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(57) ABSTRACT

A measuring device and measuring system which accurately
measure a pulse wave propagation velocity. The measuring
instrument includes: a fixing part attachable to and detach-
able from a subject; a first piezoelectric sensor fixed to the
fixing part; a second piezoelectric sensor fixed to the fixing
part at a prescribed distance from the first piezoelectric
sensor; and an analyzing part for calculating a pulse wave
propagation velocity in the subject according to time differ-
ence between time of detection of peak voltage by the first
piezoelectric sensor and time of detection of peak voltage by
the second piezoelectric sensor, and the prescribed distance.
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MEASURING INSTRUMENT AND
MEASURING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The disclosure of Japanese Patent Application No.
2018-059313 filed on Mar. 27, 2018 including the specifi-
cation, drawings and abstract is incorporated herein by
reference in its entirety.

BACKGROUND

[0002] The present invention relates to a measuring instru-
ment and a measuring system and more particularly to a
measuring instrument and measuring system suitable for
measuring the propagation velocity of vibration propagated
from a source of vibration accurately.

[0003] Japanese Unexamined Patent Application Publica-
tion No. 2011-50546 discloses a measuring instrument
which measures the artery propagation velocity of a subject.
The measuring instrument includes a first thin-film piezo-
electric sensor for detecting the pulse pressure waveform on
an artery in the wrist of the subject; a second thin-film
piezoelectric sensor for detecting the pulse pressure wave-
form on an artery in the ankle of the subject; a recording
device for recording detected values from the first and
second thin-film piezoelectric sensors together with sam-
pling times; and an analyzer. The analyzer analyzes and
evaluates the artery propagation velocity per passage time
according to the sampling time difference between peak
detected values for the same pulse pressure as detected by
the first and second thin-film piezoelectric sensors respec-
tively, and the difference between the direct distance from
the chest to the wrist and the direct distance from the chest
to the ankle.

SUMMARY

[0004] However, the technique disclosed in Japanese
Unexamined Patent Application Publication No. 2011-
50546 has a problem that the artery propagation velocity
cannot be measured accurately because the difference
between the direct distance from the chest to the first
thin-film piezoelectric sensor attached to the wrist and the
direct distance from the chest to the second thin-film piezo-
electric sensor attached to the ankle is not accurate. There-
fore, an object of the present invention is to solve the
problem. The above and further objects and novel features of
the invention will more fully appear from the following
detailed description in this specification and the accompa-
nying drawings.

[0005] According to one aspect of the present invention,
there is provided a measuring instrument which includes: a
fixing part attachable to and detachable from a subject; a first
piezoelectric sensor fixed to the fixing part; a second piezo-
electric sensor fixed to the fixing part at a prescribed distance
from the first piezoelectric sensor; and an analyzing part for
calculating a propagation velocity of vibration propagated
from a source of vibration of the subject according to time
difference between times of detection of peak voltages by
the first piezoelectric sensor and the second piezoelectric
sensor respectively, and the prescribed distance.

[0006] According to a second aspect of the invention,
there is provided a measuring system which includes: a
plurality of measuring instruments attachable to and detach-
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able from a subject for measuring a relative value of
propagation velocity of vibration propagated from a source
of vibration of the subject; and a decision device for making
a comparison of measurement results of the measuring
instruments and deciding whether any of the measurement
results is abnormal or not, according to a result of the
comparison. In the measuring system, each of the measuring
instruments includes: a fixing part attachable to and detach-
able from the subject; a first piezoelectric sensor fixed to the
fixing part; a second piezoelectric sensor fixed to the fixing
part at a prescribed distance from the first piezoelectric
sensor; and an analyzing part for calculating a relative value
of propagation velocity of vibration propagated from the
source of vibration of the subject according to time differ-
ence between time of detection of peak voltage by the first
piezoelectric sensor and time of detection of peak voltage by
the second piezoelectric sensor.

[0007] According to a third aspect of the invention, there
is provided a measuring instrument which includes: a fixing
part attachable to and detachable from a subject; a first
piezoelectric sensor fixed to the fixing part; a second piezo-
electric sensor fixed to the fixing part at a prescribed distance
from the first piezoelectric sensor; and an analyzing part for
calculating a propagation velocity of vibration propagated
from a source of vibration of the subject according to time
difference between times of detection of voltages for a
vibration by the first piezoelectric sensor and the second
piezoelectric sensor respectively, and the prescribed dis-
tance.

