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(57) Abstract: A head mounted display
(HMD) configured to provide a surrounding
image is disclosed. The HMD includes a dis-
play unit configured to display a section of the
surrounding image corresponding to a front
direction of the HMD, a first sensor group in-
cluding at least one sensor configured to sense
motion of the HMD, a second sensor group in-
cluding at least one sensor provided to the
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HMD to capture a circumjacent image, and a
processor configured to control the display
unit, the first sensor group and the second
sensor group to acquire first sensing informa-

tion from the first sensor group and second
sensing information from the second sensor
group, wherein the processor detects a state of
the HMD using at least one of the first sensing
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information and the second sensing informa-
tion, the state of the HMD including a static
state in which an absolute position of the HMD
does not change and a moving state in which
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the absolute position changes, detects, when
the state of the HMD is detected as the static
state, a direction in which a front of the HMD
faces based on the first sensing information or
on the first sensing information and the second

sensing information, detects, when the state of the HMD is detected as the moving state, the direction in which the front of the HMD
faces based on the second sensing information or based on the second sensing information and the corrected first sensing informa-
tion, and displays an image of a section of the surrounding image corresponding to the detected direction.
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Title of Invention: HEAD MOUNTED DISPLAY AND METHOD
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FOR CONTROLLING THE SAME

Technical Field
The present disclosure relates to a head mounted display (HMD) configured to

provide a surrounding image and a method for controlling the same, more particularly,
to a method for controlling activation of sensor groups depending upon whether the
HMD is in a static state or a moving state to more accurately sense rotation of the head
of a user wearing the HMD and to display a surrounding image corresponding to the

sensed rotation.

Background Art

A head mounted display (HMD) is a wearable device that is worn on the head like
eye glasses to receive various kinds of information. With the trend toward more
lightweight and compact digital devices, various wearable devices have been
developed and HMDs have also been widely used. An HMD may not only function as
a display, but also provide users with various services by combining augmented reality
and N-screen technology.

Particularly, the HMD may provide a surrounding image to provide a more realistic
virtual space to the user. Herein, the surrounding image may represent visual in-
formation unfolded around the HMD in all directions. Accordingly, the HMD may
detect the direction in which the face of the user wearing the HMD is oriented and
display an image of a section of the surrounding image corresponding to the detected
direction. Thereby, the user may feel as if he/she is actually present in the virtual
space.

However, in the case that the user wearing the HMD receives the surrounding image
while moving, the HMD may fail to accurately sense rotation of the user’s head, ac-

cordingly the HMD may perform an incorrect operation counter to the user’s intention.
Disclosure of Invention

Technical Problem

Accordingly, the present disclosure is directed to an HMD and a control method for
the same which substantially obviate one or more problems due to limitations and dis-
advantages of the related art.

An object of the present disclosure is to provide an HMD configured to detect the
static state or moving state of the HMD and to control activation of sensor groups
according to the detected state and a method of controlling the same.

Another object of the present disclosure is to provide an HMD configured to detect,
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in the case that the HMD is in the static state, the direction in which the front of the
HMD faces using sensing information acquired from the respective sensor groups and

a method of controlling the same.
Another object of the present disclosure is to provide an HMD configured to correct,

in the case that the HMD is in the moving state, sensing information acquired from a
sensor group and detect the direction in which the front of the HMD faces using the
corrected sensing information and a method of controlling the same.

Another object of the present disclosure is to provide an HMD configured to set, in
the case that the front direction of the HMD is detected in the moving state, a reference
image and a method of controlling the same.

Another object of the present disclosure is to provide an HMD configured to receive
travel information from an external device to correct sensing information and a method
of controlling the same.

Additional advantages, objects, and features of the invention will be set forth in part
in the description which follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or may be learned from
practice of the invention. The objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

Solution to Problem

To achieve these objects and other advantages and in accordance with the purpose of
the invention, as embodied and broadly described herein, a head mounted display
(HMD) configured to provide a surrounding image including a display unit configured
to display a section of the surrounding image corresponding to a front direction of the
HMD, a first sensor group including at least one sensor configured to sense a motion of
the HMD, a second sensor group including at least one sensor providing the HMD to
capture a circumjacent image, and a processor configured to control the display unit,
the first sensor group and the second sensor group to acquire first sensing information
from the first sensor group and second sensing information from the second sensor
group, wherein the processor is further configured to detect a state of the HMD using
at least one of the first sensing information and the second sensing information, the
state of the HMD including a static state in which an absolute position of the HMD
does not change and a moving state in which the absolute position changes, detect,
when the state of the HMD is detected as the static state, a direction in which a front of
the HMD faces based on the first sensing information or based on the first sensing in-
formation and the second sensing information, detects, when the state of the HMD is

detected as the moving state, the direction in which the front of the HMD faces based
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on the second sensing information or based on the second sensing information and the
corrected first sensing information, and display an image of a section of the sur-

rounding image corresponding to the detected direction.
It is to be understood that both the foregoing general description and the following

detailed description of the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as claimed.
Advantageous Effects of Invention

As is apparent from the following description, the present disclosure has effects as
follows.

According to one embodiment, activation of sensor groups is controlled according to
the state of the HMD to detect the front direction of the HMD. Accordingly, rotation of
the user’s head may be detected more accurately and the possibility of incorrect
operation of the HMD may be lowered.

According to another embodiment, the HMD activates all the sensor groups for
detection of the front direction of the HMD in the case that the HMD is in the static
state. Accordingly, change of the front direction of the HMD may be detected more ac-
curately and quickly.

According to another embodiment, the HMD sets a reference image and compare the
set reference image with circumjacent images in real time. Accordingly, rotation of the
user’s head with respect to the user’s body may be detected more accurately.

According to another embodiment, the HMD receives travel information from an
external device to correct sensing information. Accordingly, the sensing information
may be corrected more accurately and thus the possibility of incorrect operation of the
HMD may be lowered.

Brief Description of Drawings

The accompanying drawings, which are included to provide a further understanding
of the invention and are incorporated in and constitute a part of this application, il-
lustrate embodiment(s) of the invention and together with the description serve to
explain the principle of the invention. In the drawings:

FIG. 1 is a block diagram illustrating a head mounted display (HMD) according to
the present disclosure;

FIG. 2 is a view illustrating an HMD providing a surrounding image according to
one embodiment;

FIGs. 3a and 3b are views illustrating detection of the moving state of the HMD
according to one embodiment;

FIG. 4a is a view illustrating the HMD setting a first reference image according to

one embodiment;
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FIG. 4b is a view illustrating the HMD detecting the front direction of the HMD

using the first reference image according to one embodiment;
FIG. 5a is a view illustrating the HMD setting a second reference image according to

one embodiment;

FIG. 5b is a view illustrating the HMD detecting the front direction of the HMD
using the second reference image according to one embodiment;

FIGs. 6a and 6b are views illustrating the HMD correcting the first sensing in-
formation and detecting the front direction thereof using the corrected first sensing in-
formation and the second sensing information according to one embodiment; and

FIG. 7 is a flowchart illustrating a method of controlling the HMD.

