US 201703329

a9y United States
12) Patent Application Publication (o) Pub. No.: US 2017/0332963 Al

Al

63

MURAKAMI et al. 43) Pub. Date: Nov. 23, 2017
(54) BLOOD PRESSURE MEASUREMENT (52) US. CL
DEVICE CPC ... A6IB 5/681 (2013.01); A61B 5/7278
(2013.01); A61B 5/02125 (2013.01); A61B
(71) Applicant: Panasonic Intellectual Property 5/7445 (2013.01); A61B 5/0077 (2013.01);,
Management Co., Ltd., Osaka (JP) AG61B 5/684 (2013.01); A61B 5/1176
(2013.01); A61B 2562/0233 (2013.01); 4618
(72) Inventors: KENTA MURAKAMI, Osaka (IP); 2576/00 (2013.01)
MOTOTAKA YOSHIOKA, Osaka
(JP); JUN OZAWA, Nara (JP) (57) ABSTRACT
A blood pressure measurement device includes an annular
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(51) Imt. CL in luminance in the cheek region in the images, determines
A61B 5/00 (2006.01) a second pulse wave timing from the detected pulse wave,
A61B 5/1171 (2006.01) and estimates the blood pressure from a time difference
A61B 5/021 (2006.01) between the first and second pulse wave timings.

e e o — — . —— = —— — —————— —

HAND

FACE



Patent Application Publication Nov. 23,2017 Sheet 1 of 47 US 2017/0332963 Al

FIG. 1A

1010A



Patent Application Publication Nov. 23,2017 Sheet 2 of 47 US 2017/0332963 Al

FIG. 1B

1010B @



US 2017/0332963 A1

[
=
<C
-

FIG. 2

Nov. 23,2017 Sheet 3 of 47

Patent Application Publication



Patent Application Publication Nov. 23,2017 Sheet 4 of 47 US 2017/0332963 Al

FIG. 3

o o

100



Patent Application Publication Nov. 23,2017 Sheet 5 of 47 US 2017/0332963 Al

FIG. 4A

100
V




Patent Application Publication Nov. 23,2017 Sheet 6 of 47 US 2017/0332963 Al

FIG. 4B

100

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

L}
L}
L}
.............. 10

13a 13b



Patent Application Publication Nov. 23,2017 Sheet 7 of 47 US 2017/0332963 Al

NORMAL
FIG. 4C Tt |
K TILT

/ANGLE OF VIEW ¢

Ay

FIG. 4D




Patent Application Publication Nov. 23,2017 Sheet 8 of 47 US 2017/0332963 Al

FIG. 5A




Patent Application Publication Nov. 23,2017 Sheet 9 of 47 US 2017/0332963 Al




US 2017/0332963 A1

Nov. 23,2017 Sheet 10 of 47

Patent Application Publication

€01
—
LIN
ON[LO3LIA
FAVA 3STNd
1IN || LINNONILYAILST
AV1dSIa | 3uNs$3dd a00 18
= m =
50T L pOT
| LINN
| ONISSIO0H
m JOVAI
| LINNONISSTO0Nd  Z4T
NOONISS0Sd w0 | ]
90T

30IA3A INIFWFHNSYIN FdNSSTHd 0014

L1INN

ONIFNLdVO

JOVII

\I\
10T

—
00T

9 Old




END

Patent Application Publication Nov. 23,2017 Sheet 11 of 47  US 2017/0332963 A1
FIG. 7
START
5101
CAPTURE IMAGES
5102
IMAGE NO
CAPTURING RANGE
APPROPRIATE?
DETERMINE REGION ~ |55104 5103
IN IMAGES ISSUE s
% INSTRUCTION
I
CALCULATE FIRST PULSE  [¢5105
WAVE TIMINGS IN REGION
CALCULATE SECOND
PULSE WAVE TIMINGS FROM |s5106
PULSE WAVE DETECTED BY
PULSE WAVE DETECTING UNIT
% 5107
ESTIMATE BLOOD PRESSURE
* 5108
DISPLAY INFORMATION



Patent Application Publication Nov. 23,2017 Sheet 12 of 47  US 2017/0332963 A1

FIG. 8A

X




Patent Application Publication  Nov. 23,2017 Sheet 13 of 47  US 2017/0332963 A1
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FIG. 25B
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FIG. 25C
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BLOOD PRESSURE MEASUREMENT
DEVICE

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a blood pressure
measurement device that is wearable on the wrist of a user
and that measures blood pressure by using images of the
user.

2. Description of the Related Art

[0002] International Publication No. 2014/136310 dis-
closes a device that measures blood pressure or pulse rate by
using images of the user’s face and hand that have been
captured with a camera of a smartphone or the like.
[0003] In addition, Japanese Unexamined Patent Applica-
tion Publication No. 2012-12581 discloses a wristwatch-
type device that calculates blood pressure by using a pulse
wave of a user that is acquired by the device and an
electrocardiogram acquired as a result of the user touching
the device.

[0004] The technique of the related art disclosed in Inter-
national Publication No. 2014/136310 requires the user to
capture images each including both the hand and the face
with a camera in order to measure blood pressure. Conse-
quently, the user needs to position their hand by their face to
capture images, that is, the user is required to take an
unnatural pose.

[0005] In addition, the technique of the related art dis-
closed in Japanese Unexamined Patent Application Publi-
cation No. 2012-12581 requires the user to touch the device
(sensor) with the hand on the side opposite to the side where
the device is worn, in order to measure blood pressure. Thus,
such a requirement becomes burdensome to the user every
time blood pressure measurement is performed.

SUMMARY

[0006] One non-limiting and exemplary embodiment pro-
vides a wristwatch-type blood pressure measurement device
capable of measuring blood pressure relatively easily.
[0007] Inone general aspect, the techniques disclosed here
feature a blood pressure measurement device including a
bracelet that comes into contact with a wrist of a user, the
bracelet having an annular shape and having an outer surface
and an inner surface; a display that is disposed on the outer
surface of the bracelet and that includes a display surface; an
image capturing device that is disposed on the outer surface
of the bracelet and that captures a plurality of images of the
user, the image capturing device having an optical axis that
is tilted with respect to a direction of a normal to the display
surface of the display; a pulse wave detector that is disposed
on the inner surface of the bracelet and that detects a pulse
wave at the wrist of the user; and a processing circuit that
estimates a blood pressure of the user, wherein the process-
ing circuit calculates a first pulse wave timing from a
temporal change in luminance value in a cheek region of the
user in the plurality of images, determines a second pulse
wave timing from the pulse wave detected by the pulse wave
detector, and estimates a blood pressure of the user from a
time difference between the first pulse wave timing and the
second pulse wave timing.
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[0008] According to the general aspect of the present
disclosure, blood pressure can be measured relatively easily.
[0009] It should be noted that general or specific embodi-
ments may be implemented as a system, a method, an
integrated circuit, a computer program, a computer-readable
recording medium, or any selective combination thereof.
Examples of the computer-readable recording medium
include a nonvolatile recording medium, for example, Com-
pact Disc-Read Only Memory (CD-ROM).

[0010] Additional benefits and advantages of the disclosed
embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be indi-
vidually obtained by the various embodiments and features
of the specification and drawings, which need not all be
provided in order to obtain one or more of such benefits
and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1A is a schematic view of a blood pressure
measurement device according to the underlying knowledge
forming the basis of the present disclosure;

[0012] FIG. 1B is a schematic view of a blood pressure
measurement device according to the underlying knowledge
forming the basis of the present disclosure;

[0013] FIG. 2 is a diagram illustrating a usage example of
the blood pressure measurement device according to the
underlying knowledge forming the basis of the present
disclosure;

[0014] FIG. 3 is a diagram illustrating a usage example of
a blood pressure measurement device according to a first
embodiment;

[0015] FIG. 4A is a plan view of the blood pressure
measurement device according to the first embodiment;
[0016] FIG. 4B is a bottom plan view of the blood pressure
measurement device according to the first embodiment;
[0017] FIG. 4C is a cross-sectional view of the blood
pressure measurement device according to the first embodi-
ment;

[0018] FIG. 4D is a diagram illustrating a situation in
which a pulse wave sensor detects a pulse wave in accor-
dance with the first embodiment;

[0019] FIG. 5Ais a diagram illustrating a positional rela-
tionship between the blood pressure measurement device
according to the first embodiment and the user’s face;
[0020] FIG. 5B is a diagram illustrating a positional rela-
tionship between the blood pressure measurement device
according to the first embodiment and the user’s face;
[0021] FIG. 6 is a block diagram illustrating a functional
configuration of the blood pressure measurement device
according to the first embodiment;

[0022] FIG. 7 is a flowchart illustrating a process per-
formed by the blood pressure measurement device according
to the first embodiment;

[0023] FIG. 8A is a diagram illustrating a user’s biome-
chanics model used in the blood pressure measurement
device according to the first embodiment;

[0024] FIG. 8B is a diagram illustrating a user’s biome-
chanics model used in the blood pressure measurement
device according to the first embodiment;

[0025] FIG. 9A is a diagram for describing how an instruc-
tion is given to the user by the blood pressure measurement
device according to the first embodiment;
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[0026] FIG. 9B is a diagram illustrating a display example
of an instruction to the user in accordance with the first
embodiment;

[0027] FIG.9C is a diagram illustrating a display example
of an instruction to the user in accordance with the first
embodiment;

[0028] FIG. 10A is a diagram for describing a method for
determining a region in an image in accordance with the first
embodiment;

[0029] FIG. 10B is a diagram for describing a method for
determining a region in an image in accordance with the first
embodiment;

[0030] FIG. 11 is a diagram illustrating a method for
determining a region in an image on the basis of one of the
eyes, one of the ears, and the nose in accordance with the
first embodiment;

[0031] FIG. 12 is a diagram illustrating temporal changes
in luminance values for red (R), green (G), and blue (B) in
a cheek region in images of the face;

[0032] FIG.13A s a diagram for describing how a peak in
the waveform of a pulse wave 1s detected in accordance with
the first embodiment;

[0033] FIG. 13B is a diagram for describing how peaks in
the waveform of a pulse wave are detected in accordance
with the first embodiment;

[0034] FIG. 14 is a diagram for describing the fact that
pulse wave timings calculated from images correlate to the
actual pulse wave;

[0035] FIG. 15 is a diagram for describing how blood
pressure is estimated in accordance with the first embodi-
ment;

[0036] FIG. 16A is a diagram illustrating an example of
information displayed on a display unit in accordance with
the first embodiment;

[0037] FIG. 16B is a diagram illustrating an example of
information displayed on the display unit in accordance with
the first embodiment;

[0038] FIG. 17A is a diagram illustrating another example
of information displayed on the display unit in accordance
with the first embodiment;

[0039] FIG. 17B is a diagram illustrating another example
of information displayed on the display unit in accordance
with the first embodiment;

