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(57) ABSTRACT

Provided is a practical biological information measuring
apparatus that is compact, provides minimal inconvenience
worn on the body, and has an extended battery life, the bio-
logical information measuring apparatus being capable of
instantly displaying a heartbeat interval. A biological infor-
mation measuring apparatus capable of measuring at least a
heartbeat interval of a living body and capable of being
attached to a living body, the biological information measur-
ing apparatus characterized in comprising: a plurality of elec-
trodes that come in contact with the living body; signal pro-
cessing means for electrically processing a change in voltage
obtained from the electrodes and creating an electrocardio-
gram signal; heartbeat interval measuring means for measur-
ing, from the electrocardiogram signal, a heartbeat interval
from an interval between one R wave and another adjacent R
wave or an interval between one S wave and another adjacent
S wave in the electrocardiogram signal; triaxial acceleration
measuring means; and temperature measuring means; the
biological information measuring apparatus further compris-
ing wireless transmission means for simultaneously and wire-
lessly transmitting the heartbeat interval obtained by the
heartbeat interval measuring means, the triaxial acceleration
obtained by the triaxial acceleration measuring means, and
the temperature obtained by the temperature measuring
means.
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BIOLOGICAL INFORMATION MEASURING
APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a biological infor-
mation measuring apparatus.

BACKGROUND ART

[0002] The pulsation cycle of a heart (the cardiac cycle);
i.e., the heartbeat interval, includes fluctuations caused by
various mechanisms. Diurnal variations are an example of
fluctuations of a comparatively long cycle, and it is under-
stood that on average, the heart rate is low when one is asleep,
and high when one is awake (Non-patent Document 1). There
are fluctuations in short cycles as well. The heart rate
decreases when one exhales and increases when one inhales.
Fluctuations occur in the heartbeat intervals when these
actions are repeated. For example, if the respiration rate is 15
breaths per 60 seconds, the equivalent 15/60=0.25 Hz is the
fluctuation frequency.

[0003] The heart rate is managed by sympathetic nerves
and vagus nerves (parasympathetic nerves). The adjusting of
heartbeat intervals by the sympathetic nerves and the vagus
nerves involves a transfer function; specifically, the sympa-
thetic nerves do not transfer heartbeat interval variations of
frequencies 0.15 Hz or greater, while vagus nerves transfer
heartbeat interval variations up to 1 Hz (Non-patent Docu-
ment 2). Because of this function, when the frequency spec-
trum of the heartbeat interval variations is obtained, two
components are observed: a low-frequency component of
0.04 Hz or greater and less than 0.15 Hz, and ahigh-frequency
component of 0.15 Hz or greater (Non-patent Document 3).
Referring to these components as LF and HF respectively, HF
is thought to reflect activity of vagus nerves, and LF is thought
to reflect activity of both sympathetic nerves and vagus
nerves, forthe reasons described above. Furthermore, accord-
ing to Maliani et al., LF/HF represents an autonomic nerve
balance (Non-patent Document 4).

[0004] When the sympathetic nerves are aggravated, the
heart rate increases and both LF and LE/HF increase. This
indicates a state of excitement. When the vagus nerves are
aggravated, the heart rate decreases, HF increases, and LF/HF
decreases. This indicates a relaxed state. There are very many
cases of human mental analysis that use such characteristics,
examples of which include emotional evaluation during TV
viewing (Non-patent Document 5), driver stress evaluation
(Non-patent Document 6), relaxation evaluation during
music listening or video viewing (Non-patent Document 7),
and the like.

[0005] A person’s autonomic nerve balance or stress level
can be evaluated by measuring the heartbeat interval in this
manner, but in conventional practice, heartbeat interval mea-
surements have been taken using either a stationary electro-
cardiograph or a Holter electrocardiograph, which attaches to
a living body and stores an electrocardiogram (waveform
data) of a predetermined time duration.

[0006] However, the specification of such devices far sur-
passes what is required merely to measure heartbeat intervals;
specifically, large-capacity memory is needed for these
devices to gather all the waveform data of an electrocardio-
gram, the battery and the main body of the electrocardiograph
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proportionately increase in size, the cost is higher, and the
gathered waveform data must be analyzed afterward, which is
troublesome.

PRIOR ART DOCUMENTS

Non-Patent Documents

[0007] [Non-patent Document 1] Vanoli E, Adamson P B,
Ba-Lin, et al., “Heart rate variability during specific sleep
stage: A comparison of healthy subjects with patients after
myocardial infarction,” Circulation, 91, 1918-1922 (1995).
[0008] [Non-patent Document 2] Berger R D, Saul J P,
Cohen R I, “Transfer function analysis of autonomic regula-
tion, I: canine atrial rate response,” Am J Physiol, 256, H142-
H152 (1989).

[0009] [Non-patent Document 3] Sayers B. McA., “Analy-
sis of heart rate variability,” Ergonomics, 16, 17-32 (1973).
[0010] [Non-patent Document 4] Maliani A, Pagani M,
Lombardi F, Cerutti S, “Cardiovascular neural regulation
explored in the frequency domain,” Circulation, 84, 482-492
(1991).

[0011] [Non-patent Document 5] Kiyomi Sakamoto, Seiji
Sakashita, et al., “Effects of TV-viewing user’s emotional
state on physiological-psychological response measure-
ment,” Panasonic Technical Journal, 59, No. 1, 29-34 (2013).
[0012] [Non-patent Document 6] Kazuhisa Ogawa, et al.,
“Effects on driver’s emotional traits and driving behavior: for
the purpose of developing educational programs for control-
ling emotions,” International Traffic Safety Society Report
(2009).