Best Mode for Carrying out the Invention

Although the terms used in this specification are selected, as much as possible, from
general terms that are widely used in the art at present while taking into consideration
of functions of the elements, these terms may be replaced by other terms according to
intentions of those skilled in the art, customs, emergence of new technologies, or the
like. In addition, in a specific case, terms that are arbitrarily selected by the applicant
may be used. In this case, meanings of these terms may be disclosed in corresponding
parts of this specification. Accordingly, it should be noted that the terms used herein
should be construed based on practical meanings thereof and the whole content of this
specification, rather than being simply construed based on names of the terms.

Reference will now be made in detail to the preferred embodiments of the present
disclosure, examples of which are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used throughout the drawings to refer to
the same or like parts. However, the scope of the present disclosure is not limited to the
illustrated embodiments. In the following disclosure, the HMD can be considered as a
wearable device or may also be referred as the wearable device. Furthermore, the
HMD may comprise a (smart) contact lens.

FIG. 1 is a block diagram illustrating a head mounted display (HMD) according to
the present disclosure. As shown in FIG. 1, the HMD may include a display unit 1020,
a communication unit 1030, a first sensor group 1040, a second sensor group 1050 and
a processor 1010. According to one embodiment, some of the constituents shown in
FIG. 1 may not be employed and a new constituent may be added, when desired by a
person skilled in the art.

The display unit 1020 may display an image. Herein, the image may represent visual
information visually recognizable by a user, which may include pictures, photos, text,
moving images, videos, an execution window of an application, etc. Particularly, in the

present disclosure, the display unit 1020 may display a circumjacent image. Herein, the



WO 2015/163539 PCT/KR2014/007500

[33]

[34]

[35]

[36]

[37]

5

surrounding image may represent an unfolded image shown in all directions (e.g.,
front, rear, left, right, up and down directions) around the HMD. Particularly, the
processor 1010 may detect the direction in which the user’s face is oriented and
provide a surrounding image corresponding to this direction. Thereby, the HMD may
provide the user with a more realistic virtual environment.

The communication unit 1030 may perform communication with an external device
based on various protocols to transmit/receive data. In addition, the communication
unit 1030 may access a wired or wireless network to transmit/receive digital data such
as content. For example, the communication unit 1030 may use communication
standards WLAN (Wireless LAN), Wi-Fi, WiBro (Wireless broadband), WiMAX
(World Interoperability for Microwave Access), and HSDPA (High Speed Downlink
Packet Access) to access a wireless network. According to one embodiment of the
present disclosure, the external device may be a means of transportation (e.g. a
vehicle). A related example will be described in detail below.

The first sensor group 1040 may represent a group of sensors which sense motion of
the HMD. More specifically, the first sensor group 1040 may present a group of
sensors which sense position, action, rotation and movement of the HMD. Ac-
cordingly, the first sensor group 1040 may include at least one sensor configured to
sense a motion of the HMD. For example, the first sensor group 1040 may include at
least one of an acceleration sensor, a gyro sensor, a geomagnetic sensor, a global po-
sitioning system (GPS) sensor, a pressure sensor, an elevation sensor and a proximity
sensor. In addition, the first sensor group 1040 may include various other sensors for
sensing a motion of the HMD.

The sensor(s) included in the first sensor group 1040 may be simultaneously
activated or deactivated by a control signal from the processor 1010. When activated,
the first sensor group 1040 may transmit the result of sensing of a motion of the HMD
to the processor 1010 as first sensing information. Upon receiving the first sensing in-
formation, the processor 1010 may detect the motion of the HMD to perform various
control operations.

The second sensor group 1050 may represent a group of sensors for capturing an
image of surroundings of the HMD. Accordingly, the second sensor group 1050 may
include at least one sensor for capturing a circumjacent image of the HMD. For
example, the second sensor group 1050 may include at least one of a camera sensor, an
infrared sensor and a proximity sensor.

The sensor(s) included in the second sensor group 1050 may be simultaneously
activated or deactivated by a control signal from the processor 1010. When activated,
the second sensor group 1050 may transmit the result of capturing the circumjacent

image of the HMD to the processor 1010 as the second sensing information. Upon
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receiving the second sensing information, the processor 1010 may detect the cir-
cumjacent image of the HMD to perform various control operations.

The first sensor group 1040 and the second sensor group 1050 may share the same
sensor. In addition, the first sensor group 1040 and the second sensor group 1050 may
be activated simultaneously or respectively by the processor 1010.

The processor 1010 may control each of the units of the HMD and also control
transmission/reception of data or information between the units. In addition, the
processor 1010 may process data in the HMD to execute various applications. In
addition, the processor 1010 may control content executed in the HMD based on a
control command.

More specifically, the processor 1010 may provide a surrounding image using the
display unit 1020. Herein, the surrounding image may represent an image unfolded in
all directions (e.g., front, rear, left, right, up and down directions) around the HMD, as
described above. The processor 1010 may detect the direction in which the user’s face
is oriented and display an image of a section of a surrounding image corresponding to
the direction of the face. Thereby, the processor 1010 may enable the user feel present
in a virtual space provided by the surrounding image.

At this time, to accurately detect the direction in which the user’s face is oriented, the
processor 1010 uses first sensing information acquired from the first sensor group 1040
and second sensing information acquired from the second sensor group 1050. First, the
processor 1010 may detect whether the state of the HMD is a static state, in which the
absolute position of the user does not change, or a moving state, in which the absolute
position of the user changes, using the first sensing information and/or the second
sensing information. The processor 1010 may control activation of the first sensor
group 1040 and the second sensor group 1050 according to the detected static state or
moving state, thereby detecting the orientation of the user’s face and/or the degree of
rotation of the user’s head, which will be described in detail later.

In the case that the processor 1010 detects the direction of the user’s face, the
processor 1010 may display an image of a section of a surrounding image corre-
sponding to the direction of the face. At this time, the processor 1010 may display the
surrounding image using various techniques. According to one embodiment, the
processor 1010 may display the image with a see-through technique. The see-through
technique represents a technique of allowing the user wearing an HMD to recognize an
image displayed on a transparent display panel while recognizing a circumjacent en-
vironment. According to another embodiment, the processor 1010 may display an
image with a front-light technique. The front-light technique represents a technique of
displaying an image through an image rather than directly projecting light onto the

user’s eyes. According to another embodiment, the processor 1010 may display an
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image with a see-closed technique. The see-closed technique represents a technique of
allowing the user wearing an HMD to recognize an image displayed on an opaque
display panel without recognizing a circumjacent environment.

Hereinafter, it will be assumed that the processor 1010 displays an image with the
see-closed technique. The present disclosure is not limited to this embodiment. The
see-through technique and the front-light technique are also applicable to the em-
bodiments discussed below.

