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FIG. 2
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FIG. 5
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FIG. 9
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METHOD AND APPARATUS FOR
MEASURING PULSE WAVE DELIVERY
VELOCITY DIFFERENCE BY MOBILE

DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a method and
apparatus for measuring a pulse wave velocity difference,
and more particularly, to a method and apparatus for mea-
suring a pulse wave velocity in a mobile device.

BACKGROUND ART

[0002] In general, a user in a hospital may predict whether
an object has a vascular disease by measuring a blood
pressure of the object. When the blood pressure is high or
there is a large blood pressure difference between hands, it
may be determined that a probability that the object is to get
a vascular disease or the object suffers from a vascular
disease is high. Since a pulse wave velocity and a blood
pressure have similar characteristics, whether the object has
a vascular disease may be predicted by measuring a pulse
wave velocity.

[0003] However, since equipment for measuring a pulse
wave velocity is expensive and large and it is difficult to
measure a pulse wave velocity by using the equipment, it is
difficult to measure a pulse wave velocity at all times.

DETAILED DESCRIPTION OF THE
INVENTION

Technical Problem

[0004] Inan embodiment of the present invention, there is
provided a method and apparatus for measuring a pulse
wave velocity difference.

Technical Solution

[0005] According to an embodiment of the present inven-
tion, there is provided a method of measuring a pulse wave
velocity difference by using a mobile device.

Advantageous Effects of the Invention

[0006] Inan embodiment of the present invention, there is
provided a method of measuring a pulse wave velocity
difference of an object in a mobile device.

DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a view for explaining an arrangement of
electrodes and optical sensors of a mobile device according
to an embodiment of the present invention.

[0008] FIG. 2 is a view for explaining an arrangement of
electrodes and optical sensors of the mobile device accord-
ing to an embodiment of the present invention.

[0009] FIG. 3 is a view for explaining an arrangement of
electrodes and optical sensors of the mobile device accord-
ing to an embodiment of the present invention.

[0010] FIG. 4 is a view for explaining a posture for
measuring pulse wave velocity difference information by
using the mobile device according to an embodiment of the
present invention.

[0011] FIG. 5 is a flowchart for explaining a method of
measuring a pulse wave velocity by using a mobile device
according to an embodiment of the present invention.
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[0012] FIG. 6 is a block diagram for explaining the mobile
device according to an embodiment of the present invention.
[0013] FIG. 7 is a graph for explaining electrocardiogram
(ECG) information according to an embodiment of the
present invention.

[0014] FIG. 8 is a graph for explaining pulse wave infor-
mation according to an embodiment of the present inven-
tion.

[0015] FIG. 9 is a detailed flowchart for explaining a
method of measuring pulse wave velocity difference infor-
mation according to an embodiment of the present inven-
tion.

[0016] FIG. 10 is a flowchart for explaining a method of
outputting a notification message according to pulse wave
velocity difference information according to an embodiment
of the present invention.

[0017] FIG. 11 is a detailed block diagram for explaining
the mobile device according to an embodiment of the
present invention.

[0018] FIG. 12 is a block diagram for explaining an
operation of a circuit unit of the mobile device according to
an embodiment of the present invention.

BEST MODE

[0019] In an embodiment of the present invention for
solving the conventional problems, a method of measuring
a pulse wave velocity difference in a mobile device may
include: obtaining electrocardiogram (ECG) information of
an object through a first electrode that contacts a first surface
of the object and is included in the mobile device and a
second electrode that contacts a second surface of the object
and is included in the mobile device; obtaining blood flow
change information of the first surface and the second
surface by using a first optical sensor that contacts the first
surface and is included in the mobile device and a second
optical sensor that contacts the second surface and is
included in the mobile device; obtaining pulse wave velocity
information to the first surface and pulse wave velocity
information to the second surface based on the obtained
ECG information and the obtained blood flow change infor-
mation of the first surface and the second surface; and
measuring pulse wave velocity difference information based
on the pulse wave velocity information to the first surface
and the second surface.

[0020] The obtaining of the pulse wave velocity informa-
tion to the first surface and the pulse wave velocity infor-
mation to the second surface may include: obtaining pulse
arrival time (PAT) information of the first surface and PAT
information of the second surface based on the ECG infor-
mation and the blood flow change information; and obtain-
ing the pulse wave velocity information to the first surface
and the pulse wave velocity information to the second
surface based on the PAT information of the first surface and
the second surface and a distance between a predetermined
position of the object and the first surface and the second
surface.

[0021] Each of the first optical sensor and the second
optical sensor may include a light-emitting device and a
light-receiving device.

[0022] The method may further include: receiving body
information of the object; and estimating the distance
between the predetermined position of the object and the
first surface and the second surface based on the received
body information.
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[0023] The method may further include alternately sup-
plying power to the first optical sensor and the second
optical sensor.

[0024] The obtaining of the blood flow change informa-
tion of each of the first surface and the second surface may
include: measuring a first reflected light value of the first
surface of the object by using the first optical sensor;
measuring a second reflected light value of the second
surface of the object by using the second optical sensor; and
obtaining the blood flow change information of the first
surface of the object and the second surface of the object
based on the first reflected light value and the second
reflected light value.

[0025] The method may further include: measuring a first
reflected light value of the first surface of the object by using
the first optical sensor; measuring a second reflected light
value of the second surface of the object by using the second
optical sensor; and outputting a contact correction message
based on the first reflected light value and the second
reflected light value.

[0026] The method may further include outputting at least
one of the ECG information, the blood flow change infor-
mation of the first surface of the object and the second
surface of the object, and the pulse wave velocity informa-
tion.

[0027] The method may further include outputting a noti-
fication message based on the pulse wave velocity difference
information.

[0028] The obtaining of the pulse wave velocity informa-
tion to the first surface and the pulse wave velocity infor-
mation to the second surface may include: receiving an input
that requests to measure a pulse wave velocity; and obtain-
ing the pulse wave velocity information a predetermined
period of time after the input is received.

[0029] The obtaining of the ECG information of the object
may include: measuring a voltage of the object through the
first electrode and the second electrode; and obtaining the
ECG information of the object based on the measured
voltage.

[0030] In an embodiment of the present invention for
solving the conventional problems, a mobile device for
measuring a pulse wave velocity difference may include: a
first circuit unit including a first electrode that contacts a first
surface of an object and a first optical sensor that contacts
the first surface; a second circuit unit including a second
electrode that contacts a second surface of the object and a
second optical sensor that contacts the second surface; and
a controller including: an electrocardiogram (ECG) infor-
mation obtainer configured to obtain ECG information of the
object through the first electrode and the second electrode;
a blood flow change information obtainer configured to
obtain blood flow change information of the first surface and
the second surface by using the first optical sensor and the
second optical sensor; a pulse wave velocity information
obtainer configured to measure pulse wave velocity infor-
mation to the first surface and pulse wave velocity informa-
tion to the second surface based on the obtained ECG
information and the obtained blood flow change informa-
tion; and a pulse wave velocity difference measurer config-
ured to measure pulse wave velocity difference information
based on the pulse wave velocity information to the first
surface and the pulse wave velocity information to the
second surface.
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[0031] The pulse wave velocity information obtainer may
obtain pulse arrival time (PAT) information of the first
surface and PAT information of the second surface based on
the ECG information and the blood flow change informa-
tion, and obtain the pulse wave velocity information to the
first surface and the pulse wave velocity information to the
second surface based on the PAT information of the first
surface and the second surface and a distance between a
predetermined position of the object and the first surface and
the second surface.

[0032] Each of the first optical sensor and the second
optical sensor may include a light-emitting device and a
light-receiving device.

[0033] The mobile device may further include a user input
unit configured to receive body information of the object,
wherein the controller further includes a distance estimator
configured to estimate the distance between the predeter-
mined position of the object and the first surface and the
second surface based on the received body information.

[0034] The controller may control power to be alternately
supplied to the first optical sensor and the second optical
sensor.