[0013] [Non-patent Document 7] Aruku Yamada, Akiko
Kataoka, “Effects of preferred music and classical music on
autonomic nervous system,” Human Care Research, 7, 73-81
(20006).

DISCLOSURE OF THE INVENTION

Problems the Invention is Intended to Solve

[0014] The present invention was devised in view of the
situation described above, it being an object thereof to pro-
vide a practical biological information measuring apparatus
that emphasizes heartbeat interval measurement, and is
thereby compact, minimally inconvenient when worn on the
body, capable of achieving extended battery life, and can
display a heartbeat interval instantly.

Means for Solving these Problems

[0015] The main points of the present invention are
described.
[0016] The present invention relates to a biological infor-

mation measuring apparatus capable of measuring at least a
heartbeat interval of a living body and capable of being
attached to a living body, the biological information measur-
ing apparatus characterized in comprising: a plurality of elec-
trodes that come in contact with the living body; signal pro-
cessing means for electrically processing a change in voltage
obtained from the electrodes and creating an electrocardio-
gram signal; heartbeat interval measuring means for measur-
ing, from the electrocardiogram signal, a heartbeat interval
from an interval between one R wave and another adjacent R
wave or an interval between one S wave and another adjacent
S wave in the electrocardiogram signal; triaxial acceleration
measuring means; and temperature measuring means;
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wherein the biological information measuring apparatus also
comptrises wireless transmission means for simultaneously
and wirelessly transmitting the heartbeat interval obtained by
the heartbeat interval measuring means, the triaxial accelera-
tion obtained by the triaxial acceleration measuring means,
and the temperature obtained by the temperature measuring
means.

[0017] The present invention also relates to a biological
information measuring apparatus which is the biological
information measuring apparatus according the first aspect,
characterized in being configured so that a high-pass filter is
provided to the signal processing means, the heartbeat inter-
val measuring means isochronally samples the electrocardio-
gram signals passing through the high-pass filter, peaks per-
taining to R waves or S waves are detected at two points using
a method described below, and a heartbeat interval is mea-
sured using an interval between peaks pertaining to R waves
or S waves either as an interval between one R wave and
another adjacent R wave, or as an interval between one S wave
and another adjacent S wave:

[0018] Aregionis retrieved where adjacent amplitudes V
satisfy the relationships for a downward trough condi-
tion: V(0)<V(1)>V(2), V(n)>V(n+1)<V(n+2), and
V(m)<V(m+1)>V(m+2), or the relationships for an
upward peak condition: V(0)>V(1)<V(2), V(n)<V(n+1)
>V(n+2), and V(m)>V(m+1)<V(m+2); and V(n+1) in
the region satisfying the downward trough condition or
the upward peak condition is detected as a peak pertain-
ing to an R wave or a peak pertaining to an S wave. The
V parameters represent a time series, where O<n<m. The
amplitudes V are values outside of a predetermined
noise threshold.

[0019] The present invention also relates to a biological
information measuring apparatus which is the biological
information measuring apparatus according the first aspect,
characterized in being configured so that that a high-pass
filter is provided to the signal processing means, the heartbeat
interval measuring means isochronally samples the electro-
cardiogram signals passing through the high-pass filter, peaks
pertaining to R waves or S waves are detected at two points
using a method described below, and a heartbeat interval is
measured using an interval between peaks pertaining to R
waves or S waves either as an interval between one R wave
and another adjacent R wave, or as an interval between one S
wave and another adjacent S wave:

[0020] (1) A region is retrieved where adjacent ampli-
tudes V satisfy the relationships for a downward trough
condition: V(0)<V(1)>V(2), V(n)>V(n+1)<V(n+2),
and V(m)<V(m+1)>V(m+2), or the relationships for an
upward peak condition: V(0)>V(1)<V(2), V(n)<V(n+1)
>V(n+2), and V(m)>V(m+1)<V(m+2); and V(n+1) in
the region satisfying the downward trough condition or
the upward peak condition is detected as a peak pertain-
ing to an R wave or a peak pertaining to an S wave. The
V parameters represent a time series, where 0<n<m. The
amplitudes V are values outside of a predetermined
noise threshold.

[0021] (2) After any peak fulfilling the downward trough
condition or the upward peak condition and pertaining to
an R wave or an S wave has been detected, a peak
fulfilling the same condition and pertaining to an adja-
cent R wave or S wave is detected.

[0022] The present invention also relates to a biological
information measuring apparatus which is the biological
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information measuring apparatus according the second
aspect, characterized in that the heartbeat interval measuring
means either sets m to 0.12 seconds or less or sets m-n to 0.06
seconds or less.

[0023] The present invention also relates to a biological
information measuring apparatus which is the biological
information measuring apparatus according the second
aspect, characterized in that the heartbeat interval measuring
means is configured so that: respective wave height values
{whichever is greater between |V(1)-V(n+1)l and IV(n+1)-
V(m+1)l} in the retrieved regions satisfying the conditions
are compared; the downward trough condition is fulfilled
when a ratio Uh/Lh, which is a ratio of a wave height value Uh
in the region satisfying the upward peak condition to a wave
height value Lh in the region satisfying the downward trough
condition, is equal to or less than a threshold Th; and the
upward peak condition is fulfilled when a ratio Lh/Uh, which
is a ratio of the wave height value Lh to the wave height value
Uh, is equal to or less than a threshold Th.

