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(57) ABSTRACT

Disclosed are a biological information measurement appara-
tus and a biological information measurement method which
are configured to: emit first and second light beams, respec-
tively, to first and second measurement positions which are
different positions in a living body; receive corresponding
light beams transmitted through or reflected by the living
body, to acquire first and second pulse wave signals; and
calculate, as biological information, a cardiac output of the
living body, based on the first and second pulse wave signals.
The biological information measurement apparatus and the
biological information measurement method make it possible
to continually monitor a change in cardiac output by a sim-
plified apparatus.




44

~

~

NOILO3S .
ONIAIFOTH-LHOIT ANODIS

NOILOSS
ONLLLINT-LHOTT ANOOJS

AAVM ISTNd ANOOHS

1INN NOILD413d

st e Mt ot W b ot Mot St bt ot o ot hm it

[V U A USRI U L e T ]

NOILJFS
ONIAIFO39-1HOI 1SHid

NOILO4S

ONILLING-LHOIT 1Sd]

1IN NOILO4.14d
JAVM 3S71Nd 1SHIH

= e
® I
S ! —_ NOLLO3S FDVHOLS
S _ \Lzo_Zs&oqu VoI 01018
= ! LINN AVIdSIa 68 —
a _ ~ (LNdLNO OVIAYYD)
= I 08 NOILLO3S NOLLYINO VD <
_ e NOLLYINZOANI T¥oID0101g
|
L1INN LNdNI >t
v _ NOLLOdS NOLLV INo1vo] b— site
= _ ~ ' d1vd 4STInd
- I oV LE
3 _ NOLLO3IS NOLLY N0 W0
2 “ @@\( ININOdINOO INTHUNO-L03MIa
© N\LI | : NOLLOJS NOLLVINO VO _
= ! oL A E _
1 |
8 “ NOILOZS _
o _ ~  NOISHIANOD A/V
%) _ e
| NOILO3S

= | ~ NOLLYDIAI TdNY
S ! ee <
S I NOLLO3S
= | ~  NOISYIANOD A/1
'y _ ze

= _ NOILLO4S JAdd
2 _ ~ ONILLIANT-LHODIT

S I 1S
2 L “ LINA TOMINOO ININIHNSYIN
M L Ol ] om\l\
g I ©i4 | e
=



Patent Application Publication  Sep. 22,2016 Sheet 2 of 15 US 2016/0270708 A1




Patent Application Publication  Sep. 22,2016 Sheet 3 of 15 US 2016/0270708 A1

[ TN— —




US 2016/0270708 A1

FIG.4

Sep. 22,2016 Sheet 4 of 15

e e e e e e

Patent Application Publication



Patent Application Publication  Sep. 22,2016 Sheet 5 of 15

DIREGT-CGURRENT

COMPONENT ki
~dcl dil
dcl~dc2 di2
dc2~dc3 d13

US 2016/0270708 A1



Patent Application Publication  Sep. 22,2016 Sheet

FIG.6

(oARDIAc OUTPU

CALCULATION

PROCESSING

)

/811

FIRST

ACQUISI

TION OF
PULSE WAVE SIGNAL

6 of 15 US 2016/0270708 A1

/

/812

ACQUISITION OF

SECOND PULSE WAVE SIGNAL

$135

/815 /516

CALCULATION OF
INTER-PULSE-WAVE CALCULATION

LAG AMOUNT

OF PULSE RATE

CALCULATION OF
DIRECT-CURRENT
COMPONENT

ST4+

CALCULATION OF
PULSE WAVE VELOCITY

ST

CALCULATION OF
CARDIAC

QUTPUT

S18

STORAGE A

ND DISPLAY

[TERMINATION 0

PROCESSING

)




Patent Application Publication  Sep. 22,2016 Sheet 7 of 15 US 2016/0270708 A1

FIG.7
CARDIAC OUTPUT
CALCULATION
PROCESSING
811
ACQUISITION OF
FIRST PULSE WAVE SIGNAL
/512
ACQUISITION OF
SEGOND PULSE WAVE SIGNAL
S13 815 516
CALCULATION OF CALCULATION OF
CALCULATION
INTER-PULSE-WAVE DIRECT-CURRENT
LAG AMOUNT OF PULSE RATE COMPONENT
S14 4 521
CALCULATION OF CALCULATION OF
PULSE WAVE VELOGITY BLOOD PRESSURE
522

CALCULATION OF
CARDIAC OUTPUT

[818

STORAGE AND DISPLAY
(CARDIAC OUTPUT
BLOOD PRESSURE)

TERMINATION OF
PROCESSING




US 2016/0270708 A1

Sep. 22,2016 Sheet 8 of 15

Patent Application Publication

LINMN AVT1dSIA

~
0G

JINM LAdNI

6€

\u“.“

NOILOFS dDVHOLS
NOILYIWHOANI TvOID07101d

e

(20ds '1LNd1NO DVYIAYYD)
NOILO3S NOLLYINOIVO

~~|NOILLYWHO4NI Tv0ID0T10Ig

89

N

P4
oy

8 Ol

Le

9€

NOILOIS NOILLVINOIVO

el d1lvd 3sInd

NOILO3S NOLLYINO YY)

| ININOINOD LNIHHND-10TId

NOILLOIS NOILLVINO1VO

~ Dy JNLL

Ge

NOILOAS

~| NOISHIANOD Q/V

14>

NOLLOIS

r~ NOILLYDIATdINY

e

Y

NOLLOHS
NN\(\ ONIAIFO3Y-1HOTT ONOOLS

NOLLOS

_.N\I\ ONLLLIWS-1HOIT ANODSS

1INf NOI1O413d
AAVM 3S5INd ANOOIS

\I\
0¢

NOILO4GS

~ NOISHIANOD A/1

A

NOILO3S FAIEd

r~ ONILLLING-1LHOI']

LE

LIND TOHLNOO LNIJWNFINSYIN

A

~

o€ 002

4

NOILOHS
~AONIAIFOFH-1HOTT QHIHL

vl

NOILOdS
e f\l\ ONLLLINF-1HOIT QdIH.L

NOILO4S
. r\;\ ONIAIFOFY-LHOTT LSHIS

P NOILO4S
ONLLLINT-1HOT1 1S4

Ll
LINN NOILLOH14d
dAVM 3STINd 1SHId

N
Ol




Patent Application Publication  Sep. 22,2016 Sheet 9 of 15

US 2016/0270708 A1
FIG.9
CARDIAC OUTPUT
CALCULATION
PROCESSING
i 7511
ACQUISITION OF
FIRST PULSE WAVE SIGNAL
7512 7 S31
AGQUISITION OF ACQUISITION OF THIRD
SECOND PULSE WAVE SIGNAL PULSE WAVE SIGNAL
7832
CALGULATION OF SpOy
7515
CALCULATION
OF PULSE RATE
S135 / /516
CALCULATION OF CALCULATION OF
INTER-PULSE-WAVE DIRECT-CURRENT
LAG AMOUNT COMPONENT
SEEN
CALCULATION OF
PULSE WAVE VELOCITY

I
CALCULATION OF
CARDIAC OUTPUT

/518
STORAGE AND DISPLAY
(CARDIAC OUTPUT,Sp02)

TERMINATION OF
PROCESSING




US 2016/0270708 A1

Sep. 22,2016 Sheet 10 of 15

Patent Application Publication

06 g1 5281 80/60/€10¢

26 8 G0'60 80/L0/€1L02

76 001 0E'80 £0/90/€102
P (3LNNIN/1T) _
(609S | 1ndIN0 OVIQVO ANLL-31vd

~ ~ ~
5068 2068 L06e
0068
0oL 9ld




US 2016/0270708 A1

Sep. 22,2016 Sheet 11 of 15

Patent Application Publication

LINN AV1dS51d

~
06

LINA LNdNI

g
017

NOLLOHS FDVHOLS
NOILIONGO
NOLLVNING3.L3d

NOIL93S NOLLWYNINEALIA
r~ JHNLSOod

dOSN4S
~1 NOILVHITIOOV

6

8

™~

(o]

|Lp]

-}

4]

&N

 NOLLDIS I9VHOLS
] NOLLVYINHOAINI V21D 071019
(1NdLNO OVIagvo)
~4 NOILOZS NOLLY1NO VO
/T INOLLYIWHOANI TYoln0oT01g
NOILOTS
NOLLOJS NOILVINO1vD DNIAIZOIH-LHETT ANODIS
m\L d1vd 351Nd ~
a4
NOILOTS NOLLY 1ND 1¥2 NOLLOTS
m\,\ ININOAINOD LNIUHND-L03MI] ONILLIWI-LHOIT ANODIS
> 7~
NOILOJS NOLLY 1IN0 VD Ic LINN NOLLO3L3A
m\( BV JNIL IAVM ISTNd ANODIS
\.I\
NOILOAS 0z
m\( NOISHIANOD Q/V
NOLLO3S
~ NOLLYOIATdNY NOLLO3S
£ DNIAIFOIE-1HOI 1S4
NOILLOJS . _\,\
~  NOISHIANOD A/I
£ NOLLO3IS
~|  ONLLLINI-LHDI] L
& LINN NOILO313d

LINQ TOHLINOO LNINIHNSYIW

AWM=

~

3%

00

JAVM 3STNd 1SdId

—
Ol




Patent Application Publication  Sep. 22,2016 Sheet 12 0f15  US 2016/0270708 A1
FIG.12
7300
7301 7302 1303 7304
~ ~’ 7 o
X VECTOR Y VECTOR Z VECTOR POSTURE
x0~x1 y0~vy1 z0~z1 UPWARD
X2~ x3 y2~y3 z2~7z3 HORIZONTAL
x4~ x5 yd~vyb z4~2z5 DOWNWARD




Patent Application Publication  Sep. 22,2016 Sheet 130f15  US 2016/0270708 A1

FIG.13A

Al :

FIG.13C G¢[ ?




Patent Application Publication

Sep. 22,2016 Sheet 14 of 15

US 2016/0270708 A1

FIG.14
CARDIAC OUTPUT
CALCULATION
PROCESSING
- S41
DETERMINATION
OF POSTURE
/811
ACQUISITION OF
FIRST PULSE WAVE SIGNAL
/812
ACQUISITION OF
SECOND PULSE WAVE SIGNAL
S13+ /515 /516
CALCULATION OF CALCULATION OF
CALCULATION
INTER-PULSE-WAVE DIRECT-CURRENT
LAG AMOUNT OF PULSE RATE COMPONENT
Stdy /542
CALCULATION OF CORRECTION
PULSE WAVE VELOCITY DEPENDING
ON POSTURE

ST

CARDIAC

CALCULATION OF

OUTPUT

s

STORAGE A

ND DISPLAY

\

TERMINATION OF
PROCESSING

S18



US 2016/0270708 A1

Sep. 22,2016 Sheet 15 of 15

Patent Application Publication

PR

" oxom

TV.LNOZIMOH 06 GL1 GZ:81 90/60,/€10Z
TV LNOZIHOH 26 (8 G060 80/L0/€10Z
auvMdn V6 001 0£:80 £0/90/€ 102
J4NLSOd ()20ds in %ﬁ&zw\,ﬁm@/\o JNLL-TL VA
Yok ok ~ ~
y061. c06. 106L
006L
GL Ol




US 2016/0270708 A1l

BIO-INFORMATION MEASUREMENT
DEVICE AND METHOD THEREFOR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is the U.S. national stage of application No.
PCT/IP2014/073977, filed on Sep. 10, 2014. Priority under
35 U.S.C. §119(a) and 35 U.S.C. §365(b) is claimed from
Japanese Application No. 2013-208199, filed Oct. 3, 2013,
the disclosure of which is also incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] Thepresentinformation relates to a biological infor-
mation measurement apparatus (bio-information measure-
ment device) and a biological information measurement
method for measuring given biological information from a
time-series signal obtained from a living body.

