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(57) ABSTRACT

According to one embodiment, a wearable electronic appa-
ratus detects movement of a human body wearing the appa-
ratus. The apparatus causes a first number of light emitters to
emit light when a magnitude of the detected movement is less
than a first value. The first number of light emitters is among
a plurality of light emitters which emit light having different
wavelengths, in which the light are received by a light
receiver to obtain physiological information. The apparatus
causes a second number greater than the first number of light
emitters among the plurality of light emitters to emit light
when the magnitude of the detected movement is greater than
or equal to the first value.
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ELECTRONIC APPARATUS AND CONTROL
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2014-
172409, filed Aug. 27, 2014, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an electronic apparatus and a control method.

BACKGROUND

[0003] Recently, electronic apparatuses which can be pow-
ered by battery and carried easily, such as tablet computers
and smartphones, have become widespread. At the same time,
electronic apparatuses of the type which are worn on a human
body in the form of, for example, wristwatch and glasses,
which are referred to as wearable devices, etc., have been
developed. Some of these wearable devices can obtain physi-
ological information on a user wearing the wearable device,
such as a pulse and percutaneous arterial blood oxygen satu-
ration (S,0,).

[0004] As a method of acquiring the physiological infor-
mation such as the pulse and S,0,, a method of irradiating
light onto the human body and analyzing the light which has
been reflected from or has passed through the body is known.
This method uses a difference in absorptivity of the light
beams of specific wavelengths (typically, red light and infra-
red light) between oxyhemoglobin and deoxyhemoglobin in
the blood.

[0005] A device which acquires the physiological informa-
tion by this method is easily affected by movement of the
human body (which may be hereinafter referred to as body
motion), and accuracy of the physiological information
which is acquired in a state where the body motion is large is
decreased. As countermeasures against body motion, one
idea is to irradiate light beams of many more different wave-
lengths onto the human body in order to acquire the physi-
ological information accurately even in a situation where the
body motion is large.

[0006] Meanwhile, the wearable device is required to be
small and light in terms of the feature that it is worn on the
human body, and the battery capacity for supplying operating
power is also limited. Accordingly, achieving low power con-
sumption in the wearable device is strongly required.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] A general architecture that implements the various
features of the embodiments will now be described with
reference to the drawings. The drawings and the associated
descriptions are provided to illustrate the embodiments and
not to limit the scope of the invention.

[0008] FIG.1isanexemplary view showing an appearance
of an electronic apparatus of an embodiment.

[0009] FIG. 2 is an exemplary diagram showing a system
configuration of the electronic apparatus of the embodiment.
[0010] FIG. 3 is an exemplary illustration for explaining a
principle of acquiring physiological information by a physi-
ological information acquisition program which operates on
the electronic apparatus of the embodiment.
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[0011] FIG. 4 is an exemplary diagram showing functional
blocks regarding acquisition of the physiological information
by the electronic apparatus of the embodiment.

[0012] FIG. 5 is an exemplary illustration showing an
example of a mode of operation at normal times of a physi-
ological information acquisition sensor 107A which is
mounted on the electronic apparatus of the embodiment.
[0013] FIG. 6 is an exemplary illustration showing an
example of a mode of operation when body motion detected
by the physiological information acquisition sensor 107A
which is mounted on the electronic apparatus of the embodi-
ment is greater than or equal to a threshold.

[0014] FIG. 7 is an exemplary illustration showing an
example of arrangement of a plurality of LEDs in the physi-
ological information acquisition sensor 107A which is
mounted on the electronic apparatus of the embodiment.
[0015] FIG. 8 is an exemplary flowchart showing process-
ing procedures in acquiring the physiological information by
the electronic apparatus of the embodiment.

DETAILED DESCRIPTION

[0016] Various embodiments will be described hereinafter
with reference to the accompanying drawings.

[0017] In general, according to one embodiment, a wear-
able electronic apparatus comprises a plurality of light emit-
ters, a light receiver, an acquisition processor, a sensor and a
controller. The plurality of light emitters emit light having
different wavelengths. The light receiver receives reflected
light or transmitted light emitted from the light emitters. The
reflected light is from a human body wearing the apparatus.
The transmitted light is passing through the human body. The
acquisition processor acquires physiological information on
the human body wearing the apparatus based on the reflected
light or the transmitted light received by the light receiver.
The sensor detects movement of the human body wearing the
apparatus. The controller causes a first number of the light
emitters to emit light when a magnitude of the movement
detected by the sensor is less than a first value, and causes a
second number greater than the first number of the light
emitters to emit light when the magnitude of the movement
detected by the sensor is greater than or equal to the first
value. The light emitter of the second number comprises the
light emitter of the first number.

