US 20160150984A1
ao) United States

12 Patent Application Publication o) Pub. No.: US 2016/0150984 A1

KANDORI et al. 43) Pub. Date: Jun, 2, 2016

(54) SPHYGMOMANOMETER SYSTEM (32) US.CL
CPC . AGIB 5/02241 (2013.01); AGIB 5/742
(71) Applicant: HITACHL LTD., Tokyo (JP) (2013.01); A61B /7405 (2013.01)

(72) Inventors: AKkihiko KANDORI, Tokyo (JP); Yuko

SANO, Tokyo (JP); Toshio TSUJI, 57 ABSTRACT
Hiroshima (JP); Harutoyo HIRANO, The present invention provides a sphygmomanometer sys-
Hiroshima (JP) tem, including a measurement device pressed against a pre-
(73) Assignee: Hitachi, Ltd., Tokyo (JP) determined part to be measured so that the part to be measured
is held down, and a blood pressure measurement device to
(21) Appl. No.: 14/902,916 measure blood pressure based on information from the mea-
surement device. The measurement device includes an aver-
(22) PCT Filed: Jul. 10, 2013 age blood pressure detection unit to obtain information on
pressure applied to the measurement device, and a blood
(86) PCT No.: PCT/JP2013/068882 pressure change amount detection unit to detect a minute
change of the part to be measured when the blood pressure
§ 371 (c)(1), . . .
(2) Date: Jan. 5, 2016 change amount detection unit contacts with the part to be
measured. The processor of the blood pressure measurement
Publication Classification device calculates the average blood pressure, the highest
blood pressure, and the lowest blood pressure based on infor-
(51) Imt.ClL mation on pressure obtained from the blood pressure change
A61B 5/022 (2006.01) amount detection unit and the average blood pressure detec-
AG6IB 5/00 (2006.01) tion unit.
25

Ve /\1/31

s )




US 2016/0150984 A1

Jun. 2,2016 Sheet1 of 12

Patent Application Publication

e E£E &e
W " N
J) NSS4 dv) LINT
LINN NN MOLYOIONI \ LINNOWY JONYHO | | INOLYeEND
Q0018 39VIIAVI | 3yndeaydao0Tal || annos
_ A 7100 ONILLINSNYHL
GE I ad
eV’ 102 ONINFOR d
N\
¥0SS300Hd ad
] LN NOLLYDINNIANOD LINOHID INALINO/ LNdNI ke ¢
¥ALNNOD s Y 7107 ONIARY dY
\ﬂ\
LINN ATddNS ¥3M0d gz &
| o\% BZ \.\ G \.\
\, 9z /¥
0001



Patent Application Publication Jun. 2,2016 Sheet 2 of 12 US 2016/0150984 A1

FIG. 2

25
Ve /\1/31
o |
o ,
12— TS
—— D1 D2
2_‘-'—-_....
3~
_IO/\.—/"
6
7 7
5 4 5



Patent Application Publication Jun. 2,2016 Sheet 3 of 12 US 2016/0150984 A1

/L - !

2 i I
11 {
1t X
[
Lt | 3
I "
1 "
i .xya
[ el dtis LN :
h‘|' A
[ o
! :
50 FYNEA W) 14



US 2016/0150984 A1

Jun. 2,2016 Sheet4 of 12

Patent Application Publication

g —
e e e o :
|
1N0YID
oSS [ "
JAYM-TINA ! g ¥ g
g1V v £l _llllvr\\ /, /, /
I H
- YA i : 4
Nl Al 61 i £ W W W
1 FAG]
el H _ i ~T1a o~
fo B S e el
I
\ _
I

— e W - S N BN BN SN Gl e e mmn o A e ey

g Oid



Patent Application Publication Jun. 2,2016 Sheet 5 of 12 US 2016/0150984 A1

FIG. 6

A

4

PRESSURE

/

OUTPUT VOLTAGE (V)

A\



US 2016/0150984 A1

Jun. 2,2016 Sheet 6 of 12

Patent Application Publication

SEIRIE LNSHID
- IRy
SSVdMOT SAVATIN
Sl Y vl M
N0
NEIR R
- VeIl
SSYAMOT SAYNETINS
el oz "
¢l L

el

61

g —
AN
S ————
e ) z ' €
L N L
———
= @
9 Lea 10
{ / |
7
| mu 7
o Ge

/ Ol



Patent Application Publication Jun. 2,2016 Sheet 7 of 12 US 2016/0150984 A1




Patent Application Publication

ouT

Jun. 2,2016 Sheet 8 of 12

US 2016/0150984 A1

PUT

VOLTAGE

FIG. 9A

VF1
VF2

VE1

VEZ2

INTER-COIL DISTANCE

A 4

QUTPUT
VOLTAGE

FIG. 9B

VF1B

VFZB

VE1

VE2

0

INTER-COIL DISTANCE

\

QUTPUT
VOLTAGE

FIG. 9C

VET

VE2

0




US 2016/0150984 A1

Jun. 2,2016 Sheet 9 of 12

Patent Application Publication

0.

£

ONIAF0d d

100 4

100 A

ONINTOT dV

1109

ONILLIRSNYHL]

FIIA3
INFAFENSYI

ey

L~

L~ |

_ 1080

sy byl M| g |
NO/138:40 || SSvermiD S (< 3Endy [
1
2 ,h 2 0z A
1
w21 || wvapsmray | | a=av oo [ 4f v a2 e nowo |t
SSVAONVE| ™| 135440 EIEN=NT(N I ST Sl I RERRE T
H
gt M g1/ " g1V vy /Y e1”’
|

! 1042 1Y
_ ¥OLYT1980 |—=] y3iiidity 1
L X gy Vlepepl
~ LNOHO 1dLN0/idN

2001 ”

gz /Y



Patent Application Publication Jun. 2,2016 Sheet100f12  US2016/0150984 A1

FIG. 11

l START !
31
L<>
$4 2 IS MEASUREMENT STARTED? 53
et P
Yes

GUIDANCE O GUIDANCE TO

PUSHMORE WEAKLY T o PUSH HARDER

STRENGTH OF FORCE WEAK
PUSHING MEASUREMENT DEVICE

APPRORITE. g
A~

CALCULATE AVERAGE BLOOD PRESSURE
A S8

CALCULATE HIGHEST BLOCD PRESSLRE |-~
AND LOWEST 8L0GD PRESSURE

STRONG

s7

DISPLAY AVERAGE BLOCD PRESSURE, HIGHEST BLOOD
PRESSURE, AND LOWESTBLOOD PRESSURE

END



Patent Application Publication

FIG. 12A

30

1201

20

TIME [SEC]

FIG. 12B

10

0157

N
IIVLIOA LNLNO

AP

Jun. 2,2016 Sheet110f12  US 2016/0150984 A1

5 e
D
12
e
iy,
e,
P
T
r,
1
=
o f% 1
o \\:}
=
i
£L2 "
} =
—
________,_..—-"
1O
J
{
1 i o
= e
R S
[Al
JF9YLI10A 1Nd1LNO



Patent Application Publication Jun. 2,2016 Sheet120f12  US2016/0150984 A1l

FIG. 13A Jw]
SN Y

FIG.13C | Q |
7 %




US 2016/0150984 A1

SPHYGMOMANOMETER SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a technology for
measuring blood pressure of a subject.