BACKGROUND ART

[0003] Heretofore, there has been known a biological infor-
mation measurement apparatus for detecting biological infor-
mation from a living body in a non-invasive manner.
Examples of this biological information measuring apparatus
include: a measurement apparatus configured to measure a
pulse wave pattern and a pulse rate of a living body, called
“photoelectric pulse wave meter”’; and a measuring apparatus
configured to measure arterial oxygen saturation, called
“pulse oxymeter”. A principle of the measuring apparatuses is
to obtain given biological information based on a pulse wave
signal which can be obtained as a signal corresponding to
fluctuation due to pulsation of a biological tissue by receiving
light transmitted through or reflected by a biological tissue.

[0004] One example of this biological information is car-
diac output. The term “cardiac output” means an amount of
blood which is pumped to an artery per minute by a heart, and
can serve as an index for evaluating an ability of the heart as
apump. Therefore, a change in cardiac output is observed to
follow the course of a patient, for example, with chronic heart
failure.

[0005] A technique to measure the cardiac output includes
athermodilution method. This thermodilution method is con-
figured to inject a certain amount of cold water into a right
atrium by a catheter, and measure a change in temperature
inside a pulmonary artery to thereby obtain the cardiac out-
put. Further, possible alternatives include a dye dilution
method configured to inject a dye in place of cold water, and
measure a change in dye concentration inside a pulmonary
artery.

[0006] However, in these methods, although it is possible to
measure the cardiac output at a certain time point, there is
difficulty in continuously measuring the cardiac output, and
thereby they cannot be continually used as means for follow-
up of a patient.

[0007] Therefore, a technique of continuously observing
the cardiac output in a non-invasive manner is proposed, for
example, in the following Patent Literature 1. A technique
disclosed in the Patent Literature 1 is configured to obtain the
cardiac output using a heart rate, and a pulse wave propaga-
tion time, i.e., a time required for a pulse wave to propagate
from an R wave in an electrocardiogram to reach a periphery.
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[0008] In this connection, in the event of a heart disease, it
is effective and desirable to, before acute exacerbation,
receive therapy, such as medical examination, taking of thera-
peutic medicines or surgery.

[0009] However, in the above technique, the pulse wave
propagation time is obtained using an electrocardiogram.
Thus, it is difficult to utilize the technique at home, because a
subject needs to attach an electrode for electrocardiographic
measurement to a given position. Thus, there is a need to
make it possible to continually monitor (measure) a change in
cardiac output by a simple technique usable even at home.

CITATION LIST
Patent Literature
[0010] Patent Literature 1: JP 2005-312947A
SUMMARY OF INVENTION
[0011] The present invention has been made in view of the

above circumstances, and an object thereof is to provide a
technique capable of continually monitoring (observing,
measuring) a change in cardiac output by a simple apparatus.
[0012] A biological information measurement apparatus
and a biological information measurement method according
to the present invention are configured to: emit first and sec-
ond light beams, respectively, to first and second measure-
ment positions which are different positions in a living body;
receive receiving corresponding light beams transmitted
through or reflected by the living body, to acquire first and
second pulse wave signals; and calculate, as biological infor-
mation, a cardiac output of the living body, based on the first
and second pulse wave signals. As above, the cardiac output is
obtained based on the first and second pulse wave signal.
Thus, the biological information measurement apparatus and
the biological information measurement method make it pos-
sible to continually monitor a change in cardiac output by a
simplified apparatus.

[0013] The above and other objects, features and advan-
tages of the present invention will be apparent from the fol-
lowing detailed description and the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 11is a block diagram depicting a configuration
ofabiological information measurement apparatus according
to a first embodiment.

[0015] FIG. 2 is an external view depicting one example of
the biological information measurement apparatus depicted
in FIG. 1.

[0016] FIG. 3 is an external view depicting another
example of the biological information measurement appara-
tus depicted in FIG. 1.

[0017] FIG. 4 is a diagram depicting some examples of a
photoelectric pulse wave

[0018] FIG. 5 is a diagram depicting one example of a
coefficient k1 in the biological information measurement
apparatus depicted in FI1G. 1.

[0019] FIG. 6 is a flowchart of a cardiac output calculation
processing in the biological information measurement appa-
ratus depicted in FIG. 1.

[0020] FIG. 7 is a flowchart of a cardiac output calculation
processing in a first modification of the first embodiment.
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[0021] FIG. 8is a block diagram depicting a configuration
ofabiological information measurement apparatus according
to a second modification of the first embodiment.

[0022] FIG.91is a flowchart of a cardiac output calculation
processing in the second modification.

[0023] FIG. 10 is a diagram depicting one example of a
configuration and content of a biological information record
table in the second modification.

[0024] FIG.11isablock diagram depicting a configuration
ofabiological information measurement apparatus according
to a second embodiment.

[0025] FIG. 12 is a diagram depicting one example of a
configuration and content of a posture determination condi-
tion table.

[0026] FIG. 13 is a diagram for explaining postures.
[0027] FIG.14is aflowchart of a cardiac output calculation
processing in the biological information measurement appa-
ratus depicted in FIG. 11.

[0028] FIG. 15 is a diagram depicting one example of the
configuration and content of the posture determination con-
dition table, in the biological information measurement appa-
ratus depicted in FIG. 11.

DESCRIPTION OF EMBODIMENTS

[0029] Based on the drawings, an embodiment of the
present invention will now be described. It should be noted
that elements or components assigned with the same refer-
ence sign in the figures means that they are identical, and
therefore duplicated description thereof will be omitted
appropriately. In this specification, when a term collectively
means a plurality of identical elements or components, it is
designated by a reference sign without any suffix, whereas,
when the term means a specific one of the elements or com-
ponents, it is designated by the reference sign with a suffix.

First Embodiment

[0030] If a blood flow velocity AV, a blood vessel cross-
sectional area AR and a pulse rate PR are known, a cardiac
output CO can be estimated (calculated) using the following
formula (1), wherein the blood flow velocity AV may be
substituted by a pulse wave velocity PWV: CO=aPWVxARx

PR - - - (1), where o denotes a preliminarily-obtained coef-
ficient.
[0031] A biological information measurement apparatus

100 according to a first embodiment of the present invention
is configured to estimate the pulse wave velocity PWV, the
blood vessel cross-sectional area AR and the pulse rate PR
from two photoelectric pulse waves, and calculate a cardiac
output using the formula (1).

[0032] FIG. 2 depicts an external appearance (attached
state) of the biological information measurement apparatus
100 according to the first embodiment. The biological infor-
mation measurement apparatus 100 depicted in FIG. 2
includes a probe module 1 attached onto an end of a finger,
and a measurement main module 2 attached onto a wrist,
wherein the probe module 1 and the measurement main mod-
ule 2 are connected together via a cable 3.

[0033] As depicted in FIG. 2, the probe module 1 is formed
as a cap type, wherein it can be placed on and attached to an
end of a finger such as a third finger of a left hand of a subject.
The cap (probe module 1) having a circular tubular shape
whose one end is closed is internally equipped with an after-
mentioned first pulse wave detection unit 10 depicted in FIG.
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1, wherein a pulse wave signal detected therethrough is output
to the measurement main module 2 via the cable 3.

[0034] The measurement main module 2 includes a wrist
band 4, and can be attached like a wristwatch by wrapping the
wrist band 4 around a wrist of the left hand of the subject. The
measurement main module 2 has a front surface portion pro-
vided with a display unit 50, such as a liquid crystal display,
configured to display thereon biological information such as
a measured cardiac output, and messages. The front surface
portion of the measurement main module 2 is also provided
with an input unit 40 such as a button switch. The subject can
use the input unit 40 to input, into the biological information
measurement apparatus 100, various instructions forstart and
termination of the measurement, display of a past measure-
ment result, and others. For example, the instruction for start
of the measurement is issued by an initial switch operation of
the button switch, and the instruction for end of the measure-
ment is issued by the next switch operation. Further, for
example, the instruction for display of a past measurement
result is issued by a long-pressing operation of the button
switch (an operation of pressing down the button switch fora
given time or more). The measurement main module 2 has a
back surface portion equipped with an aftermentioned second
pulse wave detection unit depicted in FIG. 1.

[0035] Two pulse wave signals are detected, respectively,
by the probe module 1 and the measurement main module 2,
in measurement areas onto which they are fixed, and biologi-
cal information such as a cardiac output is calculated from the
detected two pulse wave signals by a biological information
calculation section coniprised in the measurement main mod-
ule 2, and displayed on the display unit 50.

[0036] In FIG. 2, the probe module 1 is attached onto the
third finger of the left hand, and the measurement main mod-
ule 2 is attached onto the wrist of the left hand. Alternatively,
the two modules 1, 2 may be attached to a right hand, and the
probe module 1 may be attached onto any finger other than the
third finger.

[0037] The biological information measurement apparatus
100 according to the first embodiment depicted in FIG. 2 will
be described below.

Configuration

[0038] FIG. 1 is a diagram depicting one example of a
functional block configuration of the biological information
measurement apparatus 100. The biological information
measurement apparatus 100 includes a first pulse wave detec-
tion unit 10, a second pulse wave detection unit 20, a mea-
surement control unit 30, the input unit 40, and the display
unit 50. As delimited by the broken lines, in the biological
information measurement apparatus 100, the first pulse wave
detection unit 10 is incorporated in the probe module 1, and
the second pulse wave detection unit 20, the measurement
control unit 30, the input unit 40 and the display unit 50 are
incorporated in the measurement main module 2.

[0039] The first pulse wave detection unit 10 includes a first
light-emitting section 11 and a first light-receiving section 12.
[0040] The first light-emitting section 11 is composed of an
IR (infrared) light-emitting element such as a light-emitting
diode capable of emitting a light beam having a given first
wavelength, e.g., an infrared light beam (wavelength of 850 to
950 nm). The first light-receiving section 12 is composed of
an IR light-receiving element such as a silicon photodiode
capable of receiving a corresponding light (infrared light)
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beam of'the first light-emitting section 11 transmitted through
or reflected by a living body, e.g., a finger.

