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REVERSE BATTERY PROTECTION DEVICE
AND OPERATING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[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. 10-2014-0135746, filed on
Oct. 8, 2014, the contents of which are hereby incorporated
by reference herein in its entirety.

BACKGROUND

[0002] The present disclosure relates to a wearable device
for further maximizing the user’s convenience.

[0003] Functions of the mobile terminals become diversi-
fied. Mobile terminals may include devices being worn on a
user’s body, neck, head, or wrist in addition to devices being
gripped by a user’s hand like mobile phones. Such a device
that is wearable by a user is called a wearable device.

[0004] As an example of a wearable device, there is a neck-
band-type device worn on a user’s neck, a headset-type
device worn on a user’s head, or a watch-type device worn on
a user’s wrist.

[0005] For example, a mobile terminal may have functions
such as data and voice communication, picture and video
capturing through a camera, voice recording, music file play-
back through a speaker system, and image or video output to
a display unit. Mobile terminals may further include an elec-
tronic game play function or may perform a multimedia
player function. Especially, recent mobile terminals may
receive multicast signals for providing visual contents such as
broadcast programs and videos.

[0006] As functions of a terminal are diversified, such a
terminal may be implemented in a form of a multimedia
player with multi-functions, for example, photo or video cap-
turing, playback of music or video files, game plays, and
broadcast reception.

[0007] Moreover, a watch-type device may be usually used
as awatch and if necessary, may implement various functions
mentioned above, and its weight is light. Furthermore, since a
watch-type device has functions that are mostly linked with a
mobile phone and there are more rooms to absorb most of the
functions of the mobile phone, it is expected for watch-type
devices to replace mobile phones and accordingly, research to
commercialization for the watch type devices are being
actively in progress.

[0008] However, various function implementations or user
interface implementations for watch type devices are not
widely developed so that there are limitations in commercial-
ization.

[0009] Especially, a user interface depending on whether a
watch-type device is worn is not yet implemented.

SUMMARY

[0010] Embodiments provide a wearable device for
improving user’s convenience with the implementation of a
user interface depending on whether a user wears it.

[0011] Embodiments also provide a wearable device for
improving user’s convenience by varying a security degree
depending on whether a user wears it.
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[0012] Embodiments also provide a wearable device for
improving product reliability by improving the detection per-
formance of a heartbeat sensor used for detecting whether a
user wears it.

[0013] In one embodiment, a wearable device includes: a
touch screen; an acceleration sensor configured to generate an
acceleration signal; an optical sensor using a light source and
configured to generate a touch interrupt signal; and a control
unit configured to detect a wearing state of the wearable
device, the wearing state of the wearable device including a
not-wearing state for the wearable device, a wrist wearing
state, and a hand gripping state on the basis of the acceleration
signal and the touch interrupt signal, and execute a function
corresponding to the wearing state of the wearable device.
The control unit is configured, when the wearable device is in
a not-wearing state, to executes a function in the not-wearing
state, when the wearable device is in a wrist wearing state, to
executes a function in the wrist wearing state, and when the
wearable device is in the hand gripping state, to executes a
function in the hand gripping state. The control unit is con-
figured to control the touch screen to display a black screen or
an ambient screen as the function in the hand gripping state.
[0014] In another embodiment, provided is a control
method of a wearable device. The method includes: detecting
a wearing state of the wearable device, the wearing state
including a not-wearing state for the wearable device, a wrist
wearing state, and a hand gripping state on the basis of an
acceleration signal and a touch interrupt signal; and executing
a function corresponding to the wearing state of the wearable
device, wherein the executing of the function includes: when
the wearable device is in a not-wearing state, executing a
function in the not-wearing state; when the wearable device is
in a wrist wearing state, executing a function in the wrist
wearing state; and when the wearable device is in the hand
gripping state, executing a function in the hand gripping state,
wherein a black screen or an ambient screen is displayed ona
touch screen as a function in the hand gripping state.

[0015] The details of one or more embodiments are set
forth in the accompanying drawings and the description
below. Other features will be apparent from the description
and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a block diagram illustrating a watch-type
device.
[0017] FIG. 2(a) and FIG. 2(b) are conceptual diagrams

when a watch type device is seen in different directions
according to an embodiment of the present invention.

[0018] FIG. 3 is a view illustrating the principle of a heart-
beat sensor.
[0019] FIG. 4 is a view illustrating a skin penetration rate

according to wavelength.

[0020] FIG. 51is a sectional view illustrating a structure of a
typical heartbeat sensor.

[0021] FIGS. 6(a), 6(b) and 6(c) are views illustrating a
heartbeat sensor according to a first embodiment of the
present invention.

[0022] FIGS. 7(a) and 7(b) are views illustrating a first
layer in the heartbeat sensor of FIG. 6.

[0023] FIG. 8 is a view illustrating a heartbeat sensor
according to a second embodiment of the present invention.
[0024] FIG. 9 is a view illustrating a heartbeat sensor
according to a third embodiment of the present invention.
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[0025] FIG. 10 is a view illustrating a heartbeat sensor
according to a fourth embodiment of the present invention.
[0026] FIG. 11 is a view illustrating a heartbeat sensor
according to a fifth embodiment of the present invention.
[0027] FIGS. 12(a) and 12(b) are views illustrating a heart-
beat sensor according to a sixth embodiment of the present
invention.

[0028] FIG. 13 is a view illustrating a heartbeat sensor
according to a seventh embodiment of the present invention.
[0029] FIG. 14 is a view illustrating a waveform of a touch
interrupt signal generated from a heartbeat sensor.

[0030] FIG. 15 is a flowchart illustrating a method of
detecting whether a watch type device is worn according to an
embodiment of the present invention.

[0031] FIGS. 16(a), 16(b) and 16(c) are views illustrating a
screen type.
[0032] FIG. 17 is a flowchart illustrating a method of

detecting a not-wearing state of the watch type device of FIG.
15 according to an embodiment of the present invention.
[0033] FIG. 18 is a flowchart illustrating a method of
detecting a wearing state of the watch type device of FIG. 15
according to an embodiment of the present invention.

[0034] FIG. 19 is a flowchart illustrating a method of oper-
ating a heartbeat sensor depending on whether a watch type
device is worn according to an embodiment of the present
invention.

[0035] FIGS. 20(a) and 20(b) are views illustrating a tilt
when a watch type device is worn on a wrist and gripped by a
hand.

[0036] FIG. 21 is a flowchart illustrating a lock releasing
method depending on whether a watch type device is worn
according to an embodiment of the present invention.

[0037] FIGS. 22(a) and 22(b) are screen views illustrating
a method of changing a black screen into a standby screen.
[0038] FIG.23 isaview illustrating the detection amount of
a touch interrupt signal according to race.

[0039] FIG. 24 is a flowchart illustrating a heartbeat mea-
surement method according to a skin in a watch type device
according to an embodiment of the present invention.

[0040] FIGS. 25(a), 25(b), 25(c) and 25(d) are screen views
according a detailed setting of wearing detection.

[0041] FIGS. 26(a), 26(b) and 26(c) are screen views illus-
trating a message checking method in a hand gripping state.
[0042] FIGS.27(a),27(b),27(c) and 27(d) are screen views
illustrating a message checking method in a wrist wearing
state.

[0043] FIG. 28 is a screen view illustrating a setting screen
displaying method in a wearing state.

[0044] FIGS. 29(a) and 29(b) are screen views illustrating
a method of setting heat displayed on a setting screen in a
wearing state.

[0045] FIGS. 30(a) and 30(b) are graphs obtained by mea-
suring a heating temperature at each of the front and rear of a
watch type device.

[0046] FIG. 31 is a screen view illustrating a pop-up mes-
sage notifying method according to heating temperature.
[0047] FIGS. 32(a), 32(b) and 32(c) are screen views illus-
trating a method of changing the background color ofa screen
according to a heating temperature.

[0048] FIGS. 33(a), 33(b) and 33(c) are screen views illus-
trating a method of changing the color of an indicator dis-
played on a screen according to a heating temperature.

Apr. 14, 2016

[0049] FIGS. 34(a) and 34(b) are screen views illustrating
a method of lowering a heating temperature according to a
heat control set in FIG. 29.

[0050] FIG. 35 is a screen view illustrating a method of
setting security displayed on a setting screen in a wearing
state.

[0051] FIG. 36 is a screen view illustrating a subsequent
setting method when Knock On is selected in FIG. 35.
[0052] FIG. 37 is a flowchart illustrating a screen activating
method and a lock releasing method according to wearing.
[0053] FIG. 38 is another flowchart illustrating a screen
activating method and a lock releasing method according to
wearing.

[0054] FIGS. 39(a) and 39(b) are screen views illustrating
a method of releasing lock by using a heartbeat signal.
[0055] FIGS. 40(a),40(b), 40(c) and 40(d) are screen views
illustrating a method of utilizing a knock code gesture.
[0056] FIGS.41(a),41(b),41(c),41(d) and41(e) are screen
views illustrating a method of changing dials in a wearing
state.

[0057] FIG. 42 is a screen view illustrating a method of
setting connectivity according to a wearing state.

[0058] FIG. 43 is a screen view illustrating a screen dis-
playing method when a watch type device is taken off.
[0059] FIG. 44 is another screen view illustrating a screen
displaying method when a watch type device is taken off.
[0060] FIGS. 45(a), 45(b), 45(c) and 45(d) are views illus-
trating a method of updating an update item manually.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0061] Hereinafter, embodiments of the present invention
are described in more detail with reference to accompanying
drawings and regardless of the drawings symbols, same or
similar components are assigned with the same reference
numerals and thus overlapping descriptions for those are
omitted. The suffixes “module” and “unit” for components
used in the description below are assigned or mixed in con-
sideration of easiness in writing the specification and, do not
have distinctive meanings or roles by themselves. In the fol-
lowing description, detailed descriptions of well-known
functions or constructions will be omitted since they would
obscure the invention in unnecessary detail. Additionally, the
accompanying drawings are used to help easily understand-
ing embodiments disclosed herein but the technical idea of
the present invention is not limited thereto. It should be under-
stood that all of variations, equivalents or substitutes con-
tained in the concept and technical scope of the present inven-
tion are also included.

[0062] It will be understood that the terms “first” and “sec-
ond” are used herein to describe various components but
these components should not be limited by these terms. These
terms are used only to distinguish one component from other
components.

[0063] Inthis disclosure below, when one part (or element,
device, etc.) is referred to as being ‘connected’ to another part
(or element, device, etc.), it should be understood that the
former can be “directly connected’ to the latter, or ‘electrically
connected’ to the latter via an intervening part (or element,
device, etc.). It will be further understood that when one
component is referred to as being ‘directly connected’ or
‘directly linked’ to another component, it means that no inter-
vening component is present.
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[0064] The terms of a singular form may include plural
forms unless they have a clearly different meaning in the
context.

[0065]

“include,” “comprise,” “including,” or “comprising,” speci-
fies a property, a region, a fixed number, a step, a process, an
element and/or a component but does not exclude other prop-
erties, regions, fixed numbers, steps, processes, elements and/
or components.

Additionally, in this specification, the meaning of

2

[0066] FIG. 1 is a block diagram illustrating a watch-type
device.
[0067] Referring to FIG. 1, the watch type device 100 may

include 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 control unit 180, and a power supply unit
190. In implementing a watch type device, components
shown in FIG. 1 are not necessary, so that a watch type device
described in this specification may include components less
or more than the components listed above.

[0068] Inmore detail, the wireless communication unit 110
in the components may include at least one module allowing
wireless communication between the watch type device 100
and a wireless communication system, between the watch
type device 100 and another watch type device 100, or
between the watch type device 100 and an external server.
Additionally, the wireless communication unit 110 may
include at least one module connecting the watch type device
100 to at least one network.

[0069] The wireless communication unit 110 may include
at least one of a broadcast receiving module 111, a mobile
communication module 112, a wireless internet module 113,
a short-range communication module 114, and a location
information module 115.

[0070] The input unit 120 may include a camera 121 or an
image input unit for image signal input, a microphone 122 or
an audio input unit for audio signal input, and a user input unit
123 (for example, a touch key and a mechanical key)) for
receiving information from a user. Voice data or image data
collected by the input unit 120 are analyzed and processed as
a user’s control command.

[0071] The sensing unit 140 may include at least one sensor
for sensing at least one of information in a watch type device,
environmental information around a watch type device, and
user information. For example, the sensing unit 140 may
include at least one of a proximity sensor 141, an illumination
sensor 142, an acceleration sensor 143, a heartbeat sensor
144, a touch sensor, a magnetic sensor, a G-sensor, a gyro-
scope sensor, a motion sensor, an RGB sensor, an infrared
(IR) sensor, a finger scan sensor, an ultrasonic sensor, an
optical sensor (for example, a camera 121), a microphone
122, a battery gauge, an environmental sensor (for example, a
barometer, a hygrometer, a thermometer, a radiation sensor, a
thermal sensor, and a gas sensor), and a chemical sensor (for
example, an electronic noise, a healthcare sensor, and a bio-
metric sensor). Moreover, a watch type device disclosed in
this specification may combines information sensed by at
least two or more sensors among such sensors and may then
utilize it.

[0072] The output unit 150 is used to generate a visual,
auditory, or haptic output and may include at least one of a
display unit 151, a sound output unit 152, a haptic module
153, and an optical output unit 154. The display unit 151 may
be formed with a mutual layer structure with a touch sensor or
formed integrally, so that a touch screen may be implemented.
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Such a touch screen may serve as the user input unit 123
providing an input interface between the watch type device
100 and a user and an output interface between the watch type
device 100 and a user at the same time.

[0073] The interface unit 160 may serve as a path to various
kinds of external devices connected to the watch type device
100. The interface unit 160 may include at least one of a
wired/wireless headset port, an external charger port, a wired/
wireless data port, a memory card port, a port connecting a
device equipped with an identification module, an audio
Input/Output (1/0) port, a video I/O port, and an earphone
port. In correspondence to that an external device is con-
nected to the interface unit 160, the watch type device 100
may perform an appropriate control relating to the connected
external device.

[0074] Additionally, the memory 170 may store data sup-
porting various functions of the watch type device 100. The
memory 170 may store a plurality of application programs or
applications running on the watch type device 100, and data
and commands for operations of the watch type device 100.
At least part of such an application program may be down-
loaded from an external server through a wireless communi-
cation. Additionally, at least part of such an application pro-
gram may be included in the watch type device 100 from the
time of shipment in order to perform a basic function (for
example, an incoming call, a calling function, and a message
reception) of the watch type device 100. Moreover, an appli-
cation program may be stored in the memory 170 and
installed on the watch type device 100, so that it may run to
perform an operation (or a function) of the watch type device
100 by the control unit 180.

[0075] The control unit 180 may control overall operations
of the mobile terminal 100 generally besides an operation
relating to the application program. The control unit 180 may
provide appropriate information or functions to a user or
process them by processing signals, data, and information
inputted/outputted through the above components or execut-
ing application programs stored in the memory 170.

[0076] Additionally, in order to execute an application pro-
gram stored in the memory 170, the control unit 180 may
control at least part of the components shown in FIG. 1.
Furthermore, in order to execute the application program, the
control unit 180 may combine at least two of the components
in the watch type device 100 and may then operate it.

[0077] The power supply unit 190 may receive external
power or internal power under a control of the control unit 180
and may then supply power to each component in the watch
type device 100. The power supply unit 190 includes a battery
and the battery may be a built-in battery or a replaceable
battery.

[0078] At least part of the each component may operate
cooperatively in order to implement operations, controls, or
control methods of a watch type device according to various
embodiments of the present invention described below. Addi-
tionally, the operations, controls, or control methods of a
watch type device may be implemented on the mobile termi-
nal 100 by executing at least one application program stored
in the memory 170.

[0079] Hereinafter, prior to examining various embodi-
ments implemented through the watch type device 100, the
above-listed components are described in more detail with
reference to FIG. 1.

[0080] First, in describing the wireless communication unit
110, the broadcast receiving module 111 of the wireless com-

42



US 2016/0103985 A1l

munication unit 110 may receive a broadcast signal and/or
broadcast related information from an external broadcast
management server through a broadcast channel. The broad-
cast channel may include a satellite channel and a terrestrial
channel. At least two broadcast receiving modules for simul-
taneous broadcast reception for at least two broadcast chan-
nels or broadcast channel switching may be provided to the
watch type device 100.

[0081] The mobile communication module 112 may trans-
mit/receive a wireless signal to/from at least one of a base
station, an external terminal, and a server on a mobile com-
munication network established according to the technical
standards or communication methods for mobile communi-
cation (for example, Global System for Mobile communica-
tion (GSM), Code Division Multi Access (CDMA), Code
Division Multi Access 2000 (CDMA2000), Enhanced Voice-
Data Optimized or Enhanced Voice-Data Only (EV-DO),
Wideband CDMA (WCDMA), High Speed Downlink Packet
Access (HSDPA), High Speed Uplink Packet Access
(HSUPA), Long Term Evolution (LTE), and Long Term Evo-
lution-Advanced (LTE-A)).

[0082] The wireless signal may include various types of
data according to a voice call signal, a video call signal, or
text/multimedia message transmission.

