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(57) ABSTRACT

A biological analysis device includes an average blood
pressure calculation unit that calculates an average blood
pressure index related to an average blood pressure of a
biological body in accordance with a blood vessel diameter
index related to a blood vessel diameter of the biological
body and a blood flow index related to a blood flow of the
biological body and calculated from an intensity spectrum
related to a frequency of light reflected and received from an
inside of the biological body through radiation of a laser
beam.




Patent Application Publication

Feb. 21,2019 Sheet 1 of 10

FIG. 1
23

12

US 2019/0053767 A1l

l >
T R TIME
l
FIG. 3
BLOOD FLOW
X1 g
' ! X3
* Q1 \ V2 i
[ )
2 Xdi Q2
/ 2% d2
L1 <2 >
P1 P2 P3



Patent Application Publication  Feb. 21,2019 Sheet 2 of 10 US 2019/0053767 Al

BLOOD PRESSURE

¢
'
'
v
'
'
'
! ’
) t
! +
' ‘
’ '
' '
s t
. . 1
' 1
P3=0 '
;

i ) ) ;
HEART X1 X2 X3
DISTANCE FROM HEART
100
eeemmmmemmmnnmeeennes I ,
' |
]
23 —-.—-:~—~ DISPLAY DEVICE STORAGE DEVICE ,-T},,,_,, 22

]
¥ 1
, Pave I ;
\ robm,————e— e — - 1 i
o =21
k 55__.,.]-« AVERAGE BLOOD PRESSURE ‘
! i CALCULATION UNIT M
1
; |
| 1 4
] i
| 51—+ INDEXCALCULATIONWNIT | |

[ 4
)
X
i
{
1
1




Patent Application Publication  Feb. 21,2019 Sheet 3 of 10 US 2019/0053767 Al

FIG. 6
( START )

Sal A 4
CALCULATE BLOOD QUANTITY INDEXM

Sa2 Y
CALCULATE BLOOD FLOW INDEX F

883 \ 4
CALCULATE AVERAGE BLOOD
PRESSURE Pave
Sa4 v
DISPLAY AVERAGE BLOOD PRESSURE
Pave

G

FIG. 7

PROCESS Sa3 OF CALCULATING
AVERAGE BLOOD PRESSURE Pave

Sad-1 v

CALCULATE AVERAGE VALUE Mave OF
BLOOD QUANTITY INDEXES M

Sa3-2 v

CALCULATE AVERAGE VALUE Fave OF
BLOOD FLOW INDEXES F

Sad-3 4
CALCULATE AVERAGE BLOOD
PRESSURE Pave

( END )




Patent Application Publication  Feb. 21,2019 Sheet 4 of 10 US 2019/0053767 Al

100
RSy dm—————— )
! ;
23 —i~1  DISPLAY DEVICE STORAGEDEVICE |99
i
¥
pave 5
o 1 L 91
5 5_4\ AVERAGE BLOOD PRESSURE
' CALCULATION UNIT
l T
]
|
I

|
|
N i
|

i
]
]
¥
'
L}
t
i
¥
i
f
i
]
I
I
¥
i
' 51— INDEXCALCULATION UNIT
)
i
i
4
$
¥
1
!
g
i

FIG. 9

E-RDISTANCE Imm | 2mm | 3mm | 4mm S5mm | 6mm | 7mm
R1 | oetecionsignaLzat | O O A A X X X

R2 | DETECTIONSIGNALZA2 | X A 0O 0O 0 A A
O:HIGH A :NORMAL X :LOW




Patent Application Publication

Feb. 21,2019 Sheet 5 of 10 US 2019/0053767 A1l

BLOOD PRESSURE

[
v
97—""]_CALCULATION UNIT i 21
3 7 |
Pave AP ; '
AVERAGE BLOCD PRESSURE FULSE PRESSURE :
CALCULATION UNIT CALCULATIONUNIT__[ 75 93
A to
“F‘M ! :
INDEX CALCULATION UNIT a
I
] 5
i 1
I [R] | |verecnonoeveel——t 308

FIG. 11




Patent Application Publication  Feb. 21,2019 Sheet 6 of 10 US 2019/0053767 Al

FIG. 12

FIG. 13

0.03

0.025

0.02

0.015

d23
»

. d23=0.0889M+0.0023

0.01
. R?=0.9488

0.005

0 0.05 0.1 0.15 0.2 0.25 0.3
M (ACTUALLY MEASURED VALUE)



Patent Application Publication

Feb. 21,2019 Sheet 7 of 10 US 2019/0053767 A1l

FIG. 14

160
140
®
*
120
[y
3
s 100
Q
L
o
S
> 60
&
40
20
0
0 50 100 150 200
Pave (ACTUALLY MEASURED VALUE)
[mmHg]
3
------ COMPARATIVE EXAMPLE
~=——F{GHTH EMBODIMENT
L
(P DESIGNATION
SR . BANDWIDTH
5 i BANDWIDTH
S ‘Jt. . N '0".' N ‘v\‘ 'a'~'|‘ : '.“ :"'n. |‘ -\J"-w

15 20

flkHz]



Patent Application Publication  Feb. 21,2019 Sheet 8 of 10 US 2019/0053767 Al

160

. /
.
140 % 4
* L /
*

CULATED VALUE)
[mmHg]
o
o
\
> P
i
L J
.
(
2 .
L
o L
.
o °

]

/

ommHg —

o0
<

Pave (CAL(
)
<

\\
e
.

Q .

I

N

N

60
60 80 100 120 140 160
Pave (ACTUALLY MEASURED VALUE)
[mmHg]
FIG. 17
160 /
140 LA
_ // .
= ° °
S 120 < . 4
EP ¢
-t E
3E
2 100
80 g =8.8mmHg
60
60 80 100 120 140 160

Pave (ACTUALLY MEASURED VALUE}
[mmHg]



Patent Application Publication  Feb. 21,2019 Sheet 9 of 10 US 2019/0053767 Al

FIG. 18

9f1 93 95
f'ZZZZZIIIZ; """""" % """""""""" ﬁ ------- 90
[IN 1
L E R PROCESSING » DISPLAYDEVICE | !
b UNIT .
I I - !
t H
b e o ot e 1 2 2 1 7 227 1o S 1 i S 2 S0 o 7 B S S T B o e Tt i
A
;””
¢ " CORRELATION COEFFICIENT 2 0.8
©
g ¢
l"’
>
Pave
100
30 27 i 23
R— S -
e ! CALCULATION '
DETECTION DEVICE > PROCESSING UNIT DISPLAY DEVICE
I
B ————————
100
30 : 27 23
i
SR S S
: CALCULATION .
|  DETECTIONDEVICE PROCESSNG UNTT | | -~ DISPLAY DEVICE
t !

-------------------------------------------------



Patent Application Publication

30
&

i

DETECTION DEVICE

Feb. 21,2019 Sheet 10 of 10

)
) CALCULATION ,
; PROCESSING UNIT

........................

US 2019/0053767 A1l

23
i

]

DISPLAY DEVICE




US 2019/0053767 Al

BIOLOGICAL ANALYSIS DEVICE,
BIOLOGICAL ANALYSIS METHOD, AND
PROGRAM

BACKGROUND

1. Technical Field

[0001] The present invention relates to a technology for
analyzing a biological body.

2. Related Art

[0002] Various measurement technologies for analyzing
biological information such as blood pressures have been
proposed in the related art. For example, JP-T-2015-199159
discloses a blood pressure measurement device that mea-
sures a blood pressure in a state in which a measurement
target part is pressed on a pressure sensor. Specifically, when
a contact pressure detected by the pressure sensor is prede-
termined value, a blood pressure is measured using an
optical blood flow sensor.

[0003] In the technology of JP-T-2015-199159, an error
caused due to a difference in the contact pressure can occur.

SUMMARY

[0004] A biological analysis device according to a pre-
ferred aspect of the invention includes an average blood
pressure calculation unit that calculates an average blood
pressure index related to an average blood pressure of a
biological body in accordance with a blood vessel diameter
index related to a blood vessel diameter of the biological
body and a blood flow index related to a blood flow of the
biological body and calculated from an intensity spectrum
related to a frequency of light reflected and received from an
inside of the biological body through radiation of a laser
beam.

[0005] A biological analysis method according to a pre-
ferred aspect of the invention includes calculating an aver-
age blood pressure index related to an average blood pres-
sure of a biological body in accordance with a blood vessel
diameter index related to a blood vessel diameter of the
biological body and a blood flow index related to a blood
flow of the biological body and calculated from an intensity
spectrum related to a frequency of light reflected and
received from an inside of the biological body through
radiation of a laser beam.

[0006] A program according to a preferred aspect of the
invention causes a computer to function as an average blood
pressure calculation unit that calculates an average blood
pressure index related to an average blood pressure of a
biological body in accordance with a blood vessel diameter
index related to a blood vessel diameter of the biological
body and a blood flow index related to a blood flow of the
biological body and calculated from an intensity spectrum
related to a frequency of light reflected and received from an
inside of the biological body through radiation of a laser
beam.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.
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[0008] FIG. 1 is a side view illustrating a biological
analysis device according to a first embodiment of the
invention.

[0009] FIG. 2 is a graph illustrating a temporal change in
a blood pressure.

[0010] FIG. 3 is a schematic diagram illustrating a blood
vessel of an arm.

[0011] FIG. 4 is a graph illustrating a relation between a
distance from a heart to a specific part of a blood vessel and
an average blood pressure of the specific part.

[0012] FIG. 5 is a diagram illustrating a configuration in
which a function of the biological analysis device is focused
on.

[0013] FIG. 6 is a flowchart illustrating a biological analy-
sis process executed by a control device.