In the description given below, it will be assumed that the process of generating and
receiving a signal according to sensing information, which will not be repeatedly
described, is included in the case that each step or operation performed by the HMD
begins with the sensing information. In addition, the processor 1010 may be described
as controlling the HMD or at least one unit included in the HMD according to the
sensing information, and may also be referred as a device.

In the block diagram of FIG. 1 illustrating a device according to one embodiment, the
separately indicated blocks represent hardware units of the device which are logically
distinguished from each other. Accordingly, the hardware units of the device may be
installed as one chip or plural chips according to design of the device.

FIG. 2 is a view illustrating an HMD providing a surrounding image according to
one embodiment;

In the present disclosure, the HMD 2040 may provide a surrounding image. Herein,
the surrounding image is an image unfolded in all directions around the HMD 2040, as
mentioned above. Accordingly, the HMD 2040 may provide a surrounding image cor-
responding to various directions such as up, down, left, right, front and rear directions.
Otherwise, the HMD 2040 may provide a surrounding image corresponding to various
directions including horizontal, vertical, and diagonal directions. However, the sur-
rounding image is not limited to the image unfolded in all directions. It includes an
image unfolded only in the front-rear direction, left-right direction, up-down direction,
vertical direction, horizontal direction, or diagonal direction.

The HMD 2040 may detect the direction of the user’s face and provide an image of a
section of a surrounding image corresponding to this direction. In the present
disclosure, the HMD 2040 may indirectly detect the direction of the user’s face by
detecting the direction in which the front of the HMD 2040 is oriented since the HMD
2040 is a wearable device worn on the user’s face. Since the direction in which the
user’s face is oriented is indirectly detected by detecting the direction in which the
front of the HMD 2040 is oriented, there may be a certain error between those two di-
rections. For example, in the case that a vehicle turns left or right while the user riding
thereon gazes at a surrounding image, the HMD 2040 may recognize that the front
direction of the HMD 2040 has changed even though the user’s head has not rotated.
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Herein, rotation of the user’s head may represent a case in which only the user’s face
rotates with the user’s body fixed (or not rotating). In this case, the HMD 2040 may
perform an incorrect operation of providing a surrounding image corresponding to the
direction changed differently from the user’s intention.

To prevent such incorrect operation, the HMD 2040 may first detect the state of the
HMD 2040. Herein, the state of the HMD 2040 may include a static state in which the
absolute position of the HMD 2040 does not change and a moving state in which the
absolute position of the HMD 2040 changes. More specifically, the state of the HMD
2040 may include a static state in which the absolute position of the HMD 2040 is
“substantially” unchanged and a moving state in which the absolute position of the
HMD 2040 “substantially” changes. Whether the absolute position of the HMD 2040
“substantially” changes may be determined based on a threshold distance. For
example, in the case that the absolute position of the HMD 2040 changes by a distance
less than or equal to a threshold distance for a predetermined time, the HMD 2040 may
detect the state of the HMD 2040 as the static state. On the other hand, in the case that
the absolute position of the HMD 2040 changes by a distance greater than a threshold
distance for the predetermined time, the HMD 2040 may detect the state of the HMD
2040 as the moving state. Herein, the threshold distance may be set to various values
by the method of manufacturing the HMD 2040, the type of an executed application,
the user, and the like.

The state of the HMD 2040 may be detected using at least one of the aforementioned
first sensor group and second sensor group. In other words, the state of the HMD 2040
may be detected using the first sensing information, which is a result of sensing by the
first sensor group, and/or the second sensing information, which is a result of sensing
by the second sensor group.

According to one embodiment, in detecting the state of the HMD 2040 using the first
sensing information, the HMD 2040 may acquire information about the absolute
position of the HMD 2040 as the first sensing information using a GPS sensor included
in the first sensor group. The HMD 2040 may receive information about the absolute
position of the HMD 2040 in real time using the GPS sensor and detect whether the
HMD 2040 moves by a distance less than or equal to the threshold distance or a
distance greater than the threshold distance for the predetermined time, thereby
detecting the state of the HMD 2040.

According to another embodiment, in detecting the state of the HMD 2040 using the
second sensing information, the HMD 2040 the HMD 2040 may detect the state of the
HMD 2040 by processing an acquired surrounding image using the second sensor
group. More specifically, the HMD 2040 may capture a circumjacent image of the

HMD 2040 as the second sensing information using the second sensor group. Fur-
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thermore, the HMD 2040 may process the captured circumjacent image and detect the
state of the HMD 2040 base on the result of processing. For example, in the case that
the circumjacent image is changed beyond a predetermined ratio for a predetermined
time, the HMD 2040 may detect that the absolute position of the HMD 2040 has sub-
stantially changed, and thus detect the state of the HMD 2040 as the moving state.

In another embodiment, the HMD 2040 may detect the state of the HMD 2040 by
acquiring sensing information from an external device using a communication unit. In
the case that the external device is a means of transportation (vehicle) that the user may
ride, the device may detect the state of the HMD 2040 by performing communication
with the external device. For example, in the case that the external device travels at a
speed greater than a predetermined speed, the external device may transmit travel in-
formation related to traveling to the HMD 2040. When the HMD 2040 receives such
travel information, it may detect change of the absolute position of the HMD 2040
based on the travel information and detect the state of the HMD 2040 based on the
detected change of the absolute position of the HMD 2040.

In the case that the HMD 2040 detects the static state of the HMD 2040 through one
or a combination of the aforementioned embodiments, the HMD 2040 may control ac-
tivation of the first sensor group and the second sensor group. According to one em-
bodiment, when the HMD 2040 detects the static state of the HMD 2040, the HMD
2040 may activate the first sensor group or maintain activation of the first sensor
group. At this time, the HMD 2040 may deactivate the second sensor group. Further,
the HMD 2040 may acquire the first sensing information and detect the direction in
which the front of the HMD 2040 faces, based on the acquired first sensing in-
formation. For example, the HMD 2040 may detect the direction and/or degree of
rotation of the HMD 2040 using a gyro sensor and/or an acceleration sensor included
in the first sensor group, and detect the direction in which the front of the HMD 2040
is oriented, based on the detected direction and degree of rotation. Since the absolute
position of the HMD 2040 is static, an error between the front direction of the HMD
2040 and the direction in which the user’s face is oriented is not great even though
only the first sensor group is used.

According to another embodiment, in the case that the HMD 2040 detects the static
state of the HMD 2040, the HMD 2040 may simultaneously activate the first sensor
group and the second sensor group or maintain activation of the first sensor group and
the second sensor group. Further, the HMD 2040 may acquire the first sensing in-
formation from the activated first sensor group and the second sensing information
from the second sensor group, and then detect the direction in which the front of the
HMD 2040 faces, based on the acquired first sensing information and second sensing

information. For example, the HMD 2040 may detect the direction and/or degree of
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rotation of the HMD 2040 using a gyro sensor and/or an acceleration sensor included
in the first sensor group and process a circumjacent image using a camera sensor
included in the second sensor group, thereby detecting the direction in which the front
of the HMD 2040 is oriented. Unlike the previous embodiment, the HMD 2040 of this
embodiment uses the second sensor group in addition to the first sensor group, and
therefore may detect the direction of the front of the HMD 2040 more accurately and
rapidly.