[0083] The wireless internet module 113 refers to a module
for wireless internet access and may be built in or external to
the watch type device 100. The wireless internet module 113
may be configured to transmit/receive a wireless signal in a
communication network according to wireless internet tech-
nologies.

[0084] The wireless internet technology may include Wire-
less LAN (WLAN), Wireless-Fidelity (Wi-Fi), Wi-Fi Direct,
Digital Living Network Alliance (DLNA), Wireless Broad-
band (WiBro), World Interoperability for Microwave Access
(WiMAX), High Speed Downlink Packet Access (HSDPA),
High Speed Uplink Packet Access (HSUPA), Long Term
Evolution (LTE), and Long Term Evolution-Advanced (LTE-
A) and the wireless internet module 113 transmits/receives
data according at least one wireless internet technology
including internet technology not listed above.

[0085] The short-range communication module 114 may
support short-range communication by using at least one of
Bluetooth™, Radio Frequency Identification (RFID), Infra-
red Data Association (IrDA), Ultra Wideband (UWB), Zig-
Bee, Near Field Communication (NFC), Wireless-Fidelity
(Wi-Fi), Wi-Fi Direct, and Wireless Universal Serial Bus
(USB) technologies. The short-range communication module
114 may support wireless communication between the watch
type device 100 and a wireless communication system,
between the watch type device 100 and another watch type
device 100 or between networks including the watch type
device 100 and another watch type device 100 (or an external
server) through wireless area networks. The wireless area
networks may be wireless personal area networks.

[0086] The location information module 115 is a module
for obtaining the location (or the current location) of a watch
type device and its representative examples include a global
positioning system (GPS) module or a Wi-Fi module. For
example, a watch type device may obtain its location by using
a signal transmitted from a GPS satellite through the GPS
module. As another example, a watch type device may obtain
its location on the basis of information of a wireless access
point (AP) transmitting/receiving a wireless signal to/from
the Wi-Fi module, through the Wi-Fi module. If necessary, the
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position information module 115 may perform a function of
another module in the wireless communication unit 110 in
order to obtain data on the location of a watch type device
substitutionally or additionally. The location information
module 115 is a module for obtaining the position (or the
current position) of a watch type device and is not limited to
a module directly calculating and obtaining the position of a
watch type device.

[0087] Then, the input unit 120 is used for inputting image
information (or signal), audio information (or signal), data, or
information inputted from a user and the watch type device
100 may include at least one camera 121 in order for inputting
image information. The camera 121 processes image frames
such as a still image or a video obtained by an image sensor in
a video call mode or a capturing mode. The processed image
frame may be displayed on the display unit 151 or stored in
the memory 170. Moreover, a plurality of cameras 121
equipped in the watch type device 100 may be arranged in a
matrix structure and through the camera 121 having such a
matrix structure, a plurality of image information having
various angles or focuses may be inputted to the watch type
device 100. Additionally, the plurality of cameras 121 may be
arranged in a stereo structure to obtain the left and right
images for implementing a three-dimensional image.

[0088] The microphone 122 processes external sound sig-
nals as electrical voice data. The processed voice data may be
utilized variously according to a function (or an application
program being executed) being performed in the watch type
device 100. Moreover, various noise canceling algorithms for
removing noise occurring during the reception of external
sound signals may be implemented in the microphone 122.

[0089] The user input unit 123 is to receive information
from a user and when information is inputted through the user
input unit 123, the control unit may control an operation of the
watch type device 100 to correspond to the inputted informa-
tion. The user input unit 123 may include a mechanical input
means (or a mechanical key, for example, a button, a dome
switch, a jog wheel, and a jog switch at the front, back or side
of the watch type device 100) and a touch type input means.
As one example, a touch type input means may include a
virtual key, a soft key, or a visual key, which is displayed on a
touch screen through software processing or may include a
touch key disposed at a portion other than the touch screen.
Moreover, the virtual key or visual key may have various
forms and may be disposed on a touch screen and for
example, may include graphic, text, icon, video, or a combi-
nation thereof.

[0090] Moreover, the sensing unit 140 may sense at least
one of information in a watch type device, environmental
information around a watch type device, and user information
and may then generate a sensing signal corresponding
thereto. On the basis of such a sensing signal, the control unit
180 may control the drive or control of the watch type device
100 or may perform data processing, functions, or operations
relating to an application program installed in the watch type
device 100. Representative sensors among various sensors
included in the sensing unit 140 will be described in more
detail.

[0091] First, the proximity sensor 141 refers to a sensor
detecting whether there is an object approaching a predeter-
mined detection surface or whether there is an object around
by using the strength of an electromagnetic field or infrared,
without mechanical contact. The proximity sensor 141 may
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disposed in an inner area of a watch type device surrounded
by the touch screen or around the touch screen.

[0092] Examples of the proximity sensor 141 may include
a transmission-type photoelectric sensor, a direct reflective-
type photoelectric sensor, a minor reflective-type photoelec-
tric sensor, a high-frequency oscillation-type proximity sen-
sor, a capacitive-type proximity sensors, a magnetic-type
proximity sensor, and an infrared proximity sensor. If the
touch screen is a capacitive type, the proximity sensor 141
may be configured to detect the proximity of an object by
changes in an electric field according to the proximity of the
object having conductivity. In this case, the touch screen (or a
touch sensor) itself may be classified as a proximity sensor.

[0093] Moreover, for convenience of description, an action
for recognizing the position of an object on the touch screen
as the object is close to the touch screen without contacting
the touch screen is called “proximity touch” and an action that
the object actually contacts the touch screen is called “contact
touch”. A position that an object is proximity-touched on the
touch screen is a position that the object vertically corre-
sponds to the touch screen when the object is proximity-
touched. The proximity sensor 141 may detect a proximity
touch and a proximity touch pattern (for example, a proximity
touch distance, a proximity touch direction, a proximity touch
speed, a proximity touch time, a proximity touch position,
and a proximity touch movement state). Moreover, the con-
trol unit 180 processes data (for information) corresponding
to a proximity touch operation and a proximity touch pattern,
detected through the proximity sensor 141, and furthermore,
may output visual information corresponding to the pro-
cessed data on the touch screen. Furthermore, depending on
whether a touch for the same point on the touch screen is a
proximity touch or a contact touch, the control unit 180 may
control the watch type device 100 to process different opera-
tions or data (or information).

[0094] The touch sensor detects a touch (or a touch input)
applied to the touch screen (or the display unit 151) by using
at least one of various touch methods, for example, a resistive
film method, a capacitive method, an infrared method, an
ultrasonic method, and a magnetic field method.

[0095] For example, the touch sensor may be configured to
convert a pressure applied to a specific portion of the touch
screen or changes in capacitance occurring at a specific por-
tion into electrical input signals. The touch sensor may be
configured to detect a position and area that a touch target
applying a touch on the touch screen touches the touch sensor,
a pressured when touched, and a capacitance when touched.
Here, the touch target, as an object applying a touch on the
touch sensor, may be a finger, a touch pen, a stylus pen, or a
pointer, for example.

[0096] Insuch a manner, when there is a touch input on the
touch sensor, signal(s) corresponding thereto are sent to a
touch controller. The touch controller processes the signal(s)
and then transmits corresponding data to the control unit 180.
Therefore, the control unit 180 may recognize which area of
the display unit 151 is touched. Herein, the touch controller
may be an additional component separated from the control
unit 180 or may be the control unit 180 itself.

[0097] The heartbeat sensor 144 detects a light emitted
from alight emitting unit (for example, a light emitting diode)
from a light receiving unit (for example, a photo diode) and
measures a heartbeat by using the detected result.
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[0098] A structure of the heartbeat sensor 144 and a user
interface implementation using the heartbeat sensor 144 are
described in more detail later.

[0099] Moreover, the control unit 180 may perform differ-
ent controls or the same control according to types of a touch
target touching the touch screen (or a touch key equipped
separated from the touch screen). Whether to perform differ-
ent controls or the same control according to types of a touch
target may be determined according to a current operation
state of the watch type device 100 or an application program
in execution.

[0100] Moreover, the above-mentioned touch sensor and
proximity sensor are provided separately or combined and
may thus sense various types of touches, for example, short
(or tap) touch), long touch, multi touch, drag touch, flick
touch, pinch-in touch, pinch-out touch, swipe touch, and hov-
ering touch for the touch screen.

[0101] The display unit 151 may display (output) informa-
tion processed in the watch type device 100. For example, the
display unit 151 may display execution screen information of
an application program running on the watch type device 100
or user interface (UT) and graphic user interface (GUI) infor-
mation according to such execution screen information.
[0102] Additionally, the display unit 151 may be config-
ured as a three-dimensional display unit displaying a three-
dimensional image.

[0103] The sound output unit 152 may output audio data
received from the wireless communication unit 110 or stored
in the memory 170 in a call signal reception or call mode, a
recording mode, a voice recognition mode, or a broadcast
reception mode. The sound output unit 152 may output a
sound signal relating to a function (for example, a call signal
reception sound and a message reception sound) performed
by the mobile terminal 100. The sound output unit 152 may
include a receiver, a speaker, and a buzzer.

[0104] The haptic module 153 generates various haptic
effects that a user can feel. A representative example of a
haptic effect that the haptic module 153 generates is vibra-
tion. The intensity and pattern of vibration generated by the
haptic module 153 may be controlled by a user’s selection or
a setting of a control unit. For example, the haptic module 153
may synthesize and output different vibrations or output dif-
ferent vibrations sequentially.

[0105] The optical output unit 154 outputs a signal for
notifying event occurrence by using light of a light source of
the watch type device 100. An example of an event occurring
in the watch type device 100 includes message reception, call
signal reception, missed calls, alarm, schedule notification,
e-mail reception, and information reception through an appli-
cation.

[0106] The interface unit 160 may serve as a path to all
external devices connected to the watch type device 100. The
interface unit 160 may receive data from an external device,
receive power and deliver it to each component in the watch
type device 100, or transmit data in the watch type device 100
to an external device. For example, the interface unit 160 may
include a wired/wireless headset port, an external charger
port, a wired/wireless data port, a memory card port, a port
connecting a device equipped with an identification module,
an audio 1/O port, a video 1/O port, and an earphone port.
[0107] Moreover, the identification module, as a chip stor-
ing various information for authenticating usage authority of
the watch type device 100, may include a user identity module
(UIM), a subscriber identity module (SIM), and a universal
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subscriber identity module (USIM). A device equipped with
an identification module (hereinafter referred to as an identi-
fication device) may be manufactured in a smart card form.
Accordingly, the identification device may be connected to
the terminal 100 through the interface unit 160.

[0108] Moreover, as mentioned above, the control unit 180
may control operations relating to an application program and
overall operations of the watch type device 100 in general. For
example, if a state of a watch type device satisfies set condi-
tions, the control unit 180 may execute or release a lock state
limiting an output of a control command of a user for appli-
cations.

[0109] Additionally, the control unit 180 may perform a
control or processing relating to a voice call, data communi-
cation, and a video call may perform pattern recognition
processing for recognizing handwriting input or drawing
input on the touch screen as a text and an image, respectively.
Furthermore, the control unit 180 may use at least one or a
combination of the above components to perform a control in
order to implement various embodiments described below on
the watch type device 100.

[0110] The power supply unit 190 may receive external
power or internal power under a control of the control unit 180
and may then supply power necessary for an operation of each
component. The power supply unit 190 includes a battery.
The battery is a rechargeable built-in battery and may be
detachably coupled to a terminal body in order for charging.

[0111] Additionally, the power supply unit 190 may
include a connection port and the connection port may be
configured as one example of the interface unit 160 to which
an external charger supplying power for charging of the bat-
tery is electrically connected.

[0112] As another example, the power supply unit 190 may
be configured to charge a battery through a wireless method
without using the connection port. In this case, the power
supply unit 190 may receive power from an external wireless
power transmission device through at least one of an induc-
tive coupling method based on a magnetic induction phenom-
enon, and a magnetic resonance coupling method based on an
electromagnetic resonance phenomenon.

[0113] FIG.2A and FIG. 2B are conceptual diagrams when
awatch type deviceis seen in different directions according to
an embodiment of the present invention.

[0114] Referring to FIG. 2, the watch type terminal 100
includes a main body 201 with a display unit 203 and a strap
202 connected to the main body 201 to be worn on a wrist.

[0115] The main body 201 includes a case for forming the
appearance.
[0116] The main body 201 is separated into a first case and

a second case for preparing an inner space to receive various
electronic components and they may be coupled to each other.

[0117] As another example, the main body 201 may have an
integral form without being separated into first and second
cases.

[0118] The watch type device 100 may be configured to
allow wireless communication and an antenna may be
installed at the main body 201 in order for the wireless com-
munication. Moreover, the antenna may expand its perfor-
mance by using a case. For example, a case including a
conductive material may be configured to be electrically con-
nected to an antenna in order to expand a ground area or a
radiation area.
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[0119] The display unit 203 may be disposed at the front of
the main body 201 to output information. A touch sensor may
be provided at the display unit 203 to be implemented as a
touch screen.

[0120] The display unit 203 may be the display unit 151
shown in FIG. 1 but is not limited thereto.

[0121] Themain body 201 may include a sound output unit
152, a camera 121, and a microphone 122. When the display
unit 203 is implemented as a touch screen, it may function as
a user input unit and accordingly, there is no additional key
required at the main body 201.

[0122] The strap 202 is worn on a wrist to wrap it and may
be formed of a flexible material in order for easy wearing. As
such an example, the strap 202 may be formed of leather,
rubber, silicon, and synthetic resin. Additionally, the strap
202 may be configured to be detachable from the main body
201, so that it may be replaced with various forms of straps
according to user preferences.

[0123] Moreover, the strap 202 may be used to expand the
performance of an antenna. For example, a ground expansion
unit (not shown) electrically connected to an antenna to
expand a ground area may be built in a strap.

[0124] The strap 202 may include a fastener. The fastener
may be implemented by a buckle, a snap-fit available hook
structure, or Velcro (a brand name) and may include a stretch-
able interval or material. This drawing illustrates an example
that the fastener is implemented in a buckle form.

[0125] As another example, the strap 202 may have an
integrated form formed of a flexible material without a fas-
tener so that it may be worn on a wrist through a user’s hand.
[0126] Moreover, a heartbeat sensor 204 may be disposed
at the rear of the main body 201.

[0127] The heartbeat sensor 204, as shown in FIG. 3, may
include a light emitting unit 205 for emitting light and a light
receiving unit 207 for receiving light.

[0128] The light emitting unit 205, for example, may
include at least one green light emitting device but the present
invention is not limited thereto. A light emitting device, for
example, may include a semiconductor light emitting device
but the present invention is not limited thereto.

[0129] Light is emitted on/off periodically from the light
emitting unit 205 but the present invention is not limited
thereto. For example, an on time for which light is outputted
may be about 40 us.

[0130] As shown in FIG. 4, except for the light 213 of a red
peak wavelength, the light 211 of a green peak wavelength
has an excellent skin penetration rate in comparison to the
light of another peak wavelength. Herein, a red peak wave-
length, for example, is about 656 nm and a green peak wave-
length, for example, may be about 555 nm but the present
invention is not limited thereto. Accordingly, a green light
emitting device for emitting the light of a green peak wave-
length may be used as the light emitting unit 205 of the
heartbeat sensor 204 shown in FIG. 3. As a skin penetration
rate is excellent, the accuracy of heartbeat measurement
becomes higher. However, the blood vessels used for measur-
ing a heartbeat are located deep inside the skin. Accordingly,
in order to accurately measure a heartbeat from blood vessels
located deep inside a skin, the light 211 of a green peak
wavelength having an excellent skin penetration rate may be
used.

[0131] As another example, the present invention is not
limited thereto, and ared light emitting device for emitting the
light of a red peak wavelength having a more excellent skin

45



US 2016/0103985 A1l

penetration rate than the light of a green peak wavelength may
be used as the light emitting unit 205.

[0132] As another example, the light emitting unit 205 may
include both a red light emitting device and a green light
emitting device. In such a case, a red light emitting device or
a green light emitting device may be selectively used accord-
ing to the thickness of a skin. Whereas blood vessels are
located relatively deep inside a skin in a finger having a thick
skin, blood vessels are located relatively near a wrist having a
thin skin. Accordingly, when the heartbeat sensor 204 con-
tacts a finger having a relatively thick skin, that is, when the
watch type device 100 is gripped by a user’s hand, a red light
emitting device may operate and the light of a red peak
wavelength emitted from a red light emitting device may be
used for detecting a touch interrupt signal. When the heart-
beat sensor 204 contacts a wrist 209 having a relatively thin
skin, that is, when the watch type device 100 is worn on a
user’s wrist 209, a green light emitting device may operate
and the light of a green peak wavelength emitted from a green
light emitting device may be used for detecting a touch inter-
rupt signal.

[0133] Referring to FIG. 3 again, the light receiving unit
207 may include a plurality of photo diodes but the present
invention is not limited thereto. A photo diode may covert
light into current and output it.

[0134] Accordingly, when the light, which penetrates the
skin ofthe user’s wrist 209 and is reflected after emitting from
a red light emitting device, is incident to a photo diode, the
photo diode may generate and provide a current correspond-
ing to the amount of the incident light.