[0040] FIG. 17C is a diagram illustrating another example
of information displayed on the display unit in accordance
with the first embodiment;

[0041] FIG. 18 is a diagram illustrating an example of how
an instruction is given to the user by a blood pressure
measurement device according to a second embodiment;
[0042] FIG. 19 is a diagram illustrating an example of how
an instruction is given to the user by the blood pressure
measurement device according to the second embodiment;
[0043] FIG. 20 is a diagram illustrating an example of how
an instruction is given to the user by a blood pressure
measurement device according to a third embodiment;
[0044] FIG. 21 is a diagram illustrating an example of how
an instruction is given to the user by the blood pressure
measurement device according to the third embodiment;
[0045] FIG. 22 is a diagram illustrating an example of how
information is provided to the user by a blood pressure
measurement device according to another embodiment;
[0046] FIG. 23Ais a graph illustrating a temporal change
in luminance of cheek images;
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[0047] FIG. 23B is a graph of the first derivative of the
temporal change in luminance of the images;

[0048] FIG. 24A is a diagram illustrating a display
example of blood pressure and pulse rate in accordance with
another embodiment;

[0049] FIG. 24B is a diagram illustrating a display
example of blood pressure and pulse rate in accordance with
another embodiment;

[0050] FIG. 24C is a diagram illustrating a display
example of blood pressure and pulse rate in accordance with
another embodiment;

[0051] FIG. 25A is a diagram illustrating a display
example of blood pressure and pulse rate in accordance with
another embodiment;

[0052] FIG. 25B is a diagram illustrating a display
example of blood pressure and pulse rate in accordance with
another embodiment;

[0053] FIG. 25C is a diagram illustrating a display
example of blood pressure and pulse rate in accordance with
another embodiment;

[0054] FIG. 26 is a diagram illustrating feature points of
waveforms of pulse waves extracted from a plurality of
regions in accordance with another embodiment;

[0055] FIG. 27 is a diagram illustrating a relationship
between the user’s body position and the propagation route
of the pulse wave in accordance with another embodiment;
[0056] FIG. 28 is a diagram for describing how differential
pulse transit time is corrected on the basis of the user’s body
position in accordance with another embodiment;

[0057] FIG. 29A is a diagram illustrating the disposed
position of the camera in accordance with another embodi-
ment;

[0058] FIG. 29B is a diagram illustrating the disposed
position of the camera in accordance with another embodi-
ment; and

[0059] FIG. 30 is a diagram illustrating a curved screen
display in another embodiment.

DETAILED DESCRIPTION

[0060] Underlying Knowledge Forming Basis of the Pres-
ent Disclosure Cameras of wristwatch-type devices are
typically intended to capture images of sceneries, people
other than the user, or objects. Accordingly, a camera 1010A
and a camera 1010B are disposed on the side of the display
and above the display as illustrated in FIGS. 1A and 1B,
respectively.

[0061] For example, in the case where the camera 1010B
is disposed above the display of a blood pressure measure-
ment device as illustrated in FIG. 1B, it is difficult to capture
an image of the user’s face unless the user move their body
by a large amount to look into the blood pressure measure-
ment device as illustrated in FIG. 2 when the user measures
blood pressure.

[0062] To cope with such an inconvenience, a blood
pressure measurement device according to an aspect of the
present disclosure includes a bracelet that comes into contact
with a wrist of a user, the bracelet having an annular shape
and having an outer surface and an inner surface; a display
that is disposed on the outer surface of the bracelet and that
includes a display surface; an image capturing device that is
disposed on the outer surface of the bracelet and that
captures a plurality of images of the user, the image cap-
turing device having an optical axis that is tilted with respect
to a direction of a normal to the display surface of the
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display; a pulse wave detector that is disposed on the inner
surface of the bracelet and that detects a pulse wave at the
wrist of the user; and a processing circuit that estimates a
blood pressure of the user, wherein the processing circuit
calculates a first pulse wave timing from a temporal change
in luminance value in a cheek region of the user in the
plurality of images, determines a second pulse wave timing
from the pulse wave detected by the pulse wave detector,
and estimates a blood pressure of the user from a time
difference between the first pulse wave timing and the
second pulse wave timing.

[0063] With this configuration, the optical axis of the
image capturing device is successfully tilted with respect to
the direction of the normal to the display surface. This
arrangement consequently makes it easier to capture an
image of a portion of the user’s body suitable for calculation
of the first pulse wave timing and can increase the blood
pressure estimation accuracy.

[0064] In addition, in the blood pressure measurement
device according to the aspect of the present disclosure, the
display surface of the display may have a top-bottom
direction and a left-right direction, and when viewed from
the top-bottom direction of the display surface of the display,
the optical axis of the image capturing device may be tilted
in the left-right direction of the display surface of the display
with respect to the direction of the normal.

[0065] With this configuration, the optical axis of the
image capturing device is successfully tilted in the left-right
direction of the display surface with respect to the direction
of the normal to the display surface. This arrangement
consequently makes it easier to capture an image of a region
for use in calculation of the first pulse wave timing and can
increase the blood pressure estimation accuracy.

[0066] In addition, in the blood pressure measurement
device according to the aspect of the present disclosure, the
processing circuit may further determine the cheek region of
the user in the plurality of images of the user, and calculate
the first pulse wave timing in accordance with a temporal
change in luminance value in the determined cheek region.
[0067] With this configuration, the first pulse wave timing
is successfully calculated on the basis of a temporal change
in luminance value in a cheek region, which can conse-
quently increase the blood pressure estimation accuracy.
[0068] In addition, in the blood pressure measurement
device according to the aspect of the present disclosure, the
processing circuit may further determine whether the cheek
region of the user is successfully determined in the plurality
of images of the user, calculate a relative position of a face
of the user with respect to the image capturing device by
using the plurality of images of the user upon failing to
determine the cheek region of the user, and display on the
display an instruction for changing a positional relationship
between the face of the user and the image capturing device
in accordance with the relative position of the face of the
user.

[0069] With this configuration, an instruction for changing
the positional relationship between the user’s face and the
image capturing device is successfully displayed on a dis-
play on the basis of the relative position of the user’s face
when the user’s cheek region is not determined in images.
Such an instruction allows the user to appropriately change
the positional relationship between their face and the image
capturing device, and consequently an image of the user’s
cheek region can be captured easily.
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[0070] In addition, in the blood pressure measurement
device according to the aspect of the present disclosure, the
processing circuit may calculate the relative position of the
face of the user on the basis of'a size and a position of at least
one of an eye, an ear, and a nose of the user in the plurality
of images of the user.

[0071] With this configuration, the relative position of the
user’s face can be calculated relatively easily on the basis of
the size and position of at least one of an eye, an ear, and a
nose of the user.

[0072] In addition, in the blood pressure measurement
device according to the aspect of the present disclosure, the
processing circuit may further select a recognition model,
from among a plurality of recognition models used to
recognize at least one of the eye, the ear, and the nose of the
user in images, on the basis of which of a right wrist and a
left wrist of the user the blood pressure measurement device
is worn on and which of a palm side and a back-of-hand side
of the wrist the blood pressure measurement device is worn
on, and recognize at least one of the eye, the ear, and the
nose of the user in the plurality of images of the user by
using the selected recognition model.

[0073] With this configuration, recognition models can be
switched between in accordance with the position where the
blood pressure measurement device is worn. Thus, the
relative position of the user’s face can be calculated more
accurately, and consequently a more appropriate instruction
can be displayed.

[0074] In addition, in the blood pressure measurement
device according to the aspect of the present disclosure, the
processing circuit may determine which of the palm side and
the back-of-hand side the blood pressure measurement
device is worn on, on the basis of a temporal change in
position of at least one of the eye, the ear, and the nose of
the user in the plurality of images of the user.

[0075] With this configuration, it is successfully deter-
mined which of the palm side and the back-of-hand side the
blood pressure measurement device is worn on, on the basis
of a temporal change in the position of at least one of the eye,
the ear, and the nose in images. Thus, the blood pressure
measurement device can automatically determine the posi-
tion where the blood pressure measurement device is worn,
and consequently inputting of the position of the blood
pressure measurement device or the like by the user can be
omitted.

[0076] In addition, in the blood pressure measurement
device according to the aspect of the present disclosure, the
processing circuit may calculate a distance and an orienta-
tion of the face of the user with respect to the image
capturing device on the basis of the sizes and positions of the
eye, the ear, and the nose of the user in the plurality of
images of the user, and display on the display at least one of
an instruction for twisting the wrist and an instruction for
bending or stretching an elbow in accordance with the
calculated distance and orientation.

[0077] With this configuration, at least one of an instruc-
tion for twisting the wrist and an instruction for bending or
stretching the elbow can be displayed on the display. Thus,
the user can make a move in accordance with an intuitive
and easy-to-understand instruction, and it becomes easier to
adjust the relative position of the image capturing device.
[0078] In addition, in the blood pressure measurement
device according to the aspect of the present disclosure, the
processing circuit may control, in accordance with a relative
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position of the face of the user, at least one of a display
angle, a display position, and a display size of information
displayed on the display.

[0079] With this configuration, at least one of the display
angle, the display position, and the display size of informa-
tion can be controlled in accordance with the relative
position of the user’s face. Thus, the relative position of the
user’s face is successfully controlled through a move of the
user to see the information, and consequently an image of
the user that is more suitable for estimation of blood pressure
can be captured.

[0080] In addition, in the blood pressure measurement
device according to the aspect of the present disclosure, the
processing circuit may reduce the display size of the infor-
mation displayed on the display when the distance of the
face of the user with respect to the image capturing device
is greater than a threshold distance.

[0081] With this configuration, the display size of the
information can be reduced when the distance of the user’s
face from the image capturing device is greater than a
predetermined distance threshold. This arrangement conse-
quently causes the user to bring their face closer to the
display and the image capturing device in order to see the
information.

[0082] In addition, in the blood pressure measurement
device according to the aspect of the present disclosure, the
processing circuit may further determine whether the user is
backlit on the basis of luminance values of the plurality of
images of the user, and display on the display an instruction
for moving at least one of the image capturing device and the
face of the user upon determining that the user is backlit.

[0083] With this configuration, an instruction for moving
at least one of the image capturing device and the user’s face
can be displayed on the display when the user is backlit.
Consequently, the issue regarding backlighting is success-
fully resolved, and an image more suitable for estimation of
blood pressure can be captured.

[0084] In addition, in the blood pressure measurement
device according to the aspect of the present disclosure, the
processing circuit may display on the display an instruction
for moving the blood pressure measurement device to an
upper position upon determining that the user is backlit.

[0085] With this configuration, an instruction for moving
the blood pressure measurement device to an upper position
can be displayed on the display when the user is backlit.
Accordingly, the issue regarding backlighting is successfully
resolved when the light source is located above the user, and
an image more suitable for estimation of blood pressure can
be captured.