[0008] According to the present invention, there are pro-
vided a measuring instrument and a measuring system which
can accurately measure the propagation velocity of vibration
propagated from a source of vibration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram which shows an example
of the configuration of the measuring instrument according
to a first embodiment of the invention;

[0010] FIG. 2 shows an example of the measuring instru-
ment shown in FIG. 1 which is attached to a subject;
[0011] FIG. 3 shows an example of the waveforms of
voltages detected by the piezoelectric sensors 11 and 12,
respectively;

[0012] FIG. 4 shows another example of the waveforms of
voltages detected by the piezoelectric sensors 11 and 12;
[0013] FIG. 5 is a block diagram which shows a measuring
instrument as a variation of the measuring instrument shown
in FIG. 1;

[0014] FIG. 6 is a block diagram which shows an example
of the configuration of a measuring system using the mea-
suring instrument shown in FIG. 1;

[0015] FIG. 7 is a block diagram which shows an example
of the configuration of the measuring instrument according
to a second embodiment of the invention;

[0016] FIG. 8 shows an example of the measuring instru-
ment shown in FIG. 7, which is attached to the subject;
[0017] FIG. 9 is a block diagram which shows an example
of the configuration of the measuring instrument according
to a third embodiment of the invention;

[0018] FIG. 10 shows an example of the measuring instru-
ment shown in FIG. 9, which is attached to the subject;
[0019] FIG. 11 is a block diagram which shows an
example of the configuration of the measuring instrument
according to a fourth embodiment of the invention; and
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[0020] FIG. 12 shows an example of the measuring instru-
ment shown in FIG. 11, which is attached to the subject.

DETAILED DESCRIPTION

[0021] In order to clarify the description, the explanations
and drawings given hereinafter are briefed and simplified as
appropriate. The elements illustrated in drawings as func-
tional blocks for performing various types of processing
may be comprised of a CPU (Central Processing Unit),
memory, and other circuits in terms of hardware and may be
implemented by a program loaded in a memory or the like
in terms of software. Therefore, it is understood by those
skilled in the art that these functional blocks can be imple-
mented in various forms by only hardware, only software or
a combination of hardware and software, and the way how
the functional blocks are implemented is not limited to a
given form. In the drawings, the same elements are desig-
nated by the same reference signs and their repeated descrip-
tion is omitted as necessary.

[0022] The above program can be stored in many types of
non-transitory computer-readable media and supplied to a
computer. The non-transitory computer-readable media
include many types of substantial recording media. Among
examples of the non-transitory computer-readable media are
a magnetic recording medium (for example, flexible disk,
magnetic tape, hard disk drive), magneto optical recording
medium (for example, magneto optical disk), CD-ROM
(Read Only Memory), CD-R, CD-R/W, and semiconductor
memory (for example, mask ROM, PROM (Programmable
ROM), EPROM (Erasable PROM), flash ROM, and RAM
(Random Access Memory)). The program may be supplied
to a computer by many types of non-transitory computer-
readable media. Among examples of the non-transitory
computer-readable media are electric signals, optical sig-
nals, and electromagnetic waves. The non-transitory com-
puter-readable media can supply the program to a computer
via a wire communication channel such as an electric wire
or optical fiber or a wireless communication channel.

First Embodiment

[0023] FIG. 11is a block diagram which shows an example
of'the configuration of the measuring instrument 1 according
to the first embodiment.

[0024] The measuring instrument 1 according to this
embodiment is a device which measures the propagation
velocity of pulse wave propagated from the heart of a subject
(animal including a human being) and includes a fixing part
10, piezoelectric sensor 11, piezoelectric sensor 12, and
analyzing part (analyzer) 13. In the measuring instrument 1,
with the piezoelectric sensors 11 and 12 fixed to the fixing
part 10, the analyzing part 13 measures the pulse wave
propagation velocity according to the time difference
between times of detection of peak voltages by the piezo-
electric sensors 11 and 12 respectively and the distance
between the piezoelectric sensors 11 and 12. Thus, the
distance between the piezoelectric sensors 11 and 12 can be
predetermined, so the pulse wave propagation velocity can
be measured accurately. Next, an explanation will be given
in detail referring to FIGS. 2 to 4.

[0025] FIG. 2 shows an example of the measuring instru-
ment 1 attached to a subject 50.

