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(57) ABSTRACT

A wearable terminal can include a main body configured to be
in contact with a body of a user using one side of the main
body, a photo plethysmography including a transmitter com-
bined with one side of the main body and outputs a output
signal, and a receiver detecting a reflection signal correspond-
ing to the output signal returned, a cover configured to cover
the photo plethysmography and be combined with the main
body and a controller configured to measure a heart rate based
on a reflection signal measured by the photo plethysmogra-
phy. The cover is combined with the main body and parts
corresponding to the transmitter and the receiver of the photo
plethysmography include transparent units through which the
output signal and the reflection signal are passing and a bar-
rier unit positioned between the transparent units and shield-
ing the output signal and the reflection signal.
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WEARABLE MOBILE TERMINAL

[0001] Pursuant to 35 U.S.C. §119(a), this application
claims the benefit of earlier filing date and right of priority to
Korean Patent Application No. 10-2014-0070881 filed on
Jun. 11, 2014, the contents of which are all hereby incorpo-
rated by reference herein in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a mobile terminal
capable of minimizing an error caused by a movement of a
user in case of measuring a pulse wave using a PPG (photo
plethysmography.

[0004] 2. Discussion of the Related Art

[0005] Terminals may be generally classified as mobile/
portable terminals or stationary terminals according to their
mobility. Mobile terminals may also be classified as handheld
terminals or vehicle mounted terminals according to whether
or not a user can directly carry the terminal.

[0006] Mobile terminals have become increasingly more
functional. Examples of such functions include data and
voice communications, capturing images and video via a
camera, recording audio, playing music files via a speaker
system, and displaying images and video on a display. Some
mobile terminals include additional functionality which sup-
ports game playing, while other terminals are configured as
multimedia players. More recently, mobile terminals have
been configured to receive broadcast and multicast signals
which permit viewing of content such as videos and television
programs.

[0007] As functions of a terminal are diversifying, the ter-
minal is implemented as a form of a multimedia player
equipped with such complex functions as capturing a picture
or a video, playing music or a video file, gaming, broadcast
reception and the like.

[0008] Efforts are ongoing to support and increase the func-
tionality of mobile terminals. Such efforts include software
and hardware improvements, as well as changes and improve-
ments in the structural components.

[0009] In order fora user easily carry a mobile terminal all
the time, a wearable mobile terminal capable of being worn
on a user like accessories such as a mobile terminal ofa watch
type worn on a wrist, a mobile terminal of a glasses type
capable of being worn on a user like a glasses and the like is
emerging.

[0010] Since a wearable mobile terminal maintains a state
of being worn on a body of a user all the time, the wearable
mobile terminal can consistently monitor a change of the
body. Hence, the wearable mobile terminal can collect data by
measuring changes of a body temperature, a heart rate and the
like.

SUMMARY OF THE INVENTION

[0011] An object of the present invention is to provide a
mobile terminal capable of minimizing an error caused by a
movement of a user in case of measuring a pulse wave using
a PPG (photo plethysmography).

[0012] To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a wearable terminal includes a
main body configured to be in contact with a body of a user
using one side of the main body, a photo plethysmography
configured to include a transmitter, which is combined with
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one side of the main body and outputs a output signal, and a
receiver detecting a reflection signal corresponding to the
output signal returned in a manner of being reflected, a cover
configured to cover the photo plethysmography and be com-
bined with the main body and a controller configured to
measure a heart rate based on a reflection signal measured by
the photo plethysmography. The cover is combined with the
main body and parts corresponding to the transmitter and the
receiver of the photo plethysmography include transparent
units through which the output signal and the reflection signal
are passing and a barrier unit positioned between the trans-
parent units and shielding the output signal and the reflection
signal.

[0013] The wearable terminal can further include a rubber,
which is positioned between the cover and the photo plethys-
mography and includes an opening formed on a part corre-
sponding to the transparent units.

[0014] The cover and the main body can be combined with
each other by a waterproof tape.

[0015] The transmitter of the photo plethysmography may
use a green LED configured to output a green light.

[0016] A wearable terminal includes a main body config-
ured to be in contact with a body of a user using one side of the
main body, a photo plethysmography configured to include a
transmitter, which is combined with one side of the main body
and outputs a output signal, and a receiver detecting a reflec-
tion signal corresponding to the output signal returned in a
manner of being reflected in a blood cell in a blood vessel of
the user, an acceleration sensor configured to detect a move-
ment of the main body and a controller configured to calculate
areflection signal data based on a direction and a speed of the
movement detected by the acceleration sensor in a manner of
compensating a reflection signal detected by the photo
plethysmography, the controller configured to calculate a
heart rate based on the number of changes of the reflection
signal data per reference time.

[0017] Ifthe movement of the main body is detected by the
acceleration sensor with a prescribed cycle, the controller can
eliminate a change of the reflection signal with an interval
corresponding to the prescribed cycle.

[0018] If the movement of the main body moving in a
direction opposite to a direction of the main body is detected
by the acceleration sensor, the controller can amplify a size of
adetected reflection signal. If the movement of the main body
moving in a direction identical to the direction of the main
body is detected by the acceleration sensor, the controller can
decrease the size of the detected reflection signal.

[0019] If a movement moving in a direction opposite to a
direction of the main body is detected by the acceleration
sensor, the controller can lower the abnormal signal cut-off
level of the reflection signal and if a movement moving in a
direction identical to the direction of the main body is
detected by the acceleration sensor, the controller can raise
the abnormal signal cut-off level of the reflection signal.

[0020] If a movement moving in a direction opposite to a
moving direction of the blood cell is detected by the accel-
eration sensor, the controller can amplify a measurement
value of the reflection signal and if a movement moving in a
direction identical to the moving direction of the blood cell is
detected by the acceleration sensor, the controller can
decrease the measurement value of the reflection signal.
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[0021] The controller measures a step count of the user
using the acceleration sensor and can calculate calorie con-
sumption based on a size of the calculated heart rate and the
step count.

[0022] The wearable terminal can further include a GPS
module configured to transceive location information of the
user. The controller can calculate a moving speed of the user
in a manner of detecting a location change calculated by the
GPS module. If the moving speed is faster than a reference
speed. the controller increases the calorie consumption, if the
moving speed is slower than the reference speed, the control-
ler can decrease the calorie consumption.

[0023] The controller measures a step count and a speed of
the user using the acceleration sensor and calculates calorie
consumption corresponding to the step count. If a size of the
calculated heart rate is greater than a reference heart rate, the
controller can increase the calorie consumption. If the size of
the calculated heart rate is greater than the reference heart
rate, the controller can decrease the calorie consumption.
[0024] Ifamovement moving more than a reference size is
detected by the acceleration sensor, the controller can drive
the photo plethysmography. If a movement moving less than
the reference size is detected by the acceleration sensor, the
controller can switch the photo plethysmography into an idle
state.

