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[Fig. 2]

201 202 204 206

\ \ \ \

VPULSE A N N RADO
wave 4 ADC | CONTROLER | OOMMNCATION
SENSOR UNT

l l

CLOCK
CENERATOR MEMORY

v

102 203 205

[Fig. 3]

306 304 306

VAN \ \%

\ \ \

\ RO ' \ ROD

COMVUNCATIONF— CONTROLLER |4 COMMUNICATON
UNT UNT

C.OCK
GENERATOR MEMORY

A S

101 303 305




YLVQ TYNDIS )
IJAYM 3S10d

US 2015/0230706 A1

Yoo o Joo oo oo
X))o () s
b !

azok
TYNINGIL
I Emmm /Hmov
= %0010
= ONIIdIYS
(o0}
>
= gmov / A 70;6_23250 J
=] X3
wn
W,
b=
VYA TYNOISY
b XXXX x x XX AV ) Savinasing
[—J
ol
o I HIGNNN
z merx x x..c mozmzﬂm
8 TN J eZ01
1353y /mmov TYNINE3L
%0010
H A— h _‘ p _‘ ONITANYS

NOLYOINMVINCD
olavyd

NOILLVOINNWWOD
01avd "YOLlYNIQHO0D

¥ "bta]

Patent Application Publication



Patent Application Publication  Aug. 20,2015 Sheet 4 of 13 US 2015/0230706 A1

[Fig. 5]
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[Fig. 7]
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[Fig. 12]
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[Fig. 15]
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VITAL SIGNAL MEASUREMENT DEVICE,
AND VITAL SIGN SIGNAL MEASUREMENT
SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a vital signal mea-
surement device and a vital signal measurement system using
the same.

BACKGROUND ART

[0002] Ttis important to acquire vital signals daily to apply
in health care, early detection of diseases, prevention of dis-
eases, and the like. Particularly, a pulse wave propagation
velocity is an important vital signal correlated with an arte-
riosclerosis level and a blood pressure. Therefore, measure-
ment of the pulse wave propagation velocity is effective
means when diagnosing a risk allowances in outbreak of an
illness of lifestyle diseases and the like.

[0003] Here, an arteriosclerosis level and a blood pressure
value greatly vary in a daily life of a test object. Therefore,
measurement only performed in a resting state as in the
related art is insufficient for determining risk of lifestyle
diseases.

[0004] In other words, for example, since states of a blood
pressure and blood vessels of the test object greatly vary
under variously changing environments such as a case of
being exposed to rapid temperature variation, a state of lightly
exercising such as jogging, a state under stress such as at
work, or a state having a nightmare during sleep, it is neces-
sary to measure the pulse wave propagation velocity in the
corresponding state so as to obtain information of an arterio-
sclerosis level and a blood pressure value.

[0005] PTL 1 discloses a technology in which an arterio-
sclerosis level can be evaluated in various situations in a daily
life of the test object by attaching a small and light pressure
sensor to a wrist and an ankle so as not to hinder a normal life
or an exercise of a test object applying no load to the test
object, and continuously recording waveforms of arterial
pressure by using a small-sized recording device from both
Sensors.

CITATION LIST
Patent Literature
[0006] PTL 1:JP-A-2011-50546
SUMMARY OF INVENTION
Technical Problem
[0007] Inacasewhere vital signals are intended to be used

for daily measurement in a daily life, in order to lighten a load
to a measurement object, terminals used in measurement
should be small-sized and low power consumption. More-
over, in a case of measuring a pulse wave propagation veloc-
ity, there is a need to measure waveforms of an artery by
attaching the terminals to multiple sites of the body of the
measurement object so as to perform communication
between the terminals.

[0008] Here, the simplest method for performing commu-
nication between the terminals is to connect the terminals by
wire. Meanwhile, in consideration of a load to a measurement
object, it is not preferable to connect a plurality of terminals
by wire. In order to prevent a normal life or an exercise of a
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test object, each terminal is required to be individually
attached to a body, and data communication between the
terminals is performed through radio communication. How-
ever, in a case of being connected through radio communica-
tion, there is a need to achieve synchronization between the
terminals in order to measure an arterial propagation velocity.
[0009] If an oscillator having extremely high frequency
accuracy is used so that an error of oscillation frequencies of
the oscillator between the sensors can be ignored, synchroni-
zation between the terminals is not a big problem. However,
when using such an oscillator, the size and cost become a
problem, and thus, it is not adequate to be used for collecting
data in a daily life.

[0010] In contrast, if an inexpensive and small-sized oscil-
lator is used, synchronization between the terminals cannot
be achieved, and thus, it is not possible to calculate the pulse
wave propagation velocity. Moreover, when measuring the
pulse wave propagation velocity, since a differential time
thereof becomes information, there is a need to align not only
frequencies but also time axes. Regarding a method of acquir-
ing synchronization between the terminals which can satisfy
the requirement, there is no reference in the related art. Even
though PTL 1 discloses a necessity of synchronization
between recording devices, there is no particular means for
acquiring the synchronization disclosed.

[0011] Taking the aforementioned circumstances into con-
sideration, the invention aims to facilitate synchronization of
each terminal with respect to other terminals in a vital signal
measurement system including a plurality of terminals.

Solution to Problem

[0012] In the invention disclosed in this application, an
outline of a representative embodiment will be described in
brief, as follows.