[0035] The controller may further include a sensor infor-
mation obtainer configured to measure a first reflected light
value of the first surface of the object by using the first
optical sensor and a second reflected light value of the
second surface of the object by using the second optical
sensor, wherein the blood flow change information obtainer
obtains the blood flow change information of the first
surface of the object and the second surface of the object
based on the first reflected light value and the second
reflected light value.

[0036] The mobile device may further include an output
unit, wherein the controller further includes a sensor infor-
mation obtainer configured to measure a first reflected light
value of the first surface of the object by using the first
optical sensor and to measure a second reflected light value
of the second surface of the object by using the second
optical sensor, wherein the controller controls the output umt
to output a contact correction message based on the first
reflected light value and the second reflected light value.

[0037] The mobile device may further include an output
unit, wherein the controller controls the output unit to output
at least one of the ECG information, the blood flow change
information of the first surface of the object and the second
surface of the object, and the pulse wave velocity informa-
tion.

[0038] The mobile device may further include an output
unit, wherein the controller controls the output unit to output
a notification message based on the pulse wave velocity
difference information.

[0039] The mobile device may further include a user input
unit configured to receive a request to measure a pulse wave
velocity, wherein the controller controls the first circuit unit
and the second circuit unit to measure the pulse wave
velocity information a predetermined period of time after the
request is received.

[0040] The ECG information obtainer may measure a
voltage generated in the object through the first electrode
and the second electrode and obtain the ECG information of
the object based on the measured voltage.
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MODE OF THE INVENTION

[0041] The terms used in the present invention are selected
from among common terms that are currently widely used in
consideration of their function in the present invention.
However, the terms may be different according to an inten-
tion of one of ordinary skill in the art, a precedent, or the
advent of new technology. Also, in particular cases, the
terms are discretionally selected by the applicant of the
present invention, and the meaning of those terms will be
described in detail in the corresponding part of the detailed
description. Therefore, the terms used in the present inven-
tion are not merely designations of the terms, but the terms
are defined based on the meaning of the terms and content
throughout the present invention.

[0042] Throughout the specification, it will be understood
that when an element is referred to as being “connected” to
another element, it may be “directly connected” to the other
element or “electrically connected” to the other element with
intervening elements therebetween. It will be further under-
stood that when a part “includes” or “comprises” an element,
unless otherwise defined, the part may further include other
elements, not excluding the other elements. Also, the terms
such as “ . .. unit” and “module” used in the specification
refer to units that perform at least one function or operation,
and the units may be implemented as hardware or software
or as a combination of hardware and software.

[0043] The term ‘mobile device’ throughout the specifi-
cation may include not only a mobile device but also a case
and a cover connected to or mounted on the mobile device.
According to an embodiment of the present invention,
examples of the mobile device may include a portable
device such as, but not limited to, a mobile phone, a smart
phone, a tablet, a notebook, a personal digital assistant
(PDA), a portable multimedia player (PMP), a navigation
system, an MP3 player, or a digital camera, and may include
various other devices.

[0044] Also, according to an embodiment of the present
invention, examples of the cover and the case connected to
or mounted on the mobile device may include various covers
and cases such as, but not limited to, a case that may cover
both front and rear surfaces of a cell phone (e.g., a flip case),
a case that covers only a rear surface, and a case that covers
only an edge of a cell phone.

[0045] The term ‘notification message’ throughout the
specification may refer to any method of notifying informa-
tion about a body resistance to a user of a mobile device by
displaying a text message, outputting a voice message,
generating a vibration, flickering a lamp, or changing a color
of a lamp.

[0046] The term ‘object’ throughout the specification may
refer to a user or the body of a user.

[0047] Embodiments of the present invention will now be
described more fully with reference to the accompanying
drawings for one of ordinary skill in the art to be able to
perform the present invention without any difficulty. The
invention may, however, be embodied in many different
forms and should not be construed as being limited to the
embodiments set forth herein. Also, parts in the drawings
unrelated to the detailed description are omitted to ensure
clarity of the present invention. Like reference numerals in
the drawings denote like elements.

[0048] The present invention will now be described more
fully with reference to the accompanying drawings.
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[0049] FIG. 1 is a view for explaining an arrangement of
electrodes and optical sensors of a mobile device 100
according to an embodiment of the present invention.
[0050] According to an embodiment of the present inven-
tion, the mobile device 100 may be a device for measuring
a pulse wave velocity. According to an embodiment of the
present invention, the mobile device 100 may measure an
electrocardiogram (ECG) of an object and may measure a
blood flow change of the object. According to an embodi-
ment of the present invention, the mobile device 100 may
measure a pulse wave velocity of the object based on
obtained ECG information and blood flow change informa-
tion.

[0051] According to an embodiment of the present inven-
tion, the mobile device 10 may include two electrodes, that
1s, first and second electrodes 101 and 102.

[0052] According to an embodiment of the present inven-
tion, the first electrode 101 may be an electrode that contacts
a first surface of the object and the second electrode 102 may
be an electrode that contacts a second surface of the object.
According to an embodiment of the present invention, the
first surface of the object may refer to the left hand and the
second surface of the object may refer to the right hand, and
the object may refer to the body of a user.

[0053] In addition, according to an embodiment of the
present invention, each of the first surface and the second
surface may be a point of the object through which blood
flows or the skin of the point. Also, the first surface and the
second surface that are different from each other may each
be spaced apart by a predetermined distance from the heart
of the object. For example, the first surface may be the left
hand of the object and the second surface may be the right
hand of the object, and may each include a point that is
spaced apart by a predetermined distance from the heart of
the object or the skin of the point. A distance between the
heart of the object and the first surface and a distance
between the heart of the object and the second surface may
be the same or different from each other. According to an
embodiment of the present invention, the mobile device 100
may obtain ECG information by using the first electrode 101
and the second electrode 102. That is, according to an
embodiment of the present invention, the mobile device 100
may measure a voltage of the object by using the first
electrode 101 and the second electrode 102, and may obtain
ECG information of the object based on the measured
voltage and a change amount of the voltage. Also, according
to an embodiment of the present invention, the first electrode
101 and the second electrode 102 may be contact electrodes
or non-contact electrodes. When the first electrode 101 and
the second electrode 102 are non-contact electrodes, the
mobile device 100 may measure a voltage based on a
capacitive coupling effect.

[0054] In addition, according to an embodiment of the
present invention, the mobile device 100 may measure
current through the first electrode 101 and the second
electrode 102, and may obtain ECG information of the
object based on the measured current and a change amount
of the current.

[0055] According to an embodiment of the present inven-
tion, the mobile device 100 may include two optical sensors,
that is, first and second optical sensors 103 and 104.
[0056] According to an embodiment of the present inven-
tion, the mobile device 100 may measure a blood flow
change of the first surface of the object and a blood flow
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change of the second surface of the object by using the first
optical sensor 103 that contacts the first surface of the object
and the second optical sensor 104 that contacts the second
surface of the object. According to an embodiment of the
present invention, the first surface of the object may refer to
the left hand and the second surface of the object may refer
to the right hand of the object, and the object may refer to
the body of the user.

[0057] According to an embodiment of the present inven-
tion, the mobile device 100 may obtain photoplethymograph
(PPG) information based on the blood flow change mea-
sured by using the first optical sensor 103 and the second
optical sensor 104.

[0058] According to an embodiment of the present inven-
tion, the mobile device 100 may measure a pulse wave
velocity. That is, the mobile device 100 may measure a pulse
wave velocity of the object based on the ECG information
of the object obtained by using the first electrode 104 and the
second electrode 102 and the blood flow change information
obtained by using the first optical sensor 103 and the second
optical sensor 104.

[0059] Also, as shown in FIG. 1, according to an embodi-
ment of the present invention, the first electrode 101 may
include the first optical sensor 103 and the second electrode
102 may include the second optical sensor 104. According
to an embodiment of the present invention, the mobile
device 100 may include four electrodes, and an arrangement
of electrodes and optical sensors is not limited. Arrange-
ments of electrodes and optical sensors included in the
mobile device 100 according to additional embodiments will
be explained with reference to FIGS. 2 and 3.