[0025] Ifasize of a movement detected by the acceleration
sensor is enlarged, the controller can strengthen strength of a
light delivered by the transmitter of the photo plethysmogra-
phy or make a delivery cycle to be short.

[0026] A wearable terminal includes a main body config-
ured to be in contact with a body of a userusing one side of the
main body, a photo plethysmography configured to include a
transmitter, which is combined with one side of the main body
and outputs a output signal, and a receiver detecting a reflec-
tion signal corresponding to the output signal returned in a
manner of being reflected, an acceleration sensor configured
to detect a movement of the main body and a controller
configured to measure a heart rate based on the reflection
signal measured by the photo plethysmography, the control-
ler, if the signal strength measured by the photo plethysmog-
raphy is out of arange of a valid signal strength, configured to
warn the user.

[0027] The wearable terminal further includes a display
unit positioned at a different side of the main body and a guide
screen guiding the user to change a position of the main body
can be provided on the display unit.

[0028] The guide screen can include a signal indicator,
which becomes large when the signal strength measured by
the photo plethysmography is strong and becomes small
when the signal strength is weak, and a reference indicator,
which is positioned in a manner of being separated from the
signal indicator in a direction to which the main body should
be moved to make the measured signal to be positioned within
the range of the valid signal strength.

[0029] The wearable terminal can include a confidence
level indicator indicating a ratio of the signal strength mea-
sured by the photo plethysmography belonging to the range of
the valid signal strength.

[0030] Further scope of applicability of the present inven-
tion will become apparent from the detailed description given
hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by illus-
tration only, since various changes and modifications within
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the spirit and scope of the invention will become apparent to
those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The present invention will become more fully
understood from the detailed description given herein below
and the accompanying drawings, which are given by illustra-
tion only, and thus are not limitative of the present invention,
and wherein:

[0032] FIG.1isadiagram for a configuration of a wearable
terminal according to one embodiment of the present inven-
tion;

[0033] FIG. 2 is a perspective diagram for a wearable ter-
minal according to one embodiment of the present invention;
[0034] FIG. 3 is a diagram for explaining a principle of a
photo plethysmography;

[0035] FIG. 4is a graph showing a measurement result of a
photo plethysmography shown in FIG. 3;

[0036] FIG. 5is a graph showing a measurement result of a
legacy photo plethysmography in case that a user is moving;
[0037] FIG. 6is a graph showing a measurement result of a
photo plethysmography of FIG. 5;

[0038] FIG. 7 is a diagram for a cross section of a photo
plethysmography of a wearable terminal according to one
embodiment of the present invention;

[0039] FIG. 8isa diagram for explaining a measuring prin-
ciple of a photo plethysmography of a wearable terminal
shown in FIG. 7;

[0040] FIGS. 9A and 9B are a graph for a result measured
by a photo plethysmography of a legacy wearable terminal,
[0041] FIGS. 10A and 10B are a graph for a result mea-
sured by a photo plethysmography of a wearable terminal
according to one embodiment of the present invention;
[0042] FIG. 11 is a diagram for explaining an operation of
aphoto plethysmography according to a movement of a wear-
able terminal moving to a direction opposite to a direction of
the wearable terminal according to one embodiment of the
present invention;

[0043] FIG. 12 is a graph showing a measurement result of
FIG. 11;
[0044] FIG. 13 is a diagram for explaining an operation of

aphoto plethysmography according to a movement of a wear-
able terminal moving to a direction identical to a direction of
the wearable terminal according to one embodiment of the
present invention;

[0045] FIG. 14 is a graph for a measurement result of FIG.
13;
[0046] FIG. 15 is a diagram for explaining an operation of

aphoto plethysmography according to a movement of a wear-
able terminal moving to a direction different from a direction
of a blood flow according to one embodiment of the present
invention;

[0047] FIG. 16 is a graph for a measurement result of FIG.
15;
[0048] FIG. 17 is a diagram for explaining an operation of

aphoto plethysmography according to a movement of a wear-
able terminal moving to an direction identical to a direction of
a blood flow according to one embodiment of the present
invention;

[0049] FIG. 18 is a graph for a measurement result of FIG.
17,
[0050] FIG. 19 is a diagram for a screen of a wearable

terminal according to the present invention on which a cal-
culated calorie consumption is displayed;
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[0051] FIGS. 20A, 20B, 21A, and 21B are diagrams for
measurement results of an acceleration sensor and a photo
plethysmography according to a movement of a user;

[0052] FIG. 22 is a diagram for a setting screen of a photo
plethysmography according to one embodiment of the
present invention;

[0053] FIGS. 23A to 23C are a diagram for an example of
wearing a photo plethysmography according to one embodi-
ment of the present invention;

[0054] FIGS. 24 to 31 are diagrams for various embodi-
ments of a screen configured to guide a wearing position of a
wearable terminal according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0055] Description will now be given in detail according to
exemplary embodiments disclosed herein, with reference to
the accompanying drawings. For the sake of brief description
with reference to the drawings, the same or equivalent com-
ponents may be provided with the same reference numbers,
and description thereof will not be repeated. In general, a
suffix such as “module” and “unit” may be used to refer to
elements or components. Use of such a suffix herein is merely
intended to facilitate description of the specification, and the
suffix itself is not intended to give any special meaning or
function. In the present disclosure, that which is well-known
to one of ordinary skill in the relevant art has generally been
omitted for the sake of brevity. The accompanying drawings
are used to help easily understand various technical features
and it should be understood that the embodiments presented
herein are not limited by the accompanying drawings. As
such, the present disclosure should be construed to extend to
any alterations, equivalents and substitutes in addition to
those which are particularly set out in the accompanying
drawings.

[0056] It will be understood that although the terms first,
second, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are generally only used to distinguish one element from
another.

[0057] It will be understood that when an element is
referred to as being “connected with” another element, the
element can be directly connected with the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly connected with”
another element, there are no intervening elements present.
[0058] A singular representation may include a plural rep-
resentation unless it represents a definitely different meaning
from the context. Terms such as “include” or “has” are used
herein and should be understood that they are intended to
indicate an existence of several components, functions or
steps, disclosed in the specification, and it is also understood
that greater or fewer components, functions, or steps may
likewise be utilized.

[0059] Reference is now made to FIGS. 1 and 2, where FIG.
1 is a block diagram of a wearable mobile terminal in accor-
dance with the present disclosure, and FIG. 2 is a perspective
view illustrating one example of a wearable mobile terminal
100 according to another exemplary embodiment.

[0060] The wearable mobile terminal 100 is shown having
components such as a wireless communication unit 110, an
input unit 120, a sensing unit 140, an output unit 150, an
interface unit 160, a memory 170, a controller 180, and a
power supply unit 190. It is understood that implementing all
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of the illustrated components is not a requirement, and that
greater or fewer components may alternatively be imple-
mented.