[0086] In addition, in the blood pressure measurement
device according to the aspect of the present disclosure, the
processing circuit may display on the display an instruction
for twisting a body of the user upon determining that the user
is backlit.

[0087] With this configuration, an instruction for twisting
the user’s body is displayed on the display when the user is
backlit. Accordingly, the issue regarding backlighting is
successfully resolved when the light source is located on the
side of the user, and an image more suitable for estimation
of blood pressure can be captured.

[0088] It should be noted that general or specific embodi-
ments may be implemented as a system, a method, an
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integrated circuit, a computer program, a computer-readable
recording medium such as a CD-ROM, or any selective
combination thereof.

[0089] Embodiments will be described below with refer-
ence to the accompanying drawings.

[0090] Note that each embodiment to be described below
provides general or specific examples. The values, shapes,
materials, components, arrangement and connection of the
components, steps, the order of steps, etc., described in the
following embodiments are merely illustrative and are not
intended to limit the claims. Among the components in the
following embodiments, a component not recited in any of
the independent claims indicating the most generic concept
is described as an optional component.

[0091] In addition, each drawing is a schematic drawing
and is not necessarily a precise illustration. Further, the same
or substantially the same components are denoted by the
same reference sign in the drawings. In the following
embodiments, the expression accompanying “substantially”,
such as “substantially the same”, is sometimes used. For
example, the expression “substantially the same” not only
indicates the state of being completely the same but also
indicates the state of being substantially the same, that is, the
state where an error of several percent, for example, is
allowed.

First Embodiment

[0092] A wristwatch-type blood pressure measurement
device 100 according to a first embodiment will be
described. FIG. 3 illustrates a usage example of the wrist-
watch-type blood pressure measurement device 100 accord-
ing to the first embodiment. As illustrated in FIG. 3, the
blood pressure measurement device 100 is worn on the
user’s wrist, captures images of at least part of the user’s
face in that state, and measures the user’s blood pressure by
using the images of the at least part of the user’s face.

Structure of Blood Pressure Measurement Device

[0093] The structure of the blood pressure measurement
device 100 according to the first embodiment will be
described with reference to FIGS. 4A to 4C. FIG. 4A is a
plan view of the blood pressure measurement device 100
according to the first embodiment. That is, FIG. 4A illus-
trates the outer surface of the blood pressure measurement
device 100. FIG. 4B is a bottom plan view of the blood
pressure measurement device 100 according to the first
embodiment. That is, FIG. 4B illustrates the inner surface of
the blood pressure measurement device 100 according to the
first embodiment. FIG. 4C is a cross-sectional view of the
blood pressure measurement device 100 according to the
first embodiment. Specifically, FIG. 4C is a cross-sectional
view that is taken along line IVC-IVC illustrated in FIG. 4A
and is viewed from the bottom of a display surface of a
display 15 in FIG. 4A.

[0094] In the following drawings, the left-right direction
and the top-bottom direction of the display surface of the
display 15 are respectively denoted by the X direction and
the Y direction, and the direction of the normal to the display
surface of the display 15 is denoted by the Z direction.
[0095] The blood pressure measurement device 100
includes a casing 10 and a band 17. The casing 10 and the
band 17 constitute an annular bracelet that comes into
contact with the wrist of the user.
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Casing

[0096] The casing 10 is made of a metal or a resin. The
band 17 is attached to the casing 10. The casing 10 includes
a camera 11, a pulse wave sensor 13, the display 15, and a
processing circuit 16.

Camera

[0097] The camera 11 is disposed on the outer surface of
the casing 10. The outer surface of the casing 10 is a surface
that is opposite to an inner surface that comes into contact
with the wrist of the user when the blood pressure measure-
ment device 100 is worn on the wrist of the user. The outer
surface of the casing 10 is a portion of the outer surface of
the bracelet.

[0098] In the first embodiment, the camera 11 is disposed
on the lower left side of the display surface of the display 15
on the outer surface of the casing 10 as illustrated in FIG.
4A. Specifically, the camera 11 is disposed at the position of
7 o’clock with respect to the center of the display 15.
[0099] When viewed from the top-bottom direction (Y
direction) of the display surface of the display 15, the optical
axis of the camera 11 is tilted in the left-right direction (X
direction) of the display surface of the display 15 with
respect to the normal (7 axis) to the display surface of the
display 15 as illustrated in FIG. 4C. For example, when the
user wears the blood pressure measurement device 100 on
the back-of-hand side of the left wrist, the optical axis of the
camera 11 is tilted toward the left side of the user with
respect to the direction of the normal to the display surface
of the display 15. That is, the optical axis of the camera 11
is tilted toward the left side of the display 15 with respect to
the normal to the display surface of the display 15 in order
to capture images of a cheek region of the user’s face. The
left side of the display 15 is the left side of text displayed on
the display 15. More specifically, the optical axis of the
camera 11 is tilted with respect to the direction of the normal
to the display surface of the display 15 at an angle ranging
from 4 degrees to 23 degrees, for example.

[0100] The camera 11 captures images of a cheek region
of the user’s face. A pulse wave is detected from the captured
images. The camera 11 may also determine whether the
user’s cheek is included in an image capturing range and
may notify the user of the determined result. The camera 11
includes, for example, a charge coupled device (CCD)
image sensor or a complementary metal oxide semiconduc-
tor (CMOS) image sensor.

[0101] In general, cameras used to capture an image of a
user in an application, such as a videotelephony application,
may be wide-angle cameras so that the user is entirely
included in the image capturing range. In addition, for
example, in the case of cameras of mobile phones, the image
capturing unit is sometimes tilted, for example, downward to
make it easier for the users to capture an image of them-
selves. However, since the camera 11 according to the first
embodiment is intended to detect a pulse wave from a
change in luminance in a skin region, it is desirable that an
image of a skin region be captured more accurately in a
zoom-in state, and the entire face or background need not
necessarily be included in the image. For example, regarding
the positional relationship between the cheek and the arm
when the user looks at the display 15, the degree of zoom or
the angle of view of the camera 11 is set such that at least
the nose and one of the ears, instead of the entire face, are
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included in the image capturing range as illustrated in FIGS.
5A and 5B. In general, a distance L is in a range from
approximately 10 cm to approximately 40 cm, whereas a
width W is in a range from approximately 10 cm to approxi-
mately 20 cm in FIGS. 5A and 5B. At that time, the optical
axis of the camera 11 is tilted by approximately 4 degrees to
23 degrees with respect to the direction of the normal to the
display surface of the display 15. In this way, an image of the
user’s cheek is effectively captured. As described above, the
blood pressure measurement device 100 has a feature in
which the image capturing unit is tilted so that the user can
take an image of their cheek region by just looking at the
display unit of the blood pressure measurement device 100,
instead of taking an image of the entire face. With such a
configuration, an image of the cheek region suitable for
extraction of a pulse wave is successfully captured, and
consequently the blood pressure estimation accuracy
increases.

[0102] The angle of the optical axis of the camera 11 is
determined in accordance with the distance L between the
cheek and the arm and the width W between the nose and the
ear. Since the angle of view ¢ corresponds to the vertex
angle of an isosceles triangle having the height of T and the
base of W as illustrated in FIG. 5B, the angle of view ¢ is
denoted by (Equation 1).

o= Dtan! ,‘K (Equation 1)
2L

[0103] The tilt angle of the optical axis of the camera 11
is equal to half the angle of view ¢. Accordingly, in the case
where the distance L is in a range from 10 cm to 40 cm and
the width W is in a range from 10 ¢cm to 20 cm, the tilt angle
of the optical axis of the camera 11 is greater than or equal
to 4 degrees and less than or equal to 23 degrees.

[0104] If the tilt angle of the optical axis of the camera 11
is less than 4 degrees or greater than 23 degrees, the cheek
region no longer fits within the imaging capturing range of
the camera 11 and it becomes difficult to detect a pulse wave
used to estimate blood pressure.

Pulse Wave Sensor

[0105] The pulse wave sensor 13 is disposed on the inner
surface of the casing 10. The inner surface of the casing 10
is a surface that comes into contact with the user’s wrist
when the blood pressure measurement device 100 is worn on
the user’s wrist. The inner surface of the casing 10 is a
portion of the inner surface of the bracelet.

[0106] The pulse wave sensor 13 detects a pulse wave of
the user at the user’s wrist. In the first embodiment, the pulse
wave sensor 13 is a photoplethysmography sensor. The pulse
wave sensor 13 includes a light-emitter unit 13a and a
light-detector unit 135 as illustrated in FIG. 4B.

[0107] The light-emitter unit 13« is, for example, a light-
emitting diode (LED). The light-emitter unit 13a emits green
light.

[0108] The light-detector unit 135 is, for example, a
photodetector. The light-detector unit 134 detects reflected
light from the user’s wrist.

[0109] Hemoglobin in blood absorbs green light. Thus, the
amount of light absorbed at the wrist changes as the volume
of the blood vessel changes. Accordingly, as illustrated in
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FIG. 4D, the amount of reflected light, which is light that has
been emitted from the light-emitter unit 134 and then has
been reflected at the wrist, changes depending on the volume
of the blood vessel. Therefore, the volume pulse wave at the
user’s wrist is successfully detected from a change in the
amount of light detected by the light-detector unit 135.

Display

[0110] The display 15 is, for example, a liquid crystal
display (LED) or an organic electroluminescent (EL) (or-
ganic light-emitting diode (OLED)) display. The display 15
is disposed on the outer surface of the casing 10. The display
15 includes a display surface and displays an image (mirror
image) of the user captured by the camera 11 in real time as
illustrated in FIG. 4A, for example. The display 15 may
display biological information including the user’s blood
pressure measured by the blood pressure measurement
device 100. The display 15 may display other information
(for example, the time, the date, and so forth).

Processing Circuit

[0111] The processing circuit 16 is included in the casing
10 and includes a processor, a memory, etc. The processing
circuit 16 performs a blood pressure measurement process.
Specifically, the processing circuit 16 calculates a first pulse
wave timing from a temporal change in luminance value in
the user’s cheek region in a plurality of images captured by
an image capturing unit 101. The processing circuit 16
further determines a second pulse wave timing from a pulse
wave detected by the pulse wave sensor 13 at the user’s
wrist. The processing circuit 16 then estimates the user’s
blood pressure from a time difference between the first pulse
wave timing and the second pulse wave timing. Details
about the process performed by the processing circuit 16
will be described later with reference to the drawings.

Band

[0112] Theband 17 is wound around the user’s wrist. That
is, the band 17 is a belt-like member that is wound entirely
or partially around the user’s wrist. The band 17 is, for
example, a strap or bracelet formed of a resin, a metal, or a
fiber. The band 17 may be integrally formed with the casing
10 or may be removable from the casing 10.