In the case that the HMD 2040 detects the moving state of the HMD 2040 through
one or a combination of the aforementioned embodiments, the HMD 2040 may also
control activation of the first sensor group and the second sensor group. A detailed de-
scription of this embodiment will be given below with reference to FIGs. 3a to 6b.

When the HMD 2040 detects the direction in which the front of the HMD 2040
faces, it may display an image of a section of a surrounding image corresponding to the
detected direction. For example, in the case that the HMD 2040 detects that the front of
the HMD 2040 faces in a first direction, as shown in the figures, the HMD 2040 may
display a first image 2010 corresponding to the first direction. At this time, in the case
that leftward rotation of the HMD 2040 by 90° is detected, the HMD 2040 may display
a second image 2020 corresponding to this direction of rotation. Herein, the second
image 2020 may be a partial image included in the surrounding image. In the case that
rightward rotation of the HMD 2040 by 90° is detected, the HMD 2040 may display a
third image 2030 corresponding to this direction of rotation. Herein, the third image
2030 may be a partial image included in the surrounding image.

FIGs. 3a and 3b are views illustrating detection of the moving state of the HMD
according to one embodiment.

The HMD 3010 in the moving state detects only a motion of the HMD 3010, and
thus it is difficult form the HMD 3010 to accurately detect rotation of the head of the
user 3020. In other words, the HMD 3010 in the moving state uses only the first sensor
group configured to detect the motion of the HMD 3010, and thus may not accurately
detect rotation of the head of the user 3020.

In the case that only the first sensor group is used, the HMD 3010 detects only the
motion of the HMD 3010, and thus it may detect that the head of the user 3020 has
rotated, even when the head of the user 3020 does not rotate, but the body of the user
3020 rotates. Herein, rotation of the head may represent the case in which only the face
of the user 3020 rotates without rotation of the body of the user 3020. Accordingly, in
this case, the HMD 3010 may use only the second sensor group configured to capture a
circumjacent image in place of the first sensor group configured to sense motion of the
HMD 3010, or may use both the first sensor group and the second sensor group to
detect rotation of the front of the HMD 3010. Accordingly, it may detect rotation of the



WO 2015/163539 PCT/KR2014/007500

[61]

[62]

[63]

11

head of the user 3020 more accurately. Thereby, incorrect operation of the HMD 3010
may be prevented.

More specifically, in the case that the moving state of the HMD 3010 is detected
using the embodiment illustrated in FIG. 2, the HMD 3010 may detect activation of the
first sensor group and the second sensor group. According to one embodiment, upon
detecting the moving state of the HMD 3010, the HMD 3010 may activate the second
sensor group or maintain activation of the second sensor group. At this time, the HMD
3010 may deactivate the first sensor group. Further, the HMD 3010 may acquire the
second sensing information from the activated second sensor group and detect the
direction in which the front of the HMD 3010 faces, based on the acquired second
sensing information. For example, the HMD 3010 may capture a circumjacent image
of the HMD 3010 using a camera sensor included in the second sensor group and
compare the captured circumjacent image with a predetermined image or a reference
image. Thereby, the direction in which the front of the HMD 3010 faces may be
detected. A detailed description will be given later with reference to FIGs. 4a to 5b.

According to another embodiment, when the moving state of the HMD 3010 is
detected, the HMD 3010 may activate the first sensor group and the second sensor
group or maintain activation of the first sensor group and the second sensor group.
Further, the HMD 3010 may acquire first sensing information and second sensing in-
formation respectively from the activated first sensor group and second sensor group,
and the direction in which the front of the HMD 3010 faces, based on the acquired first
sensing information and second sensing information. Since the first sensing in-
formation may involve a certain error as described above, the HMD 3010 may correct
the first sensing information and detect the direction in which the front of the HMD
3010 faces, based on the corrected first sensing information. For example, the HMD
3010 may acquire a circumjacent image as the second sensing information, using the
camera sensor included in the second sensor group. In addition, the HMD 3010 may
acquire motion of the HMD 3010 as the first sensing information, using a sensor
included in the first sensor group. Since a certain error may be produced in the first
sensing information in detecting rotation of the head of the moving user 3020, the
HMD 3010 may correct the acquired first sensing information. At this time, the HMD
3010 may use the communication unit to acquire information for correction of the first
sensing information from the external device 3030, as will be described in detail later
with reference to FIGs. 6a and 6b. The HMD 3010 may detect the direction in which
the front of the HMD 3010 faces, using the acquired second sensing information and
the corrected first sensing information. Thereby, the orientation of the head of the user
3020 may be indirectly detected.

A detailed description will be given below of operation of the HMD 3010 performed
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in the case that the user 3020 in a traveling vehicle as shown in FIG. 3a is provided
with surrounding images 3040, 3050 and 3060 through the HMD 3010. Particularly, a
detailed description will be given of the case in which the car 3030 turns left with the
user 3020 riding thereon.

For example, in the case that a passenger gazes in the front direction as shown in
FIG. 3b, the HMD 3010 may display a first image 3040 of the surrounding images
3040, 3050 and 3060 corresponding to the front direction. In the case that the car 3030
turns during traveling, the displayed surrounding image 3040, 3050 and 3060 may vary
according to an activated sensor group to detect rotation of the head of the user 3020.
In the case that the car 3030 turns left by 45° and rotation of the head of the user 3020
is detected using only the first sensor group, the HMD 3010 may detect that the front
of the HMD 3010 has been rotated 45° leftward by rotation of the car 3030. In other
words, the HMD 3010 may detect that the user 3020 wearing the HMD 3010 has
turned their head leftward by 45°. As a result, the HMD 3010 may display a second
image 3050 corresponding to the direction rotated 45° leftward. Further, as shown in
FIG. 3b, in the case that the car 3030 is rotated 90° by completing turning left (FIG.
3b- (3)), the HMD 3010 may detect that the HMD 3010 has rotated 90° leftward, and
thus display a third image 3060 corresponding to this rotated direction.

This operation of the HMD 3010 may be counter to the intention of the user 3020. It
is more probable that the moving user 3020 does not turn their whole body but rather
simply turns the head with the body substantially not rotated, as intended to see an
image in the left direction or right direction. Accordingly, as described above,
changing the images by detecting rotation of the whole body with the first sensor group
may counter to the intention of the user 3020. In the present disclosure, in the case that
the HMD 3010 detects the moving state of the HMD 3010, the HMD 3010 uses the
second sensing information alone or the corrected first sensing information and the
second sensing information to detect rotation of the user 3020. Thereby, the afore-
mentioned incorrect operation of the HMD 3010 may be prevented.

