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(57) ABSTRACT

In a biological signal measurement system of this invention,
biological digital data is generated from a biological signal
measured by a biological signal measurement apparatus, and
first feature amount data extracted from the biological digital
data and downsized biological digital data are transmitted to
a portable terminal. In a biological information measure-
ment apparatus of this invention, biological feature amount
data is extracted from measured biological waveform data,
and at least one of the biological waveform data and the
biological feature amount data is transmitted to an external
device. It is possible to provide a biological signal measure-
ment system capable of continuously measuring a biological
signal for a long time without disturbing daily life and
provide a biological information measurement apparatus
capable of implementing downsizing and long life of a
battery.
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BIOLOGICAL SIGNAL MEASUREMENT
SYSTEM, BIOLOGICAL INFORMATION
MEASUREMENT APPARATUS, AND
BIOLOGICAL INFORMATION EXTRACTION
ALGORITHM CHANGING METHOD

TECHNICAL FIELD

[0001] The present invention relates to a biological signal
measurement system for measuring a biological signal
including an electrocardiogram signal.

BACKGROUND ART

[0002] Along with a recently growing interest in health, a
health care method has started becoming widespread, which
records and analyzes biological information for a long time
of several hours to several months or more, thereby moni-
toring physical and mental states in daily life. As a method
of acquiring biological information for a long time, clothing
(wearable electrode) with biological electrodes has received
attention (for example, see non-patent literatures 1 and 2).
[0003] Examples of biological information to be acquired
are a heart rate, R-R interval, electrocardiogram waveform,
number of steps, active mass, and body acceleration. Using
these pieces of biological information monitored every day,
the life style can be improved for health promotion, or a
disease can early be detected.

[0004] A biological signal detected by biological elec-
trodes is accumulated in an apparatus electrically connected
to the biological electrodes. When the biological signal is
transmitted to an external personal computer or the like
using a communication function, the data can be analyzed in
real time. To implement the long-time monitoring in daily
life, the apparatus for measuring the biological signal needs
to be compact and wearable and have a low power con-
sumption so that it can be driven by a battery for a long time.
[0005] In addition, the recent proliferation of smartphones
and the like makes it possible to always carry a high-
performance processor and a large-capacity memory. This
enables a method of transmitting measured biological infor-
mation to an external device such as a smartphone and
executing analysis and accumulation of data, thereby reduc-
ing the load on the apparatus for measuring the biological
information and implementing downsizing and a long-time
operation (for example, see non-patent literature 2).

[0006] Of above-described biological information, the
electrocardiogram waveform can be classified into biologi-
cal waveform data that can directly be measured by reading
the voltage of biological electrodes attached to a living body
and performing amplification and frequency filtering as
needed.

[0007] On the other hand, the heart rate and heartbeat
fluctuation can be classified into biological feature amount
data that can be acquired by analyzing the feature amount of
an electrocardiogram waveform. The R-R interval is feature
amount data obtained by detecting R waves from an elec-
trocardiogram waveform and measuring the time between
adjacent R waves. The heart rate is feature amount data that
can be obtained by averaging the reciprocals of the R-R
intervals.

[0008] Similarly, the body acceleration is biological wave-
form data that can be obtained from an acceleration sensor
attached to a living body. The number of steps and the active
mass are biological feature amount data that can be acquired
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by analyzing the body acceleration. Normally, the biological
feature amount data is obtained by extracting the feature of
part of biological waveform data and therefore has a small
data amount as compared to the biological waveform data.
[0009] Conventional biological information measurement
apparatuses include an apparatus of a biological waveform
data transmission type that, as shown in FIG. 23A, measures
biological waveform data by a biological waveform data
measurement unit 200 and transmits it to an external device
800 by a biological waveform data transmission unit 210,
and an apparatus of a biological feature amount data trans-
mission type that, as shown in FIG. 23B, measures biologi-
cal waveform data by the biological waveform data mea-
surement unit 200, after that, extracts biological feature
amount data by a biological feature amount data extraction
unit 220 in a biological information measurement apparatus
100, and transmits it to the external device 800 by a
biological feature amount data transmission unit 230.
[0010] The biological waveform data type can transfer
more abundant information to the external device 800. In
addition, since biological feature amount data is extracted
from received biological waveform data on the side of the
external device 800 having a processing capability more
advanced than that of the biological information measure-
ment apparatus, the external device extraction accuracy can
be improved. On the other hand, the biological feature
amount data transmission type can decrease the amount of
data transmitted to the external device 800 and is therefore
suitable for reduction of power consumption and downsizing
of a battery.

RELATED ART LITERATURE

Patent Literature

[0011] Non-Patent Literature 1: David M. D. Ribeiro, et.
al., “A Real time, Wearable ECG and Continuous Blood
Pressure Monitoring System for First Responders,” 33rd
Annual International Conference of the IEEE EMBS, pp.
6894-6898, 2011,

[0012] Non-Patent Literature 2: Ali Moti Nasrabadi et. al.,
“Design of ECG acquisition and transmission via Blu-
etooth with heart disease diagnosis,” IEEE International
Workshop on Medical Measurements and Applications
Proceedings, pp. 55-58, 2011.

DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

[0013] To acquire an accurate electrocardiogram wave-
form of medical level or extract feature amount data, sam-
pling at a high sampling rate of 125 Hz to 1,000 Hz is
necessary. If the sampling rate is high, an acquired data
amount is also large. Hence, to analyze a biological signal in
real time, the biological signal measurement apparatus needs
to transmit a large amount of data for a long time.

[0014] On the other hand, an electronic circuit or a wire-
less module included in the biological signal measurement
apparatus can be formed very small. However, the capacity
of a battery that drives the apparatus is in proportion to the
size of the battery. To ensure a battery capacity to transmit
a large amount of data for a long time, the size of the
terminal needs to be large. To continuously measure a
biological signal for a long time without disturbing the daily
life, it is necessary to reduce the size and power consump-
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tion of the biological signal measurement apparatus and
drive the apparatus for a long time by a battery.

[0015] As described above, to do real-time measurement
of a biological signal for a long time without disturbing the
daily life, acquisition of an accurate biological signal of
medical level and reduction of the size and power consump-
tion of the biological signal measurement apparatus need to
be implemented simultaneously.

[0016] In addition, the above-described conventional bio-
logical information measurement apparatus of the biological
waveform data transmission type needs to transmit biologi-
cal waveform data with a large information amount to an
external device. For this reason, power consumption neces-
sary for communication and the like is high, and it is difficult
to make the battery compact and long-lived. On the other
hand, in the conventional biclogical information measure-
ment apparatus of the biological feature amount data trans-
mission type, information other than the extracted feature
amount is lost, and the biological feature amount is extracted
using the information processing capability lower than that
of the external device, an extraction failure or an extraction
error of a biological feature amount data occurs.

[0017] Ttis an object of the present invention to provide a
biological information measurement apparatus capable of
suppressing the communication amount of the biological
information measurement apparatus and implementing
downsizing and long life of a battery and also capable of
reducing an extraction failure or an extraction error of a
biological feature amount data.

Means of Solution to the Problem

[0018] According to the present invention, there is pro-
vided a biological signal measurement system comprising
biological electrodes capable of coming into contact with a
surface of a living body, and a biological signal measure-
ment apparatus comprising means for generating first bio-
logical digital data by quantizing, based on a first sampling
rate, a biological electrical signal detected by the biological
electrodes, means for extracting first feature amount data
from the first biological digital data, means for generating
second biological digital data downsized from the first
biological digital data to a data size corresponding to a
second sampling rate lower than the first sampling rate, and
wireless communication means for transmitting the second
biological digital data and the first feature amount data to a
portable terminal.

[0019] According to the present invention, there is also
provided a biological signal measurement system compris-
ing biological electrodes capable of coming into contact
with a surface of a living body, and a biological signal
measurement apparatus comprising means for generating
first biological digital data by quantizing, based on a first
sampling rate, a biological electrical signal detected by the
biological electrodes, means for extracting first feature
amount data from the first biological digital data, means for
generating second biological digital data downsized from
the first biological digital data to a data size corresponding
to a second sampling rate lower than the first sampling rate,
wireless communication means for transmitting at least one
of the second biological digital data and the first feature
amount data to a portable terminal, transmission data des-
ignation information reception means for receiving trans-
mission data designation information that designates data to
be transmitted by the wireless communication means, and
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transmission data selection means for selecting, based on the
transmission data designation information, the data to be
transmitted by the wireless communication means.