[0026] As shown in FIG. 2, the fixing part 10 is attachable
to and detachable from a wrist or ankle of the subject 50. For
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example, the fixing part 10 has the shape of an expandable
cylinder. In the example shown in FIG. 2, the fixing part 10
is a wrist band.

[0027] The piezoelectric sensors 11 and 12 output the
detected voltages V1 and V2 of values corresponding to the
pressures of pulse waves propagated from the heart of the
subject 50, respectively. The piezoelectric sensors 11 and 12
are, for example, formed to be circular along the side faces
of'the cylindrical fixing part 10. The piezoelectric sensors 11
and 12 are fixed to the fixing part 10 with a prescribed
distance d between them.

[0028] The analyzing part 13 measures time difference AT
between the time of detection of an arbitrary voltage VP1
among the voltages V1 detected by the piezoelectric sensor
11 and the time of detection of voltage VP2 for the same
pulse wave as the voltage VP1, among the voltages V2
detected by the piezoelectric sensor 12.

[0029] FIG. 3 shows the waveforms of voltages V1 and
V2 detected by the piezoelectric sensors 11 and 12, respec-
tively. FIG. 4 shows details of the waveforms of voltages V1
and V2 detected by the piezoelectric sensors 11 and 12.
[0030] Asshown in FIG. 3, the analyzing part 13 measures
time difference AT between time T1 of detection of peak
voltage VP1 among the voltages V1 detected by the piezo-
electric sensor 11 and time T2 of detection of peak voltage
VP2 among the voltages V2 detected by the piezoelectric
sensor 12. As shown in FIG. 4, peak voltages VP1 and VP2
may be identified from the waveforms (broken lines) of
detected voltages after correction using an approximate
equation such as a quadratic function.

[0031] After that, the analyzing part 13 measures the pulse
wave propagation velocity (PWV) by dividing the pre-
scribed distance d by time difference AT. Since the pre-
scribed distance d is fixed, the analyzing part 13 can measure
the pulse wave propagation velocity accurately.

[0032] For example, when the prescribed distance d is
fixed at 5 cm, if time difference AT is approximately 3.1
msec or less, the pulse wave propagation velocity exceeds
1600 cny/'sec and it is thus decided that there is the risk of
arterial sclerosis.

[0033] As explained above, in the measuring instrument 1
according to this embodiment, with the piezoelectric sensors
11 and 12 fixed to the fixing part 10, the analyzing part 13
measures the pulse wave propagation velocity according to
time difference AT between times T1 and T2 of detection of
peak voltages VP1 and VP2 by the piezoelectric sensors 11
and 12 respectively and the prescribed distance d between
the piezoelectric sensors 11 and 12. Since the distance
between the piezoelectric sensors 11 and 12 can be prede-
termined, the pulse wave propagation velocity can be mea-
sured accurately.

[0034] Furthermore, unlike the measuring instrument dis-
closed in Japanese Unexamined Patent Publication No.
2011-50546, in the measuring instrument 1 according to this
embodiment, the piezoelectric sensors 11 and 12 need not be
attached to different limbs among the four limbs and the
piezoelectric sensors 11 and 12 can be attached to the same
limb (for example, right wrist), so the pulse wave propaga-
tion velocity can be locally measured.

Variation of the Measuring Instrument 1

[0035] FIG. 5 is a block diagram which shows a measuring
instrument 1qa as a variation of the measuring instrument 1.
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[0036] As shown in FIG. 5, the measuring instrument 1a
further includes a storage (storage device) 14 and a display
(display device) 15, as compared with the measuring instru-
ment 1.

[0037] The storage 14 stores the result of analysis by the
analyzing part 13 (measurement result). The storage 14 may
be built in the measuring instrument 1a or detachable like an
SD card or the like. The analyzing part 13 reads the analysis
result stored in the storage 14 and displays it on the screen
of the display 15. The display 15 may be fitted to the front
surface of the measuring instrument la or may be an
external device which can make communication, such as a
smart phone or personal computer. If the display 15 is an
external device which can make communication, such as a
smart phone or personal computer, the measuring instrument
1la may be structured to start or end measurement of pulse
wave according to control from the external device.

