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(57) ABSTRACT

This biological information processing device is provided
with: a peak detection unit for detecting the peaks of a bio-
logical signal generated in a cardiac cycle; a waveform clip-
ping unit for clipping out a first peak-to-peak biological sig-
nal between two peaks, which are adjacent on the time axis of
the biological signal, on the basis of detection results of the
peak detection unit; and a resampling unit for transforming
the first peak-to-peak biological signal to a second peak-to-
peak biological signal for a prescribed number of samples.
The biological information processing device is further pro-
vided with: an orthogonal transformation unit for generating
orthogonal transformation coefficients by performing an
orthogonal transformation on the second peak-to-peak bio-
logical signal; a differential processing unit for generating a
differential signal for the orthogonal transformation coeffi-
cients on the time axis; and an encoding unit for encoding the
differential signal.
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BIOLOGICAL INFORMATION PROCESSING
DEVICE, BIOLOGICAL INFORMATION
PROCESSING SYSTEM, BIOLOGICAL
INFORMATION COMPRESSION METHOD,
AND BIOLOGICAL INFORMATION
COMPRESSION PROCESSING PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to biological informa-
tion processing devices, biological information processing
systems, biological information compression methods, and
biological information compression processing programs
provided with a function to compress biological information,
such as electrocardiographic information and pulse wave
information.

BACKGROUND ART

[0002] When the waveform data ofa biological signal, such
as an electrocardiographic signal, is compressed, the wave-
form of the biological signal may significantly deteriorate and
affect medical decision. Therefore, usually, the compression
processing is not performed on the biological signal. How-
ever, recently, there are also increased opportunities for
remote medical care and storage of biological information,
and various kinds of techniques also have been proposed,
which compress a biological signal using an audio compres-
sion technique and output the compressed biological infor-
mation to an external terminal or memory (e.g., see Patent
Literatures 1, 2).

[0003] Patent Literature 1 proposes a medical terminal
device that compresses the electrocardiographic data con-
verted to digital data and outputs the compressed electrocar-
diographic data to a device on the doctor side via a telephone
line. Patent Literature 2 proposes a Holter monitor device that
compresses  digital-converted electrocardiographic  data
using a wavelet code transformation method and stores the
compressed electrocardiographic data into an external non-
volatile memory.

CITATION LIST

Patent Literature

[0004] Patent Literature 1: Japanese Patent Laid-Open No.
2002-159451

[0005] Patent Literature 2: Japanese Patent Laid-Open No.
1996-299293
SUMMARY OF INVENTION
Technical Problem

[0006] Because the waveform of a biological signal, such
as an electrocardiographic signal, is usually an impulse-
shaped waveform, the information on up to a relatively high
frequency band is needed in order to precisely decode a
compressed biological signal. Therefore, with the conven-
tional audio compression technique, it is difficult to compress
biological information at a sufficiently high compression rate
(e.g., compression rate higher than Y10). Moreover, in trans-
mitting biological information via a communication network,
the biological information needs to be compressed at a higher
compression rafe.

[0007] The present invention has been made in view of the
above circumstances, and an object of the present invention is
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to provide a biological information processing device, a bio-
logical information processing system, a biological informa-
tion compression method, and a biological information com-
pression processing program capable of compressing
biological information at a higher compression rate.

Solution to Problem

[0008] In order to solve the above-described problems, a
first biological information processing device according to
the present invention includes: a peak detection unit config-
ured to detect peaks of a biological signal generated in a
cardiac cycle; a waveform clipping unit configured to clip out
a first peak-to-peak biological signal between two peaks,
which are adjacent on a time axis of the biological signal, on
the basis of detection results of the peak detection unit; a
resampling unit configured to transform the first peak-to-peak
biological signal to a second peak-to-peak biological signal
of a prescribed number of samples; an orthogonal transfor-
mation unit configured to generate orthogonal transformation
coefficients by performing an orthogonal transformation on
the second peak-to-peak biological signal; a differential pro-
cessing unit configured to generate a differential signal of the
orthogonal transformation coefficients on the time axis; and
an encoding unit configured to encode the differential signal.

[0009] Note that, the “biological signal (biological infor-
mation)” as used herein refers to a biological signal (biologi-
cal information) whose amplitude varies substantially-peri-
odically in synchronization with a cardiac cycle, such as an
electrocardiographic signal or a pulsebeat signal.

[0010] A second biological information processing device
according to the present invention includes: a control umt
configured to control operations of processes of: detecting
peaks of a biological signal generated in a cardiac cycle;
clipping out a first peak-to-peak biological signal between
two peaks, which are adjacent on a time axis of the biological
signal, on the basis of detection results of the peaks; trans-
forming the first peak-to-peak biological signal to a second
peak-to-peak biological signal of a prescribed number of
samples; performing an orthogonal transformation on the
second peak-to-peak biological signal to generate orthogonal
transformation coefficients; generating a differential signal of
the orthogonal transformation coefficients on the time axis;
and encoding the differential signal.

[0011] Abiological information processing system accord-
ing to the present invention includes the first biological infor-
mation processing device according to the present invention
and a biological information decoding device that decodes a
biological signal from the signal encoded by the encoding
unit.

[0012] Furthermore, with a biological information com-
pression method and a compression processing program
according to the present invention, the peaks of a biological
signal generated in a cardiac cycle are detected first. Next, on
the basis of detection results of the peak; a first peak-to-peak
biological signal between two peaks, which are adjacent on a
time axis of the biological signal, is clipped out. Next, the first
peak-to-peak biological signal is transformed to a second
peak-to-peak biological signal of a prescribed number of
samples. Next, orthogonal transformation coefficients are
generated by performing an orthogonal transformation on the
second peak-to-peak biological signal. Next, a differential
signal of the orthogonal transformation coefficients on the
time axis is generated. Then, the difference signal is encoded.
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Advantageous Effects of Invention

[0013] As described above, in the biological information
compression technique according to the present invention,
the first peak-to-peak biological signal clipped out from a
biological signal is transformed (normalized) to the second
peak-to-peak biological signal of a prescribed number of
samples. Furthermore, in the present invention, the encoding
processing is performed on a differential signal between the
orthogonal transformation coefficients of the normalized sec-
ond peak-to-peak biological signal so as to compress the
biological signal. Therefore, according to the present inven-
tion, biological information can be compressed at a higher
compression rate.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is a waveform chart of an electrocardio-
graphic signal.
[0015] FIG. 2 is a waveform chart of the electrocardio-

graphic signal clipped out in an R-R period.

[0016] FIGS. 3A and 3B are waveform charts of an elec-
trocardiographic signal before and after resampling process-
ing, respectively.

[0017] FIG. 4 is a graph illustrating the time change char-
acteristics of orthogonal transformation coefficients.

[0018] FIG.5isa general block configuration diagram of a
biological information processing system according to an
embodiment of the present invention.

[0019] FIG. 6 is a general block configuration diagram of a
biological information processing device (basic configura-
tion example) according to an embodiment of the present
invention.