[0020] According to the present invention, there is also
provided a biological information measurement apparatus
comprising biological waveform data measurement means
for measuring biological waveform data, feature amount
data extraction means for extracting biological feature
amount data from the biological waveform data in accor-
dance with a predetermined extraction algorithm, data trans-
mission means for transmitting at least one of the biological
waveform data and the biological feature amount data, and
transmission data selection means for selecting data to be
transmitted by the transmission means, wherein different
data transmission intervals are used to transmit the biologi-
cal waveform data and the biological feature amount data.
[0021] According to the present invention, there is also
provided a biological information extraction algorithm
changing method comprising the steps of measuring bio-
logical waveform data, extracting biological feature amount
data from the biological waveform data in accordance with
a predetermined extraction algorithm, evaluating reliability
of the biological feature amount data, analyzing the biologi-
cal waveform data if the reliability is lower than a prede-
termined reference value, and changing the predetermined
algorithm based on an analysis result of the biological
waveform data.

Effect of the Invention

[0022] According to the present invention, it is possible to
provide a biological signal measurement system that opti-
mizes processing division and the data transfer amount
between the apparatuses that constitute the system of mea-
suring biological information, thereby simultaneously
implementing acquisition of an accurate biological signal of
medical level and reduction of the size and power consump-
tion of the biological signal measurement apparatus and
browsing and analyzing a biological signal in real time.
[0023] Additionally, it is possible to select whether to
transmit one or both of biological waveform data and
biological feature amount data. Hence, if biological wave-
form data is unnecessary, only biological feature amount
data is transmitted, thereby suppressing the communication
amount and implementing downsizing and long life of a
battery.

BRIEF DESCRIPTION OF DRAWINGS

[0024] FIG. 1 is a view showing the basic arrangement of
a biological signal measurement system according to the
first embodiment of the present invention;

[0025] FIG. 2Ais a view showing an example (front view)
of a structure that brings biological electrodes into contact
with a living body using a belt-shaped structure;

[0026] FIG. 2B is a view showing an example (rear view)
of the structure that brings the biological electrodes into
contact with the living body using the belt-shaped structure;
[0027] FIG. 3Ais a view showing an example (front view)
of a structure that brings the biological electrodes into
contact with the living body using a belt-shaped structure
and a cross brace-shaped structure;

[0028] FIG. 3B is a view showing an example (rear view)
of the structure that brings the biological electrodes into
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contact with the living body using the belt-shaped structure
and the cross brace-shaped structure;

[0029] FIG. 4Ais a view showing an example of the outer
shape of a biological signal measurement apparatus accord-
ing to the first embodiment of the present invention;
[0030] FIG. 4B is a functional block diagram of the
biological signal measurement apparatus according to the
first embodiment of the present invention;

[0031] FIG. 5is a graph showing an example of measure-
ment of an electrocardiogram signal that is an example of a
biological signal and an R-R interval that is an example of
feature amount data;

[0032] FIG. 6A is a graph showing an example of mea-
surement of a tachogram of a heart rate;

[0033] FIG. 6B is a graph showing an example of mea-
surement of the Poincare plot of the R-R interval of an
electrocardiogram signal;

[0034] FIG.7isa block diagram for explaining processing
division in the biological signal measurement system
according to the first embodiment of the present invention;
[0035] FIG. 8 is a sequence chart for explaining process-
ing division in the biological signal measurement system
according to the first embodiment of the present invention
and the procedure of processing performed by each appa-
ratus;

[0036] FIG.9isa block diagram for explaining processing
division in the biological signal measurement system in a
case in which the biological signal measurement apparatus
includes a transmission data selection unit;

[0037] FIG. 10 is a functional block diagram of a biologi-
cal information measurement apparatus according to the
second embodiment of the present invention;

[0038] FIG. 11 is a graph showing an example of mea-
surement of an electrocardiogram waveform that is an
example of biological waveform data;

[0039] FIG. 12 is a functional block diagram of a biologi-
cal information measurement apparatus according to the
third embodiment of the present invention;

[0040] FIG. 13 is a flowchart for explaining the procedure
of biological information measurement according to the
third embodiment of the present invention;

[0041] FIG. 14 is a functional block diagram of a biologi-
cal information measurement apparatus according to the
fourth embodiment of the present invention;

[0042] FIG. 15 is a flowchart for explaining the procedure
of biological information measurement according to the
fourth embodiment of the present invention;

[0043] FIG. 16 is a flowchart for explaining the procedure
of biological information measurement in a case in which
data to be transmitted is selected based on an acceleration
sensor;

[0044] FIG. 17 is a functional block diagram of a biologi-
cal information measurement apparatus according to the
fifth embodiment of the present invention;

[0045] FIG. 18 is a flowchart for explaining the procedure
of biological information measurement according to the fifth
embodiment of the present invention;

[0046] FIG. 19 is a block diagram of a biological signal
measurement system that selects data to be transmitted
based on the reliability of feature amount data;

[0047] FIG. 20 is a flowchart for explaining the procedure
of biological information measurement in a case in which
data to be transmitted is selected based on the reliability of
feature amount data;
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[0048] FIG. 21 is a functional block diagram of a biologi-
cal information measurement apparatus according to the
sixth embodiment of the present invention;

[0049] FIG. 22 is a flowchart for explaining a procedure of
changing a biological feature amount extraction algorithm
according to the sixth embodiment of the present invention;
[0050] FIG. 23A is an example of a functional block
diagram of a conventional biological information measure-
ment apparatus; and

[0051] FIG. 23B is another example of the functional
block diagram of the conventional biological information
measurement apparatus.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0052] The best mode for carrying out the present inven-
tion will now be described with reference to the accompa-
nying drawings. The present invention is not limited by the
following embodiments.

First Embodiment

[0053] A biological signal measurement system according
to the first embodiment will be described below.

[0054] The biological signal measurement system shown
in FIG. 1 is formed from clothing 2 including at least two
biological electrodes (20 to 22) made of a conductive fiber
structure and capable of contacting the skin of a living body,
a biological signal measurement apparatus 10 easily detach-
able from the clothing 2, and a portable terminal 40 repre-
sented by a smartphone capable of connecting with the
biological signal measurement apparatus 10 by wireless
communication and capable of connecting with a public
network. The biological electrodes and the biological signal
measurement apparatus are electrically connected via wires
(23 to 25).

[0055] The biological signal measurement apparatus 10
executes amplification, quantization (analog-to-digital con-
version), and the like for biological signals detected from the
biological electrodes (20 to 22) to generate biological digital
data, analyzes the biological digital data, performs filtering
or the like to extract feature amount data, and transmits the
feature amount data to the portable terminal 40 by wireless
communication. The portable terminal 40 displays the
received biological digital data as a graph or further analyzes
the biological digital data or received feature amount data to
generate another feature amount data. The biological signal
measurement apparatus 10 may store the biological digital
data or feature amount data. However, the biological signal
measurement apparatus 10 may transfer the data to the
portable terminal 40 and then discard the data.

[0056] The biological signal measurement system accord-
ing to the present invention includes the clothing 2 on which
the biological electrodes (20 to 22) made of a fiber structure
with electric conductivity, such as a conductive fabric are
arranged at positions suitable for detection of a biological
signal such as an electrocardiogram signal. The arrangement
shown in FIG. 1 is a three-electrode configuration in which
two electrodes are arranged near the armpits such that the
positive electrode 20 is located on the left hand side, and the
negative electrode 21 is located on the right hand side, and
the indifferent electrode 22 (a GND electrode or a biological
reference potential electrode) is separately arranged under
the positive electrode. Positions for a substantial CC5 lead
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are exemplified. All the biological electrodes (20 to 22) are
fixed inside the clothing 2 that is in direct contact with the
living body.