Functional Configuration of Blood Pressure Measurement
Device

[0113] A functional configuration of the blood pressure
measurement device 100 will be described next. FIG. 6 is a
block diagram illustrating the functional configuration of the
blood pressure measurement device 100 according to the
first embodiment. As illustrated in FIG. 6, the blood pressure
measurement device 100 includes the image capturing unit
101, a pulse wave detecting unit 103, a display unit 105, and
a processing unit 106 in terms of its functions.

[0114] The image capturing unit 101 is implemented by,
for example, the camera 11. The image capturing unit 101
continuously captures a plurality of images in terms of time.
The plurality of captured images are sent to the processing
unit 106. The image capturing unit 101 may send the
plurality of images to the processing unit 106 after associ-
ating the time (i.e., image capturing time) at which each of
the plurality of images has been captured with the image.
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[0115] The pulse wave detecting unit 103 is implemented
by, for example, the pulse wave sensor 13. The pulse wave
detecting unit 103 detects a pulse wave at the user’s wrist.
Information on the pulse wave detected at the user’s wrist is
sent to the processing unit 106.

[0116] The pulse wave detecting unit 103 constantly
detects the pulse wave and determines the peak. This con-
figuration consequently allows the display unit 105 to con-
stantly display vital data, such as pulse rate.

[0117] Note that the pulse wave detecting unit 103 need
not necessarily constantly detect a pulse wave. For example,
the pulse wave detecting unit 103 may start detection of a
pulse wave when an image processing unit 102 succeeds in
recognition of the eyes, ears, and nose in an image. This
configuration successfully reduces energy consumption at a
battery or the like.

[0118] The display unit 105 is implemented by, for
example, the display 15. The display unit 105 displays
various kinds of information. Specifically, the display unit
105 displays a mirror image of the user captured by, for
example, the image capturing unit 101 in real time. The
display unit 105 also displays the measured blood pressure
of the user.

[0119] The processing unit 106 is implemented by, for
example, the processing circuit 16. The processing unit 106
performs a process for measuring blood pressure. As illus-
trated in FIG. 6, the processing unit 106 includes the image
processing unit 102 and a blood pressure estimating unit
104.

[0120] The image processing unit 102 receives, from the
image capturing unit 101, a plurality of images of the user’s
face and the image capturing times attached to the respective
images and calculates a first pulse wave timing from the
plurality of images. A pulse wave timing is a time point of
a feature point in the waveform of the pulse wave. For
example, a pulse wave timing is a time point of a peak in the
waveform of the pulse wave.

[0121] The blood pressure estimating unit 104 estimates
the user’s blood pressure from a time difference between the
first pulse wave timing and a second pulse wave timing that
is determined from the user’s pulse wave detected by the
pulse wave detecting unit 103.

Operation of Blood Pressure Measurement Device

[0122] An operation performed by the blood pressure
measurement device 100 thus configured will be described
next. FIG. 7 is a flowchart illustrating a process performed
by the blood pressure measurement device 100 according to
the first embodiment.

[0123] First, the image capturing unit 101 captures a
plurality of images of the user over time (step S101). For
example, the image capturing unit 101 starts capturing
images in response to a user operation on the blood pressure
measurement device 100.

[0124] Then, the image processing unit 102 determines
whether the image capturing region (range) is appropriate
(step S102). Specifically, the image processing unit 102
determines whether, for example, the user’s cheek region is
successfully located in the plurality of images of the user.
For example, the image processing unit 102 may recognize
the user’s features (the eyes, the ears, and the nose, for
example) in the images and may determine whether the
image capturing region is appropriate on the basis of the
recognition result. Any recognition method may be used to
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recognize features. For example, features may be recognized
in the images through pattern matching using pre-stored
images of features.

[0125] For example, the image processing unit 102 calcu-
lates the relative position of the camera 11 with respect to the
user’s face on the basis of the plurality of images. Specifi-
cally, the image processing unit 102 calculates the distance
L from the sizes of the features recognized in the images
with reference to data stored in a memory (not illustrated),
for example. The image processing unit 102 then determines
that the image capturing region is appropriate if the calcu-
lated distance L is in a predetermined range. The predeter-
mined range may be determined empirically or experimen-
tally and may be, for example, greater than or equal to 10 cm
and less than or equal to 40 cm. The memory is just required
to store data indicating a relationship between the sizes of
the features and the distance L between the blood pressure
measurement device 100 and the user’s cheek.

[0126] If it is determined that the image capturing region
is inappropriate (NO in step S102), the processing unit 106
issues an instruction for adjusting the positional relationship
between the user’s face and the camera 11 (step S103). The
process then returns to step S101. That is, the processing unit
106 causes the display unit 105 to display an instruction for
changing the positional relationship between the user’s face
and the camera 11 on the basis of the relative position of the
user’s face with respect to the camera 11. For example, the
processing unit 106 causes the display unit 105 to display an
instruction, such as “Please bend your shoulder/elbow” or
“Please twist your wrist”, on the basis of biomechanics
models illustrated in FIGS. 8A and 8B. Referring to FIG.
8A, 11 denotes the length from the user’s shoulder to the
user’s elbow, 12 denotes the length from the user’s elbow to
the blood pressure measurement device 100, and 61 and 62
respectively denote an angle of the shoulder joint and an
angle of the elbow joint.

[0127] In addition, as illustrated in FIG. 8B, a plane
formed by connecting three points, which are the shoulders
and the elbow, is defined as a work plane z. Since the lengths
11 and 12 are constant, the distance L is determined depend-
ing on the angle of the shoulder joint 61 and the angle of the
elbow joint 02. Accordingly, if the distance L derived from
the sizes of the features (the eyes, the ears, and the nose, for
example) recognized in the captured images is not in the
predetermined range, the processing unit 106 gives an
instruction for adjusting the angles of the shoulder joint and
elbow joint 61 and 62 to the user.

[0128] Since the variable range of the angle of the elbow
joint 62 is larger than the variable range of the angle of the
shoulder joint 61, the user may be instructed to adjust only
the angle of the elbow joint 62 (to bend or stretch the elbow)
without adjusting the angle of the shoulder joint 61. For
example, if the distance . derived from the images is smaller
than the lower limit of the predetermined range, the pro-
cessing unit 106 instructs the user to “stretch their elbow”,
that is, to make the angle of the elbow joint 62 smaller.
[0129] Specifically, the processing unit 106 calculates the
relative position of the user’s face with respect to the camera
11 on the basis of the size and position of at least one of the
user’s eyes, ears, and nose in the plurality of images of the
user. The relative position is represented by the distance L
between the camera 11 and the user’s face and a positional
shift of the user’s face in the left-right and top-bottom
directions.
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[0130] For example, even when the distance L. derived
from the images is in the predetermined range, the process-
ing unit 106 instructs the user to adjust a rotation angle 63
in a direction in which the wrist is twisted (i.e., instructs the
user to twist their wrist) as illustrated in FIG. 9A if the
position of the user’s face is shifted from the center in the
top-bottom direction in the images. For example, if the
user’s eyes, ears, nose are in an uppet portion of the images,
the processing unit 106 displays an instruction for twisting
the wrist inward as illustrated in FIG. 9B. Conversely, if the
user’s eyes, ears, and nose are in a lower portion of the
images, the processing unit 106 displays an instruction for
twisting the wrist outward as illustrated in FI1G. 9C.

[0131] In addition, if the position of the user’s face is
shifted from the center in the left-right direction in the
images, the processing unit 106 gives the user an instruction
for adjusting the angle of the shoulder joint 61 so as to
control the relative position of the user’s face with respect to
the camera 11.

[0132] If it is determined that the image capturing region
is appropriate (YES in step S102), the image processing unit
102 determines a region in which a pulse wave is detected
in the images (step S104). Specifically, the image processing
unit 102 determines a region used to measure a pulse wave
described below.

[0133] FIGS. 10A and 10B are diagrams for describing a
method used by the image processing unit 102 to determine
the region in the images. For example, in the case where the
blood pressure measurement device 100 is worn on the left
wrist as illustrated in FIG. 10A, the image capturing unit 101
captures images of the left side of the user’s face. Thus,
resultant images include the user’s left eye, left ear, and
nose. In addition, in the case where the blood pressure
measurement device 100 is worn on the right wrist as
illustrated in FIG. 10B, resultant images include the user’s
right eye, right ear, and nose.

[0134] Thus, the image processing unit 102 recognizes
one of the eyes, one of the ears, and the nose in the images
and determines a region in which a pulse wave is detected
on the basis of the recognition result.

[0135] FIG. 11 illustrates a method for determining the
region in the images on the basis of one of the eyes, one of
the ears, and the noise. Let x denote the distance between the
recognized ear and the recognized eye and y denote the
distance between the recognized eye and the recognized
nose, and the origin is defined by the inner-side end of the
ear and the lower end of the nose. Then, the image process-
ing unit 102 determines coordinates of the left upper corner
of a region 111 for detecting a pulse wave to be (x, 2y/3),
determines the width of the region 111 to be 2x/3, and
determines the height of the region 111 to be 2y/3.

[0136] Note that the position of the pulse wave detection
region is not limited to this example. Since a region suitable
for detection of a pulse wave varies depending on the user,
lighting, or the like, the region may be determined in
accordance with the user or the environment. In addition, the
image processing unit 102 may determine a plurality of
regions (regions 111 and 112) as illustrated in FIG. 11.

[0137] The image processing unit 102 calculates a first
pulse wave timing from luminance values in the region
determined in step S104 (step S105). Blood is sent out from
the heart to body parts, such as the face and hands, as a result
of contraction of the heart. At that time, as the heart
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contracts, the blood vessel pulses, and consequently the
volume of the blood vessel periodically changes.

[0138] Luminance at the face or hand in captured images
changes depending on the amount of hemoglobin or the like
in blood. In images captured under visible light, luminance
changes greatly in a frequency band near frequencies for
green light. For example, luminance for green (G) at the face
obtained when lots of blood is at the face (that is, the volume
of the blood vessel is large) is smaller than luminance for
green ((3) at the face obtained when less blood is at the face
(that is, the volume of the blood vessel is small).

[0139] The image processing unit 102 calculates the first
pulse wave timing by using this temporal change in lumi-
nance. A pulse wave timing is a time point of a feature point
in the waveform of the pulse wave. An example of the
feature point is a peak in the waveform. For example, when
an image Xi denotes an image captured at a time point ti and
luminance 1i denotes luminance obtained from the image Xi
(I=l=n, and 1 and n are natural numbers), the “temporal
change in luminance” may be considered to be a set of (ti,
1i) values. The waveform indicating the temporal change in
luminance may be considered to be a waveform that is
derived by plotting the (ti, 1) values in the coordinate system
in which the horizontal axis represents time and the vertical
axis represents luminance.