[0041] Thefirstlight-emitting section 11 is operable to emit
an infrared light beam to a biological tissue. The first light-
receiving section 12 is operable to receive a corresponding
infrared light beam transmitted through or reflected by the
biological tissue after being emitted from the first light-emit-
ting section 11 to the biological tissue, and subject the
received infrared light beam to photoelectric conversion to
thereby output, as measurement data, an electrical signal
according to a light amount of the received light beam, to the
measurement control unit 30. A light amount of the infrared
light beam transmitted through or reflected by the biological
tissue fluctuates due to pulsation of arterial blood caused by
heartbeat. The first pulse wave detection unit 10 is configured
to measure a fluctuation component of the infrared light
beam.

[0042] The second pulse wave detection unit 20 includes a
second light-emitting section 21 and a second light-receiving
section 22.

[0043] Thesecondlight-emitting section 21 1s composed of
a G (green) light-emitting element such as a light-emitting
diode capable of emitting a light beam having a given second
wavelength, e.g., a green light beam (wavelength of 500 to
600 nm). The second light-receiving section 22 is composed
of a G light-receiving element such as a silicon photodiode
capable of receiving a corresponding light (green light) beam
of the second light-emitting section 21 transmitted through or
reflected by a living body, e.g., a finger.

[0044] The second light-emitting section 21 is operable to
emit a green light beam to a biological tissue. The second
light-receiving section 22 is operable to receive a correspond-
ing green light beam transmitted through or reflected by the
biological tissue after being emitted from the second light-
emitting section 21 to the biological tissue, and subject the
received green light beam to photoelectric conversion to
thereby output, as measurement data, an electrical signal
according to a light amount of the received light beam, to the
measurement control unit 30.

[0045] The measurement control unit 30 includes a light-
emitting drive section 31, an [-V conversion section 32, an
amplification section 33, an A-D conversion section 34, a
time lag calculation section 35, a direct-current component
calculation section 36, a pulse rate calculation section 37, a
biological information calculation section 38, and a biologi-
cal information storage section 39. The measurement control
unit 30 is configured to obtain given biological information
regarding a living body as a measurement target, based on the
two pieces of measurement data measured by the first pulse
wave detection unit 10 and the second pulse wave detection
unit 20. The measurement control unit 30 is constructed, for
example, of a microcomputer having a microprocessor, a
memory and a peripheral circuit thereof. The memory stores
therein various programs such as a biological information
calculation program for obtaining biological information
based on the measurement data and a control program for
controlling the entire biological information measurement
apparatus 100, and various data such as the measurement data
and data necessary for executing the programs, and the micro-
processor such as a CPU (Central Processing Unit) is opet-
able to execute the programs stored in the memory to thereby
realize a part or an entirety of the above functional sections.
[0046] The light-emitting drive section 31 is configured to
drive and control each of the first light-emitting section 11,

Sep. 22,2016

the second light-emitting section 21, the first light-receiving
section 12 and the second light-receiving section 22. For
example, it is operable to perform drive control for starting
(lighting-on) and stopping (lighting-off) of emission of each
type of light beam, in the first light-emitting section 11 and
the second light-emitting section 21, and drive control for
starting and stopping of receiving of each type of light beam,
in the first light-receiving section 12 and the second light-
receiving section 22.

[0047] ThelI-V conversion section 32 is configured to con-
vert a current indicative of each of two pieces of measurement
data output, respectively, from the first light-receiving section
12 and the second light-receiving section 22, to a voltage
indicative of each of the two pieces of measurement data. The
1-V conversion section 32 is provided with two processing
circuits each associated with a respective one of the two
pieces of measurement data output from the first light-receiv-
ing section 12 and the second light-receiving section 22, and
configured to process the two pieces of measurement data,
respectively, by the processing circuits, in parallel. Alterna-
tively, the [-V conversion section 32 may be provided with
one measurement data processing circuit, and configured to
alternately process the measurement data output from the first
light-receiving section 12 and the measurement data output
from the second light-receiving section 22, in a time-sharing
manner. This point also apples to the amplification section 33
and the A-D conversion section 34.

[0048] The amplification section 33 is configured to
amplify the voltage indicative of the measurement data output
from the I-V conversion section 32 and output the amplified
voltage.

[0049] The A-D conversion section 34 is configured to con-
vert analog data indicative of the measurement data output
from the amplification section 33, to digital data indicative of
the measurement data, and output the digital data. The A-D
conversion section 34 is operable to sample the measurement
data from the amplification section 33 at given sampling
intervals (e.g., 100 Hz) to thereby output time-series mea-
surement data. The sampling of the measurement data output
from the first light-receiving section 12 and the measurement
data output from the second light-receiving section 22 are
performed in a synchronized manner. Alternatively, the sam-
pling of the measurement data output from the first light-
receiving section 12 and the measurement data output from
the second light-receiving section 22 may be performed alter-
nately in a time-sharing manner.

[0050] In the following description, digital data indicative
of the measurement data output via the I-V conversion section
32, the amplification section 33 and the A-D conversion sec-
tion 34 after being output from the first light-receiving section
12 will be appropriately referred to as “first pulse wave sig-
nal”, and digital data indicative of the measurement data
output via the I-V conversion section 32, the amplification
section 33 and the A-D conversion section 34 after being
output from the second light-receiving section 22 will be
appropriately referred to as “second pulse wave signal”.
[0051] The time lag calculation section 35 is configured to
calculate a temporal lag amount At between a first time point
at which a pulse of the first pulse wave signal has a given
phase, and a second time point at which a pulse of the second
pulse wave signal corresponding to the pulse of the first pulse
wave signal has the given phase (the same phase as the given
phase of the first pulse wave signal). That is, the time lag
calculation section 35 is configured to calculate a temporal
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lag amount between pulses arising from the same heartbeat
(corresponding pulses) in the first pulse wave signal and the
second pulse wave signal.

[0052] FIG. 4 depicts one example of a pulse wave signal.
The upper chart of FIG. 4 depicts an electrocardiographic
waveform Sgl, wherein the vertical axis represents a value of
electrocardiographic data, and the horizontal axis represents
a time. The mid chart of FIG. 4 depicts a second pulse wave
signal Sg2 detected through the second pulse wave detection
unit 20, wherein the vertical axis represents a value indicative
of an amplitude of a pulse wave, and the horizontal axis
represents a time. The lower chart of FIG. 4 depicts a first
pulse wave signal Sg3 detected through the first pulse wave
detection unit 10, wherein the vertical axis represents a value
indicative of an amplitude of a pulse wave, and the horizontal
axis represents a time.

[0053] The second pulse wave signal Sg2 depicted in FIG.
4 is a signal detected by the second pulse wave detection unit
20 of the measurement main module 2 attached onto the wrist.
In this signal, a time from time T0 of occurrence of a peak
value R of an R wave included in the electrocardiographic
waveform to time T1 of occurrence of a peak value m of the
second pulse wave signal Sg2 is a pulse wave propagation
time required for propagation from a given position (e.g.,
position around the heart) to the wrist. The peak m of the
second pulse wave signal Sg2 occurs, correspondingly to the
R wave peak included in the electrocardiographic waveform.

[0054] Similarly, the third pulse wave signal Sg3 depicted
in FIG. 4 is a signal detected by the first pulse wave detection
unit 10 of the probe module 1 attached onto the end of the
finger. In this signal, a time from the time T0 of occurrence of
the peak value R of the R wave included in the electrocardio-
graphic waveform to time T2 of occurrence of a peak value m
of the first pulse wave signal is a pulse wave propagation time
required for propagation from the given position to the end of
the finger. The peak m of the first pulse wave signal Sg3
oceurs, correspondingly to the R wave peak included in the
electrocardiographic waveform.

[0055] The second pulse wave signal Sg2 is a signal
detected at a position relatively close to the heart in terms of
distance, and the first pulse wave signal Sg3 is a signal
detected at a position relatively far from the heart in terms of
distance.

[0056] That is, because the end of the finger is located
farther away from the heart than the wrist, T1<T2, and a time
lag, specifically, a difference between the time T1 and the
time T2, occurs. This lag amount corresponds to a pulse wave
propagation time required for propagation from the second
pulse wave detection unit 20 (wrist) to the first pulse wave
detection unit 10 (end of the finger). The time lag calculation
section 35 is configured to calculate this lag amount At
(At=IT2-T11). In other words, the lag amount At is a lag time
between two time points at which respective pulses of the first
and second pulse wave signals arising from the same beat
have the same phase.

[0057] As above, the biological information measurement
apparatus 100 may be configured to obtain a lag amount from
two photoelectric pulse wave signals measured at two posi-
tions of a living body. Thus, the biological information mea-
surement apparatus 100 may be configured to detect a pulse
wave at two positions located on a pathway along which a
pulse wave from a heart propagates, at respective different
distances from the heart.
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[0058] The direct-current component calculation section
36 is configured to subject the first pulse wave signal to
filtering using a LPF (low-pass filter) to thereby calculate a
direct-current component DC of the first pulse wave signal.
[0059] Thepulse rate calculation section 37 is configured to
calculate the pulse rate PR per minute from the first pulse
wave signal. For example, the pulse rate calculation section
37 is configured to obtain a time interval between one peak
value m and the next peak value m of the first pulse wave
signal Sg3 in FIG. 4 (interval between T2 and T2), and derive
the pulse rate from dividing one minute by the obtained time
interval. Alternatively, the pulse rate calculation section 37
may be configured to obtain an average of a plurality of peal
intervals, and derive the pulse rate from dividing one minute
by the obtained time interval. Alternatively, the pulse rate
calculation section 37 may be configured to obtain the pulse
rate by measuring the number of peaks per minute.

[0060] In this embodiment, the direct-current component
of the first pulse wave signal is calculated, and the pulse rate
of the first pulse wave signal is calculated. Alternatively, the
second pulse wave signal may be used therefor.

[0061] Thebiological information calculation section 38 is
configured to calculate, as biological information, a cardiac
output, i.e., an amount of blood which is pumped per minute
by the heart. A calculation method therefor will be described
the aftermentioned section <Calculation Method for Cardiac
Output>.

[0062] The biological information storage section 39 is
configured to store therein the biological information
detected by the biological information calculation section 38.
In conjunction with the storage, the biological information
storage section 39 is operable to acquire time and date from a
timer (not depicted) comprised in the measurement control
unit 30, and store therein the biological information in an
associated relation with the acquired time and date.

[0063] Inthisconnection, FIG. 10 depicts one example of a
configuration and content of a biological information record
table 3900 stored in the biological information storage sec-
tion 39. This biological information record table 3900 has a
date-time field 3901, a cardiac output field 3902 and a SpO,
field 3903. Every measurement, one record is registered to the
biological information record table 3900.

[0064] The date-time field 3901 indicates a date-time when
ameasurement was performed. The cardiac output field 3902
indicates a cardiac output CO which was measured at the
date-time indicated in the date-time field 3901. The SpO,
field 3903 indicates a blood oxygen saturation level SpO,
which was measured at the date-time indicated in the date-
time field 3901.