(Example of the Configuration of a Measuring System Using
a Plurality of Measuring Instruments 1)

[0038] FIG. 6 is a block diagram which shows an example
of the configuration of a measuring system SYS1 using a
plurality of measuring instruments 1. As shown in FIG. 6,
the measuring system SYS1 includes a plurality of measur-
ing instruments 1, a decision device 16, a storage (storage
device) 17, and a display (display device) 18. In description
of this embodiment, the measuring system SYS1 is assumed
to include four measuring instruments 1 (hereinafter called
measuring instruments 1_1 to 1_4).

[0039] The measuring instrument 1_1 is attached, for
example, to the right wrist among the four limbs of the
subject 50. The measuring instrument 1_2 is attached, for
example, to the left wrist among the four limbs of the subject
50. The measuring instrument 1_3 is attached, for example,
to the right ankle among the four limbs of the subject 50. The
measuring instrument 1_4 is attached, for example, to the
left ankle among the four limbs of the subject 50.

[0040] The decision device 16 decides whether or not the
pulse wave of the subject 50 is normal, from the results of
measurement by the measuring instruments 1_1 to 1_4. For
example, if the results of measurement by the measuring
instruments 1_1 to 1_4 are all not more than a reference
value, the decision device 16 decides that the pulse wave of
the subject 50 is normal and if any one of the results of
measurement by the measuring instruments 1_1 to 1_4 is
more than the reference value, it decides that the pulse wave
of the subject 50 is abnormal.

[0041] The storage 17 stores the results of measurement
by the measuring instruments 1_1 to 1_4 and stores the
result of decision by the decision device 16. The decision
device 16 reads the decision result stored in the storage 17
and displays it on the screen of the display 18. Concrete
examples of the storage 17 and display 18 are the same as
concrete examples of the storage 14 and display 15 and their
description is omitted. If the result of decision by the
decision device 16 need not be stored in the storage 17, the
storage 17 need not be provided. If the result of decision by
the decision device 16 need not be displayed on the screen
of'the display 18 and is sent to an external device by another
means, the display 18 need not be provided.

[0042] Thus, the measuring system SYS1 can measure the
pulse wave propagation velocity locally from each of several
regions of the subject 50 and can decide whether or not a
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region among the several regions of the subject 50 has an
abnormal pulse wave (namely, whether or not there is the
risk of artery sclerosis).

[0043] Even when the accurate value of the prescribed
distance d between the piezoelectric sensors 11 and 12 of
each of the measuring instruments 1_1 to 1_4 is unknown,
the measuring system SYS1 can compare the results of
measurement by the measuring instruments 1_1 to 1_4 and
if one measurement result is largely different from all the
other measurement results, it can decide that the measure-
ment result (pulse wave) concerned is abnormal.

Second Embodiment

[0044] FIG. 7 is a block diagram which shows an example
of'the configuration of the measuring instrument 2 according
to the second embodiment. As shown in FIG. 7, the mea-
suring instrument 2 further includes one or more piezoelec-
tric sensors 21 as compared with the measuring instrument
la. The storage 14 stores a table of correction values for
electromotive forces outputted from the piezoelectric sen-
sors 21.

[0045] The analyzing part 13 first measures the pulse wave
propagation velocity according to time difference AT
between times T1 and T2 of detection of peak voltages VP1
and VP2 by the piezoelectric sensors 11 and 12 respectively
and the prescribed distance d between the piezoelectric
sensors 11 and 12. Further, the analyzing part 13 extracts a
correction value (correction values) for an electromotive
force (electromotive forces) outputted from one or more
piezoelectric sensors 21, from the table stored in the storage
14 and corrects the pulse wave propagation velocity by the
extracted correction value.

[0046] FIG. 8 shows an example of the measuring instru-
ment 2 attached to the subject 50.

[0047] In the example shown in FIG. 8, the piezoelectric
sensors 21 are arranged between the piezoelectric sensors 11
and 12 and electrically isolated from the piezoelectric sen-
sors 11 and 12. As the fixing part 10 is deformed, each
piezoelectric sensor 21 is deformed, generating an electro-
motive force depending on the amount of deformation. In
other words, each piezoelectric sensor 21 generates an
electromotive force depending on the amount of change in
the prescribed distance d which changes with the deforma-
tion of the fixing part 10. At this time, the analyzing part 13
extracts a correction value for an electromotive force out-
putted from each piezoelectric sensor 21, from the table
stored in the storage 14 and corrects the pulse wave propa-
gation velocity and corrects the pulse wave propagation
velocity by the extracted correction value.