Accordingly, the HMD 3010 of the present disclosure may maintain the fist image
3040 corresponding to the front direction even when the vehicle turns left by 45° or
90°.

Hereinafter, a detailed description will be given of embodiments in which the HMD
3010 in the moving state detects the front direction of the HMD 3010 using the second
sensing information or using the corrected first sensing information and the second
sensing information. More specifically, an embodiment of the HMD 3010 detecting the
front direction using only the second sensing information will be described in detail
with reference to FIGs. 4a and 5b. In addition, another embodiment of the HMD 3010

detecting the front direction using the corrected first sensing information and the
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second sensing information will be described with reference to FIGs. 6a and 6b.

When the HMD 3010 detects the moving state, it may activate the second sensor
group or maintain activation of the second sensor group. At this time, the HMD 3010
may deactivate the first sensor group. The HMD 3010 may acquire the second sensing
information and detect the front direction of the HMD 3010 using the acquired second
sensing information.

To detect the front direction of the HMD 3010 or the direction of the head of the user
3020 using the second sensing information, the HMD 3010 may pre-detect whether a
current space containing the user 3020 is an open space or a closed space. Depending
upon whether the current space is an open space or a closed space, the HMD 3010 may
acquire the second sensing information in different manners. For example, the method
of detecting the front direction of the HMD 3010 using the second sensing information
may differ between the case in which the user 3020 travels in the car 3030 and the case
in which the user 3020 walks.

Accordingly, in the case that the HMD 3010 in the moving state detects the front
direction using the second sensing information, the HMD 3010 may detect the type of
the space in which the HMD 3010 is contained. At this time, the HMD 3010 may
detect the type of the space containing the HMD 3010 through various embodiments.
According to one embodiment, the HMD 3010 may detect the type of the space
containing the HMD 3010 by matching a circumjacent image of the HMD 3010 with a
predetermined image.

For example, in the case that the HMD 3010 stores an internal image of the vehicle
as the predetermined image, the HMD 3010 may capture a circumjacent image using
the second sensor group and match the captured circumjacent image with the prede-
termined image. At this time, upon detecting that the captured image matches the cir-
cumjacent image within a ratio greater than a predetermined ratio, the HMD 3010 may
detect the space containing the HMD 3010 as a closed space. On the other hand, upon
detecting that the captured image and the circumjacent image match a ratio less than or
equal to the predetermined, the HMD 3010 may detect the space containing the HMD
3010 as an open space. According to another embodiment, the HMD 3010 may acquire
a circumjacent image as the second sensing information using the camera sensor
included in the second sensor group and process the circumjacent image to detect the
type of the space containing the HMD 3010. Alternatively, in the case that the user
3020 wearing the HMD 3010 rides in an external device, the HMD 3010 may perform
communication with the external device to detect the type of the space containing the
HMD 3010. The HMD 3010 may detect the type of the space containing the HMD
3010 through various embodiments and the detection operation is not limited to the

described embodiments.
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Hereinafter, a detailed description will be given of a method for the HMD 3010 to
detect the front direction of the HMD 3010 after detecting the closed space or open
space according to the described embodiments.

FIG. 4a is a view illustrating the HMD setting a first reference image according to
one embodiment;

In the case that the closed space is detected through the embodiments described
above, the HMD 4010 may set a first reference image 4020. More specifically, upon
detecting the closed space, the HMD 4010 may set a circumjacent image in a first
direction as the first reference image 4020 using the second sensor group. Herein, the
first direction may be set to be various directions such as front, rear, up, down, left,
right and diagonal directions. For example, in the case that the HMD 4010 detects the
closed space and this closed space is the interior of the vehicle, the HMD 4010 may set
an image of the driver’s seat in the front direction of the HMD 4010 as the first
reference image 4020, as shown in FIG. 4a.

This is intended to accurately detect rotation of the user’s head by setting the image
of the closed space as the first reference image 4020 and matching the first reference
image 4020 with a captured circumjacent image in real time. A detailed description of
the HMD 4010 detecting rotation of the user’s head or the front direction of the HMD
4010 using the first reference image 4020 will be given below with reference to FIG.
4b.

As described above, in the case that the HMD 4010 detects a closed space, the HMD
4010 may reset the image of the closed space as the first reference image 4020.
However, in another embodiment, the first reference image 4020 may be preset before
the closed space is detected. For example, in the case that the closed space is detected
when the predetermined image matches the circumjacent image as described above, the
HMD 4010 may set the predetermined image to the first reference image 4020. In
addition, the user may set an internal image of a frequently encountered living space
such as home and a car as the first reference image 4020.

FIG. 4b is a view illustrating the HMD detecting the front direction of the HMD
using the first reference image according to one embodiment.

In the case that the first reference image 4020 is set through the embodiment related
to FIG. 4a, the HMD 4010 may detect the front direction of the HMD 4010 by
matching the first reference image 4020 with a circumjacent image in real time. More
specifically, the HMD 4010 may acquire a circumjacent image using at least one
sensor included in the second sensor group and compare the acquired circumjacent
image with the first reference image 4020 in real time. Alternatively, the HMD 4010
may compare the acquired circumjacent image with the first reference image 4020 at

predetermined time intervals. The HMD 4010 may detect the matching sections of the
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first reference image 4020 and the circumjacent image, the position of the matching
sections and/or the degree of matching, thereby detecting the direction in which the
front of the HMD 4010 faces.

For example, in the case that a section of the circumjacent image detected in real
time matches a left section 4020-1 of the first reference image 4020, the HMD 4010
may detect that the front of the HMD 4010 has rotated leftward. In the case that a
section of the circumjacent image detected in real time matches a right section 4020-2
of the first reference image 4020, the HMD 4010 may detect that the front of the HMD
4010 has rotated rightward. In this case, the HMD 4010 may display an image in the
surrounding image corresponding to the detected direction.

In the case that an internal image of a transport means (e.g., a car or a train) is set as
the first reference image 4020, the HMD 4010 may detect a variable image section
4030 of the first reference image 4020 which is changeable. For example, in the case
that the internal image of a car is set as the first reference image 4020, the HMD 4010
may detect a window image 4030 in the internal image of the car as the variable image.
Thereby, the HMD 4010 may detect the window image by processing the internal
image of the car.

At this time, in matching the first reference image 4020 with a circumjacent image,
the HMD 4010 may match the first reference image 4020 other than the detected
section of the variable image with the circumjacent image. This is because the window
image of the car may consistently change due to movement of the car. In the case that
the first reference image 4020 including the variable image matches a circumjacent
image in real time, the HMD 4010 may perform the matching operation even for the
unnecessary section, and accordingly the matching operation may take a long time and
matching accuracy may be lowered, thereby increasing the possibility of incorrect
operation. Accordingly, the HMD 4010 may detect a variable image in the first
reference image 4020 and thus perform matching with the circumjacent image more ef-
ficiently.

FIG. 5a is a view illustrating the HMD setting a second reference image according to
one embodiment.