[0060] In addition, as described above, according to an
embodiment of the present invention, the first electrode 101
and the second electrode 102 and the first optical sensor 103
and the second optical sensor 104 may be disposed on a case
(or a cover) of the mobile device. Also, some or all elements
needed for the mobile device 100 to measure a pulse wave
velocity of the object such as the first electrode 101 and the
second electrode 102 and the first optical sensor 103 and the
second optical sensor 104 may be included the case of the
mobile device 100.

[0061] Additional elements that may be included in the
mobile device 100 according to an embodiment of the
present invention will be explained below in detail with
reference to FIGS. 6 and 11.

[0062] FIG. 2 is a view for explaining an arrangement of
electrodes and optical sensors of the mobile device 100
according to an embodiment of the present invention. That
is, FIG. 2 illustrates an arrangement of electrodes and optical
sensors of the mobile device 100 according to an embodi-
ment, which is different from FIG. 1.

[0063] According to an embodiment of the present inven-
tion, the first electrode 101 and the second electrode 102 are
located on a lower end portion of the mobile device 100, and
the first optical sensor 103 and the second optical sensor 104
are respectively located over the first electrode 101 and the
second electrode 102.

[0064] According to an embodiment of the present inven-
tion, the mobile device 100 may measure ECG information
of the object and blood flow change information of the first
surface and the second surface of the object by causing the
index finger and the middle finger of the left hand that is the
first surface of the object to contact the first electrode 101
and the first optical sensor 103 and causing the index finger
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and the middle finger of the right hand that is the second
surface of the object to contact the second electrode 102 and
the second optical sensor 104.

[0065] In addition, according to an embodiment of the
present invention, the first electrode 101, the second elec-
trode 102, the first optical sensor 103, and the second optical
sensor 104 may be arranged in various shapes. The first
electrode and the second electrode may be arranged to be
connected to each other, or may be arranged on a flip cover
of the mobile device, instead of a rear surface of the mobile
device. Also, the first electrode and the second electrode
may be arranged on a portion other than a portion where an
antenna of the mobile device 100 is disposed in order to
prevent interference with electric wave transmission/recep-
tion.

[0066] Also, according to an embodiment of the present
invention, a logo placed on the mobile device 100 may be
used as an electrode or an edge portion of the mobile device
may be processed as an electrode so that whatever portion
the user holds may be measured to improve user conve-
nience, and optical sensors and electrodes may be arranged
to be asymmetrical to each other. That is, an arrangement of
electrodes and optical sensors of the mobile devices 100 is
not limited.

[0067] Also, shapes of electrodes and optical sensors of
the mobile device 100 are not limited. For example,
although two electrodes and two optical sensors have square
shapes, the electrodes and optical sensors may have circular
shapes, trapezoidal shapes, triangular shapes, or may have
different shapes.

[0068] In addition, the mobile device 100 may be config-
ured so that an auxiliary display unit is disposed on a rear
surface of the mobile device 100 and thus the user may read
a message or information on the auxiliary display unit.

[0069] Also, according to an embodiment of the present
invention, each of the first electrode 101 and the second
electrode 102 of the mobile device 100 may be formed of
any of various materials. For example, each of the first
electrode 101 and the second electrode 102 may be formed
of rubber coated with a conductive material, plastic, fiber, a
ceramic material, or a metal. Also, when a metal is used,
each of the first electrode 101 and the second electrode 102
may be coated with TiN, TiCN, or CrN to increase a surface
conductivity and increase a scratch resistance to an electrode
surface.

[0070] FIG. 3 is a view for explaining an arrangement of
electrodes and optical sensors of the mobile device accord-
ing to an embodiment of the present invention. That is, FIG.
3 illustrates the mobile device 100 including four electrodes
and two optical sensors according to an embodiment.

[0071] As described above, the mobile device 100 accord-
ing to an embodiment of the present invention may include
the first electrode 101, the second electrode 102, a third
electrode 105, and a fourth electrode 106. That is, the mobile
device 100 may include four electrodes. Also, the mobile
device may additionally include the first optical sensor 103
and the second optical sensor 104.

[0072] According to an embodiment of the present inven-
tion, the mobile device 100 may measure current generated
in the object by using the first electrode 101 and the second
electrode 102 and may measure a voltage applied to the objet
by using the third electrode 105 and the fourth electrode 106,
and vice versa.
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[0073] Also, according to an embodiment of the present
invention, the mobile device 100 may measure current or a
voltage generated in the object by using all of the first
electrode 101, the second electrode 102, the third electrode
105, and the fourth electrode 106. Functions of the first
optical sensor 103 and the second optical sensor 104
included in the mobile device 100 correspond to those
described with reference to FIGS. 1 and 2, and thus a
detailed explanation thereof will not be given.

[0074] As described with reference to FIGS. 1 through 3,
according to an embodiment of the present invention, an
arrangement of electrodes and optical sensors of the mobile
100 is not limited, and the mobile device 100 may include
two or more electrodes and two or more optical sensors.
[0075] FIG. 4 is a view for explaining a posture for
measuring a pulse wave velocity by using the mobile device
according to an embodiment of the present invention.
[0076] Referring to FIG. 4, a posture for measuring a pulse
wave velocity according to an embodiment of the present
invention may include a posture made so that the first
surface of the object contacts the first electrode 101 and the
first optical sensor 103 of the mobile device 100 and the
second surface of the object contacts the second electrode
102 and the second optical sensor 1041 of the mobile device
100. According to an embodiment of the present invention,
the first surface of the object may be the point finger of the
left hand of the object and the second surface of the object
may be the point finger of the right hand of the object.
[0077] Although FIG. 4 illustrates a posture for measuring
a pulse wave velocity, embodiments are not limited thereto.
When the first optical sensor 103 and the second optical
sensor 104 are not included in the first electrode 101 and the
second electrode 102 as shown in FIG. 2, a posture for
measuring a pulse wave velocity may be made so that the
middle finger and the point finger of the left hand of the
object contact the first electrode 101 and the first optical
sensor 103 and the middle finger and the point finger of the
right hand of the object contact the second electrode 102 and
the second optical sensor 104. Even when the mobile device
100 includes four electrodes as shown in FIG. 3, a pulse
wave velocity of the object may be measured by using the
same posture for measuring a pulse wave velocity as that in
FIG. 2.

[0078] In addition, examples of a posture for measuring a
pulse wave velocity may include a posture made so that the
mobile device is placed on both hands and a posture made
so that electrodes and optical sensors contact at least two of
body parts (e.g., the wrists or fingers) other than the hands.
[0079] FIG. 5 is a flowchart for explaining a method of
measuring a pulse wave velocity by using a mobile device
according to an embodiment of the present invention.
[0080] In operation 501, a mobile device may obtain ECG
information an object by using a first electrode that contacts
a first surface of the object and a second electrode that
contacts a second surface of the object.

[0081] According to an embodiment of the present inven-
tion, the mobile device may measure a voltage of the object
by using the first electrode that contacts the first surface of
the object and the second electrode that contacts the second
surface of the object and may obtain ECG information of the
object based on the measured voltage.

[0082] According to an embodiment of the present inven-
tion, an ECG refers to a waveform graph obtained by
measuring the heart’s electrical potential on a surface of the
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body which is obvious to one of ordinary skill in the art, and
thus a detailed explanation thereof will not be given.
[0083] In operation 503, the mobile device may obtain
blood flow change information of the first surface and the
second surface by using a first optical sensor that contacts
the first surface of the object and a second optical sensor that
contacts the second surface of the object.

[0084] According to an embodiment of the present inven-
tion, blood may flow in a blood vessel of the object due to
a pressure generated according to a heartbeat of the object.
In particular, blood may flow up to a capillary vessel at an
end of the body due to a pressure generated according to a
heartbeat, and the flow of blood may have a periodicity
related to the heartbeat. That is, according to an embodiment
of the present invention, the mobile device may obtain
information about a blood flow change according to a
heartbeat by using the first optical sensor and the second
optical sensor.