[0065] In FIG. 10, the cardiac output CO and the blood
oxygen saturation level SpQ, are stored as biological infor-
mation. In addition, any other biological information
obtained during the course of calculating the cardiac output
CO, such as the pulse rate PR, the pulse wave velocity PWV
and a relative blood pressure BP may be stored.

[0066] The input unit 40 is a device for inputting, into the
biological information measurement apparatus 100, an
instruction for start and termination of a measurement of
biological information, and others, and is composed, for
example, a button located beside the display unit 50 of the
measurement main module 2 depicted in FIG. 2.

[0067] The display unit 50 is a device for displaying (out-
putting) the measured biological information and others, and
is composed, for example, of a liquid crystal display. The



US 2016/0270708 A1l

biological information to be displayed is not limited to the
cardiac output, but may be the blood oxygen saturation level,
any other biological information obtained during the course
of calculating the cardiac output, such as the pulse rate, the
pulse wave velocity and the blood vessel cross-sectional area,
and others. All of them may be displayed on the display 50, or
some of them may be selectively combined and displayed
thereon.

[0068] It should be noted that a part of the functional sec-
tions of the measurement control unit 30, e.g., the I-V con-
version section 32 and the amplification section 33, may be
incorporated in the first pulse wave detection unit 10 and the
second pulse wave detection unit 20.

[0069] FIG. 3 depicts another example of the external
appearance (attached state) of the biological information
measurement apparatus 100 according to this embodiment. In
the biological information measurement apparatus 100
depicted in FIG. 3, the measurement main module 2 includes
a probe 2a equipped with the second pulse wave detection
unit 20 for detecting a pulse wave signal, wherein only the
probe 2a is attached onto a finger. As depicted in FIG. 3, the
probe 2a of the measurement main module 2 includes a fixing
band, and can be attached onto an index finger of a left hand
of asubject by wrapping the fixing band around a region of the
index finger between a base and a second knuckle thereof. In
this case, for example, the measurement main module 2 pro-
vided with the measurement control unit 30, the input unit 40
and the display unit 50 is cable-connected or wirelessly con-
nected to the probe 2a.

[0070] In FIG. 3, the probe module 1 and the probe 2a are
attached onto the index finger of the left hand. Alternatively,
the two elements 1, 2a may be attached to arighthand, or may
be attached onto any other finger.

[0071] InFIG.2and FIG. 3, a pulse wave signal is detected,
respectively, at two positions: a position of the end of the
finger; and a position of the wrist, and at two positions: a
position of the end of the finger and a position of the base of
the finger. However, the two detection positions are not lim-
ited to the above positions and the above combinations. For
example, the detection position may be a given position of a
palm of a hand, or a given position of a back of a hand.
Further, the detection position is not limited to a position of a
hand, but may be a position of an end of a toe, a position of a
base of a toe, a given position of an instep, a given position of
a sole, or a position of an ankle. This makes it possible to
measure a pulse wave signal at any position of a foot, in a
situation where small fingers like newborn baby’s fingers
cause difficulty in measurement of a pulse wave signal.

[0072] As above, in the biclogical information measure-
ment apparatus 100, it is only necessary to obtain the lag
amount At from two photoelectric pulse wave signals mea-
sured at two positions (two detection positions) of a living
body, so that two positions located on a pathway along which
a pulse wave from a heart propagates, at respective different
distances from the heart are selected and used in combination.

Calculation Method for Cardiac Output

[0073] Next, a cardiac output calculation method to be per-
formed by the biological information calculation section 38
will be described.

[0074] Thecardiac outputis calculated using the aforemen-
tioned formula (1). In this formula, the unit of the cardiac
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output CO is ml, the unit of the pulse wave velocity PWV is
msec, and the unit of the blood vessel cross-sectional area AR
is cm®.

[0075] The pulse wave velocity PWV is calculated using
the following formula (2): PWV=D/At - - - (2), where: At
denotes the inter-pulse-wave lag amount At (see FIG. 4) cal-
culated by the time lag calculation section 35; and D denotes
a distance between the first pulse wave detection unit 10 and
the second pulse wave detection unit 20, and, more specifi-
cally, a distance between a position where the first pulse wave
detection unit 10 detects a pulse wave, and a position where
the second pulse wave detection unit 20 detects a pulse wave.
[0076] In design of the biological information measure-
ment apparatus 100, how long the distance between the first
pulse wave detection unit 10 and the second pulse wave
detection unit 20 (distance D) is set can be appropriately
determined, considering a blood flow velocity and a sampling
rate of the pulse wave.

[0077] Although the blood flow velocity varies depending
on position of a living body, it is roughly in the range of 20 to
60 c/sec. Thus, in the case where a sampling rate of mea-
surement data output from each of the first light-receiving
section 12 and the second light-receiving section 22 is 100
Hz, the lag amount At can be calculated with sufficient tem-
poral resolution, as long as the distance D is set to any value
falling within the range of 10 to 20 cm. On the other had, in the
case where the sampling rate is 1 kHz, as long as the distance
D is set to any value falling within the range of 10 to 20 cm,
the lag amount At can be calculated as long as the distance D
is set to any value falling within the range of 1 to 2 cm.
[0078] In the biological information measurement appara-
tus 100, the distance D can be regulated by setting a length of
the cable 3. However, it is only necessary to capture a tem-
poral change (temporal tendency) in cardiac outputin order to
find a heart disease and exacerbation thereof, and therefore it
is not always necessary to calculate an absolute value of the
cardiac output. This means that the distance D is not neces-
sarily required to be accurate, but may include an error, i.e.,
may be deviated from an actual distance.

[0079] In this embodiment, the distance D is preliminarily
set. For example, the distance is set to an average distance
between a wrist and an end of a third finger. Reproducibility
of a measurement value can be enhanced by setting the dis-
tance D to such a fixed value. Thus, the technique of setting
the distance D to a fixed value is suited to the case where
monitoring is performed with a focus on fluctuation in mea-
surement value.

[0080] Inordertoobtain anabsolute value of theblood flow
velocity, an exact value of the distance D may be input
through the input unit by a measurer.

[0081] The blood vessel cross-sectional area AR can be
calculated based on a direct-current component of a pulse
wave signal, having a correlation with the blood vessel cross-
sectional area AR, using the following formula (3): AR=f
(DC) - - - (3), where: AR denotes the blood vessel cross-
sectional area, and DC denotes the direct-current component
calculated by the direct-current component calculation sec-
tion 36; and f denotes a function indicative of a correlation
between AR and DC. For example, it is preliminarily obtained
from a plurality of actually measured values by a statistical
processing or the like.

[0082] An infrared light beam is absorbed by hemoglobin
in blood. Thus, in a widening phase of a blood vessel, an
amount of absorption of the infrared light beam emitted from
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the first pulse wave detection unit 10 by hemoglobin
increases, and thereby the direct-current component
decreases. Thus, by observing the direct-current component
DC, a value representing a cotrelation with a constriction
state of the blood vessel or a value representing a correlation
with a relative blood pressure can be obtained. That is, the
blood vessel cross-sectional area AR has a correlation with
the relative blood pressure BP, and the relative blood pressure
BP has a correlation with the direct-current component DC.
Therefore, the blood vessel cross-sectional has a correlation
with the direct-current component DC.

[0083] In this embodiment, the cardiac output CO can be
simply calculated using the following formula (4):
CO=cPWVxf (DC)xPR - - - (4). In this way, the cardiac
output can be obtained only by measuring a pulse wave signal
at two positions. Through comparison with a past cardiac
output stored in the biological information storage section 39,
a temporal fluctuation in cardiac output can be captured. This
makes it possible to detect a change in symptoms in a early
stage.

[0084] Instead of calculating the function f on a per-mea-
surement basis, it may be preliminarily prepared so as to
reduce processing (load on a CUP) during measurement. For
example, as depicted in Table 101 of FIG. 5, a coefficient k1
representing a relationship with the blood vessel cross-sec-
tional area AR, corresponding to each value of the direct-
current component DC is preliminarily obtained, and stored
in the measurement control unit 30. More specifically, for
example, when the value of the direct-current component DC
is in the range of “dc1” to “dc2”, the coefficient k1 is set to a
value “d12”, and a value of the cardiac output CO can be
simply calculated using the following formula: CO=0PWVx
(kI1xDC)xPR. Values of “dc1”, “dc2”, “dc3” and others are
appropriately set depending on a profile of the function f. For
aftermentioned other functions, a similar table may be used so
as to reduce processing.

Operation

[0085] Next, an operation of the biological information
measurement apparatus 100 according to this embodiment
will be described. FIG. 6 is a flowchart depicting a processing
for obtaining a cardiac output among biological information.
[0086] In the biological information measurement appara-
tus 100, upon pressing down a power switch (input unit 40) in
a state in which the probe module 1 and the measurement
main module 2 are attached, respectively, onto an end of a
finger and a wrist as depicted in FIG. 2, a measurement of
biological information for a living body as a measurement
target is started.

[0087] Themeasurement control unit 30 instructs the light-
emitting drive section 31 to drive the first pulse wave detec-
tion unit 10 and the second pulse wave detection unit 20.
More specifically, the first light-emitting section 11 starts to
emit ared light beam R toward the living body, and the second
light-emitting section 21 starts to emit a green light beam G
toward the living body. The first light-receiving section 12
starts to receive a corresponding red light beam R transmitted
through the living body, and the second light-receiving sec-
tion 22 starts to receive a corresponding green light beam G
transmitted through the living body, whereafter they outputs,
respectively, two pieces of measurement data.

[0088] The measurement control unit 30 acquires the two
pieces of measurement data from the first pulse wave detec-
tion unit 10 and the second pulse wave detection unit 20, and
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generates (acquires) a first pulse wave signal and a second
pulse wave signal, using the I-V conversion section 32, the
amplification section 33 and the A-D conversion section 34
(Step S11, Step S12).

[0089] The measurement control unit 30 outputs the first
pulse wave signal to each of the direct-current component
calculation section 36 and the pulse rate calculation section
37, and outputs the first pulse wave signal and the second
pulse wave signal to the time lag calculation section 35.
[0090] The pulse rate calculation section 37 subjects the
first pulse wave signal input from the measurement control
unit 30 to processing using a bandpass filter (BPF) in whicha
passable frequency band (passband) is set to 0.5 to 5 Hz. The
passable frequency band may be set to any range as long as
pulsation can be detected from a signal passing through the
filter. Then, the pulse rate calculation section 37 calculates the
pulse rate PR from the filtered first pulse wave signal (Step
S15). For example, the pulse rate calculation section 37
obtains a time interval between adjacent peaks of the signal,
and derives the pulse rate PR from dividing one minute by the
time interval.

[0091] The direct-current component calculation section
36 subjects the first pulse wave signal input from the mea-
surement control unit 30 to processing using a low-pass filter
(LPF) in which a passable frequency band (passband) is set to
several Hz or less to calculate the direct-current component
DC of the first pulse wave signal (Step S16).