[0061] Such devices go beyond the usual technique of a
user grasping the wearable mobile terminal using their hand.
Examples of the wearable device include a smart watch, a
smart glass, a head mounted display (HMD), and the like.
[0062] Referring now to FIG. 1A, the wearable mobile
terminal 100 is shown having wireless communication unit
110 configured with several commonly implemented compo-
nents. For instance, the wireless communication unit 110
typically includes one or more components which permit
wireless communication between the wearable mobile termi-
nal 100 and a wireless communication system or network
within which the wearable mobile terminal is located.
[0063] The wireless communication unit 110 typically
includes one or more modules which permit communications
such as wireless communications between the wearable
mobile terminal 100 and a wireless communication system,
communications between the wearable mobile terminal 100
and another mobile terminal, communications between the
wearable mobile terminal 100 and an external server. Further,
the wireless communication unit 110 typically includes one
or more modules which connect the wearable mobile terminal
100 to one or more networks.

[0064] To facilitate such communications, the wireless
communication unit 110 includes one or more of a broadcast
receiving module 111, a mobile communication module 112,
awireless Internet module 113, a short-range communication
module 114, and a location information module 115.

[0065] Theinput unit 120 includes a camera 121 for obtain-
ing images or video, a microphone 122, which is one type of
audio input device for inputting an audio signal, and a user
input unit 123 (for example, a touch key, a push key, a
mechanical key, a soft key, and the like) for allowing a user to
input information. Data (for example, audio, video, image,
and the like) is obtained by the input unit 120 and may be
analyzed and processed by controller 180 according to device
parameters, user commands, and combinations thereof.
[0066] The sensing unit 140 is typically implemented using
one or more sensors configured to sense internal information
of the wearable mobile terminal, the surrounding environ-
ment of the wearable mobile terminal, user information, and
the like. For example, in FIG. 1A, the sensing unit 140 is
shown having a proximity sensor 141 and an illumination
sensor 142.

[0067] Ifdesired, the sensing unit 140 may alternatively or
additionally include other types of sensors or devices, such as
a touch sensor, an acceleration sensor, a magnetic sensor, a
G-sensor, a gyroscope sensor, a motion sensor, an RGB sen-
sor, an infrared (IR) sensor, a finger scan sensor, a ultrasonic
sensor, an optical sensor (for example, caniera 121), a micro-
phone 122, a battery gauge, an environment sensor (for
example, a barometer, a hygrometer, a thermometer, a radia-
tion detection sensor, a thermal sensor, and a gas sensor,
among others), and a chemical sensor (for example, an elec-
tronic nose, a health care sensor, a biometric sensor, and the
like), to name a few. The wearable mobile terminal 100 may
be configured to utilize information obtained from sensing
unit 140, and in particular, information obtained from one or
more sensors of the sensing unit 140, and combinations
thereof.

[0068] Theoutputunit 150 is typically configured to output
various types of information, such as audio, video, tactile
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output, and the like. The output unit 150 is shown having a
display unit 151, an audio output module 152, a haptic mod-
ule 153, and an optical output module 154. The display unit
151 may have an inter-layered structure or an integrated struc-
ture with a touch sensor in order to facilitate a touch screen.
The touch screen may provide an output interface between the
wearable mobile terminal 100 and a user, as well as function
as the user input unit 123 which provides an input interface
between the wearable mobile terminal 100 and the user.
[0069] The interface unit 160 serves as an interface with
various types of external devices that can be coupled to the
wearable mobile terminal 100. The interface unit 160, for
example, may include any of wired or wireless ports, external
power supply ports, wired or wireless data ports, memory
card ports, ports for connecting a device having an identifi-
cation module, audio input/output (I/O) ports, video I/O
ports, earphone ports, and the like. In some cases, the wear-
able mobile terminal 100 may perform assorted control func-
tions associated with a connected external device, in response
to the external device being connected to the interface unit
160.

[0070] The memory 170 is typically implemented to store
data to support various functions or features of the wearable
mobile terminal 100. For instance, the memory 170 may be
configured to store application programs executed in the
wearable mobile terminal 100, data or instructions for opera-
tions of the wearable mobile terminal 100, and the like. Some
of these application programs may be downloaded from an
external server via wireless communication. Other applica-
tion programs may be installed within the wearable mobile
terminal 100 at time of manufacturing or shipping, which is
typically the case for basic functions of the wearable mobile
terminal 100 (for example, receiving a call, placing a call,
receiving a message, sending a message, and the like). It is
common for application programs to be stored in the memory
170, installed in the wearable mobile terminal 100, and
executed by the controller 180 to perform an operation (or
function) for the wearable mobile terminal 100.

[0071] The controller 180 typically functions to control
overall operation of the wearable mobile terminal 100, in
addition to the operations associated with the application
programs.

[0072] Thecontroller 180 may provide or process informa-
tion or functions appropriate for a user by processing signals,
data, information and the like, which are input or output by
the various components depicted in FIG. 1A, or activating
application programs stored in the memory 170. As one
example, the controller 180 controls some or all of the com-
ponents illustrated in FIGS. 1A-1C according to the execu-
tion of an application program that have been stored in the
memory 170.

[0073] The power supply unit 190 can be configured to
receive external power or provide internal power in order to
supply appropriate power required for operating elements
and components included in the wearable mobile terminal
100. The power supply unit 190 may include a battery, and the
battery may be configured to be embedded in the terminal
body, or configured to be detachable from the terminal body.
[0074] FIG.2isa perspective diagram for a mobile terminal
of a watch-type as an example of a wearable mobile terminal
100 related to a different one embodiment of the present
invention. Besides the mobile terminal of the watch-type, a
wearable terminal 100, which is worn on a user in a state of
being contacted to a body of the user, also belongs to the
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present invention. For clarity of explanation, the present
invention is explained on the basis of the wearable terminal
100 of the watch-type in the following description.

[0075] As illustrated in FIG. 2, the watch-type mobile ter-
minal 100 includes a main body 101 with a display unit 151
and a band 102 connected to the main body 101 to be The
main body 101 may include a case having a certain appear-
ance.

[0076] As illustrated, the case may include a first case 1014
and a second case 1015 cooperatively defining an inner space
for accommodating various electronic components. Other
configurations are possible. For instance, a single case may
alternatively be implemented, with such a case being config-
ured to define the inner space, thereby implementing a wear-
able mobile terminal 100 with a uni-body.

[0077] The wearable mobile terminal 100 can perform
wireless communication, and an antenna for the wireless
communication can be installed in the main body 101. The
antenna may extend its function using the case. For example,
a case including a conductive material may be electrically
connected to the antenna to extend a ground area or a radia-
tion area.

[0078] The display unit 151 is shown located at the front
side of the main body 101 so that displayed information is
viewable to auser. In some embodiments, the display unit 151
includes a touch sensor so that the display unit can function as
a touch screen. As illustrated, window 151a 1s positioned on
the first case 101a to form a front surface of the terminal body
together with the first case 101a.