[0014] FIG. 7is a flowchart illustrating specific content of
a process of calculating an average blood pressure.

[0015] FIG. 8 is a diagram illustrating a configuration of
a biological analysis device according to a third embodi-
ment.

[0016] FIG. 9 is a table illustrating quality of an SN ratio
in a frequency bandwidth used in calculation of a blood flow
index in a detection signal and quality of an SN ratio in a
frequency bandwidth used in calculation of an absorbance
index in a detection signal in a plurality of cases in which a
distance between the light-emitting unit and the light-re-
ceiving unit is changed.

[0017] FIG. 10 is a diagram illustrating a configuration of
a biological analysis device according to a fourth embodi-
ment.

[0018] FIG. 11 is a schematic diagram illustrating a use
example of a biological analysis device according to a fifth
embodiment.

[0019] FIG. 12 is a schematic diagram illustrating another
use example of the biological analysis device according to
the fifth embodiment.

[0020] FIG. 13 is a graph illustrating a relation between an
actually measured value of a blood mass index and a cubic
power of a blood vessel diameter according to a sixth
embodiment.

[0021] FIG. 14 is a graph illustrating a relation between
average blood pressures and average blood pressures (cal-
culated values) according to the sixth embodiment.

[0022] FIG. 15 is a graph illustrating a frequency weighted
intensity spectrum according to an eighth embodiment and
a comparative example.

[0023] FIG. 16 is a graph illustrating a relation between an
average blood pressure (calculated value) in the comparative
example and an average blood pressure (actually measured
value).

[0024] FIG. 17 is a graph illustrating a relation between an
average blood pressure (calculated value) and an average
blood pressure (actually measured value) according to the
eighth embodiment.

[0025] FIG. 18 is a diagram illustrating a configuration of
an actual product.

[0026] FIG. 19 is a graph illustrating a relation between an
average pulse pressure displayed for an actual product and
an average pulse pressure displayed for a product of the
present specification.

[0027] FIG. 20 is a diagram illustrating a configuration of
a biological analysis device according to a modification
example.
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[0028] FIG. 21 is a diagram illustrating a configuration of
a biological analysis device according to a modification
example.
[0029] FIG. 22 is a diagram illustrating a configuration of
a biological analysis device according to a modification
example.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

[0030] FIG. 1 is a side view illustrating a biological
analysis device 100 according to a first embodiment of the
invention. The biological analysis device 100 is a measure-
ment instrument that measures biological information of a
subject in a non-invasive manner. The biological analysis
device 100 according to the first embodiment measures an
average blood pressure Pave of a specific part (hereinafter
referred to as a “measurement region”) H of the body of a
subject (user) as biological information. In the following
description, a wrist or an upper arm of the subject is
exemplified as the measurement region H.

[0031] FIG. 2 is a graph illustrating a temporal change PT
in a blood pressure P. In the first embodiment, an average
blood pressure Pave during an analysis period (about 0.5 to
1 second) T equivalent to one beat is measured. A time
length of the analysis period T is not limited to one beat. In
FIG. 2, Pmax is a systolic blood pressure (maximum pres-
sure) and Pmin is a diastolic blood pressure (minimum
pressure). AP is a difference (that is, a pulse pressure)
between the systolic blood pressure Pmax and the diastolic
blood pressure Pmin.

[0032] FIG. 3 is a schematic diagram illustrating a blood
vessel of an arm. FIG. 3 illustrates an artery (for example,
radial artery) V1 and an arteriole (for example, a finger
artery) V2 connected to the artery V1. As exemplified in
FIG. 3, a site X1 is a predetermined site in the artery V1, a
site X2 is a site between the artery V1 and an arteriole V2,
and a site X3 is a site of an erasure of the arteriole V2. That
is, the site X1 is closer to a heart than the site X3.

[0033] A relation among a blood pressure P1 at the site X1
in the artery V1, a blood pressure P2 at the site X2 between
the artery V1 and the arteriole V2, and a blood pressure P3
at the site X3 of the erasure of the arteriole V2 is expressed
in Expressions (1) and (2) below using the Hagen-Poiseuille
law. A sign L1 in Expression (1) is the length of the artery
V1, a sign Q1 is a blood flow of the artery V1, and a sign
dl is a blood vessel diameter (radius) of the artery V1. A sign
L2 in Expression (2) is the length of the arteriole V2, a sign
Q2 is a blood flow of the arteriole V2, and a sign d2 is a
blood vessel diameter (radius) of the arteriole V2. A sign p
in Expressions (1) and (2) is blood density.

8oL, Q M
Pimpe=
8pL, 0, @
Pemhi=
[0034] An amount of change (that is, P1-P3) of a blood

pressure from the site X1 to the site X3 is expressed in
Expression (3) below using Expressions (1) and (2).
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[0035] FIG. 4 is a graph illustrating a relation between a

distance from a heart to a specific part on a blood vessel and
a blood pressure of the specific part. As understood from
FIG. 4, the amount of change (that is, P1-P2) of the blood
pressure from the site X1 to the site X2 tends to be
sufficiently smaller than an amount of change (that is,
P2-P3) of a blood pressure from the site X2 to the site X3.
Specifically, the amount of change (P1-P2) is about 1 to 5
mmHg and the amount of change (P2-P3) is about 100
mmHg. The blood pressure P3 at the site X3 of the erasure
of the arteriole V2 is known to be very small (for example,
a few mmHg). Accordingly, when the blood pressure P3 of
the amount of change (P1-P2) is assumed to be 0 mmHg,
Expression (4) below is derived from Expression (3).

_ 8pLa0, )

P
]

[0036] Since an individual difference in the blood density
p is small, the blood density p can be set to a predetermined
value (for example, 1070 kg/m>). The distance L2 can be set
to a predetermined value estimated from a height, a sex, and
the like of a subject. That is, by calculating a blood flow Q2
and a blood vessel diameter d2 of the arteriole V2, the blood
pressure P1 of the artery can be calculated.

[0037] The biological analysis device 100 in FIG. 1 is
mounted on the measurement region H (the upper arm or the
wrist) The biological analysis device 100 according to the
first embodiment is a wrist-watch type portable device
including a casing 12 and a belt 14. The biological analysis
device 100 is mounted on the body of the subject by winding
the belt 14 around the measurement region H. In the first
embodiment, the biological analysis device 100 is mounted
at a position at which an arteriole is inside the measurement
region H.

[0038] FIG. 5 is a diagram illustrating a configuration in
which a function of the biological analysis device 100 is
focused on. The biological analysis device 100 according to
the first embodiment includes a control device 21, a storage
device 22, a display device 23, and a detection device 30A.
The control device 21 and the storage device 22 are installed
inside the casing 12.

[0039] Thedisplay device 23 (for example, a liquid crystal
panel) is installed on, for example, a surface of the casing 12
opposite to the measurement region H, as illustrated in FIG.
1. The display device 23 displays various images including
a measurement result under the control of the control device
21.

[0040] The detection device 30A is an optical sensor
module that generates a detection signal ZA in accordance
with a state of the measurement region H. Specifically, the
detection device 30A includes a light-emitting unit E and a
light-receiving unit R. The light-emitting unit E and the
light-receiving unit Rare installed at, for example, positions
(generally, a surface in contact with the measurement region
H) of the casing 12 facing the measurement region H.
[0041] The light-emitting unit E is a light source that
radiates light to the measurement region H. The light-
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emitting unit E according to the first embodiment radiates a
coherent laser beam to the measurement region H (biologi-
cal body) with a narrowband. For example, a light-emitting
element such as a vertical cavity surface emitting LASER
(VCSEL) that emits a laser beam by resonance in a resonator
is used appropriately as the light-emitting unit E. The
light-emitting unit E according to the first embodiment
radiates, for example, light with a predetermined wavelength
(for example, 800 nm to 1300 nm) in a near infrared area to
the measurement region H. The light-emitting unit E emits
light under the control of the control device 21. The light
emitted by the light-emitting unit E is not limited to the near
infrared light.

[0042] Light incident on the measurement region H from
the light-emitting unit E is repeatedly diffused and reflected
while passing through the inside of the measurement region
H to exit to the side of the casing 12. Specifically, the light
passing through blood vessels inside the measurement
region H and blood in the blood vessels exits from the
measurement region H to the side of the casing 12.

[0043] The light-receiving unit R receives the laser beam
reflected inside the measurement region H. Specifically, the
light-receiving unit R generates a detection signal ZA indi-
cating a light reception level of the light passing through the
measurement region H. For example, a light-receiving ele-
ment such as a photodiode (PD) that generates charges in
accordance with the light reception intensity is used as the
light-receiving unit R. Specifically, a light-receiving element
in which a photoelectric conversion layer is formed of
indium, gallium, and arsenic (InGaAs) having high sensi-
tivity in a near infrared area is suitable as the light-receiving
unit R. As understood from the above description, the
detection device 30A according to the first embodiment is a
reflective optical sensor in which the light-emitting unit E
and the light-receiving unit R are located on side of the
measurement region H. Here, a transmissive optical sensor
in which the light-emitting unit E and the light-receiving
unit R are located on opposite sides with the measurement
region H interposed therebetween may be used as the
detection device 30A. The detection device 30A includes,
for example, a driving circuit that drives the light-emitting
unit E by applying a driving current and output circuits (for
example, an amplification circuit and an A/D converter) that
perform amplification and A/D conversion on a signal output
by the light-receiving unit R, but these circuits are not
illustrated in FIG. 5.