[0085] According to an embodiment of the present inven-
tion, an optical sensor may include a light-emitting device
and a light-receiving device. That is, one set consisting of a
light-emitting device and a light-receiving device may be
referred to as an optical sensor.

[0086] According to an embodiment of the present inven-
tion, the mobile device may measure a first reflected light
value of the first surface of the object by using the first
optical sensor. That is, the mobile device may measure a first
reflected light value that is a value of reflected light of the
first surface of the object by emitting light to the first surface
of the object by using the light-emitting device included in
the first optical sensor and measuring an intensity of light
that is transmitted through or reflected from the first surface
of the object and is absorbed by the light-receiving device
included in the first optical sensor.

[0087] Also, the mobile device may measure a second
reflected light value of the second surface of the object by
using the second optical sensor. The second reflected light
value may be measured by using the same method as a
method of measuring the first reflected light value of the first
surface of the object by using the first optical sensor.
[0088] According to an embodiment of the present inven-
tion, a reflected light value may vary according to a blood
flow change of the first surface or the second surface that
contacts the optical sensor. That is, light absorbed by the
light-receiving device included in the optical sensor of the
mobile device may vary according to a blood volume or the
flow of blood in the first surface or the second surface of the
object that contacts the optical sensor. Accordingly, the
mobile device may obtain blood flow change information of
the first surface and the second surface of the object based
on the first reflected light value and the second reflected light
value.

[0089] According to an embodiment of the present inven-
tion, the blood flow change information may include infor-
mation about a blood flow change according to time.
[0090] In addition, according to an embodiment of the
present invention, the mobile device may check a contact
state between the mobile device and the object by using the
first optical sensor and the second optical sensor and may
output a contact correction message.

[0091] As described above, according to an embodiment
of the present invention, the flow of blood in the first surface
and the second surface of the object may be changed
according to a heartbeat of the object, and a reflected light
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value measured by using the optical sensor may be changed
according to the changed flow of blood.

[0092] Accordingly, when a contact state between the first
surface or the second surface of the object and the optical
sensor or the electrode of the mobile device is poor, a
measured reflected light value may have no change or may
be very small. That is, a contact area between the first
surface of the object or the second surface of the object and
the optical sensor or the electrode of the mobile device may
not be equal to or greater than a predetermined value.
[0093] According to an embodiment of the present inven-
tion, the mobile device may measure the first reflected light
value of the first surface of the object by using the first
optical sensor and may measure the second reflected light
value of the second surface of the object by using the second
optical sensor, and may output a contact correction message
based on the first reflected light value and the second
reflected light value.

[0094] For example, examples of the contact correction
message may include a message indicating that a contact
state between the first surface of the object and the second
surface of the object should be checked and a message
indicating that a contact state has to be corrected by laterally
moving the first surface of the object and the second surface
of the object. However, embodiments are not limited thereto,
and examples of the contact correction message may include
a message including information for correcting contact
between the object and the electrode or the optical sensor.
[0095] In operation 505, the mobile device may obtain
pulse wave velocity information to the first surface and
velocity wave velocity information to the second surface
based on the obtained ECG information and the obtained
blood flow change information. According to an embodi-
ment of the present invention, the mobile device may obtain
pulse arrival time (PAT) information to the first surface of
the object and PAT information to the second surface of the
object based on the ECG information obtained in operation
501 and the blood flow change information of each of the
first surface of the object and the second surface of the object
obtained in operation 503.

[0096] As described above, since the flow of blood or the
amount of blood that flows in the first surface of the object
and the second surface of the object is changed due to a
heartbeat, the mobile device may measure a time between a
time when there is the heartbeat occurs and a time when the
flow of blood or the amount of blood that flows is changed
according to the obtained blood flow change information.
That is, a time taken for a pulse wave to reach the first
surface of the object or the second surface of the object from
the heart is referred to as a PAT.

[0097] In addition, according to an embodiment of the
present invention, a blood flow change at a predetermined
position of the object may be measured and a PAT between
the first surface of the object or the second surface of the
object and the predetermined position may be measured. A
PAT between a predetermined point and the first surface of
the object or the second surface of the object may be referred
to as a pulse transit time (PTT). When the predetermined
point is the heart of the object, the PAT and the PTT may be
the same.

[0098] According to an embodiment of the present inven-
tion, the mobile device may obtain pulse wave velocity
information to the first surface based on a distance between
a predetermined position of the object and the first surface
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of the object and PAT information to the first surface of the
object. That is, according to an embodiment of the present
invention, examples of a pulse wave velocity may include a
velocity at which a pulse wave that is generated according
to a heartbeat travels to a first point, and embodiments are
not limited thereto.

[0099] Also, the mobile device may obtain a pulse wave
velocity to the second surface of the object by using the
same method as a method of obtaining the pulse wave
velocity to the first surface.

[0100] Also, according to an embodiment of the present
invention, the term ‘predetermined position’ of the object
may be a portion of the object where the heart of the object
is located. That is, a distance between the predetermined
position and the first surface of the object may refer to a
distance between the heart of the object and the first surface.
[0101] According to an embodiment of the present inven-
tion, the mobile device may receive body information of the
object, may estimate a distance between a predetermined
position of the object and the first surface based on the
received body information, and may obtain a pulse wave
velocity based on the estimated distance to the first surface.
However, embodiments are not limited thereto, and the
mobile device may estimate a distance based on stored
information and may obtain a pulse wave velocity, or may
receive a distance to the first surface and may obtain a pulse
wave velocity based on the received distance to the first
surface.

[0102] In operation 507, the mobile device may measure
pulse wave velocity difference information based on the
pulse wave velocity information to the first surface and the
second surface. That is, according to an embodiment of the
present invention, the mobile device may measure a differ-
ence in pulse wave velocity information between the first
surface and the second surface based on the pulse wave
velocity information to the first surface and the pulse wave
velocity information to the second surface.

[0103] Also, according to an embodiment of the present
invention, the mobile device may output a notification
message based on the pulse wave velocity difference infor-
mation. That is, the mobile device may output a notification
message when a pulse wave velocity difference is equal to
or greater than a predetermined value.

[0104] According to an embodiment of the present inven-
tion, the risk of developing a peripheral vascular disease, the
risk of reducing a cerebral blood flow change, and the risk
of dying of a heart disease or a stroke when a difference in
systolic blood pressure between two arms is equal to or
greater than 15 mmHg may be respectively 2.54 times, 1.5
times, and 70% higher than those when the difference in
systolic blood pressure between arms is less than 15 mmHg.
[0105] That is, since a pulse wave velocity and a blood
pressure have similar characteristics, since the risk of devel-
oping a cardiovascular disease in the object when a differ-
ence in pulse wave velocity between arms is equal to or
greater than a predetermined value is higher than that when
the difference in pulse wave velocity between arms is less
than the predetermined value, the mobile device may output
a notification message.

[0106] According to an embodiment of the present inven-
tion, a predetermined reference value may be determined by
an input of a user, or may be determined based on informa-
tion received from an external device or a server through a
communicator of the mobile device.
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[0107] According to an embodiment of the present inven-
tion, examples of the notification message output based on
the pulse wave velocity difference information may include,
but not limited to, a message warning of a disease which the
object may have and a message indicating contact informa-
tion of a hospital or a home page.

[0108] Also, according to an embodiment of the present
invention, the mobile device may output at least one of the
ECG information, the blood flow change information of the
first surface of the object and the second surface of the
object, and the pulse wave velocity information.

[0109] In addition, according to an embodiment of the
present invention, the mobile device may receive a request
to measure a pulse wave velocity and may measure a pulse
wave velocity a predetermined period of time after the input
is received.