[0020] FIG.7 is a general block configuration diagram of a
biological information processing device of a variant.

[0021] FIG. 8 is a general block configuration diagram of a
biological information decoding device according to an
embodiment of the present invention.

[0022] FIG. 9 is a flow chart illustrating a procedure of
electrocardiographic information compression processing in
the biological information processing device according to an
embodiment of the present invention.

[0023] FIG. 10 is a flow chart illustrating a procedure of
electrocardiographic information decoding processing in the
biological information decoding device according to an
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0024] Hereinafter, an example of a biological information
processing device, a biological information processing sys-
tem, and a biological information compression method
according to an embodiment of the present invention is
described with reference to the accompanying drawings.
Note that, in the description below, as a biological signal, an
electrocardiographic signal is taken as the example and
described, but the presentinvention is not limited thereto. The
compression technique according to the present invention can
be applied to any biological signal whose amplitude varies
substantially-periodically in synchronization with a cardiac
cycle, such as a pulsebeat signal, and the same effect can be
obtained.
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[0025] <I.Operation Principle of Compression and Decod-
ing of Biological Information>

[0026] [Compression Principle of Electrocardiographic
Signal]
[0027] First, the principle of an electrocardiographic infor-

mation compression method in the present invention is
described. FIG. 1 illustrates an example of the waveform of an
electrocardiographic signal. Note that, the horizontal axis of
the characteristics illustrated in FIG. 1 represents a sample
index on the time axis (i.e., the horizontal axis is the time
axis), while the vertical axis represents the amplitude of an
electrocardiographic signal S.

[0028] Usually, in the waveform of the electrocardio-
graphic signal S, as illustrated in FIG. 1, peaks P (peak gen-
erated in a cardiac cycle) of an R wave are generated substan-
tially at an equal interval. On the time axis (on the horizontal
axis of FIG. 1), the signal waveform in the period (hereinafter,
referred to as the R-R period) between two peaks P of the R
wave adjacent to each other, is repeatedly generated in sub-
stantially the same waveform. However, the generation cycle
(R-R period) of the peak P of the R wave is not always
constant but varies slightly, i.e., a fluctuation is generated in
the generating position of the peak P of the R wave. In the
present invention, this fluctuation of the electrocardiographic
waveform is removed and compression processing is per-
formed on the electrocardiographic signal S whose fluctua-
tion is removed.

[0029] Specifically, first, from the detected electrocardio-
graphic signal S, an electrocardiographic signal is clipped out
(extracted) for each R-R period. FIG. 2 illustrates an example
of the waveform of the clipped electrocardiographic signal
dS(n0) (n0 is a sample index (0 to N0-1) on the time axis) in
the R-R period. Note that, the horizontal axis of the charac-
teristic illustrated in FIG. 2 represents the sample index n0 on
the time axis, while the vertical axis represents the amplitude
of the electrocardiographic signal.

[0030] As described above, the R-R period also varies
slightly because there is a fluctuation in the generating posi-
tion of the peak P of the R wave. Therefore, the number of
samples NO (sampling number) of the electrocardiographic
signal dS(n0) (hereinafter, referred to as an inter-peak elec-
trocardiographic signal dS(n0)) clipped out in the R-R period
also varies depending on a time zone to clip out.

[0031] Then, in the present invention, the inter-peak elec-
trocardiographic signal dS(n0) is resampled (normalized)
with a prescribed number of samples N, so that the number of
samples of all the inter-peak electrocardiographic signals
after resampling processing is set constant. Note that, as the
resampling method, a method, such as a Lagrange’s method
or a spline method, can be used. The number of samples N in
resampling may be larger or smaller than the number of
samples NO of the inter-peak electrocardiographic signal
dS(n0).

[0032] FIGS. 3A and 3B illustrate the waveforms of the
electrocardiographic signals S before resampling processing
and the waveforms of the electrocardiographic signals Sr
after resampling processing, respectively. Note that, the hori-
zontal axis of the characteristics illustrated in FIGS. 3A and
3B represents the time, while the vertical axis represents the
amplitude of the electrocardiographic signal. FIGS. 3A and
3B illustrate an example in the case where the number of
samples N in resampling is set smaller than the minimum
value of the number of samples NO of the inter-peak electro-
cardiographic signal dS(n0).
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[0033] In the electrocardiographic signal Sr after resam-
pling processing, in which the resampled (normalized) inter-
peak electrocardiographic signals (x(n) to be described later)
are arranged in chronological order, the generation cycle
(R-R period) of the peak P of the R wave is constant. That is,
the inter-peak electrocardiographic signal dS(n0) of actual
data is resampled, so that in the electrocardiographic signal Sr
after resampling processing, the above-described fluctuation
in the generating position of the peak P of the R wave (a
fluctuation of the R-R period) is removed. Moreover, due to
this resampling processing, the waveforms of the inter-peak
electrocardiographic signal x(n) normalized in each R-R
period have mutually similar shapes regardless of the time
zone of the R-R period.

[0034] Next, the normalized inter-peak electrocardio-
graphic signal x(n) (n is the sample index (0 to N-1) on the
time axis) is divided into a prescribed number (in an embodi-
ment to be described later, the same number as the number of
samples N of the normalized inter-peak electrocardiographic
signal x(n)) of frequency bands to be subjected to orthogonal
transformation. In this case, as the orthogonal transformation
method, a method, suchas DCT (Discrete Cosine Transform),
MDCT (Modified DCT), LOT (Lapped Orthogonal Trans-
form), or WHT (Walsh-Hadamard Transform), can be used.

[0035] By the above-described orthogonal transformation,
the inter-peak electrocardiographic signal x(n) in the time
domain is transformed to a signal in the frequency domain,
i.e., to an orthogonal transformation coefficient X (k) (k is the
index of a divided frequency band). Once the normalized
inter-peak electrocardiographic signal x(n) is subjected to
orthogonal transformation in this manner, the high frequency
components in the inter-peak electrocardiographic signal
x(n) are transformed to an integer (DC component) and is
therefore transformed to the data easy to be compressed (data
that can be compressed at a high compression rate).

[0036] Moreover, as described above, the waveforms of the
normalized inter-peak electrocardiographic signal x(n) have
mutually similar shapes regardless of the time zone of the R-R
period, and therefore the difference between an orthogonal
transformation coefficient X(k) calculated in a prescribed
R-R period and an orthogonal transformation coefficient X (k)
calculated in the R-R period immediately before or immedi-
ately after the prescribed R-R period, decreases. That is, the
orthogonal transformation coefficient X(k) calculated for
each R-R period varies continuously and gently with respect
to time.