BACKGROUND ART

[0002] In sites of emergency medical care for diseases
(such as a brain disorder) or accidents (such as a traffic acci-
dent), it is of crucial importance to secure blood flow to the
brain of a patient. If blood flow to the brain is not sufficient, a
patient may have a serious aftereffect in the brain even if his
or her life is saved. Whether blood flow to the brain is suffi-
cient or not can be determined on the basis of the strength of
pulse (blood pressure) of the carotid artery.

[0003] In sites of emergency medical care, blood pressure
measurement using a sphygmomanometer cannot be con-
ducted in many cases depending on the circumstances. In
such a case, adoctor, an emergency medical technician or the
like typically determines whether or not blood flow to the
brain of a patient is sufficient by palpating the carotid artery of
the patient with fingers.

[0004] There is also a device for detecting a pulse wave of
the carotid artery of a patient (refer to the Patent Document 1).
Note that a pulse wave refers to variation in the volume of
body tissues caused by motion of blood in a form of a wave-
form from the body surface.

[0005] Furthermore, the pulse wave can also be measured
at the radial artery in the wrist, and there have been increasing
needs for quantitative measurement of pulse strength or the
like. The palpation of the radial artery has been known as
pulse diagnosis in Chinese medicine and has been deemed to
allow the holistic health condition to be grasped.

CITATION LIST

Patent Literature

[0006] Patent Document 1: Japanese Patent Application
Laid-Open No. 10-211172

SUMMARY OF INVENTION

Technical Problem

[0007] With the method of palpating the carotid artery of a
patient with a finger, however, the determination on whether
or ot blood flow to the brain of a patient is sufficient varies
depending on the persons conducting the palpation, which
disadvantageously lacks stability.

[0008] Furthermore, Patent Document 1 discloses a tech-
nology for determining the presence or absence of a pulse
wave in the carotid artery of a patient, but fails to mention
determination on whether or not blood flow to the brain of the
patient is sufficient when the pulse wave is present.

[0009] The present invention has therefore been made in
view of the aforementioned circumstances, and an object
thereof is stable measurement of blood pressure in a prede-
termined part to be measured of a subject such as a patient.

Solution to Problem

[0010] To achieve the aforementioned object, the present
invention provides a sphygmomanometer system for measur-
ing blood pressure of a predetermined part to be measured of
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a subject, the sphygmomanometer system including: a mea-
surement device pressed against the predetermined part to be
measured by a finger of a measurer so that the predetermined
part to be measured is held down in measurement of the blood
pressure; and a blood pressure measurement device config-
ured to measure the blood pressure according to information
from the measurement device, wherein the measurement
device includes: a finger holding part configured to hold the
finger of the measurer onto the measurement device; a first
detection unit configured to obtain information on pressure
applied to the predetermined part to be measured via the
measurement device by a force of the finger of the measurer
held by the finger holding part; and a second detection unit
configured to detect a minute change in the predetermined
part to be measured due to a pulse when the second detection
unit contacts with the predetermined part to be measured
together with the first detection unit, and the blood pressure
measurement device includes: a processor configured to cal-
culate an average blood pressure according to information on
pressure obtained from the first detection unit and calculate a
highest blood pressure and a lowest blood pressure according
to information on pressure obtained from the second detec-
tion unit; and a display unit configured to display a result of
calculation of the processor. Other means will be described
later.

Advantageous Effects of Invention

[0011] The present invention enables stable measurement
of blood pressure in a predetermined part to be measured ofa
subject such as a patient.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1is a diagram illustrating an overall configu-
ration of a sphygmomanometer system according to an
embodiment.

[0013] FIG. 2 is a cross-sectional view of a measurement
device according to the embodiment.

[0014] FIG. 3 is a view of an average blood pressure detec-
tion unitand a blood pressure change amount detection unit of
the measurement device of the embodiment viewed from a
bottom surface side.

[0015] FIG. 4 is a schematic view illustrating a configura-
tion of the average blood pressure detection unit, the blood
pressure change amount detection unit, a transmitting coil, a
receiving coil, and a spring of the measurement device of the
embodiment.

[0016] FIG. 5 is a diagram explaining the operating prin-
ciple of the measurement device of the embodiment.

[0017] FIG. 6isagraphillustrating the relation between the
pressure and the output voltage of the measurement device of
the embodiment.

[0018] FIG. 7 is a diagram explaining the operating prin-
ciple of the measurement device of the embodiment in which
coils are arranged in series.

[0019] FIG. 8 is a schematic view of operation of the mea-
surement device of the embodiment pressing the blood vessel
B.

[0020] FIG. 9A is a graph illustrating the relation between
an inter-coil distance and output voltage of the measurement
device of the embodiment, in which a sensitivity characteris-
tic of each of an average blood pressure P and blood pressure
change amount AP is illustrated.
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[0021] FIG. 9B is a graph illustrating the relation between
the inter-coil distance and the output voltage of the measure-
ment device of the embodiment, in which the sensitivity
characteristic of the average blood pressure P after sensitivity
correction (gain adjustment) thereof and the sensitivity char-
acteristic of the blood pressure change amount AP are illus-
trated.

[0022] FIG. 9C is a graph illustrating the relation between
the inter-coil distance and the output voltage of the measure-
ment device of the embodiment, in which the sensitivity
characteristic of average blood pressure P after sensitivity
correction (gain adjustment) and further offset voltage cor-
rection thereof and the sensitivity characteristic of the blood
pressure change amount AP are illustrated.

[0023] FIG.10is a diagram illustrating a configuration of a
measurement unit (measurement circuit) and an input/output
circuit of the embodiment, and representing a detailed con-
figuration of the input/output circuit.

[0024] FIG.11isaflowchartillustrating a flow of processes
performed by the blood pressure measurement device of the
embodiment.

[0025] FIG. 12A is a graph illustrating an example of an
output voltage waveform (a waveform of an average blood
pressure P) in measurement of blood pressure in a carotid
artery with the sphygmomanometer system of the embodi-
ment.

[0026] FIG. 12B is a graph illustrating an example of an
output voltage waveform (a waveform of a blood pressure
change amount AP) in measurement of blood pressure in a
carotid artery with the sphygmomanometer system of the
embodiment.

[0027] FIG. 13A is a diagram illustrating a modified
example of the measurement device of the embodiment.
[0028] FIG. 13B is a diagram illustrating a modified
example of the measurement device of the embodiment.
[0029] FIG. 13C is a diagram illustrating a modified
example of the measurement device of the embodiment.

DESCRIPTION OF EMBODIMENTS

[0030] Hereinafter, a mode for carrying out the present
invention (hereinafter referred to as “the embodiment™) will
be described in detail with reference to the drawings where
necessary. As illustrated in FIG. 1, a sphygmomanometer
system 1000 according to the embodiment is a system for
measuring blood pressure in a predetermined part to be mea-
sured of a subject, and includes a measurement device 25 and
a blood pressure measurement device 26. In FIG. 1, some
components of the measurement device 25 are not illustrated
as compared to the measurement device 25 in FIG. 2. In the
measurement device 25, a transmitting coil 1, a receiving coil
2 for measurement of an average blood pressure (P), and a
receiving coil 3 for measurement of a blood pressure change
amount (AP) are disposed. A detailed structure of the mea-
surement device 25 will be described later with reference to
FIG. 2. The receiving coil 2 for measuring an average blood
pressure described herein is not a means for accurately mea-
suring the average blood pressure of a subject but refers to a
receiving coil for measuring a value near the average blood
pressure (a value between highest blood pressure and lowest
blood pressure) in an exploratory manner. An accurate avet-
age blood pressure is obtained by calculation (which will be
described later).