[0044] The light arriving at the light-receiving unit R
includes a component diffused and reflected from a tissue (a
stationary tissue) stationary inside the measurement region
H and a component diffused and reflected from an object
(generally, a red blood cell) moving inside a blood vessel
inside the measurement region H. The frequency of light
before and after the diffusion and reflection from a stationary
tissue is not changed. However, before and after diffusion
and reflection from a red blood cell, the frequency of light
is changed by an amount of change (hereinafter referred to
as a “frequency shift amount” proportional to a movement
speed (that is, a blood flow rate) of the red blood cell. That
is, the light passing through the measurement region H and
arriving at the light-receiving unit R contains a component
that 1s changed (frequency-shifted) by the frequency shift
amount with respect to the frequency of the light emitting
the light-emitting unit E. The detection signal ZA supplied
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to the control device 21 is an optical beat signal in which the
frequency shift by a blood flow inside the measurement
region H is reflected.

[0045] The control device 21 is an arithmetic processing
device such as a central processing unit (CPU) or a field-
programmable gate array (FPGA) and controls the whole
biological analysis device 100. The storage device 22
includes, for example, a nonvolatile semiconductor memory
and stores a program to be executed by the control device 21
and various kinds of data to be used by the control device 21.
A configuration in which functions of the control device 21
are distributed to a plurality of integrated circuits can be
adopted or a configuration in which some or all of the
functions of the control device 21 are realized by a dedicated
electronic circuit can also be adopted. In FIG. 5, the control
device 21 and the storage device 22 are illustrated as
separate elements, but the control device 21 containing the
storage device 22 can also be realized by, for example, an
application specific integrated circuit (ASIC).

[0046] The control device 21 according to the first
embodiment realizes a plurality of functions (an index
calculation unit 51 and an average blood pressure calcula-
tion unit 55) of calculating the average blood pressure Pave
from the detection signal ZA generated by the detection
device 30A by executing a program stored in the storage
device 22. Some of the functions of the control device 21
may be realized by a dedicated electronic circuit.

[0047] The index calculation unit 51 calculates the blood
vessel diameter index and the blood flow index F of the
measurement region H from the detection signal ZA gener-
ated by the detection device 30A. The blood vessel diameter
index is an index related to a blood vessel diameter (and a
cross-sectional area of a blood vessel) of a biological body.
A blood mass is changed in conjunction with pulsation of a
blood vessel diameter synchronized with a beat of a heart.
That 1s, the blood mass index also correlates with a blood
vessel diameter. In consideration of the foregoing correla-
tion, in the first embodiment, the blood mass index M is
exemplified as a blood vessel diameter index. The blood
mass index M (so-called MASS value) is an index related to
a blood mass (specifically, the number of red blood cells in
a unit volume) of a biological body. On the other hand, the
blood flow index F (so-called FLOW value) is an index
related to a blood flow of a biological body (that is, a volume
of blood moving in an artery in a unit time). The blood flow
index F is paraphrased as an index related to a flood flow
rate.

[0048] The index calculation unit 51 calculates an inten-
sity spectrum from the detection signal ZA and calculates
the blood mass index M and the blood flow index F from the
intensity spectrum. The intensity spectrum is a distribution
of an intensity (power or amplitude) G(f) of a signal com-
ponent of the detection signal ZA at each frequency (Dop-
pler frequency) on a frequency axis. In the calculation of the
intensity spectrum, any known frequency analysis such as
fast Fourier transform (FFT) can be adopted. The calculation
of the intensity spectrum is executed repeatedly at a period
shorter than the analysis period T.

[0049] The blood mass index M is expressed in Expres-
sion (5a) below. A sign <I*> in Expression (5a) is an average
intensity over the whole bandwidth of the detection signal
ZA or an intensity G(0) (that is, an intensity of a direct-
current component) at 0 Hz in the intensity spectrum.
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[0050] As understood from Expression (5a), the blood
mass index M is calculated by integrating the intensity G(f)
of each frequency f in the intensity spectrum in a range
between a lower limit [ and upper limit fH on the frequency
axis. The lower limit fL is less than the upper value fH. The
blood mass index M may be calculated by calculating
Expression (5b) below in which an integral of Expression
(5a) is replaced with a total sum (Z). The sign Af in
Expression (5b) is a bandwidth corresponding to one inten-
sity G(f) on the frequency axis and is equivalent to a
horizontal width of each rectangle when the intensity spec-
trum is approximated with a plurality of rectangles arranged
on the frequency axis. The calculation of the blood mass
index M is repeatedly executed at a period shorter than the
analysis period T. As understood from the above description,
the blood mass index M is calculated (specifically, the
intensity of each frequency in the intensity spectrum is
integrated in a predetermined frequency range) from an
intensity spectrum related to the frequency of light reflected
and received inside in a biological body by radiating a laser
beam.

Iy (5b)
D Af-GU)
=1
==
[0051] The blood mass index F is expressed in Expression
(6a) below.
T (62)
["s-ous
_ Y
ST
[0052] As understood from Expression (6a), the blood

flow index F is calculated by integrating a product (fxG(f))
of the intensity G(f) of each frequency f in the intensity
spectrum and the frequency f in a range between a lower
limit fI, and an upper limit fH on the frequency axis.
Hereinafter, the product (fxG(f)) of the intensity G(f) of each
frequency f in the intensity spectrum and the frequency f is
referred to as a “frequency weighted intensity spectrum”.
The blood mass index F may be calculated by calculating
Expression (6b) below in which an integral of Expression
(6a) 1s replaced with a total sum (Z). The flood mass index
F is repeatedly calculated at a period shorter than the
analysis period T. As understood from the above description,
the blood flow index F is calculated (specifically, the product
of the intensity of each frequency in the intensity spectrum
and the frequency is integrated in a predetermined frequency
range) from an intensity spectrum related to the frequency of
light reflected and received inside in a biological body by
radiating a laser beam.

Feb. 21, 2019
i (6b)
D fAFGY)
P f=fy

(%)

\

[0053] The average blood pressure calculation unit 55 in
FIG. 5 calculates the average blood pressure Pave of the
biological body in accordance with the blood mass index M
and the blood flow index F calculated by the index calcu-
lation unit 51. Specifically, the average blood pressure
calculation unit 55 calculates the average blood pressure
Pave in accordance with an average value Mave obtained by
averaging the blood mass indexes M during the analysis
period T and an average value Fave obtained by averaging
the blood flow indexes F during the analysis period T. The
average value Mave is an average (for example, a simple
average or a weighted average) of the plurality of blood
mass indexes M calculated during the analysis period T. The
average value Fave is an average (for example, a simple
average or a weighted average) of the plurality of blood flow
indexes F calculated during the analysis period T.

[0054] As described above, the blood mass index M
correlates with a blood vessel diameter d. Specifically, a
cubic root (M'?) of the blood mass index M is equivalent to
the blood vessel diameter d2. The third power of the blood
vessel diameter d2 is paraphrased to be equivalent to the
blood mass index M. The blood flow index F is equivalent
to a blood flow Q2. In consideration of the foregoing
relation, Expression (4) described above is modified into
Expression (7) below.

Fove M
MGVE

Pae =KX

[0055] The average blood pressure calculation unit 55
according to the first embodiment calculates the average
blood pressure Pave by calculation of Expression (7). A sign
K is a coefficient determined in advance in accordance with
the blood density p, a length L2 of an arteriole, and the like.
As understood from Expression (7), the average blood
pressure Pave is calculated in accordance with Fave/Mave®
3. The coeflicient K is set from an actually measured value
of the average blood pressure Pave actually measured, for
example, using a cuff or the like and a calculated value of
Fave/Mave** of Expression (7) (for example, K=actually
measured value/calculated value). The control device 21
causes the display device 23 to display the average blood
pressure Pave calculated by the average blood pressure
calculation unit 55.

[0056] FIG. 6 is a flowchart illustrating a process (here-
inafter referred to as a “biological analysis process™)
executed by the control device 21. The biological analysis
process in FIG. 6 is executed during each analysis period T
on the time axis. When the biological analysis process starts,
the index calculation unit 51 calculates the blood mass index
M at each of a plurality of time points within the analysis
period T (Sal). In the calculation of the blood mass index M,
Expression (5a) or (5b) described above is used. Subse-
quently, the index calculation unit 51 calculates the blood
flow index F at each of the plurality of time points within the
analysis period T (Sa2). In the calculation of the blood flow
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index F, Expression (6a) or (6b) described above is used. The
average blood pressure calculation unit 55 calculates the
average blood pressure Pave in accordance with the blood
mass index M and the blood flow index F calculated by the
index calculation unit 51 (Sa3). The control device 21 causes
the display device 23 to display the average blood pressure
Pave calculated by the average blood pressure calculation
unit 55 (Sa4). The order of the calculation (Sal) of the blood
mass index M and the calculation (Sa2) of the blood flow
index F may be reversed. By executing the above-described
biological analysis process during each analysis period T, a
time series of the plurality of average blood pressures Pave
(that is, a temporal change in the average blood pressure
Pave) are calculated.

[0057] FIG. 7 is a flowchart illustrating specific content of
a process Sa3 of calculating the average blood pressure
Pave. The average blood pressure calculation unit 55 cal-
culates the average value Mave obtained by averaging the
blood mass index M during the analysis period T (Sa3-1).
The average blood pressure calculation unit 55 calculates the
average value Fave obtained by averaging the blood flow
indexes F during the analysis period T (8a3-2). Then, the
average blood pressure calculation unit 55 calculates the
average blood pressure Pave in accordance with the average
value Mave and the average value Fave (Sa3-3). Specifi-
cally, the average blood pressure Pave is calculated in
accordance with Fave/Mave*>. The order of the calculation
(Sa3-1) of the average value Mave and the calculation
(Sa3-2) of the average value Fave may be reversed.