[0018] An electronic apparatus of the present embodiment
is realized as a wearable device, which is of the type worn on
a human body. Here, it is assumed that the present electronic
apparatus is realized as a wristwatch-type wearable device,
and worn on an arm portion (wrist) of a user.

[0019] FIG. 1 is an exemplary perspective view of a wear-
able device 1. The wearable device 1 comprises a main body
11. Various electronic components are provided in the main
body 11. On an upper surface of the main body 11, a display
12 such as a liquid crystal display (LCD) is provided. The
display 12 may be a touchscreen display capable of detecting
contact on its display screen by a finger or the like. Also, ona
side surface of the main body 11, operation buttons 13 are
provided.

[0020] The wearable device 1 comprises belts (bands) 21A
and 21B for wearing the main body 11 on the human body
(arm portion). Fach of the belts 21 A and 21B is realized by a
member having flexibility.

[0021] FIG. 2 is an exemplary diagram showing a system
configuration of the wearable device 1.
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[0022] Apart from the display 12 and the operation buttons
13 shown in FIG. 1, in the main body 11 of the wearable
device 1, a CPU 101, a system controller 102, a RAM 103, a
ROM 104, a graphics controller 105, a wireless communica-
tor 106, sensors 107A, 107B, . . . , an embedded controller
(EC) 108, etc., are arranged, as shown in FIG. 2.

[0023] The CPU 101 is a processor for controlling the
operation of the various components in the wearable device 1.
The CPU 101 executes various programs stored in the ROM
104 while utilizing the RAM 103 as a work area. As one of the
various programs, a physiological information acquisition
program 200 which will be described later exists.

[0024] The system controller 102 is a device connecting
between a local bus of the CPU 101 and the various compo-
nents. In the system controller 102, various controllers for
driving and controlling the various components, such as a
memory controller for managing access control of the RAM
103 and the ROM 104, are incorporated.

[0025] The graphics controller 105 is a display controller
for controlling the display 12. The display 12 displays a
screen image based on a display signal generated by the
graphics controller 105.

[0026] The wireless communicator 106 is a module which
executes wireless communication conforming to the IEEE
802.11 standard, for example. The sensors 107A, 1078, . . .
are, for example, a physiological information acquisition sen-
sor, an acceleration sensor, an ambient light sensor, a tem-
perature sensor, a humidity sensor, and a magnetic field sen-
sor. It is assumed here that the sensor 107A is the
physiological information acquisition sensor, and the sensor
107B is a triaxial acceleration sensor. A detected value of each
of the sensors is used in the various programs including the
physiological information acquisition program 200 by way of
a register in the system controller 102.

[0027] The EC 108 is a single-chip microcomputer includ-
ing a power supply controller (PSC) 108A which manages
control of supply of the operating power for the various com-
ponents in the wearable device 1. The EC 108 comprises the
function of accepting an instruction from the user by an
operation of the operation buttons 13.

[0028] The physiological information acquisition program
200 1s a program for acquiring physiological information
such as a pulse and S,0, of the user wearing the wearable
device 1 by using the physiological information acquisition
sensor 107A. The physiological information acquisition sen-
sor 107A 1s a reflective photoelectric sensor, for example. The
physiological information acquisition sensor 107A irradiates
light of a specific wavelength toward the human body (arm
portion) and also receives the reflected light (i.e., the light
reflected from the human body (arm portion)). The physi-
ological information acquisition program 200 utilizes the
phenomenon that light is absorbed by hemoglobin in the
blood and analyzes the reflected light received by the physi-
ological information acquisition sensor 107A, thereby calcu-
lating the pulse and S,0, of the user. Note that when the
physiological information acquisition sensor 107 A 1s a trans-
missive photoelectric sensor, it receives the light which has
passed through the human body (arm portion).