[0057] The CCS lead is approximate to a V4 of V5 lead in
12-lead electrocardiogram and can largely detect the ampli-
tude of a QRS signal in an electrocardiogram signal. Hence,
the CC5 lead is suitable to extract feature amount data such
as a pulse period (R-R interval) by automatic analysis.
However, the positions of the biological electrodes are not
limited to the illustrated lead positions. Not a bipolar lead
such as the CC5 lead but a unipolar lead may be used, and
arranging at least two biological electrodes separately suf-
fices.

[0058] The wires (23 to 25) made of a material with
electric conductivity are connected to the biological elec-
trodes (20 to 22). The wires are further connected to a
terminal connector 12 used to connect the biological signal
measurement apparatus 10. At this time, the biological
electrodes are insulated from each other. The biological
electrodes (20 to 22) and the wires (23 to 25) need to be
selected not to cause an electromotive force (polarization) or
corrosion by the connection. The terminal connector 12 is
preferably formed from a conductive member that can easily
detach the biological signal measurement apparatus 10 and
has a resistance to washing.

[0059] As described above, the biological signal measure-
ment apparatus 10 according to this embodiment has a
connection function of enabling detachment from the cloth-
ing 2 and establishment of electrical conduction with the
biological electrodes (20 to 22) provided on the clothing 2,
a signal processing function of amplifying a biological
electrical signal detected by each of the biological electrodes
(20 to 22) and quantizing the biological signal, a signal
analysis function of analyzing the biological signal and
extracting feature amount data, and a wireless communica-
tion function of wirelessly connecting the portable terminal
40.

[0060] A weak biological signal obtained by the connec-
tion function is generally several mV or less even in an
electrocardiogram signal. Hence, the signal is amplified to a
predetermined signal level by the signal processing function.
Additionally, unnecessary noise and fluctuation are filtered,
and quantization is performed by analog-to-digital conver-
sion, thereby generating biological digital data. Further-
more, necessary filtering is performed by the signal analysis
function to extract feature amount data.

[0061] The wireless communication function provides a
communication function with the portable terminal, trans-
mits obtained biological digital data or feature amount data
obtained by signal analysis, or receives a signal for neces-
sary remote control from the portable terminal. In this
embodiment, connection with the portable terminal is done
using a low-power radio 51 such as Bluetooth® from the
viewpoint of power consumption reduction. The biological
signal measurement apparatus may have a memory function
of storing obtained data.

[0062] The portable terminal 40 represented by a smart-
phone is not only connected to the biological signal mea-
surement apparatus 10 by the low-power radio 51 such as
Bluetooth but also connected to a public network 50 (Inter-
net) by a cellular method or a wireless LAN method 52. The
portable terminal 40 can display biological information such
as electrocardiogram signal data or feature amount data
obtained from the biological signal measurement apparatus
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10, perform data analysis, conversion, processing, or the like
to obtain necessary information, analyze the electrocardio-
gram signal data, and generate another feature amount data.
[0063] The portable terminal 40 can also transmit these
pieces of biological information to a cloud server 60 via the
public network 50 together with identification information
(for example, the sex, age, height/weight, and the like of an
individual) or the position information of the portable ter-
minal. Data from the biological signal measurement appa-
ratus 10 may be transmitted to the cloud server 60 in real
time like a bucket brigade. However, an arbitrary amount of
data may be put together in a file and transmitted.

[0064] The cloud server 60 can perform statistical analysis
(for example, analysis by sex or age, analysis by a physical
characteristic of an individual, or analysis by a location) for
the transmitted biological information of a plurality of
individuals using identification information and the like and
feed back the analysis result to the portable terminal 40. This
makes it possible to not only continuously acquire a bio-
logical signal such as an electrocardiogram signal and
analyze it without disturbing the daily life but also perform
statistical analysis called big data analysis based on a
plurality of personal data and obtain valuable information
that is impossible conventionally. Note that the identification
information is stored in one of the biological signal mea-
surement apparatus 10 and the portable terminal 40 and
transmitted to the cloud server as needed.

[0065] In this embodiment, the clothing 2 on which the
biological electrodes (20 to 22) are placed represents under-
wear. However, clothing such as sportswear positively
exposed to public may be used. In any case, the electrodes
made of a fabric having conductivity are fixed inside the
clothing in direct contact with the living body.

[0066] As the electrode fabric with conductivity, a fabric
containing PECOT-PSS polymer is appropriate because of
its excellent biocompatibility. However, any fabric with
conductivity, such as a silver-coated fabric, is usable. The
electrodes (20 to 22) are connected to the terminal connector
12 using metal snap buttons by the wires (23 to 25) such as
a silver thread. The silver thread may be a silver-plated
thread formed by plating the surface of a nylon or polyester
fiber with silver.

[0067] The electrode arrangement has been described with
reference to FIG. 1 assuming a case in which the electrodes
are arranged on clothing. However, the structure to arrange
the electrodes is not limited to this. In FIGS. 2A and 2B, the
electrodes are arranged using a belt-shaped structure other
than clothing. In FIGS. 3A and 3B, the electrodes are
arranged using a belt-shaped structure and a cross brace-
shaped structure. A case in which all electrodes are fixed
inside a structure that is in direct contact with a living body
1, and the positive electrode 20, the negative electrode 21,
and the indifferent electrode 22 are placed is shown.
Although the wires are not illustrated, they only need to be
placed inside a belt-shaped structure 30 and a cross brace-
shaped structure 31. The indifferent electrode 22 only needs
to be located at a position part from the positive electrode 20
and the negative electrode 21. The indifferent electrode 22
need not always be placed. However, a variety of noise is
known to be generated in measurement concerning a human
body. To maintain higher noise immunity, the indifferent
electrode 22 is preferably placed.

[0068] Inan example ofthe biological signal measurement
apparatus shown in FIG. 4A, snap buttons 13-1 to 13-4 are
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arranged on a side 11 of the biological signal measurement
apparatus 10 connected to the terminal connector 12. In FIG.
4A, the convex side is provided on the biological signal
measurement apparatus side 11. However, the convex side
may be provided on the terminal connector side, and the
concave side may be provided on the biological signal
measurement apparatus side. In the functional block dia-
gram of FIG. 4B, the biological signal measurement appa-
ratus 10 is driven by an internal power source. The voltage
is preferably regulated to a necessary power supply voltage
by a power supply unit 17 and thus stabilized for use.
[0069] A signal processing unit 14 differentially amplifies
biological signals such as electrocardiogram signals input
from the positive electrode and the negative electrode based
on the indifferent electrode potential serving as a reference.
Together with the amplification, filtering processing for
noise removal and baseline stabilization is performed. Fur-
thermore, quantization is performed by analog-to-digital
conversion, and biological digital data such as quantized
electrocardiogram signal data is generated. The biological
digital data may further be shaped into a waveform easy to
analyze by digital filtering. The amplification is generally
performed by an instrumentation amplifier.

[0070] A signal analysis unit 15 extracts feature amount
data such as a heart rate or R-R interval from biological
digital data such as electrocardiogram signal data by signal
processing, and also downsize the biological digital data in
accordance with the communication capacity to the portable
terminal 40. A wireless communication unit 16 wirelessly
transmits the obtained biological digital data or obtained
feature amount data to the portable terminal 40. The radio
system used to connect the portable terminal 40 is preferably
a low-power radio specialized to short-range communica-
tion such as Bluetooth from the viewpoint of power con-
sumption reduction. The portable terminal 40 also has the
same radio system.

[0071] The biological signal and the feature amount data
to be extracted in this embodiment will be described. The
following description will be made using an electrocardio-
gram signal as the biological signal. However, the present
invention is not limited to this. In the example shown in FIG.
5, the electrocardiogram signal is formed from components
such as a P-QRS-T wave reflecting the activity of an atrium
or a ventricle. The time interval between adjacent R waves
is feature amount data called an R-R interval. The reciprocal
of the R-R interval is the heart rate. In the portable terminal
40 shown in FIG. 1, electrocardiogram signal data received
from the biological signal measurement apparatus is dis-
played and stored as a file. Additionally, the contact state
between the electrodes and the living body is monitored
based on the level of impedance. If the contact state
degrades due to, for example, separation of the electrodes
from the living body, an electrode disconnection warning
can be displayed to show the reason of a degradation of the
electrocardiogram signal.

