobei
das Mittel zum Erzeugen von Blöcken die Vielzahl von Teilen von Frequenzbereichsdaten in die Vielzahl von Blöcken
unterteilt, so dass, wenn die Vielzahl von Teilen von Frequenzbereichsdaten entsprechend ihren Frequenzen an-
geordnet sind, die Trennpositionen der Frequenzen variabel sind.

17. Datenkompressionsvorrichtung nach einem der Ansprüche 1 bis 16, wobei
das Mittel zum Erzeugen von Blöcken beinhaltet:

Bestimmungsmittel (S305) zum Bestimmen, ob eines der Teile von Frequenzbereichsdaten, die in der Daten-
sequenz angeordnet sind, in einem aktuellen Block zu beinhalten ist oder nicht; und
Erzeugungsmittel (S306), um, wenn das Bestimmungsmittel bestimmt hat, dass der Teil der Frequenzbereichs-
daten in dem aktuellen Block enthalten sein soll, der Teil der Frequenzbereichsdaten in den aktuellen Block
aufzunehmen, und um, wenn das Bestimmungsmittel bestimmt hat, dass der Teil der Frequenzbereichsdaten
nicht in dem aktuellen Block enthalten sein soll, einen nachfolgenden Block zu erzeugen und den Teil der
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Frequenzbereichsdaten in den nachfolgenden Block aufzunehmen.

18. Datenkompressionsprogramm zur Ausführung durch einen Computer einer Datenkompressionsvorrichtung (10)
zum Komprimieren von eingegebenen Audiodaten oder Bilddaten, um komprimierte Daten zu erzeugen, wobei das
Datenkompressionsprogramm Anweisungen umfasst, die, wenn das Programm durch den Computer ausgeführt
wird, den Computer veranlassen, Folgendes auszuführen:

einen Umwandlungsschritt (S105) zum Umwandeln der Audiodaten oder Bilddaten in eine Vielzahl von Teilen
von Frequenzbereichsdaten;
einen Blockerzeugungsschritt (S109) zum Erzeugen einer Vielzahl von Blöcken, indem basierend auf der Viel-
zahl von Teilen von Frequenzbereichsdaten eine Datensequenz, in der die Vielzahl von Teilen von Frequenz-
bereichsdaten angeordnet sind, in eine Vielzahl von Blöcken unterteilt wird, so dass die Trennpositionen der
Blöcke variabel sind; und
einen Schritt zum Erzeugen komprimierter Daten (S109) zum Erzeugen der komprimierten Daten durch Kom-
primieren, auf einer Blockbasis, der Teile von Frequenzbereichsdaten, die in den durch den Blockerzeugungs-
schritt erzeugten Blöcken beinhaltet sind, wobei
der Blockerzeugungsschritt die Vielzahl von Blöcken basierend auf einer Anzahl von Bits zum Repräsentieren
jedes der Teile von Frequenzbereichsdaten erzeugt,
der Blockerzeugungsschritt in einem der Blöcke beliebige der Teile von Frequenzbereichsdaten mit der gleichen
Anzahl von Bits zur Darstellung jedes der Teile von Frequenzbereichsdaten zusammensetzt,
der Schritt zur Erzeugung komprimierter Daten die Teile der Frequenzbereichsdaten, die in jedem Block bein-
haltet sind, komprimiert, indem unnötige Bits entfernt werden, so dass Bits zum Repräsentieren jedes Teils der
Daten, die in dem Block beinhaltet sind, übrig bleiben, und
selbst wenn eines der Teile der Frequenzbereichsdaten und einer der Blöcke eine unterschiedliche Anzahl von
Bits zum Repräsentieren jedes Teils der Frequenzbereichsdaten aufweisen, wenn der Teil der Daten und der
Block eine vorbestimmte Bedingung erfüllen, fügt der Blockerzeugungsschritt den Teil der Daten in dem Block
ein.