[0048] Thus, even when the prescribed distance d between
the piezoelectric sensors 11 and 12 changes, the measuring
instrument 2 according to the second embodiment can detect
the amount of change in the prescribed distance d using one
or more piezoelectric sensors 21 and thereby accurately
correct a pulse wave propagation velocity error caused by
the change in the prescribed distance d.

Third Embodiment

[0049] FIG. 9 is a block diagram which shows an example
of'the configuration of the measuring instrument 3 according
to the third embodiment. As shown in FIG. 9, the measuring
instrument 3 includes one or more slide resistors 31 in place
of'one or more piezoelectric sensors 21 as compared with the
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measuring instrument 2. Also, the storage 14 stores a table
of correction values for resistance values of the slide resistor
(s) 31.

[0050] The analyzing part 13 first measures the pulse wave
propagation velocity according to time difference AT
between times T1 and T2 of detection of peak voltages VP1
and VP2 by the piezoelectric sensors 11 and 12 respectively
and the prescribed distance d between the piezoelectric
sensors 11 and 12. Further, the analyzing part 13 extracts a
correction value (correction values) for a resistance value
(resistance values) of one or more slide resistors 31, from the
table stored in the storage 14 and corrects the pulse wave
propagation velocity by the extracted correction value.
[0051] FIG. 10 shows an example of the measuring instru-
ment 3 attached to the subject 50.

[0052] In the example shown in FIG. 10, the slide resistors
31 are arranged between the piezoelectric sensors 11 and 12
and electrically isolated from the piezoelectric sensors 11
and 12. As the fixing part 10 is deformed, the resistance
value of each slide resistor 31 is changed. In other words,
each slide resistor 31 indicates a resistance value depending
on the amount of change in the prescribed distance d which
changes with the deformation of the fixing part 10. At this
time, the analyzing part 13 extracts a correction value for the
resistance value of each slide resistor 21, from the table
stored in the storage 14 and corrects the pulse wave propa-
gation velocity by the extracted correction value.

[0053] Thus, even when the prescribed distance d between
the piezoelectric sensors 11 and 12 changes, the measuring
instrument 3 according to the third embodiment can detect
the amount of change in the prescribed distance d using one
or more slide resistors 31 and thereby accurately correct a
pulse wave propagation velocity error caused by the change
in the prescribed distance d.

Fourth Embodiment

[0054] FIG. 11 is a block diagram which shows an
example of the configuration of the measuring instrument 4
according to the fourth embodiment.

[0055] As shown in FIG. 11, the measuring instrument 4
includes two acceleration sensors 41 and 42 in place of one
or more piezoelectric sensors 21 as compared with the
measuring instrument 2. Also, the storage 14 stores a table
of correction values for discrepancies from the prescribed
distance d as calculated from the result of time integration of
the accelerations of the piezoelectric sensors 11 and 12 as
detected by the acceleration sensors 41 and 42.

[0056] The analyzing part 13 first measures the pulse wave
propagation velocity according to time difference AT
between times T1 and T2 of detection of peak voltages VP1
and VP2 by the piezoelectric sensors 11 and 12 respectively
and the prescribed distance d between the piezoelectric
sensors 11 and 12. Further, the analyzing part 13 identifies
the positional relation between the piezoelectric sensors 11
and 12 from the result of time integration of the accelera-
tions of the piezoelectric sensors 11 and 12 as detected by
the acceleration sensors 41 and 42 and calculates a discrep-
ancy from the prescribed distance d. Then, the analyzing part
13 extracts a correction value for the calculated discrepancy
from the table stored in the storage 14 and corrects the pulse
wave propagation velocity by the extracted correction value.
[0057] FIG. 12 shows an example of the measuring instru-
ment 4 attached to the subject 50.
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[0058] In the example shown in FIG. 12, the acceleration
sensor 41 is mounted on the piezoelectric sensor 11 and the
acceleration sensor 42 is mounted on the piezoelectric
sensor 12. When the measuring instrument 4 moves as the
subject 50 moves, the acceleration sensors 41 and 42 detect
the accelerations of the piezoelectric sensors 11 and 12,
respectively. The analyzing part 13 identifies the positional
relation between the piezoelectric sensors 11 and 12 from
the result of time integration of the accelerations detected by
the acceleration sensors 41 and 42 respectively and calcu-
lates a discrepancy from the prescribed distance d. Then, the
analyzing part 13 extracts a correction value for the calcu-
lated discrepancy from the table stored in the storage 14 and
corrects the pulse wave propagation velocity by the
extracted correction value.