[0037] FIG. 4 illustrates an example of the time change
characteristics of the orthogonal transformation coefficient
X(k). FIG. 4 illustrates the time change characteristic of the
orthogonal transformation coefficient X(k) that is obtained
when the normalized inter-peak electrocardiographic signal
x(n) is subjected to orthogonal transformation by MDCT.
Note that, the horizontal axis of the characteristics illustrated
in FIG. 4 represents time, while the vertical axis represents
the value of the MDCT coefficient (X (k)). The characteristics
illustrated in FIG. 4 are the characteristics when each MDCT
coefficient calculated for each R-R period is plotted sequen-
tially in chronological order. FIG. 4 illustrates the time
change characteristic of each MDCT coefficient of k=0 to 7.
As apparent also from FIG. 4, it can be seen that by perform-
ing an orthogonal transformation on the normalized inter-
peak electrocardiographic signal x(n) by MDCT, the value of
the orthogonal transformation coefficient X(k) (MDCT coef-
ficient) varies continuously and gently with respect to time.
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[0038] Next, in the present invention, a differential signal
dX(k) of the orthogonal transformation coefficient X(k) is
calculated on the time axis. As described above, the value of
the orthogonal transformation coefficient X(k) varies con-
tinuously and gently with respect to time. Therefore, the time
series data of the differential signal dX(k) obtained by this
differential processing is not the data in which the value ofthe
differential signal dX (k) varies for each sample, but the data
in which the differential signal dX(k) of the same value is
continuously arranged for a prescribed period. That is, the
format of the time series data of the differential signal dX(k)
results in a format that can be easily compressed at a higher
compression rate by conventionally known encoding pro-
cessing.

[0039] Note that, the method for calculating the differential
signal dX(k) is arbitrary, and for example, simply, a differ-
ence value between an orthogonal transformation coefficient
X(k) at a prescribed time t and an orthogonal transformation
coefficient X(k) at a time t-1 immediately before the pre-
scribed time t (at the time one sample earlier than the pre-
scribed time t on the time axis) or at a time t+1 immediately
after the prescribed time t (at the time one sample later than
the prescribed time t on the time axis) may be set to the
differential signal dX (k). Moreover, a signal that is obtained
by encoding this difference value using a method, such as
DPCM (Differential Pulse Code Modulation) or ADPCM
(Adaptive DPCM), may be set to the differential signal dX (k).
In the case where the method of DPCM or ADPCM is used,
the amount of data can be further reduced because both the
difference calculation processing and the quantization (en-
coding) processing will be actually performed on the
orthogonal transformation coefficient X(k).

[0040] Then, the conventionally-known reversible encod-
ing processing, such as an entropy-encoding processing
(Huffman code, arithmetic code, LZH code, LZSS code, or
the like), is performed on the time series data of the differen-
tial signal dX(k) of the orthogonal transformation coefficient
X(k) that 1s calculated as described above. In the present
invention, electrocardiographic information is compressed
based on the above-described principle.

[0041] As described above, the electrocardiographic infor-
mation compression method according to the present inven-
tion makes maximum use of the characteristics of the wave-
form shape of the electrocardiographic signal S in which the
substantially the same shaped waveform is repeated substan-
tially-periodically, and can achieve a very high compression
rate as compared with the conventional compression method
(the method in which the inter-peak electrocardiographic sig-
nal dS(n0) is not normalized with a prescribed number of
samples N). For example, the compression rate of the con-
ventional compression method is approximately Yio at the
most, but the compression rate on the order of Yoo can be
achieved with the compression method according to the
present invention.

[0042] [Principle on Electrocardiographic Information
Expansion and Decoding]

[0043] Next, the principle on the expansion and decoding
method of the compressed electrocardiographic signal Sc is
described. In the present invention, basically, processing
opposite to the above-described compression processing of
the electrocardiographic signal S is applied to perform the
expansion and decoding of the compressed electrocardio-
graphic signal Sc.
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[0044] First, decoding processing is performed on the elec-
trocardiographic signal Sc, which is compressed based on the
above-described principle, so as to decode the time series data
of the differential signal dX(k) of the orthogonal transforma-
tion coefficient X(k). Note that, in this case, the time series
data of the differential signal dX(k) is decoded using decod-
ing processing corresponding to the encoding processing that
is used in compressing the electrocardiographic signal S.

[0045] Next, the orthogonal transformation coefficient
X(k) is calculated from the time series data of the decoded
differential signal dX(k) (differential decoding processing).
Note that, in this case, the orthogonal transformation coeffi-
cient X(k) is decoded using a decoding method correspond-
ing to the method for calculating the differential signal dX (k)
that is used in compressing the electrocardiographic signal S.

[0046] Next, the orthogonal transformation coefficient
X(k) 1s subjected to inverse orthogonal transformation. Thus,
the orthogonal transformation coefficient X(k) in the fre-
quency domain is transformed to the normalized inter-peak
electrocardiographic signal x(n) in the time domain. Note
that, in this case, the normalized inter-peak electrocardio-
graphic signal x(n) is calculated using an inverse orthogonal
transformation method (e.g., IDCT (Inverse DCT), IMDCT
(Inverse MDCT), or the like) corresponding to the orthogonal
transformation method that is used in compressing the elec-
trocardiographic signal S.

[0047] Next, the normalized inter-peak electrocardio-
graphic signal x (n) is resampled with the number of samples
NO of actual data (dS(n0)) of the corresponding inter-peak
electrocardiographic signal to calculate the actual data (dS
(n0)) of the inter-peak electrocardiographic signal. Note that,
in this case, as the resampling method, the same method as the
resampling method (e.g., Lagrange’s method, spline method,
or the like) that is used in compressing the electrocardio-
graphic signal S is preferably used. Then, the inter-peak elec-
trocardiographic signals dS(n0) obtained as described above
are combined sequentially in chronological order so as to
decode the actual data of the electrocardiographic signal S.

[0048] <2.Example of Configuration of Biological Infor-
mation Processing System (Biological Information Process-
ing Device)>

[0049] Next, an example of the configuration of the biologi-
cal information processing system, the biological informa-
tion processing device, and the biological information decod-
ing device for achieving the above-described operation
principle of the electrocardiographic information compres-
sion and decoding is described.

[0050]

[0051] FIG. 5 illustrates the general block configuration of
the biological information processing system according to an
embodiment of the present invention. A biological informa-
tion processing system 1 includes an electrocardiographic
information transmission-side device 2 and an electrocardio-
graphic information receiving-side device 3. In the example
illustrated in FIG. 5, for example, the transmission-side
device 2 is provided on a patient side, while the receiving-side
device 3 is provided on a facility side, such as a hospital,
where health care of the patient is performed. Note that, in the
embodiment, an example is described, in which electrocar-
diographic information is transmitted from the transmission-
side device 2 to the receiving-side device 3 via wireless com-
munication or wired communication.

[Biological Information Processing System|
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[0052] The transmission-side device 2 has an electrocar-
diographic sensor 4 and a biological information processing
device 10 electrically connected to the electrocardiographic
sensor 4.