[0140] FIG. 12 illustrates temporal changes in luminance
for red (R), green (G), and blue (B) in the cheek region in
images of the face captured by the image capturing unit 101.
Referring to FIG. 12, the horizontal axis represents time, and
the vertical axis represents luminance. As FIG. 12 indicates,
luminance for R, luminance for G, and luminance for B
change periodically due to a pulse wave. Since images
contain noise, such as scattered light, signal processing, such
as filtering, may be applied to the image signals to remove
the noise. In the first embodiment, the image processing unit
102 calculates a timing of each peak in the waveform of the
pulse wave as a first pulse wave timing, by using lowpass-
filtered luminance for G. For example, the image processing
unit 102 detects a peak in the waveform of the pulse wave
by using the hill climbing or local search, for example.
[0141] FIGS. 13A and 13B are diagrams for describing
how a peak is detected in the waveform of a pulse wave.
Referring to FIG. 13A, suppose that processing is performed
sequentially in chronological order for a plurality of time
points on the waveform and that a time point t2 is the current
processing-target time point. In this case, the image pro-
cessing unit 102 compares the luminance value at the current
processing-target time point t2 with the luminance value at
an immediately preceding time point t1. Likewise, the image
processing unit 102 compares the luminance value at the
current processing-target time point t2 with the luminance
value at an immediately following time point t3. In FIG.
13A, the luminance value at the time point 2 is larger than
the luminance value at the time point t1 but is smaller than
the luminance value at the time point t3. Thus, the image
processing unit 102 determines that the luminance value at
the current processing-target time point t2 is not a peak and
increments the processing-target time point by 1. As a result,
the time point t3 is set as the current processing-target time
point. The luminance value at the time point t3 is larger than
the luminance value at the immediately preceding time point
t2 and than the luminance value at the immediately follow-
ing time point t4. Thus, the image processing unit 102
determines that the luminance value at the time point t3 is a

Nov. 23,2017

peak and derives the time point t3 as the first pulse wave
timing. FIG. 13B is a graph of lowpass-filtered luminance
for G. Referring to FIG. 13B, each circle represents lumi-
nance at the first pulse wave timing calculated through the
peak search.

[0142] FIG. 14 is a diagram for describing the fact that
pulse wave timings calculated from the images correlate to
the actual pulse wave. In FIG. 14, the solid line represents
pulse wave timings calculated from a pulse wave measured
at the fingertip by a fingertip photoplethysmography sensor.
In addition, a dash line represents pulse wave timings
calculated from images of the face captured simultaneously
with measurement of the pulse wave at the fingertip. The
vertical axis represents the time interval (ms) between pulse
wave timings. FIG. 14 indicates that the time interval
between pulse wave timings is not constant and varies in a
range from approximately 920 ms to 1050 ms in FIG. 14.
FIG. 14 also indicates that pulse wave timings of the pulse
wave measured at the fingertip by a fingertip photoplethys-
mography sensor and pulse wave timings calculated from
the images have a very high time correlation. This fact
indicates that the number of pulses per minute and pulse
wave timings based on the waveform of a pulse wave can be
detected relatively accurately from a change in luminance in
images.

[0143] The blood pressure estimating unit 104 calculates a
second pulse wave timing from the pulse wave detected at
the wrist by the pulse wave detecting unit 103 (step S106).
The second pulse wave timing corresponds to the first pulse
wave timing. Note that a method for associating the first
pulse wave timing and the second pulse wave timing will be
described later. Note that a method for calculating the
second pulse wave timing may be substantially the same as
the method for calculating the first pulse wave timing. That
1, the second pulse wave timing may be calculated from the
feature point in the waveform. An example of the feature
point is a peak in the waveform. The method for detecting
a peak in the waveform may be substantially the same as the
method described with reference to FIGS. 13A and 13B.

[0144] The blood pressure estimating unit 104 estimates
blood pressure on the basis of a time difference between the
first pulse wave timing calculated in step S105 and the
second pulse wave timing calculated in step S106 (step
S107). This time difference occurs because time taken for
the pulse wave to propagate from the heart differs and is
called a differential pulse transit time.

[0145] In general, it is considered that the time from when
the heart contracts to when blood reaches a fingertip or the
like from the heart (pulse transit time) and blood pressure
have a correlation. The higher the blood pressure, the shorter
the pulse transit time; the lower the blood pressure, the
longer the pulse transit time. In addition, methods for
estimating blood pressure by representing these relation-
ships using a predetermined approximate expression are
known. In the first embodiment, the blood pressure estimat-
ing unit 104 estimates blood pressure in accordance with
(Equation 2) below, for example.

P=aur+p (Equaticn 2)

[0146] In (Equation 2), t denotes the differential pulse
transmit time and o and p represent coeflicients. In the first
embodiment, for example, coeflicients of a=-1.5 and p=185
are used.
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[0147] FIG. 15 is a diagram for describing how blood
pressure is estimated. Referring to FIG. 15, the vertical axis
represents luminance in face images and luminous intensity
at a photoplethysmography sensor worn on the wrist, and the
horizontal axis represents time.

[0148] Each square represents the first pulse wave timing
calculated from the change in luminance in the face images.
Time points of the first pulse wave timings are f1, {2, 3, 14,
15, and 16 in chronological order.

[0149] Each circle represents the second pulse wave tim-
ing calculated from the change in luminous intensity at the
wrist. Time points of the second pulse wave timings are wl,
w2, w3, wd, w5, and w6 in chronological order.

[0150] There is a certain time difference between the first
pulse wave timing and the second pulse wave timing. The
blood pressure estimating unit 104 estimates blood pressure
on the basis of this time difference.

[0151] The blood pressure estimating unit 104 may asso-
ciate the first pulse wave timings (e.g., 1, 12, {3, f4, {5, and
16) with the respective second pulse wave timings (e.g., wl,
w2, w3, wd, w5, and w6). This association may be per-
formed in accordance with a method described below.
[0152] The blood pressure estimating unit 104 acquires,
from the image processing unit 102, the first pulse wave
timings (e.g., {1, 12, 13, {4, {5, and f6) calculated by the
image processing unit 102 in step S105. The blood pressure
estimating unit 104 holds the second pulse wave timings
(e.g., wl, w2, w3, wd, w5, and w6) calculated by the blood
pressure estimating unit 104 in step S106. The blood pres-
sure estimating unit 104 determines which of the second
pulse wave timings wl, w2, w3, w4, w5, and w6 corre-
sponds to, for example, the first pulse wave timing f3 among
the first pulse wave timings {1, {2, £3, f4, {5, and f6 in a
manner described below, for example. The blood pressure
estimating unit 104 associates the second pulse wave timing
w3 that is the closest to the first pulse wave timing f3 with
the first pulse wave timing f3 from among the second pulse
wave timings that follow the first pulse wave timing f3. The
blood pressure estimating unit 104 also determines the
second pulse wave timing that correspond to each of the first
pulse wave timings other than the first pulse wave timing 3
by using a method similar to the above-described one. In the
example illustrated in FIG. 15, the blood pressure estimating
unit 104 determines that the timing f1 corresponds to the
timing w1, the timing f2 corresponds to the timing w2, the
timing f4 corresponds to the timing wd, the timing f5
corresponds to the timing w5, and the timing {6 corresponds
to the timing weé.

[0153] For example, the time difference between the tim-
ing f1 and the timing w1 is 50 ms. Accordingly. the blood
pressure estimating unit 104 estimates blood pressure to be
110 mmHg (=-1.5x50+185) by substituting this time dif-
ference to (Equation 2). Note that an average of a plurality
of differential pulse transit times may be used as the differ-
ential pulse transit time.

[0154] For example, in FIG. 15, six measured differential
pulse transit times are 50 ms (w1-f1), 45 ms (w2-12), 53 ms
(w3-13), 47 ms (w4-14), 52 ms (w5-15), and 53 ms (w6-
16). Accordingly, the blood pressure estimating unit 104 may
estimate blood pressure to be 110 mmHg by using 50 ms,
which is the average. There are cases where pulse wave
timings contain errors and where pulse wave timings are not
measured accurately due to the influence of noise in the
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usual environment. The use of a plurality of differential
pulse transmit times implements more robust blood pressure
measurement.

[0155] The display unit 105 displays health-related infor-
mation, such as the pulse wave obtained from the image
processing unit 102 and the pulse wave detecting unit 103
and the blood pressure obtained from the blood pressure
estimating unit 104 (step S108).

[0156] FIGS. 16A and 16B each illustrate information
displayed on the display unit 105. The size of the face image
that has been displayed on the display unit 105 in a large size
is reduced as illustrated in FIG. 16A after blood pressure has
been estimated. Also, the temporal change in luminance
obtained from the image processing unit 102 (i.e., the
waveform of the pulse wave), the blood pressure estimated
by the blood pressure estimating unit 104, and the pulse rate
(heart rate) calculated by the image processing unit 102 or
the pulse wave detecting unit 103 are displayed.

[0157] FIG. 16A illustrates a relatively healthy state (BP:
120 mmHg, HR: 70 bpm), whereas FIG. 16B illustrates a
relatively unhealthy state (BP: 140 mmHg, HR: 90 bpm). In
the healthy state illustrated in FIG. 16A, an advice for
staying in healthy is displayed. On the other hand, in the
unhealthy state illustrated in FIG. 16B, an advice for rec-
ommending that the user take a rest is displayed since the
user may be under a pressure or be tired and may feel
stressed out.

[0158] FIGS. 17A to 17C illustrate other examples of
information displayed on the display unit 105. Specifically,
FIG. 17A illustrates a display example in the case where the
positional relationship between the camera 11 and the user’s
face is appropriate. FIG. 17B illustrates a display example in
the case where the camera 11 is directed toward the right
when viewed from the user. FIG. 17C illustrates a display
example in the case where the camera 11 is directed toward
the left when viewed from the user.

[0159] Referring to FIG. 17A, blood pressure and pulse
rate are displayed on the display unit 105 horizontally since
blood pressure can be measured highly accurately without
changing the relative positional relationship between the
user’s face and the camera 11.

[0160] Referring to FIG. 17B, since the camera 11 is
directed toward the right when viewed from the user, the
image capturing region is shifted to the right side of the user.
Accordingly, blood pressure and pulse rate are displayed on
the display unit 105 so as to be tilted rightward when viewed
from the user. In this case, the user moves their wrist such
that the camera 11 is tilted leftward when viewed from the
user or moves their face to the right relative to the camera
11 in order to see the displayed blood pressure and pulse
rate. As a result, the positional relationship between the
camera 11 and the user’s face approaches the relationship
illustrated in FIG. 17A, and the blood pressure measurement
accuracy can be increased.