[0092] Thetimelag calculation section 35 calculates a tem-
poral lag amount At (see FIG. 4) between the first pulse wave
signal and the second pulse wave signal each input from the
measurement control unit 30 (Step S13).

[0093] The measurement control unit 30 operates such that
the pulse rate PR calculated by the pulse rate calculation
section 37, the direct-current component DC calculated by
the direct-current component calculation section 36 and the
lag amount At calculated by the time lag calculation section
35 are output to the biological information calculation section
38.

[0094] Upon receiving inputs of the pulse rate PR, the
direct-current component DC and the lag amount At, first of
all, the biological information calculation section 38 calcu-
lates the pulse wave velocity PWV from the lag amount At,
using the aforementioned formula (2) (Step S14). Then, the
biological information calculation section 38 calculates the
cardiac output CO, using the aforementioned formula (4)
(Step S17). The biological information calculation section 38
displays the calculated cardiac output CO on the display umt
50, and stores the calculated cardiac output CO in the bio-
logical information storage section 39, in associated relation
with a current clock time acquired from the timer (Step S18).

First Modification

[0095] In the above embodiment, the cardiac output CO is
obtained from the direct-current component DC. Differently,
in a first modification, the relative blood pressure BP is
obtained from the direct-current component DC.

[0096] The direct-current component DC and the relative
blood pressure BP have a correlation therebetween, and
therefore the relative blood pressure BP can be obtained using
the following formula (5): BP=g (DC) - - - (5), where g
denotes a function indicative of a correlation between DC and
BP.

[0097] Further, therelative blood pressure BP and the blood
vessel cross-sectional area AR have a correlation therebe-



US 2016/0270708 A1l

tween, and therefore the blood vessel cross-sectional area AR
can be obtained using the following formula (6): AR=h (BP)
- - - (6), where h denotes a function indicative of a correlation
between BP and AR.

[0098] Thus, the cardiac output CO can be obtained using
the following formula (4'): CO=0PWVx(h (BP))xPR - - - (4").

Operation

[0099] Next, with reference to a flowchart depicted in FIG.
7, an operation of a biological information measurement
apparatus 100 according to the first modification will be
described. A difference of a cardiac output calculation pro-
cessing in the first modification from the cardiac output cal-
culation processing in the first embodiment described with
reference to FIG. 6 is only that, in a process for obtaining the
blood vessel cross-sectional area AR, the relative blood pres-
sure BP is calculated once. The following description will be
made about only a difference from the flowchart depicted in
FIG. 6. In the flowcharts in FIGS. 6 and 7, Steps assigned with
the same numeral mean that they are identical in terms of
processing.

[0100] The flowchart depicted in FIG. 7 pertaining to the
first modification and the flowchart depicted in FIG. 6 per-
taining to the first embodiment are different from each other
in the following two points. The first point is that, after obtain-
ing the direct-current component DC in Step S16, the relative
blood pressure BP is calculated in Step S21, using the formula
(5), and then Step S22 is performed. The second point is that,
when the cardiac output CO is calculated in Step S22, the
cardiac output CO is calculated using the relative blood pres-
sure BP.

[0101] More specifically, upon receiving inputs of the pulse
rate PR calculated by the pulse rate calculation section 37, the
direct-current component DC calculated by the direct-current
component calculation section 36 and the lag amount At
calculated by the time lag calculation section 35, first of all,
the biological information calculation section 38 calculates
the pulse wave velocity PWYV, using the formula (2) (Step
S14), and calculates the relative blood pressure BP, using the
aforementioned formula (5) (Step S21). Then, the biological
information calculation section 38 calculates the cardiac out-
put CO, using the aforementioned formula (4") (Step S22).
The biological information calculation section 38 displays
the calculated cardiac output CO and the calculated relative
blood pressure BP on the display unit 50, and stores the
calculated cardiac output CO and the calculated relative
blood pressure BP in the biological information storage sec-
tion 39, in associated relation with a current clock time
acquired from the timer (Step S18).

Second Modification

[0102] In the above embodiment, the cardiac output CO is
calculated as biological information. Differently, in a second
modification, the blood oxygen saturation level SpQO, is cal-
culated in addition to the cardiac output CO.

Function

[0103] FIG. 8 is a diagram depicting one example of a
functional block configuration of a biological information
measurement apparatus 200 according to a second modifica-
tion of the first embodiment. A difference of the biological
information measurement apparatus 200 from the biological
information measurement apparatus 100 according to the first
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embodiment described with reference to FIG. 1 is to further
calculate the blood oxygen saturation level SpO,. The follow-
ing description will be made about only a difference from the
biological information measurement apparatus 100 depicted
in FIG. 1. In the biological information measurement appa-
ratus 100 depicted in FIG. 1 and the biological information
measurement apparatus 200 depicted in FIG. 8, functional
blocks assigned with the same reference sign mean that they
are identical in terms of function.

[0104] The biological information measurement apparatus
100 depicted in FIG. 1 and the biological information mea-
surement apparatus 200 depicted in FIG. 8 are different from
each other in the following two points. The first point is that
the first pulse wave detection unit 10 further comprises a third
light-emitting section 13 and a third light-receiving section 14
in order to measure a pulse wave signal necessary for calcu-
lation of the blood oxygen saturation level SpO,. The second
point is that the measurement control unit 30 comprises a
biological information calculation section 68 in place of the
biological information calculation section 38, wherein the
biological information calculation section 68 is configured to
calculate the blood oxygen saturation level SpO, in addition
to calculating the cardiac output CO.

[0105] The third light-emitting section 13 is composed of a
R (red) light-emitting element such as a light-emitting diode
capable of emitting a light beam having a given third wave-
length, e.g., a red light beam (wavelength of 600 to 750 nm).
The third light-receiving section 14 is composed of a R light-
receiving element such as a silicon photodiode capable of
receiving a corresponding light (red light) beam of the third
light-emitting section 13 transmitted through or reflected by a
living body, e.g., a finger.

[0106] The third light-emitting section 13 is operable to
emit a red light beam to a biological tissue. The third light-
receiving section 14 is operable to receive a corresponding
red light beam transmitted through or reflected by the bio-
logical tissue after being emitted from the third light-emitting
section 13 to the biological tissue, and subject the received red
light beam to photoelectric conversion to thereby output, as
measurement data, an electrical signal according to a light
amount of the received light beam, to the measurement con-
trol unit 30. In the following description, digital data indica-
tive of the measurement data output via the I-V conversion
section 32, the amplification section 33 and the A-D conver-
sion section 34 of the measurement control unit 30 after being
output from the third light-receiving section 14 will be
referred to as “third pulse wave signal”,

[0107] Heretofore, it has been known that the blood oxygen
saturation level SpO, can be calculated based on measure-
ment data acquired by emitting a plurality of light beams
having respective different wavelengths, to a living body and
receiving corresponding light beams transmitted through or
reflected by the living body.

[0108] The blood oxygen saturation level is defined as a
rate of oxygenated hemoglobin in blood. Hemoglobin has an
optical property that when it is oxidized and transformed into
oxyhemoglobin, absorption of red light is reduced and
absorption of infrared light is increased, and on the other hand
when it is reduced and returned to hemoglobin, the absorption
of red light is increased and the absorption of infrared light is
reduced. The blood oxygen saturation level is obtained by
utilizing the difference in absorption properties of hemoglo-
bin and oxyhemoglobin with respect to red light and infrared

light.
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[0109] More specifically, the blood oxygen saturation level
SpO, is obtained based on time-series data about an infrared
DC/AC ratio, i.e., a ratio of a direct-current component to an
alternate-current component of an intensity of a transmitted
or reflected light beam of an infrared light beam IR, and
time-series data about a red DC/AC ratio, i.e., a ratio of a
direct-current component to an alternate-current component
of an intensity of a transmitted or reflected light beam of a red
light beam R (see, for example, JP 4613261B).

[0110] InFIG. 8, the first light-emitting section 11 and the
first light-receiving section 12 for measuring the first pulse
wave signal, and the third light-emitting section 13 and the
third light-receiving section 14 for measuring the third pulse
wave signal are comprised in the first pulse wave detection
unit 10. Alternatively, for example, the third light-emitting
section 13 and the third light-receiving section 14 may be
provided as a third pulse wave detection unit, separately from
the first pulse wave detection unit 10.

[0111] Further, the first light-receiving section 12 and the
third light-receiving section 14 may be composed of one
dual-purpose light-receiving element having sensitivity to
respective different wavelength bands of the two light beams
to be emitted, respectively, from the first light-emitting sec-
tion 11 and the third light-emitting section 13. In this case, for
example, the measurement control unit 30 may be configured
to control the emission of the infrared light beam IR in the first
light-emitting section 11 and the emission of the red light
beam R in the third light-emitting section 13 in such a manner
as to be alternately performed in a time-sharing manner, to
generate the first pulse wave signal and the third pulse wave
signal from measurement data output from the dual-purpose
light-receiving element in respective time zones.

Operation

[0112] Next, with reference to the flowchart depicted in
FIG. 9, an operation of the biological information measure-
ment apparatus 200 according to the second modification will
be described. A difference of a cardiac output calculation
processing inthe second modification from the cardiac output
calculation processing in the first embodiment described with
reference to FIG. 6 is to further calculate the blood oxygen
saturation level SpO,, as mentioned above. The following
description will be made about only a difference from the
flowchart depicted in FIG. 6. In the flowcharts in FIGS. 6 and
9, Steps assigned with the same numeral mean that they are
identical in terms of processing.

[0113] A difference between the flowchart depicted in FIG.
9 pertaining to the second modification and the flowchart
depicted in FIG. 6 pertaining to the first embodiment is that,
in Step S31, the third pulse wave signal is acquired, and, in
subsequent Step S32, the blood oxygen saturation level SpO,
is calculated by the biological information calculation section
68.

[0114] More specifically, the measurement control unit 30
acquires red light beam R-related measurement data and
infrared light beam IR-related measurement data from the
first pulse wave detection unit 10, and measurement data from
the second pulse wave detection unit 20, and generates (ac-
quires) a first pulse wave signal, a second pulse wave signal
and a third pulse wave signal, using the I-V conversion sec-
tion 32, the amplification section 33 and the A-D conversion
section 34 (Step S11, Step S12, step S31).

[0115] The measurement control unit 30 outputs the first
pulse wave signal to each of the direct-current component

Sep. 22,2016

calculation section 36 and the pulse rate calculation section
37, and outputs a set of the first pulse wave signal and the
second pulse wave signal and a set of the first pulse wave
signal and the third pulse wave signal, respectively, to the
time lag calculation section 35 and the biological information
calculation section 68.

[0116] Upon receiving inputs of the first pulse wave signal
and the third pulse wave signal, the biological information
calculation section 68 calculates the blood oxygen saturation
level Sp0O,, as mentioned above (Step S32).