[0058] As described above, according to the first embodi-
ment, the average blood pressure Pave is calculated in
accordance with the blood vessel diameter index (the blood
mass index M) and the blood flow index F. Here, for
example, in a configuration in which a biological body is
compressed in calculation of an average blood pressure (for
example, a configuration in which an average blood pressure
is calculated using a cuff or the like), an error caused due to
a difference in a pressure force can occur. However, accord-
ing to the first embodiment, since the average blood pressure
Pave is calculated in accordance with the blood vessel
diameter index (the blood mass index M) and the blood flow
index F, it is unnecessary to compress a biological body.
Furthermore, an error caused due to a difference in a
pressure force can be reduced and the average blood pres-
sure Pave can be calculated with high precision.

[0059] Incidentally, in calculation of the blood flow index
F, a blood flow rate sensor that radiates an ultrasonic wave
to a biological body can also be used. However, when an
ultrasonic wave radiation type of blood flow rate sensor is
used, a skin thickness of a measurement region or the flow
index F has an influence on a condition that a radiation
surface of an ultrasonic wave comes into contact with a
biological body (the degree or a pressure of adherence). It is
difficult to actually specify an index related to a blood
pressure (for example, an average blood pressure) with high
precision. When the ultrasonic wave radiation type of blood
flow rate sensor is used, there is also the problem that the
size of a biological analysis device increases. According to
the first embodiment, however, since a laser beam is used in
calculation of the blood flow index F, the influence of a skin
thickness or the like can be reduced and the average blood
pressure Pave can be measured with higher precision than in
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a case in which an ultrasonic wave radiation type blood flow
rate sensor is used. It is possible to miniaturize the biological
analysis device 100.

Second Embodiment

[0060] A second embodiment of the invention will be
described. Elements similar to those of the first embodiment
in operations or functions in each embodiment to be exem-
plified below, the reference numerals used in the description
of the first embodiment are applied, and a detailed descrip-
tion of each element will be appropriately omitted.

[0061] Absorbance Abs of blood is changed in conjunction
with pulsation of a blood vessel diameter. That is, the
absorbance Abs correlates with a blood vessel diameter.
Specifically, a relation between the absorbance Abs and the
blood vessel diameter d is expressed in Expression (8)
below. A sign & in Expression (8) is a molar absorbance
coeflicient and a sign ¢ is red blood cell density. From the
foregoing reason, according to the second embodiment, an
index J related to the absorbance Abs of a biological body
(hereinafter referred to as an “absorbance index™) is exem-
plified as a blood vessel diameter index.

Abs=ecd (8)

[0062] The index calculation unit 51 according to the
second embodiment calculates the absorbance index J and a
blood flow index F similar to that of the first embodiment.
The absorbance Abs is expressed in Expression (9) below. A
sign I in Expression (9) is an intensity of a signal component
of the detection signal ZA and a sign 10 is an intensity of
light incident on a measurement region (an intensity of light
emitted from the light-emitting unit E). Expression (10) is
derived from Expressions (8) and (9).

Abs = =log(I/1p) (€)]
- U (10)

&c
[0063] The molar absorbance coeflicient & and the red

blood cell density ¢ can be set to predetermined values. That
is, by calculating a common logarithm (log(I/10)) of a ratio
of the intensity 10 and the intensity I, it is possible to
calculate the blood vessel diameter d. Accordingly, the index
calculation unit 51 according to the second embodiment
calculates the common logarithm (log(1/10)) of the ratio of
the intensity 10 and the intensity I as the absorbance index
J. The intensity 10 is set to a predetermined value and the
intensity I is calculated from a photoelectric volume pulse
wave indicating a light reception level of light received from
a biological body (the measurement region H). That is, the
absorbance index J is calculated from the photoelectric
volume pulse wave. The photoelectric volume pulse wave is
generated from the detection signal ZA generated by the
detection device 30A. For example, the photoelectric vol-
ume pulse wave is generated through a filtering process of
suppressing a high-frequency component of the detection
signal ZA output by the detection device 30A and an
amplification process of amplifying a signal subjected to the
filtering process. The blood flow index F is calculated in
accordance with a method similar to that of the first embodi-
ment.
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[0064] The average blood pressure calculation unit 55
according to the second embodiment calculates the average
blood pressure Pave from the absorbance index J and the
blood flow index F calculated by the index calculation unit
51. Specifically, the average blood pressure calculation unit
55 calculates the average blood pressure Pave in accordance
with the average value Jave obtained by averaging the
absorbance indexes I during the analysis period T and the
average value Fave obtained by averaging the blood flow
indexes F during the analysis period T. As described above,
the absorbance index J correlates with the blood vessel
diameter d2 and the blood flow index F is equivalent to the
blood flow Q2. In consideration of the foregoing relation,
Expression (11) is derived from Expressions (4) and (10)
described above. The average blood pressure calculation
unit 55 calculates the average blood pressure Pave by
calculating Expression (11). A sign K is a coeflicient deter-
mined in advance in accordance with the blood density p,
the length [.2 of an arteriole, and the like. The coeflicient K
is a coefficient determined in advance in accordance with the
molar absorbance coefficient €, the red blood cell ¢, the
blood density p, the length L2 of an arteriole, and the like.
As understood from Expression (11), the average blood
pressure Pave according to the second embodiment in accor-
dance with Fave/Jave®. The coefficient K is set from, for
example, a value actually measured using a cuff or the like
and the calculation of Fave/Jave® in Expression (11) (for
example, K=actually measured value/calculated value).

Fave an

Pae=KX

ave

[0065] Content of the biological analysis process accord-
ing to the second embodiment is similar to that of the first
embodiment exemplified in FIG. 6. However, in step Sal of
FIG. 6, the index calculation unit 51 calculates the absor-
bance index J instead of the blood mass index M. In step
Sa3-1 of FIG. 7, the average blood pressure calculation unit
55 calculates the average value Jave of the absorbance
indexes J instead of the average value Mave of the blood
mass indexes M.

[0066] In the second embodiment, advantages similar to
those of the first embodiment are obtained. In the second
embodiment, in particular, since the absorbance index J
calculated from the photoelectric volume pulse wave indi-
cating a light reception level of light received from a
biological body is used as the blood vessel diameter index,
a processing load for calculating the blood vessel diameter
index is reduced further than in the configuration of the first
embodiment in which the blood mass index M calculated
from the intensity spectrum is used as the blood vessel
diameter index.

Third Embodiment

[0067] According to a third embodiment, the average
blood pressure Pave is calculated in accordance with the
absorbance index ] and the blood mass index F, as in the
second embodiment. However, while the detection signal
ZA generated by the common light-receiving unit R is used
in the calculation of the absorbance index J and the calcu-
lation of the blood flow index F in the second embodiment,
a detection signal Z generated by a separate light-receiving
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unit R is used in calculation of the absorbance index J and
the calculation of the blood flow index F in the third
embodiment.

[0068] FIG. 8 is a diagram illustrating a configuration of
the biological analysis device 100 according to the third
embodiment. The detection device 30A in the biological
analysis device 100 according to the third embodiment
includes a light-emitting unit E and two light-receiving units
R (R1 and R2). As in the second embodiment, the light-
emitting unit E radiates a coherent laser light to the mea-
surement region H (biological body) with a narrowband.
Each light-receiving unit R receives the laser beam reflected
inside the measurement region H as in the second embodi-
ment. The light-receiving units R are each installed at
positions located at different distances from the light-emit-
ting unit E. The positions at which the light-receiving units
R are installed in the detection device 30A will be described
in detail below. Specifically, the light-receiving unit R1
generates a detection signal ZA1 in accordance with a light
reception level of the light passing through the inside of the
measurement region H and the light-receiving unit R2
generates a detection signal ZA2 in accordance with a light
reception level of the light passing through the inside of the
measurement region H. The detection signal ZA1 is used in
the calculation of the blood flow index F. On the other hand,
the detection signal ZA2 is used in the calculation of the
absorbance index J.

[0069] The index calculation unit 51 according to the third
embodiment calculates the blood flow index F from the
detection signal ZA1 generated by the light-receiving unit
R1 and calculates the absorbance index J from the detection
signal ZA2 generated by the light-receiving unit R2. The
blood flow index I and the absorbance index J is calculated
in accordance with a method similar to that of the second
embodiment. The average blood pressure calculation unit 55
according to the third embodiment calculates the average
blood pressure Pave from the absorbance index J and the
blood flow index F calculated by the index calculation unit
51 as in the second embodiment.

[0070] Hereinafter, the positions at which the light-receiv-
ing units R are installed in the detection device 30A will be
described. Here, a frequency bandwidth (a frequency fL to
fH in Expression (5b)) used in the calculation of the blood
flow index F in the detection signal Z is different from a
frequency bandwidth used in the calculation of the absor-
bance index J. A distance between the light-emitting unit E
to the light-receiving unit R1 (for example, a distance
between the centers of the light-emitting unit E and the
light-receiving unit R1) in which the detection signal ZA1
with a high SN ratio can be obtained at a frequency
bandwidth preferred in the calculation of the blood flow
index F is different from a distance between the light-
emitting unit E to the light-receiving unit R2 (for example,
a distance between the centers of the light-emitting unit E
and the light-receiving unit R2) in which the detection signal
ZA2 with a high SN ratio can be obtained at a frequency
bandwidth preferred in the calculation of the absorbance
index J.

[0071] FIG. 9 is a table illustrating quality of an SN ratio
in a frequency bandwidth used in calculation of the blood
flow index F in the detection signal ZA1 and quality of an
SN ratio in a frequency bandwidth used in calculation of the
absorbance index J in the detection signal ZA2 in a plurality
of cases in which a distance between the light-emitting umt
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E and the light-receiving unit R is changed. As ascertained
from FIG. 9, the SN ratio of the frequency bandwidth used
in the calculation of the blood flow index F in the detection
signal ZA1 indicates a highest value when the distance
between the light-emitting unit E and the light-receiving unit
R1 is equal to or greater than 0.5 mm and equal to or less
than 2 mm. On the other hand, it was possible to obtain the
knowledge that the SN ratio of the frequency bandwidth
used in the calculation of the absorbance index I in the
detection signal ZA2 is a highest value when the distance
between the light-emitting unit E and the light-receiving unit
R2 is equal to or greater than 3 mm and equal to or less than
5 mm.