[0031] The blood pressure measurement device 26 will
now be described. The blood pressure measurement device 26
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is a computer device for measuring blood pressure ina part to
be measured of a subject on the basis of information from the
measurement device 25, and includes an input/output circuit
27, a processor 28, a power supply unit 29, a communication
unit 30, a storage unit 31, a sound generation unit 32, adisplay
unit 33, and an input unit 34.

[0032] The input/output circuit 27 conveys voltage infor-
mation received from the receiving coil 2 and the receiving
coil 3 of the measurement device 25 to the processor 28. The
processor 28 is implemented by, for example, a central pro-
cessing unit (CPU). The processor 28 calculates pressures
applied to the blood pressure change amount detection unit 4
and the average blood pressure detection unit 5 in FIG. 2 on
the basis of the voltage information received from the receiv-
ing coil 2 and the receiving coil 3 and association information
(see FIG. 6) stored in the storage unit 31, and calculates the
average blood pressure, the highest blood pressure, and the
lowest blood pressure on the basis of the calculation results
(details of which will be described later).

[0033] The power supply unit 29 is a means for power
supply in the blood pressure measurement device 26.

[0034] The storage unit 31 is a means for storing various
information data, and is implemented by, for example, a ran-
dom access memory (RAM), a read only memory (ROM), or
a hard disk drive (HDD).

[0035] The sound generation unit 32 is a means for gener-
ating sound, and is constituted by, for example, aloudspeaker.
The sound generation unit 32 generates a beep at the start or
at the end of measurement with the measurement device 25,
and generates sound guidance for a measurer to strengthen or
weaken the force pressing the measurement device 25 against
apart to be measured, for example (details of which will be
described later).

[0036] The display unit 33 is a unit for providing various
displays, and is constituted by, for example, a liquid crystal
display (LCD) or a cathode ray tube (CRT) display device.
The display unit 33 displays an indicator or the like visualiz-
ing at least one of the blood pressure change amount (AP), the
average blood pressure (P), the highest blood pressure, and
the lowest blood pressure. The input unit 34 is a means oper-
ated by a user to input various information data, and is con-
stituted by, for example, a keyboard, a mouse, and the like.
[0037] The communication unit 30 communicates with an
external computer 1001 (or a communication device) in such
alocation as an ambulance or a hospital, to transmit data in the
sphygmomanometer system 1000 to the computer 1001 and
receive control signals for the sphygmomanometer system
1000 from the computer 1001. Examples of the data trans-
mitted from the communication unit 30 to the computer 1001
include measurement data of the average blood pressure (P)
and the blood pressure change amount (AP) measured by the
measurement device 25, and values of the lowest blood pres-
sure, the highest blood pressure, the average blood pressure
(P), and the blood pressure change amount (AP) calculated by
the processor 28 inside the blood pressure measurement
device 26 and displayed on the display unit 33. Examples of
the contents of the control signals for the sphygmomanometer
system 1000 include a timing of data transmission, and a set
value for the sphygmomanometer system 1000 (for example,
a set value of the strength of the force pressing the measure-
ment device as presented in a flowchart of FIG. 11).

[0038] A configuration of the measurement device 25 will
now be described with reference to F1G. 2. The measurement
device 25 includes a transmitting coil 1 (magnetic field gen-
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eration unit) , a receiving coil 2 (magnetic field detection unit)
for measuring the average blood pressure (P), a receiving coil
3 (magpetic field detection unit) for measuring the blood
pressure change amount (AP), the blood pressure change
amount detection unit 4, the average blood pressure detection
unit 5, a spring 6 associated with the average blood pressure
detection unit 5, a spring 7 associated with the blood pressure
change amount detection unit 4, a connector 8 disposed on a
substrate of the transmitting coil 1, a holder 9 (finger holding
part) and a holding belt 131 for holding the measurement
device 25 with a finger, aholding part 10 for holding the entire
structure, a lead 111 for connecting the receiving coil 3 to the
connector 8 via the substrate of the transmitting coil 1, and a
lead 121 for connecting the receiving coil 2 to the connector
8 via the substrate of the transmitting coil 1. Only the average
blood pressure detection unit 5 is hatched in FIG. 2 so that the
average blood pressure detection unit 5 can be easily distin-
guished from the blood pressure change amount detection
unit 4 and the holding part 10, and there is no other intention
of the hatching.

[0039] The measurement device 25 is a type of pressure
sensor that outputs information on the pressure applied to a
part to be measured (a part where the carotid artery ofthe neck
is present, for example) of a subject by the force of a finger of
a measurer (such as a doctor) held with the holder 9 and the
holding belt 131. More specifically, the measurement device
25 outputs voltage information corresponding to the magni-
tude of the pressure (details of which will be described later).
Although not exactly illustrated in FIG. 2, the transmitting
coil 1 is fixed onto a top surface of a part of the holder 9 in the
internal space, the holding part 10 and the transmitting coil 1
are fixed to each other, and the transmitting coil 1, the holder
9, and the holding part 10 thus constitute a fixed integral
structure, for example.

[0040] The receiving coil 3 in a hollow, circular shape is
fixed to an upper part of the average blood pressure detection
unit 5 and is connected to the holding part 10 via the spring 6.
The receiving coil 2 in a circular shape is fixed to an upper part
of the blood pressure change amount detection unit 4 and is
connected to the average blood pressure detection unit 5 via
the spring 7. Although FIG. 2 is drawn as if there are two
springs 6 and two springs 7 for convenience sake, it is pref-
erable in terms of cost and operation stability that the spring
6 be constituted by a single coil spring surrounding the aver-
age blood pressure detection unit 5 and that the spring 7 be
constituted by a single coil spring surrounding the blood
pressure change amount detection unit 4, for example.

[0041] In order to miniaturize the measurement device 25,
the spring 6 and the spring 7 are disposed at positions lower
than the receiving coil 2 and the receiving coil 3. This makes
adistance D1 (a distance corresponding to the blood pressure
change amount AP) and a distance D2 (a distance correspond-
ing to an average blood pressure P) smaller (about 2 mm, for
example), and enables highly sensitive (high SN) and highly
accurate measurement. In addition, since the spring 6 and the
spring are substantially in series as described above, the mea-
surement device 25 can be miniaturized (see FIG. 7). In order
to accurately measure blood pressure even with the spring 6
and the spring 7 connected in series, the spring 6 has a spring
constant larger (harder spring) than that of the spring 7. With
the structure described above, when the miniaturized mea-
surement device 25 is pressed at a certain pressure against a
part to be measured by a finger, the blood pressure change
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amount (AP) associated with a minutely fluctuating pulse
wave can be easily and accurately measured together with the
average blood pressure (P).

