wo 2018/088730 A1 |00 OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert <
0T rpmivation > T AR R0 0 0
International Bureau —/) (10) International Publication Number
(43) International Publication Date -—-/ WO 201 8/ 088730 Al
17 May 2018 (17.05.2018) WIPOI|PCT
(51) International Patent Classification: (KR). PARK, Jeong-hun; #208-902, 143, Jeongja-ro, Bun-
HO04N 21/2343 (2011.01) HO04N 21/81 (2011.01) dang-gu, Seongnam-si, Gyeonggi-do 13608 (KR).

HO4N 21/4402 (2011.01) HO4N 21/442(2011.01) (74) Agent: HUH, Sung-Won et al.; 3rd Floor, Leaders Bldg.,

(21) International Application Number: 63, Seochojungang-ro, Seocho-gu, Seoul 06651 (KR).
PCT/KR2017/011907 (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available): AE, AG, AL, AM,
26 October 2017 (26.10.2017) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(26) Publication Language: English HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

. KW,KZ,LA,LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

(30) Priority Data: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

10-2016-0148222 08 November 2016 (08.11.2016) KR PA. PE, DG, PIL L. PT. OA. RO. RS RU, RW. SA, SC.

(71) Applicant: SAMSUNG ELECTRONICS CO., LTD. SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
[KR/KR]; 129, Samsung-ro, Yeongtong-gu, Suwon-si, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Gyeonggi-do 16677 (KR).

(25) Filing Language: English

(84) Designated States (unless otherwise indicated, for every

(72) Inventors: KIM, Dae-wang; #302, 259-7, Sinwon-ro, kind of regional protection available). ARIPO (BW, GH,
Yeongtong-gu, Suwon-si, Gyeonggi-do 16676 (KR). GM, KE, LR, LS, MW, MZ NA, RW, SD, SL, ST, SZ, TZ,
JEON, Han-byoul; #502-502, 37, Heungdeok 1-ro UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
79beon-gil, Giheung-gu, Yongin-si, Gyeonggi-do 16953 TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(54) Title: DISPLAY APPARATUS AND CONTROL METHOD THEREOF

19 10

?

SERVER DISPLAY APPARATUS

666 )

(57) Abstract: Disclosed is a display apparatus which receives a segment of the content having a first resolution from the server,
displays an area of a stereoscopic image on the display based on the received segment, transmits information about an area more likely
to be displayed within the stereoscopic image to the server, receives a segment corresponding to the area more likely to be displayed and
having a second resolution higher than the first resolution from the server, and displays the stereoscopic image based on the received
segment having the second resolution.

[Continued on next page]



WO 2018/088730 A1 {1000 OO R

EE, ES, FL, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

WO 2018/088730 PCT/KR2017/011907

Description
Title of Invention: DISPLAY APPARATUS AND CONTROL

METHOD THEREOF
Technical Field

The present disclosure relates generally to a display apparatus and a control method
thereof, and for example, to a display apparatus for receiving a content image and a

control method thereof.

Background Art

An extended video refers to an image obtained by stitching images taken by many
lenses together. As an example of the extended video, there is a 360-degree image. In
this case, two or more lenses are used to take images in all directions of 360 degrees
without any discontinuity. Such a 360-degree image allows a user to view all the left,
right, up, down, front and rear areas of the image through a virtual reality (VR) device
or the like.

With recent development of imaging technology, the extended video has been
gradually universalized but required a much higher bandwidth than a general image in
order to provide a high-quality image to a user. However, it is difficult to continuously
provide a high-quality extended video since viewing devices of users vary in network
state.

Further, a user wants to view a vivid and realistic extended video even if the

extended video has a limited network bandwidth.
Disclosure of Invention

Technical Problem

It is difficult to continuously provide a high-quality extended video since viewing
devices of users vary in network state.

Further, a user wants to view a vivid and realistic extended video even if the
extended video has a limited network bandwidth.

Solution to Problem

Accordingly, an aspect of one or more example embodiments may provide a display
apparatus for continuously providing a high-quality extended video to a user who is
viewing the extended video, and a control method thereof.

Further, another aspect of one or more example embodiments may provide a display
apparatus for providing a vivid and realistic extended video to a user who is viewing
the extended video within a restricted network state, and a control method thereof.