[0072] When statistical analysis is further performed for
the feature amount data such as the R-R interval extracted
from the electrocardiogram signal data, another feature
amount data can be generated. In a Poincare plot shown in
FIG. 6B, R-R(n) that is an R-R interval at a certain time and
R-R(n+1) that is the next R-R interval are plotted along the
x- and y-coordinates, respectively, within the analysis data
range of the measurement example of a tachogram of the
heart rate shown in FIG. 6A. If R-R(n) and R-R(n+1) are
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approximate, the plots concentrate to one point. However, if
the variation is large, the plots disperse. In general, tension
is considered to lead to a small variation, and relaxation is
considered to lead to a large variation.

[0073] As another example, as autonomic activity analysis
using R-R intervals, CVRR (Coeflicient of Variation of R-R
intervals), RRS0 (Number of the RR interval differing from
the preceding RR interval by more than 50 msec), and the
like are known. CVRR is a numerical value obtained by
dividing the standard deviation of R-R intervals in a prede-
termined period or a predetermined number of R-R intervals
by the average value and multiplying the result by 100. The
CVRR is effective to know the degree of variation of R-R
intervals in a certain period.

[0074] RR50 is an index of the parasympathetic function
proposed by Ewings et al. in England. The RR50 indicates
the ratio of R-R intervals for which the interval to an
adjacent R-R interval is 50 msec or more to R-R intervals in
a predetermined period or a predetermined number of R-R
intervals. If a person is mentally relaxed, the R-R interval
changes largely in a short time, and therefore, the count of
RR50 is considered to be large. In this way, the degree of
mental relaxation or the degree of tension can be estimated
based on the RR50.

[0075] A method of analyzing the frequency component of
a fluctuation of R-R intervals is often used as well. The
power spectrum of the fluctuation frequency of the R-R
interval is obtained by fast Fourier transform (FFT) and
represented by the ratio (LF/HF) of power (LF: low fre-
quency component) of about 0.1 Hz to power (HF: high
frequency component) of about 0.25 Hz. In LF/HF analysis,
a large value is considered to indicate an increase in the
parasympathetic function. It is estimated that a person is
mentally tense as the value increases.

[0076] In a biological signal measurement system shown
in FIG. 7, extraction of the feature amount data (first feature
amount data) of the electrocardiogram signal such as the
R-R interval is executed by the biological signal measure-
ment apparatus 10 because it is processing of light operation
load using a simple operation algorithm. Generation of
additional feature amount data (second feature amount data)
by statistical analysis of the feature amount such as CVRR
or LF/HF of heavy operation load is executed by the portable
terminal 40 having a high operation capability.

[0077] The biological signal measurement apparatus 10
transmits, to the portable terminal 40, data (corresponding to
a data size corresponding to a sampling rate of, for example,
100 to 500 Hz) downsized from electrocardiogram signal
data obtained by sampling at a high sampling rate (for
example, 200 to 2,000 Hz), thereby suppressing the trans-
mitted data amount. In the cloud server 60, statistical
analysis for a plurality of users is executed using analysis
results transmitted from a plurality of portable terminals.

[0078] For example, if an electrocardiogram signal is
sampled at 1 kHz, and a data amount per sample is 2 bytes,
the data amount for 24 hrs is 172.8 MB. To transfer such rich
data to the portable terminal or the cloud server, a long time
and much power are inefliciently needed. On the other hand,
the heart rate is 200 beats/min at most. Hence, the data
amount is only 576 kB in 24 hrs even if the R-R interval is
expressed by 2 bytes. In this way, more types of biological
information can be handled while reducing the communi-
cation load.
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[0079] To implement a long-time operation with low
power consumption, the communication capacity between
the biological signal measurement apparatus 10 and the
portable terminal 40 is made as small as possible as com-
pared to the communication capacity of the wireless LAN
(for example, WiFi) method or cellular method between the
portable terminal 40 and the public network 50. For
example, use of the Bluetooth (Bluetooth 2.1) or Bluetooth
low energy (Bluetooth 4.0) standard can be considered. The
communication capacity of Bluetooth 2.1 is about 1.3 Mbps,
and that of Bluetooth 4.0 is 1 Mbps, which are orders of
magnitude smaller than 10 Mbps to 54 Mbps in the general
WiFi 802.11 standard or 100 Mbps at maximum downlink in
LTE.

[0080] Itis self-evident that transferring a large amount of
data via a communication means of a small communication
capacity leads to an increase in the communication time.
Hence, in this embodiment, processing is divided to cause
the biological signal measurement apparatus 10, the portable
terminal 40 such as a smartphone, and the cloud server 60
to share data analysis and accumulation, and the data trans-
fer amount is optimized in accordance with the communi-
cation capacity between the apparatuses, thereby enabling
an efficient data flow suitable for the communication capa-
bility of each apparatus and the communication means
between the apparatuses.

[0081] InFIG. 8, when acquiring electrocardiogram signal
data, sampling at a high sampling rate of 200 to 2,000 Hz is
executed aiming at acquiring accurate electrocardiogram
signal data of medical level. In addition, the biological
signal measurement apparatus extracts feature amount data
such as the heart rate, the R-R interval, and the like based on
the accurate electrocardiogram signal data.

[0082] If Bluetooth 2.1 or Bluetooth 4.0 described above
is selected as the wireless communication method between
the biological signal measurement apparatus and the por-
table terminal, the wireless communication speed is limited
to about 1 Mbps. For this reason, the electrocardiogram
signal data acquired by the biological signal measurement
apparatus is not directly transmitted to the portable terminal
but downsized, that is, thinned to a data size corresponding
to a sampling rate of, for example, 100 to 500 Hz and then
transmitted to the portable terminal. At the same time,
feature amount data such as the R-R interval extracted from
the accurate electrocardiogram signal data, whose data size
is much smaller than that of the electrocardiogram signal
data, 1s also transmitted to the portable terminal. The data
contents to be transmitted and the data transfer amount are
thus optimized in accordance with the communication
capacity to the portable terminal, and the data transmission
time 1is shortened, thereby reducing power consumption.

[0083] The portable terminal has a faster processor and a
larger memory as compared to the biological signal mea-
surement apparatus, and can perform analysis of heavier
processing load. Hence, using the transmitted electrocardio-
gram signal data or feature amount data such as the R-R
interval data, the portable terminal displays the data or
generates another feature amount data by statistical analysis
of the feature amount data and the like. As the analysis to be
performed in the portable terminal, ST analysis (the varia-
tion in the interval between an S wave and a T wave) in the
electrocardiogram waveform, detection of the presence/
absence of an allorhythmic pulse, and breath analysis can be
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considered in addition to the above-described LF/HF analy-
sis and stress analysis based on the variation in the R-R
interval.

[0084] Next, the portable terminal uploads any one of the
received electrocardiogram signal data and feature amount
data to the cloud server as needed. Not all data need always
be transmitted, and data to be stored or undergo statistical
analysis in the server may selectively be transmitted as
needed. The portable terminal can also upload the identifi-
cation information of the living body, the position informa-
tion of the portable terminal, and the like in addition to the
electrocardiogram signal data or the feature amount data.
The cloud server can perform statistical analysis using these
pieces of information transmitted from a plurality of por-
table terminals. The cloud server can feed back the statistical
analysis data to the portable terminal, and can also present
it to use by a third party such as a hospital.

[0085] When the biological information such as the elec-
trocardiogram signal data and feature amount data is
uploaded to the cloud server as needed, a shortage in the
memory capacity of the portable terminal can be avoided to
prevent a data loss. When the portable terminal is discon-
nected from the network, the feature amount and waveform
are held in the memory of the portable terminal. When
connection with the network is reestablished, the data are
uploaded to the cloud server.

[0086] The biological signal measurement apparatus 10
may be able to select data to be transmitted based on an
instruction from the portable terminal 40. Referring to FIG.
9, the biological signal measurement apparatus 10 includes
a transmission data selection unit and a transmission data
designation information reception unit. Determination to
select data to be transmitted is done by the portable terminal
40. The biological signal measurement apparatus 10 selects
at least one of second biological digital data and first feature
amount data based on transmission data designation infor-
mation transmitted from the portable terminal 40, and trans-
mits the data to the portable terminal.