[0013] That is, a vital signal measurement system includes
a plurality of terminals. Each of the plurality of terminals is
provided with a first vital signal sensor for measuring a vital
signal, a first memory for storing first data which is based on
the vital signal, and a first radio communication unit for
communicating with the rest of the terminals by radio. The
first data is applied with a sequence number corresponding to
the first data and the number indicates an order in which the
first data is acquired. A first terminal included in the plurality
of terminals performs resetting of the sequence number trig-
gered by the synchronous signal which is received by the first
radio communication unit.

[0014] In addition, a vital signal measurement device
includes a vital signal sensor that measures a vital signal, a
memory that stores data which is based on the vital signal, and
aradio communication unit that communicates with the out-
side by radio. The data is applied with a sequence number
which is a number indicating an order in which the data is
acquired. The vital signal measurement device performs
resetting of the sequence number triggered by the synchro-
nous signal which is received by the radio communication
unit.

[0015] Moreover, a vital signal measurement system
includes a plurality of terminals. Each of the plurality of
terminals is provided with a first vital signal sensor for mea-
suring a vital signal, a first memory for storing first data which
is based on the vital signal, and a first radio communication
unit for communicating with the rest of the terminals by radio.
A first terminal included in the plurality of terminals mea-
sures a differential time from a time when the first radio
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communication unit receives the synchronous signal to a
feature point of the vital signal.

Advantageous Effects of Invention

[0016] In the invention disclosed in this application, to
briefly describe an effect which can be achieved by a repre-
sentative embodiment, it is possible to provide a vital signal
measurement system which facilitates synchronization of
each terminal with respect to other terminals.

BRIEF DESCRIPTION OF DRAWINGS

[0017] [FIG.1] FIG. 11is a configuration diagram of a vital
signal measurement system of Embodiment 1.

[0018] [FIG. 2] FIG. 2 is a configuration diagram of a
terminal in the vital signal measurement system of Embodi-
ment 1.

[0019] [FIG. 3] FIG. 3 is a configuration diagram of a
coordinator in the vital signal measurement system of
Embodiment 1.

[0020] [FIG. 4] FIG. 4 is a timing chart illustrating an
operation of the vital signal measurement system of Embodi-
ment 1.

[0021] [FIG. 5] FIG. 5 is a configuration diagram of the
vital signal measurement system of Embodiment 2.

[0022] [FIG. 6] FIG. 6 is a timing chart illustrating an
operation of the vital signal measurement system of Embodi-
ment 2.

[0023] [FIG. 7] FIG. 7 is a configuration diagram of the
terminal in the vital signal measurement system of Embodi-
ment 3.

[0024] [FIG. 8] FIG. 8 is a timing chart illustrating an
operation of the vital signal measurement system of Embodi-
ment 3.

[0025] [FIG. 9] FIG. 9 is a configuration diagram of the
vital signal measurement system of Embodiment 4.

[0026] [FIG.10] FIG. 10 is a configuration diagram of the
coordinator in the vital signal measurement system of
Embodiment 4.

[0027] [FIG. 11] FIG. 11 is a timing chart illustrating an
operation of the vital signal measurement system of Embodi-
ment 4.

[0028] [FIG. 12] FIG. 12 is a configuration diagram of the
coordinator in the vital signal measurement system of
Embodiment 5.

[0029] [FIG. 13] FIG. 13 is a timing chart illustrating an
operation of the vital signal measurement system of Embodi-
ment 5.

[0030] [FIG. 14] FIG. 14 is a configuration diagram of the
vital signal measurement system of Embodiment 6.

[0031] [FIG. 15] FIG. 15 is a configuration diagram of the
coordinator in the vital signal measurement system of
Embodiment 6.

DESCRIPTION OF EMBODIMENTS

Embodiment 1

[0032] A vital signal measurement system of Embodiment
1 will be described with reference to FIGS. 1t04.FIG. 1isa
configuration diagram of the vital signal measurement system
of Embodiment 1 and is configured to have a coordinator 101,
terminals 1024 and 1025, abase station 103, the Internet 104,
and a data server 105. Here, the subscripts aand b indicate that
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the elements have the same configuration. The subscript will
be omitted if it is not particularly necessary to be included.
[0033] The terminal 102 is attached to a person so as to
measure a vital signal. The vital signal measured by the ter-
minal 102 is accumulated in the coordinator 101 through
radio communication. The coordinator 101 performs signal
processing with data of collected vital signals and transmits
information of the result to the base station 103. The base
station 103 is connected to the Internet 104, and its data is
accumulated in the data server 105. The data accumulated in
the data server 105 is used for visualization and management
of health status, or application of physical examination data.
[0034] FIG.2isaconfiguration diagram of the terminal 102
in the vital signal measurement system of Embodiment 1. The
terminal 102 is configured to have a pulse wave sensor 201, an
analog-digital converter (ADC) 202, a clock generator 203, a
controller 204, a memory 205, and a radio communication
unit 206. The pulse wave sensor 201 measures a pulse wave
which is a vital signal of a person. Specifically, a pulse wave
sensor configured to include a pressure sensor may be pressed
against the skin so as to measure skin movements occurting
due to pulsation, for example. Otherwise, a photoelectric
sensor may be used as the pulse wave sensor so as to measure
variations in blood volume occurring due to pulsation. An
ultrasonic sensor may be used as the pulse wave sensor so as
to measure a pulse wave by measuring a velocity of blood
flow. The pulse wave sensor is attached to an arm, a wrist, the
femoral region, and an ankle.

[0035] A signal measured by the pulse wave sensor 201 is
converted into a digital signal by the analog-digital converter
202. A time for conversion in which an analog signal is
sampled and digitalized is controlled by a sampling clock of
the clock generator 203. The converted digital signal is once
accumulated in the memory 205, thereby being subjected to
data transmission with respect to the coordinator 101 by the
radio communication unit 206. A series of these operations is
controlled by the controller 204.