[0024] The present invention also relates to a biological
information measuring apparatus which is the biological
information measuring apparatus according the fifth aspect,
characterized in that the threshold Th is 0.4 to 0.7.

[0025] The present invention also relates to a biological
information measuring apparatus which is the biological
information measuring apparatus according to the sixth
aspect, characterized in that the heartbeat interval measuring
means is configured so that once a peak pertaining to either an
R wave or an S wave has been detected, a peak pertaining to
the next R wave or S wave 1s not detected within a range 0f0.3
second or less.

[0026] The present invention also relates to a biological
information measuring apparatus which is the biological
information measuring apparatus according to the second
aspect, characterized in that the high-pass filter lets through
only frequencies of at least a predetermined threshold set in a
range of 8 Hz to 30 Hz.

[0027] The present invention also relates to a biological
information measuring apparatus which is the biological
information measuring apparatus according to the eighth
aspect, characterized in that a low-pass filter is provided to the
signal processing means.

[0028] The present invention also relates to a biological
information measuring apparatus which is the biological
information measuring apparatus according the ninth aspect,
characterized in that the low-pass filter lets through only
frequencies at or below a predetermined threshold set to a
value greater than 30 Hz.

[0029] The present invention also relates to a biological
information measuring apparatus which is the biological
information measuring apparatus according the second
aspect, characterized in comprising wireless transmission
means for grouping the heartbeat interval obtained by the
heartbeat interval measuring means, the triaxial acceleration
obtained by the triaxial acceleration measuring means, and
the temperature obtained by the temperature measuring
means as a single living body information group, and wire-
lessly transmitting one to ten living body information groups
simultaneously to a recording device.

[0030] The present invention also relates to a biological
information measuring apparatus which is the biological
information measuring apparatus according the eleventh
aspect, characterized in that the triaxial acceleration measur-
ing means is configured so as to measure the maximum value
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or average value of the absolute values of accelerations in
each of three axes either between one R wave and another
adjacent R wave or between one S wave and another adjacent
S wave in the electrocardiogram signal obtained by the signal
processing means.

[0031] The present invention also relates to a biological
information measuring apparatus which is the biological
information measuring apparatus according the eleventh
aspect, characterized in that the triaxial acceleration measur-
ing means is configured so as to measure the maximum value
and minimum value of accelerations in each of three axes
either between one R wave and another adjacent R wave or
between one S wave and another adjacent S wave in the
electrocardiogram signal obtained by the signal processing
means.

[0032] The present invention also relates to a biological
information measuring apparatus which is the biological
information measuring apparatus according the twelfth
aspect, characterized in comprising recording means for
internally recording heartbeat interval, triaxial acceleration,
and temperature.

[0033] The present invention also relates to a biological
information measuring apparatus which is the biological
information measuring apparatus according the thirteenth
aspect, characterized in comprising recording means for
internally recording heartbeat interval, triaxial acceleration,
and temperature.

Effect of Invention

[0034] The present invention is a practical biological infor-
mation measuring apparatus that, due to being configured as
described above, is compact, provides minimal inconve-
nience when worn on the body, offers extended battery life,
and allows a heartbeat interval to be instantly display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 is a schematic diagram of the present
example;
[0036] FIG. 2 is a schematic diagram illustrating the wear-

ing method of the present example;

[0037] FIG. 3isaschematic diagram of a common electro-
cardiogram;
[0038] FIG. 4 is a schematic diagram of an electrocardio-

gram that has gone through a high-pass filter;

[0039] FIG. 5 is a schematic diagram illustrating P waves,
Q waves, R waves, S waves, and heartbeat interval;

[0040] FIG. 6 is a schematic diagram of an Other Example
L

[0041] FIG. 7 is a schematic diagram of an electrocardio-
gram before being processed by the signal processing means;
[0042] FIG. 8 is a schematic diagram of a processed elec-
trocardiogram, wherein the electrocardiogram of FIG. 7 has
been processed by the signal processing means; and

[0043] FIG.9isanenlarged schematic diagram showing an
enlargement of the QRS width portion in FIG. 8.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0044] Preferred embodiments of the present invention are
briefly described with reference to the diagrams while indi-
cating the effects of the present invention.

[0045] Electrodes are brought in contact with a living body
and a change in voltage obtained from the electrodes is elec-
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trically processed to create an electrocardiogram signal, and,
based on the electrocardiogram signal, a heartbeat interval is
measured from the interval between one R wave in the elec-
trocardiogram signal and another adjacent R wave or the
interval between one S wave and another adjacent S wave.

[0046] In addition to the heartbeat interval measuring
means for measuring the heartbeat interval, the present inven-
tion also comprises triaxial acceleration measuring means
and temperature measuring means, as well as wireless trans-
mission means for simultaneously and wirelessly transmit-
ting the heartbeat interval, the triaxial acceleration obtained
by the triaxial acceleration measuring means, and the tem-
perature obtained by the temperature measuring means.
Therefore, the posture and movement of a person can be
measured from not only the heartbeat interval but also the
triaxial acceleration, and the environmental temperature
around the person can be measured, whereby these measure-
ment values can be useful indicators for evaluating the stress
state of the person as well as their autonomic nerve balance.

[0047] Due to these measured values being transmitted
simultaneously, the biological information measuring appa-
ratus is an apparatus in which a small-capacity memory can
be used, the apparatus can be reduced in size accordingly, the
wearer is therefore inconvenienced to a lesser extent, the life
of the battery can be extended. and the apparatus can be
satisfactorily used while worn continuously for a long period
of time.