[0059] Thus, even when the prescribed distance d between
the piezoelectric sensors 11 and 12 changes, the measuring
instrument 4 according to the fourth embodiment can detect
the amount of change in the prescribed distance d using the
acceleration sensors 41 and 42 and thereby accurately cor-
rect a pulse wave propagation velocity error caused by the
change in the prescribed distance d.

[0060] As described so far, in the measuring instruments 1
to 4 according to the first to fourth embodiments, with the
piezoelectric sensors 11 and 12 fixed to the fixing part 10, the
analyzing part 13 measures the pulse wave propagation
velocity according to time difference AT between times T1
and T2 of detection of peak voltages VP1 and VP2 by the
piezoelectric sensors 11 and 12 respectively and the pre-
scribed distance d between the piezoelectric sensors 11 and
12. In the measuring instruments 1 to 4, since the distance
between the piezoelectric sensors 11 and 12 can be prede-
termined, the pulse wave propagation velocity can be mea-
sured accurately.

[0061] Furthermore, unlike the measuring instrument dis-
closed in Japanese Unexamined Patent Application Publi-
cation No. 2011-50546, in the measuring instruments 1 to 4
according to the first to fourth embodiments, the piezoelec-
tric sensors 11 and 12 need not be attached to different limbs
among the four limbs and may be attached to one limb
among the four limbs (for example, the right wrist), so the
pulse wave propagation velocity can be measured locally.

[0062] The invention made by the present inventors has
been so far explained concretely in reference to the preferred
embodiments thereof. However, the invention is not limited
thereto and it is obvious that these details may be modified
in various ways without departing from the gist thereof.

[0063] The first to fourth embodiments have been
described above on the assumption that the measuring
instruments 1 to 4 measure the propagation velocity of pulse
wave propagated from the heart of the subject 50. However,
the invention is not limited thereto. The measuring instru-
ments 1 to 4 can measure the propagation velocity of
vibration propagated from an arbitrary source of vibration of
the subject 50.

[0064] The second to fourth embodiments have been
described above on the assumption that a correction value to
correct a pulse wave propagation velocity error is extracted
from the table stored in the storage 14. However, the
invention is not limited thereto. Instead, the correction value
may be calculated, for example, using a prescribed arithme-
tic expression.
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What is claimed is:
1. A measuring instrument comprising:

a fixing part that is attachable to and detachable from a
subject;

a first piezoelectric sensor that is fixed to the fixing part;

a second piezoelectric sensor that is fixed to the fixing part
at a prescribed distance from the first piezoelectric
sensor; and

an analyzing part that calculates a propagation velocity of
vibration of the subject according to times when pre-
determined voltages are detected by the first piezoelec-
tric sensor and the second piezoelectric sensor respec-
tively, and the prescribed distance.

2. The measuring instrument according to claim 1,
wherein the analyzing part calculates the propagation veloc-
ity of vibration propagated from a source of vibration of the
subject according to time difference between the times when
peak voltages are detected by the first piezoelectric sensor
and the second piezoelectric sensor respectively, and the
prescribed distance.

3. The measuring instrument according to claim 2,
wherein the analyzing part calculates the propagation veloc-
ity of pulse wave propagated from a heart of the subject.

4. The measuring instrument according to claim 2, further
comprising:

a third piezoelectric sensor that is provided between the
first piezoelectric sensor and the second piezoelectric
sensor and electrically isolated from the first piezoelec-
tric sensor and the second piezoelectric sensor,

wherein the analyzing part corrects the propagation veloc-
ity according to an electromotive force outputted from
the third piezoelectric sensor.

5. The measuring instrument according to claim 4, further

comprising:

a storage that stores a table of correction values for
electromotive forces outputted from the third piezo-
electric sensor,

wherein the analyzing part corrects the propagation veloc-
ity in reference to the table.
6. The measuring instrument according to claim 2, further
comprising:
a slide resistor that is provided between the first piezo-
electric sensor and the second piezoelectric sensor, with
a resistance value changing depending on a distance
between the first piezoelectric sensor and the second
piezoelectric sensor,
wherein the analyzing part corrects the propagation veloc-
ity according to the resistance value of the slide resistor.
7. The measuring instrument according to claim 6, further
comprising:
a storage that stores a table of correction values for
resistance values of the slide resistor,

wherein the analyzing part corrects the propagation veloc-
ity in reference to the table.