[0110] Also, according to an embodiment of the present
invention, the mobile device may measure a pulse wave
velocity by alternately supplying power to the first optical
sensor and the second optical sensor. That is, when there is
only one element for controlling the optical sensor in the
mobile device, the mobile device may alternately supply
power to the first optical sensor and the second optical
sensor in order to measure a pulse wave velocity by using
the one element. The mobile device may alternately supply
power to the first electrode and the second electrode by using
the same method as that used to alternately supply power to
the first optical sensor and the second optical sensor.
[0111] FIG. 6 is a block diagram for explaining the mobile
device according to an embodiment of the present invention.
[0112] According to an embodiment of the present inven-
tion, the mobile device 100 may further include a first circuit
unit 601, a second circuit unit 603, a controller 605, and an
output unit 607.

[0113] According to an embodiment of the present inven-
tion, the first circuit unit 601 may include the first electrode
101 and the first optical sensor 103. Also, the second circuit
unit 603 may include the second electrode 102 and the
second optical sensor 104.

[0114] According to an embodiment of the present inven-
tion, the first electrode 101 may be an electrode that contacts
a first surface of an object, and the first surface of the object
may refer to the left hand of the object, the finger of the left
hand, or the left side of the object. Also, according to an
embodiment of the present invention, the first optical sensor
103 may be an optical sensor that contacts the first surface
of the object.

[0115] According to an embodiment of the present inven-
tion, the second electrode 102 may be an electrode that
contacts a second surface of the object, and the second
surface of the object may refer to the right hand of the object,
the finger of the right hand, or the right side of the object.
Also, according to an embodiment of the present invention,
the second optical sensor 104 may be an optical sensor that
contacts the second surface of the object.

[0116] According to an embodiment of the present inven-
tion, the controller 605 may further include an ECG infor-
mation obtainer 615, a blood flow change information
obtainer 625, and a pulse wave velocity information obtainer
635.

[0117] According to an embodiment of the present inven-
tion, the ECG information obtainer 615 may obtain ECG
information through the first electrode and the second elec-
trode. That is, the ECG information obtainer 615 may obtain
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BCG information based on a voltage or current value
measured through the first electrode and the second elec-
trode.

[0118] According to an embodiment of the present inven-
tion, the blood flow change information obtainer 625 may
obtain blood flow change information of each of the first
surface of the object and the second surface of the object by
using the first optical sensor and the second optical sensor.
[0119] According to an embodiment of the present inven-
tion, the blood flow change information obtainer 625 may
measure a first reflected light value of the first surface of the
object by using the first optical sensor. Also, the blood flow
change information obtainer 625 may measure a second
reflected light value of the second surface of the object by
using the second optical sensor, and may obtain blood flow
change information of the first surface and the second
surface based on the first reflected light value and the second
reflected light value.

[0120] According to an embodiment of the present inven-
tion, each of the first optical sensor and the second optical
sensor may include a light-emitting device and a light-
receiving device.

[0121] According to an embodiment of the present inven-
tion, the pulse wave velocity obtainer 635 may measure a
pulse wave velocity of the object based on the obtained ECG
information and the obtained blood flow change informa-
tion.

[0122] According to an embodiment of the present inven-
tion, the pulse wave velocity information obtainer 635 may
obtain PAT information of the first surface and PAT infor-
mation of the second surface based on the ECG information
and the blood flow change information.

[0123] Also, according to an embodiment of the present
invention, the pulse wave velocity information obtainer 635
may obtain pulse wave velocity information to the first
surface of the object and pulse wave velocity information to
the second surface of the object based on the PAT informa-
tion of each of the first surface and the second surface of the
object and a distance between a predetermined position of
the object and each of the first surface and the second
surface.

[0124] According to an embodiment of the present inven-
tion, the predetermined position may be a position where the
heart of the object is located, and the distance between the
predetermined position and the first surface of the object and
the distance between the predetermined position and the
second surface of the object may be estimated based on input
body information of the object as described above.

[0125] According to an embodiment of the present inven-
tion, a pulse wave velocity difference measurer 645 may
measure pulse wave velocity difference information about a
difference between a pulse wave velocity to the first surface
of the object and a pulse wave velocity to the second surface
of the object based on the pulse wave velocity information
to the first surface of the object and the pulse wave velocity
information to the second surface of the object.

[0126] Also, according to an embodiment of the present
invention, the output unit 607 may be controlled to output a
notification message based on the pulse wave velocity
difference information. That is, the controller 605 may
control the output unit 607 to output a notification message
based on the pulse wave velocity difference information.
The outputting of the notification message and the pulse
wave velocity difference information are the same as those
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described with reference to FIG. 5, and thus a detailed
explanation thereof will not be given.

[0127] According to an embodiment of the present inven-
tion, the output unit 607 may output at least one of the ECG
information, the blood flow change information of the first
surface of the object and the second surface of the object,
and the pulse wave velocity information. That is, according
to an embodiment of the present invention, the controller
605 may control the output unit 607 to output at least one of
the ECG information, the blood flow change information of
the first surface of the object and the second surface of the
object, the pulse wave velocity information, and the pulse
wave velocity difference information.

[0128] In addition, according to an embodiment of the
present invention, the controller 605 may check a contact
state between the mobile device 100 and the object by using
the first optical sensor and the second optical sensor, and
may output a contact correction message.

[0129] According to an embodiment of the present inven-
tion, the mobile device 100 may receive a request to measure
a pulse wave velocity, and the controller 605 may control the
first circuit unit 601 and the second circuit unit 603 to
measure pulse wave velocity information a predetermined
period of time after the request to measure a pulse wave
velocity is received.

[0130] Also, according to an embodiment of the present
invention, the controller 605 may alternately supply power
to the first optical sensor 103 and the second optical sensor
104. That is, since the controller 605 controls the first optical
sensor 103 and the second optical sensor 104 to be alter-
nately driven, the controller 605 may control two or more
optical sensors by using one element for driving the optical
sensors, thereby efficiently measuring a pulse wave velocity
by using power.

[0131] According to an embodiment of the present inven-
tion, the first circuit unit 601 and the second circuit unit 603
for measuring a pulse wave velocity may be included in a
cover or a case of the mobile device, and the controller and
the output unit may be included in the mobile device. That
is, as described above, the term ‘mobile device’ of the
present specification may include a cover or a case of the
mobile device, and some elements may be included in the
cover or the case of the mobile device.

[0132] Also, according to an embodiment of the present
invention, the controller 605 may control a light-emitting
device and a light-receiving device such as a light-emitting
diode (LED) driver to be driven, may perform various
operations such as an operation of converting a measured
analog signal into a digital signal, an operation of converting
a digital signal into an analog signal, or an operation of
amplifying a signal, and may include elements for perform-
ing the various operations.

[0133] In addition, the mobile device 100 may include a
power supply unit. The power supply unit may refer to a
battery included in the mobile device, or an auxiliary power
supply unit, instead of a battery included in the mobile
device. Also, according to an embodiment of the present
invention, the mobile device 100 may further include an
additional element such as a communicator or a memory,
which will be explained below in detail with reference to
FIG. 11.

[0134] FIG. 7 is a graph for explaining ECG information
according to an embodiment of the present invention.
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[0135] FIG. 7 is a graph according to ECG information.
That is, ECG information may refer to information about an
activity of the heart of an object obtained by measuring a
voltage of the object as time passes.

[0136] Various methods such as standard lead or extremity
lead may be used to measure an ECG.

[0137] Referring to FIG. 7, a point P in the graph is
generated when an atrium contracts and points Q, R, S, and
T are generated when a ventricle contracts. The measuring
of the ECG and the ECG graph are obvious to one of
ordinary skill in the art, and thus a detailed explanation
thereof will not be given.

[0138] According to an embodiment of the present inven-
tion, a mobile device may obtain ECG information based on
a first electrode and a second electrode. The mobile device
may determine a cycle of an activity of the heart of the object
and a point of time when the heart contracts and a pressure
is generated based on the obtained ECG information.

[0139] Also, according to an embodiment of the present
invention, measured ECG information may be output as a
graph similar to the ECG graph of FIG. 7.

[0140] FIG. 8 is a graph for explaining pulse wave infor-
mation according to an embodiment of the present inven-
tion.