[0135] Asmentioned above, the light of a green peak wave-
length may be outputted periodically for an on time. Such an
outputted light may be reflected on the inside of a skin of the
user’s wrist 209 and may be incident to a photo diode. A photo
diode generates a current corresponding to the amount of a
light outputted at each on time and reflected by the user’s
wrist 209.

[0136] A plurality of blood vessels exist in the user’s wrist
209. Blood vessels are a passage through which blood flows
and the blood flows into all the blood vessels of a body by the
pumping of a heart. Since blood flows in blood vessels by the
pumping of a heart, the blood vessels are bouncing up and
down with a waveform such as a wave.

[0137] Insuchaway, since blood vessels in the user’s wrist
209 are bouncing up and down like a wave, the amount of a
light reflected by the user’s wrist 209 for each on time may
vary. By the amount of a light that is changed in this way, a
current generated from a photo diode may also vary.

[0138] Accordingly, a heartbeat may be measured through
a current waveform generated from a photo diode.

[0139] In a typical heartbeat sensor, errors may occur dur-
ing heartbeat measurement due to crosstalk phenomenon.
[0140] FIG.51is a sectional view illustrating a structure of a
typical heartbeat sensor.

[0141] Referringto FIG.5, atypical heartbeat sensor 1 may
have a gap G between a cover 6 protecting a light emitting
device 4 and a photo diode 5 and a window 7. That is, the
window 7 is spatially spaced from the cover 6.

[0142] The gap may be 0.1 mm to 1 mm typically.

[0143] Insuch acase, a part of light generated from a light
emitting device penetrates the window 7 and progresses
toward a user’s wrist but another part of light is reflected by
the window 7 and incident to a photo diode.
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[0144] The light progressing toward the user’s wrist is
reflected by blood vessels in the user’s wrist and is incident to
the photo diode 5 through the window 7 again.

[0145] The photo diode 5 generates a current on the basis of
alight (for example, a second light 9) reflected by the window
7 and incident without passing through the user’s wrist in
addition to a light (for example, a first light 8) passing through
the user’s wrist. In such a case, since the second light is a light
not passing through the user’s wrist and is a parameter irrel-
evant to a heartbeat, the second light is reflected for the
current generation, an accurate heartbeat measurement is
impossible due to the generated current.

[0146] In such a case, in the typical heartbeat sensor 1, by
the gap G between the cover 6 and the window 7, a light
generated from the light emitting device 4 does not pass
through the user’s wrist and is directly incident to the photo
diode 5, so that crosstalk phenomenon generating errors of a
heartbeat measurement may occur.

[0147] FIGS. 6 to 9 are views illustrating a heartbeat sensor
for preventing a crosstalk phenomenon by disposing a mem-
ber having a partition between a light receiving unit and a
light emitting unit according to an embodiment of the present
invention.

[0148] FIG. 6 is a view illustrating a heartbeat sensor
according to a first embodiment of the present invention.
[0149] Referring to FIG. 6, the heartbeat sensor 144 may
include a substrate 221, a main body 223, a light emitting unit
225, alight receiving unit 227, a first layer 235, a second layer
237, a housing 220, and a cover 253.

[0150] The light emitting unit 225 and the light receiving
unit 227 may be mounted in the main body 223. The main
body 223 may be formed of an insulating material having an
excellent heat dissipation property such as epoxy or silicone.
The light emitting unit 225 may be a red light emitting device
and the light receiving unit 227 may be a photo diode.
[0151] The main body 223 may be mounted on the sub-
strate 221. Each of the light emitting unit 225 and the light
receiving unit 227 may be electrically connected to the sub-
strate 221 through the main body 223. The substrate 221 may
include a first conductive pattern electrically connected to the
light emitting unit 225 and a second conductive pattern elec-
trically connected to the light receiving unit 227.

[0152] The main body 223 may include first to third
recesses 229, 231, and 233. For example, the light emitting
unit 225 may be inserted and mounted in the first recess 229.
For example, the light receiving unit 227 may be inserted and
mounted in the second recess 231. For example, a protruding
part 249 protruding from the partition 247 of the first layer
235 toward the bottom direction may be seated in the third
recess 233.

[0153] The depth of the first recess 229 is identical to the
thickness of the light emitting unit 225; the depth of the
second recess 231 is identical to the thickness of the light
receiving unit 227; and the depth of the third recess 233 may
be identical to the thickness of the protruding part 249. How-
ever, the present invention is not limited thereto.

[0154] Each of the first to third recesses 229, 231, and 233
may have a bottom surface and an inner side surface having a
predetermined depth from the top surface of the main body
223.

[0155] The light emitting unit 225 may be inserted into the
first recess 229 and mounted on the bottom surface. The light
receiving unit 227 may be inserted into the second recess 231
and mounted on the bottom surface. The protruding part 249
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protruding from the partition 247 of the first layer 235 may be
inserted into the third recess 233 and mounted on the bottom
surface. The side surface of the light emitting unit 225 may
contact the inner side surface of the first recess 229; the side
surface of the light receiving unit 227 may contact the inner
side surface of the second recess 231; and the side surface of
the protruding part 249 of the first layer 235 may contact the
inner side surface of the third recess 233. However, the
present invention is not limited thereto.

[0156] The light emitting unit 225 may be attached to the
bottom surface and the inner side surface of the first recess
229 by using an adhesive member with an insulating property
as a medium; the light receiving unit 227 may be attached to
the bottom surface and the inner side surface of the second
recess 231 by using an adhesive member with an insulating
property as a medium; and the protruding part 249 of the first
layer may be attached to the bottom surface and the inner side
surface of the third recess 233 by using an adhesive member
with an insulating property as a medium. However, the
present invention is not limited thereto.

[0157] The first layer 235 may be disposed on the main
body 223 where the light emitting unit 225 and the light
receiving unit 227 are mounted. The first layer 235, as shown
in FIGS. 7A and 7B, may include a catching part 243 formed
along the frame, a partition 247 formed in the center area, and
first and second openings 257 and 259 formed at both sides of
the partition 247 on the basis of the partition 247. For
example, the first opening 257 may correspond to the size of
the top surface of the light emitting unit 225 and the second
opening 259 may correspond to the size of the top surface of
the light receiving unit 227. Each of the first and second
openings 257 and 259 may have a circular, oval, square, or
rectangular form, but the present invention is not limited
thereto.

[0158] As another example, the partition 247 may be an
additional member formed of a different material than the first
layer 235.

[0159] The main body 223 may be covered by the first layer
235. The catching part 243 of the first layer 235 may be fixed
ata catching ledge 245 of the housing 220. Accordingly, since
the first layer 235 is fixed at the housing 220, the first layer
235 does not move.

[0160] Thebottom surface ofthe first layer 235 may contact
the top surface of the main body 223 and the protruding part
249 protruding from the partition 247 of the first layer 235
may contact the bottom surface of the third recess 233 of the
main body 223. Therefore, since a path between the light
emitting unit 225 and the light receiving unit 227 are blocked
completely by the partition 247 and the protruding part 249 of
the first layer 235, a light from the light emitting unit 225 and
reflected by the first window 239 without passing through a
user’s wrist through the first window 239 is blocked by the
partition 247 and the protruding part 249 and thus is not
incident to the light receiving unit 227. Accordingly, it is
possible to prevent heartbeat measurement errors due to a
crosstalk phenomenon in which a light is generated from the
light emitting unit 225 and incident to the light receiving unit
227 without passing through a user’s wrist, so that the mea-
surement performance of the heartbeat sensor 144 may be
enhanced and thus, its reliability may be improved.

[0161] The width of the protruding part 249 may be iden-
tical to or narrower than the width of the third recess 233. The
width of the protruding part 249 may be narrower than the
width of the partition 247 of the first layer 235. Accordingly,
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the protruding part 249 is inserted into the third recess 233,
and the remaining bottom surface excluding the protruding
part 249 in the bottom surface of the partition 247 contacts the
top surface of the central area of the main body 223. There-
fore, by the remaining bottom surface excluding the protrud-
ing part 249 in the bottom surface of the protruding part 249
and the partition 247, the first layer 235 may be strongly fixed
to the main body 223.

[0162] The first layer is formed of a material having elas-
ticity and blocking light, for example, rubber, but the present
invention is not limited thereto.

[0163] The second layer 237 may be disposed on the first
layer. The second layer 237 may include first and second
windows 239 and 241. The first and second windows 239 and
241 may be a transparent glass or plastic material. Each of the
first and second windows 239 and 241 may be a circular or
oval form but the present invention is not limited thereto.
[0164] The first window 239 may correspond to the size of
the top surface of the light emitting unit 225 through the first
opening 257 of the first layer and the second window 241 may
correspond to the size of the top surface of the light receiving
unit 227 through the second opening 259 of the first layer 235.
[0165] The partition 251 may be disposed between the first
and second windows 239 and 241. The partition 251 may be
a part of the second layer 237 but the present invention is not
limited thereto.

[0166] The width of the partition 251 of the second layer
237 may be formed smaller than the width of the partition 247
of'the first layer 235, thereby allowing the more light passing
through the first opening 257 of the first layer 235 to progress
toward a user’s wrist and allowing the more light reflected by
a user’s wrist to be incident to the light receiving unit 227
through the second opening 259 of the first layer 235.
[0167] The partition 251 may have an integrated form
formed of the same material as the second layer 237 or may be
an additional member formed of a different material than the
second layer 237.

[0168] The second layer may be formed of a material for
blocking light, for example, a plastic material or rubber, but
the present invention is not limited thereto.

[0169] Each of the first and second windows 239 and 241
may be surrounded by the second layer 237 and the partition
251.

[0170] When the size of the second layer 237 is greater than
the size of the first layer 235 and the center point of the first
layer 235 and the center point of the second layer 237 match,
aperipheral area of the second layer 237 may extend from the
end of the first layer 235 toward the outside direction. In such
a case, a support part 255 is disposed between a peripheral
area of the second layer 237 and the housing 220 in order to
prevent the peripheral area of the second layer 237 from
sagging down. That is, the bottom surface of the support part
255 may contact the housing 220 and the top surface of the
support part 255 may contact the peripheral area of the second
layer 237. The support part 255 may be attached to the top
surface of the housing 220 and the bottom surface of the
second layer 237 by using an adhesive material as a medium.
[0171] The light generated from the light emitting unit 225
may be emitted to the outside through the first opening 257 of
the firstlayer 235 and the first window 239 ofthe second layer
237. The light reflected by a user’s wrist may be incident to
the light receiving unit 227 through the second window 241 of
the second layer 237 and the second opening 259 of the first
layer 235. In such a way, by the partition 247 and the protrud-
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ing part 249 of the first layer 235 and the partition 251 of the
second layer 237, only the light generated from the light
emitting unit 225 and reflected by a user’s wrist is incident to
the light receiving unit 227 so that heartbeat measurement
errors due to a crosstalk phenomenon may be prevented.
[0172] A cover 253 may be disposed on the second layer
237. The cover 253 may be formed of a plastic material but the
present invention is not limited thereto. The cover 253 may be
transparent or may not be transparent.

[0173] A peripheral area of the cover 253 may be fixed at or
coupled to the housing 220.

[0174] FIG. 8 is a view illustrating a heartbeat sensor
according to a second embodiment of the present invention.
[0175] Except that the partition 251 of the second layer 237
is removed and the first and second windows 239 and 241 are
integrally formed in the first embodiment, the second
embodiment is similar to the first embodiment. In the second
embodiment, the same reference numerals are assigned to
components having the same structure, form, and function as
the components of the first embodiment, and detailed descrip-
tion thereof will be omitted.

[0176] As shown in FIG. 8, the second layer 237 may be
disposed on the first layer. The second layer 237 may include
a window 261. The window 261 may be surrounded by the
second layer 237. The window 261 may be a circular or oval
form but the present invention is not limited thereto.

[0177] The size of the window 261 may be at least greater
than the sum of the size of the first opening 257 of the first
layer 235, the size of the second opening 259, and the size of
the partition 247. Accordingly, the light generated from the
light emitting unit 225 and passing through the first opening
257 of the first layer 235 may progress toward a user’s wrist
through the window 261 without loss. Moreover, the light
reflected by a user’s wrist may be incident to the light receiv-
ing unit 227 through the window 261 and the second opening
259 of the first layer 235.

[0178] FIG. 9 is a view illustrating a heartbeat sensor
according to a third embodiment of the present invention.
[0179] Except that the protruding part 249 of the first layer
235 is removed and the third recess 233 of the main body 223
where the protruding part 249 of the first layer 235 is inserted
is removed in the first embodiment, the third embodiment is
similar to the first embodiment. In the third embodiment, the
same reference numerals are assigned to components having
the same structure, form, and function as the components of
the first embodiment, and detailed description thereof will be
omitted.

[0180] As shown in FIG. 9, the top surface of a main body
223 may include first and second recesses 229 and 231. A
light emitting unit 225 may be inserted and mounted into the
first recess 229 and a light receiving unit 227 may be inserted
and mounted into the second recess 231.

[0181] Inthetop surface of the center area of the main body
223 between the first recess 229 and the second recess 231,
that is, the area where the third recess 233 is formed in the first
embodiment, the top surface of a peripheral area of the main
body 223 may have the same position.

[0182] The bottom surface of each of the first recess 229
and/or the second recess 231 may have a lower position by a
depth set from the center area of the main body 223 and/or the
top surface of a peripheral area of the main body 223.
[0183] The predetermined depth may be identical to the
thickness of the light emitting unit 225 and/or the light receiv-
ing unit 227 but the present invention is not limited thereto.
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[0184] The first layer 235 may be disposed on the main
body 223 where the light emitting unit 225 and the light
receiving unit 227 are mounted. The first layer 235 may
include first and second openings 257 and 259, a partition 247
formed between the first and second openings 257 and 259,
and a catching part 243 extending from a peripheral area of
the first layer 235 toward the bottom direction.

[0185] The thickness of the partition 247 may be identical
to the thickness of the first layer 235 but the present invention
is not limited thereto.

[0186] The bottom surface of the partition 247 of the first
layer 235 contacts the top surface of the center area of the
main body 223, thereby preventing the light of the light
receiving unit 225 from being incident to the light receiving
unit 227. For this, a pressure applied in the bottom direction
occurs by the cover 253 and this pressure is applied to the
second layer 237. By the pressure applied to the second layer
237, the partition 247 of the first layer 235 is pressed in the
bottom direction so that the partition 247 of the first layer 235
may easily contact the top surface of the center area of the
main body 223.

[0187] As another example, the bottom surface of the first
layer 235 may be attached to the top surface of the main body
223 by using an adhesive member as a medium. By such an
adhesive, the bottom surface of the partition 247 of the first
layer 235 strongly contacts the top surface of the center area
of'the main body 223, thereby stably maintaining the contact
state.

[0188] In consideration of this, like the first embodiment,
the protruding part 249 is provided on the first layer 235 so
that the protruding part 249 is inserted and mounted into the
third recess 233 of the main body 223 and also in a structure
where the partition 251 is provided at the second layer 237
between the first and second windows 239 and 241, the
removal rate of the crosstalk phenomenon is 100% so that the
crosstalk phenomenon may be completely removed.

[0189] As above, since the crosstalk phenomenon is com-
pletely removed by the heartbeat sensor 144 according to the
first to third embodiments, heartbeat measurement errors due
to the crosstalk phenomenon are prevented so that the mea-
surement performance of the heartbeat sensor 144 may be
enhanced and thus, its reliability may be improved.

[0190] FIGS. 10 and 11 illustrate a heartbeat sensor for
preventing a crosstalk phenomenon without using a first layer
included in the heartbeat sensors of the first to third embodi-
ments.

[0191] FIG. 10 is a view illustrating a heartbeat sensor
according to a fourth embodiment of the present invention.
[0192] Referringto FIG. 10, amainbody 272 is mounted on
a substrate 271 and a light emitting 273 and a light receiving
unit 274 may be spaced apart from each other and mounted in
the main body 272.

[0193] The main body 272 may have a center area and a
peripheral area. First and second recesses 229 and 231 may be
formed between the center area of the main body 272 and the
peripheral area of the main body 272.

[0194] The top surface of the center area of the main body
272 and the top surface of the peripheral area of the main body
272 may have the same position but the present invention is
not limited thereto.

[0195] Each of the first and second recesses 229 and 231
may have a bottom surface and an inner side surface having a
predetermined depth from the top surface of the main body
272.
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[0196] The light emitting unit 273 may be inserted into the
first recess 229 and mounted on the bottom surface. The light
receiving unit 274 may be inserted into the second recess 231
and mounted on the bottom surface. The side surface of the
light emitting unit 273 may contact the inner side surface of
the first recess 229 and the side surface of the light receiving
unit 274 may contact the inner side surface of the second
recess 231. However, the present invention is not limited
thereto.

[0197] The light emitting unit 273 may be attached to the
bottom surface and the inner side surface of the first recess
229 by using an adhesive member with an insulating property
as amedium; and the light receiving unit 274 may be attached
to the bottom surface and the inner side surface of the second
recess 231 by using an adhesive member with an insulating
property as a medium. However, the present invention is not
limited thereto.

[0198] A cover 275 may be disposed on the main body 272.
The cover 275 may be formed to surround the main body 272.
In more detail, the cover 275 may contact the top surface of
the main body 272 and also may contact a side surface of the
main body 272.