8. The measuring instrument according to claim 2, further

comprising:

a first acceleration sensor that is provided for the first
piezoelectric sensor; and

a second acceleration sensor that is provided for the
second piezoelectric sensor,
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wherein the analyzing part corrects the propagation veloc-
ity according to a result of time integration of accel-
erations detected by the first acceleration sensor and the
second acceleration sensor.

9. The measuring instrument according to claim 8, further

comprising:

a storage that stores a table of correction values corre-
sponding to the result of time integration of the accel-
erations,

wherein the analyzing part corrects the propagation veloc-
ity in reference to the table.

10. The measuring instrument according to claim 2,
wherein the fixing part is cylindrical,

wherein the first piezoelectric sensor is formed to be
circular along a side face of the cylindrical fixing part,
and

wherein the second piezoelectric sensor is formed to be
circular along a side face of the cylindrical fixing part
at the prescribed distance from the first piezoelectric
sensor.

11. The measuring instrument according to claim 10,
wherein the fixing part comprises a wrist band.

12. The measuring instrument according to claim 2,
further comprising a display device that displays a result of
calculation by the analyzing part.

13. A measuring system comprising:

a plurality of measuring instruments according to claim 2;
and

a decision device that decides whether a result of mea-
surement by each of the measuring instruments is
abnormal or not.

14. A measuring system comprising:

a plurality of measuring instruments according to claim 2;
and

a decision device that makes a comparison of measure-
ment results of the measuring instruments and decides
whether any of the measurement results is abnormal or
not, according to a result of the comparison.

15. A measuring system comprising:

a plurality of measuring instruments that is attachable to
and detachable from a subject and measures a relative
value of propagation velocity of vibration propagated
from a source of vibration of the subject; and

a decision device that makes a comparison of measure-
ment results of the measuring instruments and decides
whether any of the measurement results is abnormal or
not, according to a result of the comparison,

wherein each of the measuring instruments comprises:

a fixing part that is attachable to and detachable from
the subject;

a first piezoelectric sensor that is fixed to the fixing part;

a second piezoelectric sensor that is fixed to the fixing
part at a prescribed distance from the first piezoelec-
tric sensor; and

an analyzing part that calculates a relative value of
propagation velocity of vibration of the subject
according to times when predetermined voltages are
detected by the first piezoelectric sensor and the
second piezoelectric sensor respectively, and the
prescribed distance.
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16. A measuring instrument comprising: second vibration associated with the first vibration is
a fixing part that is attachable to and detachable from a det.ected by the second piezoelectric sensor, and the pre-
subject; scribed distance.
L . . . ] 18. The measuring instrument according to claim 1,
a first piezoelectric sensor that is fixed to the fixing part; wherein the predetermined voltage detected by the first
a second piezoelectric sensor that is fixed to the fixing part sensor comprises a voltage of a first vibration of the
at a prescribed distance from the first piezoelectric subject, and
sensor; and wherein the predetermined voltage detected by the second
an analyzing part that calculates a propagation velocity of zﬁrﬁ;ggtcompnses a voltage offa second vibration of the
Vll;ratlonf of thErSUbJ.?th e}ccor.du(lig to a dtlén N ;Vheg a 19. The measuring instrument according to claim 18,
voltage for a first vibration 1s detected by the first wherein a time difference between the times when the
p%ezoe.:lecmc sensor, a time when a YOltage f?’f asecond predetermined voltages are detected by the first piezoelectric
vibration assocu}ted with Fhe first vibration is dete.cted sensor and the second piezoelectric sensor is equal to or
b}’ the second piezoelectric sensor, and the prescribed smaller than a period of the first vibration of the subject.
distance. 20. The measuring instrument according to claim 19,
17. The measuring instrument according to claim 16, wherein the period of the vibration of the subject comprises
wherein the analyzing part calculates the propagation veloc- an interval between a time when a predetermined voltage for
ity of vibration propagated from a source of vibration of the the first vibration is detected by the first piezoelectric sensor

and a time when a voltage for a third vibration next to the

subject according to time difference between the time when o WA N :
! g first vibration is detected by the first piezoelectric sensor.

peak voltage for the first vibration is detected by the first
piezoelectric sensor, the time when peak voltage for the ¥ % % % %