[0036] FIG. 3 is a configuration diagram of the coordinator
101 inthe vital signal measurement system of Embodiment 1.
The coordinator 101 is configured to have a clock generator
303, a controller 304, a memory 305, and a radio communi-
cation unit 306. The coordinator 101 performs data commu-
nication with the terminal 102 through the radio communica-
tion unit 306. Specifically, the coordinator 101 performs data
collection from the terminal 102 and controlling of the termi-
nal 102. Data collected from the terminal 102 is once accu-
mulated in the memory. After being subjected to necessary
processing, the collected data is transmitted to the base station
103 through the radio communication unit 306. These opera-
tions are controlled by the controller 304. A required clock is
supplied by the clock generator 303.

[0037] Radio communication between the coordinator 101
and the terminal 102 adopts a short distance radio communi-
cation method through a body area network having a com-
munication range to the extent of several meters. In addition,
radio communication between the coordinator 101 and the
base station 103 adopts a radio communication method
through a portable telephone line or a wireless LAN having a
relatively wide range.

[0038] FIG. 41s a timing chart of the vital signal measure-
ment system of Embodiment 1. The terminal 102 measures a
vital signal through the pulse wave sensor 201. Specifically,
in the terminal 102, the vital signal is synchronized with a
sampling clock and subjected to an analog-digital conversion,
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thereby being accumulated in the memory as a digital value.
In this case, the terminal 102 performs sequential numbering
s0 as to make an order (sequence) in which data is acquired
recognizable, thereby storing the data in the memory 205. For
example, the terminal 102 stores data having a paired
sequence number and digital signal in the memory 205. Oth-
erwise, in the sequence number, number itself does not have
to be stored in the memory 205 by being caused to correspond
to an address of the memory. In any case, each item of the data
stored in the memory 205 is applied with the sequence num-
ber indicating an order in which data is acquired, so as to be
in one-to-one correspondence with respect to each item of the
data.

[0039] Generally, a frequency oscillated by a clock oscilla-
tor has frequency deviation which is an error occurring from
a design value. The frequency deviation is a value which not
only varies for each clock transmitter but also varies depend-
ing on operation environments such as a temperature and a
power supply voltage.

[0040] Accordingly, in a plurality of the terminals, an oscil-
latory frequency in each clock has deviation. For example, in
a case of having frequency deviation of 10 ppm, when mea-
surement is carried out for a period of 100 seconds, there is an
occurrence of deviation of 100 secondsx10 ppm=1 millisec-
ond. In addition, for example, when a clock having deviation
of 10 ppm is measured for a period of 1 hour, there is an
occurrence of an error of 36 milliseconds.

[0041] When measuring a pulse wave by using the plurality
of terminals and calculating a pulse wave propagation veloc-
ity, if there is such frequency deviation in a clock, time syn-
chronization among the terminals cannot be achieved, and
thus it is not possible to accurately measure a differential time
necessary to calculate the pulse wave propagation velocity. In
contrast, such a problem can be solved by using an accurate
clock oscillator having no frequency deviation. However,
such a clock oscillator is expensive and large-sized, and it is
not adequate for an application in which information is regu-
larly collected throughout the body area network. Therefore,
in the invention, description will be given regarding a vital
signal measurement device which can realize synchroniza-
tion of data from the plurality of terminals even though a
clock oscillator which is inexpensive and small-sized and has
relatively greater frequency deviation is used.

[0042] Thecoordinator 101 transmits a synchronous signal
for synchronizing the terminal 102¢ and the terminal 1025 to
the terminal 1024 and the terminal 1025 in a radio signal
(401). Each of the terminal 102¢ and the terminal 1025
receives the synchronous signal (402a and 4025), thereby
resetting the sequence number (403a and 4035). Ineach of the
terminal 102a and the terminal 1025, the sequence number is
subjected to an increment every time data of one sample of a
vital signal is acquired. Here, due to frequency deviation
between a clock of the terminal 102¢ and a clock of the
terminal 1025, there is an occurrence of gradually increasing
deviation between the sequence number of the terminal 102a
and the sequence number of the terminal 1025. In the inven-
tion, by performing resetting of the sequence number trig-
gered by a synchronous signal from the coordinator 101, and
thus, it is possible to achieve synchronization of a time for
acquiring data between the terminals.

[0043] Incidentally, there is an occurrence of a delay time
which is from when the coordinator 101 transmits the syn-
chronous signal until the sequence number is reset in each of
the terminals 102. If the terminals have the delay time differ-

Aug. 20,2015

ent from one another, the different delay time leads to devia-
tion of a time for resetting the sequence number. In order to
avoid the deviation, it is desirable for each terminal to have an
aligned delay time which is from the synchronous signal until
the sequence number is reset. Use of the same hardware may
solve the problem. Moreover, it is desirable to cause the delay
time to be fixed by using an interruption terminal. Otherwise,
the delay time may be configured to be measured in advance
so that information of the difference of the delay time is
recognized by the terminal 102 and the coordinator 101. In
this manner, the delay time which is from when the coordi-
nator 101 transmits the synchronous signal until the sequence
number is reset in each of the terminals can be checked. Thus,
it is possible to achieve synchronization of data between the
terminals by performing correction. In this description, the
sequence number is reset, that is, the sequence number is set
to 0. However, the sequence number may be set to any par-
ticular number without being limited thereto.