[0042] FIG. 3 illustrates configurations of the blood pres-
sure change amount detection unit 4 and the average blood
pressuredetectionunit 5 viewed from a bottom surface side of
the measurement device 25. As illustrated in FIG. 3, the
bottom surface side of the measurement device 25 has a
concentric configuration in which the average blood pressure
detection unit 5 is disposed around the blood pressure change
amount detection unit 4. With this configuration, when the
measurement device 25 is pressed at a certain pressure (P)
against a part to be measured at a position where the blood
pressure change amount detection unit 4 contacts with the
blood vessel B (see FIG. 8), the average blood pressure detec-
tion unit presses the blood vessel B around this position.
[0043] Specifically, for palpating the radial artery in the
wrist using fingers, for example, the three fingers of forefin-
ger, middle finger, and third finger are typically pressed
against the radial artery in the wrist. In this process, the pulse
is best felt with the middle finger. This is considered to be
because the forefinger and the third finger presses the blood
vessel and thus the part of the blood vessel corresponding to
the position of the middle finger located between the forefin-
ger and the third finger makes free wall motion. Thus, in the
measurement device 25, when the average blood pressure
detection unit 5 (corresponding to the forefinger and the third
finger) presses the blood vessel B (see FIG. 8), a part there-
within corresponding to the blood pressure change amount
detection unit 4 (corresponding to the middle finger) makes
free wall motion, allowing a highly accurate measurement of
a feeble change in the blood pressure change amount (AP).
The average blood pressure detection unit 5 therefore has a
structure for pressing with a hard spring having a large spring
constant, and the blood pressure change amount detection
unit 4 has a structure for pressing with a soft spring having a
small spring constant.

[0044] Furthermore, FIG. 4 illustrates a perspective view of
a configuration of the blood pressure change amount detec-
tion unit 4 and the average blood pressure detection unit 5
(including the spring 6, the spring 7, the transmitting coil 1,
the receiving coil 2, and the receiving coil 3). For simplicity of
description, the description will be made on the assumption
that the spring 6 and the spring 7 are disposed between the
transmitting coil 1 and the receiving coils 3 and 2. respec-
tively. Note that the spring 6 and the spring 7 are actually
disposed below the receiving coil 3 and the receiving coil 2,
respectively, as illustrated in FIG. 2 in order to miniaturize the
measurement device 25.

[0045] To dispose the blood pressure change amount detec-
tion unit 4 and the average blood pressure detection unit 5
concentrically as illustrated in FIG. 3, the transmitting coil 1
and the receiving coil 2 are coils of toggled wiring patterns,
and the receiving coil 3 is disposed outside the receiving coil
2. This allows the blood pressure change amount detection
unit 4 and the average blood pressure detection unit 5 to move
vertically such that the receiving coil 2 and the receiving coil
3 do not contact with each other. As a result of arranging the
two receiving coils 2 and 3 at positions within a plane where
the receiving coils 2 and 3 are not in contact with each other
in this manner, both the distances D1 and D2 can be shortened
(about 2 mm, for example), and the transmitting coil 1 is
disposed closer to the receiving coil 2 and the receiving coil 3,
which achieves higher sensitivity.
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[0046] Furthermore, as a result of using circular coils for
the transmitting coil 1 and the receiving coils 2 and 3, average
distances are measured even when the average blood pressure
detection unit 5 or the blood pressure change amount detec-
tion unit 4 is tilted owing to eccentricity, allowing accurate
detection of voltages corresponding to the distance DI and the
distance D2. The concentric configuration (donut-like coil
configuration) as described above enables sensitive and accu-
rate measurement. Furthermore, as a result of using a single
transmitting coil 1 to transmit a single frequency instead of
providing a transmitting coil for each of the receiving coil 2
and the receiving coil 3, the measurement device 25 can be
miniaturized and the input/output circuit 27 (see FIGS. 1 and
10) can be simplified.

[0047] FIG. 5 illustrates a schematic diagram for explain-
ing the operating principle of the measurement device 25 and
a distance measurement circuit 1002. In FIG. 5, similarly to
FIG. 4, for simplicity of description, the description will be
made on the assumption that the spring 6 and the spring 7 are
disposed between the transmitting coil 1 and the receiving
coils 3 and 2, respectively. In the measurement device 25, the
transmitting coil 1 and the receiving coil 2 are opposed to
each other, and the transmitting coil 1 and the receiving coil 3
are opposed to each other.

[0048] Note that a human body H has a spring-like property
and a damper-like property, and the spring-like property is
dominant. The human body H is approximately regarded as a
spring having a predetermined spring constant. The spring 6
having a spring constant larger than that of the human body H
is selected in advance. In this manner, when a force P is
applied to the average blood pressure detection unit 5, the
receiving coil 3 (or the receiving coil 2) and the transmitting
coil 1 do not contact with each other and, the function of
obtaining output voltages depending on the distance D1 and
the distance D2 can be maintained.

[0049] Next, description will be made on the operation of
the measurement device 25 when the measurement device 25
is pressed against a part to be measured of a subject by fingers
of a measurer so that the part to be measured is depressed in
measurement of the blood pressure of the subject. First, the
alternating current oscillator source 12 generates an alternat-
ing-current voltage having a specific frequency (20 kHz, for
example). The alternating-current voltage is converted into an
alternating current having a specific frequency by an ampli-
fier 11, and the alternating current flows into the transmitting
coil 1. A magnetic field generated by the alternating current
flowing through the transmitting coil 1 generates induced
electromotive forces in the receiving coil 2 and the receiving
coil 3. Note that the induced electromotive force inthe receiv-
ing coil 2 is larger as the distance DI between the receiving
coil 2 and the transmitting coil 1 is smaller, and similarly, the
induced electromotive force in the receiving coil 3 is larger as
the distance D2 between the receiving coil 3 and the trans-
mitting coil 1 is smaller.

[0050] The alternating current (having the same frequency
as that of the alternating-current voltage generated by the
alternating current oscillator source 12) generated in the
receiving coil 2 by the induced electromotive force is ampli-
fied by a pre-amplifier 13 and the amplified signal is input to
the full-wave rectifier circuit 14 (or a detector circuit). The
full-wave rectifier circuit 14 rectifies all alternating-current
waveforms generated in the receiving coil 2 by the induced
electromotive force to be positive waveforms. When the
detector circuit is used instead of the full-wave rectifier circuit
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14, the amplified signal is detected using a specific frequency
or a double frequency generated by the alternating current
oscillator source 12. Thus, the output of the alternating cur-
rent oscillator source 12 is introduced as a reference signal
(not illustrated in FIG. 5) to a reference signal input terminal
of the detector circuit (not illustrated in FIG. 5). Voltage
information (output signal) from the full-wave rectifier circuit
14 (or the detector circuit) passes through a low-pass filter 15
and is then introduced into a difference circuit 16 of the
input/output circuit 27 illustrated in FIG. 10.