[0048] For example, the heartbeat interval measuring
means can isochronally sample the electrocardiogram signals
passing through a high-pass filter provided to the signal pro-
cessing means, use the method described above to detect
peaks pertaining to R waves or S waves at two points, and use
the interval therein as an interval between one R wave and
another adjacent R wave or an interval between one S wave
and another adjacent S wave to measure a heartbeat interval.
In this case, the heartbeat interval can be measured by an
extremely simple data process performed by a microcom-
puter or the like, and it is possible to store only the heartbeat
interval measurement results without storing even waveform
data of the electrocardiogram.

Examples

[0049] Examples of the present invention are described
below with reference to the diagrams.

[0050] The present example is a biological information
measuring apparatus capable of measuring at least a heartbeat
interval of a living body and capable of being attached to a
living body, the biological information measuring apparatus
characterized in comprising: a plurality of electrodes that
come in contact with the living body; signal processing means
for electrically processing a change in voltage obtained from
the electrodes and creating an electrocardiogram signal;
heartbeat interval measuring means for measuring, from the
electrocardiogram signal. a heartbeat interval from an inter-
val between one R wave and another adjacent R wave or an
interval between one S wave and another adjacent S wave in
the electrocardiogram signal; triaxial acceleration measuring
means; and temperature measuring means; wherein the bio-
logical information measuring apparatus also comprises
wireless transmission means for simultaneously and wire-
lessly transmitting the heartbeat interval obtained by the
heartbeat interval measuring means, the triaxial acceleration
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obtained by the triaxial acceleration measuring means, and
the temperature obtained by the temperature measuring
means.

[0051] Specifically, the present example pertains to a bio-
logical information measuring apparatus 2, comprising signal
processing means 3, heartbeat interval measuring means 4,
triaxial acceleration measuring means 3, temperature mea-
suring means 6, and wireless transmission means 7 as shown
in FIG. 1, electrodes 1 being provided as shown in FIGS. 1
and 2. A plurality of electrodes 1 are attached to the biological
information measuring apparatus 2, in which state the mea-
surement subject attaches them to the body and the heartbeat
interval and the like is measured. Three or more electrodes
may be provided, but to measure the heartbeat interval, two is
sufficient. Display means (a display) for displaying the mea-
surement results is also provided in the present example.
[0052] With such a configuration in the present example,
not only the heartbeat interval but also a person’s posture or
movement can be measured by an acceleration sensor (the
triaxial acceleration measuring means 5), the environmental
temperature around the person can be measured by an internal
thermometer (the temperature measuring means 6), and the
heartbeat interval, triaxial acceleration, and temperature can
be measured in the same period without imposing a burden on
the measurement subject. These measurement values can be
useful indicators for evaluating the stress state of the person as
well as their autonomic nerve balance, making for a more
practical biological information measuring apparatus.
[0053] The present example is configured such that a high-
pass filter is provided to the signal processing means 3, the
heartbeat interval measuring means 4 isochronally samples
the electrocardiogram signals passing through the high-pass
filter, the peaks pertaining to R waves or S waves are detected
at two points by a method described in detail hereinafter, and
a heartbeat interval is measured using an interval between
peaks pertaining to R waves or S waves either as an interval
between one R wave and another adjacent R wave, or as an
interval between one S wave and another adjacent S wave.
[0054] The heartbeat interval is either a temporal interval
between one R wave 11 and another adjacent R wave 11 (the
heartbeat interval 15), or a temporal interval between one S
wave 12 and another adjacent S wave 12 (the heartbeat inter-
val 16), as shown in FIG. 5. Specifically, when the heart’s
pulsation cycle for a predetermined time duration is mea-
sured, the temporal interval between one R wave 11 peaking
in wave height and another R wave 11 (the adjacent R wave
11) again peaking in wave height after some passage of time
is the heartbeat interval 15, and the temporal interval between
one S wave 12 peaking in wave height and other S wave 12
(the adjacent S wave 12) again peaking in wave height after
some passage of time is the heartbeat interval 16. This time is
shown in seconds (s). Because of individual differences
among measurement subjects, with a measurement subject
whose R waves 11 are high, it is sufficient to measure the
heartbeat interval 15 using the adjacent R wave 11, and with
a measurement subject whose S waves 12 are high, it is
sufficient to measure the heartbeat interval 16 using the adja-
cent S wave 12 (because the heartbeat intervals 15 and 16 will
be the same temporal interval).

[0055] The width from a Q wave 10 in FIG. 5 to an S wave
12 is referred to as the QRS width 14, and of the wave within
the QRS width 14, the R wave 11 is a wave occurring after the
Q wave 10 (with some time passing after the occurrence of the
Q wave 10) and having a peak in the opposite direction of the
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Q wave 10, and the S wave 12 represents a wave occurting
after the R wave 11 (with some time passing after the occur-
rence of the R wave 11) and having a peak in the opposite
direction of the R wave 11.

[0056] The biological information measuring apparatus 2
is made as small as possible so as to not inconvenience the
measurement subject wearing the apparatus, and it is desir-
able that the apparatus can be operated for a long time with a
small battery. In view of this, because the battery is made to
have a long life in the present example, the wireless transmis-
sion means 7 is configured so as to simultaneously transmit
the heartbeat interval, the triaxial acceleration, and the tem-
perature, which are measured in the same period, as one group
(living body information group) to an internal storage means
8 or an external storage device.