[0161] Referring to FIG. 17C, since the camera 11 is
directed toward the left when viewed from the user, the
image capturing region is shifted to the left side relative to
the user, in contrast to FIG. 17B. Accordingly, blood pres-
sure and pulse rate are displayed on the display unit 105 so
as to be tilted leftward when viewed from the user. In this
case, the user moves their wrist such that the camera 11 is
tilted rightward when viewed from the user or moves their
face to the left relative to the camera 11 in order to see the
displayed blood pressure and pulse rate. As a result, the
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positional relationship between the camera 11 and the user’s
face approaches the relationship illustrated in FIG. 17A, and
the blood pressure measurement accuracy can be increased.
[0162] The cases where the image capturing region is
shifted to the left and to the right have been described herein.
In the cases where the image capturing region is shifted
upward or downward, information such as blood pressure
and pulse rate may be displayed toward the top or the bottom
on the display unit 105.

Advantageous Effects

[0163] As described above, in the blood pressure mea-
surement device 100 according to the first embodiment, the
optical axis of the camera 11 is successfully tilted in the
left-right direction with respect to the direction of the normal
to the display surface. Thus, it becomes easier to capture
images of the user’s face region used to calculate the first
pulse wave timing, and consequently the blood pressure
estimation accuracy can be increased. Specifically, appro-
priate images can be captured as a result of a user’s
movement intended to see information displayed on the
display 15, and blood pressure can be measured relatively
easily.

[0164] In addition, with the blood pressure measurement
device 100 according to the first embodiment, the first pulse
wave timing can be calculated on the basis of a temporal
change in luminance value in the cheek region, and conse-
quently the blood pressure estimation accuracy can be
increased.

[0165] Further, with the blood pressure measurement
device 100 according to the first embodiment, an instruction
for changing the positional relationship between the user’s
face and the camera 11 can be displayed on the display 15
on the basis of the relative position of the user’s face when
the user’s cheek region is not successfully located in the
images. Accordingly, the user can appropriately change the
positional relationship between their face and the camera 11,
and consequently images of the user’s cheek region can be
captured easily.

[0166] In addition, with the blood pressure measurement
device 100 according to the first embodiment, the recogni-
tion models can be switched between in accordance with the
position where the blood pressure measurement device 100
is worn. Accordingly, the relative position of the user’s face
can be calculated more accurately, and consequently a more
appropriate instruction can be displayed.

[0167] In addition, with the blood pressure measurement
device 100 according to the first embodiment, at least one of
an instruction for twisting the wrist and an instruction for
bending or stretching the elbow can be displayed on the
display 15. Accordingly, the user can make a move in
accordance with an intuitive and easy-to-understand instruc-
tion, and consequently it becomes easier to adjust the
relative position of the camera 11.

Second Embodiment

[0168] In asecond embodiment, when the amount of light
incident on the user’s face is insufficient, an instruction for
moving the position of a blood pressure measurement device
is displayed on the basis of luminance of an image captured
by an image capturing unit.

[0169] Since the structure and functional configuration of
the blood pressure measurement device according to the
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second embodiment is substantially the same as or similar to
those of the blood pressure measurement device according
to the first embodiment, illustrations and descriptions
thereof are omitted appropriately.

[0170] FIG. 18 is a diagram illustrating an example of how
an instruction is given to the user by a blood pressure
measurement device 200 according to the second embodi-
ment.

[0171] The user is illuminated by light from a lighting
apparatus indoors and is illuminated by sunlight outdoors.
Accordingly, the light source is typically located above the
user. When the user takes images of their cheek by using the
blood pressure measurement device 200 in order to measure
blood pressure, the user looks down at the camera 11 from
above as illustrated in FIG. 18(a). Thus, the probability of
the user being backlight is high.

[0172] The image processing unit 102 determines whether
the user is backlit on the basis of luminance of a captured
image.

[0173] For example, the image processing unit 102 deter-
mines whether the user is backlit on the basis of the R, G,
B luminance values at the user’s cheek, the luminance
values at the background, and the difference in luminance
value between the cheek and the background in an image.

[0174] For example, if the background luminance value is
greater than or equal to a first luminance threshold (e.g., 230
within a luminance range from O to 255) and the G lumi-
nance value in the cheek image is less than or equal to a
second luminance threshold (e.g., 120), the blood pressure
measurement device 200 may give the user an instruction for
lifting their arm on which the blood pressure measurement
device 200 is worn so that the blood pressure measurement
device 200 is diagonally above their face as illustrated in
FIG. 18(c). If the user looks up to see the display 15, the
amount of light that is incident on the cheek increases as
illustrated in FIG. 18(5). At that time, since the orientation
of the camera 11 deviates from the direction of the light
source, the luminance of the entire image decreases (for
example, the average luminance for R, G, and B decreases
to 200). On the other hand, since the orientation of the user’s
face becomes closer to the direction of the light source, the
G luminance value in the cheek image increases (to 120-240,
for example). As a result, the accuracy of the first pulse wave
timing calculated from cheek images can be increased.

[0175] Note that the first luminance threshold and the
second luminance threshold are not necessarily constant
values. For example, the first luminance threshold may be
determined on the basis of the average of the R, G, and B
luminance values of an image captured with the camera 11
directed toward the light source. In addition, the second
luminance threshold may be determined on the basis of the
average luminance value for the entire face.

[0176] Further, if the luminance value at the cheek in the
image is less than a third luminance threshold (e.g., 180)
even after an instruction for lifting the arm is given to the
user by the blood pressure measurement device 200, the
issue regarding backlighting is not fully resolved as illus-
trated in FIG. 19(a). Accordingly, the blood pressure mea-
surement device 200 may display on the display 15 an
instruction for twisting the body as illustrated in FIG. 19(c).
As aresult of the user twisting their body in accordance with
the instruction, the amount of light that is incident on the
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cheek increases as illustrated in FIG. 19(b), and conse-
quently the accuracy of the pulse wave timing can be
increased.

[0177] As described above, with the blood pressure mea-
surement device 200 according to the second embodiment,
an instruction for moving the blood pressure measurement
device 100 to an upper position can be displayed on the
display 15 if the user is backlit. Accordingly, the issue
regrading backlighting can be resolved when the light source
is located above the user, and consequently images more
suitable for blood pressure estimation can be captured.
[0178] In addition, with the blood pressure measurement
device 200 according to the second embodiment, an instruc-
tion for twisting the user’s body can be displayed on the
display 15 when the user is backlit. Accordingly, the issue
regarding backlighting can be resolved when the light source
is located on the side of the user, and consequently images
more suitable for blood pressure estimation can be captured.

Third Embodiment

[0179] Since the pulse transmit time changes due to influ-
ences of the gravity or the like when the user lifts their wrist
in order to ensure a certain amount of light that is incident
on their face as in the second embodiment, the blood
pressure estimation accuracy may decrease in some cases.
Accordingly, in a third embodiment, content of an instruc-
tion given to cope with the issue regarding backlighting is
changed in accordance with the position (height) of the
wrist.

[0180] Since the structure and functional configuration of
the blood pressure measurement device according to the
third embodiment is substantially the same as or similar to
those of the blood pressure measurement device according
to the first embodiment, illustrations and descriptions
thereof are omitted appropriately.

[0181] FIGS. 20 and 21 are diagrams each illustrating an
example of how an instruction is given to the user by a blood
pressure measurement device 300 according to the third
embodiment. As illustrated in FIG. 20, a threshold height
(e.g., 30 degrees) indicating the height of the wrist relative
to the height of the heart is set in advance. If it is determined
that the user is backlit as in the second embodiment, the
blood pressure measurement device 300 estimates the height
of the wrist. Specifically, the processing unit 106 estimates
the height of the wrist on the basis of the size of the face in
the image. If the value indicating the estimated height of the
wrist is less than a threshold height, the blood pressure
measurement device 300 displays an instruction for lifting
the wrist in a range not exceeding the threshold height as
illustrated in FIG. 20. In FIG. 20, an instruction for lifting
the wrist in a range in which an angle between the horizontal
plane relative to the position of the user’s heart and the
position of the blood pressure measurement device 300 does
not exceed 30 degrees is displayed.

[0182] On the other hand, if the value indicating the height
of the wrist is already equal to or greater than the threshold
height as illustrated in FIG. 21, the blood pressure measure-
ment device 300 displays an instruction for twisting the
body. As described above, with the blood pressure measure-
ment device 300 according to the third embodiment, an
instruction can be given to the user in accordance with the
posture of the user, and consequently blood pressure esti-
mation can be performed accurately.
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Other Embodiments

[0183] While the blood pressure measurement devices
according to one or a plurality of aspects of the present
disclosure have been described above on the basis of the
embodiments, the present disclosure is not limited to these
embodiments. Embodiments achieved by applying various
modifications conceived by a person skilled in the art to the
embodiments and embodiments achieved by using elements
of different embodiments in combination may also be within
the scope of the one or plurality of aspects of the present
disclosure as long as these embodiments do not depart from
the essence of the present disclosure.

[0184] In addition, in the embodiments described above,
the case where the blood pressure measurement device is
worn on the back-of-hand side of the user’s left wrist has
been described as an example; however, the position where
the blood pressure measurement device is worn is not
limited to this example. For example, the blood pressure
measurement device may be worn on the user’s right wrist
or on the palm side of the wrist. In this case, recognition
models used to recognize features of the user in images may
be switched between in accordance with the position where
the blood pressure measurement device is worn.

[0185] For example, when the blood pressure measure-
ment device is worn on the left wrist, images of the left side
of the user’s face are captured. Thus, the blood pressure
measurement device recognizes the left eye, the left ear, and
the nose as features. In addition, when the blood pressure
measurement device is worn on the back-of-hand side of the
wrist, the user twists their wrist inward to capture images of
their face. As a result, images of the user’s face are captured
from the upper portion to the lower portion of the face. That
is, images are captured in the order of the forchead, the
cheek, and the chin. Accordingly, the blood pressure mea-
surement device can calculate the first pulse wave timing in
images of the cheek that are captured after a predetermined
time has passed from a timing at which an image of the
forehead is captured.

[0186] In addition, for example, when the blood pressure
measurement device is worn on the right wrist, images of the
right side of the user’s face are captured. Thus, the blood
pressure measurement device recognizes the right eye, the
right ear, and the nose as features. In addition, when the
blood pressure measurement device is worn on the palm side
of the wrist, the user twists their wrist outward to capture
images of their face. As a result, images of the user’s face are
captured from the lower portion to the upper portion of the
face. That is, images are captured in the order of the chin, the
cheek, and the forehead. Accordingly, the blood pressure
measurement device can calculate the first pulse wave
timing in images of the cheek that are captured after a
predetermined time has passed from a timing at which an
image of the chin is captured.