[0044] The terminal 102 acquires data of a vital signal, and
the data is once accumulated in the memory 205. Then, when
the data is piled up to some extent, the terminal 102 creates a
data packet for radio communication, thereby transmitting
the data accumulated in the memory 205 to the coordinator
101 through the radio communication unit 206 (404).
[0045] The radio communication is performed by time
division multiplexing. A time slot for transmitting data from
the terminals 102¢ and 1025 to the coordinator 101 is prede-
termined, and the transmission of data between the terminals
is controlled so as not to overlap therebetween. A beacon
signal used in the time division multiplexing may also be used
as the synchronous signal which is used for resetting the
sequence number.

[0046] Inthecoordinator 101, calculation of the pulse wave
propagation velocity is performed based on a vital signal
collected from the terminal 102. Specifically, the sequence
numbers acquired from the terminals 102¢ and 10256 are
aligned, and data having the same sequence number is ana-
lyzed as data of the same time, thereby calculating a propa-
gation time of a pulse wave between the terminals 1024 and
1025. As a method of calculating the propagation time, there
is amethod in which a differential time of peak values of pulse
waves, or a time and a correlationship of zero-cross points are
analyzed. A difference of paths which are respectively from
an attachment position of the terminal 102 to the terminal
1024 and the terminal 1025 is calculated, thereby calculating
the pulse wave propagation velocity.

[0047] Inthis manner, the vital signal measurement system
of the present embodiment includes the plurality of terminals
(102). Each of the plurality of terminals is provided with a
vital signal sensor (the pulse wave sensor 201) for measuring
a vital signal (a pulse wave signal), the memory (205) for
storing data which is based on the vital signal, and the radio
communication unit (206) for communicating with the rest of
the terminals by radio. The data is applied with the sequence
number which is a number indicating an order in which the
data is acquired. Thereafter, a first terminal (the terminal
1025) included in the plurality of terminals performs resetting
of the sequence number triggered by the synchronous signal
which is received by the radio communication unit.

[0048] Focusing on the terminal side, the vital signal mea-
surement device (the terminal 1025) of the present embodi-
ment includes the vital signal sensor (the pulse wave sensor
201) that measures a vital signal, the memory (205) that stores
data which is based on the vital signal, and the radio commu-
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nication unit (206) that communicates with the outside by
radio. The data is applied with the sequence number which is
a number indicating an order in which the data is acquired.
Thereafter, the vital signal measurement device of the present
embodiment performs resetting of the sequence number trig-
gered by the synchronous signal which is received by the
radio communication unit.

[0049] Focusing on the coordinator side, the coordinator
(101) for the vital signal measurement device of the present
embodiment includes the vital signal sensor (the pulse wave
sensor 201) that measures the vital signal, the memory (205)
that stores data which is based on the vital signal, and a first
radio communication unit (206) that communicates with the
outside by radio. The coordinator for the vital signal measure-
ment device includes other vital signal measurement devices
(1024 and 1025) in which data is applied with the sequence
number which is a number indicating an order in which the
data is acquired, and a second radio communication unit
(306) that performs radio communication. The synchronous
signal which triggers resetting of the sequence number is
transmitted to the vital signal measurement device (102a and
1025).

[0050] According to the above-described features, in the
vital signal measurement system and the like of the present
embodiment, synchronization can be achieved between the
terminals even though there is frequency deviation of clocks
between the terminals, and thus, it is possible to realize cal-
culation of the pulse wave propagation velocity. Inaddition, it
is known that a pulse wave propagation velocity is correlated
with a blood pressure. Thus, a blood pressure can be calcu-
lated from the calculated pulse wave propagation velocity.
[0051] The synchronous signal from the coordinator 101 is
periodically transmitted to each terminal 102. A time for
transmitting the synchronous signal is determined by fre-
quency deviation of a clock, required synchronization accu-
racy and the like. For example, in a case where the frequency
deviation of clocks is 10 ppm and the required synchroniza-
tion accuracy is 1 millisecond, when measurement continues
for a period of 100 seconds, there is an occurrence of an error
of 1 millisecond, it is desirable to transmit the synchronous
signal at intervals of less than 100 seconds.

[0052] Inthe present embodiment, the description has been
given regarding an example having one coordinator and two
terminals. However, the embodiment is not limited thereto.
The terminal may be provided three or more. In addition, a
certain terminal may also have a function of the coordinator.
The data collected by the coordinator has been described to be
transmitted to and be accumulated in the base station and the
data server. However, the embodiment is not limited thereto.
For example, an application in which the coordinator ana-
lyzes data and displays a state of the pulse wave propagation
velocity and a heart rate may be adopted.

Embodiment 2

[0053] The vital signal measurement device of Embodi-
ment 2 will be described with reference to FIGS. 5 and 6. FIG.
5 is a configuration diagram of the vital signal measurement
system of Embodiment 2. The vital signal measurement sys-
tem of Embodiment 2 is configured to have terminals 501a
and 5015, An object of the vital signal measurement system of
Embodiment 2 is to achieve lower power consumption of the
terminal compared to the vital signal measurement system
disclosed in Embodiment 1. The configuration of the terminal
is similar to the configuration of that in FIG. 2. The terminal
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501a measures a vital signal, and transmits data of the vital
signal to the terminal 5015. The terminal 501a transmits the
synchronous signal to the terminal 5015. The synchronous
signal may be the same as the data transmitted from the
terminal 501¢ to the terminal 5015.

[0054] FIG. 6 is a timing chart illustrating an operation of
the vital signal measurement system of the present embodi-
ment. The terminal 501a transmits a synchronous signal to
the terminal 5015 (601), and performs resetting of the
sequence number corresponding to an order of vital signal
data triggered by the synchronous signal transmitted to the
terminal 5015 (602). The terminal 5015 receives the synchro-
nous signal from the terminal 501a (603 ), and performs reset-
ting of the sequence number applied to the vital signal data
triggered by the synchronous signal (604).