19. Datenkompressionsverfahren zur Ausführung durch ein Datenkompressionssystem zum Komprimieren von einge-
gebenen Audiodaten oder Bilddaten, um komprimierte Daten zu erzeugen, wobei das Datenkompressionsverfahren
umfasst:

einen Umwandlungsschritt (S105) zum Umwandeln der Audiodaten oder Bilddaten in eine Vielzahl von Teilen
von Frequenzbereichsdaten;
einen Blockerzeugungsschritt (S109) zum Erzeugen einer Vielzahl von Blöcken, indem basierend auf der Viel-
zahl von Teilen von Frequenzbereichsdaten eine Datensequenz, in der die Vielzahl von Teilen von Frequenz-
bereichsdaten angeordnet sind, in eine Vielzahl von Blöcken unterteilt wird, so dass die Trennpositionen der
Blöcke variabel sind; und
einen Schritt zum Erzeugen komprimierter Daten (S109) zum Erzeugen der komprimierten Daten durch Kom-
primieren, auf einer Blockbasis, der Teile von Frequenzbereichsdaten, die in den durch den Blockerzeugungs-
schritt erzeugten Blöcken beinhaltet sind, wobei
der Blockerzeugungsschritt die Vielzahl von Blöcken basierend auf einer Anzahl von Bits zum Repräsentieren
jedes der Teile von Frequenzbereichsdaten erzeugt,
der Blockerzeugungsschritt in einem der Blöcke beliebige der Teile von Frequenzbereichsdaten mit der gleichen
Anzahl von Bits zur Darstellung jedes der Teile von Frequenzbereichsdaten zusammensetzt,
der Schritt zur Erzeugung komprimierter Daten die Teile der Frequenzbereichsdaten, die in jedem Block bein-
haltet sind, komprimiert, indem unnötige Bits entfernt werden, so dass Bits zum Repräsentieren jedes Teils der
Daten, die in dem Block beinhaltet sind, übrig bleiben, und
selbst wenn eines der Teile der Frequenzbereichsdaten und einer der Blöcke eine unterschiedliche Anzahl von
Bits zum Repräsentieren jedes Teils der Frequenzbereichsdaten aufweisen, wenn der Teil der Daten und der
Block eine vorbestimmte Bedingung erfüllen, fügt der Blockerzeugungsschritt den Teil der Daten in dem Block
ein.

20. Datenkompressions-/dekompressionssystem (10) zum Komprimieren von Eingangsdaten, um komprimierte Daten
zu erzeugen, und zum Dekomprimieren der komprimierten Daten, wobei das Datenkompressions-/dekompressi-
onssystem umfassend:

Umwandlungsmittel (13) zum Umwandeln der Eingangsdaten in eine Vielzahl von Teilen von Frequenzbereichs-
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daten;
Mittel zum Erzeugen von Blöcken (13) zum Erzeugen einer Vielzahl von Blöcken, indem basierend auf der
Vielzahl von Teilen von Frequenzbereichsdaten eine Datensequenz, in der die Vielzahl von Teilen von Fre-
quenzbereichsdaten angeordnet sind, in eine Vielzahl von Blöcken unterteilt wird, so dass die Trennpositionen
der Blöcke variabel sind;
Mittel zum Erzeugen von komprimierten Daten (13) zum Erzeugen der komprimierten Daten durch Komprimieren
der Teile von Frequenzbereichsdaten, die in den Blöcken beinhaltet sind, die durch die Mittel zum Erzeugen
von Blöcken erzeugt wurden; wobei
das Mittel zum Erzeugen von Blöcken die Vielzahl von Blöcken basierend auf einer Anzahl von Bits zum Dar-
stellen jedes der Teile von Frequenzbereichsdaten erzeugt,
das Mittel zum Erzeugen von Blöcken in einem der Blöcke beliebige Teile von Frequenzbereichsdaten mit der
gleichen Anzahl von Bits zum Darstellen jedes Teils von Frequenzbereichsdaten zusammensetzt,
das Mittel zum Erzeugen von Blöcken die in jedem Block enthaltenen Frequenzbereichsdaten komprimiert,
indem unnötige Bits entfernt werden, so dass Bits zur Repräsentation jedes in dem Block enthaltenen Teils der
Daten übrig bleiben, und
selbst wenn eines der Teile von Frequenzbereichsdaten und einer der Blöcke eine unterschiedliche Anzahl von
Bits zum Darstellen jedes der Teile von Frequenzbereichsdaten aufweisen, wenn der Teil von Daten und der
Block eine vorbestimmte Bedingung erfüllen, das Mittel zum Erzeugen von Blöcken den Teil von Daten in dem
Block einfügt,
Extraktionsmittel (1, 5) zum Extrahieren jedes Blocks, der in den komprimierten Daten beinhaltet ist; und
Dekompressionsmittel (15) zum Dekomprimieren der komprimierten Daten durch Dekomprimieren der kompri-
mierten Daten auf einer Blockbasis, um die Vielzahl von Teilen von Frequenzbereichsdaten zu erzeugen.