[0117] The measurement control unit 30 operates such that
the pulse rate PR calculated by the pulse rate calculation
section 37, the direct-current component DC calculated by
the direct-current component calculation section 36 and the
lag amount At calculated by the time lag calculation section
35 are output to the biological information calculation section
68. Upon receiving inputs of the pulse rate PR, the direct-
current component DC and the lag amount At, the biological
information calculation section 68 calculates the cardiac
amount CO, using the aforementioned formula (4) (Step
S17).

[0118] The biological information calculation section 68
displays the calculated cardiac output CO and the calculated
blood oxygen saturation level SpQO, on the display unit 50,
and stores the calculated cardiac output CO and the calculated
blood oxygen saturation level SpQO, in the biological infor-
mation storage section 39, in associated relation with a cur-
rent clock time acquired from the timer (Step S18; see FIG.
10).

Second Embodiment

[0119] In the biological information measurement appara-
tus 100 according to the first embodiment, the probe module
1 is attached to the end of the finger of the left hand, and the
measurement main module 2 is attached to the wrist of the left
hand, as depicted in FIG. 2. A subject can move his/her hand
having the biological information measurement apparatus
100 attached thereto, i.e., the measurement is not always
performed in the same posture (orientation of his/her arm),
e.g., in a posture where the arm is horizontally placed on a
desk or the like, each time.

[0120] Forexample, an amount of blood flowing through a
blood vessel changes between a posture where the arm is
oriented upwardly and a posture where the arm is oriented
downwardly. That is, the direct-current component DC also
changes. This is likely to cause difficulty in accurately detect-
ing a fluctuation in the cardiac output CO. Further, this is
likely to cause difficulty in accurately calculating a value of
the cardiac output CO.

[0121] Therefore, in the second embodiment, a posture of a
biological information measurement apparatus 300 in an
attached state is determined (estimated), the direct-current
component DC is corrected depending on the posture, using
the following formula (7) to provide enhanced measurement
accuracy: DC2=p (DC, X, Y, 7) - - - (7), where: p denotes a
DC correction function preliminarily obtained on a per-pos-
ture basis; DC denotes a direct-current component calculated
by a direct-current component calculation section 36; DC2
denotes a direct-current component after correction; and X, Y
and Z denote respective axial components of three axes (X, v,
z), output from an aftermentioned acceleration sensor 71.
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Function

[0122] FIG. 11 is a diagram depicting one example of a
functional block configuration of the biological information
measurement apparatus 300 according to the second embodi-
ment. In FIG. 11, the biological information measurement
apparatus 300 comprises a first pulse wave detection unit 10,
asecond pulse wave detection unit 20, a measurement control
unit 30, an input unit 40, and a display unit 50. The measure-
ment control unit 30 comprises a light-emitting drive section
31, anI-V conversion section 32, an amplification section 33,
an A-D conversion section 34, a time lag calculation section
35, a direct-current component calculation section 36, a pulse
rate calculation section 37, an acceleration sensor 71, a pos-
ture determination section 72, a determination condition stor-
age section 73, a biological information calculation section
78, and a biological information storage section 79. In the
biological information measurement apparatus 100 depicted
in FIG. 1 and the biological information measurement appa-
ratus 300 depicted in FIG. 11, functional blocks assigned with
the same reference sign mean that they are identical in terms
of function.

[0123] The acceleration sensor 71 is a so-called tri-axial
acceleration sensor capable of outputting a gravitational
acceleration detected as respective axial components of three
axes (X, y, z) of a coordinate system inside the acceleration
sensor 71. From output tri-axial gravitational acceleration
components, it is possible to recognize how much a measure-
ment main module 2 incorporating the acceleration sensor 71
is inclined with respect to the ground.

[0124] The posture determination section 72 is configured
to determine an inclination of the measurement main module
2, from the gravitational acceleration components output
from the acceleration sensor 71, to estimate a posture (orien-
tation of an arm) of a subject. In this embodiment, three
postures as depicted in FIG. 13 are assumed. FIG. 13A is a
diagram depicting a posture where an arm having the biologi-
cal information measurement apparatus 300 attached thereto
is oriented upwardly. FIG. 13B is a diagram depicting a
posture where the arm is oriented horizontally, and FIG. 13C
is a diagram depicting a posture where the arm is oriented
downwardly. The coordinate axes in each of FIGS. 13A, 13B
and 13C denote the coordinate system inside the acceleration
sensor 71.

[0125] The posture determination section 72 is operable to
determine the posture of the subject by referring to a posture
determination condition table 7300 preliminarily stored in the
determination condition storage section 73. More specifi-
cally, for example, the determination condition storage sec-
tion 73 preliminarily stores therein a posture determination
condition table 7300. FIG. 12 depicts one example of a con-
figuration and content of the posture determination condition
table 7300.

[0126] The posture determination condition table 7300 has
an X vector field 7301, a Y vector field 7302, a Z vector fleld
7303 and a posture field 7304. The X vector field 7301, the Y
vector field 7302 and the 7 vector field 7303 present, respec-
tively, a range of the x-axial gravitational cancellation com-
ponent, a range of the y-axial gravitational cancellation com-
ponent and a range of the z-axial gravitational cancellation
component. The posture field 7304 presents one of the pos-
tures of the subject (determination result) when the tri-axial
gravitational cancellation components output from the accel-
eration sensor 71 fall within the ranges presented in the X
vector field 7301 to the Z vector field 7303. “Upward”, “Hori-
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zontal” and “Downward” means, respectively, the posture
depicted in FIG. 13A, the posture depicted in FIG. 13B and
the posture depicted in FIG. 13C. For example, when the
x-axial gravitational cancellation component, the y-axial
gravitational cancellation component and the z-axial gravita-
tional cancellation component each output from the accelera-
tion sensor 71 are, respectively, in the range of “x2 to x3”, in
the range of “y2 to y3” and in the range of “z2 to z3”, the
posture determination section 72 determines that the posture
of the subject is “Horizontal”.

[0127] It should be noted that, although the subject’s pos-
ture in the second embodiment is assumed to be three pos-
tures: a posture where the arm is oriented upwardly; a posture
where the arm is oriented horizontally; and a posture where
the arm is oriented downwardly, the subject’s posture is not
limited thereto, but may be two postures: the posture where
the arm is oriented upwardly; and the posture where the arm
is oriented downwardly.

Operation

[0128] Next, with reference to the flowchart depicted in
FIG. 14, an operation of the biological information measure-
ment apparatus 300 according to the second embodiment will
be described. A difference of a cardiac output calculation
processing in the second embodiment from the cardiac output
calculation processing in the first embodiment described with
reference to FIG. 6 is to further correct the direct-current
component DC depending on the posture of the subject, as
mentioned above. The following description will be made
about only a difference from the flowchart depicted in FIG. 6.
In the flowcharts in FIGS. 6 and 14, Steps assigned with the
same numeral mean that they are identical in terms of pro-
cessing.

[0129] A difference between the flowchart depicted in FIG.
14 pertaining to the second embodiment and the flowchart
depicted in FIG. 6 pertaining to the first embodiment is that,
in Step S41, the posture (orientation of the arm) of the subject
is determined, and, in Step S42, the direct-current component
DC calculated by the direct-current component calculation
section 36 is corrected depending on the determined posture
(orientation of the arm).

[0130] More specifically, in the biological information
measurement apparatus 300, upon pressing down a power
switch (input unit 40) in a state in which a probe module 1 and
the measurement main module 2 are attached, respectively,
onto an end of a finger and a wrist as depicted in FIG. 2, a
measurement of biological information for a living body as a
measurement target is started.

[0131] First of all, the measurement control unit 30 oper-
ates to activate the acceleration sensor 71 and, after acquiring
tri-axial gravitational acceleration components output from
the acceleration sensor 71, output the acquired tri-axial gravi-
tational acceleration components to the posture determina-
tion section 72.

[0132] Uponreceiving an input of the tri-axial gravitational
acceleration components, the posture determination section
72 refers to the posture determination condition table 7300
stored in the determination condition storage section 73 to
determine the posture as mentioned above, and stores the
determined posture and the output values (tri-axial gravita-
tional acceleration components) from the acceleration sensor
71, in a working area (working memory) (Step S41).

[0133] Then, the measurement control unit 30 instructs the
light-emitting drive section 31 to drive the first pulse wave
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detection unit 10 and the second pulse wave detection unit 20
to thereby generate (acquire) a first pulse wave signal and a
second pulse wave signal (Step S11, Step S12).

[0134] The measurement control unit 30 outputs the first
pulse wave signal to each of the direct-current component
calculation section 36 and the pulse rate calculation section
37, and outputs the first pulse wave signal and the second
pulse wave signal to the time lag calculation section 35.

[0135] The pulse rate calculation section 37 subjects the
first pulse wave signal input from the measurement control
unit 30 to processing using the aforementioned BPF to
thereby calculate the pulse rate PR from the filtered first pulse
wave signal (Step S15).

[0136] The direct-current component calculation section
36 subjects the first pulse wave signal input from the mea-
surement control unit 30 to processing using the aftermen-
tioned LPF to thereby calculate the direct-current component
DC (Step S16).

[0137] Thetimelag calculation section 35 calculates a tem-
poral lag amount At (see FIG. 4) between the first pulse wave
signal and the second pulse wave signal each input from the
measurement control unit 30 (Step S13).

[0138] The measurement control unit 30 operates such that
the pulse rate PR calculated by the pulse rate calculation
section 37, the direct-current component DC calculated by
the direct-current component calculation section 36, the lag
amount At calculated by the time lag calculation section 35
and the output values of the acceleration sensor 71 stored in
the working area in Step S41 are output to the biological
information calculation section 78.

[0139] Upon receiving inputs of the pulse rate PR, the
direct-current component DC, the lag amount At and the
output values of the acceleration sensor 71, first of all, the
biological information calculation section 78 calculates the
pulse wave velocity PWV from the lag amount At, using the
aforementioned formula (2) (Step S14). Then, the biological
information calculation section 78 calculates a corrected
direct-current component DC, using the aforementioned for-
mula (7) (Step S42).

[0140] Subsequently, based on the corrected direct-current
component DC, the pulse rate PR and the pulse wave velocity
PWYV, the biological information calculation section 78 cal-
culates the cardiac output CO, using the aforementioned for-
mula (4) (Step S17). The biological information calculation
section 78 displays the calculated cardiac output CO on the
display unit 50, and stores the calculated cardiac output CO in
the biological information storage section 79, in associated
relation with a current clock time acquired from the timer and
the posture (orientation of the arm) stored in the working area
(Step S18).

[0141] FIG. 15 depicts one example of the configuration
and content of a posture determination condition table 7900
stored in the biological information storage section 79. The
biological information record table 7900 has a date-time field
7901, a cardiac output field 7902, a SpO, field 7903 and a
posture field 7904. The posture determination condition table
7900 is prepared by adding the posture field 7904 to the
posture determination condition table 3900 depicted in FIG.
10. That is, every measurement, a posture determined by the
posture determination section 72 in Step S41 is set in the
posture field 7904. The date-time field 7901, the cardiac
output field 7902 and the SpO, field 7903 are the same as the
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date-time field 3901, the cardiac output field 3902 and the
SpO, field 3903 in the biological information record table
3900, respectively.