[0072] On the basis of the foregoing knowledge, accord-
ing to the third embodiment, distances between the light-
emitting unit E and the light reception units R1 and R2 are
set separately. For example, the distance between the light-
receiving unit R1 and the light-emitting unit E is set as a
distance in which the detection signal ZA1 with a high SN
ratio can be obtained at a frequency bandwidth preferred in
the calculation of the blood flow index F, and the distance
between the light-receiving unit R2 and the light-emitting
unit E is set as a distance in which the detection signal ZA2
with a high SN ratio can be obtained at a frequency band
preferred in the calculation of the absorbance index I.
Specifically, on the basis of the result illustrated in FIG. 9,
the distance between the light-emitting unit E and the
light-receiving unit R1 is set to be equal to or greater than
0.5 mm and equal to or less than 2 mm, and the distance
between the light-emitting unit E and the light-receiving unit
R2 is set to be equal to or greater than 3 mm and equal to
or less than 5 mm (preferably, 4 mm).

[0073] In the third embodiment, advantages similar to
those of the second embodiment are obtained. In the third
embodiment, in particular, since the light-receiving unit R1
calculating the blood flow index F is separate from the
light-receiving unit R2 calculating the absorbance index J, it
is possible to generate the detection signal ZA1 with the high
SN ratio at the frequency band preferred in the calculation
of the blood flow index F and the detection signal ZA2 with
a high SN ratio at the frequency band preferred in the
calculation the absorbance index J. Accordingly, the average
blood pressure Pave can be calculated with higher precision
than in the configuration in which the light-receiving unit R
common to the calculation of the absorbance index I and the
calculation of the blood flow index F is used.

Fourth Embodiment

[0074] In a fourth embodiment, a configuration in which a
blood pressure P is calculated using the average blood
pressure Pave calculated in the first embodiment will be
exemplified. FI1G. 10 is a diagram illustrating a configuration
of a biological analysis device 100 according to the fourth
embodiment. The biological analysis device 100 according
to the fourth embodiment has a configuration in which a
detection device 30B, a pulse pressure calculation unit 53, a
blood pressure calculation unit 57 are added to the biological
analysis device 100 according to the first embodiment. The
pulse pressure calculation unit 53 and the blood pressure
calculation unit 57 are realized when the control device 21
executes a program stored in the storage device 22.

[0075] The detection device 30B is a detection device that
generates a detection signal ZB in accordance with a state of
the measurement region H (specifically, a blood vessel
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inside the measurement region H). For example, a device
such as an optical sensor module or an ultrasonic sensor
module is appropriately used as the detection device 30B.
The pulse pressure calculation unit 53 calculates a pulse
pressure AP from the detection signal ZB generated by the
detection device 30B. The pulse pressure AP during the
analysis period T exemplified in FIG. 2 is calculated. In the
calculation of the pulse pressure AP, any known technology
can be adopted. The average blood pressure calculation unit
55 calculates the average blood pressure Pave as in the first
embodiment.

[0076] The blood pressure calculation unit 57 in FIG. 10
calculates the blood pressure P from the pulse pressure AP
calculated by the pulse pressure calculation unit 53 and the
average blood pressure Pave calculated by the average blood
pressure calculation unit 55. The blood pressure calculation
unit 57 according to the fourth embodiment calculates a
systolic blood pressure Pmax and a diastolic blood pressure
Pmin. As exemplified in FIG. 2, the systolic blood pressure
Pmax is a maximum blood pressure during the analysis
period T and the diastolic blood pressure Pmin is a minimum
blood pressure during the analysis period T. Relations of
Expressions (12) and (13) below are approximately estab-
lished among the average blood pressure Pave, the pulse
pressure AP, the systolic blood pressure Pmax, and the
diastolic blood pressure Pmin. The blood pressure calcula-
tion unit 57 calculates the systolic blood pressure Pmax by
Expression (12) below and calculates the diastolic blood
pressure Pmin by Expression (13) below. The control device
21 causes the display device 23 to display the systolic blood
pressure Pmax and a diastolic blood pressure Pmin calcu-
lated by the blood pressure calculation unit 57.

2
Prax = Pose + AP

|
Prin = Prye — AP
win = Pave = 5

[0077] In the fourth embodiment, advantages similar to
those of the first embodiment are obtained. In the fourth
embodiment, in particular, since the blood pressures P (the
systolic blood pressure Pmax and a diastolic blood pressure
Pmin) are calculated from the pulse pressure AP and the
average blood pressure Pave, an error caused due to a
difference in a pressure force can be reduced and the blood
pressure P can be calculated with high precision.

Fifth Embodiment

[0078] FIG. 11 is a schematic diagram illustrating a use
example of a biological analysis device 100 according to a
fifth embodiment. As exemplified in FIG. 11, the biological
analysis device 100 includes a detection unit 71 and a
display unit 72 configured to be separate from each other.
The detection unit 71 includes the detection device 30
exemplified in each of the above-described embodiments.
FIG. 11 exemplifies the detection unit 71 worn on an upper
arm of a subject. As exemplified in FIG. 12, the detection
unit 71 worn on a wrist of the subject is also appropriate.
[0079] The display unit 72 includes the display device 23
exemplified in each of the above-described embodiments.
For example, an information terminal such as a mobile
phone or a smartphone is an appropriate example of the
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display unit 72. Here, any specific form of the display unit
72 is used. For example, a wrist watch type information
terminal which can be carried by the subject or an informa-
tion terminal dedicated for the biological analysis device
100 may be used as the display unit 72.

[0080] An element (hereinafter referred to as a “calcula-
tion processing unit™) calculating the average blood pressure
Pave from the detection signal ZA is mounted on, for
example, the display unit 72. The calculation processing unit
includes the elements exemplified in FIG. 3 (the index
calculation unit 51 and the average blood pressure calcula-
tion unit 55). The detection signal ZA gencrated by the
detection device 30 of the detection unit 71 is transmitted to
the display unit 72 in a wired or wireless manner. The
calculation processing unit of the display unit 72 calculates
the average blood pressure Pave from the detection signal
ZA and displays the average blood pressure Pave on the
display device 23. The pulse pressure calculation unit 53 and
the blood pressure calculation unit 57 exemplified in the
fourth embodiment can also be mounted on the display umt
72.

[0081] The calculation processing unit may be mounted on
the detection unit 71. The calculation processing unit cal-
culates the average blood pressure Pave from the detection
signal ZA generated by the detection device 30 and transmits
data for displaying the average blood pressure Pave to the
display unit 72 in a wired or wireless manner. The display
device 23 of the display unit 72 displays the average blood
pressure Pave indicated by the data received from the
detection unit 71. The calculation processing unit may
transmit data for displaying the blood pressure calculated in
the fourth embodiment to the display unit 72.

Sixth Embodiment

[0082] FIG. 13 is a graph illustrating a relation between
actually measured values of the blood mass index M and a
third power (d2*) of the blood vessel diameter d2 calculated
from the actually measured values of the blood flow index
F and the actually measured values of the average blood
pressure Pave. The actually measured value of the blood
mass index M and the actually measured value of the blood
flow index F are measured using, for example, a laser
Doppler blood flowmeter. The average blood pressure Pave
is measured using a cuff or the like. FIG. 13 illustrates a
result measured on a plurality of subjects. As described
above, the blood vessel diameter d2 is equivalent to a cubic
root (M) of the blood mass index M. Therefore, Expres-
sion (7) below is derived from Expression (14). d2° is
calculated using Expression (14).

2 (14)
I R

4% = K' Pave '

Fave ’

[0083] As ascertained form FIG. 13, it is possible to obtain
the knowledge that a regression line indicating a relation
between d2® and the actually measured value of the blood
mass index M is expressed by a linear function that has a
slope and an intercept. When a is a coeflicient indicating the
slope and b is a coefficient indicating the intercept, d2° is
expressed in Expression (15) below. FIG. 13 exemplifies a
case in which the coefficient a is 0.0889 and the coeflicient
b is 0.0023. The actually measured value of blood mass
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index M and d2® have high correlation, it can be understood
that the correlation 1s appropriately approximate by Expres-
sion (15) A correlation coefficient R* in FIG. 13 is 0.9488.

d2}=axM+b (15)

[0084] On the premise that the third power of the blood
vessel diameter d2 is equivalent to the blood mass index M
and the flood flow index F is equivalent to the blood flow
Q2, Expression (4) described above is modified to Expres-
sion (16) below. A sign K" in Expression (16) is a coeflicient
determined in advance in accordance with the blood density
p, alength .2 of an arteriole, and the like as in the coeflicient
K in Expression (7).

16
P =K' X {16

4
(axM +b)3

[0085] FIG. 14 is a graph illustrating a relation between
actually measured values of the average blood pressure Pave
measured by a cuff or the like and the calculated values of
the average blood pressure Pave calculated from Expression
(16) Negative correlation is observed between the actually
measured value of the average blood pressure Pave and a
calculated value of the average blood pressure Pave
observed on the assumption that d2 has no intercept in some
cases. In contrast, as ascertained in FIG. 14, positive corre-
lation was observed between the actually measured value of
the average blood pressure Pave and the calculated value of
the average blood pressure Pave calculated by Expression
(16). The correlation coeflicient R in FIG. 34 is 0.5858. On
the basis of the foregoing knowledge, the average blood
pressure Pave is calculated using Expression (16) in the
sixth embodiment. That is, the average blood pressure Pave
is calculated by Fave/(axM,, +b)*>.