[0051] Similarly, the alternating current (having the same
frequency as that of the alternating-current voltage generated
by the alternating current oscillator source 12) generated in
the receiving coil 3 by the induced electromotive force is
amplified by a pre-amplifier 19 and the amplified signal is
input to the full-wave rectifier circuit 20 (or a detector circuit).
The full-wave rectifier circuit 20 rectifies all alternating-cur-
rent waveforms generated in the receiving coil 2 by the
induced electromotive force to be positive waveforms. When
the detector circuit is used instead of the full-wave rectifier
circuit 20, the amplified signal is detected using the specific
frequency or a double frequency generated by the alternating
current oscillator source 12. Thus, the output of the alternat-
ing current oscillator source 12 is introduced as a reference
signal (not illustrated in FIG. 5) to a reference signal input
terminal of the detector circuit (not illustrated in FIG. 5).
Voltage information (output signal) from the full-wave recti-
fier circuit 20 (or the detector circuit) passes through the
low-pass filter 21 and is then introduced into an offset/gain
adjustment circuit 22 of the input/output circuit 27 illustrated
in FIG. 10.

[0052] Therelation between the pressure (force AP or force
P)applied to the blood pressure change amount detection unit
4 or the average blood pressure detection unit 5 (the part to be
measured) and the magnitude of the voltage represented by
the output signal obtained from the low-pass filter 15 or the
low-pass filter 21 is as illustrated in FIG. 6. A range W in FIG.
6 represents a possible range of human blood pressure. Asso-
ciation information illustrated in FIG. 6 indicating the rela-
tion between the magnitude of the voltage output by the
distance measurement circuit 1002 and the magnitude of the
pressure applied to the blood pressure change amount detec-
tion unit 4 or the average blood pressure detection unit 5 is
stored in advance in the storage unit 31 (see FIG. 1) of the
blood pressure measurement device 26 separately for each of
the force P and the force AP (that is, stored as first association
information and second association information). Note that
expressing the relation between the output voltage and the
pressure illustrated in FIG. 6 by a function using a predeter-
mined function, the least-squares method, or the like
improves the accuracy in converting an output voltage into a
pressure.

[0053] FIG. 7 illustrates a schematic diagram for explain-
ing the operating principle of the distance measurement cit-
cuit 1002 and the measurement device 25 including a serial
connection of the spring 6 and spring 7, the serial connection
being employed for miniaturizing the measurement device 25
(the structure illustrated in FIG. 2). The difference from FIG.
5 lies in that the spring 7 is connected between the receiving
coil 2 and a fixed part 41 integrated with the receiving coil 3
fixed to the average blood pressure detection unit 5 and that
the spring 6 and the spring 7 are connected substantially in
series. Since the spring 6 and the spring 7 are connected in
series, only the spring 6 is compressed during blood pressure
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measurement where the measurement device 25 is pressed to
the average blood pressure, which allows the spring 7 to be a
short spring having such an amount of change that follows
minute fluctuation of the blood pressure change amount AP
and enables further miniaturization of the measurement
device 25. Furthermore, the spring 7 with a small spring
constant achieves measurement of AP with higher accuracy.

[0054] Next, the operation of the measurement device 25
and the state of a blood vessel (artery) during blood pressure
measurement will be described. As illustrated in FIG. 8, when
a measurer presses the measurement device 25 against the
human body H with the finger 40 with a predetermined force,
the force pressing the average blood pressure detection unit 5
against the vicinity of the blood vessel B at a pressure (P)
equal to the average blood pressure (including pressures close
to the average blood pressure, which also applies below) is
balanced with the pressure (P)in the blood vessel B, and thus
the wall surface of the blood vessel B makes free wall motion.
The balanced pressure P is detected by the average blood
pressure detection unit 5, and a pressure (P) equal to the
average blood pressure can be detected on the basis of the
voltage corresponding to the distance D2. Ina state in which
the blood vessel B is pressed with the pressure (P) equal to the
average blood pressure, vertical motion due to the free wall
motion of the blood vessel B appears as pumping of the skin.
The blood pressure change amount detection unit 4 follows
the pumping of the skin, which changes the distance D1, and
a voltage corresponding to the pulse wave can thus be
detected.

[0055] Next, FIG. 9A illustrates the relation between the
inter-coil distance and the output voltage when blood pres-
sure is measured with the configuration illustrated in FIG. 5 or
FIG. 7. Since the receiving coil 2 (circular coil) and the
receiving coil 3 (donut-shaped coil) have different shapes, the
respective relations between the distance D1, the distance D2
and the output voltage (the output of the low-pass filter 15 and
the output of the low-pass filter 21) are different from each
other as represented by a sensitivity curve 35 of P and a
sensitivity curve 36 of AP. In contrast, in measurement using
the measurement device 25 illustrated in FIG. 8, since the
measurement device 25 is pressed up to a certain pressure
(pressure close to the average blood pressure), the blood
pressure change amount detection unit 4 and the average
blood pressure detection unit 5 are compressed by the same
distance DH at the same time (see an arrow in FIG. 9A). The
compression by the distance DH makes a point F2 on the
sensitivity curve 35 of P move to a point F1, and the output
voltage thus changes from VF2 to VF1.

[0056] On the sensitivity curve 36 of AP, a point E2 changes
to E1, and the output voltage thus changes from VE2 to VE.
The voltage change amounts (VE1-VE2) and (VF1-VF2)
measured at E1 and F1, respectively, therefore disadvanta-
geously generate large offset voltages. The easiest method for
solving this disadvantage is to provide a high-pass filter in the
circuit to cancel the large offset voltages. However, the gen-
eration of the large offset voltage causes another disadvantage
that the voltage does not readily returns to the base line
(zero-bolt line) owing to a time constant that is a reciprocal of
the cutoff frequency of the high-pass filter (when the cutoff
frequency is 1 Hz, for example, the time constant is one
second that is a reciprocal thereof). Furthermore, there is also
adisadvantage that the voltage per one bit in analog-to-digital
conversion becomes large and detailed voltage cannot be
recorded. An easy way to solve the disadvantage of the offset
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voltage is to obtain a voltage difference between the voltage
change amount (VE1-VE2) and the voltage change amount
(VF1-VF2) measured at E1 and F1, respectively. In the state
of FIG. 9A, however, a large residual voltage remains even
after subtraction because of the large voltage difference, and
the difference processing is ineffective.

[0057] Thus, asillustrated in FIG. 9B, the gain of the output
of P is adjusted so that the sensitivity curve 35 of P becomes
a curve as represented by a sensitivity curve 35B of P having
aslope substantially equal to that of the sensitivity curve 36 to
make the voltage change amount (VF1B-VF2B) and the
voltage change amount (VE1-VE2) at points F1B and F2B
substantially equal to each other. Furthermore, as illustrated
in FIG. 9B, the offset voltage Voffis adjusted so that the offset
voltage of the sensitivity curve 35B of P and that of the
sensitivity curve 36 of AP become equal to each other. As
illustrated in FIG. 9C, as a result of the adjustment of the
offset voltage Voff, the sensitivity curve P becomes a curve as
represented by a sensitivity curve 35C, the two outputs
become F1C and F2C, and the offset voltage becomes always
zero (including substantially zero, which also applies below)
as a result of the voltage difference processing even when the
inter-coil distance at blood pressure measurement varies from
individual to individual.

[0058] As aresult of conducting the gain correction and the
offset voltage correction to correct the sensitivity curve of P
and conducting the voltage difference processing as
described above, the offset voltage can always be kept at zero
even when the inter-coil distance in blood pressure measure-
ment varies from individual to individual, which enables
stable measurement with high accuracy. In addition, as a
result of storing the relation between the pressure and the
voltage output illustrated in FIG. 6 in advance, the conversion
from the voltage output to the pressure can be accurately
conducted even when the inter-coil distance in blood pressure
measurement varies from individual to individual.