[0055] The terminal 501¢ measures the vital signal by
using the pulse wave sensor 201, converts an analog signal to
a digital signal by using the analog-digital converter 202, and
once accumulates the converted signal in the memory 205.
The data and the sequence number are caused to correspond
to each other. Thereafter, the terminal 501a transmits the data
of the measured vital signal to the terminal 5015 (605). The
terminal 5015 receives data of the vital signal acquired by the
terminal 501a (606), thereby calculating a pulse wave propa-
gation time based on the data of the vital signal received from
the terminal 5014, and the data of the vital signal measured by
terminal 5015 (607). In this case, the time when the sequence
numbers are reset is referred to as the same time. Then, the
pulse wave propagation velocity is calculated based on the
calculated pulse wave propagation time and the distance
between the terminals.

[0056] Since the terminal 5015 is triggered by reception of
the synchronous signal, and the terminal 501a is triggered by
transmission of the synchronous signal transmission, there is
a possibility of an occurrence of an error in the delay time
until the sequence number is reset in each of the terminals. In
this case, correction is performed in advance considering the
delay time, thereby achieving synchronization.

[0057] Inthis manner, in the vital signal measurement sys-
tem of the present embodiment, the second terminal (501a)
transmits the synchronous signal to the first terminal (5015).
Then, the second terminal performs resetting of the sequence
number triggered by transmission of the synchronous signal.

[0058] According to the feature thereof, it is possible to
acquire synchronization between the terminals. Therefore,
even though frequency deviation is present in a clock, the
pulse wave propagation velocity can be measured.

[0059] Moreover, in the vital signal measurement system of
the present embodiment, data acquired by the terminal 501a
is transmitted to the terminal 5014. In the present embodi-
ment, the terminal 501a only transmits the data, and receives
no radio signal. Generally, since there is a need of standby for
data in order to receive a radio signal, greater power is con-
sumed compared to transmitting thereof. In the present
embodiment, since the terminal 501a only transmits the data
without receiving data, it is possible to achieve low power
consumption. In the vital signal measurement system, since
the terminal is driven by a battery, on account of lower power
consumption, it is possible to reduce the cycle of replacement
or charging of a battery, to perform continuous measurement
for a long time, and to decrease the battery in size.
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Embodiment 3

[0060] The vital signal measurement device of Embodi-
ment 3 will be described with reference to FIGS. 7 and 8. The
system configuration of the present embodiment is to achieve
further lower power consumption by reducing volume of data
transmitted from a terminal 2 to a terminal 1 compared to
those in Embodiment 2.

[0061] FIG. 7is a configuration diagram of a terminal 502
used in the vital signal measurement system of Embodiment
3. The terminal 502 is configured to have the pulse wave
sensor 201, the analog-digital converter (ADC) 202, the clock
generator 203, a controller 701, the memory 205, the radio
communication unit 206, and a differential time measurement
circuit 702. The pulse wave sensor 201 is a sensor for mea-
suring a pulse wave which is a vital signal of a person. A
signal measured by the pulse wave sensor 201 is converted
into a digital signal by the analog-digital converter 202. A
time for converting of the analog signal to be sampled and
digitalized is controlled by the clock generator 203. The con-
verted digital signal is once accumulated in the memory 205.
The differential time measurement circuit 702 measures a
differential time between feature points from the synchro-
nous signal to a pulse wave signal. The feature point, for
example, is a peak point of a pulse wave, or is a rising point of
a pulse in a wave pulse. The radio communication unit 206
performs radio communication with other terminals. A series
of these operations is controlled by the controller 701.

[0062] FIG. 8is a timing chart illustrating an operation of
the vital signal measurement system of Embodiment 3. The
differential time measurement circuit 702 of the terminal
502a is subjected to resetting (802) triggered by a time for
transmitting of the synchronous signal performed by the ter-
minal 502q (801). Thereafter, a differential time from the
reset time to the time until a pulse wave signal reaches the
feature point is measured as the differential time data. That is,
the differential time measurement circuit 702 measures the
differential time between feature points from the synchro-
nous signal to a pulse wave signal as the differential time data.
In addition, the terminal 5025 receives the svnchronous sig-
nal from the terminal 501a (803) and performs resetting of the
differential time measurement circuit 702. Thereafter, the
terminal 5025 also measures the differential time between
feature points from the synchronous signal to a pulse wave
signal, similar to the terminal 502a.

[0063] Then, the terminal 502a transmits the data of the
measured differential time to the terminal 5025 (805). The
terminal 5025 receives the differential time data from the
terminal 502a (805), and once accumulates the data of the
differential time in the memory. Thereafter, a pulse wave
propagation velocity is calculated based on the differential
time data from the terminal 502a and the differential time data
measured by the terminal 5025.

[0064] Inthis manner, the vital signal measurement system
of the present embodiment includes the plurality of terminals.
Each of the plurality of terminals is provided with the first
vital signal sensor for measuring a vital signal, the first
memory for storing the first data which is based on the vital
signal, and a first radio communication unit for communicat-
ing with the rest of the terminals by radio. Then, the first
terminal (5015) included in the plurality of terminals mea-
sures the differential time (differential time data) from when
the first radio communication unit receives the synchronous
signal to the feature point of the vital signal.
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[0065] According to the above-described feature, the vital
signal measurement system of the present embodiment can
transmit only the information of the differential time without
transmitting the measured pulse wave signal, compared to
Embodiment 2. By transmitting only the information of the
differential time, the data volume to be transmitted can be
reduced compared to a case of transmitting all the signals,
thereby making lower power consumption possible. In addi-
tion, since the differential time measurement circuit is reset
by the radio synchronous signal, synchronization between the
terminals can be performed, and the pulse wave propagation
velocity can be calculated.