[0141] According to an embodiment of the present inven-
tion, a pulse wave measured through an optical sensor may
be referred to as a photoplethymograph (PPG).

[0142] A pulse wave graph of FIG. 8 may correspond to a
pulse wave measured according to a blood flow change
measured in a first surface or a second surface of an object.
As described above, a mobile device may measure a blood
flow change of the first surface and the second surface by
using an optical sensor, and may measure a pulse wave in the
first surface and the second surface as shown in FIG. 8
according to a result of the measurement.

[0143] According to an embodiment of the present inven-
tion, the mobile device may measure an ECG as shown in
FIG. 7 by using an electrode, and may measure a pulse wave
in each of the first surface and the second surface as shown
in FIG. 8 by using an optical sensor. Accordingly, the mobile
device may measure an interval between times when a blood
flow change occurs in the first surface and the second surface
of the object after a heartbeat, based on ECG information
and the pulse wave.

[0144] For example, when it is assumed that a heartbeat
occurs at the point R of FIG. 7, for example, a pulse wave
at a point 804 of FIG. 8 may be detected according to the
heartbeat at the point R. Accordingly, when it is assumed
that the point R of FIG. 7 indicates an ECG state of the
object 1 second after the heartbeat and the pulse wave at the
point 801 of FIG. 8 is a pulse wave of the object 3 seconds
after the heartbeat, the mobile device may obtain informa-
tion indicating that a time taken for a pulse wave that is
generated due to the heartbeat to reach the first surface is 2
seconds.

[0145] According to an embodiment of the present inven-
tion, the mobile device may measure a pulse wave velocity
by using a distance to the first surface of the object and an
obtained PAT.

[0146] FIG. 9 is a detailed flowchart for explaining a
method of measuring a pulse wave velocity according to an
embodiment of the present invention.
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[0147] Operations 901 through 903 correspond to opera-
tions 501 through 503 of FIG. 5, and thus a detailed
explanation thereof will not be given.

[0148] In operation 905, a mobile device may obtain PAT
information of a first surface and PAT information of a
second surface of an object based on obtained ECG infor-
mation and obtained blood flow change information.

[0149] That is, since the mobile device may obtain ECG
information, blood flow change information of the first
surface, and blood flow change information of the second
surface as described above with reference to FIG. 8, the
mobile device may obtain PAT information to the first
surface of the object and PAT information to the second
surface of the object based on the obtained ECG information
and the obtained blood flow change information.

[0150] However, embodiments are not limited thereto.
According to an embodiment of the present invention, when
a predetermined position is not the heart, PTT information
may be obtained.

[0151] In operation 907, the mobile device may obtain
pulse wave velocity information to the first surface and pulse
wave velocity information to the second surface based on
the PAT information of the first surface and the PAT infor-
mation of the second surface and a distance between the
predetermined position of the object and the first surface and
the second surface.

[0152] According to an embodiment of the present inven-
tion, the term ‘predetermined position’ of the object may
refer to a portion of the object where the heart of the object
is located. Also, the distance between the predetermined
position and the first surface and the second surface of the
present invention may be a distance between the heart of the
object and the first surface and the second surface of the
object. The distance between the heart and the first surface
or the second surface of the object may vary according to a
measurement method and a reference value.

[0153] Also, according to an embodiment of the present
invention, the mobile device may determine the distance
between the predetermined position of the object and the
first surface and the second surface based on an input of a
user, or may obtain body information of the object and may
estimate the distance between the predetermined position of
the object and the first surface and the second surface based
on the body information. For example, the mobile device
may obtain body information such as a height of the object,
a shoulder width of the object, a waistline of the object, or
a leg length of the object and may measure the distance
between the predetermined position and the first surface and
the second surface based on the body information.

[0154] FIG. 10 is a flowchart for explaining a method of
outputting a notification message according to pulse wave
velocity difference information according to an embodiment
of the present invention.

[0155] Operations 1001 through 1007 correspond to
operations 901 through 907 of FIG. 9, and thus a detailed
explanation thereof will not be given.

[0156] In operation 1009, a mobile device may obtain
pulse wave velocity difference information based on pulse
wave velocity information to a first surface and pulse wave
velocity information to a second surface.

[0157] According to an embodiment of the present inven-
tion, since the heart of an object is located on the left side,
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the mobile device may obtain the pulse wave velocity
difference information of the object in consideration of a
position of the heart.

[0158] In operation 1011, the mobile device may output a
notification message based on the pulse wave velocity
difference information. For example, when the pulse wave
velocity difference information is equal to or greater than a
predetermined value, the mobile device may provide various
information such as a warning message, information about
a vascular disease, or information related to a hospital or
medicine.

[0159] In addition, according to an embodiment of the
present invention, the mobile device may output at least one
of obtained ECG information, blood flow change informa-
tion, PAT information, the pulse wave velocity information,
and the pulse wave velocity difference information.

[0160] FIG. 11 is a detailed block diagram for explaining
the mobile device according to an embodiment of the
present invention.

[0161] According to an embodiment of the present inven-
tion, the mobile device 100 may include the first circuit unit
601, the second circuit unit 603, the controller 605, the
output unit 607, a user input unit 1103, a power supply unit
1105, and a communicator 1107.

[0162] According to an embodiment of the present inven-
tion, the first circuit unit 601 may include the first electrode
101 and the first optical sensor 103. Also, the first optical
sensor 103 may include a first light-receiving device 113 and
a first light-emitting device 123. The first electrode 101 and
the first optical sensor 103 correspond to those in FIG. 6, and
thus a detailed explanation thereof will not be given.
[0163] According to an embodiment of the present inven-
tion, the second circuit unit 603 may include the second
electrode 102 and the second optical sensor 104. Also, the
second optical sensor 104 may include a second light-
receiving device 114 and a second light-emitting device 124.
The second electrode 102 and the second optical sensor 104
correspond to those in FIG. 6, and thus a detailed explana-
tion thereof will not be given.

[0164] According to an embodiment of the present inven-
tion, the controller 605 may include a sensor information
obtainer 1101, the ECG information obtainer 615, the blood
flow change information obtainer 625, the pulse wave veloc-
ity information obtainer 635, and the pulse wave velocity
difference measurer 645.

[0165] According to an embodiment of the present inven-
tion, the sensor information obtainer 1101 may measure a
first reflected light value of a first surface of an object and
a second reflected light value of a second surface of the
object by using the first optical sensor 103 and the second
optical sensor 104. That is, the sensor information obtainer
1101 may control the first and second optical sensors 103
and 104. For example, the sensor information obtainer 1101
may control the first and second light-emitting devices 123
and 124 to emit light having a specific intensity, may obtain
reflected light values by amplifying and filtering signals
received through the first and second light-receiving devices
113 and 114, and may convert an analog signal into a digital
signal or may convert a digital signal into an analog signal.
[0166] For example, the sensor information obtainer 1101
may include at least of elements for controlling an optical
sensor or an electrode such as an amplifier, an analog-to-
digital converter, a digital-to-analog converter, and an LED
driver.
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[0167] In addition, the controller 605 may control the
output unit 607 to output a contact correction message based
on the first reflected light value of the first surface of the
object and the second reflected light value of the second
surface measured by the sensor information obtainer 1101.
[0168] That is, when a measured reflected light value is
equal to or less than a predetermined value or a difference
between information about a cycle of an ECG of the object
or an input cycle and predetermined information is equal to
or greater than a predetermined value, it may be determined
that a contact state between the object and the electrode or
the optical sensor is poor and a contact correction message
for correcting the contact state may be output.

[0169] For example, when a contact area between the
object and the electrode or the optical sensor is not equal to
or greater than a predetermined value, a measured reflected
light value may be equal to or less than a predetermined
value or a difference between information about a cycle of
an ECG of the object or an input cycle and predetermined
information may be equal to or greater than a predetermined
value.