[0029] Now, referring to FIG. 3, a principle of the physi-
ological information acquisition program 200 acquiring the
physiological information from the detected value of the
physiological information acquisition sensor 107A will be
briefly described.
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[0030] Hemoglobin which transports oxygen exists in the
blood. Hemoglobin has the feature of showing a difference in
absorptivity when the hemoglobin is bound to oxygen and
when it is not bound to oxygen. Hemoglobin which is not
bound to oxygen is called, for example, deoxyhemoglobin
[Hb], and hemoglobin which is bound to oxygen is called
oxyhemoglobin [HbO,].

[0031] For example, the deoxyhemoglobin [Hb] absorbs
more red light (i.e., light having a wavelength of 660 nm, for
example) than the oxyhemoglobin [HbO,]. Conversely, the
deoxyhemoglobin [Hb] absorbs less infrared light (i.e., light
having a wavelength of 940 nm, for example) than the oxy-
hemoglobin [HbO,]. Thus, for example, the physiological
information acquisition sensor 107 A is made to emit red light
and infrared light, and receive the reflected light. Then, based
on the amount of reflected red light and infrared light, the
physiological information acquisition program 200 calcu-
lates the pulse, the S,0,, etc. While the wavelengths of 660
nm and 940 nm were described above as an example, light
having other wavelengths also exhibits a difference in the
absorptivity of the irradiated light between the deoxyhemo-
globin [Hb] and the oxyhemoglobin [HbO,], as shown in
FIG. 3.

[0032] It should be noted that the accuracy of the physi-
ological information acquired by the physiological informa-
tion acquisition program 200 from the detected value of the
physiological information acquisition sensor 107A is greatly
decreased when the movement of the user wearing the wear-
able device 1, that is, the body motion, is large. This is
because a distance between the physiological information
acquisition sensor 107A and the human body (arm portion)
varies. In order to increase the accuracy of the physiological
information to be obtained even in a situation where the body
motion is large, instead of calculating the physiological infor-
mation with light beams having two different wavelengths,
one solution is to use a light beam of another wavelength and
calculate the physiological information with light beams hav-
ing three or more different wavelengths.

[0033] However, the amount of power consumed by the
physiological information acquisition sensor 107A which
emits light relative to the total amount of power consumption
of the wearable device 1 is quite large. Accordingly, it is not
desirable to simply increase the number of types of light to be
emitted. Thus, the wearable device 1 of the present embodi-
ment is structured such that it can acquire the physiological
information accurately even if the body motion is large while
suppressing the increase in the power consumption. This
point will be hereinafter described in detail.

[0034] FIG. 4is an exemplary diagram showing functional
blocks regarding acquisition of the physiological information
by the wearable device 1.

[0035] As shown in FIG. 4, the physiological information
acquisition program 200 comprises a body motion monitor
201, a sensor drive controller 202, and a physiological infor-
mation calculator 203.

[0036] The body motion monitor 201 performs monitoring
to check whether movement (body motion) of the user wear-
ing the wearable device 1 is over a threshold based on the
detected value of the acceleration sensor 107B. When the
body motion is greater than or equal to the threshold, the body
motion monitor 201 notifies this information to the sensor
drive controller 202.

[0037] While it has been described that the body motion is
monitored by the acceleration sensor, based on the assump-
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tion that space is formed between the wearable device 1 and
the arm portion of the user by the body motion, for example,
the body motion may be monitored by an ambient light sen-
sor. Other than the above, various sensors can be used for
monitoring the body motion, and a plurality of sensors may
also be used.

[0038] The sensor drive controller 202 manages drive con-
trol of the physiological information acquisition sensor
107A. As shown in FIG. 4, the physiological information
acquisition sensor 107A comprises a light-emitting diode
(LED)driver 301, aplurality of LEDs 302, a photo diode (PD)
303, and a signal processor 304. As the LEDs 302, it is
assumed here that a total of four LEDs, that is, an LED [1]
which emits red light (i.e., light having a wavelength of 660
nm, for example), an LED [2] which emits infrared light (i.e.,
light having a wavelength of 940 nm, for example), and two
more LEDs [3, 4] which are different from the aforemen-
tioned two LEDs and emit light beams having wavelengths
different from each other, exist. As regards the two LED:s [3,
4] mentioned at the end, one of them should preferably emit
light having a wavelength which is absorbed more by the
deoxyhemoglobin [Hb] than the oxyhemoglobin [HbO,], and
the other one should preferably emit light having a wave-
length which is absorbed more by the oxyhemoglobin [HbO, |
than the deoxyhemoglobin [Hb]. These LEDs 302 and the PD
303 are arranged on a rear surface of the main body 11 which
is close to the skin of the arm portion of the user wearing the
wearable device 1.