In the case that the open space is detected through the embodiments described above,
the HMD 5010 may set a second reference image 5020. More specifically, upon
detecting the open space, the HMD 5010 may set a circumjacent image in a second
direction as the second reference image 5020 using the second sensor group. Herein,
the second reference image 5020 may be an image of the user’s body. Accordingly, the
second direction may represent the downward direction of the HMD 5010. For
example, when the HMD 5010 detects an open space for example, in the case that the
user wearing the HMD 5010 walks along a street, the HMD 5010 may set an image
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(e.g., a shoulder image) of the user’s body positioned below the HMD 5010 as the
second reference image 5020.

This is intended to accurately detect rotation of the user’s head with respect to the
user’s body by setting the image of the user’s body as the second reference image 5020
and matching the second reference image 5020 with a captured circumjacent image in
real time. A detailed description of the HMD 5010 detecting rotation of the user’s head
or the front direction of the HMD 5010 using the second reference image 5020 will be
given below with reference to FIG. 5b.

The second reference image 5020 may be set before the open space is detected. A
relevant detailed description has been given above with reference to FIG. 4a.

Meanwhile, the HMD 5010 may set the first reference image in the first direction and
the second reference image 5020 in the second direction using the same camera sensor
included in the second sensor group. At this time, the HMD 5010 may rotate the
camera sensor from the first direction to the second direction to acquire the second
reference image 5020. Alternatively, the HMD 5010 may set the first reference image
and the second reference image 5020 respectively using plural camera sensors facing
in the first direction and the second direction respectively.

FIG. 5b is a view illustrating the HMD detecting the front direction of the HMD
using the second reference image according to one embodiment.

When the second reference image 5020 is set through the embodiment described with
relation to FIG. 5a, the HMD 5010 may detect the front direction of the HMD 5010 by
matching the second reference image 5020 with a circumjacent image 5030-1, 5030-2
in real time. More specifically, the HMD 5010 may acquire a circumjacent image
5030-1, 5030-2 using at least one sensor included in the second sensor group, and
compare the acquired circumjacent image 5030-1, 5030-2 with the second reference
image 5020. Alternatively, the HMD 5010 may compare the acquired circumjacent
image 5030-1, 5030-2 with the second reference image 5020 for predetermined time
intervals. The HMD 5010 may detect the mutual matching sections of the second
reference image 5020 and the circumjacent image 5030-1, 5030-2, the position of the
matching sections and/or the degree of matching, thereby detecting the direction in
which the front of the HMD 5010 faces.

For example, in the case that a section of the circumjacent image 5030-1 detected in
real time matches a left section of the second reference image 5020, the HMD 5010
may detect that the front of the HMD 5010 has rotated leftward. In the case that a
section of the circumjacent image 5030-2 detected in real time matches a right section
of the second reference image 5020, the HMD 5010 may detect that the front of the
HMD 5010 has rotated rightward. In this case, the HMD 5010 may display an image in

the surrounding image corresponding to the detected direction.
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In the case that an image of the user’s body is set as the second reference image
5020, a variable image section (not shown) of the second reference image 5020 which
is changeable. For example, an image captured in the downward direction of the HMD
5010 is set as the second reference image 5020, the HMD 5010 may detect the image
other than the image of the user’s body as the variable image. Upon detecting the
variable image, the HMD 5010 may match the second reference image 5020 other than
the section of the variable image with the circumjacent image. A relevant detailed de-
scription has been given above with reference to FIG. 4b.

FIGs. 6a and 6b are views illustrating the HMD correcting the first sensing in-
formation and detecting the front direction thereof using the corrected first sensing in-
formation and the second sensing information according to one embodiment.

As shown in FIG. 6a, the user wearing the HMD 6020 may ride in a means of trans-
portation 6010. At this time, the user’s head may rotate at the same time as the means
of transportation 6010 rotates. In the case that the HMD 6020 detects the front
direction of the HMD 6020 using the first sensing information which has not been
corrected, there may be a certain error between the detected front direction of the
HMD 6020 and the actual direction of the user’s head. That is, in the case that the first
sensing information is used without being corrected, the HMD 6020 may acquire, as
the first sensing information, information including both the degree of rotation of the
means of transportation and the degree of rotation of the user’s head, using the first
sensor group. More specifically, in this case, the HMD 6020 may acquire, as the first
sensing information, information combining the degree of rotation of the means of
transportation 6010 and the degree of rotation of the user’s head, using the first sensing
group.

For example, as shown in FIG. 6a, in the cast that the car 6010 on which the user
rides turns left by 45° and the user rotates the head 90° leftward, the HMD 6020 may
detect that the front of the HMD 6020 has rotated 135° leftward. That is, in the case
that the front direction of the HMD 6020 is detected using only the first sensor group,
the information combining the degree of rotation of the car 6010 and the degree of
rotation of the user’s head may be acquired as the first sensing information. However,
the actual degree of rotation of the user’s head corresponds to 90°, the sensing in-
formation detected by the HMD 6020 has an error. Accordingly, there is a need to
correct the first sensing information. Hereinafter, a detailed description will be given of
an embodiment in which the HMD 6020 corrects the first sensing information and
detects the direction in which the front of the HMD 6020 faces using both the
corrected first sensing information and the second sensing information.

According to one embodiment, the HMD 6020 may perform communication with an

external device 6010 using a communication unit and correct the first sensing in-
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formation using the information received from the external device 6010. Herein, the
external device 6010 may be a means of transportation 6010 which is capable of
conducting communication. For example, the external device 6010 may be a car, an
aircraft, a train, a bicycle, and a motorcycle which are capable of conducting commu-
nication.

When the HMD 6020 detects the moving state of the HMD 6020, it may activate the
first sensor group and the second sensor group or maintain activation of the first sensor
group and the second sensor group. The HMD 6020 may acquire the first sensing in-
formation and the second sensing information using the activated first sensor group
and the activated second sensor group respectively. Then, the HMD 6020 may correct
the acquired first sensing information using information received from the external
device 6010. More specifically, the HMD 6020 may receive, using a communication
unit, third sensing information sensed by the external device 6010 according to change
of the absolute position of the external device 6010, and correct the first sensing in-
formation using the received third sensing information. Herein, the third sensing in-
formation may represent the travel information about the external device 6010.

For example, in the case that the car turns left by 45° and the user rotates the head 90°
leftward, the HMD 6020 may acquire, as the first sensing information, information in-
dicating that the front of the HMD 6020 has rotated 135° leftward. At this time, the
HMD 6020 may receive, as the third sensing information, the information indicating
left turn of the car by 45° from the car 6010, using the communication unit. The HMD
6020 may correct the first sensing information using the received third sensing in-
formation. More specifically, the HMD 6020 may correct the detected sensing value of
135° by the received sensing value of 45°. Accordingly, the HMD 6020 may detect that
the front of the HMD 6020 has rotated leftward by 90°, not 135°.