[0199] Inthe drawings, in consideration of a tolerance mar-
gin between the bottom surface of the cover 275 and the top
surface of the substrate 271, the bottom surface of the cover
275 and the substrate 271 may be spaced apart from each
other but the bottom surface of the cover 275 may contact the
top surface of the top surface of the substrate 271.

[0200] The cover 275 may include first to third areas 262,
263, and 264. The first area 262 of the cover 275 may contact
the top surface of the main body 272. The second area 263 of
the cover 275 may be bent from the end of the first area 262 of
the cover 275 toward the bottom direction to contact a side
surface of the main body 272. The third area 264 of the cover
275 may extend from the end of the second area 263 of the
cover 275 toward the outside direction and may be formed.
[0201] As another example, the third area 264 may be
removed and the cover 275 including the first and second
areas 262 and 263 may be provided.

[0202] As another example, the second and third areas 263
and 264 may be formed of a material for blocking light, for
example, a plastic material. Accordingly, loss may be pre-
vented when the light generated from the light emitting unit
273 and incident to the cover 275 does not progress toward a
user’s wrist or the light reflected by a user’s wrist and incident
to the cover 275 is not incident to the light receiving unit 274
and progresses along the second and third areas 263 and 264
of the cover 275.

[0203] The cover 275 may be formed of a transparent mate-
rial having an excellent transmittance, for example, a glass or
plastic material. Accordingly, the light generated from the
light emitting unit 273 or the light reflected by a user’s wrist
may freely pass through the cover 275.

[0204] A partition 276 may be provided to the cover 275. In
more detail, the partition 276 may be disposed at a position
corresponding to the center area of the main body 272
between the light emitting unit 273 and the light receiving
unit 274. The partition 276 may be inserted and fixed to the
cover 275 through molding processing. The partition 276
may be formed of a material for blocking light, for example,
a plastic material.

[0205] For example, when the cover 275 is formed of glass
and the partition 276 is formed of a plastic material, by
forming an opening at the cover 275 and injecting a plastic
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material for forming the partition 276 into the opening and
then curing it, the cover 275 with the partition 276 may be
manufactured. When seen from the top, the partition 276 may
have a rectangular form but the present invention is not lim-
ited thereto.

[0206] The partition 276 may be surrounded by the cover
275.
[0207] The bottom surface of the partition 276 may contact

the top surface of the center area of the main body 272. Since
the width of the partition 276 is formed narrower than the
width of the center area of the main body 272, the more light
generated from the light emitting unit 274 is incident to a
user’s wrist through the cover 275 and the more light reflected
by a user’s wrist may be incident to the light receiving unit
274 through the cover 275.

[0208] Although notshown in the drawing, the cover 275 or
the partition 276 may contact the main body 272 by using an
adhesive member as a medium but the present invention is not
limited thereto.

[0209] According to the fourth embodiment, as the parti-
tion 276 is provided to the cover 275, the cover 275 is dis-
posed to directly contact the main body 272 so that like the
first to third embodiments, a crosstalk phenomenon may be
prevented without an additional first layer with the partition
276.

[0210] FIG. 11 is a view illustrating a heartbeat sensor
according to a fifth embodiment of the present invention.
[0211] Except for the housing 277, the fifth embodiment is
identical to the fourth embodiment.

[0212] As shown in FIG. 11, the substrate 271, the main
body 272, and the cover 275 may be received and fixed by the
housing 277. The housing 277 may be formed of a material
having excellent elasticity and hardness, for example, a plas-
tic material, but the present invention is not limited thereto.
[0213] The housing 277, for example, may have a “ &=~
form. In more detail, the housing 277 may include first to third
areas 265, 267, and 269.

[0214] The first area 265 of the housing 277 may be dis-
posed at one sides of the substrate 271 and the cover 275.
Although it is shown in the drawing that the inner side surface
of'the first area 265 is spaced apart from the side surface ofthe
substrate 271, the inner side surface of the first area 265 may
contact the side surface of the substrate 271.

[0215] The second area 267 of the housing 277 may extend
from one end of the first area 265 in the horizontal direction
and may be formed. The second area 267 of the housing 277
may contact the bottom surface of the substrate 271. In more
detail, the second area 267 of the housing 277 may be attached
to the bottom surface of the substrate 271 by using an adhe-
sive member as a medium.

[0216] The third area 269 of the housing 277 may extend
from the other end of the first area 265 in the horizontal
direction and may be formed. The third area 269 of the hous-
ing 277 may have an opening 270. The size of the opening 270
is formed to be identical to the size of the first area 262 of the
cover 275 so that the first area 262 of the cover 275 may be
inserted into the opening 270 of the housing 277. The third
area 269 of the housing 277 may be attached to the second
area 263 and the third area 264 of the cover 275 by using an
adhesive member as a medium.

[0217] According to the fifth embodiment, since the hous-
ing 277 fixes the substrate 271 disposed below the main body
272 where the light emitting unit 273 and the light receiving
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unit 274 are mounted and the cover 275 disposed over the
main body 272, this may enhance the product robustness of a
heartbeat sensor.

[0218] FIGS. 12 and 13 illustrate a heartbeat sensor where
light emitting units are disposed at both sides of a light receiv-
ing unit.

[0219] FIG. 12 is a view illustrating a heartbeat sensor
according to a sixth embodiment of the present invention.
[0220] Referringto FIG. 12, a heartbeat sensor 144 accord-
ing to the sixth embodiment may include one or more light
emitting units 294 and 295 and a light receiving unit 296.
[0221] For example, the first light emitting unit 294 may be
disposed at one side of the light receiving unit 296 and the
second light emitting unit 295 may be disposed at the other
side of the light receiving unit 296.

[0222] The first light emitting unit 294 may include at least
one light emitting device. For example, the first light emitting
unit 294 may include a green light emitting device.

[0223] The second light emitting unit 295 may include a
plurality of light emitting devices. For example, the second
light emitting unit 295, for example, an infrared light emitting
device, a red light emitting device, and a green light emitting
element. A red light emitting device may be disposed between
an infrared light emitting device and a green light emitting
device but the present invention is not limited thereto.
[0224] Since the red light of a red light emitting device
penetrates a skin further deeply in comparison to the green
light of a green light emitting device, for example, the red
light emitting device may be used to measure the heartbeat of
a user’s wrist of a relatively thin skin and the green light
emitting device may be used to measure the heartbeat of a
user’s finger of a relatively thick skin. The infrared light
emitting device may be used to detect whether an object is
close.

[0225] Thefirst and second light emitting units 294 and 295
and the light receiving unit 296 may be mounted on the
substrate 280. The first and second light emitting units 294
and 295 and the light receiving unit 296 may be electrically
connected to the substrate 280. Accordingly, the first and
second light emitting units 294 and 295 operate by power so
that light may be generated from the first and second light
emitting units 294 and 295.

[0226] A plurality of partitions 282, 283, 284, and 285 may
be disposed on the substrate 280. In more detail, the first and
fourth partitions 282 and 285 may be disposed on the both
sides of the substrate 280; the second partition 283 may be
disposed between the first light emitting unit 294 and the light
receiving unit 296; and the third partition 284 may be dis-
posed between the light receiving unit 296 and the second
light emitting unit 295.

[0227] Each ofthe first light emitting unit 294 or the second
light emitting unit 295 may have a self-luminous radiation
angle (hereinafter referred to as a first light emission radiation
angle). Each of the first light emitting unit 294 or the second
light emitting unit 295 may have a self-luminous radiation
angle, for example, a range of about 90° to about 150°.
[0228] However, the first light emission radiation angle of
each of the first light emitting unit 294 or the second light
emitting unit 295 may change into a second light emission
radiation angle by the height of each of the partitions 282,
283, 284, and 285.

[0229] The second light emission radiation angle may be
smaller than the first light emission radiation angle by the
height of each of the partitions 282, 283, 284, and 285. That
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is, even when the first light emission radiation angle is larger
than the second light emission radiation angle, the first light
emission radiation angle becomes smaller as the second light
emission radiation angle by the height of each of the partitions
282, 283, 284, and 285.

[0230] For example, the second light emission radiation
angle may have a range of about 90° to about 120°. In more
detail, the second light emission radiation angle may have
about 90°.

[0231] Asthe height of each of the partitions 282, 283, 284,
and 285 is higher, the second light emission radiation angle
may become smaller, and as the height of each of the parti-
tions 282, 283, 284, and 285 is lower, the second light emis-
sion radiation angle may become larger.

[0232] Inthe same manner, the light receiving unit 296 may
have a self light reception radiation angle (hereinafter
referred to as a first light reception radiation angle). The self
light reception radiation angle of the light receiving unit 296,
for example, may have a range of about 90° to about 150°.
[0233] However, the first light reception radiation angle of
the light receiving unit 296 may change into a second light
reception radiation angle by the height of the second and/or
third partition 283 and/or 284.

[0234] The second light reception radiation angle may
become smaller than the first light reception radiation angle
by the height of the second and/or third partition 283 and/or
284. That is, even if the first light reception radiation angle is
larger than the second light reception radiation angle, the first
light reception radiation angle becomes smaller as the second
light reception radiation angle by the height of the second
and/or third partition 283 and/or 284.

[0235] For example, the second light reception radiation
angle may have a range of about 90° to about 120°. In more
detail, the second light reception radiation angle may have
about 120°.

[0236] As the height of the second and/or third partition
283 and/or 284 becomes higher, the second light reception
radiation angle becomes smaller, and as the height of the
second and/or third partition 283 and/or 284 becomes lower,
the second light reception radiation angle becomes larger.
[0237] According to the sizes of the first light emitting unit
294, the second light emitting unit 295, and the light receiving
unit 296, intervals between the partitions 282, 283, 284, and
285 may vary. For example, an interval between the second
and third partition 283 and 284 may be greater than an interval
between the first and second partitions 282 and 283 or an
interval between the third and fourth partitions 284 and 285.
[0238] The first to fourth partitions 282, 283, 284, and 285
may be integrally formed with the substrate 280 or may be
formed separately from the substrate 280.

[0239] The height of the second and/or third partition 283
and/or 284 may be lower than the height of the first and/or
fourth partition 282 and/or 285. That is, the thickness of the
second and/or third partition 283 and/or 284 may be thinner
than the thickness of the first and/or fourth partition 282
and/or 285.

[0240] A layer 286 may be disposed on the first to fourth
partitions 282, 283, 284, and 285.

[0241] The layer 286 is formed of a material having elas-
ticity and blocking light, for example, rubber, but the present
invention is not limited thereto.

[0242] The layer 286 may cover at least a part of the top
surfaces of the first to fourth partitions 282, 283, 284, and 285
and the side surfaces of the first and fourth partitions 282 and
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285. In more detail, the first area of the layer 286 may cover
the second partition 283 and the second area of the layer 286
may cover the third partition 284. Herein, the first area of the
layer 286 is referred to as the first partition 287 and the second
area of the layer 286 is referred to as the second partition 288.
[0243] As another example, the first partition 287 and the
second partition 288 may be formed as an additional member
different from the layer 286. In such a case, the first and
second partitions 287 and 288 may be formed of a material for
blocking light, for example, a rubber or plastic material.
[0244] Each of the first and second partitions 287 and 288
may include a protruding area protruding from the bottom
surface of the layer 286 toward the bottom direction. The
bottom surface of the protruding area may contact each of the
second and third partitions 283 and 284. As mentioned above,
since the height ofthe second and/or third partition 283 and/or
284 is lower than the height of the first and/or fourth partition
282 and/or 285, a protruding area protruding from the bottom
surface of the layer 286 toward the bottom direction by the
lowered height may be formed.

[0245] As another example, the heights of all the first to
fourth partitions 282 to 285 may be identical to each other. In
sucha case, the thickness of the first and second partitions 287
and 288 may be identical to the thickness of the layer 286.
[0246] A cover 289 may be disposed on the layer 286. The
cover 289, as a transparent material, may be a plastic material
or glass.

[0247] The cover 289 may include the first and second
partitions 291 and 292. The first partition 291 of the cover 289
is disposed on the first partition 291 of the layer 286 and the
second partition 292 of the cover 289 may be disposed on the
second partition 292 of the layer 286.

[0248] The first and second partitions 291 and 292 may be
inserted into the cover 289 and formed through molding
processing.

[0249] The width of each of the first and second partitions
291 and 292 of the cover 289 may be identical to the width of
each of the first and second partitions 287 and 288 of the layer
286 but the present invention is not limited thereto.

[0250] The first and second partitions 291 and 292 may be
formed of a light blocking member for blocking light.
[0251] The first and second partitions 291 and 292 of the
cover 289 and the first and second partitions 287 and 288 of
the layer 286 may include the same material but the present
invention is not limited thereto.

[0252] The bottom surfaces of the first and second parti-
tions 291 and 292 of the cover 289 may respectively contact
the top surfaces of the first and second partitions 287 and 288
ofthe layer 286. In more detail, the bottom surfaces of the first
and second partitions 291 and 292 of the cover 289 may be
respectively attached to the top surfaces of the first and second
partitions 287 and 288 of the layer 286 by using an adhesive
member as a medium.

[0253] FIG. 13 is a view illustrating a heartbeat sensor
according to a seventh embodiment of the present invention.
[0254] A cover 275 and a housing 277 shown in FIG. 13
may be identical to the cover 275 and the housing 277 shown
in FIG. 11.

[0255] As shown in FIG. 13, the cover 275 may contact the
top surfaces of the first to fourth partitions 282 to 285 and the
side surfaces of the first and fourth partitions 282 and 285.
The first to fourth partitions 282, 283, 284 and 285 are fixed
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by the cover 275 and a crosstalk phenomenon may be pre-
vented by the first and second partitions 298 and 299 of the
cover 275.

[0256] The cover 275 may include the first to third areas
262,263, and 264. The second area 263 of the cover 275 may
extend from both ends of the first area 262 of the cover 275
toward the bottom direction and may be formed, and the third
area 264 of the cover 275 may extend from the end of the
second area 263 of the cover 275 toward the outside direction
and may be formed.

[0257] In more detail, the first and second partitions 298
and 299 may respectively contact the second and third parti-
tions 283 and 284; the first area 262 of the cover 275 may
contact the top surfaces of the first and fourth partitions 282
and 285; and the second area 263 of the cover 275 may contact
the side surfaces of the first and fourth partitions 282 and 285.
[0258] The cover 275 and the substrate 280 may be fixed by
the housing 277. The housing 277 may be attached to the
substrate 280 and the cover 275 by using an adhesive member
as amedium. The housing 277 may be attached to the bottom
surface of the substrate 280 and may be attached to the second
area 263 and the third area 264 of the cover 275.

[0259] Thehousing 277 may include first to third areas 265,
267, and 269. The second area 267 of the housing 277 may
extend from one end of the first area 265 of the housing 277
toward the horizontal direction and may be formed, and the
third area 269 of the housing 277 may extend from the other
end of the first area 265 of the housing 277 toward the hori-
zontal direction and may be formed.

[0260] The second area 267 of the housing 277 may contact
the bottom surface of the substrate 280. In more detail, the
second area 267 of the housing 277 may contact the bottom
surface of the substrate 280 by using an adhesive member as
amedium. Furthermore, the third area 269 of the housing 277
may be attached to the second area 263 and the third area 264
of the cover 275 by using an adhesive member as a medium.
[0261] The third area 269 of the housing 277 may have an
opening 270. The size of the opening 270 is formed to be
identical to the size of the first area 262 of the cover 275 so
that the first area 262 of the cover 275 may be inserted into the
opening 270 of the housing 277.

[0262] According to the sixth and seventh embodiments, in
a heartbeat sensor where the first and second light emitting
units 294 and 295 are disposed at both sides of the light
receiving unit 296, a crosstalk phenomenon is prevented by
using the partitions 283, 284, 287, 288, 291, and 292 and thus
product reliability may be improved.

[0263] Hereinafter, embodiments relating to control
method that is to be implemented for the watch type device
100 configured in such a manner are described with reference
to the accompanying drawings. It is apparent to those skilled
in the art that the present invention may be specified in a
different specific form without departing from the scope and
essential features of the present invention.

[0264] The watch type device 100 may detect a wearing
state of the watch type device 100 by a user and may execute
a corresponding function according to a detection result, that
is, not-wearing, wrist wearing, and hand gripping. Herein,
not-wearing is referred to as a first mode; wrist wearing is
referred to as a second mode; and hand gripping is referred to
as a third mode.

[0265] Forexample, in the first mode and/or the third mode,
a black screen or an ambient screen may be displayed.
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[0266] For example, a standby screen may be displayed in
the second mode.

[0267] In terms of power consumption, a black screen is
displayed in the sleep mode; an ambient screen is displayed in
the ambient mode; and a standby screen may be displayed in
the normal mode.

[0268] Inthe sleep mode, as a screen off state, the power of
the power supply unit 190 is not supplied to the screen so that
a black screen may be displayed. In this case, since power is
supplied a touch sensor provided at the display unit 151,
touch recognition is possible.

[0269] Inthe standby mode, as a screen on state, the power
of the power supply unit 190 is supplied to the screen so that
a standby screen may be displayed.