[0187] Which of the right wrist and the left wrist the user
is wearing the blood pressure measurement device on may
be determined on the basis of a user input. In addition, it may
be determined automatically from captured images. For
example, it can be determined that the blood pressure
measurement device is worn on the left wrist when the
captured images include the left ear, the left eye, and the
nose. This configuration successfully reduces a calculation
amount, compared with that of typical techniques for rec-
ognizing the entire face.
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[0188] Ifitis determined that the image capturing range is
appropriate in the embodiments described above, the user
may be notified of the determination result through vibration
of the blood pressure measurement device. For example, the
blood pressure measurement device may vibrate its casing as
illustrated in FI1G. 22(b) upon recognizing features of the
user (the left ear, the left eye, and the nose in this example)
as illustrated in FIG. 22(a).

[0189] The blood pressure measurement device searches
for peaks in the waveform of a pulse wave by using the hill
climbing in the embodiments described above; however, the
method used is not limited to this one. For example, the
blood pressure measurement device may search for peaks in
the waveform of a pulse wave by using autocorrelation or a
differential function. That is, the blood pressure measure-
ment device can use any search method as long as peaks in
the waveform of a pulse wave are successfully retrieved.
[0190] Pulse wave timings are calculated on the basis of
peaks in the waveform of a pulse wave in the embodiments
described above; however, the feature points to be used are
not limited to the peaks. FIG. 23A is a graph illustrating a
temporal change in luminance of the cheek images (that is,
the waveform of a pulse wave). Referring to FIG. 23A, pl
denotes each peak in the waveform of the pulse wave, and
p2 denotes each inflection point in the waveform of the pulse
wave. FIG. 23B is a graph illustrating the first derivatives of
the temporal change in luminance of the cheek images.
[0191] In such a case, the blood pressure measurement
device may calculate pulse wave timings on the basis of, for
example, the inflection points p2 illustrated in FIG. 23A.
The inflection points in the waveform of the pulse wave
correspond to respective local minimum points of the first
derivatives of the waveform of the pulse wave as illustrated
in FIG. 23B. The use of feature points other than peaks in
calculation of pulse wave timings implements more robust
pulse-wave-timing calculation.

[0192] In addition, peak intervals may be searched for, for
example, in a range from 1100 ms to 333 ms on the basis of
the general knowledge about pulse waves (e.g., from 60 bpm
to 180 bpm). This configuration implements more robust
pulse-wave-timing calculation in the usual environment.
[0193] The information displayed on the display 15 in the
embodiments described above is merely an example, and
how the information is displayed is not limited to this
example. Since the blood pressure measurement device 100
is worn on the user’s wrist, the size of the display surface of
the display 15 is limited and it may be difficult to display lots
of information on the display 15. Accordingly, for example,
information illustrated in FIGS. 24A to 24C may be dis-
played instead of the information illustrated in FIG. 17A to
17C. FIGS. 24A to 24C each illustrate a display example of
blood pressure and pulse rate.

[0194] When the image capturing region is shifted to the
left or right, the blood pressure measurement device displays
information such that the information is tilted leftward or
rightward in the embodiments described above as illustrated
in FIGS. 17A and 17C; however, how the information is
displayed is not limited to this one. For example, the blood
pressure measurement device may display the information
such that the display position of the information is shifted to
the left or right as illustrated in FIGS. 25A to 25C. Even in
this case, the user moves their face or wrist to see the
information. Thus, the blood pressure measurement device
can capture images of the appropriate image capturing
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region. In addition, if the user’s face and the blood pressure
measurement device are located far from each other, the font
size of the information may be decreased as illustrated in
FIGS. 25A to 25C. Since the user consequently brings their
face and the blood pressure measurement device closer to
each other in order to see the information, more appropriate
images can be captured.

[0195] The camera 11 is used to determine the first pulse
wave timing in the embodiments described above; however,
a light meter or the like may be used.

[0196] The first pulse wave timing is calculated by using
the luminance value in the cheek region of images of the
face in the embodiments described above; however, the
region is not limited to the cheek region. For example, the
luminance value in the forehead region or the chin region
may be used to calculate the first pulse wave timing. For
example, a given combination of the forehead, cheek, and
chin regions may be used to calculate the first pulse wave
timing. For example, a region with which a peak is detected
most easily in the waveform of the pulse wave among the
cheek, forehead, and chin regions may be used to calculate
first pulse wave timing. For example, as illustrated in FIG.
26, the blood pressure measurement device may calculate
the first pulse wave timing from one of a plurality of regions
(of the forehead, cheeks, and chin in this example) of the
face. The accuracy of the calculated pulse wave timing
changes depending on the skin tone and/or the luminous
intensity or the like at the part of the face. Accordingly, by
using the most accurate pulse wave timing among pulse
wave timings calculated from the plurality of regions to
estimate blood pressure, the blood pressure estimation accu-
racy can be improved. For example, referring to FIGS. 26(a)
to 26(d), pulse wave timings having a peak-to-peak time
difference of 0.6 seconds or longer and the largest number of
peaks, that is, pulse wave timings illustrated in FIG. 26(c),
are used in estimation of blood pressure.

[0197] The blood pressure estimation method that uses
differential pulse transit time is not limited to the estimation
method described in the above embodiments. For example,
a set of feature points (i.e., first pulse wave timings) may be
extracted from each of the plurality of regions, and any set
of feature points among the extracted sets of feature points
may be used in estimation of the blood pressure. At that
time, the blood pressure measurement device may perform
calculation of (Equation 2) by using the coeflicients ot and 3
corresponding to the region used for estimation. The coef-
ficients o and f may be determined empirically or experi-
mentally in advance for each of the plurality of regions.
[0198] In addition, the differential pulse transit time may
be corrected in accordance with the region used for estima-
tion. The differential pulse transit time DPTT is denoted by
(Equation 3).

DPTT=PTT,,;.~PTT,,.

[0199] That is, a difference between the pulse transit time
PTT,, .., from the heart to the wrist and the pulse transit time
PTT,,.. from the heart to the face corresponds to the differ-
ential pulse transit time DPTT.

[0200] Forexample, since a region b is located higher than
a region a by approximately 10 cm in FIG. 26, PTT,,_, for
the region b is larger than that of the region a and conse-
quently DPTT for the region b is smaller than that of the
region a. Accordingly, in the case where blood pressure is
estimated by using pulse wave timings calculated from the

(Equation 3)
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region b, the blood pressure measurement device may cor-
rect the differential pulse transit time by subtracting a
predetermined time (e.g., 5 ms) from DPTT. On the other
hand, a region d is located lower than the region a by
approximately 6 cm. Thus, when the region d is used, the
differential pulse transit time may be corrected by adding a
predetermined time (e.g., 3 ms) to DPTT.

[0201] The embodiments described above assume blood
pressure measurement in a sitting position and a standing
position; however, the body position is not limited to these
positions. For example, blood pressure measurement may be
performed in a lying position. In such a case, correction may
be performed on the differential pulse transmit time DPTT
in accordance with the body position. In a sitting position
and a standing position, PTT,, . is affected by the gravity but
PIT,,,., is hardly affected by the gravity as illustrated in
FIG. 27(a).

[0202] In a lying position, PTT',, ., not affected by the
gravity as illustrated in is FIG. 27(b). Thus, PTT, . is larger
than PTT', ., (PTT, >PTT';, ). On the other hand, PTT-
"ise 18 affected by the gravity because a pulse propagation
route from the heart to the arm includes a portion located
higher than the heart. Thus, PTT, , ,is smaller than PTT"
(PTT,,,,,<PTT', ;). Accordingly, the differential pulse
transit time DPTT increases in a lying position, compared
with that in a standing position and a sitting position. For this
reason, the blood pressure measurement device corrects the
differential pulse transit time DPTT by subtracting a prede-
termined time (e.g., 20 ms) from DPTT.

[0203] For example, a gyro sensor included in the blood
pressure measurement device may be used to determine
which of a sitting position, a standing position, and a lying
position the user is in. The blood pressure measurement
device determines that the user is in a sitting position or a
standing position when the display surface of the display 15
faces up (90 degrees+10 degrees) and determines that the
user is in a lying position when the display surface of the
display 15 faces the side (0 degrees+10 degrees) on the basis
of the tilt detected by the gyro sensor.

[0204] A plurality of lying positions may be determined.
FIG. 28 is a diagram for describing correction performed on
the differential pulse transit time in accordance with the
user’s body position. FIG. 28(a) illustrates the case where
the user is in a sitting position or a standing position. FIG.
28(a) is used as a reference herein.

[0205] FIG. 28(b) illustrates a state where the user is in a
prone position. In FIG. 28(5), the user is lying but raises
their face when seeing the blood pressure measurement
device. Accordingly, the relative position of the face with
respect to the heart is slightly lower compared with the case
of FIG. 28(a) but the influence of the gravity does not differ
much. Thus, differential pulse transit time DPTT_1 in FIG.
28(b) is substantially equal to the differential pulse transit
time DPTT in FIG. 28(a).

[0206] FIG. 28(c) illustrates the same position as that
illustrated in FIG. 27(b). Thus, differential pulse transit time
DPTT_2 in FIG. 28(c) is larger than the differential pulse
transit time DPTT in FIG. 28(a) as described above. Accord-
ingly, the blood pressure measurement device corrects the
differential pulse transit time by subtracting a predetermined
time (e.g., 20 ms) from the calculated DPTT_2.

[0207] InFIG. 28(d). the left arm is located lower than the
heart but the left wrist is located higher than the heart.
Differential pulse transit time DPTT_3 in FIG. 28(d) is
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larger than DPTT in FIG. 28(a). Accordingly, the blood
pressure measurement device corrects the differential pulse
transit time by subtracting a predetermined time (e.g., 30
ms) from the calculated DPTT_3.

[0208] FIG. 28(e) illustrates a state where the user is in a
spine position. In FIG. 28(e), the wrist is usually located
higher than the heart. Thus, differential pulse transit time
DPTT_4 in FIG. 28(e) is larger than the differential pulse
transit time DPTT in FIG. 28(a). Accordingly, the blood
pressure measurement device corrects the differential pulse
transit time by subtracting a predetermined time (e.g., 30
ms) from the calculated DPTT_4, for example. The user’s
body positions are successfully distinguished from one
another on the basis of the tilt of the blood pressure
measurement device.

[0209] Blood pressure measurement is performed every
time the user sees the camera 11 in the embodiments
described above; however, the configuration is not limited to
this one. For example, the blood pressure measurement
device may usually function as a wristwatch and may
perform blood pressure measurement upon receipt of a
predetermined gesture input (swinging the arm twice, for
example).

[0210] The camera 11 is disposed on a surface that is
parallel to the display surface of the display 15 in the
embodiments described above; however, the configuration is
not limited to this one. For example, a slope portion may be
provided around the display 15 on a casing 10A where a
camera 11A is disposed as illustrated in FIGS. 29A and 29B.
The camera 11A may be disposed on the slope portion at a
position that is shifted from the lower side of text displayed
on the display 15 by a predetermined angle (from 4 degrees
to 23 degrees, for example) clockwise. This configuration
makes it easier to attach the camera 11A to the casing 10A
and can reduce the assembly work load.