[0066] In description of the present embodiment, the dif-
ferential time measurement circuit performs measurement of
a differential time of a digital signal. However, the embodi-
ment is not limited thereto. The feature point may be extracted
and may measure the differential time from the synchronous
signal to the feature point without digitalize an analog signal
measured by the pulse wave sensor.

[0067] Moreover, data of a differential time may be trans-
mitted by radio every time being measured, or may be trans-
mitted after the data is accumulated to some extent. In addi-
tion, the data of the measured differential time may be
included in the synchronous signal to be transmitted at the
same time.

[0068] In addition, functions of the terminal 1 and the ter-
minal 2 of the present embodiment may be dynamically
switched. For example, a communication direction of data
may be controlled by monitoring a remaining amount of a
battery so as to cause a terminal having a smaller remaining
amount to be subjected to lower power consumption.

Embodiment 4

[0069] The vital signal measurement device of Embodi-
ment 4 will be described with reference to FIGS. 9 to 11. FIG.
9 is a configuration diagram of the vital signal measurement
system of Embodiment 4. The vital signal measurement sys-
tem of F1G. 9 is configured to have a coordinator 901 and the
terminal 102. FIG. 10 is a configuration diagram of the coor-
dinator 901 in the vital signal measurement system of
Embodiment 4. The coordinator 901 is configured to have an
electrocardiogram sensor 1001, an analog-digital converter
1002, a clock generator 1003, a controller 1004, a memory
1005, and a radio communication unit 1006.

[0070] The coordinator 901 is attached to the chest and the
like of a measurement object person so as to measure an
electrocardiogram of the measurement object person by using
the electrocardiogram sensor 1001. The measured electrocar-
diogram signal is converted into a digital signal by the analog-
digital converter 1002. A time for conversion in which an
analog signal is sampled and digitalized is controlled by a
sampling clock of the clock generator 1003. The converted
digital signal is once accumulated in the memory 1005. The
radio communication unit 1006 is used for communicating
data with the terminal 102. The controller 1004 controls an
operation of each block. In addition, the terminal 102 has a
configuration similar to that of the terminal of Embodiment 1.
[0071] FIG. 11 is a timing chart illustrating an operation of
the vital signal measurement system of Embodiment 4. The
terminal 102 measures a pulse wave signal by using the pulse
wave sensor 201 and performs analog-digital conversion,
thereby accumulating the converted data in the memory 205.
In order to acquire synchronization between the terminal 102
and the coordinator 901, the coordinator 901 transmits the
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synchronous signal periodically (1101). By being triggered
by this synchronous signal, the coordinator 901 performs
resetting of the sequence number when electrocardiogram
data is acquired (1102). In addition, the terminal 102 receives
the synchronous signal (1103), and performs resetting of the
sequence number applied when the pulse wave data is
acquired (1104).

[0072] The terminal 102 transmits data of the pulse wave
signalto the coordinator 901 by radio (1105). The coordinator
901 receives data of the pulse wave signal from the terminal
102 (1106), and once stores in the memory 1005. The coor-
dinator 901 calculates the pulse wave propagation velocity
based on the data of the electrocardiogram signal stored in the
memory 1005 and the data of the pulse wave signal (1107).
[0073] In this manner, in the vital signal measurement sys-
tem of the present embodiment, the coordinator includes the
vital signal sensor (1001) for measuring the electrocardio-
gram signal and the memory (1005) for storing data which is
based on the electrocardiogram signal. Then, the sequence
numbers in the data of the electrocardiogram signal and the
data of the pulse wave signal are aligned, the data is synchro-
nized, the feature point of the electrocardiogram signal and
the feature point of the pulse wave signal are extracted from
the synchronized data, thereby calculating the differential
time. As the feature point, for example, a peak point, a rising
point, and a falling point are used. The pulse wave propaga-
tion velocity is calculated from a position where the calcu-
lated differential time and the terminals are attached.

[0074] Inthis manner, by transmitting the synchronous sig-
nal from the coordinator 901, it is possible to achieve syn-
chronization between the electrocardiogram signal measured
by the coordinator 901 and the pulse wave signal measured by
the terminal. Since the electrocardiogram is an electric signal
for contracting the heart, the pulse wave propagation velocity
can be calculated based on the electrocardiogram signal and
the pulse wave signal.

[0075] In the present embodiment, an example having one
terminal is described. However, the embodiment is not lim-
ited thereto. Signals from the plurality of terminals may be
collected by the coordinator so as to measure the pulse wave
propagation velocity in a plurality of paths. For example, in a
case where two terminals including the pulse wave sensor are
used, it is possible to acquire information of three paths such
as two paths which are from the coordinator to each of the
terminals and a path between each of the terminals. By cal-
culating the pulse wave propagation velocity in the plurality
of paths, it is possible to acquire more detailed health infor-
mation of a measurement object person.

Embodiment 5

[0076] The vital signal measurement system of Embodi-
ment 5 will be described with reference to FIGS. 12 and 13. A
configuration of the system is similar to that of Embodiment
4. FIG. 12 1s a configuration diagram of the coordinator 1201
of Embodiment 5. A coordinator 1201 is configured to have
the electrocardiogram sensor 1001, a feature point extraction
circuit 1202, the clock generator 1003, the controller 1004,
the memory 1005, and the radio communication unit 1006.