[0270] Although the ambient mode is the screen on state,
power lower than the power supplied to the standby screen is
supplied to the screen so that the ambient screen having a
lower brightness than the standby screen may be displayed.
[0271] Inthe ambient mode, a function not interfering with
information delivery to a user while reducing power con-
sumption, for example, providing a simple notification infor-
mation, may be performed. Such a function may include
missed call notification, schedule notification, calendar noti-
fication, remaining battery capacity notification, and weather
notification but the present invention is not limited thereto.
[0272] In the normal mode, a function using power nor-
mally, for example, data transmission/reception, telephone
calls, and video streams in addition to a watch function, may
be performed.

[0273] For example, the standby screen may be displayed
in the normal mode. The standby screen may include a digital
watch screen, an analog watch screen, and a home screen
including a plurality of icons. In more detail, in the normal
mode, since a standby screen such as a digital watch screen,
an analog watch screen, or a home screen is displayed by the
power of the power supply unit 190, information in the high
level of brightness may be displayed on the standby screen.
[0274] The wearing state of the watch type device 100 may
be detected by the heartbeat sensor 144 and the acceleration
sensor 143 provided at the watch type device 100.

[0275] The acceleration sensor 143 may detect a motion of
the watch type device 100. The acceleration sensor 143 may
generate an absolute motion detection (AMD) signal (for
example, a first sensing signal) indicating a relatively small
motion and a relative motion detection (RMD) signal (for
example, a second sensing signal) indicating a relatively large
motion.

[0276] Each of the AMD signal and the RMD signal may
have “0” or “1”. “0”, as an inactive signal, may indicate no
motion. “1” may be an active signal. When the AMD signal is
“17, it indicates that a small motion is detected and when the
RMD signal is “17”, it indicates that there is a large motion.
[0277] Forexample, when the watch type device 100 is laid
on a floor or a desk, since the watch type device 100 does not
move, the acceleration sensor 143 of the watch type device
100 may output the AMD signal of “0” and the RMD signal of
“0”.

[0278] For example, when the watch type device 100 is
worn by a user, since the watch type device 100 is shaking
frequently, the acceleration sensor 143 of the watch type
device 100 may output the AMD signal of “1” but may output
the RMD signal of “0” or “1” according to the degree of
shaking of the watch type device 100. That is, when the watch
type device 100 has a relatively small shaking, the RMD
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signal of “0” may be outputted and when the watch type
device 100 has a relatively large shaking, the RMD signal of
“1” may be outputted. Since the AMD signal of “1” indicates
that the watch type device 100 has a relatively small shaking,
at this point, the RMD signal may be “0” or “1”. On the other
hand, when the RMD signal is “1”, since this indicates that the
watch type device 100 has a relatively large shaking, at this
point, the AMD signal may be always “1”.

TABLE 1
AMD signal RMD signal State
0 0 Not-wearing
1 0 Wearing
1 1 Wearing

[0279] As shown in Table 1, a distinction between not-
wearing and wearing is possible by the acceleration sensor
143 but it is difficult to distinguish wrist wearing from hand
gripping during wearing.

[0280] Wrist wearing and hand gripping may be distin-
guished by the heartbeat sensor 144.

[0281] The heartbeat sensor 144 may generate a touch
interrupt signal on the basis of the amount of light reflected by
a user. A touch interrupt signal generated from the heartbeat
sensor 144 may have a signal variation v and a bias as shown
in FIG. 14. Herein, the bias may be the size of a touch
interrupt signal.

[0282] For example, a first touch interrupt signal PPG1 has
almost no signal change and a less bias. On the other hand, a
second touch interrupt signal PPG2 has a relatively large
signal variation v and a large bias.

[0283] The first touch interrupt signal PPG1 is a signal
detected by a user’s wrist and the second touch interrupt
signal PPG2 is a signal detected by a user’s finger.

[0284] Asshown in FIG. 14, the size of a signal variation of
the second touch interrupt signal PPG2 detected from a finger
may be 15 to 20 times greater than the size of a signal varia-
tion of the first touch interrupt signal PPG1 detected from a
wrist. Furthermore, a bias of the second touch interrupt signal
PPG2 detected from a finger is significantly greater than a
bias of the first touch interrupt signal PPG1 detected from a
wrist.

[0285] For example, when the watch type device 100 is
gripped by a finger, the second touch interrupt signal PPG2
may be detected from a user’s finger.

[0286] For example, when the watch type device 100 is
worn on a wrist, the first touch interrupt signal PPG1 may be
detected from the user’s wrist.

[0287] Accordingly, where the watch type device 100 is
worn may be obtained on the basis of a touch interrupt signal
detected from the heartbeat sensor 144.

[0288] As waveform information (for example, signal
variation and bias) of the first touch interrupt signal PPG1 and
waveform information of the second touch interrupt signal
PPG2, shown in FIG. 14, are stored in the watch type device
100, a wearing state of the watch type device 100 may be
obtained in detail on the basis of a touch interrupt signal
detected from the heartbeat sensor 144.

[0289] Moreover, a heartbeat signal may be generated by
the heartbeat sensor 144 and user authentication may be per-
formed by using the heartbeat signal.

[0290] The principle of generating a touch interrupt signal
or a heartbeat signal from the heartbeat sensor 144 is the
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same. However, a touch interrupt signal or a heartbeat signal
may be determined according to in which situation the heart-
beat sensor 144 is used.

[0291] For example, in a wearing detection situation, a
signal generated from the heartbeat sensor 144 may be used as
a touch interrupt signal. As mentioned above, a touch inter-
rupt signal may vary depending on whether the watch type
device 100 is worn on a wrist or gripped by a hand.

[0292] For example, in user authentication situation, a sig-
nal generated from the heartbeat sensor 144 may be used as a
heartbeat signal. In the case of the same user, a heartbeat
signal generated from the wrist of the user (that is, the owner)
may the same each time it is measured. On the other hand,
when the watch type device 100 is worn on another user’s
wrist, a heartbeat signal different from the heartbeat signal of
the user (that is, the owner) may be generated. Accordingly,
user authentication may be successfully performed by using
different heartbeat signals for each user only if the watch type
device 100 is worn on the wrist of a user (that is, an owner),
and then subsequent operations may be performed. Such a
user authentication process using a heartbeat signal generated
from the heartbeat sensor 144 is shown in FIGS. 27 and 37
and this will be described later.

[0293] FIG. 15 is a flowchart illustrating a method of
detecting whether a watch type device is worn according to an
embodiment of the present invention.

[0294] The watch type device 100 detects whether a user
does not wear it (for example, a first mode) in operation S301.
[0295] In more detail, the acceleration sensor 143 of the
watch type device 100 detects a shaking of the watch type
device 100. The control unit 180 of the watch type device 100
may check whether the watch type device 100 is worn on the
basis of a detection result of the acceleration sensor 143 of the
watch type device 100.

[0296] When the AMD signal of “0” and the RMD signal of
“0” are inputted from the acceleration sensor 143 of the watch
type device 100 on the basis of a detection result, the control
unit 180 of the watch type device 100 may determine that a
user does not wear the watch type device 100.

[0297] When the RMD signal of “1” is inputted from the
acceleration sensor 143 of the watch type device 100 on the
basis of a detection result, the control unit 180 of the watch
type device 100 may determine that a user wears the watch
type device 100. Whether the AMD signal is “0” or “1” does
not affect wearing state detection. That is, a value of the AMD
signal is irrelevant to wearing state detection.

[0298] Although not shown in the drawings, when the
RMD signal of “1” is inputted from the acceleration sensor
143 of the watch type device 100 and the RMD signal of “1”
is maintained for more than 4 sec, the control unit 180 of the
watch type device 100 may determine that the watch type
device 100 is worn by a user, but the present invention is not
limited thereto.

[0299] Although not shown in the drawing, it is determined
whether an object is close by using an infrared light emitting
device of the heartbeat sensor 144 shown in FIGS. 12 and 13.
A not-wearing state or a wearing state may be detected by
using an infrared light emitting device of the heartbeat sensor
144.

[0300] Although not shown in the drawings, a wearing state
or a not-wearing state may be detected more accurately by
using infrared light emitting devices of the acceleration sen-
sor 143 and the heartbeat sensor 144.
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[0301] As mentioned above, the acceleration sensor 143 of
the watch type device 100 only distinguishes wrist wearing
from not-wearing and cannot distinguish wrist wearing from
hand gripping during wearing.

[0302] Referring to FIG. 15, when it is determined that the
watch type device 100 is not worn by a user, the control unit
180 of the watch type device 100 executes a function of the
watch type device 100 during not-wearing, that is, a function
in the first mode, in operation S303.

[0303] For example, a black screen (see FIGS. 1 6A) may
be displayed on the display unit 151 of the watch type device
100 during not-wearing. The black screen, as mentioned
above, as a screen off state, may mean that power is not
supplied to a screen. Separately, power is supplied to a touch
sensor provided at the display unit 151 so that touch recog-
nition is possible. In such a way, power is not supplied to a
screen during not-wearing so that power consumption may be
reduced.

[0304] For example, an ambient screen may be displayed
on the display unit 151 of the watch type device 100 during
not-wearing.

[0305] Moreover, a black screen or an ambient screen may
be displayed during not-wearing and not all components are
activated. That is, a minimum of components, for example,
only the control unit 180, the sensing unit 140, the input unit
120, the wireless communication unit 110, and the output unit
150, may be activated.

[0306] Ifit is determined that the watch type device 100 is
worn by a user, the control unit 180 of the watch type device
100 supplies (or activates) power to the heartbeat sensor 144
to operate the light emitting unit 225 and the light receiving
unit 227.

[0307] The heartbeat sensor 144 of the watch type device
100 may generate a touch interrupt signal on the basis of the
amount of light reflected from a user. The control unit 180 of
the watch type device 100 may check a specific wearing state
on the basis of a detection result of the heartbeat sensor 144,
for example, wrist wearing and hand gripping.

[0308] Asshownin FIG. 14, a signal variation and a bias of
a touch interrupt signal detected from the heartbeat sensor
144 correspond to a signal variation and a bias of a first touch
interrupt signal PPG1, the control unit 180 of the watch type
device 100 may determine that the watch type device 100 is
worn on a user’s wrist.

[0309] Furthermore, a signal variation and a bias of a touch
interrupt signal detected from the heartbeat sensor 144 cor-
respond to a signal variation and a bias of a second touch
interrupt signal PPG2, the control unit 180 of the watch type
device 100 may determine that the watch type device 100 is
gripped by a user’s hand.

[0310] Referring to FIG. 15, the control unit 180 of the
watch type device 100 detects whether a user wears the watch
type device 100 by a wrist (for example, a second mode) in
operation S305.

[0311] In more detail, when the AMD signal of “1” is
outputted from the acceleration sensor 143 of the watch type
device 100 and when a touch interrupt signal generated from
the heartbeat sensor 144 of the watch type device 100 corre-
sponds to a first touch interrupt signal PPG1 shown in FIG.
14, the control unit 180 of the watch type device 100 may
determine that the watch type device 100 is worn on a user’s
wrist.

[0312] When it is determined that the watch type device
100 is worn by a user’s wrist, the control unit 180 ofthe watch

53



US 2016/0103985 A1l

type device 100 executes a function of the watch type device
100 during wrist wearing, that is, a function in the second
mode, in operation S307.

[0313] For example, a predetermined screen may be dis-
played on the display unit 151 of the watch type device 100
during wrist wearing. The predetermined screen, for
example, may include an analog watch screen (see F1IG. 16B),
a digital watch screen (see FIG. 16C), a home screen includ-
ing a plurality of icons, and simple notification information.
Alternatively, a predetermined screen may be a black screen
or an ambient screen.

[0314] The simple notification information may include
numbers, characters, and images, or icons representing text
message notification, SNS notification, e-mail notification,
and so on. The simple notification information does not
include detailed information of each notification, for
example, when, from who, and what content. In order to view
detailed information of each notification, after simple notifi-
cation information is displayed, an additional event (or ges-
ture) is performed or an authentication process is performed.
[0315] In the analog watch screen, it may be set that only
hands and dials are represented with a white grayscale and the
background is represented with a black grayscale to turn off
its power. In the digital watch screen, it may be set that only
time related numbers are represented with a white grayscale
and the background is represented with a black grayscale to
turn off its power. In such a way, since the background that
occupies most of an analog watch screen or a digital watch
screen does not require power supply, power consumption
may be reduced.

[0316] Accordingly, even when an analog watch screen or a
digital watch screen is displayed, since there is almost no
power consumption, as long as a user wears the watch type
device 100 by the wrist, the analog watch screen or the digital
watch screen may be always displayed without turning off the
screen. This is called an “always-on function”.

[0317] As another example, a lock screen is displayed
before a predetermined screen is displayed on the display unit
151 during wrist wearing and when lock release is performed
on the lock screen, the predetermined screen may be dis-
played on the display unit 151.

[0318] As another example, when a predetermined screen
displayed on the display unit 151 is a home screen including
aplurality of icons during wrist wearing, a lock screen may be
displayed before the predetermined screen is displayed on the
display unit 151 and the home screen may be displayed when
lock release is performed on the lock screen.

[0319] As another example, when a predetermined screen
is a digital watch screen or an analog watch screen during
wrist wearing, a lock screen may not be displayed before the
predetermined screen is displayed. That is, since a digital
watch screen or an analog watch screen does not require
security, a lock release process is not required.

[0320] Referring to FIG. 15, the control unit 180 of the
watch type device 100 detects whether a user grips the watch
type device 100 by a hand (for example, a third mode) in
operation S309.

[0321] In more detail, when the RMD signal of “1” is
outputted from the acceleration sensor 143 of the watch type
device 100 and when a touch interrupt signal of the watch type
device 100 corresponds to a second touch interrupt signal
PPG2 shown in FIG. 14, the control unit 180 of the watch type
device 100 may determine that the watch type device 100 is
gripped by a user’s hand.
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[0322] When it is determined that the watch type device
100 is gripped by a user’s hand, the control unit 180 of the
watch type device 100 executes a function of the watch type
device 100 during hand gripping, that is, a function in the
third mode, in operation S311.

[0323] For example, while the watch type device 100 is
gripped by ahand, a black screen or an ambient screen may be
displayed on the display unit 151 of the watch type device
100. In the black screen, as a screen off state, power is not
supplied to a screen. In the ambient screen, as a screen on
state, power lower than the power of the power supply unit
190 is supplied to the display unit 151, so that power con-
sumption may be reduced.

[0324] In such a way, when the watch type device 100 is
gripped by a hand, a black screen in a screen off state is
displayed or an ambient screen in an on state is displayed
while power lower than the power of the power supply unit
190 is supplied so that power consumption may be reduced.
[0325] As another example, when the watch type device
100 is gripped by a hand, an ambient screen including simple
notification information may be displayed on the display unit
151 of the watch type device 100. Accordingly, a user may
check simple notification information by gripping the watch
type device 100 without wearing it by a wrist.

[0326] The simple notification information may include
numbers, characters, images, or icons representing text mes-
sage notification, SNS notification, e-mail notification, and so
on. The simple notification information does not include
detailed information of each notification, for example, when,
who, and what content. In order to view detailed information
of each notification, after simple notification information is
displayed, an additional event (or gesture) is performed or an
authentication process is performed.

[0327] Inbrief, the watch type device 100 may determine a
first mode (for example, not-wearing), a second mode (for
example, wrist wearing), and a third mode (for example, hand
gripping) by using the acceleration sensor 143 and the heart-
beat sensor 144 and may execute a function in the determined
mode.

[0328] Forexample, ablack screen may be displayed onthe
display unit 151 in the first mode.

[0329] For example, a black screen or an ambient screen
may be displayed on the display unit 151 in the third mode.

[0330] For example, a standby screen instead of a black
screen or an ambient screen may be displayed on the display
unit 151 in the second mode. The standby screen may include
an analog watch screen, a digital watch screen, and a home
screen including a plurality of icons.

[0331] Hereinafter, wearing detection shown in FIG. 15 is
described in detail.

[0332] FIG. 17 is a flowchart illustrating a method of
detecting a not-wearing state of the watch type device of FIG.
15 according to an embodiment of the present invention. FIG.
17 is aview embodying operations S301 and S303 of FIG. 15.
[0333] Referring to FIG. 17, the control unit 180 of the
watch type device 100 checks whether the RMD signal out-
putted from the acceleration sensor 143 is “0” and the AMD
signal is “0” in operation S315. When the RMD signal is “0”
and the AMD signal is “0”, the control unit 180 of the watch
type device 100 determines it as not-wearing (that is, the first
mode) in operation S317 and executes a function in the first
mode in operation S319.

[0334] In determining a not-wearing state, the heartbeat
sensor 144 may not be used. That is, a not-wearing state may
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be determined by using only the acceleration sensor 143
without using the heartbeat sensor 144.

[0335] Forexample, a black screen shown in FIG. 16 A may
be displayed on the display unit 151 in the first mode.
[0336] FIG. 18 is a flowchart illustrating a method of
detecting a wearing state of the watch type device of FIG. 15
according to an embodiment of the present invention.

[0337] FIG. 18 is a view embodying operations S305 to
S311 of FIG. 15.

[0338] Referring to FIG. 18, the control unit 180 of the
watch type device 100 checks whether the RMD signal out-
putted from the acceleration sensor 143 is “1”” and the AMD
signal is “1”.