[0053] The electrocardiographic sensor 4 is attached to a
patient and detects the patient’s electrocardiographic signal.
Then, the electrocardiographic sensor 4 outputs the detected
electrocardiographic signal S (electrocardiographic informa-
tion) to the biological information processing device 10.
[0054] The biological information processing device 10
can be constituted by a device, such as a personal computer, a
portable communication terminal device, or a dedicated
information processing device. The biological information
processing device 10 acquires the patient’s electrocardio-
graphic signal S (electrocardiographic data) from the electro-
cardiographic sensor 4. Next, the biological information pro-
cessing device 10  compresses the  acquired
electrocardiographic signal S using the above-described
compression method. Then, the biological information pro-
cessing device 10 transmits a compressed electrocardio-
graphic signal Sc to the receiving-side device 3 via commu-
nication. Note that the internal configuration and more
detailed operation (function) of the biological information
processing device 10 are described later.

[0055] The receiving-side device 3 has an output device 5
and a biological information decoding device 20 electrically
connected to the output device 5.

[0056] The output device 5 can be constituted by a device,
such as a display device for displaying an image of the
decoded electrocardiographic signal S or a printing device for
printing out the electrocardiographic signal S.

[0057] The biological information decoding device 20 can
be constituted by a device, such as a personal computer, a
portable communication terminal device, or a dedicated
information processing device. The biological information
decoding device 20 decodes the received compression signal
(Sc) of the electrocardiographic signal S using the above-
described expansion and decoding method. Then, the biologi-
cal information decoding device 20 outputs the decoded elec-
trocardiographic signal S to the output device 5. Note that the
internal configuration and more detailed operation (function)
of the biological information decoding device 20 are
described later.

[0058] [Biological Information Processing Device]
[0059] (1) Example of Basic Configuration
[0060] Next, the basic configuration of the inside of the

biological information processing device 10 and the function
of each unit are described with reference to FIG. 6. FIG. 6 is
the internal block configuration diagram of the biological
information processing device 10. In FIG. 6, for simplicity of
description, only the configuration involving in electrocar-
diographic information compression processing is mainly
illustrated.

[0061] The biological information processing device 10
includes a compression module unit 11 and a control unit 12.
Note that, the biological information processing device 10
may include a storage unit for storing data, such as the com-
pressed electrocardiographic signal Sc, a resampling rate Rn
to be described later, and an initial value X0(%) of the orthogo-
nal transformation coefficient X(k) to be described later.

[0062] The compression module unit 11 includes a peak
detection unit 13, a waveform clipping unit 14, a resampling
unit 15, an orthogonal transformation unit 16, a differential
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processing unit 17, an encoding unit 18, and a compression
data output unit 19 (transmission unit).

[0063] The peak detection unit 13 is connected to the elec-
trocardiographic sensor 4 (see FIG. 5), and detects the peak P
(see FIG. 1) of the R wave of the electrocardiographic signal
S input from the electrocardiographic sensor 4. Note that, as
the method for detecting the peak P of the R wave of the
electrocardiographic signal S in the peak detection unit 13,
any method used in the conventional signal processing is
used. The peak detection unit 13 is connected to the waveform
clipping unit 14, and outputs the detection result of the peak
P to the waveform clipping unit 14. For example, the peak
detection unit 13 outputs a signal with the waveform, in which
apulse is generated at a timing corresponding to the peak P of
the R wave, to the waveform clipping unit 14 as the detection
result of the peak P.

[0064] The waveform clipping unit 14 is connected to the
electrocardiographic sensor 4 and the peak detection unit 13.
Based on the detection result of the peak P of the R wave of the
electrocardiographic signal S input from the peak detection
unit 13, the waveform clipping unit 14 clips out the inter-peak
electrocardiographic signal dS(n0) (a first peak-to-peak bio-
logical signal) as illustrated in FI1G. 2, for example. Moreover,
the waveform clipping unit 14 is connected to the resampling
unit 15, and outputs the clipped inter-peak electrocardio-
graphic signal dS(n0) to the resampling unit 15. Specifically,
based on the peak detection result input from the peak detec-
tion unit 13, the waveform clipping unit 14 outputs the actual
data (dS(n0)) between the peak P ofthe R wave at aprescribed
time and the peak P of the next R wave to the resampling unit
15.

[0065] Using a method, such as the Lagrange’s method or
the spline method, the resampling unit 15 transforms (resa-
mples) the inter-peak electrocardiographic signal dS(n0) of
the number of samples NO, which s input from the waveform
clipping unit 14, to the inter-peak electrocardiographic signal
x(n) (a second peak-to-peak biological signal) of the pre-
scribed number of samples N (e.g., N=512). The resampling
unit 15 also calculates the resampling rate Rn (=N0/N) of the
inter-peak electrocardiographic signal dS(n0).

[0066] The resampling unit 15 is connected to the orthogo-
nal transformation unit 16 and outputs the normalized inter-
peak electrocardiographic signal x(n) to the orthogonal trans-
formation unit 16. Moreover, the resampling unit 15 is
connected to the compression data output unit 19, and outputs
the resampling rate Rn corresponding to the inter-peak elec-
trocardiographic signal x(n), which is output to the orthogo-
nal transformation unit 16, to the compression data output
unit 19. Note that, in this case, the resampling unit 15 may
output the number of samples NO of the corresponding inter-
peak electrocardiographic signal dS(n0), in place of the resa-
mpling rate Rn, to the compression data output unit 19.

[0067] The orthogonal transformation unit 16, using a
method, such as DCT and MDCT, divides the normalized
inter-peak electrocardiographic signal x(n), which is input
from the resampling unit 15, into a prescribed number of
frequency bands, and performs orthogonal transformation on
the resulting signal to generate the orthogonal transformation
coefficient X(k) (k=0 to N-1). Note that, in the embodiment,
the normalized inter-peak electrocardiographic signal x(n) is
divided into the same number of frequency bands as the
number of samples N. Moreover, the orthogonal transforma-
tion unit 16 is connected to the differential processing unit 17
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and outputs the generated orthogonal transformation coeffi-
cient X(k) to the differential processing unit 17.

[0068] The differential processing unit 17 generates the
differential signal dX(k) on the time axis of the orthogonal
transformation coefficient X(k) that is input from the orthogo-
nal transformation unit 16. Moreover, the differential pro-
cessing unit 17 is connected to the encoding unit 18 and
outputs the generated differential signal dX(k) to the encod-
ing unit 18. Furthermore, the differential processing unit 17 is
connected to the compression data output unit 19, and outputs
to the compression data output unit 19 the orthogonal trans-
formation coefficient X(k) of the peak electrocardiographic
signal x(n) to be processed first on the time axis (i.e., the
initial value X0(%) of the orthogonal transformation coeffi-
cient X(k)). Note that the initial value X0(%) of the orthogonal
transformation coefficient X(k) is used in decoding the
orthogonal transformation coefficient X(k) from the differen-
tial signal dX(k) in the biological information decoding
device 20.