[0059] FIG. 10illustrates a circuit configuration diagram of
the input/output circuit 27 that conducts the processing
method including the correction of the sensitivity curve illus-
trated in FIGS. 9A to 9C. The correction of the sensitivity
curve (FIG. 9A, FIG. 9B FIG. 9C) is achieved by the offset/
gain adjustment circuit 22, and the voltage difference pro-
cessing is achieved by the difference circuit 16. The output
from the difference circuit 16 passes through an offset adjust-
ment circuit 17 that adjusts the offset of the whole output
voltage and the bandpass filter 18 that limits the frequency
band to the frequency of the pulse wave, and becomes an
output 23 of AP. An output 24 of P is the output of the
offset/gain adjustment circuit 22 without any changes. As a
result of performing the gain correction and the offset voltage
correction to correct the sensitivity curve of P and the voltage
difference processing on the circuits as described above, an
output with no offset voltage can be obtained as the voltage of
AP. As a result of obtaining the state with no offset voltage in
this manner, the resolution per bit in analog-to-digital con-
version can be increased, which enables stable measurement
with high accuracy.

[0060] Next, processing of the blood pressure measure-
ment device 26 will be described with reference to the flow-
chart of FIG. 11 (also see other drawings where necessary). In
step S1, the processor 28 determines whether or not measure-
ment has been started, and proceeds to step S2 if the deter-
mination is Yes or returns to step S1 if the determinationis No.
Specifically, the determination on whether or not the mea-



US 2016/0150984 A1

surement has been started may be made in such a manner that
the measurement is determined to have been started when a
predetermined operation has been made by the user on the
input unit 34 of the blood pressure measurement device 26 or
when the output voltage from the receiving coil 2 or the
receiving coil 3 has exceeded a predetermined value, or in
some other manner.

[0061] Instep S2, the processor 28 determines whether the
force pressing the measurement device 25 is strong, appro-
priate, or weak. The determination in step S2 may be on the
basis of, for example, a predetermined threshold. In order that
the strength of the force pressing the measurement device 25
is “appropriate”, the pressure applied to at least one of the
blood pressure change amount detection unit 4 or the average
blood pressure detection unit 5 needs to be within the range W
in FIG. 6.

[0062] If the force pressing the measurement device 25 is
weak (“weak” in step S2), the processor 28 uses the sound
generation unit 32 to provide sound guidance in step S3 (step
S3), prompting the measurer to press the measurement device
25 harder, and returns to step S2. If the force pressing the
measurement device 25 is strong (“strong” in step S2), the
processor 28 uses the sound generation unit 32 to provide
sound guidance in step S4 (step S4), prompting the measurer
to press the measurement device 25 more weakly, and returns
to step S2. If the strength of the force pressing the measure-
ment device 25 is appropriate (“appropriate” in step S2), the
processor 28 proceeds to step S5.

[0063] In step S5, the processor 28 calculates the average
blood pressure on the basis of the output 24 from the input/
output circuit 27 (see FI1G. 10) and the association informa-
tion on the receiving coil 3 stored in the storage unit 31 (see
FIG. 6), and proceeds to step S6. Specifically, a pressure value
obtained from the output 24 and the association information
on the receiving coil 3 may be set to be the average blood
pressure without any changes, or the average blood pressure
may be calculated through further predetermined correction,
for example. An example of a simple method for correcting
the average blood pressure is a method of setting a value of the
output 24 maximizing the waveform amplitude (the ampli-
tude value of the pulse wave) of the output 23 to be the average
blood pressure. Another example of correcting the average
blood pressure is a method of obtaining a first value of the
output 24 (for example, /10 of the maximum waveform ampli-
tude of the output 23) where the waveform amplitude of the
output 23 (the amplitude value of the pulse wave) starts to
appear since the pressure applied by the finger is increased
starting from O and a second value of the output 24 (for
example, Yo of the maximum waveform amplitude of the
output 23) where the waveform amplitude of the output 23
(the amplitude value of the pulse wave) disappears after fur-
ther application of the pressure by the finger, and setting a
midpoint of the first value and the second value as the average
blood pressure.

[0064] In step S6, the processor 28 calculates the blood
pressure change amount (AP) on the basis of the output 23
from the input/output circuit 27 (see FIG. 10) and the asso-
ciation information on the receiving coil 2 stored in the stor-
age unit 31 (see FIG. 6), calculates the highest blood pressure
and the lowest blood pressure on the basis of the blood pres-
sure change amount (AP) and the average blood pressure (P)
calculated in step S5, and proceeds to step S7.

[0065] In step S7, the processor 28 displays the average
blood pressure, the highest blood pressure, and the lowest
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blood pressure on the display unit 33, and terminates the
process. In step S7, an indicator visualizing at least one of the
average blood pressure (P), the highest blood pressure, and
the lowest blood pressure may also be displayed on the dis-
play unit 33.

[0066] FIG. 12A and FIG. 12B illustrate examples of the
output voltage waveform in measurement of the blood pres-
sure in the carotid artery with the sphygmomanometer system
1000 according to the embodiment. FIG. 12A illustrates an
output voltage waveform 1201 of P of the output 24 illustrated
in FIG. 10 and FIG. 12B illustrates an output voltage wave-
form 1202 of AP of the output 23 illustrated in FIG. 10. In
measurement of the blood pressure in the carotid artery, since
the measurement device 25 is pressed for several seconds
until the pressure reaches a value close to the average blood
pressure, the value of the output voltage waveform 1201 of P
increases correspondingly for several seconds. In the output
voltage waveform 1201 of P, a stable part from about 18
seconds to about 27 seconds is the output voltage correspond-
ing to the average blood pressure, and a part from about 27
seconds is the output voltage, when the measurement device
25 is pressed too hard.

[0067] In contrast, despite the increase in the value of the
output voltage waveform 1201 lasting for several seconds, it
can be seen that the output voltage waveform 1202 of AP has
no offset corresponding thereto, and that the processing by
the offset/gain adjustment circuit 22 (see FIG. 10) and the
difference circuit 16 described in the embodiment is therefore
very effective. Furthermore, in the output voltage waveform
1202 of AP, the pulse wave is clearly measured from about 18
seconds to about 27 seconds, and the calculation of the lowest
blood pressure and the highest blood pressure from this wave-
form can be carried out as below, for example. Note that the
voltage generated from O to 4 seconds in the output voltage
waveform 1202 of AP is an artifact (noise).

Average blood pressure (P)=pressure calculated from

voltage of output voltage waveform 1201 (1), and
blood pressure change amount (AP)=pressure change

amount calculated from a differential voltage

based on a maximum voltage and a minimum

voltage of output voltage waveform 1202 2).

[0068] The highest blood pressure and the lowest blood
pressure can be calculated as follows using the values calcu-
lated by (1) and (2):

highest blood pressure=average blood pressure (P)+

(AP)2 (3), and
lowest blood pressure=average blood pressure (P)-
(AP)2 ).