[0039] The LED driver 301 drives the LEDs 302. The LED
driver 301 can vary the number of LEDs 302 which should
emit light in accordance with an instruction from the sensor
drive controller 202 (of the physiological information acqui-
sition program 200). Also, the LED driver 301 supplies a
synchronous signal indicating light-emission timing of the
LEDs 302 to the signal processor 304.

[0040] The PD 303 receives the reflected part of light emit-
ted from the LEDs 302, and outputs a signal indicating the
amount of light received. The signal processor 304 is a mod-
ule which performs processing, such as amplification and
filtering, for the signal output from the PD 303. Based on the
synchronous signal from the LED driver 301, the signal pro-
cessor 304 outputs a detected value, which is generated by
performing the aforementioned processing for the signal out-
put from the PD 303 at the light-receiving timing of the PD
303 corresponding to the light-emission timing of the LEDs
302, to the physiological information calculator 203 (of the
physiological information acquisition program 200).

[0041] Normally, the sensor drive controller 202 instructs
the LED driver 301 (of the physiological information acqui-
sition sensor 107A) to cause the LED

[0042] whichemits red light (i.e., light having a wavelength
of 660 nm, for example) and the LED [2] which emits infrared
light (i.e., light having a wavelength of 940 nm, for example)
of the four LEDs 302 to emit light. In this way, as shown in
FIG. 5, the physiological information acquisition sensor
107A irradiates light beams of two different wavelengths
onto the arm portion of the user by the two LEDs 302, receives
the reflected light by the PD 303, and outputs the detected
value indicating the amount of light received.

[0043] Also, as described above, when the body motion is
greater than or equal to the threshold, the body motion moni-
tor 201 notifies this information to the sensor drive controller
202. Under the circumstances, when this notification is
received, the sensor drive controller 202 instructs the LED
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driver 301 (of the physiological information acquisition sen-
sor 107A) to cause all four LEDs 302 to emit light. In this way,
as shown in FIG. 6, the physiological information acquisition
sensor 107A irradiates light beams of four different wave-
lengths onto the arm portion of the user by the four LEDs 302,
receives the reflected light by the PD 303, and outputs the
detected value indicating the amount of light received.
[0044] As canbe seen, the wearable device 1 realizes acqui-
sition of physiological information with high precision by
adaptively switching the wavelength to be used depending on
the situation of the body motion. In addition, the wearable
device 1 can prevent an increase in the power consumption by
not always using multiple wavelengths but using them only
when necessary.

[0045] Preferably, the LEDs 302 should be arranged such
that paths of light beams emitted from the LEDs 302, respec-
tively, to the PD 303 are substantially equidistant. More spe-
cifically, as shown in FIG. 7, for example, the LEDs 302
should preferably be arranged circumferentially about the PD
303.

[0046] FIG. 8 is an exemplary flowchart showing process-
ing procedures in acquiring the physiological information by
the wearable device 1.

[0047] In acquiring the physiological information, the
wearable device 1 detects body motion (block A1). When the
body motion which has been detected is below a threshold
(NO in block A2), the wearable device 1 sets the number of
LEDs which should emit light to a normal number (block A3).
On the other hand, when the body motion which has been
detected is greater than or equal to the threshold (YES in
block A2), the wearable device 1 sets the number of LEDs
which should emit light to a number greater than the normal
number (block A3).

[0048] As described above, the wearable device 1 of the
present embodiment realizes acquisition of the physiological
information accurately even if the body motion is large while
suppressing the increase in the power consumption.

[0049] Further, in the above description, an example of
switching the wavelengths of the light to be used for obtaining
the physiological information in two stages in the case where
the body motion is less than a threshold and in the case where
the body motion is greater than or equal to the threshold was
given. The wavelengths of the light to be used may be
switched in a plurality of stages of not less than three in
accordance with the magnitude of the body motion.

[0050] Since various types of processing of the present
embodiment can be realized by a computer program, it is
possible to easily realize an advantage similar to that of the
present embodiment by simply installing a computer program
on an ordinary computer by way of a computer-readable
storage medium containing the computer program, and
executing this computer program.