[0057] Forexample, if the heart rate is 60 bpm (60 beats per
minute), a wireless transmission rate of about one transmis-
sion per second is sufficient and can contribute to reducing
battery size and extending cell life. It is realistic for one to ten
living body information groups to simultaneously be trans-
mitted wirelessly to the internal storage means 8 or an exter-
nal storage device, and when, for example, three living body
information groups are transmitted simultaneously, there will
be about one wireless communication in three seconds when
the heart rate is 60 bpm, which can contribute to reducing
battery size and extending cell life. It is possible for more than
ten groups to be transmitted simultaneously, but the real-time
quality of the data is lost regardless of the transmission being
wireless and the transmission will not have the merit of
instantly displaying a recognizable heartbeat interval; there-
fore, up to ten groups is preferred. In the present example,
three living body information groups are transmitted simul-
taneously.

[0058] Specifically, if recording means 8 are included in
addition to the wireless transmission means 7 in the biologi-
cal information measuring apparatus, as in the Other Example
1 shown in FIG. 6, living body information can be recorded by
a living body information measuring device alone, only the
living body information groups are recorded unlike in a com-
mon Holter electrocardiograph, the information can therefore
be recorded in, for example, a small semiconductor memory,
the battery size is reduced, and the cell life is extended, which
can contribute to reducing the size of the biological informa-
tion measuring apparatus as well.

[0059] Providing the recording means 8 and mode setting
means 17 in addition to the wireless transmission means 7
makes it possible to process the measured living body infor-
mation groups by selecting a mode in accordance with the
desired application. Specifically, the mode setting means 17
is used to select and set the mode from a transmit mode, a
record mode, or a record-and-transmit mode.

[0060] When the mode is set to transmit mode, the wireless
transmission means 7 can be used to transmit the measured
living body information groups to an external recording
device such as a personal computer, a tablet terminal, or a
smartphone; when the mode is set to record mode, the internal
recording means 8 can be used to record the measured living
body information groups; and when the mode is set to record-
and-transmit mode, the internal recording means 8 can be
used to record the measured living body information groups
while the wireless transmission means 7 is used to transmit
the groups to an external recording device, which is more
practical.



US 2016/0066796 A1l

[0061] The living body information groups correspond to
one heartbeat interval, but with only one, there is no perceiv-
able change in triaxial acceleration between one R wave and
another adjacent R wave or one S wave and another adjacent
S wave. Therefore, a plurality of living body information
groups must be confirmed in order to observe a change in
triaxial acceleration. To detect, for example, a sudden change
in acceleration such as when the person falls over, the triaxial
acceleration measuring means 5 is preferably configured so
as to measure the maximum value of the absolute values of the
accelerations in all three axes between one R wave and
another adjacent R wave or one S wave and another adjacent
S wave. When measuring the person’s posture is emphasized,
there is no need to measure sudden acceleration, and the
triaxial acceleration measuring means 5 is preferably config-
ured so as to measure the average value of the accelerations in
all three axes between one R wave and another adjacent R
wave or one S wave and another adjacent S wave. Further-
more, to measure in detail the manner of the person’s move-
ment such as running or walking, the triaxial acceleration
measuring means 5 is preferably configured so as to simulta-
neously measure the maximum and minimum values of the
accelerations in all three axes between one R wave and
another adjacent R wave or one S wave and another adjacent
S wave. Another option is a configuration capable of measur-
ing two or more groups of values among the above-described
maximum value of the absolute values of the accelerations in
all three axes, the average value of the accelerations in all
three axes, and the maximum and minimum values of the
accelerations in all three axes.

[0062] Commonly, a microcomputer is used for the heart-
beat interval measuring means 4, but to distinguish between
baseline fluctuation in a common electrocardiogram as
shown in FIG. 3 and the T waves 13 (occurring some time
after the occurrence of each S wave 12) shown in the electro-
cardiogram of FIG. 5, some kind of filter circuit is needed to
detect the peaks pertaining to R waves or the peaks pertaining
to S waves (the term “baseline” refers to a straight line that
would connect the position where one P wave 9 begins to rise
with the position where an adjacent P wave 9 begins to rise).
[0063] In view of this, if the filter applied as the signal
processing means 3 is a high-pass filter (filter circuit) for
letting through only frequencies at or above a predetermined
threshold set in a range of 8 Hz to 30 Hz, e.g. a high-pass filter
for letting through only frequencies of 10 Hz or more, base-
line fluctuations are minimized as in FIG. 4, and peaks per-
taining to R waves or S waves can be detected in a simple
manner. It is preferable to let through only frequencies at or
aboveathreshold setin a range 0f 8 Hz to 30 Hz because when
the frequency is less than 8 Hz, baseline fluctuations are
difficult to minimize, and when the frequency is greater than
30 Hz, R wave data cannot be acquired (because only com-
ponents 30 Hz or less are included in the rise of an R wave and
therefore the R waves cannot be confirmed when only fre-
quencies of 30 Hz or greater are let through).

[0064] Thus, if the detection of peaks pertaining to R waves
or S waves is simple, the number of steps to program the
microcomputer can be reduced and power consumption is
minimized, which can contribute to reducing battery size and
extending cell life.