[0069] Theencoding unit 18 performs prescribed encoding
processing, such as entropy encoding processing, on the dif-
ferential signal dX(k) of the orthogonal transformation coef-
ficient X(k) input from the differential processing unit 17, to
encode the differential signal dX(k). The encoding unit 18 is
connected to the compression data output unit 19, and outputs
the encoded signal, i.e., the compressed electrocardiographic
signal Sc, to the compression data output unit 19.

[0070] The compression data output unit 19 applies a pre-
scribed modulation to the compressed electrocardiographic
signal Sc input from the encoding unit 18, to the resampling
rate R input from the resampling unit 15, and to the initial
value X0 (k) of the orthogonal transformation coefficient
X(k) input from the differential processing unit 17, to gener-
ate a transmission signal. Then, the compression data output
unit 19 transmits the generated transmission signal to the
biological information decoding device 20. Note that, in this
case, the compression data output unit 19 may transmit a
corresponding transmission signal for each R-R period to the
biological information decoding device 20, or may store the
data of the compressed electrocardiographic signal Sc, which
is input from the encoding unit 18, for a prescribed period and
then transmit these data collectively to the biological infor-
mation decoding device 20.

[0071] The control unit 12 is constituted by a calculation
unit, such as a CPU (Central Processing Unit), which controls
the whole operation of the biological information processing
device 10. Then, in the embodiment, the control unit 12
controls the operation of each unit inside the compression
module unit 11 described above, i.e.. the operation of elec-
trocardiographic information compression processing.
[0072] (2) Variant

[0073] Intransmitting a transmission signal to the biologi-
cal information decoding device 20 from the compression
data output unit 19, when the information transmission
amount of a transmission path is defined in advance, and
when the information amount of a transmission signal output
from the compression data output unit 19 exceeds the defined
information transmission amount, quantization processing
may be preferably further performed on the orthogonal trans-
formation coefficient X(k) of the normalized inter-peak elec-
trocardiographic signal x(n).

[0074] FIG. 7 illustrates an example (variant) in this case.
FIG. 7 is the general configuration block diagram of a bio-
logical information processing device 30 of the variant.
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Moreover, in the biological information processing device 30
illustrated in FIG. 7, the same reference numeral is attached to
the same component as that in the biological information
processing device 10 of the above-described embodiment
(basic configuration example) illustrated in FIG. 6.

[0075] As apparent from the comparison between FIG. 7
and FIG. 6, the biological information processing device 30
of this example has the configuration in which a quantization
unit 32 is provided between the orthogonal transformation
unit 16 and the differential processing unit 17 in the biological
information processing device 10 of the above-described
embodiment. In this example, the configuration other than the
quantization unit 32 inside a compression module unit 31 is
the same as the corresponding configuration of the biological
information processing device 10 of the above-described
embodiment.

[0076] The quantization unit 32 quantizes (rounds off) the
orthogonal transformation coefficient X(k), which is input
from the orthogonal transformation unit 16, and transforms it
into a discrete integer value defined by a prescribed quanti-
zation step size. That is, the quantization unit 32 further
discretizes the orthogonal transformation coefficient X(k),
which is input from the orthogonal transformation unit 16, to
reduce the data amount thereof.

[0077] As described above, in the configuration of this
example, the data amount of a transmission signal can be
further reduced by the quantization unit 32. Therefore, even
in a system in which the information transmission amount is
defined in advance, electrocardiographic information can be
easily transmitted from the compression data output unit 19 to
the biological information decoding device 20.

[0078] Note that, in the example illustrated in FIG. 7, an
example has been described in which the quantization pro-
cessing is performed on the orthogonal transformation coef-
ficient X(k), but the present invention is not limited thereto.
The quantization processing may be performed on the differ-
ential signal dX(k) of the orthogonal transformation coeffi-
cient X(k). In this case, the quantization unit 32 is provided
between the differential processing unit 17 and the encoding
unit 18. Moreover, in the case where in the differential pro-
cessing unit 17 the differential signal dX(k) is calculated
using a method, such as ADPCM, the quantization unit 32
may not be provided because the quantization processing is
performed substantially inside the differential processing unit
17.

[0079] In the above-described embodiment and variant,
each unit of the compression module unit may be constituted
by hardware so as to realize the above-described electrocar-
diographic information compression processing, but the
above-described electrocardiographic information compres-
sion processing may be executed using a prescribed compres-
sion processing program (software). In this case, the com-
pression processing program is stored into a storage unit, such
as a non-illustrated ROM (Read Only Memory) inside the
biological information processing device. Then, when the
compression processing is executed, the control unit 12 reads
(expands) the compression processing program to a non-
illustrated RAM (Random Access Memory), and performs
the above-described electrocardiographic information com-
pression processing.

[0080] Moreover, in the case where the compression pro-
cessing program is used, the compression processing pro-
gram may be installed into a storage unit in advance, or the
compression processing program may be separately installed
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into the biological information processing device from the
outside so as to execute the above-described compression
processing. In the latter case, the compression processing
program may be distributed from a medium, such as an opti-
cal disk or a semiconductor memory, or may be downloaded
via transmission means, such as the Internet.

[0081] [Biological Information Decoding Device]

[0082] Next, the internal configuration of the biological
information decoding device 20 and the function of each unit
are described with reference to FIG. 8. FIG. 8 is the internal
block configuration diagram of the biological information
decoding device 20. In FIG. 8, for simplicity of description,
only the configuration involving in the electrocardiographic
information expansion and decoding processing are mainly
illustrated.

[0083] The biological information decoding device 20
includes a decoding module unit 21 and a control unit 22.
Note that, the biological information decoding device 20 may
include a storage unit for storing data, such as the compressed
electrocardiographic signal Sc, the resampling rate Rn, and
the initial value X0(%) of the orthogonal transformation coef-
ficient X(k), which are transmitted from the biological infor-
mation processing device 10.

[0084] The decoding module unit 21 includes a compres-
sion data input unit 23 (receiving unit), a decoding unit 24, a
differential decoding unit 25, an inverse orthogonal transfor-
mation unit 26, and a resampling unit 27.

[0085] The compression data input unit 23 receives data of,
the compressed electrocardiographic signal Sc, the resam-
pling rate Rn, and the initial X0(%) of the orthogonal trans-
formation coefficient X(k), which are transmitted from the
biological information processing device 10 (compression
data output unit 19), and demodulates the received signal.
[0086] The compression data input unit 23 is connected to
the decoding unit 24 and outputs the compression data (Sc) of
the demodulated electrocardiographic signal S to the decod-
ing unit 24. Moreover, the compression data input unit 23 is
connected to the resampling unit 27 and outputs the data of
the demodulated resampling rate Rn to the resampling unit
27. Furthermore, the compression data input unit 23 is con-
nected to the differential decoding unit 25 and outputs the
initial value X0(%) of the demodulated orthogonal transfor-
mation coefficient X(k) to the differential decoding unit 25.
[0087] The decoding unit 24 performs a prescribed decod-
ing processing on the compressed electrocardiographic signal
Sc that is input from the compression data input unit 23, to
decode the differential signal dX(k) on the time axis of the
orthogonal transformation coefficient X(k) (k=0 to N-1).
Note that, in this case, the decoding unit 24 decodes the
differential signal dX(k) using a decoding method corre-
sponding to the encoding method that is used in compressing
the electrocardiographic signal S. Moreover, the decoding
unit 24 is connected to the differential decoding unit 25 and
outputs the decoded differential signal dX(k) to the differen-
tial decoding unit 25.