[0079] The illustrated embodiment includes audio output
module 152, a camera 121, a microphone 122, and a user
input unit 123 positioned on the main body 101. When the
display unit 151 is implemented as a touch screen, additional
function keys may be minimized or eliminated. For example,
when the touch screen is implemented, the user inputunit 123
may be omitted.

[0080] Theband 102 is commonly worn on the user’s wrist
and may be made of a flexible material for facilitating wear-
ing of the device. As one example, the band 102 may be made
of fur, rubber, silicon, synthetic resin, or the like. The band
102 may also be configured to be detachable from the main
body 101. Accordingly, the band 102 may be replaceable with
various types of bands according to a user’s preference.
[0081] In one configuration, the band 102 may be used for
extending the performance of the antenna. For example, the
band may include therein a ground extending portion (not
shown) electrically connected to the antenna to extend a
ground area.

[0082] The band 102 may include fastener 102a. The fas-
tener 102a may be implemented into a buckle type, a snap-fit
hook structure, a Velcro® type, or the like, and include a
flexible section or material. The drawing illustrates an
examplethat the fastener 1024 is implemented using a buckle.
[0083] Since the wearable terminal 100 according to the
present invention is able to maintain a state of being contacted
with a body of a user, the wearable terminal can collect such
biometric data as a body temperature, a heart rate and the like.
Hence, the wearable terminal 100 can include a thermometer
or a photo plethysmography (hereinafter abbreviated PPG)
200.

[0084] Since the PPG 200 outputs an electromagnetic wave
in a state of being adjacent to a body of a user and measures
an amount of the reflected and detected electromagnetic
wave, the PPG is installed in a direction of a side contacted
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with the user of the wearable terminal 100. In case of a mobile
terminal of the watch-type, the PPG can be installed in a rear
side of a main body 101.

[0085] The present invention relates to the wearable termi-
nal 100 equipped with the PPG 200. Since a user lives while
the wearable terminal 100 is worn on the user, the wearable
terminal 100 can consistently obtain data on a heart rate. In
case of using an application installed in the wearable terminal
100, a physical condition can be measured using the obtained
data on the heart rate and a consumed calorie can be calcu-
lated using the data on the heart rate. Various functions can be
implemented by utilizing the heart rate data.

[0086] FIG. 3 is a diagram for explaining a principle of a
photo plethysmography 200. The PPG 200 includes a trans-
mitter 201 configured to transmit a output signal and a
receiver 202 configured to detect a reflection signal corre-
sponding to the output signal which is returned in a manner of
being reflected.

[0087] A output signal corresponds to an electromagnetic
wave. For instance, the output signal may have a specific
color such as a green color or a blue color. The transmitter 201
can be implemented using a LED. The transmitter 210 can
transmit a output signal with a prescribed interval.

[0088] A output signal shot from the transmitter 210 passes
through skin, arrives at a blood vessel 3 and is reflected in a
red blood cell 5. A light, which is not arrived at the red blood
cell 5, penetrates a body of a user. The receiver 202 is posi-
tioned in a manner of being separated from the transmitter
201 and detects a reflection signal of the output signal return-
ing to the PPG 200 by being reflected.

[0089] Ifan amount of red blood cell 5 is large in a blood
vessel 3, strength of a reflection signal is strong. On the
contrary, if the amount of the red blood cell 5 is small in the
blood vessel 3, strength of the reflection signal is weak. Blood
in the blood vessel 3 is circulated by power that supplies blood
by a heartbeat. The strength of the reflection signal becomes
strong when a heart is contracted to push blood out. The
strength of the refection signal becomes weak when the heart
is relaxed. A heart rate, i.e., heart beat can be measured by
measuring a cycle that the strength of the reflection signal
becomes strong and weak.

[0090] FIG. 4 isa graph showing a measurement result of a
photo plethysmography 200 shown in FIG. 3. A horizontal
axis indicates time and a vertical axis indicates strength of a
reflection signal. A graph of a wave form is derived from a
heartbeat. When a heartbeat of a user is measured in a stable
posture, such a stable wave form as shown in FIG. 4 can be
obtained.

[0091] Yet, in case that a user moves while wearing a wear-
able terminal 100, since the wearable terminal 100 is not
bonded on a body of'the user, the wearable terminal 100 also
moves according to the movement of the user. And, a blood
cell 5 in a blood vessel 3 is also shaking according to the
movement of the user. If a band 102 is tightly fastened, a
movement of the wearable terminal may be reduced. Yet,
wearing sensation may decrease.

[0092] FIG.S5isa graph showing a measurement result ofa
legacy photo plethysmography 200 in case that a user is
moving and FIG. 6 is a graph showing a measurement result
of the photo plethysmography 200 shown in FIG. 5.

[0093] As shown in FIG. 5, in case that a user is moving, a
blood cell 5 is also moving. Or, according to a movement of a
wearable terminal 100, the blood cell 5 is moving on the basis
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of a photo plethysmography 200. Hence, a lot of reflection
signals are detected or an amount of a detected reflection
signal may decrease.

[0094] Hence, acase of FIG.5 makes a result of an unstable
wave form shown in FIG. 6. In this case, since it is difficult to
precisely measure a cycle of increasing and decreasing blood
flow amount, it is difficult to precisely measure a heart rate.

[0095] If a change of a reflection signal resulted from a
movement is detected as a cycle, a heartbeat can be calculated
as a big value. Hence, it is required to eliminate the noise.

[0096] FIG. 7 is a diagram for a cross section of a photo
plethysmography 200 of a wearable terminal 100 according
to one embodiment of the present invention and FIG. 8 is a
diagram for explaining a measuring principle of the photo
plethysmography 200 of the wearable terminal 100 shown in
FIG. 7.

[0097] Referring to FIG. 7, the photo plethysmography 200
is combined with a rear side of a second case 1015 of a main
body 101 and includes a transmitter 201 and a receiver 202.
The photo plethysmography 200 further includes a cover 210
covering the photo plethysmography 200 and protecting the
photo plethysmography 200 in a manner of being combined
with the rear case 1015. In order to make a output signal shot
from the photo plethysmography 200 and a reflection signal
returning in a manner of being reflected in a blood cell 5 pass
through, the cover 210 can be made up of a material through
which signals of a frequency corresponding to the output
signal and the reflection signal are able to pass.

[0098] Inorderto reduce anoise ofareflection signal due to
a movement of a user, a cover 210 attached to a wearable
terminal 100 according to the present invention can further
include transparent units 212 making a output signal and a
reflection signal penetrate and a barrier unit 211 shielding the
output signal and the reflection signal.

[0099] AsshowninFIG. 7 and FIG. 8, the transparent units
212 are arranged at positions corresponding to the transmitter
201 and the receiver 202 and other parts are configured by the
barrier unit 211 to block the noise reflected by movement by
the barrier unit 211.