[0339] As mentioned above, when the RMD signal is “17,
since the AMD signal is always “1”, the control unit 180 of the
watch type device 100 may not be necessary to check whether
the AMD signal is “0” or “1” and may only check whether the
RMD signal is “1”.

[0340] Then, the control unit 180 of the watch type device
100 checks whether the RMD signal of “1” and the AMD
signal of “1”” are maintained for more than 4 sec in operation
S321. Herein, 4 sec is one exemplary threshold value for
convenience of description and such a threshold value may
vary according to a manufacturer or a user.

[0341] When the RMD signal of “1” and the AMD signal of
“1”” are maintained for more than 4 sec, the control unit 180 of
the watch type device 100 determines it as a wearing state (for
example, a second or third mode) in operation S323.

[0342] Herein, the second mode may mean a state where
the watch type device 100 is worn on a user’s wrist and the
third mode may mean a state where the watch type device 100
is gripped by a user’s hand.

[0343] As mentioned above, only a wearing state and a
not-wearing state may be determined by the RMD signal and
the AMD signal outputted from the acceleration sensor 143.
[0344] Accordingly, in order to distinguish wrist wearing
from hand gripping during wearing, the heartbeat sensor 114
may be used.

[0345] That is, the control unit 180 of the watch type device
100 performs a control on the heartbeat sensor 144 in order to
generate a touch interrupt signal from the heartbeat sensor
144 in operation S325.

[0346] The heartbeat sensor 144 may prevent a crosstalk
phenomenon as shown in FIGS. 6 to 13 in order to improve
reliability.

[0347] The control unit 180 of the watch type device 100
calculates a signal variation and a bias from the generated
touch interrupt signal in operation S327.

[0348] The signal variation may represent a waveform vari-
able width of a touch interrupt signal and the bias may rep-
resent an average value of touch interrupt signals but the
present invention is not limited thereto.

[0349] The control unit 180 of the watch type device 100
checks whether the calculated signal variation exceeds a pre-
determined setting range and the calculated bias is greater
than a predetermined setting value in operation S329.
[0350] Herein, the predetermined setting range and the set-
ting value may respectively correspond to the signal variation
and the bias of the first touch interrupt signal PPG1 shown in
FIG. 14.

[0351] When the calculated signal variation exceeds the
predetermined setting range and the calculated bias is greater
than the predetermined setting value, that is, they correspond
to the second touch interrupt signal PPG2 shown in FIG. 14,
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the control unit 180 of the watch type device 100 determines
it as hand gripping (that is, the third mode) in operation S335
and executes a function in the third mode in operation S337.
[0352] Forexample, the black screen shown in FIG. 16A or
an ambient screen may be displayed on the display unit 151 in
the third mode. The ambient screen may have a lower bright-
ness than the standby screen in order to reduce power con-
sumption.

[0353] When the calculated signal variation is within the
predetermined setting range and the calculated bias is the
predetermined setting value, the control unit 180 of the watch
type device 100 determines it as wrist wearing (that is, the
second mode) in operation S331 and executes a function in
the second mode in operation S333.

[0354] For example, in the second mode, the analog watch
screen (see FIG. 16B), the digital watch screen (see FIG.
16C), or a standby screen such as a home screen may be
displayed on the display unit 151.

[0355] As another example, a signal variation and a bias of
the first touch interrupt signal PPG1 shown in FIG. 14 are
stored as first setting information and a signal variation and a
bias of the second touch interrupt signal PPG2 shown in FIG.
14 are stored as second setting information. In such a case, it
is checked that to which one of the first setting information
and the second setting information the signal variation and the
bias calculated in operation S327 correspond. If they corre-
spond to the first setting information, it is determined as wrist
wearing (for example, the second mode) and if they corre-
spond to the second setting information, it is determined as
hand gripping (for example, the third mode).

[0356] Moreover, a green light emitting device used as the
light emitting unit 225 may be provided to the heartbeat
sensor 144. As the heartbeat sensor 144 always operates and
thus the green light emitting device flashes, this causes dis-
ruption to users or other people and a waste of power occurs.
[0357] Accordingly, it is desirable that the heartbeat sensor
144 operates only when it contacts a user’s wrist or hand.
[0358] A method of reducing power consumption without
disturbing users or other people by operating the heartbeat
sensor 144 in a specified situation is described with reference
to FIG. 19.

[0359] FIG. 19 is a flowchart illustrating a method of oper-
ating the heartbeat sensor 144 depending on whether a watch
type device is worn according to an embodiment of the
present invention.

[0360] Referring to FIG. 19, the control unit 180 of the
watch type device 100 checks whether the RMD signal out-
putted from the acceleration sensor 143 is “1” in operation
S341.

[0361] Ifthe RMD signalisnot“1”,thatis, the RMD signal
is “0”, the control unit 180 of the watch type device 100
checks whether the AMD signal is “0” in operation S349.
[0362] Ifthe AMD signalis “0”, the control unit 180 of the
watch type device 100 determines it as not-wearing (that is,
the first mode) in operation S351 and turns off both the light
emitting unit 225 and the light receiving unit 227 of the
heartbeat sensor 144 in operation S353. Accordingly, since
power is not applied to both the light emitting unit 225 and the
light receiving unit 227 of the heartbeat sensor 144, green
light is not generated from the light emitting unit 225 and the
light receiving unit 227 may not receive light.

[0363] When the AMD signal is “17, the control unit 180 of
the watch type device 100 checks whether the AMD signal of
“1” is maintained for more than 4 sec in operation S343.
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Herein, 4 sec is one exemplary threshold value for conve-
nience of description and such a threshold value may vary
according to a manufacturer or a user.

[0364] Ifthe AMD signal of“1”is maintained for more than
4 sec, the control unit 180 of the watch type device 100
determines it as wearing (that is, the second or third mode) in
operation S345 and activates the heartbeat sensor 144 to turn
on both the light emitting unit 225 and the light receiving unit
227 of the heartbeat sensor 144 in operation S347. Accord-
ingly, since power is applied to both the light emitting unit
225 and the light receiving unit 227 of the heartbeat sensor
144, green light is generated from the light emitting unit 225
and the light receiving unit 227 receives light so that when a
user’s hand or wrist contacts the heartbeat sensor 144, a touch
interrupt signal may be generated from the heartbeat sensor
144.

[0365] Accordingly, in a not-wearing state, the heartbeat
sensor 144 does not operate so that it is prevented that light is
generated unnecessarily to disturb users or surrounding users
and power is wasted.

[0366] A function that is currently executed in the second
mode (or wrist wearing) or the third mode (or hand gripping)
may change into another function execution by a gesture of
the watch type device 100, for example, a tilt gesture. The tilt
gesture may be a rotation movement clockwise or counter-
clockwise or may be a horizontal movement in a horizontal
direction or a vertical direction.

[0367] For example, when the watch type device 100 is
worn on a user’s wrist, the analog watch screen (see FIG.
16B) may be displayed. In such a case, as shown in FIG. 20A,
when a tilt gesture for the watch type device 100 is inputted,
an analog watch screen is changed into a home screen includ-
ing a plurality of icons and displayed.

[0368] For example, when the watch type device 100 is
gripped by auser’s hand, the black screen (see FIG. 16A) may
be displayed. In such a case, as shown in FIG. 20B, when a tilt
gesture for the watch type device 100 is inputted, the current
screen may be changed into a standby screen such as the
analog watch screen (see FIG. 16B), the digital watch screen
(see FIG. 16C), or ahome screen including a plurality oficons
and displayed.

[0369] Each time a tilt gesture is inputted, the standby
screen may be changed into a predetermined function. For
example, when a first tilt gesture is inputted, the most recently
received phone number is displayed and when a second tilt
gesture is inputted, a call signal is transmitted to the displayed
phone number so that it is possible to make a call with the
other party of the phone number.

[0370] FIG. 21 is a flowchart illustrating a lock releasing
method depending on whether a watch type device is worn
according to an embodiment of the present invention.

[0371] Referring to FIG. 21, the control unit 180 of the
watch type device 100 checks whether the watch type device
100 is worn on a wrist in operation S361.

[0372] As mentioned above, when the RMD signal output-
ted from the acceleration sensor 143 is “17, it is determined
that the watch type device 100 is worn and in more detail, the
heartbeat sensor 144 may operate in order to determine
whether the watch type device 100 is gripped by a hand or
worn on a wrist. By comparing a touch interrupt signal gen-
erated from the heartbeat sensor 144 with predetermined
setting information, it is determined whether the watch type
device 100 is worn on a wrist.
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[0373] When it is determined as wrist wearing, the control
unit 180 of the watch type device 100 checks a lock state in
operation S363.

[0374] When the watch type device 100 is not lock-released
at least once after it is worn on a wrist, the control unit 180 of
the watch type device 100 may maintain a lock state. In such
a case, the control unit 180 of the watch type device 100
executes a lock state mode to display a lock screen on the
display unit 151.

[0375] When a lock release command is inputted from a
user, the watch type device 100 executes lock release to
display a standby screen on the display unit 151 in operation
S365. The standby screen may include an analog watch
screen, a digital watch screen, or a home screen including a
plurality of icons.

[0376] As one example, when knock code inputted on a
lock screen corresponds to predetermined knock code, a lock
state may change into a lock release state.

[0377] As another example, a touch interrupt signal of the
heartbeat sensor 144, which is measured from a user’s wrist,
corresponds to a predetermined touch interrupt signal, a lock
state may change into a lock release state.

[0378] Ifalockreleaseis failed predetermined times, a lock
screen may be no longer displayed and an input screen for
inputting pin code may be displayed. A pin code for lock
release is set in advance and when a pin code corresponding
to a predetermined pin code is inputted from a user through
the input screen, lock may be released.

[0379] The control unit 180 of the watch type device 100
checks whether wrist wearing is released in operation S367.
[0380] For example, when the AMD signal outputted from
the acceleration sensor 143 is “0” or when a touch interrupt
signal having a signal variation and a bias is not generated
from the heartbeat sensor 144, the control unit 180 of the
watch type device 100 may recognize that wrist wearing is
released.

[0381] When wrist wearing is released, the control unit 180
of the watch type device 100 may change a lock release state
into a lock state in operation S369. When wrist wearing is
released, every time a screen is turned on, a lock screen may
be displayed on the display unit 151. As wrist wearing is
released, even if a lock state is released on a lock screen, if a
screen is turned on again after turned off, the lock screen may
be displayed.

[0382] As shown in FIG. 21, a lock release method may
vary according to a not-wearing state and a wearing state.

TABLE 2
Wearing Not-wearing
Lock state --> release state Knock code Knock code

Move to ambient mode
or sleep mode

Lock release state --> lock state  N/A

[0383] As shown in Table 2, a lock state may change into a
lock release state by using a knock code during both wearing
and not-wearing.

[0384] Iflock is released once while wearing, even when a
standby screen is changed into a black screen or an ambient
screen with less power consumption, it does not change into
a lock state after one time lock release.

[0385] For example, a knock code command is inputted on
an ambient screen in a lock state during wearing, a lock state
is changed into a lock release state and lock is released. As
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shown in FIG. 16B, an ambient screen may be changed into a
standby screen such as a watch screen and is displayed. Since
the brightness of a standby screen is higher than that of an
ambient screen, power consumption in the standby screen is
greater than that in the ambient screen.

[0386] As shown in FIG. 22A, after a predetermined time
elapses, if no gesture is inputted to a standby screen that is
lock-released by using a knock code, as shown in FIG. 22B, a
standby screen for reducing power consumption may be
changed into an ambient screen. At this point, the ambient
screen may be in a lock release state instead of a lock state. In
such a case, when a double tap for the ambient screen is
inputted, as shown in FIG. 16B, the ambient screen is imme-
diately changed into a standby screen and displayed. In such
amanner, a function that lock is released according to an input
of a double tap gesture is referred to as a knock on function.
[0387] On the other hand, even when lock is released once
during not-wearing, if a standby screen is changed into a
black screen or an ambient screen, it is changed into a lock
state so that lock release may be performed by using a knock
code again.

[0388] On the other hand, a detection amount of a touch
interrupt signal of the heartbeat sensor 144 varies according
to a user’s color skin.

[0389] As shown in FIG. 23, in comparison to the white
people 505 or the yellow people 501, it shows that a detection
amount of a touch interrupt signal of the black people 503 is
significantly low. This is because a significant amount of light
from a light emitting device of the heartbeat sensor 144 is
absorbed by the skin of the black people 503.

[0390] In such a case, on the basis of the same threshold
value, in the case of the white people 505, a detection amount
of a touch interrupt signal exceeds a threshold value and this
is determined as wearing but in the case of the black people
503, a detection amount of a touch interrupt signal is less than
a threshold value and this is determined as not-wearing. As a
result, heartbeat measurement errors may occur.

[0391] A method of accurately measuring a touch interrupt
signal regardless of a user’s skin color is described.

[0392] FIG. 24 is a flowchart illustrating a heartbeat mea-
surement method according to a skin in a watch type device
according to an embodiment of the present invention.
[0393] Referring to FIG. 24, the control unit 180 of the
watch type device 100 performs a control on the heartbeat
sensor 144 in order to detect a sample signal from the heart-
beat sensor 144 in operation S371. The sample signal may be
a plurality of pulse lights that are periodically emitted from
the light emitting unit 225 of the heartbeat sensor 144. For
example, first to third pulse lights are generated periodically
from the light emitting unit 225 and are reflected by a user’s
skin to be detected as first to third sample signals by the light
receiving unit 227.

[0394] The control unit 180 of the watch type device 100
calculates a detection amount of a sample signal and checks
whether the detection amount is greater than a threshold value
in operation S373. The threshold value may be set by auser or
a manufacturer.

[0395] Ifthe detection amount of a sample signal is greater
than the threshold value, the control unit 180 of the watch type
device 100 recognizes that there is no error in a detection
capability of the heartbeat sensor 144 and thus performs a
control on the heartbeat sensor 144 to measure a touch inter-
rupt signal in operation S375.
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[0396] If the detection amount is less than the threshold
value, the control unit 180 of the watch type device 100
performs a control on the heartbeat sensor 144 to increase a
driving current of the light emitting unit 225 included in the
heartbeat sensor 144 in operation S377. That is, the control
unit 180 of the watch type device 100 increases a driving
current of the light emitting unit 225 by increasing the power
applied to the light emitting unit 225 included in the heartbeat
sensor 144. Accordingly, the amount of light generated from
the light emitting unit 225 may be increased. The increased
amount of light may be reflected by auser’s skin and detected
as a sample signal by the light receiving unit 227. If the
detection amount of a sample signal is less than a threshold
value, the method proceeds to operation S377 so that a driving
current of the light emitting unit 225 may be increased. Such
an operation may be repeated until the detection amount of a
sample signal becomes greater than a threshold value.
[0397] Hereinafter, various user interfaces using the accel-
eration sensor 143 and the heartbeat sensor 144 are described.
[0398] FIG. 25 s a screen view according a detailed setting
of wearing detection.

[0399] As shown in FIG. 25A, a wrist wearing detection
and a hand wearing detection may be displayed on a setting
screen and a selection command for one of them may be
inputted.

[0400] If a selection command for wrist wearing detection
is inputted, as shown in FIG. 25B, tilt and no tilt may be
displayed and a selection command for one of them may be
inputted.

[0401] Ifaselection command for tilt is inputted, as shown
in FIG. 25C, time, message, or pedometer may be displayed
and a selection command for one of them may be inputted.
[0402] Accordingly, as shown in FIG. 25D, a screen
according to tilt or no tilt in the wrist wearing detection or the
hand wearing detection may be set.

[0403] For example, when the wrist wearing detection, the
tilt, and the time are selected and set, as a tilt gesture is
inputted in a state of wearing the watch type device 100 on a
wrist, a screen having a watch may be displayed on the dis-
play unit 151 of the watch type device 100.

[0404] When a selection command for no tilt is inputted, a
screen according to no tilt in the wrist wearing detection may
be set.

[0405] Insuch a case, when wrist wearing is detected, even
if no tilt gesture is inputted, a predetermined screen, for
example, an analog watch screen, may be displayed on the
display unit 151.

[0406] FIG. 26 is a screen view illustrating a message
checking method in a hand gripping state.

[0407] In a not-wearing state, when a screen of the watch
type device 100 is turned on, for example, an analog watch
screen may be displayed.

[0408] When the watch type device 100 is gripped by a
hand, an analog watch screen may be displayed.

[0409] In such a case, if there is a missed message, a text
notification “missed message” may be displayed on the dis-
play unit 151.

[0410] In such a case, if a tilt gesture for the watch type
device 100 is inputted as shown in FIG. 264 in a state where
the watch type device 100 is gripped by a user’s hand, source
information of a missed message may be displayed. The
source information may include numbers, characters, images,
or icons representing text message, SNS, e-mail, and so on.
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[0411] As another example, while the screen of the watch
type device 100 is displayed as a black screen in a not-
wearing state, if a user grips the watch type device 100, this is
recognized so that the screen of the watch type device 100
may be changed from the black screen into an analog screen.
At this point, since source information of a missed message in
addition to the analog screen may be displayed, a tilt gesture
is not required.