[0087] As the criterion for transmission data selection by
the portable terminal 40, for example, a communication
environment such as a packet loss ratio between the bio-
logical signal measurement apparatus 10 and the portable
terminal 40 can be considered. If the communication envi-
ronment between the biological signal measurement appa-
ratus 10 and the portable terminal 40 deteriorates, transmis-
sion of biological digital data can be disabled to further
decrease the data communication amount. Additionally,
based on the biological digital data or feature amount data
analysis result transmitted from the biological signal mea-
surement apparatus 10, the reliability of feature amount data,
the condition of the user, or the like may be estimated, and
data that needs to be transmitted may be selected.

[0088] As described above, according to this embodiment,
it is possible to provide a biological signal measurement
system that optimizes processing division and the data
transfer amount between the apparatuses that constitute the
system of measuring biological information, thereby simul-
taneously implementing acquisition of an accurate biologi-
cal signal of medical level and reduction of the size and
power consumption of the biological signal measurement
apparatus and browsing and analyzing a biological signal in
real time.
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Second Embodiment

[0089] A biological information measurement apparatus
according to the second embodiment will be described
below.

[0090] A biological information measurement apparatus
100 shown in FIG. 10 includes a biological waveform data
measurement unit 200 configured to measure biological
waveform data, a biological waveform data transmission
unit 210 configured to transmit the biological waveform data
to an external device 800, a biological feature amount data
extraction unit 220 configured to extract biological feature
amount data from the biological waveform data, a biological
feature amount data transmission unit 230 configured to
transmit the biological feature amount data to the external
device 800, and a transmission data selection unit 300
configured to select data to be transmitted to the external
device 800.

[0091] Note that the biological information measurement
apparatus 100 is preferably a watch type, ring type, glasses
type, wear-integrated type, paste type, or the like such that
the user can wear it and monitor the physical/mental con-
dition in daily life for a long time.

[0092] The biological waveform data measurement unit
200 in a case in which the biological waveform data is an
electrocardiogram waveform will be described first. The
electrocardiogram waveform is obtained by bringing elec-
trodes into contact with the body surface and observing the
electrical activity of the heart. As the electrocardiogram
waveform leading method, that is, the electrode arrange-
ment, there are various types using limbs and chest.
[0093] For example, in the CCS5 lead used when monitor-
ing the electrocardiogram waveform for a long time, the
electrodes are arranged on the left and right chests. Note that
when measuring the electrocardiogram waveform, since the
voltage of the electrocardiogram waveform is generally
several mV or less, a detected voltage may be amplified to
a predetermined signal level using an analog circuit or the
like, and unnecessary noise and fluctuation may be filtered.
When this voltage is sampled using an analog-to-digital
converter, a digitized electrocardiogram waveform can be
obtained. An electrocardiogram waveform having a suffi-
cient accuracy can be obtained by performing sampling at,
for example, 1 kHz and 12 bits.

[0094] Note that after the digital signal conversion, unnec-
essary noise and fluctuation may further be removed by
digital filtering.

[0095] The biological feature amount data extraction unit
220 in a case in which the biological waveform data is an
electrocardiogram waveform will be described next. In the
electrocardiogram waveform measurement example of FIG.
11, the electrocardiogram waveform is formed from com-
ponents such as a P-QRS-T wave reflecting the activity of an
atrium or a ventricle. The time interval between adjacent R
waves is biological feature amount data called an R-R
interval. When the reciprocals of the R-R intervals are
averaged, a heart rate is obtained. To detect an R wave from
the electrocardiogram waveform, a method of detecting the
peak of the amplitude of the electrocardiogram waveform or
a method of detecting the peak of the derivative of the
electrocardiogram waveform is used. For example, Japanese
Patent Laid-Open No. 2003-561 discloses an arrangement
that recognizes an R wave by a threshold based on the
amplitude between the crest and the trough of a waveform.
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[0096] The biological information measurement apparatus
100 transmits the biological waveform data and/or the
biological feature amount data acquired in this above-
described way to the external device 800. The external
device 800 is, for example, a smartphone, an information
terminal of a watch type, or a personal computer. As the
biological waveform data transmission unit 210 and the
biological feature amount data transmission unit 230, for
example, a short-range wireless technology such as Blu-
etooth®, Zigbee®, or Wi-Fi can be used.

[0097] Since the transmission data selection unit 300 is
provided, the biological information measurement apparatus
100 can select whether to transmit biological waveform data
to the external device 800, whether to transmit biological
feature amount data, or whether to transmit both of them.
This enables an operation of usually transmitting biological
feature amount data with a small data amount to reduce
power consumption and only when necessary, transmitting
biological waveform data including abundant information.
[0098] If the sampling frequency is 1 kHz, and the reso-
lution is 12 bits, the data amount of biological waveform
data, for example, an electrocardiogram waveform is 12
kbps. On the other hand, R-R interval data that is biological
feature amount data can be expressed by 12 bits per data if
the time resolution is 1 msec, and the range is 0 to 4,095
msec. If the average heart rate is 100 bpm, the average data
amount is 20 bps.

[0099] Hence, if the electrocardiogram waveform is
unnecessary, only the R-R interval is transmitted, thereby
largely decreasing the data amount. This makes it possible to
decrease the communication amount, reduce the power
consumption of the biological information measurement
apparatus 100 or the external device 800, and continuously
measure biological information for a long time.

[0100] Note that the biological information measurement
apparatus 100 may intermittently transmit measured data to
the external device 800 while temporarily accumulating the
measured data. When transmitting the above-described elec-
trocardiogram waveform data, if, for example, 10 data are
assumed to be transmitted at once, the electrocardiogram
waveform data is transmitted at an interval of 10 msec.
[0101] Additionally, as for the R-R interval data, if 10 data
are assumed to be transmitted at once, an R-R interval of 200
msec at the minimum can be handled by transmitting the
data at an interval of 2 sec. When the data transmission
interval is optimized in accordance with the data to be
transmitted in the above-described way, data transmission of
high power efficiency can be implemented.

[0102] As described above, according to this embodiment,
it is possible to select whether to transmit one or both of
biological waveform data and biological feature amount
data. Hence, if biological waveform data is unnecessary,
only biological feature amount data is transmitted, thereby
suppressing the communication amount and implementing
downsizing and long life of a battery.

[0103] If necessary, biological waveform data is transmit-
ted, and a biological feature amount is extracted by the
external device having a high information processing capa-
bility. This makes it possible to reduce an extraction failure
or an extraction error of a biological feature amount data.

Third Embodiment

[0104] A biological information measurement apparatus
according to the third embodiment will be described below.
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[0105] In FIGS. 12 and 13, transmission data is selected
based on extracted biological feature amount data. In this
embodiment, a case in which biological waveform data is an
electrocardiogram waveform, and biological feature amount
data is a heart rate will be explained.

[0106] First, a biological information measurement appa-
ratus 100 measures electrocardiogram waveform data by a
biological waveform data measurement unit 200 (step S1-1)
and extracts heart rate data from the electrocardiogram
waveform data by a biological feature amount data extrac-
tion unit 220 (step S1-2). A transmission data selection unit
300 selects data to be transmitted based on the extracted
biological feature amount data (step S1-3).

[0107] If the heart rate has a predetermined level or more
for a predetermined period, the condition of the user may
have a problem. In this case, the heart rate data and the
electrocardiogram waveform data are transmitted to an
external device 800 by a biological feature amount data
transmission unit 230 and a biological waveform data trans-
mission unit 210, respectively (step S1-4). The electrocar-
diogram waveform is analyzed in the external device 800 to
analyze whether a health problem has occurred or not (step
S1-5).

[0108] On the other hand, if the heart rate does not have
the predetermined level or more for the predetermined
period, only the heart rate data is transmitted by the bio-
logical feature amount data transmission unit 230, thereby
reducing power consumption (step S1-6). The external
device 800 receives the data from the biological information
measurement apparatus 100, and performs an operation of
analyzing, storing, or displaying the data or transmitting the
data to a server as needed (step S1-7).