[0100] Both sides of the cover 210 are equipped with an
adhesive tape 204 to cover the photo plethysmography 200
and combine the cover 210 with a housing. The adhesive tape
204 can prevent water from being flowed in a gap between the
cover 210 and the rear case 1015 using a waterproof tape.

[0101] A gap (g) between the cover 210 and the photo
plethysmography 200 can be equipped with a rubber 203 in
which an opening is formed at a part corresponding to the
transmitter 201 and the receiver 202. The rubber 203 can
reduce an error, which is occurred by directly flowing a light
shot from the transmitter 201 into the receiver 202, in a
manner of shielding a gap between the transmitter 201 and the
rubber 203.

[0102] And, a noise value occurs in the photo plethysmog-
raphy 200 can be reduced using an acceleration sensor 143. A
method of reducing the noise using the acceleration sensor
143 can be applied to not only a reflection signal data obtained
by the photo plethysmography 200 equipped with the cover
210 but also a reflection signal data obtained by the photo
plethysmography 200 which is not equipped with the cover
210. Yet, in case of the former case, since a raw data itself
corresponds to a data of a state in which noise is eliminated,
it is able to obtain more precise reflection signal data.
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[0103] Theacceleration sensor 143 corresponds to a device
configured to measure such a dynamic force as acceleration
of an object, vibration, impact and the like.

[0104] In case of a mechanical acceleration sensor, accel-
eration is measured using such a resilient member as a spring.
Yet, in order to be mounted on a wearable terminal 100
according to the present invention, it is preferable to use an
electronic acceleration sensor or a voltage type acceleration
sensor. The electronic acceleration sensor measures an
amount of movement of a driving part including an appropri-
ate mass by electromotive force of a magnet and a coil. On the
contrary, the voltage type acceleration sensor measures accel-
eration using a piezoelectric element, which generates volt-
age in case of putting a pressure on the piezoelectric element.

[0105] Since acceleration changes when a user is moving, a
movement of the user can be detected using the acceleration
sensor 143. According to the present invention, the movement
of the user is identified using a change of the acceleration
detected by the acceleration sensor 143 and noise due to the
movement of the user can be eliminated by filtering a reflec-
tion signal shot from the photo plethysmography 200 in con-
sideration of the movement.

[0106] FIG. 9 is a graph for a result measured by a photo
plethysmography 200 of a legacy wearable terminal 100.

[0107] FIG. 9 A shows a reflection signal raw data mea-
sured by the photo plethysmography 200 in case that the
wearable terminal is moving. A size of a reflection signal
changes witha cycle corresponding to a heartbeat and the size
of the reflection signal changes with a short cycle between the
cycles corresponding to the heartbeat. If a result of FIG. 9 A
including the reflection signal change of the short cycle due to
the movement of the wearable terminal is converted into a
graph for the cycle using FFT (Fast-Fourier Transform), as
shown in FIG. 9 B, a measurement value is indicated on a
frequency of 50 Hz. The value corresponds to a noise derived
from a minimal change amount. Due to the noise, a frequency
value of an actual heart rate corresponding to 1.367 Hz band
becomes smaller.

[0108] FIG. 10 is a graph for a result measured by a photo
plethysmography 200 of a wearable terminal 100 according
to one embodiment of the present invention. FIG. 10 A indi-
cates strength ofareflection signal from which anoise of FIG.
9 A is eliminated.

[0109] Ifan acceleration sensor 143 measures a movemerit
and detects shaking, a noise can be eliminated in a manner of
getting rid of a change corresponding to a cycle correspond-
ing to the shaking. If a result of FIG. 10 A is converted into a
graph for a frequency using FFT (Fast-Fourier Transform), as
shown in FIG. 10 B, a big signal size is calculated on 1.367 Hz
(=82 beats/s). Herce, it is able to accurately measure a heart
rate.

[0110] As mentioned in the foregoing description, in case
of filtering a noise using an acceleration sensor 143, since an
error resulted from running or exercising is able to be
reduced, a user can obtain an accurate heart rate information
while exercising.

[0111] Besides amovement moving witha prescribed cycle
as a pattern such as running or walking, strength of a reflec-
tion signal may vary due to a consistently occurring move-
ment. FIG. 11 is a diagram for explaining an operation of a
photo plethysmography 200 according to a movement of a
wearable terminal 100 moving to a direction opposite to a
direction of the wearable terminal according to one embodi-
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ment of the present invention and FIG. 12 is a graph showing
a measurement result of FIG. 11.

[0112] Referring to FIG. 11, if the wearable terminal 100
and a body of a user move to a direction (up direction in the
drawing) opposite to a direction at which the photo plethys-
mography 200 of a main body is positioned, a blood cell 5 in
ablood vessel 3 moves to a direction separated from the photo
plethysmography 200. In particular, as a distance between the
photo plethysmography 200 and the blood cell 5 is getting far,
a size of a reflection signal detected by a receiver 202 is
reduced compared to a size of a output signal shot from a
transmitter 201.

[0113] As asize of a total signal is getting smaller, a differ-
ence (raw gap) between strength of a reflection signal shown
in a contraction period of a heart and strength of a reflection
signal shown in a relaxation period of the heart is getting
smaller as well. Hence, it is difficult to measure an accurate
cycle. In this case, if the size of the reflection signal is ampli-
fied, the difference between the strength of the reflection
signal shown in the contraction period and the strength of the
reflection signal shown in the relaxation period of the heart is
considerably amplified. By doing so, it is able to accurately
measure a heart rate.

[0114] FIG. 13 is a diagram for explaining an operation of
a photo plethysmography 200 according to a movement of a
wearable terminal 100 moving to a direction identical to a
direction of the wearable terminal according to one embodi-
ment of the present invention and FIG. 14 1s a graph for a
measurement result of FIG. 13.

[0115] Referring to FIG. 13, if a user moves to a direction
(down direction in the drawing) at which the photo plethys-
mography 200 is positioned, a blood cell 5 moves to a direc-
tion getting close to the photo plethysmography 200. If the
blood cell 5 is cornered to the direction getting close to the
photo plethysmography 200, strength of a reflection signal
becomes stronger compared to strength of a output signal. As
shown in FIG. 14, a big value is derived.

[0116] In particular, a difference (raw gap) between a con-
traction period of a heart and a relaxation period of the heart
becomes big. Compared to a case that the user moves to a
direction opposite to a direction at which the photo plethys-
mography 200 is positioned, the difference may become
about 20 times bigger. If the contraction period of the heart
and the relaxation period of the heart become clear, an accu-
rate heart rate can be obtained.

[0117] And, an abnormal signal cut-off level can be
adjusted. An abnormal signal indicates an abnormally big
reflection signal. The abnormal signal can be considered as a
noise. The abnormal signal cut-off level means a level used
for eliminating the abnormal signal.

[0118] As shown in FIG. 12, if strength of a reflection
signal is weak, the abnormal signal cut-off level should be
lowered to eliminate a noise. On the contrary, as shown in
FIG. 14, when strength of a reflection signal is strong, if the
abnormal signal cur-off level is set too low, a normal signal
may also be eliminated as well as a noise.