[0086] The coefficients a and b in Expression (16) are
statistically set, for example, using the actually measured
values (the average blood pressure Pave, the blood mass
index M, and the blood flow index F) calculated from a
plurality of subjects. The coefficients a and b may be set for
each user of the biological analysis device 100 or the
coeflicients a and b common to users may be set. When the
coefficients a and b are set for each user, it is necessary to
correct the coeflicients a and b using actually measured
values measured for each user. On the other hand, when the
coefficients a and b common to users are set, there is the
advantage that correction is not necessary for each user. One
of the coeflicients a and b may be set to be common to the
users and the other may be set for each user.

[0087] As understood from the foregoing description,
according to the sixth embodiment, the average blood pres-
sure Pave is calculated in accordance with Fave/(axMave+
b)*? which is observed to have positive correlation with the
actually measured value of the average blood pressure Pave.
Therefore, it is possible to calculate the average blood
pressure Pave with high precision. When the coeflicients a
and b are set to be common to the users, there is the
advantage that the correction is not necessary at the time of
using the biological analysis device 100. The configuration
of the sixth embodiment can be applied to any of the first to
fifth embodiments.
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Seventh Embodiment

[0088] Noise distributed with a substantially equal inten-
sity in a whole region on the frequency axis (hereinafter
referred to as “background noise”) can be contained in the
intensity spectrum related to a frequency of the detection
signal ZA. The background noise is shot noise unique to an
electric circuit included in the biological analysis device 100
or noise caused due to an electromagnetic wave in an
installation environment of the biological analysis device
100. In a seventh embodiment, the background noise is
reduced from an intensity spectrum specified from the
detection signal ZA, and the blood mass index M and the
blood flow index F are calculated.

[0089] The detection device 30A according to the seventh
embodiment generates a signal indicating the background
noise (hereinafter referred to as an “observation signal”) in
addition to the detection signal ZA exemplified in each of the
above-described embodiments. The observation signal is
generated in a state in which a blood flow is not observed.
For example, a signal output by the light-receiving unit R is
generated as an observation signal in a state in which the
light-emitting unit E radiates light to a stationary object with
low reflectance without including a moving object. A signal
output by the light-receiving unit R may be used as an
observation signal in a state in which light is not radiated to
a stationary object. A signal output by the light-receiving
unit R may be used as an observation signal in a state in
which the measurement region H or a position upstream
from the measurement region H is stopped from bleeding by
a cuff or the like. As understood from the foregoing descrip-
tion, an observation signal containing no component origi-
nating from a blood flow of the measurement region H is
generated. That is, an observation signal indicating the
background noise in a case in which the blood mass index
M and the blood flow index F of the measurement region H
are calculated is generated.

[0090] The index calculation unit 51 according to the
seventh embodiment subtracts an intensity G(Dbg of the
background noise from an intensity G(f) at each frequency
f in an intensity spectrum related to the frequency of the
detection signal ZA and calculates the blood mass index M
and the blood flow index F. The intensity G(f)bg of the
background noise is an intensity at each frequency fin the
intensity spectrum calculated from the observation signal. A
value obtained by smoothing the intensity G(f)bg of the
background noise (for example, moving average) may be
subtracted from the intensity G(f). The intensity G(f)bg may
be smoothed on either the time axis or the frequency axis.
[0091] Specifically, the index calculation unit 51 specifies
a correction intensity G(f)c by subtracting the intensity
G(Dbg from the intensity G(f) at each frequency f. The
correction intensity G(f)c is expressed in Expression (17)
below.

G(fic=G(H-G(Hbg an

[0092] The blood mass index M and the blood flow index
F are calculated using the correction intensity G(f)c calcu-
lated from Expression (17). That is, the blood mass index M
and the blood flow index F from which an influence of the
background noise is reduced are calculated. As in each of the
above-described embodiments, Expression (5a) or (5b) is
used in the calculation of the blood mass index M, and
Expression (6a) or (6b) is used in the calculation of the blood
flow index F.
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[0093] As understood from the foregoing description,
according to the seventh embodiment, the intensity G(f)bg
of the background noise is subtracted from the intensity G(f)
at each frequency f'in the intensity spectrum of the detection
signal ZA to calculate the blood mass index M and the blood
flow index F. Accordingly, the blood mass index M and the
blood flow index F from which an influence of the back-
ground noise is reduced are calculated. That is, it is possible
to calculate the average blood pressure Pave with high
precision.

[0094] As ascertained from Expression (6a) or (6b), the
blood flow index F is calculated by multiplying the intensity
G(f) by the frequency f (that is, using a frequency weighted
intensity spectrum (fxG(f))). Accordingly, there is a ten-
dency that the influence of the background noise increases
with respect to the blood flow index F as the frequency
increases. The configuration in which the background noise
is reduced from the intensity spectrum according to the
seventh embodiment is particularly effective when the blood
flow index F is calculated. The configuration of the seventh
embodiment can be used to reduce the background noise
from the intensity spectrum of the optically detected detec-
tion signal in the first to sixth embodiments.

Eighth Embodiment

[0095] When the background noise is removed at a fre-
quency bandwidth (hereinafter referred to as a “designation
bandwidth”) in which the intensity G(f) is not changed in
accordance with pulsation of the measurement region H in
the intensity spectrum of the detection signal ZA in the
seventh embodiment, the intensity G(f) becomes closes to 0.
As the intensity G(f) in the designation bandwidth is closer
to 0, the background noise is paraphrased as being removed
with high precision. Accordingly, in an eighth embodiment,
the intensity G(f)bg is subtracted from the intensity G(f) so
that a result obtained by subtracting the intensity G(f)bg
from the intensity G(f) is closer to O in the designation
bandwidth. The designation bandwidth is, for example, a
bandwidth equal to or greater than 25 kHz or equal to or less
than 30 kHz. The designation bandwidth is not limited to the
foregoing example. For example, the designation bandwidth
is changed appropriately in accordance with the kind of
measurement region H.

[0096] The index calculation unit 51 according to the
eighth embodiment calculates the blood mass index M and
the blood flow index F by subtracting the intensity G(f)bg of
the background noise from the intensity G(f) at each fre-
quency f in the intensity spectrum related to the frequency
of the detection signal ZA as in the seventh embodiment.
Specifically, the index calculation unit 51 calculates the
correction intensity G(f)c by subtracting the intensity G(f)bg
from the intensity G(f) so that the result obtained by sub-
tracting the intensity G(f)bg from the intensity G(f) is close
to 0 in the designation bandwidth. The correction intensity
G(f)c according to the eighth embodiment is expressed in
Expression (18) below.

G(He=G(f)-CxG(f)bg (18)

[0097] A sign C in Expression (18) is a coeflicient set so
that the correction intensity G(f)c in the designation band-
width is closer to 0. Specifically, the coefficient C is set so
that a value calculated from Expression (19) below is
minimum (ideally, 0). A sign fmax of Expression (18) is an
upper limit of the frequency of the designation bandwidth
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and fmin is a lower limit of the frequency of the designation
bandwidth. The coefficient C may be set in accordance with
the frequency f. For example, the coefficient C different for
each bandwidth segmented into a plurality of pieces on the
frequency axis may be set.

S 19
D (G(f) - X G fbg?
Jmin

[0098] As ascertained from Expression (18), the correc-

tion intensity G(f)c is calculated by subtracting the intensity
G () bg multiplied by the coeflicient C from the intensity G
(D). The index calculation unit 51 calculates the blood mass
index M and the blood flow index F using the correction
intensity G(f)c calculated by Expression (18) at each fre-
quency f. As in each of the above-described embodiments,
Expression (5a) or (5b) is used in the calculation of the blood
mass index M, and Expression (6a) or (6b) is used in the
calculation of the blood flow index F.

[0099] FIG. 15 is graph illustrating the frequency
weighted intensity spectrum (fxG(f)c) calculated in a con-
figuration in which the correction intensity G(f)c is calcu-
lated without multiplying the intensity G(f)b by the coefli-
cient C (hereinafter referred to as a “comparative example™)
and the frequency weighted intensity spectrum (fxG(f)c)
calculated from the correction intensity G(f)c by calculating
Expression (18). As ascertained from FIG. 15, in the con-
figuration of the eighth embodiment, the frequency weighted
intensity spectrum (fxG(f)c) is calculated by reducing the
background noise with higher precision than in the com-
parative example. In particular, the background noise is
effectively reduced on a high bandwidth in which an influ-
ence of the background noise increases and the frequency
weighted intensity spectrum (fxG(f)c) is calculated. That is,
it is possible to calculate the blood flow index F from which
the background noise is effectively reduced over the whole
frequency axis.

[0100] FIG. 16 is a graph illustrating a relation between a
calculated value of the average blood pressure Pave calcu-
lated in the comparative example and actually measured
value of the average blood pressure Pave measured by a cuff
or the like. FIG. 17 is a graph illustrating a relation between
a calculated value of the average blood pressure Pave
calculated in the configuration of the eighth embodiment and
an actually measured value of the average blood pressure
Pave measured by a cuff or the like. As ascertained from
FIGS. 16 and 17, according to the eighth embodiment,
higher correlation (positive correlation) is observed between
the calculated value of the average blood pressure Pave and
the actually measured value of the average blood pressure
Pave than in the comparative example. While a standard
deviation o of the calculated values of the average blood
pressure Pave in FIG. 16 is 22.5 mmHg, the standard
deviation o of the calculated values of the average blood
pressure Pave in FIG. 17 is 8.8 mmHg. As described above,
according to the eighth embodiment, it can be understood
that the average blood pressure Pave can be calculated with
higher precision than in the comparative example.