[0109] In this embodiment, the heart rate is used as the
criterion for transmission data selection. However, the pres-
ent invention is not limited to this. For example, if the
variation in the R-R interval has a predetermined level or
less for a predetermined period, it may be determined that
the user is in a strong tension state, and the electrocardio-
gram waveform may be transmitted. In addition, since the
electrocardiogram waveform includes a component derived
from a breath, a feature amount associated with the breath
may be extracted from the electrocardiogram waveform, and
the electrocardiogram waveform may be transmitted when
the breach frequency falls to a predetermined level or less.
[0110] As described above, in this embodiment, the bio-
logical information measurement apparatus selects data to
be transmitted based on extracted biological feature amount
data, transmits a biological waveform data signal with an
abundant information amount only when necessary in accor-
dance with the condition of the user, and transmits biological
feature amount data otherwise, thereby enabling an efficient
operation while reducing power consumption.

[0111] Since the data to be transmitted is selected based on
the biological feature amount data extraction result, the
biological information measurement apparatus can auto-
matically select the data to be transmitted.

Fourth Embodiment

[0112] A biological information measurement apparatus
according to the fourth embodiment will be described below.
[0113] In FIG. 14, a biological information measurement
apparatus 100 further includes a sensor 400, and selects
transmission data based on the state of the sensor 400. As the
sensor 400, for example, a push button switch, a body
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temperature sensor, an outdoor temperature sensor, or a
battery voltage sensor is usable.

[0114] A case in which biological waveform data is an
electrocardiogram waveform, a biological feature amount is
a heart rate, and the sensor 400 is a push button switch will
be explained with reference to FIG. 15.

[0115] In this embodiment, after electrocardiogram wave-
form data is measured (step S2-1), and the state of the push
button switch is measured (step S2-2). If a predetermined
time has elapsed after the pressing of the push button switch,
only the heart rate is transmitted, thereby reducing power
consumption (step S2-6). If the user feels a disorder such as
a pain in the heart or difficulty in breathing, the push button
switch is pressed. Only when the predetermined time or less
has elapsed after the pressing of the push button switch, the
electrocardiogram waveform data and the heart rate are
transmitted (step S2-4). The electrocardiogram waveform is
analyzed in an external device 800 to analyze whether a
health problem has occurred or not (step S2-5). By providing
the push button switch that receives a user input, the data to
be transmitted can be selected in accordance with the user’s
intention.

[0116] In a case in which the sensor 400 is a body
temperature sensor or an outdoor temperature sensor, if the
body temperature or outdoor temperature is a predetermined
value or more, electrocardiogram waveform data and heart
rate data are transmitted. Otherwise, only heart rate data is
transmitted.

[0117] In a case in which the sensor 400 is a battery
voltage sensor, if the battery level of the biological infor-
mation measurement apparatus 100 is suflicient, electrocar-
diogram waveform data and heart rate data are transmitted.
Otherwise, only heart rate data is transmitted, thereby mak-
ing the battery life long.

[0118] A case in which the biological information mea-
surement apparatus 100 further includes the sensor 400, and
selects transmission data based on the state of the sensor 400
has been described with reference to FIG. 14. A reliability
determination unit configured to determine the reliability of
feature amount data may be provided in place of the sensor,
and transmission data may be selected based on the deter-
mination result. In FIG. 16, the biological waveform data is
an electrocardiogram waveform, the biological feature
amount is an R-R interval, and the reliability determination
unit is an acceleration sensor.

[0119] The biological information measurement apparatus
100 measures electrocardiogram waveform data (step S3-1)
and further measures the body acceleration using the accel-
eration sensor (step S3-2). If the acceleration is a predeter-
mined level or more, the user may be making an active
motion. In this case, the contact of an electrode pasted to the
skin to measure the electrocardiogram waveform may be
unstable, or an electromyogram signal may be mixed to
cause a disturbance in the electrocardiogram waveform. If
the electrocardiogram waveform is disturbed, the R-R inter-
val data extraction algorithm included in a biological feature
amount data extraction unit 220 of the biological informa-
tion measurement apparatus 100 cannot function well, and
an R wave may erroneously be detected.

[0120] Upon determining that the acceleration is a prede-
termined level or more, and the reliability of the R-R interval
extraction is low, the biological information measurement
apparatus 100 transmits not the R-R interval data but only
the electrocardiogram waveform data to an external device
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800 (step S3-4). The external device 800 having a higher
information processing capability extracts the R-R interval
using an advanced algorithm. More specifically, a method of
calculating the autocorrelation of an electrocardiogram
waveform and identifying the periodicity of the electrocar-
diogram waveform, a method of storing the information of
an electrocardiogram waveform on rest in advance and
comparing the information with a measured electrocardio-
gram waveform to remove the influence of an external
disturbance, or the like can be considered.

[0121] On the other hand, if the acceleration is lower than
the predetermined level, it can be determined that the
reliability of biological feature amount extraction is not low.
Hence, the biological feature amount data extraction unit
220 of the biological information measurement apparatus
100 extracts the R-R interval data (step S3-6), and only the
R-R interval data is transmitted to the external device 800
(step S3-7), thereby reducing power consumption.

[0122] The biological waveform data transmission unit
that determines the reliability of biological feature amount
data is not limited to the acceleration sensor. For example,
in a case in which an impedance sensor configured to
measure the impedance between the skin and an electrode
used to measure the electrocardiogram waveform is pro-
vided, if the impedance between the electrode and the skin
is high, or the variation in the impedance is large, it is
determined that the reliability of biological feature amount
data is low, and the electrocardiogram waveform data is
transmitted to the external device. In a case in which a
pressure sensor configured to measure the pressure between
the skin and an electrode is used, if the contact pressure
between the electrode and the skin is low, or the variation in
the contact pressure is large, it is determined that the
reliability of biological feature amount data is low, and the
electrocardiogram waveform data is transmitted to the exter-
nal device.

[0123] As described above, in this embodiment, data to be
transmitted is selected based on the state of the sensor
provided in the biological information measurement appa-
ratus. It is therefore possible to determine, in accordance
with a user designation or the situation of the user, whether
biological waveform data needs to be transmitted.

Fifth Embodiment

[0124] A biological information measurement apparatus
according to the fifth embodiment will be described below.
[0125] 1In FIG. 17, a biological information measurement
apparatus 100 includes a transmission data designation
information reception unit 500. In this embodiment, an
external device 800 determines selection of data to be
transmitted by the biological information measurement
apparatus 100. A transmission data selection unit 300
receives transmission data designation information from the
external device 800, and selects data to be transmitted based
on the received transmission data designation information.
[0126] In FIG. 18, biological waveform data is an elec-
trocardiogram waveform, a biological feature amount is an
R-R interval, and the external device 800 determines data to
be transmitted based on the communication environment.

[0127] First, the biological information measurement
apparatus 100 measures electrocardiogram waveform data
(step S4-1). Next, the biological information measurement
apparatus 100 confirms whether transmission of electrocar-
diogram waveform data is designated by the external device
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800 (step S4-2). If the transmission of electrocardiogram
waveform data is designated, the electrocardiogram wave-
form data is transmitted to the external device 800 (step
S4-3). The external device 800 extracts R-R interval data
from the received electrocardiogram waveform data (step
S4-4).

[0128] On the other hand, if the transmission of electro-
cardiogram waveform data is not designated, a biological
feature amount data extraction unit 220 of the biological
information measurement apparatus 100 extracts R-R inter-
val data from the electrocardiogram waveform data (step
S4-5), and transmits it to the external device 800 (step S4-6).
The external device 800 performs data transmission/recep-
tion and measures the packet loss ratio of the communica-
tion with the biological information measurement apparatus
100 (step S4-7).