[0065] When only ahigh-pass filter is applied, noise such as
that of myoelectricity is incorporated in the electrocardio-
gram, and there is a possibility that this noise will be mistak-
enly detected by the microcomputer as R waves or S waves. In
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view of this, a low-pass filter is also preferably provided to the
signal processing means 3 in addition to the high-pass filter in
order to reduce this possibility. Because the low-pass filter
needs to let through R waves, the low-pass filter lets through
only frequencies at or below a predetermined threshold set to
a value greater than 30 Hz, e.g. a range from 31 Hz to 2000
Hz. A frequency greater than 2000 Hz is meaningless because
there is no living body signal, and the upper limit is therefore
set to 2000 Hz.

[0066] The relationship of the heartbeat interval to the
peaks pertaining to R waves and the peaks pertaining to S
waves will now be described. FIG. 7 is an electrocardiogram
18 obtained from the electrodes 1. When the high-pass filter
of the signal processing means 3 is applied to this electrocar-
diogram, the processed electrocardiogram 21 of FIG. 8 is
obtained. In the present example, a high-pass filter that lets
through only frequencies of 15 Hz or greater is applied. What
is detected by the heartbeat interval measuring means 4 is the
peaks of the processed electrocardiogram 21.

[0067] The points on the electrocardiogram 18 in FIG. 7
that are concurrent with the points in FIG. 8 where the peak
r'(1) 22 and the peak r'(2) 23 are measured are the point r(1) 19
and the point r(2) 20, respectively. The point r(1) 19 and the
point r (2) 20 are not R wave peaks (locations where the wave
peaks), but because the respective QRS waveforms of a per-
son’s electrocardiogram are similar (the QRS waveforms are
the same even if the wave heights are different), the interval
between adjacent peaks of the processed electrocardiogram
21, i.e. the interval between the peak r'(1) 22 and the peak r'(2)
23 is virtually equivalent to the heartbeat interval. Herein (the
wave of the peak r'(1) 22 in FIG. 8 is replaced with an R wave
for the sake of convenience), the peak r'(1) 22 and the peak
1'(2) 23 are referred to as peaks pertaining to the R waves. If
the S waves have a greater wave height than the R waves inthe
electrocardiogram obtained from the electrodes 1, the peak
r'(1) 22 and the peak r'(2) 23 of the processed electrocardio-
gram 21 will be peaks pertaining to the S waves. InFIG. 8, the
peak r'(1) 22 is a peaks pertaining to an R wave.

[0068] Next, the method for detecting peaks pertaining to R
waves and peaks pertaining to S waves is described using
FIG. 9. FIG. 9 is an enlargement of the portion of the QRS
width 14 in FIG. 8. First, the processed electrocardiogram 21
to which the high-pass filter is applied is sampled at isoch-
ronal intervals, and the sampling points retrieved are adjacent
amplitudes V which have the relationships V(0)<V(1)>V(2),
V(0)>V(n+1)<V(n+2),and V(m)<V(m+1)>V(m+2); or V(0)
>V(D<V(2), V()<V(n+1)>V(n+2), and V(m)>V(m+1)<V
(m+2). The parameters of the amplitudes V represent a time
series, where O<n<m. These values V fulfill the condition of
being values outside of a predetermined noise threshold in
order to avoid noise around the baseline 24; specifically,
values greater than a noise upper limit threshold 26 or values
less than a noise lower limit threshold 25. Also fulfilled is a
QRS width condition that m does not exceed a certain value,
or an RS width condition that m-n does not exceed a certain
value. The QRS width can be divided into a QR width and an
RS width which are virtually the same width, a person’s
normal QRS width is 0.12 s or less, and the QRS width
condition is that m be 0.12 or less or the RS width condition
is that m-n be 0.06 or less. Therefore, the QRS width condi-
tion value and the RS width condition value are respectively
about 0.12 s and 0.06 s or less, the preferred maximum values
thereof being 0.12 s or 0.06 s.
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[0069] Of the conditions for retrieving the sampling points
previously described, the relationships V(0)<V(1)>V(2),
V()>V(n+1)<V(n+2), and V(m)<V(m+1)>V(m+2) are
referred to as a downward trough condition, while the rela-
tionships V(0)>V(1)<V(2), V(n)<V(n+1)>V(n+2), and V(m)
>V(m+1)<V(m+2) are referred to as an upward peak condi-
tion. With both the downward trough condition and the
upward peak condition, V(n+1) is a peak pertaining to an R
wave or an S wave, and the peak r'(1) 22 or the peak r'(2) 23
in FIG. 8 represents a position concurrent with the measuring
of the point V(n+1). FIGS. 8 and 9 show points detected with
the downward trough condition, and if the peak r'(1) 22 in
FIG. 8 is a peak pertaining to an R wave, V(n+1) in FIG. 9 is
also a peak pertaining to an R wave.

[0070] When the R waves or S waves in the electrocardio-
gram are consistently high, the same condition is consistently
fulfilled whether it be an upward peak condition or a down-
ward trough condition, and peaks pertaining to either adjacent
R waves or adjacent S waves continue to be detected. How-
ever, when the R waves and S waves in the electrocardiogram
have approximately the same wave height, the upward peak
condition and the downward trough condition irregularly
coincide and jittering therefore occurs in the measured values
of the heartbeat intervals (an S wave is measured after an R
wave without measuring the adjacent R wave, causing dis-
crepancies with the data that was originally to be measured).
In view of this, once peaks pertaining to R waves or S waves
are detected with the downward trough condition or the
upward peak condition, jittering can be avoided by detecting
the peaks pertaining to R waves or S waves while fulfilling the
downward trough condition or the upward peak condition.
Specifically, for example, once peaks pertaining to R waves
are detected with the upward peak condition, only peaks
pertaining to R waves are thereafter detected.