According to an example embodiment, a display apparatus is provided, the display

apparatus comprising: a communicator comprising communication circuitry
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configured to communicate with a server capable of providing content divided into
segments and having a plurality of resolutions; a video processor configured to
perform a video process on the content; a display configured to display an image of the
processed content; and a controller configured to control the display apparatus to
receive a segment of the content having a first resolution from the server, to display an
area of a stereoscopic image on the display based on the received segment, to transmit
information about an area more likely to be displayed within the stereoscopic image to
the server, to receive a segment corresponding to the area more likely to be displayed
and having a second resolution higher than the first resolution from the server, and to
display the stereoscopic image based on the received segment having the second
resolution.

According to an example embodiment, it is possible to continuously provide a high-
quality extended video to a user when the user views an extended video (e.g. a
360-degree image).

The information may comprise at least one of information about a user’s current line
of sight, information about movement in users’ sight lines according to timeslots, and
information about a user’s gesture and voice.

The server may determine an area more likely to be displayed within the stereoscopic
image based on at least one of information received from the display apparatus, content
production information involved in the content, and advertisement information. Thus,
it is possible to make an area of the extended video more likely to be displayed on a
screen be streamed with a high resolution by taking many pieces of information for
predicting movement of a user’s line of sight into account.

The controller may control the display apparatus to transmit information about a
network state of the display apparatus to the server, and may determine a highest
resolution of an image of a segment received from the server based on the network
state. Thus, it is possible to stream the extended video with an optimum and/or
improved resolution by taking a network state of a user’s viewing device into account.

The controller may receive a segment, which does not correspond to the area more
likely to be displayed and is processed to have a third resolution lower than the first
resolution, from the server. Thus, a part of the extended video more likely to be
displayed on the screen as a user’s line of sight moves is processed to have a higher
resolution than the other parts, and it is therefore possible to provide an image with
higher quality even under a restricted network state.

The controller may control the video processor to stitch together a first segment cor-
responding to the area more likely to be displayed and a second segment not corre-
sponding to the area more likely to be displayed, which are received from the server.

Thus, the segments received with different resolutions may be stitched together and re-
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produced as one frame.

The controller may control the display apparatus to preferentially receive a first
segment corresponding to the area more likely to be displayed, and to receive a second
segment not corresponding to the area more likely to be displayed, from the server.
Thus, a part of the extended video more likely to be displayed on the screen is prefer-
entially streamed, and a part less likely to be displayed on the screen is then streamed,
thereby providing an image with higher quality even under a restricted network state.

The controller may control the display apparatus to periodically transmit information
about the area more likely to be displayed to the server. Thus, the latest information for
predicting the movement in a user’s line of sight is reflected in streaming a part of the
extended video more likely to be displayed on a screen.

The controller may control the display apparatus to transmit information about the
user’s current line of sight to the server if the user’s current line of sight is maintained
for a predetermined period of time or more. Thus, a state where a user’s current line of
sight is maintained for a predetermined period of time or more is reflected as
meaningful information in determining a part of the extended video more likely to be
displayed on the screen.

The server may store the segments divided from the content and processed according
to a plurality of resolutions. Thus, it is possible to stream a segment having a high
resolution previously stored corresponding to the area of the extended video more
likely to be displayed on the screen.

According to an example embodiment, a method of controlling a display apparatus is
provided, the method comprising: communicating with a server capable of providing
content divided into segments and having a plurality of resolutions; receiving a
segment of the content having a first resolution from the server, and displaying an area
of a stereoscopic image on the display based on the received segment; transmitting in-
formation about an area more likely to be displayed within the stereoscopic image to
the server; receiving a segment corresponding to the area more likely to be displayed
and having a second resolution higher than the first resolution from the server; and
displaying the stereoscopic image based on the received segment having the second
resolution.

According to an example embodiment, it is possible to continuously provide a high-
quality extended video to a user when the user views an extended video (e.g. a
360-degree image).

The information may comprise at least one of information about a user’s current line
of sight, information about movement in users’ sight lines according to timeslots, and
information about a user’s gesture and voice.