[0119] Hence, if an acceleration sensor 143 detects that the
wearable terminal 100 is moving to an opposite direction, it
may lower the abnormal signal cut-offlevel (refer to F1G. 12).
On the contrary, if the acceleration sensor 143 detects that the
wearable terminal 100 is moving to an identical direction, it
may higher the abnormal signal cut-off level (refer to FIG.
14).
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[0120] FIG. 15 is a diagram for explaining an operation of
a photo plethysmography 200 according to a movement of a
wearable terminal 100 moving to a direction different from a
direction of a blood flow according to one embodiment of the
present invention and FIG. 16 is a graph for a measurement
result of FIG. 15.

[0121] Inthe drawing, when it is assumed that a blood flow
flows in the left direction, if the wearable terminal moves to a
direction opposite to the direction of the blood flow, as shown
in FIG. 15, a blood cell 5 is comered to the left direction.
Although strength of a reflection signal becomes strong in a
moment due to the blood cell 5 cornered into the left, if a less
amount of blood cell 5 in the right arrives at the bottom of the
photo plethysmography 200, as shown in FIG. 16 A, the
strength of the reflection signal rapidly becomes weak.
[0122] Similar to the graph shown in F1G. 12, since strength
of a reference signal becomes weak in the A of FIG. 16, a
controller performs a compensation control for the change to
obtain an accurate heart rate data. The controller amplifies the
rapidly reduced strength of the reflection signal and lowers an
abnormal signal cut-off level to offset the change of the
strength of the reflection signal due to the movement of the
wearable terminal and may be able to obtain a result similar to
aresult of which the wearable terminal is not moved.

[0123] FIG. 17 is a diagram for explaining an operation of
a photo plethysmography 200 according to a movement of a
wearable terminal 100 moving to a direction identical to a
direction of ablood flow according to one embodiment of the
present invention and FIG. 18 is a graph for a measurement
result of F1G. 17.

[0124] In the drawing, if the wearable terminal 100 and a
body of a user move to a direction identical to a direction of a
blood flow, strength of a reflection signal is weak at first due
to a less amount of a blood cell 5. Yet, if the blood cell 5
cornered to the right arrives at the bottom of the photo
plethysmography 200 according to the blood flow, as show in
B of FIG. 17, the strength of the reflection signal rapidly
becomes strong.

[0125] Similar to FIG. 14, since strength of a reference
signal becomes strong in the B of FIG. 17, a controller per-
forms a compensation control for the change to obtain an
accurate heart rate data. The controller decreases the rapidly
strengthened strength of the reflection signal and raises an
abnormal signal cut-off level to offset the change of the
strength ofthe reflection signal received in the photo plethys-
mography 200 due to the movement of the wearable terminal
and may be able to obtain a result similar to a result of which
the wearable terminal is not moved.

[0126] Since a movement of the wearable terminal is
detected by an acceleration sensor 143 and a strength change
of a reflection signal according to the movement of the wear-
able terminal can be offset, amore accurate heart rate data can
be obtained in a manner of eliminating an error occurred due
to the movement from the reflection signal.

[0127] In particular, it was difficult for a user to measure a
heart rate using a legacy photo plethysmography 200 while
the user is moving. On the contrary, a photo plethysmography
200 according to the present invention is able to measure a
heart rate while the user is exercising. Hence, the user can
consistently monitor the heart rate by measuring changing
heart rate in case of exercising. For a person who has a weak
heart, the wearable terminal 100 according to the present
invention is able to guide the person to exercise in a level
without damaging the heart.
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[0128] And, an application and the like of the wearable
terminal 100 can calculate calorie based on a heart rate mea-
sured by the photo plethysmography 200. FIG. 19 is a dia-
gram for a screen of the wearable terminal 100 according to
the present invention on which a calculated calorie consump-
tion is displayed.

[0129] An acceleration sensor 143 measures a movement
of a user in a manner of detecting a change of acceleration.
When a user is walking, the wearable terminal 100 is moving
in an up and down direction. Hence, the acceleration sensor
canmeasure a step count by measuring acceleration change in
awalking motion. Hence, the wearable terminal can calculate
a calorie consumption compared to a regular step count.
[0130] Since a calorie consumption varies according to a
speed or a weight of a user in an identical step count, a more
accurate calorie can be calculated in a manner of adding
weight information or using a speed which is calculated based
on a moving distance measured by a GPS.

[0131] Yet, although the acceleration sensor 143 is able to
detect an acceleration change of the wearable terminal 100, a
calculated calorie may not be accurate since auser may not be
in a state of exercising.

[0132] FIGS. 20 and 21 are diagrams for measurement
results of an acceleration sensor 143 and a photo plethysmog-
raphy 200 according to a movement of a user. As shown in
FIG. 20, in case of writing letter while a watch-type wearable
terminal 100 is worn on a wrist, although change of the
acceleration sensor 143 is shown as big, a calorie consump-
tion is low because the user is not exercising.

[0133] And, when a user is riding a horse or getting on a
vehicle, shaking in up and down direction is detected. Hence,
the shaking can be recognized as a step count. Yet, since it is
not an exercise of the user, a calorie consumption is low.

[0134] As shown in FIG. 21, when a user is walking up the
steps, a calorie consumption is high because it forms a better
exercise compared to walking down plain. Yet, an accelera-
tion sensor 143 may measure a movement of walking up the
step as same as a movement of walking down plains.

[0135] Inordertoresolve errors shown in FIG. 20 and FIG.
21, if an exercise intensity is high, a calorie consumption is
raised on the basis of a calorie (reference calorie consump-
tion) consumed in walking down plains with a reference
speed. Ifthe exercise intensity is low, the calorie consumption
can be lowered. By doing so, a precise calorie can be calcu-
lated.

[0136] If a heart rate is fast, it may indicate that a user is
doing an exercise of a high level. If the heart rate is slow, it
may indicate that the user is doing an exercise of a low level.
Hence, an intensity of an actual exercise can be measured
using a heart rate. Hence, as shown in FIG. 20 B, if there is
little change of a heart rate while an amount of change of the
acceleration sensor 143 is big, it may be identified as the
intensity of the exercise is low (low level) and a calorie
consumption can be calculated as low.

[0137] On the contrary, as shownin FIG. 21 B, if there is an
acceleration change while a heart rate is increasing, a calorie
can be calculated under an assumption that a user is actually
doing an exercise. If a heart rate is greater than a heart rate
(reference heart rate) of doing an exercise of walking down in
plains with a reference speed, it may be determined as a user
is doing an exercise of a high level. If a heart rate is identical
to the reference heart rate, it may be determined as a user is
doing an exercise of a middle level. If a heart rate is less than
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the reference heart rate, it may be determined as a user is
doing an exercise of a low level.