[0142] 1In the second embodiment, after determining the
posture by the posture determination section 72, biological
information is measured, irrespective of what kind of type the
determined posture is, and the determined posture and the
measured biological information are stored in the biological
information storage section 79 in associated relation with
each other. Alternatively, the apparatus may be configured
such that, after determining the posture by the posture deter-
mination section 72, biological information is measured only
if the determined posture is a predetermined specific posture.
For example, the apparatus may be configured such that, only
when the posture of the subject determined in Step S41 is
“Horizontal”, biological information is measured, and when
the posture is other posture, a message for prompting the
subject to orient the arm horizontally is displayed before
measurement of biological information. More specifically,
only when x-axial, y-axial and z-axial gravitational accelera-
tion components output from the acceleration sensor 71 fall,
respectively, within the range set in the X vector field 7301,
the range set in the Y vector field 7302 and the range setin the
7 vector field 7303, on the row where the posture field 7304
is set as “Horizontal”, the routine proceeds from Step S41 to
Step S11 to start to measure pulse waves.

[0143] In the second embodiment, the direct-current com-
ponent DC is corrected. Alternatively, the apparatus may be
configured to correct the blood vessel cross-sectional area
AR, or to, in the case where the relative blood pressure BP is
obtained to calculate the cardiac output CO, as in the first
modification of the first embodiment, correct the relative
blood pressure BP. In this case, a function (coefficient) for
correcting the blood vessel cross-sectional area AR or a func-
tion (coefficient) for correcting the relative blood pressure BP
is preliminarily obtained depending on the posture of the
subject (inclination of the biological information measure-
ment apparatus 300).

[0144] In the above embodiments, the first light-emitting
section 11 of the first pulse wave detection unit 10 is config-
ured to emit an infrared light beam IP, and the second light-
emitting section 21 of the second pulse wave detection unit 20
is configured to emit a green light beam G. However, the
present invention is not limited thereto. For example, each of
the first and second light-emitting sections 11, 21 may be
configured to emit any one of a red light beam R, an infrared
light beam IR and a green light beam G. In this case, the first
and second light-emitting sections 11, 21 may be configured
to emit respective light beams having different colors or may
be configured to emit respective light beams having the same
color. Further, a light beam to be emitted from each of the first
and second light-emitting sections 11, 21 is not limited the
above light beams, but may be a light beam having any other
color such as white. In other words, it may be any light beam
as long as a pulse wave signal can be acquired therefrom.
Each of the first pulse wave detection unit 10 and the second
pulse wave detection unit 20 may be either one of a reflection
type and a transmission type. However, the reflection type is
preferably used when a pulse wave signal is measured at a
wrist, and it is desirable to use an emission light beam having
a suitable wavelength for each of the reflection type and the
transmission type. It should be noted that, in the case where
the blood oxygen saturation level SpO, is obtained as in the
second modification of the first embodiment, the first light-
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emitting section 11 and the third light-emitting section 13 of
the first pulse wave detection unit 10 are required to emit light
beams capable of allowing the blood oxygen saturation level
SpO, to be obtained, e.g.. a red light beam R and an infrared
light beam IR.

[0145] This specification discloses techniques having vari-
ous aspects. Among them, major techniques will be outlined
below.

[0146] According to one aspect, there is provided a biologi-
cal information measurement apparatus which includes: a
first pulse wave signal acquisition unit configured to emit a
first light beam to a first measurement position of a living
body, and receive a corresponding light beam transmitted
through or reflected by the living body, to acquire a first pulse
wave signal; a second pulse wave signal acquisition unit
configured to emit a second light beam to a second measure-
ment position of the living body different from the first mea-
surement position, and receive a corresponding light beam
transmitted through or reflected by the living body, to acquire
a second pulse wave signal; a time lag calculation section
configured to calculate a temporal lag amount between a first
time point at which the first pulse wave signal has a given
phase, and a second time point at which the second pulse
wave signal corresponding to the first pulse wave signal has
the given phase; a direct-current component calculation sec-
tion configured to calculate a direct-current component,
based on either one of the first pulse wave signal and the
second pulse wave signal; a pulse rate calculation section
configured to calculate a pulse rate of the living body, base on
either one of the first pulse wave signal and the second pulse
wave signal; and a biological information calculation section
configured to calculate, as biological information, a cardiac
output of the living body, based on the lag amount, the direct-
current component and the pulse rate.

[0147] According to another aspect, there is provided a
biological information measurement method for use with a
biological information measurement apparatus for, based on
a first pulse wave signal and a second pulse wave signal
obtained, respectively, from a first measurement position and
a second measurement position which are different positions
in a living body, to measure biological information of the
livingbody. The biological information measurement method
comprises: a first pulse wave signal acquisition step of emit-
ting a first light beam to the first measurement position, and
receiving a corresponding light beam transmitted through or
reflected by the living body, to acquire the first pulse wave
signal; asecond pulse wave signal acquisition step of emitting
a second light beam to the second measurement position, and
receiving a corresponding light beam transmitted through or
reflected by the living body, to acquire the second pulse wave
signal; a time lag calculation step of calculating a temporal
lag amount between a first time point at which the first pulse
wave signal has a given phase, and a second time point at
which the second pulse wave signal corresponding to the first
pulse wave signal has the given phase; a direct-current com-
ponent calculation step of calculating a direct-current com-
ponent, based on either one of the first pulse wave signal and
the second pulse wave signal; a pulse rate calculation step of
calculating a pulse rate of the living body, base on either one
of the first pulse wave signal and the second pulse wave
signal; and a biological information calculation step of cal-
culating, as biological information, a cardiac output of the
living body, based on the lag amount, the direct-current com-
ponent and the pulse rate.
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[0148] 1In the above biological information measurement
apparatus and biological information measurement method,
the cardiac output can be calculated from pulse wave signals
measured at two different positions, i.e., the first measure-
ment position and the second measurement position, so that it
becomes possible to measure the cardiac output at home
without visiting a hospital. In the above biological informa-
tion measurement apparatus and biological information mea-
surement method, it is only necessary to measure a pulse
wave, so that a change in the cardiac output can be continually
monitored by attaching to a subject a device used in the
biological information measurement apparatus to detect a
pulse wave. For example, generally, a probe module used ina
so-called pulse oxymeter or the like to measure a photoelec-
tric pulse wave can be relatively easily attached into an end of
a finger of a hand. Thus, the probe or the like can be used as
the device for detecting a pulse wave, to allow a measurement
of a pulse wave signal to be continually performed at home.
[0149] That is, the above biological information measure-
ment apparatus and biological information measurement
method make it possible to continually evaluate a cardiac
function at home, based on the cardiac output which is an
objective, direct index in diagnosis of disease, instead of a
non-objective, indirect index in diagnosis of disease, such as
subjective symptom (respiratory failure or the like), blood
pressure or pulsation, so that it becomes possible to increase
a possibility of capturing the occurrence of heart failure or a
sign of recurrence. Thus, the above biological information
measurement apparatus and biological information measure-
ment method make it possible to reduce a problem of missing
a timing of receiving therapy (such as medical examination,
taking of therapeutic medicines or surgery). The above bio-
logical information measurement apparatus and biological
information measurement method make it possible to simply
evaluate an cardiac function, so that it becomes possible to
timely evaluate the cardiac function to find disease in an early
stage, and find a sign of disease, thereby leading to prevention
of disease.

[0150] Preferable,in the abovebiological information mea-
surement apparatus, the first measurement position and the
second measurement position are located on a pathway along
which a pulse wave from a heart propagates, at respective
different distances from the heart.

[0151] In the biological information measurement appara-
tus having this feature, the two positions for measuring the
pulse wave signals thereat may be two positions located at
respective different propagation distances from the heart.
Thus, this biological information measurement apparatus can
measure pulse wave signals to measure the cardiac output, at
appropriate positions depending on conditions of disease or a
subject’s body.

[0152] Preferably,inthe above biological information mea-
surement apparatus, the first measurement position and the
second measurement position are two positions of the living
body selected from the group consisting of a position of an
end of a finger, a position of a base of the finger, a given
position of a palm of a hand, a given position of a back of the
hand, and a position of a wrist.

[0153] In the biological information measurement appara-
tus having this feature, measurement of a pulse wave signal is
performed at any of an end of a finger, a base of the finger, a
palm of a hand, a back of the hand, and a wrist. Thus, this
biological information measurement apparatus can more reli-
ably measure pulse wave signals.
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[0154] Alternatively, in the above biological information
measurement apparatus, the first measurement position and
the second measurement position may be two positions of the
livingbody selected from the group consisting of a position of
an end of a toe, a position of'a base of the toe, a given position
of an instep, a given position of a sole, or a position of an
ankle.

[0155] In the biological information measurement appara-
tus having this feature, in a situation where small fingers like
newborn baby’s fingers cause difficulty in measurement of a
pulse wave signal, measurement of a pulse wave signal is
performed at any of an end of atoe, a base of the toe, an instep,
a sole, and an ankle. Thus, this biological information mea-
surement apparatus can more reliably measure pulse wave
signals.

[0156] Preferably, any one of the above biological informa-
tion measurement apparatus further includes a cardiac output
storage section configured to store therein the cardiac output
calculated by the biological information calculation section,
wherein the biological information calculation section is con-
figured to further calculate, as the biological information, an
amount of temporal change in the cardiac output, based on the
cardiac output stored in the cardiac output storage section.
[0157] In the biological information measurement appara-
tus having this feature, the change amount of the cardiac
output is calculated as the biological information. Thus, this
biological information measurement apparatus can capture a
temporal change in cardiac function. That is, this biological
information measurement apparatus can capture a tendency
toward deterioration in pumping ability of heart, and thus can
find worsening of symptoms.

[0158] Preferably, in any one of the above biological infor-
mation measurement apparatus, the biological information
calculation section is configured to further calculate, as the
biological information, a pulse wave velocity, based on the
lag amount calculated by the time lag calculation section, and
a distance between the first measurement position and the
second measurement position.

[0159] Preferably, in any one of the above biological infor-
mation measurement apparatus, the biological information
calculation section is configured to further calculate, as the
biological information, a blood vessel cross-sectional area or
arelative blood pressure, based on the direct-current compo-
nent calculated by the direct-current component calculation
section.

[0160] The biological information measurement apparatus
having these features can calculate the pulse wave velocity,
the blood vessel cross-sectional area or the relative blood
pressure, as the biological information other than the cardiac
output.

[0161] Preferably, in any one of the above biological infor-
mation measurement apparatus, the second pulse wave signal
acquisition unit is configured to emit, as the second light
beam, a light beam having a wavelength in a green wave-
length band, to the living body, and receive a corresponding
light beam reflected by the living body, to acquire the second
pulse wave signal.