According to another embodiment, the HMD 6020 may correct the first sensing in-
formation using the acquired second sensing information.

The HMD 6020 may detect the front direction of the HMD 6020 using the corrected
first sensing information and the second sensing information. In using the second
sensing information, the method as described above with reference to FIGs. 4a to 5b or
a method similar thereto may be applied. The HMD 6020 may display an image of a
section of a surrounding image corresponding to the detected front direction of the
HMD 6020.

FIG. 7 is a flowchart illustrating a method of controlling the HMD. In the flowchart,
constituents similar or identical to those illustrated in FIGs. 1 to 6 will be not described
in detail.

First, the HMD may detect the state of the HMD (S7010). Herein, the state of the
HMD may include a static state and a moving state. The static state of the HMD may
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represent a state in which the absolute position of the HMD does not change. The
moving state of the HMD may represent a state in which the absolute position of the
HMD changes. More specifically, the static state may represent a state in which the
absolute position of the HMD does not substantially change and the moving state may
represent a state in which the absolute position of the HMD substantially changes. The
HMD may detect the state of the HMD using a first sensor group and/or a second
sensor group, which has been described above in detail with reference to FIG. 2.

In the case that the HMD detects the state of the HMD as the static state, the HMD
may detect the direction in which the front of the HMD faces based on the first sensing
information or based on the first sensing information and the second sensing in-
formation (S7020). In other words, in the case that the HMD detects the static state, the
HMD may detect the direction in which the front of the HMD faces, based on the first
sensing information. Herein, the first sensing information may represent sensing in-
formation acquired from an activated first sensor group. Alternatively, in the case that
the HMD detects the static state, the HMD may detect the direction in which the front
of the HMD faces, based on the first sensing information and the second sensing in-
formation. Herein, the second sensing information may represent sensing information
acquired from an activated second sensor group. For example, in the case that the first
sensing information is used to detect the front direction, the HMD may detect the
direction and degree of rotation of the HMD using a gyro sensor included in the first
sensor group, thereby detecting the front direction of the HMD. Alternatively, in the
case that the second sensing information is used to detect the front direction, the HMD
may process a circumjacent image of the HMD using a camera sensor included in the
second sensor group, thereby detecting the front direction of the HMD. A detailed de-
scription has been given above with reference to FIG. 2.

On the other hand, in the case that the HMD detects the moving state as the state of
the HMD, the HMD may detect the direction in which the front of the HMD faces
based on the second sensing information or on the second sensing information and the
corrected first sensing information (S7030). In other words, in the case that the moving
state of the HMD is detected, the HMD may detect the direction in which the front of
the HMD faces based on the second sensing information. In this case, the HMD may
set a first reference image in a first direction or a second reference image in a second
direction, and match the set first reference image or second reference image with a cir-
cumjacent image, thereby detecting the front direction of the HMD. Herein, the first
reference image and second reference image may be set depending upon whether the
space in which the HMD in the moving state is placed is a closed space or an open
space, which has been described above in detail with reference to FIGs. 4a to 5b. Alter-

natively, in the case that the moving state of the HMD is detected, the HMD may
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detect the direction in which the front of the HMD faces based on the second sensing
information and the corrected first sensing information. In this case, the HMD may
receive third sensing information sensed by an external device according to change of
the absolute position of the external device, and correct the first sensing information
using the received third sensing information. At this time, the HMD may use a commu-
nication unit capable of performing communication with the external device. A

detailed description has been given above with reference to FIG. 6b.

Next, the HMD may display an image of a section of the surrounding image corre-
sponding to the front direction of the HMD detected in a previous step (57020 or
S7030) (57040). Herein, the surrounding image may represent an unfolded image
shown in all directions (e.g., front, rear, left, right, up and down directions) around the
HMD. In the case that the HMD detects that the front direction of the HMD is the first
direction, the HMD may detect a first image corresponding to the first direction.
Thereby, the HMD may enable the user wearing the HMD to feel present in a virtual
space provided by the surrounding image.

Although descriptions have been given for the respective drawings for ease of il-
lustration, embodiments illustrated in the drawings may also be combined to
implement a new embodiment. The scope of the present disclosure also covers
designing a recording medium readable by a computer having a program recorded to
execute the described embodiments, as desired by those skilled in the art.

In addition, the HMD and a control method for the same according to the present
disclosure are not limited to the described embodiments. Parts or all of the above em-
bodiments can be selectively combined to produce various variations.

As is apparent from the above description, the present disclosure has effects as
follows.

According to one embodiment, activation of sensor groups is controlled according to
the state of the HMD to detect the front direction of the HMD. Accordingly, rotation of
the user’s head may be detected more accurately and the possibility of incorrect
operation of the HMD may be lowered.

According to another embodiment, the HMD activates all the sensor groups for
detection of the front direction of the HMD in the case that the HMD is in the static
state. Accordingly, change of the front direction of the HMD may be detected more ac-
curately and quickly.

According to another embodiment, the HMD sets a reference image and compare the
set reference image with circumjacent images in real time. Accordingly, rotation of the
user’s head with respect to the user’s body may be detected more accurately.

According to another embodiment, the HMD receives travel information from an

external device to correct sensing information. Accordingly, the sensing information
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may be corrected more accurately and thus the possibility of incorrect operation of the

HMD may be lowered.
Details of the effects have been disclosed in the descriptions given above.

It will be apparent to those skilled in the art that various modifications and variations
can be made in the present disclosure without departing from the spirit or scope of the
present disclosure. Thus, the present invention is intended to cover the modifications
and variations of this disclosure provided they come within the scope of the appended
claims and their equivalents. The variations should not be separately understood from
the spirit or prospect of the present disclosure.

In addition, the HMD and a control method for the same in the present disclosure
may be implemented, as code readable by a processor provided to a network device, in
a recording medium readable by the processor. The recording medium readable by the
processor includes all kinds of recording devices configured to store data readable by
the processor. Examples of the recording medium readable by the processor include
ROMs, RAMs, magnetic tapes, floppy disks, and optical data storage devices.
Examples also include implementation in the form of a carrier wave such as
transmission over the Internet. In addition, the recording medium readable by the
processor may be distributed to computer systems connected over a network, and thus
code readable by the processor may be stored and executed in a distributed manner.

In addition, in the present disclosure, the rotation angle and direction may not only
represent accurate values, but also include a substantial rotation angle and direction
within a certain range. That is, the rotation angle and direction of the present disclosure
may represent a substantial rotation angle and direction within a certain error range.

In this specification, both a product invention and a method invention have been
described. The descriptions thereof may be supplementarily applicable, when
necessary.

Mode for the Invention

Various embodiments have been described in the best mode for carrying out the
invention.