[0071] For example, when three living body information
groups are simultaneously transmitted wirelessly and when a
peak pertaining to a first R wave is detected to begin with, a
peak pertaining to an adjacent second R wave is then detected,
after which the temporal interval between the first and second
peaks is calculated while a peak pertaining to a third R wave
adjacent to the peak pertaining to the second R wave is
detected, the temporal interval between the second and third
peaks is calculated while a peak pertaining to a fourth R wave
adjacent to the peak pertaining to the third R wave is detected,
the temporal interval between the third and fourth peaks is
calculated, and the temporal intervals between all the peaks
and the living body information (triaxial acceleration and
temperature) associated with these intervals are wirelessly
transmitted together.

[0072] Because the heights of the R waves or S waves
change due to diurnal fluctuations, the conditions should be
reversed if one wave height is consistently higher than the
other wave height. For example, the measurements here were
taken with the upward peak condition fulfilled, but in a state
in which the wave height for the fulfilled downward trough
condition is consistently greater than the wave height for the
fulfilled upward peak condition, a transition should be made
to the downward trough condition (specifically, for example,
the wave height of the R wave continues to be observed even
in a state in which the upward peak condition is fulfilled and
peaks pertaining to S waves continue to be detected).

[0073] The wave height value in the region satisfying the
retrieved condition is made to be the greater of the following
twovalues: [V(1)-V(n+1)l and I(Vn+1)-V(m+1)l. The heart-
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beat interval measuring means 4 is configured so that when
the ratio Uh/Lh, which is the ratio of the wave height value Uh
in the region satisfying the upward peak condition to the wave
height value Lh in the region satisfying the downward trough
condition, is equal to or less than a threshold Th, the down-
ward trough condition is satisfied; and when the ratio Lh/Uh
of the wave height value Lh to the wave height value Uh is
equal to or less than the threshold Th, the upward peak con-
dition is satisfied and a switch is made either from peaks
pertaining to R waves to peaks pertaining to S waves, or from
peaks pertaining to S waves to peaks pertaining to R waves.
The threshold Th is preferably 0.4 to 0.7. When the threshold
Th is greater than 0.7, there is a possibility that reversal will
occur frequently. Reversals are preferably as infrequent as
possible because jittering occurs in the instant that a reversal
takes place. Reversals do not take place when the threshold Th
is less than 0.4.

[0074] Because noise such as that of myoelectricity some-
times gets in between one R wave and another adjacent R
wave, there is a possibility of the noise being mistakenly
detected as a peak pertaining to an R wave or an S wave.
Because variations in a person’s normal heartbeat intervals
are about +25%, the time when the next (adjacent) peak
pertaining to an R wave or an S wave will appear can be
predicted to some extent. Therefore, once a peak pertaining to
an R wave or an S wave is detected, if the condition is fulfilled
that a peak pertaining to an R wave or an S wave not be
detected within a certain time duration thereafter, it is pos-
sible to minimize mistaken detections of peaks pertaining to
R waves or S waves due to noise such as that of myoelectric-
ity. It is also possible to further minimize mistaken detections
by applying the previously described low-pass filter. Because
the maximum human heart rate is about 200 beats per minute,
the time duration for not detecting a peak pertaining to an R
wave or an S wave is preferably 0.3 s or less, or about 50% of
the heartbeat interval measured immediately prior.

[0075] Because the present example is configured as
described above, when electrodes are brought in contact with
a living body, a change in the voltage obtained from the
electrodes is electrically processed to create an electrocardio-
gram signal, and from this electrocardiogram signal, a heart-
beat interval is measured from the interval between one R
wave and another adjacent R wave or the interval between one
S wave and another adjacent S wave within the electrocardio-
gram signal; the heartbeat interval can be measured by an
extremely simple data process using a microcomputer or the
like, and it is possible to store the heartbeat interval measure-
ment results alone without storing waveform data of the elec-
trocardiogram.

[0076] Therefore, the present example is a biological infor-
mation measuring apparatus in which a small-capacity
memory can be used, the apparatus can be reduced in size
accordingly, the wearer can therefore be minimally inconve-
nienced, the life of the battery can be extended, and the
apparatus can be satisfactorily used while worn continuously
for a long period of time.

1. A biological information measuring apparatus capable
of measuring at least a heartbeat interval of a living body and
capable of being attached to a living body, the biological
information measuring apparatus characterized in compris-
ing: a plurality of electrodes that come in contact with the
living body; signal processing means for electrically process-
ing a change in voltage obtained from the electrodes and
creating an electrocardiogram signal; heartbeat interval mea-
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suring means for measuring, from the electrocardiogram sig-
nal, a heartbeat interval from an interval between one R wave
and another adjacent R wave or an interval between one S
wave and another adjacent S wave in the electrocardiogram
signal; triaxial acceleration measuring means; and tempera-
ture measuring means; the biological information measuring
apparatus further comprising wireless transmission means for
simultaneously and wirelessly transmitting the heartbeat
interval obtained by the heartbeat interval measuring means,
the triaxial acceleration obtained by the triaxial acceleration
measuring means, and the temperature obtained by the tem-
perature measuring means.