[0162] In the biological information measurement appara-
tus having this feature, by using a light beam having a wave-
length in a green wavelength band, a pulse wave signal can be
acquired from a corresponding light beam reflected by the
livingbody. Thus, it becomes possibleto acquire a pulse wave
signal even in a region of the living body through which any
light beam is not transmitted.
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[0163] Preferably, any one of the above biological informa-
tion measurement apparatus further includes a third pulse
wave signal acquisition unit configured to emit a third light
beam having a wavelength different from that of the first light
beam, to the living body at the first measurement position, and
receive a corresponding light beam transmitted through or
reflected by the living body, to acquire a third pulse wave
signal, wherein the biological information calculation section
is configured to further calculate, as the biological informa-
tion, an oxygen saturation of the living body, based on the first
pulse wave signal and the third pulse wave signal.

[0164] The biological information measurement apparatus
having this feature can calculate the oxygen saturation
together with the cardiac output. In this case, the third pulse
wave signal acquisition unit and the first pulse wave signal
acquisition unit may be constructed such that they are con-
tained in the same housing, or may be constructed such that
they are contained, respectively, in separate housings.
[0165] Preferably, any one of the above biological informa-
tion measurement apparatus further includes an inclination
determination section configured to determine an inclination
of the apparatus, wherein the biological information calcula-
tion section is configured to correct the cardiac output
depending on the inclination determined by the inclination
determination section.

[0166] In the biological information measurement appara-
tus having this feature, the cardiac output is corrected depend-
ing on the inclination of the biological information measure-
ment apparatus, i.e., depending on a posture of a subject
having the biological information measurement apparatus
attached thereto, so that it becomes possible to more accu-
rately calculate the cardiac output, irrespective of the posture
of the subject.

[0167] Preferably, any one of the above biological informa-
tion measurement apparatus further includes an inclination
determination section configured to determine an inclination
of the apparatus, wherein the biological information calcula-
tion section is configured to calculate the cardiac output only
when the inclination determined by the inclination determi-
nation section falls within a predetermined range.

[0168] In the biological information measurement appara-
tus having this feature, the cardiac output is measured only
when the biological information measurement apparatus has
agiven inclination, so that it becomes possible to measure the
cardiac output in a situation where a subject having the bio-
logical information measurement apparatus attached thereto
is always in the same posture. In the case where the biological
information measurement apparatus is attached to a hand of a
subject, examples of a posture of the subject include a posture
where the hand is lifted above the heart, and a posture where
the hand is lowered below the heart. That is, because an
amount of blood flowing through blood vessels at the mea-
surement position fluctuates depending on a posture of the
subject, the cardiac output is measured under a condition that
such a fluctuation is minimized Thus, it becomes possible to
increase reliability against temporal fluctuation of the calcu-
lated cardiac output.

[0169] Preferably, in any one of the above biological infor-
mation measurement apparatus, the inclination determination
section comprises a tri-axial acceleration sensor, wherein the
inclination determination section is configured to determine
an inclination of the apparatus, based on tri-axial gravita-
tional acceleration components output from the tri-axial
acceleration sensor, and wherein the biological information
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calculation section is configured to store the calculated bio-
logical information in the biological information storage sec-
tion, in associated relation with the inclination determined by
the inclination determination section.

[0170] In the biological information measurement appara-
tus having this feature, the biological information is stored in
associated relation with the inclination of the apparatus, i.e.,
the posture of the subject during measurement, so that it
becomes possible to know the biological information in the
posture of the subject.

[0171] Preferably, any one of the above biological informa-
tion measurement apparatus further includes a biological
information storage section configured to store therein the
biological information, wherein the biological information
calculation section is configured to store a part or an entirety
of the calculated biological information in the biological
information storage section.

[0172] In the biological information measurement appara-
tus having this feature, the measured biological information is
stored, so that it becomes possible to refer to past measure-
ment results to observe a change in symptoms of the subject.
[0173] Preferably, any one of the above biological informa-
tion measurement apparatus further includes a display unit,
wherein the biological information calculation section is con-
figured to display a part or an entirety of the calculated bio-
logical information on the display unit.

[0174] In the biological information measurement appara-
tus having this feature, biological information necessary for
diagnosis can be selectively displayed to contribute to the
diagnosis.

[0175] This application is based on Japanese Patent Appli-
cation Serial No. 2013-208199 filed in Japan Patent Office on
Oct. 3, 2014, the contents of which are hereby incorporated
by reference.

[0176] Although the present invention has been described
appropriately and fully by way of the embodiment as above
with reference to the drawings in order to express the present
invention, it should be appreciated that anyone skilled in the
art can readily change and/or modify the embodiment
described above. It is therefore understood that a changed
embodiment or a modified embodiment implemented by any-
one skilled in the art is encompassed within the scope of the
appended claims unless the changed embodiment or the
modified embodiment is of a level that deviates from the
scope of the appended claims.

INDUSTRIAL APPLICABILITY

[0177] The present invention can provide a biological
information measurement apparatus and a biological infor-
mation measurement method.

1. A biological information measurement apparatus com-

prising:

a first pulse wave signal acquisition unit configured to emit
a first light beam to a first measurement position of a
living body, and receive a corresponding light beam
transmitted through or reflected by the living body, to
acquire a first pulse wave signal;

a second pulse wave signal acquisition unit configured to
emit a second light beam to a second measurement posi-
tion of the living body different from the first measure-
ment position, and receive a corresponding light beam
transmitted through or reflected by the living body, to
acquire a second pulse wave signal;
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a time lag calculation section configured to calculate a
temporal lag amount between a first time point at which
the first pulse wave signal has a given phase, and a
second time point at which the second pulse wave signal
corresponding to the first pulse wave signal has the given
phase;

a direct-current component calculation section configured
to calculate a direct-current component, based on either
one of the first pulse wave signal and the second pulse
wave signal;

a pulse rate calculation section configured to calculate a
pulse rate of the living body, base on either one of the
first pulse wave signal and the second pulse wave signal,
and

a biological information calculation section configured to
calculate, as biological information, a cardiac output of
the living body, based on the lag amount, the direct-
current component and the pulse rate.

2. The biological information measurement apparatus as
recited in claim 1, wherein the first measurement position and
the second measurement position are located on a pathway
along which a pulse wave from a heart propagates, at respec-
tive different distances from the heart.

3. The biological information measurement apparatus as
recited in claim 2, wherein the first measurement position and
the second measurement position are two positions of the
livingbody selected from the group consisting of a position of
an end of a finger, a position of a base of the finger, a given
position of a palm of a hand, a given position of a back of the
hand, and a position of a wrist.

4. The biological information measurement apparatus as
recited in claim 2, wherein the first measurement position and
the second measurement position are two positions of the
living body selected from the group consisting of a position of
an end of a toe, a position of a base of the toe, a given position
of an instep, a given position of a sole, or a position of an
ankle.

5. The biological information measurement apparatus as
recited in claim 1, which further comprises a cardiac output
storage section configured to store therein the cardiac output
calculated by the biological information calculation section,
wherein

the biological information calculation section is config-
ured to further calculate, as the biological information,
an amount of temporal change in the cardiac output,
based on the cardiac output stored in the cardiac output
storage section.

6. The biological information measurement apparatus as
recited in claim 1, wherein the biological information calcu-
lation section is configured to further calculate, as the bio-
logical information, a pulse wave velocity, based on the lag
amount calculated by the time lag calculation section, and a
distance between the first measurement position and the sec-
ond measurement position.

7. The biological information measurement apparatus as
recited in claim 1, wherein the biological information calcu-
lation section is configured to further calculate, as the bio-
logical information, a blood vessel cross-sectional area or a
relative blood pressure, based on the direct-current compo-
nent calculated by the direct-current component calculation
section.

8. The biological information measurement apparatus as
recited in claim 1, wherein the second pulse wave signal
acquisition unit is configured to emit, as the second light
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beam, a light beam having a wavelength in a green wave-
length band, to the living body, and receive a corresponding
light beam reflected by the living body, to acquire the second
pulse wave signal.

9. The biological information measurement apparatus as
recited in claim 1, which further comprises a third pulse wave
signal acquisition unit configured to emit a third light beam
having a wavelength different from that of the first light beam,
to the living body at the first measurement position, and
receive a corresponding light beam transmitted through or
reflected by the living body, to acquire a third pulse wave
signal, wherein

the biological information calculation section is config-
ured to further calculate, as the biological information,
an oxygen saturation of the living body, based on the first
pulse wave signal and the third pulse wave signal.

10. The biological information measurement apparatus as
recited in claim 1, which further comprises an inclination
determination section configured to determine an inclination
of the apparatus, wherein

the biological information calculation section is config-
ured to correct the cardiac output depending on the incli-
nation determined by the inclination determination sec-
tion.

11. The biological information measurement apparatus as
recited in claim 1, which further comprises an inclination
determination section configured to determine an inclination
of the apparatus, wherein

the biological information calculation section is config-
ured to calculate the cardiac output only when the incli-
nation determined by the inclination determination sec-
tion falls within a predetermined range.

12. The biological information measurement apparatus as
recited in claim 10, wherein the inclination determination
section comprises a tri-axial acceleration sensor, the inclina-
tion determination section being configured to determine an
inclination of the apparatus, based on tri-axial gravitational
acceleration components output from the tri-axial accelera-
tion sensor, and wherein

the biological information calculation section is config-
ured to store the calculated biological informationin the
biological information storage section, in associated
relation with the inclination determined by the inclina-
tion determination section.
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13. The biological information measurement apparatus as
recited in claim 1, which further comprises a biological infor-
mation storage section configured to store therein the biologi-
cal information, wherein

the biological information calculation section is config-
ured to store a part or an entirety of the calculated bio-
logical information in the biological information storage
section.

14. The biological information measurement apparatus as
recited in claim 1, which further comprises a display unit,
wherein

the biological information calculation section is config-
ured to display a part or an entirety of the calculated
biological information on the display unit.

15. A biological information measurement method for use
with a biological information measurement apparatus for,
based on a first pulse wave signal and a second pulse wave
signal obtained, respectively, from a first measurement posi-
tion and a second measurement position which are different
positions in a living body, to measure biological information
of the living body, comprising:

a first pulse wave signal acquisition step of emitting a first
light beam to the first measurement position, and receiv-
ing a corresponding light beam transmitted through or
reflected by the living body, to acquire the first pulse
wave signal;

a second pulse wave signal acquisition step of emitting a
second light beam to the second measurement position,
and receiving a corresponding light beam transmitted
through or reflected by the living body, to acquire the
second pulse wave signal;

a time lag calculation step of calculating a temporal lag
amount between a first time point at which the first pulse
wave signal has a given phase, and a second time point at
which the second pulse wave signal corresponding to the
first pulse wave signal has the given phase;

a direct-current component calculation step of calculating
a direct-current component, based on either one of the
first pulse wave signal and the second pulse wave signal;

a pulse rate calculation step of calculating a pulse rate of
the living body, base on either one of the first pulse wave
signal and the second pulse wave signal; and

a biological information calculation step of calculating, as
biological information, a cardiac output of the living
body, based on the lag amount, the direct-current com-
ponent and the pulse rate.
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