Revendications

1. Un appareil de compression de données (10) pour comprimer des données d’image ou des données audio d’entrée
pour générer des données comprimées, l’appareil de compression de données comprenant :

un moyen de conversion (13, S104) pour la conversion des données d’image ou des données audio en une
pluralité de fragments de données dans le domaine fréquentiel ;
un moyen de génération de blocs (13, S109) pour la génération d’une pluralité de blocs par division, sur la base
de la pluralité de fragments de données dans le domaine fréquentiel, d’une séquence de données dans laquelle
la pluralité de fragments de données dans le domaine fréquentiel sont agencés en une pluralité de blocs tels
que les positions des séparations des blocs soient variables ; et
un moyen de génération de données comprimées (13) pour la génération des données comprimées par com-
pression, sur une base bloc par bloc, des fragments de données dans le domaine fréquentiel inclus dans les
blocs générés par le moyen de génération de blocs, dans lequel
le moyen de génération de blocs génère la pluralité de blocs sur la base d’un nombre de bits qui servent à
représenter chacun des fragments de données dans le domaine fréquentiel,
le moyen de génération de blocs assemble, dans l’un des blocs, tout fragment quelconque de données dans
le domaine fréquentiel qui a le même nombre de bits qui servent à représenter chacun des fragments de données
dans le domaine fréquentiel,
le moyen de génération de données comprimées comprime les fragments de données dans le domaine fré-
quentiel inclus dans chaque bloc par élimination des bits qui ne sont pas nécessaires afin de laisser inclus dans
le bloc les bits qui servent à représenter chaque fragment de données, et
même si l’un des fragments de données dans le domaine fréquentiel et l’un des blocs ont des nombres différents
de bits qui servent à représenter chacun des fragments de données dans le domaine fréquentiel, le moyen de
génération de blocs inclut le fragment de données dans le bloc si le fragment de données et le bloc vérifient
une condition prédéterminée.

2. L’appareil de compression de données selon la revendication 1, dans lequel le moyen de génération de blocs génère
la pluralité de blocs sur la base de caractéristiques de la pluralité de fragments de données dans le domaine
fréquentiel.

3. L’appareil de compression de données selon la revendication 2, dans lequel le moyen de génération de blocs génère
la pluralité de blocs sur la base des caractéristiques de la pluralité de fragments de données dans le domaine
fréquentiel par rapport à un certain nombre de fragments des données d’image ou des données audio.
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4. L’appareil de compression de données selon la revendication 2 ou 3, dans lequel le moyen de génération de blocs
génère la pluralité de blocs sur la base d’une similarité entre la pluralité de fragments de données dans le domaine
fréquentiel.

5. L’appareil de compression de données selon l’une des revendications 2 à 4, dans lequel
le moyen de génération de blocs génère la pluralité de blocs de telle sorte que, dans la séquence de données de
la pluralité de fragments de données dans le domaine fréquentiel, une pluralité de fragments de données qui ont
des valeurs différentes mais qui présentent une similarité soient inclus dans l’un des blocs.

6. L’appareil de compression de données selon l’une des revendications 2 à 5, dans lequel
le moyen de génération de blocs catégorise les fragments de données dans le domaine fréquentiel en fonction de
leurs valeurs, et génère la pluralité de blocs sur la base des catégories.

7. L’appareil de compression de données selon la revendication 6, dans lequel le moyen de génération de blocs génère
la pluralité de blocs de manière à inclure dans le même bloc tout fragment quelconque de données dans le domaine
fréquentiel de la même catégorie.

8. L’appareil de compression de données selon la revendication 7, dans lequel même quand l’un des fragments de
données dans le domaine fréquentiel et l’un des blocs appartiennent à des catégories différentes, le moyen de
génération de blocs inclut le fragment de données dans le bloc si le fragment de données et le bloc vérifient une
condition prédéterminée.

9. L’appareil de compression de données selon l’une des revendications 2 à 8, dans lequel
le moyen de génération de blocs génère la pluralité de blocs sur la base d’une continuité entre la pluralité de
fragments de données dans le domaine fréquentiel lorsqu’ils sont agencés.

10. L’appareil de compression de données selon l’une des revendications 1 à 9, dans lequel
en considération d’une dimension des données comprimées qui ont été comprimées lorsque l’un des blocs est
divisé et de la dimension des données comprimées qui ont été comprimées lorsque le bloc n’est pas divisé, le
moyen de génération de blocs détermine si le bloc doit ou non être divisé, et le moyen de génération de blocs divise
le bloc si le moyen de génération de blocs a déterminé que le bloc doit être divisé.