[0101] In the eighth embodiment, advantages similar to
those of the first embodiment are obtained. In the eighth
embodiment, the blood mass index M and the blood flow
index F in which the influence of the background noise is
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reduced are calculated as in the seventh embodiment.
According to the eighth embodiment, in particular, the blood
mass index M and the blood flow index F are calculated by
subtracting the intensity G(f)bg from the intensity G(f) so
that the result obtained by subtracting the intensity G(f)bg
from the intensity G(f) is closer to O in the designation
bandwidth. Accordingly, it is possible to reduce the influ-
ence of the background noise with higher precision and
calculate the blood mass index M and the blood flow index
F than in the comparative example.

Examination on Presence or Absence of Each Configuration

[0102] As has been exemplified in each of the above-
described embodiments, according to a preferred aspect of
the invention, a configuration in which the average blood
pressure Pave is calculated in accordance with the blood
vessel diameter index and the blood flow index F (herein-
after referred to as a “configuration A”) is adopted. A method
of determining whether the configuration A is adopted in an
actual biological analysis device (hereinafter referred to as
an “actual product”) 90 will be described below. Hereinafter,
the biological analysis device 100 for which it is confirmed
that the configuration A is adopted is referred to as a
“product of the present specification”.

[0103] The actual product 90 includes a detection device
91 that includes the light-emitting unit E and the light-
receiving unit R, a processing unit 93 that calculates an
average blood pressure PWave from a detection signal
output by the detection device 91, and a display device 95
that displays the average blood pressure PWave calculated
by the processing unit 93, as exemplified din FIG. 18. A
scene in which a plurality (for example, 3 or more kinds) of
test signals U with different waveforms within the analysis
period T are supplied in order to each of the processing unit
93 of the actual product 90 and the control device 21 of the
product of the present specification is assumed. In the actual
product 90, each test signal U (U1, U2, and U3) is supplied
to the processing unit 93 (for example, a wiring or a terminal
between the detection device 91 and the processing unit 93).
For example, each test signal U is generated by a signal
generator such as a pulse generator. The plurality of test
signals U have different Fave/Mave®® (Fave/Jave* in the
product of the present specification in the second and third
embodiments). For example, the plurality of test signals U
are generated so that a difference between a maximum value
and a minimum value among Fave/Mave*” calculated in the
plurality of test signals U is twice or more. The test signals
U with wavelengths of a time length longer than the analysis
period T may be generated.

[0104] A casein which the average blood pressure Pave of
a subject is displayed as a measurement result on the display
device 95 of the actual product 90 is assumed. It is assumed
that an average blood pressure PWavel is displayed when
the test signal Ul is supplied to the actual product 90, an
average blood pressure PWave2 is displayed when the test
signal U2 is supplied to the actual product 90, and an
average blood pressure PWave3 is displayed when the test
signal U3 is supplied to the actual product 90. It is assumed
that the average blood pressure Pavel is displayed when the
test signal Ul is supplied to the product of the present
specification, the average blood pressure Pave?2 is displayed
when the test signal U2 is supplied to the product of the
present specification, and the average blood pressure Pave3
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is displayed when the test signal U3 is supplied to the
product of the present specification.

[0105] FIG. 19 is a graph illustrating a relation between
the average blood pressure PWave displayed on the actual
product 90 and the average blood pressure Pave displayed
on the product of the present specification. When the con-
figuration A is adopted in the actual product 90, correlation
is observed between the plurality of average blood pressures
PWave (the average blood pressures PWavel, PWave2, and
PWave3) measured with the actual product 90 and the
plurality of average blood pressures Pave (Pavel, Pave2,
and Pave3) measured with the product of the present speci-
fication. Specifically, a correlation coeflicient between the
plurality of average blood pressures PWave displayed on the
actual product 90 and the plurality of average blood pres-
sures Pave displayed with the product of the present speci-
fication is 0.8 or more. In consideration of the foregoing
circumstances, there is a sufficiently high possibility of the
configuration A being adopted in the actual product 90 when
the correlation coeflicient between the average blood pres-
sures Pave calculated by supplying the plurality of test
signals U to the actual product 90 and the average blood
pressure Pave calculated by supplying the plurality of test
signals U to the product of the present specification is 0.8 or
more. For example, a Pearson integration correlation coef-
ficient is suitable as the correlation coeflicient.

[0106] Inthe foregoing description, the test signals U have
been supplied to the processing unit 93 of the actual product
90, but the average pulse pressures PWave calculated by
causing the light-receiving unit R that generates a detection
signal in the actual product 90 to receive light by which the
test signals U are generated may be compared with the
average pulse pressures Pave of the product of the present
specification. In the foregoing description, the average pulse
pressures PWave displayed on the display device 95 of the
actual product 90 have been compared with the average
pulse pressures Pave displayed on the display device 23 of
the product of the present specification, but whether the
actual product 90 has the configuration A may be determined
by comparing data output from the processing unit 93 of the
actual product 90 with data output from the control device
21 of the product of the present specification.

[0107] In the foregoing description, the case in which the
actual product 90 displays the average pulse pressures
PWave has been assumed for convenience, but whether the
actual product 90 has the configuration A can be estimated
in accordance with a similar method even when the actual
product 90 displays the blood pressures P (Pmax and Pmin)
of a subject. That is, a correlation coefficient is calculated
between the plurality of blood pressures measured by
sequentially supplying the plurality of test signals U to the
actual product 90 and the plurality of blood pressures
measured by sequentially supplying the plurality of test
signals U to the product of the present specification (in the
fourth embodiment) When the correlation coeflicient is 0.8
or more, there is a high possibility of the configuration A
being adopted in the actual product 90.

[0108] In the seventh and eighth embodiments, a configu-
ration in which the blood vessel diameter index and the
blood flow index F are calculated by subtracting the inten-
sity G(f)bg of the background noise from the intensity G(f)
at each frequency f in the intensity spectrum related to the
frequency of the detection signal ZA (hereinafter referred to
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as a “configuration B”) is adopted. A method of determining
whether the configuration B is adopted in the actual product
90 will be described below.

[0109] In a state in which the measurement region H or a
position upstream from the measurement region H is
stopped from bleeding (hereinafter referred to as a “bleeding
stop state™), the average pulse pressure PWave is calculated
by the actual product 90. In the intensity spectrum specified
by the actual product 90 in the bleeding stop state, the
background noise is predominantly contained. When the
configuration B is adopted in the actual product 90, the
average pulse pressure PWave is a value close to 0 (ideally,
0) in the bleeding stop state. On the other hand, when the
configuration B is not adopted in the actual product 90, the
average pulse pressure PWave is a value deviating from 0
due to an influence of the background noise contained in the
intensity spectrum. As understood from the foregoing
description, there is a high possibility of the configuration B
being adopted when the average pulse pressure PWave
displayed on the actual product 90 is close to 0 in the
bleeding stop state. When the actual product 90 displays the
blood vessel diameter index or the blood flow index F,
whether the configuration B is adopted may be determined
by determining whether the blood vessel diameter index or
the blood flow index F calculated in the bleeding stop state
is close to 0.

Modification Examples

[0110] Each of the embodiments exemplified above can be
modified in various forms. Specific modification aspects will
be exemplified below. Two or more selected arbitrarily from
the following examples can also be merged appropriately.

[0111] (1) In each of the above-described embodiments,
the average blood pressure Pave has been calculated, but the
biological information calculated by the biological analysis
device 100 is not limited to the foregoing example. For
example, the average blood pressure calculation unit 55 may
specify an index (for example, abnormality/high side/nor-
mality or the like) indicating a state of the average blood
pressure Pave of a subject using the calculated average
blood pressure Pave. As understood from the foregoing
description, the index calculated by the average blood pres-
sure calculation unit 55 is comprehensively expressed as an
index related to the average blood pressure Pave (hereinafter
referred to as an “average blood pressure index”), the
average blood pressure index includes both the average
blood pressure Pave and an index calculated using the
average blood pressure Pave.

[0112] (2) In each of the above-described embodiments,
the average blood pressure Pave has been calculated in
accordance with the average value obtained by averaging the
blood vessel diameter indexes (the blood mass indexes M or
the absorbance indexes J) during the analysis period T and
the average value Fave obtained by averaging the blood flow
indexes F during the analysis period T, but a method of
calculating the average blood pressure Pave is not limited to
the foregoing example. A configuration in which a time
length of the analysis period T in which the blood vessel
diameter indexes are averaged is caused to be different from
a time length of the analysis period T in which the blood
flow indexes F are averaged or a configuration in which the
analysis period T in which the blood vessel diameter indexes
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are averaged does not overlap the analysis period T in which
the blood flow indexes F are averaged on the time axis can
be adopted.

[0113] In the first embodiment (and the fourth or fifth
embodiment), the average value Mave has been calculated
by averaging the plurality of blood mass indexes M within
the analysis period T and the average value Fave has been
calculated by averaging the plurality of blood flow indexes
F, but methods of calculating the average value Mave and
the average value Fave are not limited to the foregoing
example. For example, the average value Mave and the
average value Fave may be calculated by calculating the
average intensity spectrum by averaging the plurality of
intensity spectra calculated at time points different within
the analysis period T to calculate the average intensity
spectrum and performing the calculation in the average
intensity spectrum. The average value Jave in the second and
third embodiment can also be similarly calculated from the
average intensity spectrum. When the average intensity <I*>
is changed within the analysis period T, there is a possibility
of the average blood pressure Pave not being appropriately
calculated in the configuration in which the average intensity
spectrum is used. Accordingly, even when the average
intensity <I*>> is changed, a configuration in which the
average value Mave and the average value Fave are calcu-
lated at each time point within the analysis period T is
appropriate, as exemplified in the above-described first
embodiment, from the viewpoint of calculating the average
blood pressure Pave with high precision.