[0088] The differential decoding unit 25 calculates the
orthogonal transformation coefficient X(k), based on the time
series data of the differential signal dX(k) input from the
decoding unit 24 and the initial value X0(%) of the orthogonal
transformation coefficient X(k) input from the compression
data input unit 23. Note that, in this case, the differential
decoding unit 25 decodes the orthogonal transformation coef-
ficient X(k) using a decoding method corresponding to the
method for calculating the differential signal dX(k) that is
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used in compressing the electrocardiographic signal S. More-
over, the differential decoding unit 25 is connected to the
inverse orthogonal transformation unit 26 and outputs the
calculated orthogonal transformation coefficient X(k) to the
inverse orthogonal transformation unit 26.

[0089] The inverse orthogonal transformation unit 26 per-
forms a prescribed inverse orthogonal transformation pro-
cessing on the orthogonal transformation coefficient X(k)
input from the differential decoding unit 25, to transform the
orthogonal transformation coefficient X(k) (signal in the fre-
quency domain) to the normalized inter-peak electrocardio-
graphic signal x(n) (signal in the time domain). Note that, in
this case, the inverse orthogonal transformation unit 26 cal-
culates the inter-peak electrocardiographic signal x(n) using
an inverse orthogonal transformation method corresponding
to the orthogonal transformation method that is used in com-
pressing the electrocardiographic signal S. Moreover, the
inverse orthogonal transformation unit 26 is connected to the
resampling unit 27 and outputs the normalized inter-peak
electrocardiographic signal x(n) to the resampling unit 27.
[0090] Based on the normalized inter-peak electrocardio-
graphic signal x(n) input from the inverse orthogonal trans-
formation unit 26 and the resampling rate Rn (=N0/N) in the
R-R period corresponding to this inter-peak electrocardio-
graphic signal x(n) input from the compression data input unit
23, the resampling unit 27 resamples this inter-peak electro-
cardiographic signal x(n) with the number of samples NO to
decode the corresponding inter-peak electrocardiographic
signal dS(n0) (actual data). Moreover, the resampling unit 27
1s connected to the output device 5 and sequentially outputs
the decoded inter-peak electrocardiographic signal dS(n0) to
the output device 5. Thus, the decoded electrocardiographic
signal S is output to the output device 5 from the biological
information decoding device 20.

[0091] Note that, in the above-described embodiment, each
unit inside the decoding module unit 21 may be constituted by
hardware so as to realize the above-described electrocardio-
graphic information decoding processing, or the above-de-
scribed electrocardiographic information decoding process-
ing may be executed using a prescribed decoding processing
program (software). In this case, the decoding processing
program is stored into a storage unit, such as a non-illustrated
ROM inside the biological information decoding device 20.
Then, when the decoding processing is executed, the control
unit 22 reads (expands) the decoding processing programto a
non-illustrated RAM, and performs the above-described elec-
trocardiographic information decoding processing.

[0092] Moreover, in the case where the decoding process-
ing program is used, the decoding processing program may be
installed into the storage unit in advance, or the decoding
processing program may be separately installed into the bio-
logical information decoding device 20 from the outside so as
to execute the above-described decoding processing. In the
latter case, the decoding processing program may be distrib-
uted from a medium, such as an optical disk or a semicon-
ductor memory, or may be downloaded via transmission
means, such as the Internet.

[0093] <3. Example of Operation of Biological Informa-
tion Processing System=>

[0094] [Compression Operation]

[0095] Next, the electrocardiographic information com-
pression processing operation in the biological information
processing system 1 (biological information processing
device 10) of the embodiment is briefly described with refer-
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ence to FIG. 9. FIG. 9 is the flow chart illustrating the proce-
dure of the electrocardiographic information compression
processing operation performed by the biological informa-
tion processing device 10.

[0096] Note that, in the embodiment, in the case where the
compression module unit 11 inside the biological information
processing device 10 is constituted by hardware, the control
unit 12 controls each unit inside the compression module unit
11 to execute an electrocardiographic information compres-
sion operation described below. Moreover, when the electro-
cardiographic information compression operation described
below is executed using a compression processing program,
the controlunit 12 reads the compression processing program
to a RAM (not illustrated) and executes the compression
operation.

[0097] In the electrocardiographic information compres-
sion operation, first, as illustrated in FIG. 9, the biological
information processing device 10 acquires the electrocardio-
graphic signal S from the electrocardiographic sensor 4 (Step
S1). Next, the biological information processing device 10
detects the peak P of the R wave of the acquired electrocar-
diographic signal S (Step S2). Next, the biological informa-
tion processing device 10 clips out the inter-peak electrocar-
diographic signal dS(n0) from the electrocardiographic
signal S based on the detection result of the peak P of the R
wave of the electrocardiographic signal S in Step S2 (Step
S3).

[0098] Next, the biological information processing device
10 resamples the clipped inter-peak electrocardiographic sig-
nal dS(n0) with the prescribed number of samples N using a
method, such as the Lagrange’s method or the spline method
(Step S4). With this resampling processing, the normalized
inter-peak electrocardiographic signal x(n) is generated and a
fluctuation in the peak position of the R wave generated in
actual data of the electrocardiographic signal S (a fluctuation
of the R-R period) can be removed.

[0099] Next, the biological information processing device
10, using a method, such as DCT or MDCT, divides the
normalized inter-peak electrocardiographic signal x(n) into
the same number of frequency bands as the number of
samples N to perform orthogonal transformation (Step S5). In
the embodiment, in the normalized inter-peak electrocardio-
graphic signal x(n), a fluctuation in the peak position of the R
wave generated in actual data of the electrocardiographic
signal S (a fluctuation of the R-R period) is removed. There-
fore, the value of the orthogonal transformation coefficient
X(k) generated in Step S5 varies continuously and gently with
respect to time as described in FIG. 4.

[0100] Next, the biological information processing device
10 generates the differential signal dX(k) on the time axis of
the orthogonal transformation coefficient X(k) (Step S6).
This differential processing generates the time series data of
the differential signal dX(k) having a data format that can be
easily compressed at a higher compression rate. Next, the
biological information processing device 10 encodes the dif-
ferential signal dX(k) using a conventionally known encod-
ing method, such as the entropy encoding method (Step S7).
[0101] In the embodiment, the electrocardiographic infor-
mation (electrocardiographic signal S) is compressed in this
manner. Then, the biological information processing device
10 transmits the compression data (Sc) of the electrocardio-
graphic signal S generated as described above, the resampling
rate Rn of the inter-peak electrocardiographic signal dS(n0)
for each R-R period, and the initial value X0(k) of the
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orthogonal transformation coefficient X(k) to the biological
information decoding device 20.