[0138] In case thata user is walking up the steps, a change
of a heart rate is bigger compared to a case of walking down
plains. Hence, a calorie consumption can be calculated under
an assumption that calorie is more consumed compared to a
case of walking down plains.

[0139] A method of determining an intensity of exercise
using a heart rate and calculating calorie based on the deter-
mined intensity of exercise can be more accurate than a
method of calculating calorie based on an acceleration
change measured by the acceleration sensor 143 only.
[0140] And, as shown in FIG. 19, the wearable terminal
may provide a user with a graph showing intensity of a daily
movement to inform the user of whether an exercise is suffi-
cient or deficient in a manner of consistently detecting the
movement of the user. The wearable terminal detects an
amount of exercise and the user may be able to know whether
the amount of exercise is sufficient or deficient.

[0141] FIG. 22 is a diagram for a setting screen of a photo
plethysmography 200 according to one embodiment of the
present invention. In case of consistently driving the photo
plethysmography 200, power of the wearable terminal 100 is
consumed a lot. When it is necessary to consistently drive the
photo plethysmography 200, the photo plethysmography 200
canbe controlled to be consistently driven by checking a state
of ‘always on’. The photo plethysmography 200 can be used
only when a user is doing an exercise. Or, the photo plethys-
mography 200 can be used to prevent a heart rate from being
increased in an intense movement.

[0142] As shown in FIG. 22, the photo plethysmography
200 can be configured to be driven only when a movement of
an intensity greater than a specific intensity is detected in a
manner of classifying the intensity of the movement to drive
the photo plethysmography 200. And, the photo plethysmog-
raphy 200 can be activated all the time or can be turned off all
the time.

[0143] FIG. 23 is a diagram for an example of wearing a
photo plethysmography 200 according to one embodiment of
the present invention. If the photo plethysmography 200
detects a heart rate, it may indicate that a user is wearing the
photo plethysmography 200. In case of using the photo
plethysmography 200, a strength difference of a reflection
signal may be different from each other depending on a dis-
tribution of blood vessel 3. Hence, a state (direction) of being
worn on a wrist of a user of the photo plethysmography 200
can be identified according to strength of a heart rate. As
shown in FIG. 23 A, if the wearable terminal 100 is worn on
the inside of the wrist, the strength of the reflection signal
becomes too strong since a lot of blood vessels are passing
through and there may occur time difference in terms of
increase and decrease of an amount of blood in every blood
vessel 3. Hence, an error may occur when a heart rate is
calculated.

[0144] As showninFIG. 23 C, if the wearable terminal 100
is worn on a side of the wrist, it may be difficult to measure an
accurate heart rate since the wearable terminal is too much
separated from the blood vessel 3. As shown in FIG. 23 B, if
the wearable terminal 100 is worn on the outside of the wrist,
an accurate heart rate can be measured. Hence, it is necessary
to guide a user to wear the wearable terminal 100 on a correct
position.

[0145] In the following description, although the present
specification is explained based on a mobile terminal of a
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watch-type, the present invention can also be applied to other
wearable terminals 100. The controller detects strength of a
reflection signal received by the photo plethysmography 200.
If the strength of the reflection signal is weak, the controller
can guide a user to wear the wearable terminal on a correct
position. In order to guide a wearing position of the wearable
terminal 100, various signal indicators can be provided on the
display unit 151.

[0146] FIGS. 24 to 31 are diagrams for various embodi-
ments of a screen configured to guide a wearing position of a
wearable terminal 100 according to the present invention.
Referring to FIG. 24, a signal indicator 1512 is displayed on
a screen of the display unit 151 and a user controls a position
of the wearable terminal 100 to make the signal indicator
1512 to be positioned at the center of the screen.

[0147] In the drawing, since a circle is positioned at the
bottom of the display unit, if the wearable terminal 100 is
moved to adown direction, the circle 1512 is positioned at the
center of the display unit 151. In order to guide a user to move
in a direction orthogonal to a band 102 except a movement
moving in an extended direction of the band 102, the circle
may be positioned at the left side or the right side.

[0148] As shown in FIG. 25, a signal indicator 1513 can
guide a user to wear the wearable terminal 100 on a correct
position in a manner of providing an image or a picture
showing a correct wearing state to the user.

[0149] In case that it is difficult to accurately measure a
heart rate since a reflection signal is too weak, as shown in
FIG. 26 to FIG. 31, a signal indicator 1514, which is posi-
tioned at one side of a screen, may inform a user that a
position of the wearable terminal 100 needs to be adjusted
again.

[0150] If the user touches and selects the signal indicator
1514, as shown in FIG. 27 or FIG. 28, the signal indicator
1514 and a reference indicator 1515 are displayed on the
screen. Although FIG. 27 and FIG. 28 show that the signal
indicator 1514 and the reference indicator 1515 are enlarged
to a size as large as a whole screen, the signal indicator 1514
and the reference indicator 1515 can be positioned at one side
of the screen or can be outputted in a manner of being over-
lapped with a previously outputted screen.

[0151] The signal indicator 1514 and the reference indica-
tor 1515 are not matched with each other in size and position.
If the signal indicator 1514 is smaller than the reference
indicator 1515 (FIG. 27), it indicates a case that strength of a
signal is weaker than strength of a required reflection signal
(valid signal strength). On the contrary, if the signal indicator
1514 is larger than the reference indicator 1515 (FIG. 28), it
indicates a case that strength of a signal is stronger than
strength of a valid signal.

[0152] Referring to FIG. 27, since strength of a signal is
weaker than strength of a valid signal, it indicates a state of
being worn of the wearable terminal 100 shown in FIG. 23 C.
Referring to FIG. 28, since strength of a signal is stronger than
strength of a valid signal, it indicates a state of being worn of
the wearable terminal 100 shown in FIG. 23 A. If the wearable
terminal 100 is moved to make the reference indicator 1515 to
be matched with the signal indicator, as shown in FIG. 29, the
wearable terminal is positioned at a correct positioned and a
guide used for wearing the wearable terminal on the correct
position is terminated.

[0153] Incase of resetting a position, it is necessary to have
time to check whether the position corresponds to a correct
position. In this case, it may make the signal indicator 1514
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blink. As shown in FIG. 30, a confidence level can be repre-
sented by a number 1518. If the confidence level becomes
100%, blink of the signal indicator is stopped and driving of
the photo plethysmography 200 starts. Or, as shown in FIG.
31, the confidence level 1518 is displayed on the screen and
the wearable terminal informs 1519 a user of the driving of
the photo plethysmography 200.

[0154] As mentioned in the foregoing description, accord-
ing to at least one embodiment of the present invention, in
case of measuring a pulse wave using a photo plethysmogra-
phy 200, the present invention can provide a wearable termi-
nal 100 capable of eliminating a noise occurred according to
a movement and obtaining an accurate heart rate.

[0155] And, anaccurate heart rate can be obtained by elimi-
nating an error occurred according to a wearing position of a
wearable terminal in a manner of guiding the wearing posi-
tion of the wearable terminal 100.