2. The biological information measuring apparatus accord-
ing to claim 1, characterized in being configured so that a
high-pass filter is provided to the signal processing means, the
heartbeat interval measuring means isochronally samples the
electrocardiogram signals passing through the high-pass fil-
ter, peaks pertaining to R waves or S waves are detected at two
points using the method described below, and a heartbeat
interval is measured using an interval between peaks pertain-
ing to the R waves or S waves either as an interval between
one R wave and another adjacent R wave, or as an interval
between one S wave and another adjacent S wave:

A region is retrieved where adjacent amplitudes V satisfy
the relationships for a downward trough condition: V(0)
<V(1)>V(2), Vn)»V(n+1)<V(n+2), and V(m)<V(m+
1)>V(m+2), or the relationships for an upward peak
condition: V(0)>V(1)<V(2), V(n)<V(n+1)>V(n+2),
and V(m)>V(m+1)<V(m+2); and V(n+1) in the region
satisfying the downward trough condition or the upward
peak condition is detected as a peak pertaining to an R
wave or a peak pertaining to an S wave; the V parameters
representing a time series, where O<n<m; and the ampli-
tudes V being values outside of a predetermined noise
threshold.

3. The biological information measuring apparatus accord-
ing to claim 1, characterized in being configured so that that
a high-pass filter is provided to the signal processing means,
the heartbeat interval measuring means isochronally samples
the electrocardiogram signals passing through the high-pass
filter, peaks pertaining to R waves or S waves are detected at
two points using a method described below, and a heartbeat
interval is measured using an interval between peaks pertain-
ing to R waves or S waves either as an interval between one R
wave and another adjacent R wave, or as an interval between
one S wave and another adjacent S wave:

(1) A region is retrieved where adjacent amplitudes V sat-
isfy the relationships for a downward trough condition:
VO)<V(1)>V(2), V(n)>V(n+1)<V(n+2), and V(m)<V
(m+1)>V(m+2), or the relationships for an upward peak
condition: V(0)>V(1)<V(2), V(n)<V(n+1)>V(n+2),
and V(m)>V(m+1)<V(m+2); and V(n+1) in the region
satisfying the downward trough condition or the upward
peak condition is detected as a peak pertaining to an R
wave or a peak pertaining to an S wave; the V parameters
representing a time series, where O<n<m; and the ampli-
tudes V being values outside of a predetermined noise
threshold.

(2) After any peak fulfilling the downward trough condi-
tion or the upward peak condition and pertaining to an R
wave or an S wave has been detected, a peak fulfilling the
same condition and pertaining to an adjacent R wave or
S wave is detected.
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4. The biological information measuring apparatus accord-
ing to claim 2, characterized in that the heartbeat interval
measuring means either sets m to 0.12 seconds or less or sets
m-n to 0.06 seconds or less.

5. The biological information measuring apparatus accord-
ing to claim 2, characterized in that the heartbeat interval
measuring means is configured so that: respective wave
height values {whichever is greater between I1V(1)-V(n+1)l
and [V(n+1)-V(m+1)!} in the retrieved regions satisfying the
conditions are compared; the downward trough condition is
fulfilled when a ratio Uh/Lh, which is a ratio of a wave height
value Uh in the region satisfying the upward peak condition to
awave height value Lh in the region satisfying the downward
trough condition, is equal to or less than a threshold Th; and
the upward peak condition is fulfilled when a ratio Lh/Uh,
which is a ratio of the wave height value Lh to the wave height
value Uh, is equal to or less than a threshold Th.

6. The biological information measuring apparatus accord-
ing to claim 5, characterized in that the threshold This 0.4 to
0.7.

7. The biological information measuring apparatus accord-
ing to claim 6, characterized in that the heartbeat interval
measuring means is configured so that once a peak pertaining
to either an R wave or an S wave has been detected, a peak
pertaining to the next R wave or S wave is not detected within
a range of 0.3 second or less.

8. The biological information measuring apparatus accord-
ing to claim 2, characterized in that the high-pass filter only
lets through frequencies of at least a predetermined threshold
set in a range of 8 Hz to 30 Hz.

9. The biological information measuring apparatus accord-
ing to claim 8, characterized in that a low-pass filter is pro-
vided to the signal processing means.

10. The biological information measuring apparatus
according to claim 9 characterized in that the low-pass filter
lets through only frequencies at or below a predetermined
threshold set to a value greater than 30 Hz.

11. The biological information measuring apparatus
according to claim 2, characterized in comprising wireless
transmission means for grouping the heartbeat interval
obtained by the heartbeat interval measuring means, the tri-
axial acceleration obtained by the triaxial acceleration mea-
suring means, and the temperature obtained by the tempera-
ture measuring means as a single living body information
group, and wirelessly transmitting one to ten living body
information groups simultaneously to a recording device.

12. The biological information measuring apparatus
according to claim 11, characterized in that the triaxial accel-
eration measuring means is configured so as to measure the
maximum value or average value of the absolute values of
acceleration in each of three axes either between one R wave
and another adjacent R wave or between one S wave and
another adjacent S wave in the electrocardiogram signal
obtained by the signal processing means.

13. The biological information measuring apparatus
according to claim 11, characterized in that the triaxial accel-
eration measuring means is configured so as to measure the
maximum value and minimum value of acceleration in each
of three axes either between one R wave and another adjacent
R wave or between one S wave and another adjacent S wave
in the electrocardiogram signal obtained by the signal pro-
cessing means.

14. The biological information measuring apparatus
according to claim 12, characterized in comprising recording
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means for internally recording heartbeat interval, triaxial
acceleration, and temperature.

15. The biological information measuring apparatus
according to claim 13, characterized in comprising recording
means for internally recording heartbeat interval, triaxial
acceleration, and temperature.
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