[0129] The packet loss ratio can be measured by, for
example, adding a serial number to each packet transmitted/
received by the biological information measurement appa-
ratus 100 and the external device 800 and checking whether
a missing serial number exists. If the packet loss ratio is
equal to or less than a reference value, it can be determined
that the communication environment is good, and a data loss
hardly occurs. Hence, the electrocardiogram waveform data
with a large information amount is transmitted (step S4-8).
[0130] On the other hand, if the packet loss ratio is more
than the reference value, the communication environment is
not good. Even if the electrocardiogram waveform data with
a large information amount is transmitted, the data is par-
tially lost at a high possibility. Hence, the transmission of
electrocardiogram waveform data is disabled, and R-R inter-
val data with a small information amount and little risk is
transmitted (step S4-9). Whether the communication envi-
ronment is good or not may be determined by detecting not
only the packet loss ratio but also the ambient radio condi-
tion by the external device 800.

[0131] As for the criterion used by the external device 800
for transmission data selection, based on not only the
communication environment but also biological waveform
data or biological feature amount data analysis result trans-
mitted from the biological information measurement appa-
ratus 100, the condition of the user or the like may be
estimated, and it may be determined whether biological
waveform data is necessary.

[0132] For example, the external device 800 may deter-
mine selection of data to be transmitted based on the
reliability of biological feature amount data. In FIG. 19, the
external device 800 includes a data reception unit 830
configured to receive biological waveform data from the
biological information measurement apparatus 100, a data
reception unit 820 configured to receive biological feature
amount data, and a reliability determination unit 810 con-
figured to determine the reliability of the biological feature
amount data.

[0133] The external device 800 determines the selection of
data to be transmitted by the biological information mea-
surement apparatus 100 based on the reliability of biological
feature amount data, and transmits transmission data desig-
nation information to the biological information measure-
ment apparatus 100. The transmission data selection unit
300 of the biological information measurement apparatus
100 selects data to be transmitted based on the transmission
data designation information received from the external
device 800.
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[0134] 1In FIG. 20, biological waveform data is an elec-
trocardiogram waveform, a biological feature amount is an
R-R interval, and the external device 800 designates data to
be transmitted based on the reliability of feature amount
data.

[0135] First, the biological information measurement
apparatus 100 measures electrocardiogram waveform data
(step S5-1). Next, the biological information measurement
apparatus 100 confirms whether transmission of electrocar-
diogram waveform data is designated by the external device
800 (step S5-2). If the transmission of electrocardiogram
waveform data is designated, the electrocardiogram wave-
form data is transmitted to the external device 800 (step
S5-3). The external device 800 extracts R-R interval data
from the received electrocardiogram waveform data (step
S5-4).

[0136] On the other hand, if the transmission of electro-
cardiogram waveform data is not designated, the biological
feature amount data extraction unit 220 of the biological
information measurement apparatus 100 extracts R-R inter-
val data from the electrocardiogram waveform data (step
S5-5), and transmits it to the external device 800 (step S5-6).
The external device 800 determines whether the reliability
of the extracted or received R-R interval data is equal to or
less than a reference value (step S5-7).

[0137] As for the method of determining the reliability of
R-R interval data, for example, the absolute value of the
difference between the extracted or received R-R interval
data and existing R-R interval data is calculated. If the
absolute value of the difference is equal to or larger than a
predetermined threshold, the reliability can be determined to
be low. For example, the R-R interval hardly abruptly varies
in a normal state. However, if large noise is mixed, and a
detection error occurs, the R-R interval abruptly varies, and
it can be estimated that the reliability is low at a high
possibility. By analyzing feature amount data this way, the
reliability of the data can be evaluated.

[0138] If the reliability of the R-R interval data is evalu-
ated in this way, and it is determined that the reliability is
low, the external device 800 enables transmission of elec-
trocardiogram waveform data to the biological information
measurement apparatus 100 (step S5-8).

[0139] On the other hand, upon determining that the
reliability is high, the external device 800 disables trans-
mission of electrocardiogram waveform data to the biologi-
cal information measurement apparatus 100 (step S5-9).
[0140] As described above, in this embodiment, the bio-
logical information measurement apparatus includes the
transmission data designation information reception unit,
and selects data to be transmitted based on received trans-
mission data designation information.

[0141] This allows the advanced external device to appro-
priately select data to be transmitted by the biological
information measurement apparatus.

Sixth Embodiment

[0142] A biological information measurement apparatus
according to the sixth embodiment will be described below.

[0143] In FIG. 21, a biological information measurement
apparatus 100 includes an algorithm change information
reception unit 600 and an extraction algorithm changing unit
700. In FIG. 22, biological waveform data is an electrocar-
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diogram waveform, a biological feature amount is an R-R
interval, and an external device 800 changes an R-R interval
data extraction algorithm.

[0144] First, the biological information measurement
apparatus 100 measures an electrocardiogram waveform
(step S6-1), extracts R-R interval data (step S6-2), and
evaluates the reliability of the extracted R-R interval data
(step S6-3). For example, the absolute value of the difference
between the extracted R-R interval data and R-R interval
data extracted previously is calculated. If the absolute value
of the difference is smaller than a predetermined threshold,
the reliability is determined to be high. This is a method of
evaluating reliability using the fact that the R-R interval data
of a human hardly abruptly varies in a normal state. The
threshold used to evaluate the reliability is set to, for
example, 100 msec.

[0145] If the reliability of the R-R interval data is evalu-
ated in this way, and it is determined that the reliability is
high, the biological information measurement apparatus
transmits the R-R interval data to the external device 800
(step S6-4). The external device 800 performs processing of
storing or displaying the data or transmitting the data to a
server (step S6-10).

[0146] On the other hand, upon determining that the
reliability is low, the biological information measurement
apparatus 100 transmits the electrocardiogram waveform
data to the external device 800 (step S6-5). The external
device 800 analyzes the electrocardiogram waveform data
and extracts R-R interval data (step S6-6). The external
device 800 also analyzes the feature of the electrocardio-
gram waveform, optimizes the R-R interval data extraction
algorithm in the biological information measurement appa-
ratus 100 (step S6-7), and transmits algorithm change infor-
mation to the biological information measurement apparatus
100 (step S6-8). The biological information measurement
apparatus 100 receives the algorithm change information by
the algorithm change information reception unit 600,
changes the R-R interval data extraction algorithm of a
biological feature amount data extraction unit 220 based on
the received algorithm change information (step S6-9), and
reflects it on subsequent R-R interval data extraction.
[0147] As a method of changing the algorithm, for
example, a plurality of R-R interval data extraction algo-
rithms are stored in the biological feature amount data
extraction unit 220 of the biological information measure-
ment apparatus 100 in advance, the external device 800
determines which algorithm is appropriate, and a code to
designate the algorithm is transmitted from the external
device 800 to the biological information measurement appa-
ratus 100. As the types of algorithms, for example, an
algorithm configured to detect an R wave from the peak of
the amplitude of an electrocardiogram waveform, an algo-
rithm configured to detect an R wave from the peak of the
derivative of an electrocardiogram waveform, and the like
are stored and selected.

[0148] Parameters used in the R-R interval data extraction
algorithm of the biological feature amount data extraction
unit 220 may be optimized in the external device 800 and
transmitted from the external device 800 to the biological
information measurement apparatus 100. The parameters are
a filter constant (a cutoff frequency, the order of an FIR filter,
or the like) when performing digital filtering of the electro-
cardiogram waveform in the biological information mea-
surement apparatus 100, an amplification factor used when
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amplifying an electrocardiogram waveform, a threshold
used when detecting a peak from the amplitude of an
electrocardiogram waveform and detecting an R wave, a
threshold used when detecting a peak from the derivative of
an electrocardiogram waveform and detecting an R wave,
and the like.

[0149] A program code to detect an R wave may be
generated by the external device 800, transmitted to the
biological information measurement apparatus 100, and
rewritten.

[0150] When the biological information measurement
apparatus includes the R-R interval data extraction algo-
rithm changing unit, the algorithm and the like can be
changed based on the determination of the external device,
and the R-R interval data extraction accuracy can be
improved. Since cases in which biological waveform data
with a large data amount needs to be transmitted from the
biological information measurement apparatus to the exter-
nal device decrease, an effect of reducing power consump-
tion can be obtained.

[0151] As described above, in this embodiment, the reli-
ability of biological feature amount data is determined, and
data to be transmitted is selected based on the reliability
determination result. It is therefore possible to perform an
efficient operation of transmitting biological waveform data
only when the reliability of biological feature amount data is
low.