[0102] Note that, in the biological information processing
device 30 (variant) including the quantization unit 32 as illus-
trated in FIG. 7, quantization processing is performed
between the above-described Step S5 and Step S6 or between
the above-described Step S6 and Step S7. Specifically, the
biological information processing device 30 performs quan-
tization processing on the orthogonal transformation coeffi-
cient X(k) generated in Step S5 or on the differential signal
dX(k) generated in Step S6.

[0103] [Expansion and Decoding Operation]

[0104] Next, the electrocardiographic information expan-
sion and decoding processing operation in the biological
information processing system 1 (biological information
decoding device 20) of the embodiment is briefly described
with reference to FIG. 10. FIG. 10 is a flow chart illustrating
the procedure of the electrocardiographic information expan-
sion and decoding processing operation performed by the
biological information decoding device 20.

[0105] Note that, in the embodiment, in the case where the
decoding module unit 21 inside the biological information
decoding device 20 is constituted by hardware, the control
unit 22 controls each unit inside the decoding module unit 21
to execute the electrocardiographic information expansion
and decoding operation described below. Moreover, when the
electrocardiographic information expansion and decoding
operation described below is executed using a decoding pro-
cessing program, the control unit 22 reads the decoding pro-
cessing program to a RAM (not shown) and executes the
expansion and decoding operation.

[0106] In the electrocardiographic information expansion
and decoding operation, first, as illustrated in FIG. 10, the
biological information decoding device 20 receives a trans-
mission signal transmitted from the biological information
processing device 10, and demodulates the received signal.
Thus, the biological information decoding device 20 acquires
the compression data (Sc) of the electrocardiographic signal
S, the resampling rate Rn of the inter-peak electrocardio-
graphic signal dS(n0) for each R-R period, and the initial
value X 0(k) of the orthogonal transformation coefficient X(k)
(Step S11).

[0107] Next, the biological information decoding device 20
performs a prescribed decoding processing on the compres-
sion data (Sc) of the electrocardiographic signal S to generate
the differential signal dX (k) of the orthogonal transformation
coefficient X(k) (Step S12). Note that, in this case, the com-
pression data (Sc) of the electrocardiographic signal S is
decoded using a decoding method corresponding to the
encoding method that is used in compressing the electrocar-
diographic signal S. For example, in the case where an
entropy encoding method is used in compressing the electro-
cardiographic signal S, the biological information decoding
device 20 decodes the compression data using the entropy
decoding method.

[0108] Next, the biological information decoding device 20
performs a prescribed differential decoding processing based
on the time series data of the differential signal dX(k) gener-
ated in Step S12 and the initial value X0(k) of the orthogonal
transformation coefficient X(k) acquired in Step S11 to cal-
culate the orthogonal transformation coefficient X(k) (Step
S13). Note that, in this case, the biological information
decoding device 20 calculates the orthogonal transformation
coefficient X (k) using a differential decoding method corre-
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sponding to the differential method that is used in compress-
ing the electrocardiographic signal S. For example, inthe case
where the differential signal dX(k) is generated by ADPCM
in compressing the electrocardiographic signal S, the biologi-
cal information decoding device 20 decodes the orthogonal
transformation coefficient X(k) by ADPCM.

[0109] Next, thebiological information decoding device 20
performs a prescribed inverse orthogonal transformation pro-
cessing on the orthogonal transformation coefficient X(k), to
transform the orthogonal transformation coefficient X(k)
(signal in the frequency domain) to the normalized inter-peak
electrocardiographic signal x(n) (signal in the time domain)
(Step S14). Note that, in this case, the biological information
decoding device 20 calculates the normalized inter-peak elec-
trocardiographic signal x(n) using an inverse orthogonal
transformation method corresponding to the orthogonal
transformation method that is used in compressing the elec-
trocardiographic signal S. For example, in the case where the
orthogonal transformation coefficient X(k) is generated by
MDCT in compressing the electrocardiographic signal S, the
biological information decoding device 20 transforms the
orthogonal transformation coefficient X (k) to the inter-peak
electrocardiographic signal x(n) by IMDCT.

[0110] Then, the biological information decoding device
20 resamples the normalized inter-peak electrocardiographic
signal x(n) with the number of samples NO of actual data,
based on the resampling rate Rn of the inter-peak electrocar-
diographic signal dS(n0) acquired in Step S11 (Step S15).
Thus, the inter-peak electrocardiographic signal dS(n0) (ac-
tual data) is decoded.

[0111] Subsequently. the inter-peak electrocardiographic
signals dS(n0) are combined in chronological order to decode
the electrocardiographic signal S. In the embodiment, the
electrocardiographic information (electrocardiographic sig-
nal S) is decoded in this manner.

[0112] As described above, in the embodiment, the actual
data (dS(n0)) of the inter-peak electrocardiographic signal is
normalized so as to remove a fluctuation in the peak position
of the R wave generated in actual data of the electrocardio-
graphic signal S (a fluctuation of the R-R period). Then,
furthermore, the encoding processing is performed on the
differential signal (d) of the orthogonal transformation coef-
ficient X(k) of the normalized inter-peak electrocardio-
graphic signal x(n) to compress the electrocardiographic sig-
nal S. Therefore, in the biological information processing
device 10 and biological information processing system 1 of
the embodiment, the biological information can be com-
pressed at a higher compression rate.

[0113] Note that, in the above-described embodiment, a
system has been taken as an example and described, in which
the compression data (Sc) of the electrocardiographic signal
S is transmitted via communication between the biological
information processing device 10 and the biological informa-
tion decoding device 20, but the present invention is not
limited thereto.

[0114] For example, the present invention can be applied
also to a biological information processing system, in which
the biological information processing device 10 and the bio-
logical information decoding device 20 are integrally pro-
vided and in which without modulating the compression data
(Sc) of the electrocardiographic signal S, the compression
data (Sc) is directly transmitted to the biological information
decoding device 20 from the biological information process-
ing device 10. Here, the same effect can be obtained. In this
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case, the compression data output unit 19 of the biological
information processing device 10 and the compression data
input unit 23 of the biological information decoding device 20
may be constituted by, for example, an /'O (Input/Output)
interface and the both may be electrically and directly con-
nected to each other.

[0115] Moreover, for example, a storage unit, in place of
the compression data output unit 19, may be provided in the
biological information processing device 10 whereby the
data, such as the compressed electrocardiographic signal Sc,
the resampling rate Rn of the inter-peak electrocardiographic
signal dS(n0), and the initial value X0(%) of the orthogonal
transformation coefficient X(k), may be stored into this stor-
age unit without being transmitted outside.