[0069] As described above, according to the sphygmoma-
nometer system 1000 of the embodiment, the measurer (such
as a doctor) can press the measurement device 25 held on the
finger by the holder 9 and the holding belt 131 against a part
to be measured of a subject to know the average blood pres-
sure by means of the average blood pressure detection unit 5
and to obtain the blood pressure change amount (pulse wave
fluctuation) by means of the blood pressure change amount
detection unit 4, which enables stable measurement of blood
pressure at the part to be measured of the subject.

[0070] Furthermore, since the measurement device 25 has
the configuration in which the springs 6 and 7 are disposed
underneath the transmitting coil 1 and the receiving coils 2
and 3 as in FIG. 2, the measurement device 25 is miniaturized
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such that it can be handled with one hand, attachment and
detachment of the measurement device 25 to and from a
finger is facilitated, and blood pressure of a part to be mea-
sured of a subject can be easily measured in a narrow space
such as the inside of an ambulance. Furthermore, since the
measurement device 25 is configured to hold a finger by the
holder 9 and the holding belt 131 onto the measurement
device 25 and to be given a force by the finger, a high opet-
ability can be achieved, allowing the measurer to feel the
pulse wave with the finger and specify an appropriate part to
be measured.

[0071] Furthermore, by correcting a sensitivity curve using
the offset/gain adjustment circuit 22 with respect to the volt-
age information detected by the average blood pressure detec-
tion unit5 and by carrying out the voltage difference process-
ing using the difference circuit 16, the offset voltage can
always be kept at zero even though the inter-coil distance in
blood pressure measurement vary from individual to indi-
vidual, which enables stable blood pressure measurement
with high accuracy.

[0072] Furthermore, since the average blood pressure
detection unit 5 is disposed in the measurement device 25 and
the blood vessel B (see FIG. 8) is pressed moderately at a
pressure substantially equal to the average blood pressure, the
fluctuation of pulse wave of the part to be measured in contact
with the blood pressure change amount detection unit 4 is
increased, and the blood pressure can be measured with high
accuracy.

[0073] Examples of the method for measuring blood pres-
sure can also include a method of converting a displacement
on a body surface into an air pressure, but this cannot be
expected to have high accuracy owing to personal differences
in tissue characteristics such as a blood vessel wall, fat, and
skin, noise, and the like such as other sound waves. In con-
trast, in the embodiment, since the pressure itself caused on
the body surface is converted into displacement by the spring
6 and the spring 7, and the displacement is measured in a
magnetical manner, the problems of the personal differences
in the tissue characteristics and noise hardly arise, and high
measurement accuracy can be expected.

Modified Examples

[0074] Next, modified examples of the measurement
device 25 will be described with reference to FIGS. 13A to
13C. In FIGS. 13 A to 13C, only the numbers and the relative
positions of the blood pressure change amount detection unit
4 and the average blood pressure detection unit 5 are pre-
sented.

[0075] As illustrated in FIG. 13A, in the measurement
device 25 of this modified example, three blood pressure
change amount detection units 4 are provided, and the aver-
age blood pressure detection unit 5 is disposed to surround the
blood pressure change amount detection units 4. As a result of
providing a plurality of blood pressure change amount detec-
tion units 4 in this manner, blood pressure measurement with
higher flexibility and higher accuracy can be conducted by
using an average of voltages from three blood pressure
change amount detection units 4 or by using voltage infor-
mation with the highest value of the voltage values of three
blood pressure change amount detection units 4. Alterna-
tively, a voltage from each of three blood pressure change
amount detection units 4 can be detected and applied to pulse
diagnosis of the radial artery in a wrist to be measured by
three fingers as carried out in Chinese medicine.
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[0076] Next, as illustrated in FIG. 13B, in a measurement
device 25 of this modified example, three sets of the blood
pressure change amount detection unit 4 and the average
blood pressure detection unit 5 are provided. As a result of
using a plurality of sets of the blood pressure change amount
detection unit 4 and the average blood pressure detection unit
5in this manner, measurement can be conducted at a plurality
of parts at the same time, which enables blood pressure mea-
surement with higher flexibility and higher accuracy. Simi-
larly to FIG. 13A, the configuration of FIG. 13B can also be
applied to pulse diagnosis of the radial artery in a wrist to be
measured by three fingers as carried out in Chinese medicine.
[0077] Next, as illustrated in FIG. 13C, in a measurement
device of this modified example, two average blood pressure
detection units 5 are provided, in which one of the average
blood pressure detection units 5, the blood pressure change
amount detection unit 4, and the other of the average blood
pressure detection units 5 are aligned in this order. With this
arrangement, blood pressure measurement can also be con-
ducted even in a case where blood pressure is measured on a
part such as the radial artery in a wrist, which can only be
pressed in a thin area owing to the presence of a tendon and
the like nearby.

[0078] Similarly to FIG. 13A, the configuration of FIG.
13C can also be applied to pulse diagnosis of the radial artery
in a wrist to be measured by three fingers as carried out in
Chinese medicine. The configuration illustrated in FIG. 13C
in which the blood pressure change amount detection unit 4 is
disposed between two average blood pressure detection units
5 independent of each other, however, is disadvantageous in
that a case where the blood vessel B cannot be pressed suffi-
ciently by the average blood pressure detection unit 5 (the
average blood pressure detection unit 5 is shifted from the
position of the blood vessel B) owing to the orientation of the
measurement device 25 is likely to occur. The arrangement of
the blood pressure change amount detection unit 4 and the
average blood pressure detection unit 5 in a concentric man-
ner as illustrated in FIG. 3 is therefore an optimum arrange-
ment.

[0079] The present embodiment has been described as
above, but the mode of the present invention is not limited
thereto. For example, a substantially cylindrical member hav-
ing a finger sac shape may be used to hold a finger on the
measurement device 25 instead of the holder 9 and the hold-
ing belt 131. In this manner, the finger is less likely to be
separated from the measurement device 25 and thus more
stable blood pressure measurement is achieved.

[0080] Furthermore, data may be encrypted in data trans-
mission from the measurement device 25 to the blood pres-
sure measurement device 26 and data transmission from the
blood pressure measurement device 26 to the computer 1001.
Furthermore, data transmission from the measurement device
25 to the blood pressure measurement device 26 may be
carried out wirelessly.

[0081] Furthermore, as a modified example of steps S2 to
S5 in the flowchart of FIG. 11, the average blood pressure
may be tentatively calculated in step S2, the sound generation
unit 32 may be used to repeat sound guidance to the measurer
to strengthen or weaken the force pressing the measurement
device 25 onto the part to be measured until the tentatively
calculated value of the average blood pressure does not
become larger any more, and the tentatively calculated value
of the average blood pressure that is determined to be maxi-
mum may be determined to be the average blood pressure.
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[0082] Furthermore, for example, although the blood pres-
sure change amount detection unit 4 and the average blood
pressure detection unit 5 are illustrated to be integrated mem-
bers in FIG. 2, the blood pressure change amount detection
unit 4 and the average blood pressure detection unit 5 may
have a structure in which the two members are screwed to
each other for convenience of assembly with the springs 6 and
7 and the like.