[0152] In addition, since the biological feature amount
extraction algorithm is changed based on a designation from
the external device, a great effect can be obtained that is
reduction of an extraction failure or an extraction error of a
biological feature amount data in the biological information
measurement apparatus.

[0153] Note that in the above embodiments, a case in
which the biological waveform data is an electrocardiogram
waveform data has been described. However, the present
invention is not limited to this. Various cases can be con-
sidered, including a case in which the biological waveform
data is a brain wave, and the feature amount is the strength
of an a wave, a case in which the biological waveform data
is a body acceleration, and the feature amount is the number
of steps or active mass, and a case in which the biological
waveform data is the intensity of reflected return light of
infrared light with which a living body is irradiated, and the
feature amount is a bloodstream, a pulse rate, or oxygen
saturation.

INDUSTRIAL APPLICABILITY

[0154] The present invention is usable for biological elec-
trodes used to acquire a biological signal such as an elec-
trocardiogram signal every day and a biological signal
measurement system using the biological electrodes.

EXPLANATION OF THE REFERENCE
NUMERALS AND SIGNS

[0155] 1...living body, 2 ... clothing, 10 . . . biological
signal measurement apparatus, 11 . . . biological signal
measurement apparatus (clothing side), 12 . . . terminal

connector, 13-1-13-4 . . . snap button, 14 . . . signal
processing unit, 15 . . . signal analysis unit, 16 . . . wireless
communication unit, 17 . . . power supply unit, 18 . . . storage
unit, 20 . . . positive electrode, 21 . . . negative electrode, 22

. indifferent electrode, 23, 24, 25 . . . wire, 30 . . .
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belt-shaped structure, 31 . . . cross brace-shaped structure, 40
.. . portable terminal, 50 . . . public network (Internet), 60
... cloud server, 100 . . . biological information measure-
ment apparatus, 200 . . . biological waveform data measure-
ment unit, 210 . . . biological waveform data transmission
unit, 220 . . . biological feature amount data extraction unit,
230 . . . biological feature amount data transmission unit,
300 . . . transmission data selection unit, 400 . . . sensor
(reliability determination unit), 500 . . . transmission data
designation information reception unit, 600 . . . algorithm
change information reception unit, 700 . . . extraction
algorithm changing unit, 800 . . . external device
1. A biological signal measurement system comprising;
biological electrodes capable of coming into contact with
a surface of a living body; and

a biological signal measurement apparatus comprising
means for generating first biological digital data by
quantizing, based on a first sampling rate, a biological
electrical signal detected by the biological electrodes,
means for extracting first feature amount data from the
first biological digital data, means for generating sec-
ond biological digital data downsized from the first
biological digital data to a data size corresponding to a
second sampling rate lower than the first sampling rate,
and wireless communication means for transmitting the
second biological digital data and the first feature
amount data to a portable terminal.

2. The biological signal measurement system according to
claim 1, further comprising a portable terminal comprising
means for receiving the second biological digital data and
the first feature amount data, means for generating second
feature amount data by performing statistical analysis of the
first feature amount data, and means for displaying at least
one of the second biological digital data and the second
feature amount data.

3. The biological signal measurement system according to
claim 2, wherein the portable terminal further comprises
transmission means for transmitting at least one of the first
feature amount data and the second feature amount data to
a server, and

the biological signal measurement system further com-

prising a server comprising means for receiving at least
one of the first feature amount data and the second
feature amount data, and means for performing statis-
tical analysis of biological information using at least
one of the first feature amount data and the second
feature amount data.

4. The biological signal measurement system according to
claim 3, wherein the portable terminal transmits at least one
of identification information of the living body and position
information of the portable terminal to the server, and

the server performs the statistical analysis using at least

one of the identification information and the position
information.
5. The biological signal measurement system according to
claim 1, wherein the biological electrical signal is an elec-
trocardiogram signal,
the first feature amount data is data including at least an
R-R interval of the electrocardiogram signal, and

the second feature amount data is data including one of a
ratio of a low frequency spectrum component amount
of a temporal fluctuation of the R-R interval to a high
frequency spectrum component amount, a value
obtained by dividing a standard deviation of R-R
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intervals by an average value of the R-R intervals, and
a ratio of the number of R-R intervals for which a
difference between two continuous R-R intervals is not
less than 50 msec.
6. The biological signal measurement system according to
claim 1, wherein the first sampling rate is a value ranging
from not less than 200 Hz to not more than 2,000 Hz, and
the second sampling rate is a value ranging from not less
than 100 Hz to not more than 500 Hz.
7. A biological signal measurement system comprising:
biological electrodes capable of coming into contact with
a surface of a living body; and

a biological signal measurement apparatus comprising
means for generating first biological digital data by
quantizing, based on a first sampling rate, a biological
electrical signal detected by the biological electrodes,
means for extracting first feature amount data from the
first biological digital data, means for generating sec-
ond biological digital data downsized from the first
biological digital data to a data size corresponding to a
second sampling rate lower than the first sampling rate,
wireless communication means for transmitting at least
one of the second biological digital data and the first
feature amount data to a portable terminal, transmission
data designation information reception means for
receiving transmission data designation information
that designates data to be transmitted by the wireless
communication means, and transmission data selection
means for selecting, based on the transmission data
designation information, the data to be transmitted by
the wireless communication means.

8. A biological information measurement apparatus com-
prising:

biological waveform data measurement means for mea-

suring biological waveform data;

feature amount data extraction means for extracting bio-

logical feature amount data from the biological wave-
form data in accordance with a predetermined extrac-
tion algorithm;

data transmission means for transmitting at least one of

the biological waveform data and the biological feature
amount data; and

transmission data selection means for selecting data to be

transmitted by the transmission means,

wherein different data transmission intervals are used to

transmit the biological waveform data and the biologi-
cal feature amount data.

9. The biological information measurement apparatus
according to claim 8, wherein the transmission data selec-
tion means selects the data to be transmitted based on the
biological feature amount data.

10. The biological information measurement apparatus
according to claim 8, further comprising a sensor configured
to detect a predetermined state,

wherein the transmission data selection means selects the

data to be transmitted based on a state of the sensor.

11. The biological information measurement apparatus
according to claim 8, further comprising reliability determi-
nation means for determining reliability of the biological
feature amount data,
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wherein the transmission data selection means selects the
data to be transmitted based on a determination result
of the reliability determination means.

12. The biological information measurement apparatus
according to claim 8, further comprising transmission data
designation information reception means for receiving trans-
mission data designation information that designates the
data to be transmitted by the data transmission means,

wherein the transmission data selection means selects the

data to be transmitted based on the transmission data
designation information.
13. A biological signal measurement system comprising:
a biological information measurement apparatus of claim
12; and

an external device configured to receive at least one of
biological waveform data and biological feature
amount data from the biological information measure-
ment apparatus,

wherein the external device comprises reliability deter-

mination means for determining reliability of one of the
received biological feature amount data and biological
feature amount data extracted from the received bio-
logical waveform data,

the reliability determination means transmits transmission

data designation information to the biological informa-
tion measurement apparatus based on a determination
result of the reliability of the biological feature amount
data, and

the transmission data selection means selects data to be

transmitted to the external device based on the trans-
mission data designation information.

14. The biological information measurement apparatus
according to claim 8, further comprising:

algorithm change information reception means for receiv-

ing algorithm change information that changes the
predetermined extraction algorithm; and

algorithm changing means for instructing the feature

amount data extraction means to change the predeter-
mined extraction algorithm based on the algorithm
change information.

15. The biological information measurement apparatus
according to claim 14, wherein the algorithm change infor-
mation is information to instruct change of at least one of a
type, a parameter, and a program code of the predetermined
extraction algorithm.

16. A biological information extraction algorithm chang-
ing method comprising the steps of:

measuring biological waveform data;

extracting biological feature amount data from the bio-

logical waveform data in accordance with a predeter-
mined extraction algorithm;

evaluating reliability of the biological feature amount

data;

analyzing the biological waveform data if the reliability is

lower than a predetermined reference value; and
changing the predetermined algorithm based on an analy-
sis result of the biological waveform data.
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