It will be apparent to those skilled in the art that various modifications and variations
can be made in the present invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cover the modifications and
variations of this invention provided they come within the scope of the appended

claims and their equivalents.
Industrial Applicability

As described above, the present invention is totally or partially applicable to

electronic devices.
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Claims

A wearable device configured to provide a surrounding image
comprising:

a display unit configured to display a section of the surrounding image
corresponding to a front direction of the wearable device;

a first sensor group comprising at least one sensor configured to sense a
motion of the wearable device;

a second sensor group comprising at least one sensor providing the
wearable device to capture a circumjacent image; and

a processor configured to control the display unit, the first sensor group
and the second sensor group to acquire first sensing information from
the first sensor group and second sensing information from the second
sensor group,

wherein the processor is further configured to:

detect a state of the wearable device using at least one of the first
sensing information and the second sensing information, the state of the
wearable device comprising a static state in which an absolute position
of the wearable device does not change and a moving state in which the
absolute position changes;

detect, when the state of the wearable device is detected as the static
state, a direction in which a front of the wearable device faces based on
the first sensing information or based on the first sensing information
and the second sensing information;

detect, when the state of the wearable device is detected as the moving
state, the direction in which the front of the wearable device faces
based on the second sensing information or based on the second
sensing information and the corrected first sensing information; and
display an image of a section of the surrounding image corresponding
to the detected direction.

The wearable device according to claim 1, wherein the absolute
position of the wearable device does not substantially change in the
static state, but substantially changes in the moving state.

The wearable device according to claim 1, wherein the processor is
further configured to:

detect the state of the wearable device as the static state when the
absolute position of the wearable device changes by a distance less than

or equal to a threshold distance for a predetermined time; and
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detect the state of the wearable device as the moving state when the
absolute position of the wearable device changes by a distance
exceeding the threshold distance for the predetermined time.

The wearable device according to claim 1, wherein, when detecting the
state of the wearable device using the first sensing information, the
processor is further configured to acquire the absolute position of the
wearable device as the first sensing information using a global po-
sitioning system (GPS) sensor belonging to the first sensor group, and
detects the state of the wearable device based on the acquired first
sensing information.

The wearable device according to claim 1, wherein, when detecting the
state of the wearable device using the second sensing information, the
processor is further configured to capture the circumjacent image as the
second sensing information using the second sensor group, process the
captured circumjacent image, and detect change of the absolute
position of the wearable device based on a result of the processing.
The wearable device according to claim 1, further comprising a com-
munication unit configured to transmit and receive information with an
external device,

wherein the processor is further configured to:

acquire travel information of the external device using the commu-
nication unit,

detect change of the absolute position of the wearable device using the
acquired travel information, and

detect the state of the wearable device based on the detected change of
the absolute position of the wearable device.

The wearable device according to claim 6, wherein the external device
comprises a means of transportation (a vehicle) allowing a user to ride
therein.

The wearable device according to claim 1, wherein, when the state of
the wearable device is detected as the moving state, and only the
second sensing information is used to detect the direction in which the
front of the wearable device faces, the processor is further configured
to:

deactivate the first sensor group, and

activate the second sensor group or maintain activation of the second
sensor group.

The wearable device according to claim 8, wherein, when the state of
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the wearable device is detected as the moving state, the processor is
further configured to additionally detect whether a space containing the
wearable device is an open space or a closed space using the activated
second sensor group.

The wearable device according to claim 9, wherein the processor is
further configured to:

capture the circumjacent image of the wearable device as the second
sensing information using the activated second sensor group;

detect the space containing the wearable device as the closed space
when the captured circumjacent image matches a predetermined image;
and

detect the space containing the wearable device as the open space when
the captured circumjacent image does not match the predetermined
image.

The wearable device according to claim 9, wherein the processor is
further configured to:

set a first reference image using the activated second sensor group upon
detecting that the space containing the wearable device is the closed
space; and

set a second reference image using the activated second sensor group
upon detecting that the space containing the wearable device is the
open space.

The wearable device according to claim 11, wherein the processor
further configured to:

upon detecting that the space containing the wearable device is the
closed space, capture an image in a first direction using the activated
second sensor group and set the captured image in the first direction as
the first reference image; and

upon detecting that the space containing the wearable device is the
open space, capture an image in a second direction using the activated
second sensor group and set the captured image in the second direction
as the second reference image.

The wearable device according to claim 11, wherein the first reference
image comprises an internal image of the space containing the wearable
device and the second reference image comprises a body image of a
user wearing the wearable device.

The wearable device according to claim 11, wherein, upon setting the

first reference image or the second reference image, the processor is
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further configured to:

capture the circumjacent image of the wearable device as the second
sensing information in real time using the activated second sensor
group;

detect the direction in which the front of the wearable device faces by
comparing the captured circumjacent image with the first reference
image or the second reference image; and

display an image of a section of the circumjacent image corresponding
to the detected direction.

The wearable device according to claim 1, wherein, in detecting the
direction in which the front of the wearable device faces based on the
second sensing information and the corrected first sensing information,
the processor is further configured to:

acquire the first sensing information from the first sensor group and the
second sensing information from the second sensor group;

correct the acquired first sensing information; and

detect the direction in which the front of the wearable device faces
using the corrected first sensing information and the second sensing in-
formation.

The wearable device according to claim 15, further comprising a com-
munication unit configured to transmit and receive information with an
external device,

wherein, in correcting the first sensing information, the processor is
further configured to:

receive, using the communication unit, third sensing information
sensed by the external device according to change of an absolute
position of the external device; and

correct the first sensing information using the received third sensing in-
formation.

The wearable device according to claim 1, wherein the first sensor
group comprises at least one of an acceleration sensor, a gyro sensor, a
geomagnetic sensor, a global positioning system (GPS) sensor, a
pressure sensor, an elevation sensor and a proximity sensor.

The wearable device according to claim 1, wherein the second sensor
group comprises at least one of a camera sensor, an infrared sensor and
a proximity sensor.

A method for controlling a wearable device configured to provide a

surrounding image, comprising:
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detecting a state of the wearable device using at least one of first
sensing information acquired from a first sensor group comprising at
least one sensor configured to sense motion of the wearable device and
second sensing information acquired from a second sensor group
comprising at least one sensor configured to capture a circumjacent
image, the state of the wearable device comprising a static state in
which an absolute position of the wearable device does not change and
a moving state in which the absolute position changes;

detecting, when the state of the wearable device is detected as the static
state, a direction in which a front of the wearable device faces based on
the first sensing information or based on the first sensing information
and the second sensing information

detecting, when the state of the wearable device is detected as the
moving state, the direction in which the front of the wearable device
faces based on the second sensing information or based on the second
sensing information and the corrected first sensing information; and
displaying an image of a section of the surrounding image corre-
sponding to the detected direction.

The method according to claim 19, wherein detecting of the state of the
wearable device comprises:

detecting the state of the wearable device as the static state when the
absolute position of the wearable device changes by a distance less than
or equal to a threshold distance for a predetermined time; and

detecting the state of the wearable device as the moving state when the
absolute position of the wearable device changes by a distance

exceeding the threshold distance for the predetermined time.
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