[0077] FIG. 13 is a timing chart illustrating an operation of
the vital signal measurement system of Embodiment 5. The
coordinator 1201 measures the electrocardiogram signal by
using the electrocardiogram sensor 1001. The feature point
extraction circuit 1202 extracts a feature point of the mea-
sured electrocardiogram signal. By being triggered by extrac-
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tion of the feature point (1301), the synchronous signal is
transmitted from the radio communication unit 1006 (1302).
The terminal 102 receives the synchronous signal (1303),
thereby performing resetting of the sequence number (1304).
That is, in the vital signal measurement system of the present
embodiment, resetting of the sequence number of the data of
the terminals is performed triggered by feature point of the
electrocardiogram signal.

[0078] The terminal 102 measures the pulse wave signal
and transmits the measure data to the coordinator 1201
through radio communication (1305). The coordinator 1201
receives a signal from the terminal 102 (1306), thereby cal-
culating the pulse wave propagation velocity using the data
(1307).

[0079] Inthis manner, in the vital signal measurement sys-
tem of the present embodiment, in accordance with transmis-
sion of the synchronous signal with respect to the terminals
performed by the coordinator triggered by the electrocardio-
gram signal, a zero point of the sequence number becomes
meaningful. Therefore, without being compared to the data of
the pulse wave signal, the data of the electrocardiogram signal
is accumulated in the memory, and the sequence number of
the feature point of the pulse wave signal becomes the differ-
ential time from the feature point of the electrocardiogram
signal. Accordingly, the coordinator can calculate the pulse
wave propagation velocity by extracting the sequence num-
ber of the feature point of the pulse wave signal.

[0080] In the present embodiment, the terminals transmit
the data of the pulse wave signal to the coordinator. However,
the embodiment is not limited thereto. The terminal may
include a feature point extraction circuit of the pulse wave
signal and transmit only the sequence number corresponding
to the feature point to the coordinator. In this manner, the data
volume of radio communication can be greatly decreased,
thereby making lower power consumption possible.

Embodiment 6

[0081] The vital signal measurement system of Embodi-
ment 6 will be described with reference to FIGS. 14 and 15.
FIG. 14 is a configuration diagram of the vital signal mea-
surement system of Embodiment 6, and FIG. 15 is a configu-
ration diagram of the coordinator in the vital signal measure-
ment system of Embodiment 6. The coordinator of the present
embodiment includes a range measurement circuit 1501 for
measuring a range. The radio communication unit 1006
adopts human body communication. Human body communi-
cation is a communication method having a human body as a
propagation path. In this manner, if human body communi-
cation is adopted as a radio communication unit, and range
measurement by radio is further performed, it is possible to
calculate a path (1403) between the terminals along a human
body.

[0082] Asamethod of measuring a range, there is a method
ofusing a propagation differential time and a method of using
receiving power. In the range measurement by the propaga-
tion differential time, firstly, a coordinator 1401 transmits a
radio signal (1404), and then, the terminal 102 receives the
radio signal (1405). The terminal 102 which receives the
radio signal returns the radio signal back to the coordinator
1401 (1406). The coordinator 1401 receives the radio signal
from the terminal 102 (1407), and measures the differential
time from when the radio signal is transmitted until when the
radio signal is received. Processing time ofthe terminal 102 is
subtracted from the measured differential time and divide the



US 2015/0230706 A1l

subtracted value by 2, and thus, it is possible to obtain the
propagation time through which radio communication is
propagated in a range from the coordinator 1401 to the ter-
minal 102. The obtained propagation time is divided by a
velocity of a radio signal, and thus, it is possible to calculate
the range between the coordinator 1401 and the terminal 102.
[0083] When the coordinator 1401 receives a radio signal
transmitted by the terminal 102, the range can be estimated by
measuring intensity of the radio signal. In this method, inten-
sity of the received signal is measured so as to calculate the
range, since intensity of the radio signal is attenuated being
inversely proportional to a propagation range.

[0084] In this manner, in the vital signal measurement sys-
tem of the present embodiment, a distance between the coor-
dinator 1401 and the terminal 102 of the path along a body of
a measurement object is calculated. In this manner, the pulse
wave propagation velocity can be calculated by measuring a
propagation range together with a pulse wave propagation
time.

[0085] Hereinabove, the invention made by this inventor
has been described in detail with reference to the embodi-
ments. However, the invention is not limited to the embodi-
ments, and it is not necessary to mention that various changes
can be made without departing from the spirit and the scope
thereof.

REFERENCE SIGNS LIST

[0086] 101...coordinator, 101a and 1015 . ..terminal, 103
... base station, 104 . . . Internet, 105 . . . data server, 201 . .
. pulse wave sensor, 202 . . . analog-digital converter (ADC),
203 . .. clock generator, 204 . . . controller, 205 . . . memory,
206 . . . radio communication unit, 303 . . . clock generator,
304 . .. controller, 305 . . . memory, 306 . . . radio communi-
cation unit, 501a and 5015 . . . terminal, 502 . . . terminal, 701
... controller, 702 . . . differential time measurement circuit,
901 . .. coordinator, 1001 . .. electrocardiogram sensor, 1002
... analog-digital converter, 1003 . . . clock generator, 1004 .
..controller, 1005 . .. memory, 1006 . . . radio communication
unit, 1201 . . . coordinator, 1202 . . . featurepoint extraction
circuit, 1401 . . . coordinator, 1501 . . . range measurenient
circuit
1. A vital signal measurement system, comprising:
a plurality of terminals,
wherein each of the plurality of terminals is provided with
a first vital signal sensor for measuring a vital signal, a
first memory for storing first data which is based on the
vital signal, and a first radio communication unit for
communicating with the rest of the terminals by radio,
wherein the first data is applied with a sequence number
corresponding to the first data and the number indicates
an order in which the first data is acquired, and
wherein a first terminal included in the plurality of termi-
nals performs resetting of the sequence number trig-
gered by the synchronous signal which is received by the
first radio communication unit.
2. The vital signal measurement system according to claim
1,
wherein the first data having the same sequence number is
data of the same time in an analysis performed in each of
the plurality of terminals.
3. The vital signal measurement system according to claim
23
wherein each of the first vital signal sensors is a sensor for
measuring a pulse wave signal, and