The server may determine an area more likely to be displayed within the stereoscopic
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image based on at least one of information received from the display apparatus, content
production information involved in the content, and advertisement information. Thus,
it is possible to make an area of the extended video more likely to be displayed on a
screen be streamed with a high resolution by taking many pieces of information for
predicting movement of a user’s line of sight into account.

The method may further comprise: transmitting information about a network state of
the display apparatus to the server; and determining a highest resolution of an image of
a segment received from the server based on the network state. Thus, it is possible to
stream the extended video with an optimum and/or improved resolution by taking a
network state of a user’s viewing device into account.

The method may further comprise: receiving a segment, which does not correspond
to the area more likely to be displayed and is processed to have a third resolution lower
than the first resolution, from the server. Thus, a part of the extended video more likely
to be displayed on the screen as a user’s line of sight moves is processed to have a
higher resolution than the other parts, and it is therefore possible to provide an image
with higher quality even under a restricted network state.

The method may further comprise: stitching a first segment corresponding to the area
more likely to be displayed and a second segment not corresponding to the area more
likely to be displayed, which are received from the server. Thus, the segments received
with different resolutions are stitched together and reproduced as one frame.

The method may further comprise: preferentially receiving a first segment corre-
sponding to the area more likely to be displayed from the server; and then receiving a
second segment not corresponding to the area more likely to be displayed from the
server. Thus, a part of the extended video more likely to be displayed on the screen is
preferentially streamed, and a part less likely to be displayed on the screen is then
streamed, thereby providing an image with higher quality even under a restricted
network state.

The method may further comprise periodically transmitting information about the
area more likely to be displayed to the server. Thus, the latest information for
predicting the movement in a user’s line of sight is reflected in streaming a part of the
extended video more likely to be displayed on a screen.

The method may further comprise transmitting information about the user’s current
line of sight to the server if the user’s current line of sight is maintained for a prede-
termined period of time or more. Thus, a state where a user’s current line of sight is
maintained for a predetermined period of time or more is reflected as meaningful in-
formation in determining a part of the extended video more likely to be displayed on
the screen.

The method may further comprise, storing, by the server, the segments divided from
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the content and processed according to a plurality of resolutions. Thus, it is possible to
stream a segment having a high resolution previously stored corresponding to the area
of the extended video more likely to be displayed on the screen.

Advantageous Effects of Invention

Accordingly, an aspect of one or more example embodiments may provide a display
apparatus for continuously providing a high-quality extended video to a user who is
viewing the extended video, and a control method thereof.

Further, another aspect of one or more example embodiments may provide a display
apparatus for providing a vivid and realistic extended video to a user who is viewing
the extended video within a restricted network state, and a control method thereof.
Brief Description of Drawings

The above and/or other aspects, features and attendant advantages of the present
disclosure will become apparent and more readily appreciated from the following
detailed description, taken in conjunction with the accompanying drawings, in which
like reference numerals refer to like elements, and wherein:

FIG. 1 is a block diagram illustrating an example display apparatus according to an
example embodiment;

FIG. 2 is a diagram illustrating an example of a virtual interface to be provided to a
user according to an example embodiment;

FIG. 3 is a diagram illustrating an example of a method of creating an extended video
according to an example embodiment;

FIG. 4 is a diagram illustrating an example of an extended video displayed on a
screen as a user’s line of sight moves according to an example embodiment;

FIG. 5 is a diagram illustrating an example of streaming an extended video from a
server to the display apparatus according to an example embodiment;

FIG. 6 is a block diagram illustrating example elements for streaming an extended
video from a server to the display apparatus according to an example embodiment; and

FIG. 7 is a flowchart illustrating an example method of controlling the display

apparatus according to an example embodiment.

Best Mode for Carrying out the Invention

Hereinafter, various example embodiments will be described in greater detail with
reference to accompanying drawings. The present disclosure may be achieved in
various forms and not limited to the following embodiments. For clear description, like
numerals refer to like elements throughout.