[0211] The display 15 is a circular flat-surface display in
the embodiments described above; however, the display 15
is not limited to this type. For example, the display 15 may
be a quadrature flat-surface display. In addition, the display
15 may be a curved screen display 15A as illustrated in FIG.
30. In this case, the camera 11 is disposed on the display so
as to be tilted toward the left side of the displayed text by a
predetermined angle (e.g., any angle ranging from 4 degrees
to 23 degrees) with respect to the direction of the normal to
the display.

[0212] Note that a range in which the user can see the
display or the camera disposed on the display is limited in
this case. Accordingly, the range of the display may be
limited. For example, the display 15A or the camera dis-
posed on the display 15A may be disposed in a range from
=30 degrees to 180 degrees in the circumferential direction
as illustrated in FIG. 30.

[0213] The camera 11 is disposed on the lower left side of
the display 15 in the embodiments described above; how-
ever, the position of the camera 11 is not limited to this
position. For example, the camera 11 may be disposed at the
positions illustrated in FIGS. 1A and 1B. In this case, images
of the user’s cheek can be captured as in the embodiments
if the optical axis of the camera 11 is directed toward a
direction suitable for the disposed position of the camera 11.
[0214] The blood pressure measurement device 200 deter-
mines whether the user is backlit in the second embodiment;
however, the blood pressure measurement device 200 may
issue an instruction simply on the basis of the luminance
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value in the cheek region. For example, when the luminance
value in the cheek region is greater than a predetermined
upper-limit luminance threshold or is less than a predeter-
mined lower-limit luminance threshold, the blood pressure
measurement device 200 may issue an instruction for mov-
ing at least one of the user’s face and the blood pressure
measurement device 200.

[0215] The information content displayed on the display
15 is changed in order to change the distance between the
user and the blood pressure measurement device in the
embodiments described above; however, the configuration is
not limited to this one. For example, the blood pressure
measurement device may emit a scent to guide the user. If
it is desired that the user and the blood pressure measure-
ment device are brought closer to each other, the blood
pressure measurement device may extract a scent which the
user is fond of in accordance with the distance from the user
so as to cause the user to bring the blood pressure measure-
ment device attached their arm closer. On the other hand, if
it is desired that the user and the blood pressure measure-
ment device are brought farther from each other, the blood
pressure measurement device may extract a scent which the
user dislikes.

[0216] The image capturing unit is fixed to the blood
pressure measurement device so as to be tilted in order to
capture images of the user’s cheek in the embodiments of the
present disclosure; however, the configuration is not limited
to this one. A mask may be applied to captured images in
order to acquire images of the user’s cheek region. For
example, feature points such as the eyes, the ears, and the
nose may be recognized in images of the face captured by
the image capturing unit, and a pulse wave may be extracted
on the basis of a change in luminance of data of a skin
portion that is left after deletion of data of the feature points.
With this configuration, the user’s pulse wave can be
extracted from captured images of a skin portion even if the
entire cheek of the user is not included in the captured
images. In addition, the cheek region may be limited by
using a physical mask. For example, when the user wears the
blood pressure measurement device on their left arm, a mask
may be put on the right half of the image capturing unit when
viewed from the user. With this configuration, since the
amount of information that is not used in captured images
decreases, pulse wave components can be acquired more
accurately.

[0217] All or some of the units or devices, or all or some
of the functional blocks of the block diagram illustrated in
FIG. 6 may be implemented by one or one or more electronic
circuits including a semiconductor device, a semiconductor
integrated circuit (IC), or a large scale integration (LSI) in
embodiments of the present disclosure. The LSI or IC may
be implemented by one chip or may be implemented by a
combination of a plurality of chips. For example, functional
blocks other than the storage element may be integrated on
one chip. Although the term “LST” or “IC” is used herein, the
name changes depending on the degree of integration and
the term “system LSI”, “very large scale integration (VLSI)
”, or “ultra large scale integration (ULSI)” may be used. A
field programmable gate array (FPGA) that is programmable
after production of the LSI or a reconfigurable logic device
in which connections of elements in the LSI are reconfigu-
rable or setup of circuit cells in the LSI are possible may be
used for the same purpose.
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[0218] Further, all or some of functions or operations of
the units, the apparatuses, and part of the apparatuses can be
implemented by software-based processing. In this case, the
software is stored on one or one or more non-transitory
recoding media, such as a ROM, an optical disc, or a hard
disk drive. When the software is executed by a processing
device (processor), the software causes the processing
device (processor) and its peripheral devices to carry out a
specific function included in the software. A system or
apparatus may include one or one or more non-transitory
recording media storing the software, the processing device
(processor), and necessary hardware devices, for example,
an interface.

[0219] In addition, an embodiment of the present disclo-
sure may be a computer system including a microprocessor
and a memory. The memory may store the computer pro-
gram, and the microprocessor may execute the computer
program.

[0220] In addition, the program or digital signals may be
transferred to another independent computer system after
being recorded on a recording medium or via a network and
may be executed by the independent computer system.
[0221] In addition, each of the components of the embodi-
ments may be implemented by dedicated hardware or by
executing a software program suitable for the component.
Each of the components may be implemented as a result of
a program executor, such as a CPU or a processor, reading
and executing a software program stored on a recording
medium, such as a hard disk or a semiconductor memory.
[0222] The embodiments of the present disclosure can be
used as wristwatch-type blood pressure measurement
devices.

What is claimed is:

1. A blood pressure measurement device comprising:

a bracelet that comes into contact with a wrist of a user,
the bracelet having an annular shape and having an
outer surface and an inner surface;

a display that is disposed on the outer surface of the
bracelet and that includes a display surface;

an image capturing device that is disposed on the outer
surface of the bracelet and that captures a plurality of
images of the user, the image capturing device having
an optical axis that is tilted with respect to a direction
of a normal to the display surface of the display;

a pulse wave detector that is disposed on the inner surface
of the bracelet and that detects a pulse wave at the wrist
of the user; and

a processing circuit that estimates a blood pressure of the
uset,

wherein the processing circuit

calculates a first pulse wave timing from a temporal
change in luminance value in a cheek region of the user
in the plurality of images,

determines a second pulse wave timing from the pulse
wave detected by the pulse wave detector, and

estimates a blood pressure of the user from a time
difference between the first pulse wave timing and the
second pulse wave timing.

2. The blood pressure measurement device according to

claim 1,

wherein the display surface of the display has a top-
bottom direction and a left-right direction, and

wherein when viewed from the top-bottom direction of
the display surface of the display, the optical axis of the
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image capturing device is tilted in the left-right direc-
tion of the display surface of the display with respect to
the direction of the normal.

3. The blood pressure measurement device according to
claim 1, wherein the processing circuit further

determines the cheek region of the user in the plurality of

images of the user, and

calculates the first pulse wave timing in accordance with

a temporal change in luminance value in the deter-
mined cheek region.

4. The blood pressure measurement device according to
claim 3, wherein the processing circuit further

determines whether the cheek region of the user is suc-

cessfully determined in the plurality of images of the
user,

calculates a relative position of a face of the user with

respect to the image capturing device by using the
plurality of images of the user upon failing to determine
the cheek region of the user, and

displays on the display an instruction for changing a

positional relationship between the face of the user and
the image capturing device in accordance with the
relative position of the face of the user.

5. The blood pressure measurement device according to
claim 4, wherein the processing circuit calculates the relative
position of the face of the user on the basis of a size and a
position of at least one of an eye, an ear, and a nose of the
user in the plurality of images of the user.

6. The blood pressure measurement device according to
claim 5, wherein the processing circuit further

selects a recognition model, from among a plurality of

recognition models used to recognize at least one of the
eye, the ear, and the nose of the user in images, on the
basis of which of a right wrist and a left wrist of the user
the blood pressure measurement device is worn on and
which of a palm side and a back-of-hand side of the
wrist the blood pressure measurement device is worn
on, and

recognizes at least one of the eye, the ear, and the nose of

the user in the plurality of images of the user by using
the selected recognition model.

7. The blood pressure measurement device according to
claim 6, wherein the processing circuit determines which of
the palm side and the back-of-hand side the blood pressure
measurement device is worn on, on the basis of a temporal
change in position of at least one of the eye, the ear, and the
nose of the user in the plurality of images of the user.

8. The blood pressure measurement device according to
claim 7, wherein the processing circuit

calculates a distance and an orientation of the face of the

user with respect to the image capturing device on the
basis of the sizes and positions of the eye, the ear, and
the nose of the user in the plurality of images of the
user, and

displays on the display at least one of an instruction for

twisting the wrist and an instruction for bending or
stretching an elbow in accordance with the calculated
distance and orientation.

9. The blood pressure measurement device according to
claim 1, wherein the processing circuit controls, in accor-
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dance with a relative position of the face of the user, at least
one of a display angle, a display position, and a display size
of information displayed on the display.

10. The blood pressure measurement device according to
claim 8, wherein the processing circuit reduces the display
size of the information displayed on the display when the
distance of the face of the user with respect to the image
capturing device is greater than a threshold distance.

11. The blood pressure measurement device according to
claim 1, wherein the processing circuit further

determines whether the user is backlit on the basis of
luminance values of the plurality of images of the user,
and

displays on the display an instruction for moving at least
one of the image capturing device and the face of the
user upon determining that the user is backlit.

12. The blood pressure measurement device according to
claim 11, wherein the processing circuit displays on the
display an instruction for moving the blood pressure mea-
surement device to an upper position upon determining that
the user is backlit.

13. The blood pressure measurement device according to
claim 11, wherein the processing circuit displays on the
display an instruction for twisting a body of the user upon
determining that the user is backlit.

14. A blood pressure estimation device comprising:

a bracelet that comes into contact with a wrist of a user,
the bracelet having an annular shape and having an
outer surface and an inner surface;

a display that is disposed on the outer surface and that
includes a display surface;

an image capturing device that is disposed on the outer
surface and that captures images of the user at different
times, the image capturing device having an optical
axis that is tilted with respect to a direction of a normal
to the display surface, the image capturing device
including a first pixel outputting a first light intensity
value upon receiving first light parallel to the optical
axis, the first pixel outputting a second light intensity
value upon receiving second light not parallel to the
optical, the first value being bigger that the second
value;

a pulse wave detector that is disposed on the inner surface
and that detects a pulse wave at the wrist of the user;
and

a processing circuit that estimates a blood pressure of the
user based on a time difference between a first pulse
wave timing and a second pulse wave timing,

wherein the processing circuit determines the first pulse
wave timing being a first time point at which a wave-
form indicates a first local maximum,

wherein the processing circuit determines the waveform
indicating luminance values at a cheek of the user in the
images at the times, and

wherein the processing circuit determines the second
pulse wave timing being a second time point at which
the pulse wave indicates a second local maximum.
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