[0156] And, a more accurate calorie consumption can be
measured using a heart rate and an acceleration sensor 143.
[0157] The foregoing embodiments are merely exemplary
and are not to be considered as limiting the present disclosure.
The present teachings can be readily applied to other types of
methods and apparatuses. This description is intended to be
illustrative, and not to limit the scope of the claims. Many
alternatives, modifications, and variations will be apparent to
those skilled in the art. The features, structures, methods, and
other characteristics of the exemplary embodiments
described herein may be combined in various ways to obtain
additional and/or alternative exemplary embodiments.
[0158] As the present features may be embodied in several
forms without departing from the characteristics thereof, it
should also be understood that the above-described embodi-
ments are not limited by any of the details of the foregoing
description, unless otherwise specified, but rather should be
considered broadly within its scope as defined in the
appended claims, and therefore all changes and modifications
that fall within the metes and bounds of the claims, or equiva-
lents of such metes and bounds, are therefore intended to be
embraced by the appended claims.

What is claimed is:

1. A wearable terminal, comprising:

amain body configured to contact a body part of a user;

a photo plethysmography comprising:

a transmitter located on one side of the main body and

configured to output a signal; and

a receiver configured to detect a reflection signal that is

reflection of the output signal;

a cover of the main body configured to cover the photo

plethysmography, the cover comprising:

transparent units aligned with the transmitter and the

receiver, the transparent units configured to pass the
output signal and the reflection signal; and

abarrier unit positioned between the transparent units and

configured to shield the output signal and the reflection
signal; and

acontroller configured to measure a heart rate based on the

detected reflection signal.

2. The wearable terminal of claim 1, further comprising
rubber positioned between the cover and the photo plethys-
mography and having openings formed to correspond to the
transparent units.

3. The wearable terminal of claim 1, wherein the cover is
adhered to the main body via waterproof tape.
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4. The wearable terminal of claim 1, wherein the transmit-
ter comprises a green light-emitting diode (LED) configured
to output green light as the output signal.

5. A wearable terminal, comprising:

a main body configured to contact a body part of a user;

a photo plethysmography comprising:

a transmitter located on one side of the main body and

configured to output a signal, and

a receiver configured to detect a reflection signal that is a

reflection of the output signal from a blood cell in a
blood vessel of the user;

an acceleration sensor configured to detect movement of

the main body; and
a controller configured to:
calculate reflection signal data based on a direction and a
speed of the movement detected by the acceleration
sensor by compensating the reflection signal; and

calculate a heart rate based on a number of changes in the
reflection signal data per reference time.

6. The wearable terminal of claim 5, wherein the controller
is further configured to eliminate a change of the reflection
signal having an interval in response to detection of the move-
ment of the main body having a prescribed cycle such that the
interval corresponds to the prescribed cycle.

7. The wearable terminal of claim 5, wherein the controller
is further configured to amplify a size of the detected reflec-
tion signal in response to detection of the movement of the
main body in a direction that is opposite to a direction of the
main body.

8. The wearable terminal of claim 5, wherein the controller
is further configured to:

calculate the reflection signal data by eliminating a reflec-

tion signal that is higher than an abnormal signal cut-off
level;
lower the abnormal signal cut-off level in response to
detection of the movement of the main body in a direc-
tion that is opposite to a direction of the main body; and

raise the abnormal signal cut-off level in response to detec-
tion of the movement of the main body in a direction that
is the same as the direction of the main body.

9. The wearable terminal of claim 5, wherein the controller
is further configured to:

increase a measurement value of the reflection signal in

response to detection of the movement of the main body
in adirection that is opposite to a moving direction of the
blood cell; and

decrease the measurement value of the reflection signal in

response to detection of the movement of the main body
in a direction that is the same as the moving direction of
the blood cell.

10. The wearable terminal of ¢laim 5, wherein the control-
ler is further configured to:

cause the acceleration sensor to measure a step count of the

user;

calculate calorie consumption corresponding to the mea-

sured step count; and

increase the calorie consumption when the calculated heart

rate is greater than a reference heart rate; and

decrease the calorie consumption when the calculated

heart rate is lower than the reference heart rate.

11. The wearable terminal of claim 10, further comprising
a location information module configured to transceive loca-
tion information of the user and determine a location change,
wherein the controller is further configured to:



US 2015/0359436 A1l

calculate a moving speed of the user based on the detected

location change;

increase the calorie consumption when the moving speed is

faster than a reference speed; and

decrease the calorie consumption when the moving speed

is slower than the reference speed.

12. The wearable terminal of claim 5, wherein the control-
ler is further configured to:

activate the photo plethysmography in response to detec-

tion of the movement of the main body that is greater
than a reference distance; and

switch the photo plethysmography to an idle state in

response to detection of the movement of the main body
that is less than the reference distance.

13. The wearable terminal of claim 5, wherein the control-
ler is further configured to cause the transmitter to increase
strength of emitted light or shorten a cycle of light emission in
response to detection of increased movement of the main
body.

14. The wearable terminal of claim 5, wherein the control-
ler is further configured to notify the user when a signal
strength of the detected reflection signal measured by the
photo plethysmography is out of a valid range.

15. The wearable terminal of claim 14, further comprising
a display located on a first side of the main body, wherein:

the main body is configured to contact the body part via a

second side of the main body; and

the controller is further configured to cause the display to

display a guide screen for guiding the user to change a
position ofthe main body such that the second side of the
main body contacts the body part in a correct configu-
ration.

16. The wearable terminal of claim 15, wherein the guide
screen comprises:

a signal indicator that increases in size as the measured

signal strength increases and decreases in size when the
signal strength decreases; and
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a reference indicator configured to provide a reference for
positioning the main body with respect to the body part
such that the measured signal strength is within the valid
range when the signal indicator substantially matches
the reference indicator.

17. The wearable terminal of claim 15, wherein the con-
troller is further configured to cause the display to display a
confidence level indicator indicating the measured signal
strength with respect to the valid range.

18. A method for controlling a wearable terminal, the
method comprising:

outputting a signal to a body part of a user;

receiving a reflection signal that is a reflection of the output
signal;

detecting movement of a main body of the terminal;

calculating reflection signal data based on the detected
movement by compensating the received reflection sig-
nal; and

calculating a heart rate based on a number of changes in the
reflection signal data per reference time.

19. The method of claim 18, wherein the calculating the
heart rate comprises eliminating a change of the reflection
signal having an interval in response to the detection of the
movement having a prescribed cycle such that the interval
corresponds to the prescribed cycle.

20. The method of claim 18, further comprising:

measuring a step count of the user based on the detected
movement;

calculating calorie consumption corresponding to the step
count;

increasing the calorie consumption when the calculated
heart rate is greater than a reference heart rate; and

decreasing the calorie consumption when the calculated
heart rate is lower than the reference heart rate.
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