[0083] When the bottom surface side of the average blood
pressure detection unit § has a circular shape, the outer diam-
eter is preferably 20 mm or smaller for measurement of a
carotid artery, and 3 mm or smaller for measurement of a
radial artery of a wrist, and the sizes of the measurement
device 25 and the like are preferably adjusted according
thereto. Other specific configurations and processes can be
modified where appropriate without departing from the scope
of the present invention.

REFERENCE SIGNS LIST
[0084] 1 transmitting coil
[0085] 2 receiving coil (first detection unit; first magnetic

fleld detection unit; first receiving coil)
[0086] 3 receiving coil (second detection unit; second mag-
netic field detection unit; second receiving coil)

[0087] 4 blood pressure change amount detection unit

[0088] 5 average blood pressure detection unit

[0089] 6 spring (first spring)

[0090] 7 spring (second spring)

[0091] 8 connector

[0092] 9 holder

[0093] 10 holding part

[0094] 11 amplifier

[0095] 12 alternating current oscillator source

[0096] 13 pre-amplifier

[0097] 14 full-wave rectifier circuit

[0098] 15 low-pass filter

[0099] 16 difference circuit (difference processing unit)

[0100] 17 offset adjustment circuit

[0101] 18 bandpass filter

[0102] 19 pre-amplifier

[0103] 20 full-wave rectifier circuit

[0104] 21 low-pass filter

[0105] 22 offset/gain adjustment circuit (offset/gain adjust-
ment unit)

[0106] 23 output (AP)

[0107] 24 output (P)

[0108] 25 measurement device

[0109] 26 blood pressure measurement device

[0110] 27 input/output circuit

[0111] 28 processor

[0112] 29 power supply unit

[0113] 30 communication unit

[0114] 31 storage unit

[0115] 32 sound generation unit

[0116] 33 display unit

[0117] 34 input unit

[0118] 35 sensitivity curve of P

[0119] 36 sensitivity curve of AP

[0120] 40 finger

[0121] 41 fixed part

[0122] 111 lead

[0123] 121 lead

[0124] 131 holding belt

[0125] 1000 sphygmomanometer system
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[0126] 1001 computer

[0127] 1002 distance measurement circuit

[0128] 1201 output voltage waveform of P of output 23

[0129] 1202 output voltage waveform of AP of output 24

[0130] B blood vessel

[0131] H human body

[0132] D1, D2, DH distance

[0133] Voff offset voltage

[0134] VF1,VF2, VF1B, VF2B, VE1, VE2 voltage

[0135] E1, E2, F1, F2, F1B, F2B, F1C, F2C measurement
points

1. A sphygmomanometer system for measuring blood
pressure of a predetermined part to be measured of a subject,
the sphygmomanometer system comprising:

a measurement device pressed against the predetermined
part to be measured by a finger of a measurer so that the
predetermined part to be measured is held down in mea-
surement of the blood pressure; and

a blood pressure measurement device configured to mea-
sure the blood pressure according to information from
the measurement device,

wherein the measurement device includes:

a finger holding part configured to hold the finger of the
measurer onto the measurement device;

a first detection unit configured to obtain information on
pressure applied to the predetermined part to be mea-
sured via the measurement device by a force of the finger
of the measurer held by the finger holding part; and

a second detection unit configured to detect a minute
change in the predetermined part to be measured due to
pulse when the second detection unit contacts with the
predetermined part to be measured together with the first
detection unit,

wherein the blood pressure measurement device includes:

a processor configured to calculate an average blood pres-
sure according to information on pressure obtained from
the first detection unit and calculate a highest blood
pressure and a lowest blood pressure according to infor-
mation on pressure obtained from the second detection
unit; and

a display unit configured to display a result of calculation
of the processor.

2. The sphygmomanometer system according to claim 1.

wherein the measurement device further includes:

a first spring configured to be pressed when the first detec-
tion unit is pressed against the predetermined part to be
measured and apply repulsion to the first detection unit;

a second spring configured to be pressed when the second
detection unit is pressed against the predetermined part
to be measured and apply repulsion to the second detec-
tion unit, the second spring having a spring constant
smaller than that of the first spring; and

a magnetic field generation unit fixed to a part of the mea-
surement device other than the first detection unit and
the second detection unit and configured to generate a
magnetic field,

wherein the first detection unit includes a first magnetic
field detection unit configured to output voltage infor-
mation according to maguitude of pressure received
from the predetermined part to be measured based onthe
magnetic fleld generated by the magnetic field genera-
tion unit,

wherein the second detection unit includes a second mag-
netic field detection unit configured to output voltage
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information according to magnitude of pressure
received from the predetermined part to be measured
based on the magnetic field generated by the magnetic
field generation unit,

wherein the blood pressure measurement device further
includes a storage unit configured to store first associa-
tion information indicating a relation between the mag-
nitude of the voltage output by the first magnetic field
detection unit and the magnitude of the pressure applied
to the first detection unit from the predetermined part to
be measured and second association information indi-
cating a relation between the magnitude of voltage out-
put by the second magnetic field detection unit and the
magnitude of the pressure applied to the second detec-
tion unit from the predetermined part to be measured,
and

wherein the processor calculates an average blood pressure
according to the voltage information obtained from the
first magnetic field detection unit and the first associa-
tion information, and calculates highest blood pressure
and lowest blood pressure according to the average
blood pressure, the voltage information obtained from
the second magnetic field detection unit, and the second
association information.

3. The sphygmomanometer system according to claim 1,

wherein the blood pressure measurement device further
includes a sound generation unit, and

the processor of the blood pressure measurement device
uses the sound generation unit to repeat sound guidance
to the measurer to strengthen or weaken the force press-
ing a measurement device against the predetermined
part to be measured until the calculated value of the
average blood pressure does not become larger any
more, and displays the average blood pressure on the
display unit when the calculated value of the average
blood pressure is determined to be maximum.

4. The sphygmomanometer system according to claim 2,

wherein the first magnetic field detection unit is a first
receiving coil,
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the second magnetic field detection unit is a second receiv-
ing coil, and

the second receiving coil has a circular shape while the first
receiving coil has

a hollow circular shape and is disposed around the second
receiving coil so that the first receiving coil and the
second receiving coil do not contact with each other
within a plane in a direction of vertical motion.

5. The sphygmomanometer system according to claim 2,

further comprising:

an offset/gain adjustment unit configured to adjust a sen-
sitivity characteristic of voltage from the first magnetic
field detection unit to be closer to a sensitivity charac-
teristic of voltage from the second magnetic field detec-
tion unit; and

a difference processing unit configured to subtract a volt-
age value obtained by adjusting a value of the voltage
from the first magnetic field detection unit using the
offset/gain adjustment unit from the value of voltage
from the second magnetic field detection unit, wherein

the processor uses output information from the difference
processing unit as a voltage information obtained from
the second magnetic field detection unit.

6. The sphygmomanometer system according to claim 2,

wherein the finger holding part has a substantially cylin-
drical finger-sac shape.

7. The sphygmomanometer system according to claim 2,

wherein the blood pressure measurement device further
includes a sound generation unit, and

the processor of the blood pressure measurement device
uses the sound generation unit to repeat sound guidance
to the measurer to strengthen or weaken the force press-
ing a measurement device against the predetermined
part to be measured until the calculated value of the
average blood pressure does not become larger any
more, and displays the average blood pressure on the
display unit when the calculated value of the average
blood pressure is determined to be maximum.
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