[0412] As shown in FIG. 26B, when a knock code com-
mand is inputted on a screen, as shown in FIG. 26C, detailed
content of the source may be displayed.

[0413] A knock code refers to a technique for dividing a
screen into a plurality of areas and matching each area with a
number in order to release a lock state with a number combi-
nation corresponding to an area that a user selects.

[0414] For example, when three source information is dis-
played, ifa knock code command is inputted, detailed content
of first received source information among the three source
information is displayed and each time a tilt gesture is input-
ted, detailed content of the next received source information
may be displayed.

[0415] As another example, without displaying source
information of a missed message by an input of a tilt gesture,
detailed information of a missed message may be displayed
by an input of a knock code command for a standby screen.

[0416] FIG. 27 is a screen view illustrating a message
checking method in a wrist wearing state.

[0417] Tt is assumed that the message checking method of
FIG. 27 relates a case that lock is released once in a wrist
wearing state.

[0418] AsshowninFIG.27A, if there is no specific gesture
for a predetermined time after lock is released once in a state
where the watch type device 100 is worn on a wrist, a standby
screen may be changed into an ambient screen and displayed.
Since the background of an ambient screen has a lower gray-
scale brightness than the background of a standby screen,
power consumption may be reduced further in the ambient
screen than the standby screen. Both the ambient screen and
the standby screen may include an analog watch.

[0419] As shown in FIG. 275, when a tilt gesture for the
watch type device 100 is inputted, an ambient screen is
changed into a standby screen and displayed. Furthermore,
specific information may be displayed on the changed
standby screen. The specific information may be provided
from a specific content provider but the present invention is
not limited thereto. For example, the specific information
may include travel information and shopping mall informa-
tion.

[0420] As shown in FIG. 27C, as the heartbeat sensor 144
operates, a heartbeat signal may be detected and user authen-
tication may be performed by the heartbeat signal. In such a
case, entire content of specific information may be displayed
on a screen.

[0421] When user authentication using a heartbeat signal is
successful, as shown in FIG. 27D, detailed content of specific
information may be displayed.

[0422] FIG. 28 is a screen view illustrating a setting screen
displaying method in a wearing state.

[0423] In a not-wearing state, a black screen may be dis-
played on the display unit 151 (see FIG. 16A). The not-
wearing state may be a state where the watch type device 100
is disposed in a specific place.

[0424] When a not-wearing state becomes a wearing state,
a black screen may be changed into a standby screen and
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displayed. In such a case, since power is not supplied to the
display unit 151, power consumption does not occur.

[0425] Although a standby screen including hands, dials,
and a background is shown in the drawing, the present inven-
tion is not limited thereto.

[0426] Inorder forauser to seta specific function, when tap
or flick touch is inputted for a specific area of a standby
screen, for example, hands, dials, and a background, as shown
in FIG. 28, the standby screen may be changed into a setting
screen and displayed. For example, flick touch may be input-
ted from the 12 o’clock dial to the center area of the standby
screen but the present invention is not limited thereto.
[0427] A specific function may be set by using heat, con-
nectivity, and security included on the setting screen.

[0428] FIG. 29 is a screen view illustrating a method of
setting heat displayed on a setting screen in a wearing state.

[0429] In a wearing state, a standby screen may be dis-
played.
[0430] Insuch a case, when tap or flick touch for a specific

area of a standby screen is inputted from a user, as shown in
FIG. 29A, a setting screen including heat, security, and con-
nectivity may be displayed. For example, flick touch may be
inputted from the 12 o’clock dial to the center area of the
standby screen but the present invention is not limited thereto.
[0431] Whenaselection command forheat is inputted from
a user, as shown in FIG. 29B, a heat user interface (heat UI)
and a heat control may be displayed.

[0432] The heat Ul may relates to a method of controlling
heat by using a UI and the heat control may relate to a method
of controlling heat systematically.

[0433] Low temperature burns have become an issue
recently. Low temperature burns refer to burns occurring
when a user is exposed to more than a warm temperature for
a long time instead of a high temperature causing a pain to a
user. Especially, in comparison to high temperature burns,
low temperature burns cause burns further deep inside a skin
and are more dangerous than high temperature burns.
[0434] Asshown in FIG. 30, the heating temperature of the
rear of the watch type device 100 is higher than that of the
front. The heating temperature of the rear is drastically
increased as the watch type device 100 operates, and then
exceeds 40° C. after 30 min.

[0435] Accordingly, if a useris exposed for a long time at a
heating temperature of more than 40° C., a user is most likely
to be damaged by low temperature burns.

[0436] FIG. 31 is a screen view illustrating a pop-up mes-
sage notifying method according to heating temperature.
[0437] When the watch type device 100 is in a not-wearing
state and its heating temperature is greater than a predeter-
mined heating temperature, for example, 40° C., one of a
charging stop message, a power off alarm message, and a
power off message may be displayed.

[0438] On the other hand, as shown in FIG. 31A, when the
watch type device 100 is in a wearing state and its heating
temperature is greater than a predetermined heating tempera-
ture, for example, 40° C., as shown in FIG. 31B, a heat alarm
message may be displayed.

[0439] If the watch type device 100 is in a wearing state
continuously, a guide message “low temperature burns may
occur if keeping an existing state continuously” may be dis-
played.

[0440] As another example, when a drag touch to a specific
direction is inputted for the heat alarm message shown in FIG.
31B, a guide message may be displayed.

58



US 2016/0103985 A1l

[0441] When the watchtype device 100 is in a wearing state
continuously, one of a charging stop message, a power off
alarm message, and a power off message may be displayed.
[0442] Moreover, when a selection command for heat Ul is
inputted (see FIG. 29B), a background color and a circle
indicator may be displayed.

[0443] If a selection command for a background color is
inputted in order to set the background color, as shown in FIG.
32, a different background color may be displayed according
to a heating temperature.

[0444] For example, as shown in FIG. 31 A, when a heating
temperature of the watch type device 100 is less than a pre-
determined heating temperature, for example, 35° C., the
background of a screen displayed on the display unit 151 may
have white color or black color 520.

[0445] When a heating temperature of the watch type
device 100 is increased and is greater than 35° C. and less than
45° C., as shown in FIG. 32B, the background of the screen
may be changed from white color or black color 520 to yellow
color 522 and displayed.

[0446] When a heating temperature of the watch type
device 100 is increased and is greater than 45° C., as shown in
FIG. 32C, the background of the screen may be changed from
yellow color 522 to red color 524 and displayed.

[0447] When a screen having a background of red 524 is
displayed, it may give a warning to a user by sound or vibra-
tion.

[0448] Herein, 35° C. is a first setting heating temperature
and 45° C. is a second setting heating temperature. 35° C. and
45° C. are just examples and such a setting heating tempera-
ture may vary according to a user or a manufacturer.

[0449] If a selection command for a circle indicator is
inputted in order to set the circle indicator (see FIG. 29), as
shown in FIG. 33, a different background color may be dis-
played according to a heating temperature.

[0450] For example, as shown in FIG. 33 A, when a heating
temperature of the watch type device 100 is less than a pre-
determined heating temperature, for example, 35° C., no indi-
cator is displayed at the frame of a screen displayed on the
display unit 151.

[0451] When a heating temperature of the watch type
device 100 is increased and is greater than 35° C. and less than
45° C., as shown in FIG. 33B, at least one indicator 526,
which is spaced apart from each other along the frame of a
screen and has yellow color, may be displayed. At least one
indicator 526 may have yellow color.

[0452] When a heating temperature of the watch type
device 100 is increased and is greater than 45° C., as shown in
FIG. 33C, at least one indicator 528, which is spaced apart
from each other along the frame of a screen and has red color,
may be displayed.

[0453] That is, while an indicator is not displayed on a
screen, if a heating temperature of the watch type device 100
is greater than 35° C., an indicator 526 with yellow color may
be displayed and if a heating temperature of the watch type
device 100 is greater than 45° C., an indicator 528 of which
color is changed from yellow to red may be displayed.
[0454] When a screen having a red indicator 528 is dis-
played, it may give a warning to a user by sound or vibration.
[0455] FIG. 34 is a screen view illustrating a method of
lowering a heating temperature according to a heat control set
in FIG. 29.

[0456] When a screen having the red indicator 528 by a
heating temperature of more than 45° C. is displayed, as
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shown in FIGS. 34A and 34B, a setting for lowering such a
heating temperature may be required.

[0457] Forexample, when a drag touch is inputted from the
red indicator 528 to the center area of a screen (see FIG. 33C),
as shown in FIG. 34A, a plurality of applications Application
1 and Application 2 and a system setting may be displayed.

[0458] If a selection command for system setting is input-
ted, as shown in FIG. 34B, Wi-Fi, Bluetooth, and Brightness
may be displayed. According to an additional input of a
selection command of a user, Wi-Fi and Bluetooth may be set
to be activated (or ON) or deactivated (or OFF) or a level of
brightness may be changed into a low level.

[0459] Moreover, when a selection command for a specific
application (for example, Application 1) is inputted, a win-
dow for checking the deletion of the specific application may
be displayed. When a selection command for the deletion is
inputted, the specific application may be deleted.

[0460] FIG. 35 is a screen view illustrating a method of
setting security displayed on a setting screen in a wearing
state.

[0461] When a selection command for security is inputted
from a user (see FIG. 28), as shown in FIG. 35, Knock code
and Knock ON may be displayed.

[0462] As mentioned above, Knock code refers to a tech-
nique for dividing a screen into a plurality of areas and match-
ing each area with a number in order to release a lock state
with a number combination corresponding to an area that a
user selects.

[0463] Knock ON refers to a gesture of knocking a screen
twice.
[0464] FIG. 36 is a screen view illustrating a subsequent

setting method when Knock On is selected in FIG. 35.

[0465] When a selection command for Knock ON is input-
ted (see FIG. 35), as shown in F1G. 36, a window for checking
whether to turn off a lock screen when a wearing state is
maintained may be displayed.

[0466] Ifitis set to turn off a lock screen, as the watch type
device 100 is worn and lock is released once, after that, a
predetermined specific screen may be displayed immediately
without an additional lock release process. The specific
screen may be an ambient screen or a standby screen.

[0467] This is described in more detail with reference to
FIG. 37.
[0468] FIG.37is a flowchart illustrating a screen activating

method and a lock releasing method according to wearing.

[0469] Referring to FIG. 37, the control unit 180 of the
watch type device 100 checks whether the watch type device
100 is worn in operation S381. Herein, the wearing refers to
wearing the watch type device 100 by a wrist instead of
gripping the watch type device 100 by a hand.

[0470] Ifit is determined that the watch type device 100 is
in a not-wearing state, the control unit 180 of the watch type
device 100 displays a black screen on the display unit 151 in
operation S382.

[0471] Inrelation to the black screen, power is not applied
to the display unit 151 and thus power is not consumed.

[0472] When a Knock ON function is executed on a black
screen in order to switch to an ambient screen or a standby
screen, that is, double tap for the black screen is inputted, a
lock screen may be displayed on a watch screen in operation
S383. A lock pattern 530 may be displayed on the lock screen.
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[0473] Once a gesture for lock release is inputted from a
user, if the inputted gesture corresponds to a predetermined
pattern, lock is released so that an ambient screen or a standby
screen may be displayed.

[0474] Ifit is determined that the watch type device 100 is
in a wearing state, the control unit 180 of the watch type
device 100 displays a black screen on the display unit 151 in
operation S384.

[0475] When a Knock ON function is executed on a black
screen in order to switch to an ambient screen or a standby
screen, that is, double tap for the black screen is inputted, the
control unit 180 of the watch type device 100 checks whether
there is a lock release event of at least one time previously in
a wearing state in operation S385.

[0476] 1If there is a lock release event of at least one time
previously in a wearing state on the basis of a check result,
without an additional lock release process, a watch screen and
a home screen including icons on the watch screen may be
displayed to overlap each other in operation S386. At this
point, icons of a home screen may be changed from a trans-
parent state into an opaque state.

[0477] Ifaselectioncommand forahome screen is inputted
by a user, a watch screen may disappear and only the home
screen may be displayed. For example, a selection command
for a home screen may be a tilt gesture but the present inven-
tion is not limited thereto.

[0478] 1If there is no lock release event of at least one time
previously in a wearing state, a lock screen having a lock
pattern 530 may be displayed on a watch screen in operation
S387.

[0479] Once a gesture for lock release is inputted from a
user, if the inputted gesture corresponds to a predetermined
pattern, lock is released so that an ambient screen or a standby
screen may be displayed.

[0480] Although not shown in the drawing, a user authen-
tication by a heartbeat signal using the heartbeat sensor 144
may be used.

[0481] Forexample, iflock has been released before, a user
authentication by a heartbeat signal may be used instead of
double tap. User authentication may take about 3 sec. When
double tap is inputted during user authentication, regardless
of whether the user authentication is successful, an ambient
screen or a standby screen may be displayed immediately.
[0482] Asanother example, if lock is never released before,
a lock release using a user authentication by heartbeat signal
and a lock pattern may be used. In such a case, the user
authentication by heartbeat signal may be performed before
double tap is inputted or may be performed together when
double tap is inputted but the present invention is not limited
thereto.

[0483] A method of displaying a standby screen by lock
release during not-wearing is described with reference to
FIG. 37.

[0484] Referring to FIG. 37, when the watch type device
100 is not worn by a user (that is, not-wearing), if a double tap
(for example, knock on) for a black screen in operation S382
is inputted, a lock screen having a lock pattern 530 in opera-
tion S383 may be displayed.

[0485] When alock release command using lock pattern is
inputted, a home screen including a plurality of icons 532
may be displayed as a standby screen. Instead of the home
screen, an analog watch screen or a digital watch screen may
be displayed.
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[0486] Accordingly, a black screen where no power is
applied by a touch tap input and a lock release may be
changed into an activated standby screen.

[0487] If a predetermined time elapses, the displayed
standby screen may be chanted into a black screen and dis-
played.

[0488] In such a case, in order to change to the standby
screen again, a double tap input process in operation S382 and
a lock release process in operation S383 need to be per-
formed.

[0489] That is, each time a standby screen is changed into a
black screen during not-wearing, in order to change the
changed black screen into the standby screen, a lock release
process needs to be performed each time.

[0490] When a user does not have the watch type device
100 in the user’s hand during not-wearing, this makes secu-
rity vulnerable. Therefore, by displaying a standby screen
each time through lock release, the security during not-wear-
ing may be enhanced.

[0491] Hereinafter, a method of displaying a standby
screen by first lock release during wearing is described with
reference to FIG. 37.

[0492] Referring to FIG. 37, when the watch type device
100 is worn by a user, that is, when it is worn on a wrist or
gripped by a hand, a black screen may be displayed on the
display unit 151 in operations S381 and S384.

[0493] When double tap for a black screen displayed in
operation S384 is inputted, a lock screen having a lock pattern
in operation S387 may be displayed.

[0494] When alock release command using lock pattern is
inputted, an analog watch screen may be displayed as a
standby screen. Instead of the analog watch screen, a digital
watch screen or a home screen may be displayed.

[0495] Although not shown in the drawing, when the watch
type device 100 is worn by a user, that is, when it is worn on
a wrist or gripped by a hand, instead of the black screen in
operation S384, the lock screen in operation S387 may be
immediately displayed. Accordingly, a double tap input pro-
cess for activating the black screen as the standby screen may
be omitted.

[0496] Although not shown in the drawing, user authenti-
cation by a heartbeat signal using the heartbeat sensor 144
may be performed before double tap input or may be per-
formed simultaneously with double tap input. In such a way,
as user authentication using the heartbeat sensor 144 is added,
the security may be further enhanced.

[0497] As above, during a first lock release, a lock may be
released by using a lock pattern on a lock screen.

[0498] Hereinafter, a method of displaying a standby
screen by after first lock release during wearing is described
with reference to FIG. 37.

[0499] If a predetermined time elapses, an analog watch
screen that is lock-released first and displayed is changed into
a black screen for reducing power consumption and dis-
played.

[0500] Insuch acase, when double tap for a black screen is
inputted, an analog watch screen may be displayed as a
standby screen.

[0501] That is, if lock is released at least once during wear-
ing, without a lock releasing process after that, each time
double tap is inputted from a user, a black screen may be
changed into a standby screen at any time. Accordingly, the
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trouble of releasing the lock each time a black screen is
changed into a standby screen during wearing may be elimi-
nated.

[0502] FIG. 38 is another flowchart illustrating a screen
activating method and a lock releasing method according to
wearing.

[0503] Referring to FIG. 38, unlike FIG. 37, a method of
releasing a lock by using knock code instead of a lock screen
in operation S383 is described.

[0504] In a not-wearing state, a black screen having a dis-
played knock code area 557 may be displayed on the display
unit 151 in operation S388.

[0505] A standby screen such as a home screen may be
displayed in operation S389 through lock release by using a
plurality of knock code areas 557 that are virtually allocated
on the black screen.

[0506] Although lock is released using knock code and a
standby screen is displayed, after a predetermined time
elapses, the standby screen may be changed into a black
screen or an ambient screen again and also a lock release state
may be changed into a lock state. Accordingly, in order for
lock release again, a lock release process using knock code
needs to be performed.