11. L’appareil de compression de données selon l’une des revendications 1 à 10, dans lequel
si une dimension de la séquence de données comprimées lorsqu’elle est séparée en une position particulière est
inférieure à la dimension de la séquence de données comprimées lorsqu’elle est séparée en une position différente
de la position particulière, le moyen de génération de blocs sépare la séquence de données à la position particulière.

12. L’appareil de compression de données selon l’une des revendications 1 à 11, dans lequel
le moyen de génération de blocs génère, sur une base bloc par bloc, une information de décompression utilisée
par décomprimer les blocs.

13. L’appareil de compression de données selon la revendication 12, dans lequel L’information de décompression est
une information commune aux fragments de données dans le domaine fréquentiel qui sont inclus dans chaque bloc.

14. L’appareil de compression de données selon la revendication 12 ou 13, dans lequel le moyen de génération de
blocs génère la pluralité de blocs sur la base d’une dimension de l’information de décompression.

15. L’appareil de compression de données selon l’une des revendications 12 à 14, dans lequel
si une dimension de l’un des blocs lorsque le bloc n’est pas divisé est supérieure à une dimension de deux blocs
qui sont obtenus par division du bloc et qui incluent l’information de décompression augmentée lorsque le bloc est
divisé, le moyen de génération de blocs divise le bloc.

16. L’appareil de compression de données selon l’une des revendications 1 à 15, dans lequel
le moyen de génération de blocs divise la pluralité de fragments de données dans le domaine fréquentiel pour
donner la pluralité de blocs de telle manière que, si la pluralité de fragments de données dans le domaine fréquentiel
sont agencés en fonction de leurs fréquences, les positions de séparation des fréquences soient variables.

17. L’appareil de compression de données selon l’une des revendications 1 à 16, dans lequel
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le moyen de génération de blocs comprend :

un moyen de détermination (S305) pour la détermination s’il y a ou non lieu que l’un des fragments de données
dans le domaine fréquentiel agencé dans la séquence de données soit inclus dans un bloc courant ; et
un moyen de génération (S306) pour, si le moyen de détermination a déterminé que le fragment de données
dans le domaine fréquentiel doit être inclus dans le bloc courant, l’inclusion du fragment de données dans le
domaine fréquentiel dans le bloc courant et pour, si le moyen de détermination a déterminé que le fragment de
données dans le domaine fréquentiel ne doit pas être inclus dans le bloc courant, la génération d’un bloc suivant
et l’inclusion du fragment de données dans le domaine fréquentiel dans le bloc suivant.

18. Un programme de compression de données destiné à être exécuté par un calculateur d’un appareil de compression
de données (10) pour la compression de données d’image ou de données audio en entrée pour générer des données
comprimées, le programme de compression de données comprenant des instructions qui, lorsque le programme
est exécuté par le calculateur, font en sorte que le calculateur réalise :

une étape de conversion (S104) pour la conversion des données d’image ou des données audio en une pluralité
de fragments de données dans le domaine fréquentiel ;
une étape de génération de blocs (S109) pour la génération d’une pluralité de blocs par division, sur la base
de la pluralité de fragments de données dans le domaine fréquentiel, d’une séquence de données dans laquelle
la pluralité de fragments de données dans le domaine fréquentiel sont agencés en une pluralité de blocs tels
que les positions des séparations des blocs soient variables ; et
une étape de génération de données comprimées (S109) pour la génération des données comprimées par
compression, sur une base bloc par bloc, des fragments de données dans le domaine fréquentiel inclus dans
les blocs générés à l’étape de génération de blocs, dans lequel
l’étape de génération de blocs génère la pluralité de blocs sur la base d’un nombre de bits qui servent à
représenter chacun des fragments de données dans le domaine fréquentiel,
l’étape de génération de blocs assemble, dans l’un des blocs, tout fragment quelconque de données dans le
domaine fréquentiel qui a le même nombre de bits qui servent à représenter chacun des fragments de données
dans le domaine fréquentiel,
l’étape de génération de données comprimées comprime les fragments de données dans le domaine fréquentiel
inclus dans chaque bloc par élimination des bits qui ne sont pas nécessaires afin de laisser inclus dans le bloc
les bits qui servent à représenter chaque fragment de données, et
même si l’un des fragments de données dans le domaine fréquentiel et l’un des blocs ont des nombres différents
de bits qui servent à représenter chacun des fragments de données dans le domaine fréquentiel, l’étape de
génération de blocs inclut le fragment de données dans le bloc si le fragment de données et le bloc vérifient
une condition prédéterminée.