[0170] Also, the mobile device 100 may include a pressure
sensor (not shown). The sensor information obtainer 1101
may measure an intensity of a pressure applied to the
electrode or the optical sensor by using the pressure sensor,
and when the intensity of the pressure is equal to or greater
than a predetermined value, the controller 605 may control
the output unit 607 to output a contact correction message.
[0171] In addition, the mobile device may additionally
include, but not limited to, an acceleration sensor, a geo-
magnetic sensor, an altimeter, or a thermometer. The sensor
information obtainer 1101 may control various sensors
included in the mobile device 100 and may obtain informa-
tion measured by using the various sensors.

[0172] According to an embodiment of the present inven-
tion, the ECG information obtainer 615, the blood flow
change information obtainer 625, the pulse wave velocity
information obtainer 635, and the pulse wave velocity
difference measurer 645 correspond to those in FIG. 6, and
thus a detailed explanation thereof will not be given. The
output unit 607 also corresponds to that in FIG. 6, and thus
a detailed explanation thereof will not be given.

[0173] According to an embodiment of the present inven-
tion, the user input unit 1103 may receive various pieces of
information from a user. That is, the user input unit 1103
may receive body information including a height, a weight,
and a gender of the object, and may receive a request to
measure a pulse wave velocity. According to an embodiment
of the present invention, the user input unit 1103 may further
include, but not limited to, a camera, a touch pad, a touch
screen, a keypad, a track ball, an electronic pen, a keyboard,
and/or a mouse.

[0174] According to an embodiment of the present inven-
tion, the power supply unit 1105 may supply power to each
element of the mobile device 100. Also, according to an
embodiment of the present invention, the power supply unit
1105 may alternately supply power to the first optical sensor
103 and the second optical sensor 104 under the control of
the controller 605, which will be explained below in detail
with reference to FIG. 12.

[0175] According to an embodiment of the present inven-
tion, the communicator 1107 may perform short-range com-
munication and long-range communication. When some
elements are separately disposed in a cover or a case of the
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mobile device and a main body of the mobile device
excluding the cover or the case, the elements may commu-
nicate with one another. For example, various pieces of
information obtained by the sensor information obtainer
1101 may be transmitted to the controller.

[0176] Also, according to an embodiment of the present
invention, when a calculator separate from the controller 605
of FIG. 12 exists, communication may be performed by
connecting to the calculator of the mobile device through a
wired interface. For example, when elements are separately
disposed in the mobile device and the cover, a user interface
such as an inter integrated circuit (12C), a serial peripheral
interface (SPI), or a universal asynchronous receiver/trans-
mitter (UART) between elements in the main body of the
mobile device and elements in the cover of the mobile
device may be established by using a Pogo pin.

[0177] In addition, according to an embodiment of the
present invention, examples of wireless communication may
include wireless communication according to Bluetooth,
Wi-Fi, Zigbee, and Bluetooth low energy (BLE).

[0178] According to an embodiment of the present inven-
tion, the mobile device 100 may include a memory (not
shown), and the memory (not shown) may store a date, a
time, contact information of a user, and body information of
the user.

[0179] Also, as described above, since the term ‘mobile
device’ throughout the specification includes the cover and
the case of the mobile device, some or all of elements of
FIG. 11 may be included in the cover and the case of the
mobile device. Also, since examples of the mobile device of
the present specification may include a mobile device such
as a cell phone, elements such as the power supply unit 1105,
the communicator 1107, the memory (not shown), and the
controller 605 may refer to elements included in a mobile
device such as a cell phone.

[0180] That is, according to an embodiment of the present
invention, the first circuit unit 601 and the second circuit unit
603 may be included in the cover of the mobile device. Also,
the power supply unit 1105 and the communicator 1107 may
be included in the main body of the mobile device, and the
controller 605 may be a calculator in the main body of the
mobile device.

[0181] For example, according to an embodiment of the
present invention, when the first circuit unit 601 and the
second circuit unit 603 are included in the cover of the
mobile device, the first circuit unit 601 and the second
circuit unit 603 may obtain ECG information and blood flow
change information from the first surface of the object and
the second surface of the object, and may transmit the
obtained information to the controller 605 that is a calculator
in the main body of the mobile device through a wired
interface included in the communicator 1107 of the mobile
device. Also, the controller 605 may obtain pulse wave
velocity difference information based on the ECG informa-
tion and the blood flow change information.

[0182] Also, according to an embodiment of the present
invention, the pulse wave velocity difference information
obtained by the controller 605 may be applied to the user
through a display unit included in the main body of the
mobile device 100, and the power supply unit 1105 may
supply power to drive the first circuit unit 601 and the
second circuit unit 603 provided in the cover of the mobile
device.
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[0183] However, embodiments are not limited thereto.
According to an embodiment of the present invention, at
least one of the controller 605, the power supply unit 1105,
and the communicator 1107 in addition to the first circuit
unit 601 and the second circuit unit 603 may be included in
the cover of the mobile device.

[0184] In addition, according to an embodiment of the
present invention, the cover of the mobile device may
include a battery cover portion such as a cover of a battery
and a flip cover portion that covers a display unit of the
mobile device. In addition, according to an embodiment of
the present invention, an operation of each element included
in the mobile device 100 may be performed as an application
is driven.

[0185] FIG. 12 is a block diagram for explaining an
operation of a circuit unit of the mobile device according to
an embodiment of the present invention.

[0186] FIG. 12 is a block diagram illustrating only some
elements of the mobile device 100, That is, FIG. 152
illustrates only the first optical sensor 103, the second optical
sensor 104, the controller 605, and the power supply unit
1105. For better understanding, a switch 1205 is additionally
illustrated.

[0187] According to an embodiment of the present inven-
tion, the mobile device 100 may alternately supply power to
the first optical sensor 103 and the second circuit unit 104.
That is, since the sensor information obtainer 1101 in the
controller 605 controls the first and second optical sensors
103 and 104 included in the mobile device 100, the sensor
information obtainer 1101 may control the first optical
sensor 103 and the second optical sensor 104 to be alter-
nately driven by controlling the switch 1205.

[0188] In addition, according to an embodiment of the
present invention, the mobile device 100 may alternately
supply power to the first optical sensor 103 and the second
optical sensor 104 without using the switch 1205. That s,
the first optical sensor and the second optical sensor may be
arranged so that the first optical sensor 103 operates when
current flows in a first direction and the second optical
sensor 104 operates when current flows in a second direc-
tion.

[0189] Since the optical sensors are alternately driven as
described above, power consumption of the mobile device
may be reduced. The sensor information obtainer 1101 of the
mobile device 100 may control two optical sensors by using
only one element for controlling the optical sensors.

[0190] The device described herein may comprise a pro-
cessor, a memory for storing program data and executing it,
a permanent storage unit such as a disk drive, a communi-
cations port for communicating with external devices, and
user interface devices such as a touch panel, keys, and
buttons. Methods using software modules or algorithms may
be stored as program instructions or computer-readable
codes executable on a processor in a computer-readable
recording medium. Examples of the computer-readable
recording medium include a magnetic storage medium (e.g.,
a read-only memory (ROM), a random-access memory
(RAM), a floppy disk, or a hard disk), and an optical
recording medium (e.g., a compact disc (CD)-ROMs, or a
digital versatile disc (DVD)). The computer-readable
recording medium may also be distributed over network
coupled computer systems so that computer-readable code is
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stored and executed in a distributive manner. This medium
may be read by a computer, stored in a memory, and
executed by a processor.

[0191] All references, including publications, patent appli-
cations, and patents, cited herein are hereby incorporated by
reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by
reference and were set forth in its entirety herein.