[0051] The various modules of the systems described
herein can be implemented as software applications, hard-
ware and/or software modules, or components on one or more
computers, such as servers. While the various modules are
illustrated separately, they may share some or all of the same
underlying logic or code.

[0052] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
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embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A wearable electronic apparatus, comprising:

a plurality of light emitters to emit light having different

wavelengths;

alight receiver to receive reflected light or transmitted light

emitted from the light emitters, the reflected light from a
human body wearing the apparatus, the transmitted light
passing through the human body;

an acquisition processor to acquire physiological informa-

tion on the human body wearing the apparatus based on
the reflected light or the transmitted light received by the
light receiver;

a sensor to detect movement of the human body wearing

the apparatus; and

a controller to cause a first number of the light emitters to

emit light when a magnitude of the movement detected
by the sensor is less than a first value, and to cause a
second number greater than the first number of the light
emitters to emit light when the magnitude of the move-
ment detected by the sensor is greater than or equal to the
first value, the light emitters of the second number com-
prising the light emitters of the first number.

2. The apparatus of claim 1, wherein paths of the light
emitted from the light emitters to the light receiver are sub-
stantially equidistant.

3. The apparatus of claim 2, wherein the light emitters are
on a circumference of the light receiver.

4. The apparatus of claim 1, wherein the light emitters of
the first number comprise a light emitter with a wavelength

Mar. 3, 2016

corresponding to red light and a light emitter with a wave-
length corresponding to infrared light.

5. The apparatus of claim 1, wherein the controller causes
a third number greater than the second number of the light
emitters to emit light when the magnitude of the movement
detected by the sensor is greater than or equal to a second
value greater than the first value, the light emitters of the third
number comprising the light emitters of the second number.

6. The apparatus of claim 1, wherein the sensor comprises
an acceleration sensor and/or an ambient light sensor.

7. The apparatus of claim 1, wherein the acquisition pro-
cessor acquires a pulse and/or a peripheral capillary oxygen
saturation as the physiological information.

8. A method of controlling a wearable electronic apparatus,
the method comprising:

causing a plurality of light emitters to emit light having

different wavelengths;

receiving reflected light or transmitted light from the light

emitters, the reflected light from a human body wearing
the apparatus, the transmitted light passing through the
human body;

acquiring physiological information on the human body

wearing the apparatus based on the reflected light or the
transmitted light;

detecting movement of the human body wearing the appa-

ratus; and

causing a first number of the light emitters to emit light

when a magnitude of the movement detected by the
sensor is less than a first value, and causing a second
number greater than the first number of the light emitters
to emit light when the magnitude of the movement
detected by the sensor is greater than or equal to the first
value, the light emitters of the second number compris-
ing the light emitters of the first number.

I S I



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCHRF

L 5ER
HAh A TF 30k
HAEREEEE

E)

REF-—DRHEH , THRBEFRZIRLNMEBZRENAMENEZEZ, L8
NENBHOEENTE—EN , ZRBEFE - BEMNLRFRRK.

F-HENARFB[RRFEFTRBERNANS N HRFRFH A
R ERERERMREERER, HRNVINBINEEATHSE
TH—ER, ZREESS M ARFARTNE - REBNARFBRNE

BFIREMBH ST E

US20160058374A1 NI (»&E)B

US14/633994 RiEH

HRASHRZ

HRASHFRZ

HRASHRZ

MATSUNO TAKAYA
SUDO TAKASHI
KANISHIMA YASUHIRO

MATSUNO, TAKAYA
SUDO, TAKASHI
KANISHIMA, YASUHIRO

A61B5/00 A61B5/0205 A61B5/11 A61B5/1455

2016-03-03

2015-02-27

patsnap

A61B5/02438 A61B2562/0238 A61B5/681 A61B5/14552 A61B5/02427 A61B5/11 A61B5/7278 A61B5

/7285 A61B5/742 A61B5/0205

2014172409 2014-08-27 JP

usS9808197

Espacenet USPTO

21A


https://share-analytics.zhihuiya.com/view/b9338873-192f-4032-9f8d-221089363cae
https://worldwide.espacenet.com/patent/search/family/055401140/publication/US2016058374A1?q=US2016058374A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160058374%22.PGNR.&OS=DN/20160058374&RS=DN/20160058374