Aug. 20,2015

wherein the analysis is a calculation of the pulse wave
propagation velocity.

4. The vital signal measurement system according to claim

1, further comprising:

a coordinator that is provided with a second radio commu-
nication unit for communicating with each of the plural-
ity of terminals by radio,

wherein the coordinator transmits the synchronous signal
to each of the plurality of terminals.

5. The vital signal measurement system according to claim

4,

wherein each of the first vital signal sensors is a sensor for
measuring a pulse wave signal, and

wherein the coordinator is further provided with a second
vital signal measurement sensor for measuring an elec-
trocardiogram signal and a second memory for storing
second data which is based on the electrocardiogram
signal.

6. The vital signal measurement system according to claim

55

wherein the coordinator performs transmission of the syn-
chronous signal triggered by the electrocardiogram sig-
nal.

7. The vital signal measurement system according to claim

6,

wherein the coordinator is further provided with a range
measurement circuit for measuring a range of radio
communication between the coordinator and the termi-
nal based on the first data and the second data.

8. The vital signal measurement system according to claim

4,

wherein each ofthe plurality of terminals transmits the first
data and the sequence number to the coordinator.

9. The vital signal measurement system according to claim

1,

wherein a second terminal which is a terminal included in
the plurality of terminals and is different from the first
terminal transmits the synchronous signal to the first
terminal, and

wherein the second terminal performs resetting of the
sequence number triggered by transmission of the syn-
chronous signal.

10. The vital signal measurement system according to

claim 9,

wherein the second terminal further transmits the first data
acquired by the second terminal to the first terminal.

11. The vital signal measurement system according to

claim 1,

wherein each of the plurality of terminals is further pro-
vided with a clock generation circuit for generating a
sampling clock and an analog-digital converter for con-
verting an analog signal which is based on the vital
signal into the first data which is a digital signal for each
sampling clock, and applies the sequence number to the
first data acquired for each sampling clock.

12. A vital signal measurement device, comprising:

a vital signal sensor that measures a vital signal;

amemory that stores data which is based on the vital signal;
and

a radio communication unit that communicates with the
outside by radio,

wherein the data is applied with a sequence number which
is a number indicating an order in which the data is
acquired, and
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wherein the vital signal measurement device performs
resetting of the sequence number triggered by the syn-
chronous signal which is received by the radio commu-
nication unit.

13. A vital signal measurement system, comprising:

a plurality of terminals,

wherein each of the plurality of terminals is provided with
a first vital signal sensor for measuring a vital signal, a
first memory for storing first data which is based on the
vital signal, and a first radio communication unit for
communicating with the rest of the terminals by radio,
and

wherein a first terminal included in the plurality of termi-
nals measures a differential time from a time when the
first radio communication unit receives the synchronous
signal to a feature point of the vital signal.

* % % k¥



THMBW(EF)

[ i (S RIR) A ()

RIB(ERR)AGE)

EENFEENEBRENEREEESNERS

US20150230706A1 NI (»&E)B
US14/421823 RiEHR
LI}

AHTOMOYUKI

/NHEBAKIRA

IR
AH , TOMOYUKI
/NAER , AKIRA

2015-08-20

2012-09-03

patsnap

HETERF(ERN)AGE) HITACHI, LTD.
[ﬁ\]ﬁ B A NAKAGAWA TATSUO

ISHIl TOMOYUKI

KOTABE AKIRA
KB A NAKAGAWA, TATSUO

ISHII, TOMOYUKI

KOTABE, AKIRA
IPCH %S A61B5/00
CPCHEE A61B5/0022 A61B5/0004 A61B5/0006 A61B5/0024 A61B5/02125 A61B5/0245 A61B5/04325 A61B5

/7285
H {0 FF STRk US9572491
SNEBEEEE Espacenet  USPTO
R (E) 201 202 204 206
AES NI A BES MR RS SERE S MBAN T AL
B, SMEE (102 ) DS PEESEATFIUBEGESHE —
ARESEBE (201 ) , E—EE (205 ) b>) AFEHEFE [ T T \
HESME—KE , URATEIREasRpamEEnE—Fgs | [us | [ ' T TR0
WESBT (206 ). E—HERNAS5S —HRANNNEFESS | # WAve 1 ADC = CONTROLLER [—JochARCAON
BT RIS — SRMIAE . DTS NS h i 5 — 2 ( SENSOR L]
102 ) WTHE— LB BEL TRKNESESMENFHSNE
Ec

Gﬁﬁ%%%R MEMORY
\

i

\


https://share-analytics.zhihuiya.com/view/7c895caf-aacc-4467-b07e-6e87d2ef5f25
https://worldwide.espacenet.com/patent/search/family/050182788/publication/US2015230706A1?q=US2015230706A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150230706%22.PGNR.&OS=DN/20150230706&RS=DN/20150230706