REFERENCE SIGNS LIST

[0116] 1...biological information processing system, 2 . .
. transmission-side device, 3 . . . receiving-side device. 4 . . .
electrocardiographic sensor, 5 . . . output device, 10 . . .
biological information processing device, 11 . . . compression
module unit, 12. .. control unit, 13 . . . peak detection unit, 14
.. . waveform clipping unit, 15 . . . resampling unit, 16 . . .
orthogonal transformation unit, 17 . . . differential processing
unit, 18 .. . encoding unit, 19 . . . compression data output unit,
20 ... biological information decoding device, 21 .. . . decod-
ing module unit, 22 . . . control unit, 23 . . . compression data
input unit, 24 . . . decoding unit, 25 . . . differential decoding
unit, 26 . . . inverse orthogonal transformation unit, 27 . . .
resampling unit

1. Abiological information processing device, comprising:

a peak detection unit configured to detect peaks of a bio-
logical signal generated in a cardiac cycle;

a waveform clipping unit configured to clip out a first
peak-to-peak biological signal between two peaks,
which are adjacent on a time axis of the biological sig-
nal, onthe basis of detection results of the peak detection
unit;

aresampling unit configured to transform the first peak-to-
peak biological signal to a second peak-to-peak biologi-
cal signal of a prescribed number of samples;

an orthogonal transformation unit configured to generate
orthogonal transformation coefficients by performing an
orthogonal transformation on the second peak-to-peak
biological signal;

a differential processing unit configured to generate a dif-
ferential signal of the orthogonal transformation coeffi-
cients on the time axis; and

an encoding unit configured to encode the differential sig-
nal.

2. The biological information processing device according
to claim 1, further comprising a transmission unit configured
to transmit a signal encoded by the encoding unit to an exter-
nal device.

3. The biological information processing device according
to claim 1, further comprising a quantization unit configured
to quantize the orthogonal transformation coefficient or the
differential signal.

4. The biological information processing device according
to claim 1, wherein the peak of the biclogical signal is a peak
of an R wave of an electrocardiographic signal.

5. The biological information processing device according
to claim 1, wherein the number of samples of the first peak-
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to-peak biological signal to be clipped out by the waveform
clipping unit varies depending on a time zone to be clipped
out.

6. The biological information processing device according
to claim 1, wherein the resampling unit transforms the first
peak-to-peak biological signal to the second peak-to-peak
biological signal of the prescribed number of samples using a
Lagrange’s method or a spline method.

7. The biological information processing device according
to claim 1, wherein the resampling unit calculates a resam-
pling rate of the first peak-to-peak biological signal.

8. The biological information processing device according
to claim 1, wherein the orthogonal transformation unit
divides the second peak-to-peak biological signal into a pre-
scribed number of frequency bands to perform orthogonal
transformation using any method of DCT, MDCT, LOT and
WHT, thereby generating the orthogonal transformation
coefficients.

9. The biological information processing device according
to claim 1, wherein the differential processing unit generates
a difference value, as the differential signal, between the
orthogonal transformation coefficient at a prescribed time
and the orthogonal transformation coefficient at a time one
sample earlier than the prescribed time or at a time one sample
later than the prescribed time on the time axis.

10. The biological information processing device accord-
ing claim 1, wherein the differential processing unit calcu-
lates a difference value between the orthogonal transforma-
tion coefficient at a prescribed time and the orthogonal
transformation coefficient at a time one sample earlier than
the prescribed time or at a time one sample later than the
prescribed time on the time axis, and encodes the difference
value using a method of DPCM or ADPCM to generate the
encoded signal as the differential signal.

11. (canceled)

12. A biological information processing system, compris-

ing:

a biological information processing device including: a
peak detection unit configured to detect peaks of a bio-
logical signal generated in a cardiac cycle; a waveform
clipping unit configured to clip out a first peak-to-peak
biological signal between two peaks, which are adjacent
on a time axis of the biological signal, on the basis of
detection results of the peak detection unit; a resampling
unit configured to transform the first peak-to-peak bio-
logical signal to a second peak-to-peak biological signal
of a prescribed number of samples; an orthogonal trans-
formation unit configured to generate orthogonal trans-
formation coefficients by performing an orthogonal
transformation on the second peak-to-peak biological
signal; a differential processing unit configured to gen-
erate a differential signal of the orthogonal transforma-
tion coefficients on the time axis; and an encoding unit
configured to encode the differential signal; and

a biological information decoding device configured to
decode the biological signal from a signal encoded by
the encoding unit.

13. The biological information processing system accord-

ing to claim 12, wherein

the biological information processing device includes a
transmission unit configured to transmit the signal
encoded by the encoding unit, to the biological informa-
tion decoding device, and wherein
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the biological information decoding device includes a
receiving unit configured to receive the encoded signal
that is transmitted from the biological information pro-
cessing device.

14. (canceled)

15. A biological information compression processing pro-
gram for causing a biological information processing device
to implement and execute the processes of:

detecting peaks of a biological signal generated in a cardiac
cycle;

clipping out a first peak-to-peak biological signal between
two peaks, which are adjacent on a time axis of the
biological signal, on the basis of detection results of the
peaks;

transforming the first peak-to-peak biological signal to a
second peak-to-peak biological signal of a prescribed
number of samples;

performing an orthogonal transformation on the second
peak-to-peak biological signal to generate orthogonal
transformation coefficients;

generating a differential signal of the orthogonal transfor-
mation coefficients on the time axis; and

encoding the differential signal.

® % % % %



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

[FRIRE A
LTI\
IPCHEF
CPCH¥EF

f 54

B AT @
Skl

BEG®F)

ZEMESAERERSR  BERNET , ATRU O BAHH=EH
EMESHEEREETET, ATETRERNETHRUER , & PR AU S A
EMESH A H LM FNEE RS - REEENES M
EXHERT, ATRE - BEMESHRNEZE - BENES A
THAEHRENER, ENESAERELRE  EXEZHRER, ATE

BXE I - IEEMESHITERTRREREXTRAKZ0LEE

7T, RTHEEHEFEERXRTRABNESNES UREBET , AT

RBESES.

patsnap
EYIERAERE  EYEBLBERE  AVNERERS ENEYELERLBRER

US20150005655A1 NI (»&E)B 2015-01-01

US14/372982 RiEH 2012-12-19
B S RFEEANM Tk K

TMNEBIKRZF

MBI KREF

SATO YASUSHI

SATO, YASUSHI

A61B5/0456 A61B5/00

A61B5/7253 A61B5/0456 A61B5/0006 A61B5/7232 A61B5/7239 A61B5/7278
2012025447 2012-02-08 JP

US9301703

Espacenet  USPTO

iz

CONTROL UNIT

PEAK DETECTION
UNIT

WAVEFORM
CLIPPING UNIT

ORTHOGOMAL
TRANSFORMAT ION
UNHTT

Rn

medecb o5, RO GO

[ e s i e e ]



https://share-analytics.zhihuiya.com/view/7cadf2b9-c4ff-48bb-8479-bae8e45849db
https://worldwide.espacenet.com/patent/search/family/048947185/publication/US2015005655A1?q=US2015005655A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150005655%22.PGNR.&OS=DN/20150005655&RS=DN/20150005655