[0192] For the purposes of promoting understanding of the
present invention, reference has been made to the exemplary
embodiments illustrated in the drawings, and specific lan-
guage has been used to describe these embodiments. How-
ever, no limitation of the scope of the present invention is
intended by this specific language, and the present invention
should be construed to encompass all embodiments that
would normally occur to one of ordinary skill in the art.
[0193] The present invention may be described in terms of
functional block components and various processing steps.
Such functional blocks may be realized by any number of
hardware and/or software components configured to per-
form specified functions. For example, the present invention
may employ various integrated circuit (IC) components,
e.g., memory elements, processing elements, logic elements,
look-up tables, and the like, which may carry out a variety
of functions under the control of one or more microproces-
sors or other control devices. Similarly, where the elements
of the present invention are implemented using software
programming or software elements, the present invention
may be implemented with any programming or scripting
language such as C, C++, Java, or assembler language, with
various algorithms being implemented with any combina-
tion of data structures, objects, processes, routines or other
programming elements. Functional aspects may be imple-
mented in algorithms that are executed on one or more
processors. Furthermore, the present invention could
employ any number of conventional techniques for elec-
tronics configuration, signal processing and/or control, data
processing and the like. The words “mechanism”, “ele-
ment”, “means”, and “configuration” are used broadly and
are not limited to mechanical or physical embodiments, but
may include software routines in conjunction with proces-
sors, etc.

[0194] The particular implementations shown and
described herein are illustrative examples of the present
invention and are not intended to otherwise limit the scope
of the present invention in any way. For the sake of brevity,
conventional electronics, control systems, software devel-
opment, and other functional aspects of the systems may not
be described in detail. Furthermore, connecting lines, or
connectors shown in the various figures presented are
intended to represent exemplary functional relationships
and/or physical or logical couplings between the various
elements. It should be noted that many alternative or addi-
tional functional relationships, physical connections or logi-
cal connections may be present in a practical device. More-
over, no item or component is essential to the practice of the
present invention unless the element is specifically described
as “essential” or “critical”.

[0195] The use of the terms “a” and “an” and “the” and
similar referents in the context of describing the present
invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural.
Furthermore, recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring indi-
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vidually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually
recited herein. Also, steps of all methods described herein
may be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by con-
text. The present invention is not limited to the described
order of the steps. The use of any and all examples, or
exemplary language (e.g., “such as”) provided herein, is
intended merely to better illuminate the present invention
and does not pose a limitation on the scope of the present
invention unless otherwise claimed. It will be understood by
one of ordinary skill in the art that numerous modifications,
adaptations, and changes will be made according to design
conditions and factors without departing from the spirit and
scope of the appended claims.

1. A method of measuring a pulse wave velocity differ-
ence in a mobile device, the method comprising:

obtaining electrocardiogram (ECG) information of an

object through a first electrode that contacts a first
surface of the object and is included in the mobile
device and a second electrode that contacts a second
surface of the object and is included in the mobile
device;

obtaining blood flow change information of the first

surface and the second surface by using a first optical
sensor that contacts the first surface and is included in
the mobile device and a second optical sensor that
contacts the second surface and is included in the
mobile device;

obtaining pulse wave velocity information to the first

surface and pulse wave velocity information to the
second surface based on the obtained ECG information
and the obtained blood flow change information of the
first surface and the second surface; and

measuring pulse wave velocity difference information

based on the pulse wave velocity information to the
first surface and the second surface.

2. The method of claim 1, wherein the obtaining of the
pulse wave velocity information to the first surface and the
pulse wave velocity information to the second surface
comprises:

obtaining pulse arrival time (PAT) information of the first

surface and PAT information of the second surface
based on the ECG information and the blood flow
change information; and

obtaining the pulse wave velocity information to the first

surface and the pulse wave velocity information to the
second surface based on the PAT information of the first
surface and the second surface and a distance between
a predetermined position of the object and the first
surface and the second surface.

3. (canceled)

4. The method of claim 2, further comprising;

receiving body information of the object; and

estimating the distance between the predetermined posi-

tion of the object and the first surface and the second
surface based on the received body information.

5. The method of claim 1, further comprising alternately
supplying power to the first optical sensor and the second
optical sensor.

6. The method of claim 1, wherein the obtaining of the
blood flow change information of each of the first surface
and the second surface comprises:

Feb. 23,2017

measuring a first reflected light value of the first surface
of the object by using the first optical sensor;

measuring a second reflected light value of the second
surface of the object by using the second optical sensor;
and

obtaining the blood flow change information of the first
surface of the object and the second surface of the
object based on the first reflected light value and the
second reflected light value.

7. The method of claim 1, further comprising:

measuring a first reflected light value of the first surface
of the object by using the first optical sensor;

measuring a second reflected light value of the second
surface of the object by using the second optical sensor;
and
outputting a contact correction message based on the first
reflected light value and the second reflected light
value.
8. The method of claim 1, further comprising outputting
at least one of the ECG information, the blood flow change
information of the first surface of the object and the second
surface of the object, and the pulse wave velocity informa-
tion.
9. The method of claim 1, further comprising outputting
a notification message based on the pulse wave velocity
difference information.
10.-11. (canceled)
12. A mobile device for measuring a pulse wave velocity
difference, the mobile device comprising:
a first circuit comprising a first electrode that contacts a
first surface of an object and a first optical sensor that
contacts the first surface;
a second circuit comprising a second electrode that con-
tacts a second surface of the object and a second optical
sensor that contacts the second surface; and
at least one processor configured to:
obtain ECG information of the object through the first
electrode and the second electrode;

obtain blood flow change information of the first sur-
face and the second surface by using the first optical
sensor and the second optical sensor;

measure pulse wave velocity information to the first
surface and pulse wave velocity information to the
second surface based on the obtained ECG informa-
tion and the obtained blood flow change information;
and

measure pulse wave velocity difference information
based on the pulse wave velocity information to the
first surface and the pulse wave velocity information
to the second surface.

13. The mobile device of claim 12, wherein the at least
one processor is further configured to:

obtain pulse arrival time (PAT) information of the first
surface and PAT information of the second surface
based on the ECG information and the blood flow
change information, and

obtain the pulse wave velocity information to the first
surface and the pulse wave velocity information to the
second surface based on the PAT information of the first
surface and the second surface and a distance between
a predetermined position of the object and the first
surface and the second surface.

14. (canceled)
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15. The mobile device of claim 13, further comprising:

a user interface configured to receive body information of

the object,

wherein the at least one processor is further configured to

estimate the distance between the predetermined posi-
tion of the object and the first surface and the second
surface based on the received body information.

16. The mobile device of claim 12, wherein the at least
one processor is further configured to control power to be
alternately supplied to the first optical sensor and the second
optical sensor.

17. The mobile device of claim 12, wherein the at least
one processor is further configured to:

measure a first reflected light value of the first surface of

the object by using the first optical sensor and a second
reflected light value of the second surface of the object
by using the second optical sensor, and

obtain the blood flow change information of the first

surface of the object and the second surface of the
object based on the first reflected light value and the
second reflected light value.

18. The mobile device of claim 12, further comprising:

an output interface,

wherein the at least one processor is further configured to:

measure a first reflected light value of the first surface
of the object by using the first optical sensor, and

measure a second reflected light value of the second
surface of the object by using the second optical
sensor, and

wherein the at least one processor is further configured to

control the output interface to output a contact correc-
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tion message based on the first reflected light value and
the second reflected light value.

19. The mobile device of claim 12, further comprising an
output interface,

wherein the at least one processor is further configured to

control the output interface to output at least one of the
ECG information, the blood flow change information
of the first surface of the object or the second surface
of the object, and the pulse wave velocity information.

20. The mobile device of claim 12, further comprising:

an output interface,

wherein the at least one processor is further configured to

control the output interface to output a notification
message based on the pulse wave velocity difference
information.
21. The mobile device of claim 12, further comprising:
a user interface configured to receive a request to measure
a pulse wave velocity,

wherein the at least one processor is further configured to
control the first circuit and the second circuit to mea-
sure the pulse wave velocity information a predeter-
mined period of time after the request is received.

22. The mobile device of claim 12, wherein the at least
one processor is further configured to measure a voltage
generated in the object through the first electrode and the
second electrode and obtain the ECG information of the
object based on the measured voltage.

23. The mobile device of claim 12, wherein the first
circuit and the second circuit are included in a cover portion
of the mobile device.

24. A computer-readable recording medium having
embodied thereon a program for executing the method of
claim 1.
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