[0114] (3) In the first embodiment (and the fourth or fifth
embodiment), the detection signal ZA generated by the
common light-receiving unit R has been used in the calcu-
lation of the blood mass index M and the calculation of the
blood flow index F, but the detection signals 7 generated by
the separate light-receiving units R can also be used in the
calculation of the blood vessel diameter index and the
calculation of the blood flow index F. Specifically, the
detection device 30A includes a light-emitting unit E and
two light-receiving units R (R1 and R2). An intensity
spectrum of the detection signal 7 generated by the light-
receiving unit R1 is used in the calculation of the blood mass
index M and an intensity spectrum of the detection signal 7
generated by the light-receiving unit R2 is used in the
calculation of the blood flow index F. Here, in the configu-
ration of the first embodiment in which the detection signal
ZA generated by the common light-receiving unit R is used
in the calculation of the blood mass index M and the
calculation of the blood flow index F, an intensity spectrum
common to the calculation of the blood mass index M and
the calculation of the blood flow index F can be used.

[0115] (4) In each of the above-described embodiments,
the biological analysis device 100 configured as a single
device has been described, but as will be exemplified below,
the plurality of components of the biological analysis device
100 can be realized as mutually separate devices. In the
following description, an element calculating the average
blood pressure Pave from the detection signal Z is referred
to as a “calculation processing unit 27”. The calculation
processing unit 27 includes, for example, the components
exemplified in FIG. 5 (the index calculation unit 51 and the
average blood pressure calculation unit 55).

[0116] In each of the above-described embodiments, the
biological analysis device 100 including the detection
devices 30 (30A and 30B) has been exemplified, but as
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exemplified in FIG. 20, the detection device 30 is assumed
to be separate from the biological analysis device 100. The
detection device 30 is, for example, a portable optical sensor
module that is worn on the measurement region H such as
a wrist, an upper wrist, or the like of a subject. The
biological analysis device 100 is realized as, for example, an
information terminal such as a mobile phone or a smart-
phone. The biological analysis device 100 may be realized
as a wrist watch type information terminal. The detection
signal Z generated by the detection device 30 is transmitted
to the biological analysis device 100 in a wired or wireless
manner. The calculation processing unit 27 of the biological
analysis device 100 calculates the average blood pressure
Pave from the detection signal Z and displays average blood
pressure Pave on the display device 23. As understood from
the foregoing description, the detection device 30 can be
omitted from the biological analysis device 100.

[0117] In each of the above-described embodiments, the
biological analysis device 100 including the display device
23 has been exemplified, but as exemplified in FIG. 21, the
display device 23 may be configured to be separate from the
biological analysis device 100. The calculation processing
unit 27 of the biological analysis device 100 calculates the
average blood pressure Pave from the detection signal Z and
transmits data for displaying the average blood pressure
Pave to the display device 23. The display device 23 may be
a dedicated display device, but may be mounted on, for
example, an information terminal such as a mobile phone or
a smartphone or a wrist watch type information terminal
which can be carried by a subject. The average blood
pressure Pave calculated by the calculation processing unit
27 of the biological analysis device 100 are transmitted to
the display device 23 in a wired or wireless manner. The
display device 23 displays the average blood pressure Pave
(the blood pressure in the fourth embodiment) received from
the biological analysis device 100. As understood from the
foregoing description, the display device 23 can be omitted
from the biological analysis device 100.

[0118] As exemplified in FIG. 22, the detection device 30
and the display device 23 are assumed to be separate from
the biological analysis device 100 (the calculation process-
ing unit 27). For example, the biological analysis device 100
(the calculation processing unit 27) is mounted on an
information terminal such as a mobile phone or a smart-
phone.

[0119] In the configuration in which the detection device
30 is separate from the biological analysis device 100, the
index calculation unit 51 can also be mounted on the
detection device 30. The blood vessel diameter index and the
blood flow index F calculated by the index calculation unit
51 are transmitted from the detection device 30 to the
biological analysis device 100 in a wired or wireless manner.
As understood from the foregoing description, the index
calculation unit 51 can be omitted from the biological
analysis device 100.

[0120] (5) In each of the above-described embodiments,
the wrist watch type biological analysis device 100 includ-
ing the casing 12 and the belt 14 has been exemplified, but
any specific form of the biological analysis device 100 can
be used. For example, the biological analysis device 100 of
any type such as a patch type which can be attached to the
body of a subject, an ear-mounted type which can be
mounted on the ears of a subject, a finger-mounted type (for
example, a nail-mounted type) which can be mounted on a
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finger of a subject), or a head-mounted type which can be
mounted on the head of a subject can be adopted.

[0121] (6) In each of the above-described embodiments,
the average blood pressure Pave (the blood pressure P in the
fourth embodiment) of a subject has been displayed on the
display device 23, but the configuration in which the subject
1s informed of the average blood pressure Pave is not limited
to the foregoing example. For example, a subject can also be
informed of the average blood pressure Pave by sound. In
the ear-mounted type biological analysis device 100 which
can be mounted on the ears of a subject, a configuration in
which the subject is informed of the average blood pressure
Pave by sound is particularly appropriate. The subject may
not necessarily be informed of the average blood pressure
Pave. For example, the average blood pressure Pave calcu-
lated by the biological analysis device 100 may be trans-
mitted from a communication network to another commu-
nication device. The average blood pressure Pave may be
stored in a portable recording medium detachably mounted
on the storage device 22 of the biological analysis device
100 or the biological analysis device 100.

[0122] (7) The biological analysis device 100 according to
each of the above-described embodiments is realized in
cooperation with the control device 21 and a program, as
exemplified above. The program according to a preferred
aspect of the invention can be provided in a form stored a
recording medium which can be read by the computer to be
installed on the computer. The program stored in a recording
medium included in a delivery server can also be provided
to a computer in a form delivered via a communication
network. The recording medium is, for example, a non-
transitory recording medium. An optical recording medium
(optical disc) such as a CD-ROM is a good example, but a
recording medium with any known format such as a semi-
conductor recording medium or a magnetic recording
medium can be included. The non-transitory recording
medium includes any recording medium removing a transi-
tory and propagating signal, and a volatile recording
medium is not excluded.

[0123] The entire disclosures of Japanese Patent Applica-
tion No. 2017-157161, filed Aug. 16, 2017 and Japanese
Patent Application No. 2018-104933, filed May 31, 2018 are
expressly incorporated by reference herein.

What is claimed is:
1. A biological analysis device comprising:

an average blood pressure calculation unit that calculates
an average blood pressure index related to an average
blood pressure of a biological body in accordance with
a blood vessel diameter index related to a blood vessel
diameter of the biological body and a blood flow index
related to a blood flow of the biological body and
calculated from an intensity spectrum related to a
frequency of light reflected and received from an inside
of the biological body through radiation of a laser
beam.

2. The biological analysis device according to claim 1,

wherein the average blood pressure calculation unit cal-
culates the average blood pressure index in accordance
with an average value obtained by averaging the blood
vessel diameter indexes during an analysis period and
an average value obtained by averaging the blood flow
indexes during the analysis period.
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3. The biological analysis device according to claim 2,

wherein the blood vessel diameter index is a blood mass
index related to a blood mass of the biological body,

wherein when M__ is an average value of the blood mass
indexes and F,,,, is an average value of the blood flow
indexes, the average blood pressure index is calculated
in accordance with F, /M, *>

4. The biological analysis device according to claim 3,

wherein the blood mass index is calculated from the
intensity spectrum.

5. The biological analysis device according to claim 1,

wherein the blood vessel diameter index is an absorbance
index related to absorbance of the biological body and
calculated from a photoelectric volume pulse wave
indicating a light reception level of light received from
the biological body.

6. The biological analysis device according to claim 1,

wherein the biological analysis device is worn on an
upper arm or a wrist of the biological body.

7. The biological analysis device according to claim 1,

further comprising:

a light-emitting unit that radiates the laser beam to the
biological body;

a light-receiving unit that receives the laser light reflected
inside the biological body; and

an index calculation unit that calculates the blood vessel
diameter index and the blood flow index using a
detection signal indicating a light reception level by the
light-receiving unit,

wherein the average blood pressure calculation unit cal-
culates the average blood pressure index from the blood
vessel diameter index and the blood flow index calcu-
lated by the index calculation unit.

8. The biological analysis device according to claim 7,

wherein the index calculation unit calculates the blood
mass index by integrating an intensity of each fre-
quency in the intensity spectrum related to the fre-
quency of the detection signal in a predetermined
frequency range.

9. The biological analysis device according to claim 7,

wherein the index calculation unit calculates the blood
mass index by integrating a product of an intensity of
each frequency in the intensity spectrum related to the
frequency of the detection signal and the frequency
within the predetermined frequency range.

10. A biological analysis method comprising:

calculating an average blood pressure index related to an
average blood pressure of a biological body in accor-
dance with a blood vessel diameter index related to a
blood vessel diameter of the biological body and a
blood flow index related to a blood flow of the bio-
logical body and calculated from an intensity spectrum
related to a frequency of light reflected and received
from an inside of the biological body through radiation
of a laser beam.

11. A program causing a computer to function as:

an average blood pressure calculation unit that calculates
an average blood pressure index related to an average
blood pressure of a biological body in accordance with
a blood vessel diameter index related to a blood vessel
diameter of the biological body and a blood flow index
related to a blood flow of the biological body and
calculated from an intensity spectrum related to a
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frequency of light reflected and received from an inside
of the biological body through radiation of a laser
beam.
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