19. Un procédé de compression de données destiné à être mis en œuvre par un système de compression de données
pour la compression de données d’image ou de données audio en entrée pour générer des données comprimées,
le procédé de compression de données comprenant :

une étape de conversion (S104) pour la conversion des données d’image ou des données audio en une pluralité
de fragments de données dans le domaine fréquentiel ;
une étape de génération de blocs (S109) pour la génération d’une pluralité de blocs par division, sur la base
de la pluralité de fragments de données dans le domaine fréquentiel, d’une séquence de données dans laquelle
la pluralité de fragments de données dans le domaine fréquentiel sont agencés en une pluralité de blocs tels
que les positions des séparations des blocs soient variables ; et
une étape de génération de données comprimées (S109) pour la génération des données comprimées par
compression, sur une base bloc par bloc, des fragments de données dans le domaine fréquentiel inclus dans
les blocs générés à l’étape de génération de blocs, dans lequel
l’étape de génération de blocs génère la pluralité de blocs sur la base d’un nombre de bits qui servent à
représenter chacun des fragments de données dans le domaine fréquentiel,
l’étape de génération de blocs assemble, dans l’un des blocs, tout fragment quelconque de données dans le
domaine fréquentiel qui a le même nombre de bits qui servent à représenter chacun des fragments de données
dans le domaine fréquentiel,
l’étape de génération de données comprimées comprime les fragments de données dans le domaine fréquentiel
inclus dans chaque bloc par élimination des bits qui ne sont pas nécessaires afin de laisser inclus dans le bloc
les bits qui servent à représenter chaque fragment de données, et
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même si l’un des fragments de données dans le domaine fréquentiel et l’un des blocs ont des nombres différents
de bits qui servent à représenter chacun des fragments de données dans le domaine fréquentiel, l’étape de
génération de blocs inclut le fragment de données dans le bloc si le fragment de données et le bloc vérifient
une condition prédéterminée.

20. Un système de compression/décompression de données (10) pour la compression de données d’entrée pour générer
des données comprimées et pour la décompression des données comprimées, le système de compression/décom-
pression de données comprenant :

un moyen de conversion (13) pour la conversion des données d’entrée en une pluralité de fragments de données
dans le domaine fréquentiel ;
un moyen de génération de blocs (13) pour la génération d’une pluralité de blocs par division, sur la base de
la pluralité de fragments de données dans le domaine fréquentiel, d’une séquence de données dans laquelle
la pluralité de fragments de données dans le domaine fréquentiel sont agencés en une pluralité de blocs tels
que les positions des séparations des blocs soient variables ; et
un moyen de génération de données comprimées (13) pour la génération des données comprimées par com-
pression, sur une base bloc par bloc, des fragments de données dans le domaine fréquentiel inclus dans les
blocs générés par le moyen de génération de blocs, dans lequel
le moyen de génération de blocs génère la pluralité de blocs sur la base d’un nombre de bits qui servent à
représenter chacun des fragments de données dans le domaine fréquentiel,
le moyen de génération de blocs assemble, dans l’un des blocs, tout fragment quelconque de données dans
le domaine fréquentiel qui a le même nombre de bits qui servent à représenter chacun des fragments de données
dans le domaine fréquentiel,
le moyen de génération de données comprimées comprime les fragments de données dans le domaine fré-
quentiel inclus dans chaque bloc par élimination des bits qui ne sont pas nécessaires afin de laisser inclus dans
le bloc les bits qui servent à représenter chaque fragment de données, et
même si l’un des fragments de données dans le domaine fréquentiel et l’un des blocs ont des nombres différents
de bits qui servent à représenter chacun des fragments de données dans le domaine fréquentiel, le moyen de
génération de blocs inclut le fragment de données dans le bloc si le fragment de données et le bloc vérifient
une condition prédéterminée,
un moyen d’extraction (15) pour l’extraction de chaque bloc inclus dans les données comprimées ; et
un moyen de décompression (15) pour la décompression des données comprimées par décompression des
données comprimées sur une base bloc par bloc pour générer la pluralité de fragments de données dans le
domaine fréquentiel.
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