[0507] TItisillustrated that a knock code area is visible to the
naked eye but actually, it is not visible to the naked eye.
Accordingly, a user may release a lock by touching a black
screen in the order that a user presets.

[0508] Instead of the home screen, an analog watch screen,
a digital watch screen, or another type of a standby screen
may be displayed.

[0509] FIG. 39 is a screen view illustrating a method of
releasing lock by using a heartbeat signal.

[0510] As shown in FIG. 39A, when a black screen 532 is
displayed, if a user’s hand or wrist contacts the heartbeat
sensor 144 of the watch type device 100, a heartbeat signal
may be generated from the heartbeat sensor 144.

[0511] The generated heartbeat signal 536 may be dis-
played at the frame of the black screen 532. That is, when
recognizing the contact of a user’s hand or wrist, the control
unit 180 of the watch type device 100 may perform a control
to operate the heartbeat sensor 144. In such a way, when
recognizing the contact of a user’s hand or wrist, the control
unit 180 of the watch type device 100 allocates the frame of
the black screen 532 as the heartbeat display area 534. The
generated heartbeat signal 536 may be displayed on the allo-
cated heartbeat display area 534.

[0512] When the generated heartbeat signal 536 is within a
predetermined range, the control unit 180 of the watch type
device 100 releases a lock, and changes the black screen 532
into a standby screen and displays it.

[0513] The predetermined range may vary according to
each user. Accordingly, a setting range that a user of the watch
type device 100 registers previously may be the unique iden-
tifier of the user of the watch type device 100.

[0514] If the generated heartbeat signal 536 is out of a
predetermined range (see FIG. 39B) or no heartbeat signal is
displayed in the heartbeat display area 534 because no heart-
beat signal is generated, lock is not released.

[0515] Moreover, when a selection command for security is
inputted (see FIG. 28), knock code or knock on may be
displayed.

[0516] When a selection command for knock code is input-
ted, a knock code gesture may be displayed.
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[0517] Itmay be set to activate a knock code gesture by an
ON selection command for the knock code gesture.

[0518] A method of utilizing a knock code gesture is
described with reference to FIG. 40.

[0519] FIG. 40 is a screen view illustrating a method of
utilizing a knock code gesture.

[0520] As shown in FIG. 40qa, a plurality of gesture bars
541, 543, 545, and 547 may be displayed at the frame of the
screen 540.

[0521] For example, when touch and drag from the first
gesture bar 541 toward the center of the screen 540 is inputted
from a user, an internet browser application is executed so that
a predetermined webpage may be displayed on the display
unit 151.

[0522] As shown in FIG. 40B, when touch and drag from
the second gesture bar 543 toward the center of the screen 540
is inputted from a user, a watch application is executed so that
a watch screen may be displayed on the display unit 151.
[0523] As shown in FIG. 40C, when touch and drag from
the third gesture bar 545 toward the center of the screen 540
is inputted from a user, a phone application is executed so that
a phone initial screen may be displayed on the display unit
151.

[0524] As shown in FIG. 40C, when touch and drag from
the fourth gesture bar 547 toward the center of the screen 540
is inputted from a user, a setting application is executed so that
a setting initial screen may be displayed on the display unit
151.

[0525] FIG. 41 is a screen view illustrating a method of
changing dials in a wearing state.

[0526] A watch screen of the watch type device 100 may
include hands 553 representing hour and minute hands, dials
551 representing time numbers, and a background 555.
[0527] For example, when touch and hold is inputted for a
predetermined time, for example, several sec, for a specific
dial 551 as shown in FIG. 41A and rotation drag is inputted
clockwise or counter-clockwise along an area where the dial
551 is disposed, that is, the frame area of the watch screen as
shown in FI1G. 41B, the current dial form may be changed into
another dial form as shown in FIG. 41C.

[0528] Each time rotation drag is inputted clockwise or
counter-clockwise, the current dial form may be changed into
another dial form. At this point, the changed dial form is not
yet set as the dial of a watch screen.

[0529] Accordingly, an additional gesture may be inputted
in order to set the changed dial form as the dial of a watch
screen.

[0530] For example, in the case of setting a dial form, after
touching an arbitrary point of a dial form shown in FIG. 41C,
drag is inputted in one direction shown in FIG. 41D, for
example, from the center area of a watch screen to the 3
o’clock direction, as shown in FIG. 41E, the changed dial
form is applied to the hands 553 and the background 555 so
that a fixed watch screen may be displayed. Accordingly, the
dial form of FIG. 41 A may be changed into the dial form of
FIG. 41E.

[0531] Without a drag operation according to one direction
shown in FIG. 41D, the changed dial form is applied to the
hands 553 and the background 555 immediately by a touch
operation on an arbitrary point shown in FIG. 41C so that a
fixed watch screen may be displayed as shown in FIG. 41E.
[0532] Although not shown in the drawing, the above-de-
scribed dial changing method is identically applied so that the
hands 553 or the background 555 may be changed.
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[0533] On the other hand, in a wearing state, without an
additional lock release process, a simple specific user inter-
face may be executed by a specific gesture.

[0534] For example, when double tap for a black screen is
inputted, without a lock release process, the black screen may
be changed into a standby screen such as a watch screen
immediately and displayed.

[0535] For example, when rotation drag touch is inputted
along one side of the frame 558 of a black screen, without a
lock release process, an internet browser application may be
immediately displayed, or an internet browser application
may be executed so that a predetermined webpage is dis-
played on the display unit 151.

[0536] For example, when rotation drag touch is inputted
along the other side of the frame 559 of a black screen,
without a lock release process, a setting application may be
displayed, or a setting application may be executed so that a
predetermined webpage may be displayed on the display unit
151.

[0537] Since the watch type device 100 is always present
within a user’s view in a wearing state, in comparison to a
not-wearing state, the security level may be low. Accordingly,
in a wearing state, without an additional lock release process,
a corresponding user interface may be executed immediately
by a specific gesture.

[0538] FIG. 42 is a screen view illustrating a method of
setting connectivity according to a wearing state.

[0539] When a selection command for connectivity is
inputted from a user (see FIG. 28), as shown in a FIG. 42, a
setting screen of auto connectivity according to a wearing
state may be displayed.

[0540] The setting screen may include a setting button for
auto connectivity when wearing, a setting button for auto
connectivity when taking off, and a setting button for auto
data upload when taking off. When theses buttons are
selected, auto conductivity when wearing and auto connec-
tivity when taking off may be set. Herein, the taking off refers
to taking off the watch type device 100 from a wrist.

[0541] FIG. 43 is a screen view illustrating a screen dis-
playing method when a watch type device is taken off.

[0542] As shown in FIG. 43, when auto connectivity is set
when taking off, as soon as the watch type device 100 is taken
off from a user’s wrist, without an additional gesture, the type
of the currently activated connectivity may be displayed on
the display unit 151. The type of connectivity may include
Wi-Fi, Bluetooth, and NFC. According to a selection com-
mand from a user, Wi-Fi, Bluetooth, and NFC in currently
activation may be set to deactivation.

[0543] After taking off a watch type device, as Wi-Fi is
activated continuously, the present invention may prevent
current consumption continuously.

[0544] Although not shown in the drawing, when auto con-
nectivity is set when wearing, as soon as the watch type device
100 is taken off from a user’s wrist, without an additional
gesture, the connectivity types may be displayed on the dis-
play unit 151. When a selection command for at least one of
the connectivity types is inputted, the selected at least one
connectivity type may be activated. For example, a selection
command for Bluetooth is inputted from a user, Bluetooth is
activated in order to execute a Bluetooth function.

[0545] Auto update setting when taking off refers to a set-
ting for performing series of processes to update data or
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information of the watch type device 100 to another terminal
when the watch type device 100 is taken off from a user’s
wrist.

[0546] The other terminal may include a wireless commu-
nication system, another watch type device 100, a user’s
mobile terminal, another user’s mobile terminal, an external
server, a desktop computer, a notebook computer, and a tele-
vision.

[0547] In the case of auto data upload when taking off,
when the watch type device 100 is taken off from a user’s
wrist, as shown in FIG. 44, data items to be uploaded to
another terminal may be displayed as a pop-up window. As
soon as data items are displayed as a pop-up window, data of
corresponding data items may be uploaded into a predeter-
mined another terminal.

[0548] FIG. 45 is a view illustrating a method of updating
an update item manually.

[0549] When a selection command for connectivity is
inputted, as shown in FIG. 45A, a setting button for manual
update after pop-up alarm when taking off and a setting
button for auto update when taking off.

[0550] In the case of manual update after pop-up alarm
when taking off, when the watch type device 100 is taken off
from a user’s wrist, as shown in FIG. 45B, update items may
be displayed.

[0551] When a selection command for a specific update
item is inputted from a user, detailed data of a corresponding
update may be displayed. For example, when a selection
command for a gallery item is inputted, as shown in FIG. 45C,
picture images may be displayed.

[0552] In order to update picture images, when a selection
command for a save button 561 is inputted, for example, the
picture images may be updated in a gallery folder of the
mobile terminal 560.

[0553] On the other hand, when taking off, update may be
performed automatically. In the case of a setting for auto
update when taking off, when watch type device 100 is taken
off from a user’s wrist, update items, for example, may be
updated to the mobile terminal 560.

[0554] The invention can also be embodied as computer
readable codes on a computer readable recording medium.
The computer readable recording medium is any data storage
device that can store data which can be thereafter read by a
computer system. Examples of the computer readable record-
ing medium include magnetic storage media (e.g., ROM,
floppy disks, hard disks, etc.) and optical recording media
(e.g., CD-ROMs, or DVDs) and carrier waves (e.g., transmis-
sion through the Internet). Additionally, the computer may
include the control unit 180 of the watch type terminal 100.
Accordingly, the detailed description is not construed as
being limited in all aspects and should be considered as illus-
trative. The scope of the invention should be determined by
reasonable interpretation of the appended claims, and all
modifications within equivalent ranges of the present inven-
tion are included in the scope of the present invention.
[0555] Effects ofawearable device according to the present
invention are described as follows.

[0556] According to at least one of embodiments of the
present invention, since detailed content of simple notifica-
tion information can be checked by gripping a watch type
device without wearing it, user’s convenience may be
improved.

[0557] According to at least one of embodiments of the
present invention, since various states of a watch type device,
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especially, a hand gripping state, are detected by using an
acceleration sensor and a heartbeat sensor and a function
according thereto is executed, user’s convenience may be
improved.

[0558] According to at least one of embodiments of the
present invention, since a heartbeat sensor does not operate
before an acceleration sensor detects wearing, it is prevented
that a heartbeat sensor operates unnecessarily to disturb users
or other people and power is wasted.

[0559] Additionally, according to at least one of embodi-
ments of the present invention, since crosstalk phenomenon is
completely removed by a heartbeat sensor including a layer
with a partition disposed between a light emitting unit and a
light receiving unit, heartbeat measurement errors due to a
crosstalk phenomenon may be prevented, so that the mea-
surement performance of a heartbeat sensor is enhanced and
the reliability is improved.

[0560] Additionally, according to at least one of embodi-
ments of the present invention, after taking off a watch type
device, as Wi-Fi is activated continuously, continuous current
consumption may be prevented.

[0561] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. A wearable device comprising:

a touch screen configured to display information;

an acceleration sensor configured to generate an accelera-

tion signal;

an optical sensor comprising a light source and configured

to generate a touch interrupt signal; and

a control unit configured to:

determine a wearing state of the wearable device based
onthe acceleration signal or the touch interrupt signal,
the wearing state comprising a not-wearing state, a
wrist-wearing state, or a hand-gripping state; and

execute a function corresponding to the determined
wearing state;

wherein the function corresponding to the hand-grip-
ping state comprises causing the touch screen to dis-
play a black screen or an ambient screen.

2. The wearable device of claim 1, wherein the control unit
is further configured to cause the touch screen to change the
black screen or the ambient screen to a standby screen when
a tilting movement of the wearable device is detected.

3. The wearable device of claim 1, wherein:

the acceleration signal comprises an Absolute Motion

Detection (AMD) signal and a Relative Motion Detec-
tion (RMD) signal corresponding to different types of
movements; and

the control unit is further configured to determine the wear-

ing state based on the AMD signal and the RMD signal.

4. The wearable device of claim 3, wherein the control unit
is further configured to determine the wrist-wearing state and
the hand-gripping state based on the touch interrupt signal.
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5. The wearable device of claim 3, wherein the optical
sensor is further configured to generate the touch interrupt
signal when the wearing state is determined based on the
AMD signal and the RMD signal.

6. The wearable device of claim 1, wherein the control unit
is further configured to cause the touch screen to:

change the black screen to a standby screen including

information related to a missed message; and

display detailed content of the missed message in response

to a knock code command input while the standby
screen is displayed.

7. The wearable device of claim 1, wherein:

the optical sensor is further configured to generate a heart-

beat signal; and
the function corresponding to the wrist-wearing state com-
prises:
causing the touch screen to display a standby screen;
causing the touch screen to change the standby screen to
the ambient screen when a predetermined time
elapses after a lock is released;
causing the touch screen to change the ambient screen to
a standby screen comprising information provided by
a content provider when a tilting movement of the
wearable device is detected;
performing user authentication using the heartbeat sig-
nal; and
causing the touch screen to display detailed content
related to the information provided by the content
provider when the user authentication is successful.
8. The wearable device of claim 1, wherein the function
corresponding to the wrist-wearing state comprises causing
the touch screen to:
display the black screen; and
change the black screen to either the ambient screen in a
lock-released state or a standby screen based on a pre-
vious occurrence of a one-time lock-release event,

wherein the black screen is changed in response to a double
tap input.

9. The wearable device of claim 1, wherein:

the optical sensor is further configured to generate a heart-

beat signal; and

the function corresponding to the wrist-wearing state com-

prises:

causing the touch screen to display the black screen;

performing user authentication using the heartbeat sig-
nal; and

causing the touch screen to change the black screen to
either the ambient screen in a lock-released state or a
standby screen based on whether the user authentica-
tion is successful and a previous occurrence of a lock-
release event.

10. The wearable device of claim 1, wherein the function
corresponding to the non-wearing state comprises causing the
touch screen to:

display the black screen; and

change the black screen to a standby screen in response to

a knock code or a lock pattern input.

11. The wearable device of claim 1, wherein the function
corresponding to the not-wearing state comprises causing the
touch screen to:

display the black screen in a lock state;

cause the touch screen to change the black screen to a

standby screen in a lock-released state; and
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change the standby screen back to the black screen in the

lock state.

12. The wearable device of claim 1, wherein the function
corresponding to the wrist-wearing state comprises:

causing the touch screen to display the black screen; and

executing a predetermined application in response to a drag

touch along a specific portion of the black screen.

13. The wearable device of claim 1, wherein the control
unit is further configured to:

cause the touch screen to display at least one connectivity

type when the wearing state is changed from the wrist-
wearing state to the not-wearing state; and

deactivate a selected one of the at least one connectivity

type in response to a selection input to the displayed
selected one connectivity type.

14. The wearable device of claim 13, wherein the displayed
at least one connectivity type comprises at least Wi-Fi, Blue-
tooth, or NFC.

15. The wearable device of claim 1, wherein the function
corresponding to the wrist-wearing state comprises causing
the touch screen to:

display a standby screen in a lock-released state in

response to a lock release operation;
change the standby screen to the ambient screen in a lock-
released state when a predetermined time elapses; and

change the ambient screen back to the standby screenin the
lock-released state in response to a double tap input to
the displayed ambient screen;

wherein the ambient screen is displayed with a lower

brightness than the standby screen.

16. The wearable device of claim 1, wherein the optical
sensor comprises a heartbeat sensor.

17. A control method of a wearable device, the method
comprising:

determining a wearing state of the wearable device based

on an acceleration signal or a touch interrupt signal, the
wearing state comprising a not-wearing state, a wrist-
wearing state, or a hand-gripping state; and

executing a function corresponding to the determined

wearing state;
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wherein the function corresponding to the hand-gripping
state comprises displaying a black screen or an ambient
screen on a display of the wearable device.
18. The method of claim 17, wherein the function corre-
sponding to the wrist-wearing state comprises:
displaying a standby screen;
receiving a heartbeat signal;
changing the standby screen to the ambient screen when a
predetermined time elapses after a lock is released;
changing the ambient screen to a standby screen compris-
ing information provided by a content provider when a
tilting movement of the wearable device is detected;
performing user authentication using the heartbeat signal;
and
displaying detailed content related to the information pro-
vided by the content provider when the user authentica-
tion is successful.
19. The method of claim 17, wherein the function corre-
sponding to the wrist-wearing state comprises:
displaying the black screen;
receiving a heartbeat signal;
performing user authentication using the heartbeat signal;
and
changing the black screen to either a lock-released ambient
screen or a standby screen based on whether the user
authentication is successful and a previous occurrence
of a lock-release event.
20. The method of claim 17, wherein the function corre-
sponding to the wrist-wearing state comprises:
displaying a standby screen in a lock-released state in
response to a lock release operation;
changing the standby screen to the ambient screen in a
lock-released state when a predetermined time elapses;
and
changing the ambient screen back to the standby screen in
the lock-released state in response to a double tap input
to the displayed ambient screen;
wherein the ambient screen is displayed with a lower
brightness than the standby screen.

* #* #* #* #*
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