Below, features and embodiments of a display apparatus 10 will be first described
with reference to FIG. 1 to FIG. 6. FIG. 1 is a block diagram illustrating an example

display apparatus according to an example embodiment. As illustrated in FIG. 1, a
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display apparatus 10 according to an example embodiment includes a communicator
(e.g., including communication circuitry) 11, a video processor (e.g., including video
processing circuitry) 12, a display 13, a user input (e.g., including input circuitry) 14, a
controller (e.g., including processing circuitry) 15 and a storage 16. For example, and
without limitation, the display apparatus 10 may be achieved by a virtual reality (VR)
device, a television (TV), a smart phone, a tablet personal computer, a computer, or the
like. According to an example embodiment, the display apparatus 10 may connect with
a server 19 through the communicator 11 and receive a video signal of content from
the server 19. The elements of the display apparatus 10 are not limited to the foregoing
descriptions, and may exclude some elements or include some additional elements.

According to an example embodiment, the display apparatus 10 may receive an
image of at least one segment, which includes an area 131 expected to be displayed
within an image of content more likely to be displayed on the display 13, from among
images 191, 192, 193, 194, 195, 196, ... of a plurality of segments divided from the
image of the content.

Further, the display apparatus 10 according to an example embodiment processes the
image of at least one segment, which includes the area 131 expected to be displayed in
the image of content more likely to be displayed on the display 13, among the images
191, 192, 193, 194, 195, 196, ... of the plurality of segments divided from the image of
the content.

The server 19 may be realized by a content provider that stores an image of content
produced by a content producer, and provides the image of content in response to a
request of the display apparatus 10. Here, the image of content may, for example, be an
extended video, e.g. a 360-degree image viewable in all directions. The extended video
may be created by stitching two or more images, which are respectively taken by two
or more lenses, together. According to an example embodiment, the extended video
may include weight information set by the content producer according to areas and
timeslots, and a resolution to be applied according to the areas and the timeslots may
be determined based on the set weight information.

The server 19 may store a plurality of images corresponding to plural pieces of
content, and stores images 191, 192, 193, 194, 195, 196 ... corresponding to a plurality
of segments divided from the image of each piece of content in accordance with a
plurality of resolutions. For example, if the 360-degree image is stored in the server 19,
the 360-degree image may be divided into the plurality of segments corresponding to
upper left, upper right, upper front, upper rear, lower left, lower right, lower front and
lower rear areas in consideration of all of up, down, left, right, front and rear di-
rections. At this time, the server 19 may store a plurality of images different in

resolution with respect to respective divided segments. For example, images corre-
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sponding to resolutions of 1280*720(720p), 1920*1080(1080p) and 3840*2160(4K)
may be stored with respect to the segment corresponding to the upper left area among
the plurality of segments divided from the 360-degree image. Likewise, images corre-
sponding to different resolutions may be stored with regard to the other segments.

The communicator 11 may include various communication circuitry and com-
municates with the server 19, which is storing the images corresponding to the
plurality of pieces of content, by, for example, a wire or wirelessly, and receives the
image of content from the server 19. Further, the communicator 11 sends the server 19
information about a network state, a user’s current line of sight, a user’s gesture and
voice, etc. collected in the display apparatus 10. To communicate with the server 19,
the communicator 11 may use a wired communication method such as Ethernet, etc. or
a wireless communication method Wi-Fi, Bluetooth, etc. through a wireless router. For
example, the communicator 11 may include various communication circuitry, such as,
for example, and without limitation, a printed circuit board (PCB) including a wireless
communication module for Wi-Fi. However, there are no limits to the communication
methods of the communicator 11. Alternatively, the communicator 11 may com-
municate with the server 19 through another communication method.

The video processor 12 may include various video processing circuitry and may
perform a preset video processing process with regard to a video signal of content
received from the server 19 through the communicator 11. According to an example
embodiment, if the image of at least one segment, which includes the area 131
expected to be displayed in the image of content more likely to be displayed on the
display 13, is received among the images 191, 192, 193, 194, 195, 196, ... of the
plurality of segments divided from the image of the content, the video processor 12
may perform the video processing process to stitch frames corresponding to the
received image of at least one segment together into one frame.

As an example of the video processing process performed by the various video
processing circuitry in the video processor 12, includes, but is not limited to, de-
multiplexing, decoding, de-interlacing, scaling, noise reduction, detail enhancement, or
the like, without limitations. The video processor 12 may be realized as a system on
chip (SoC) where many functions are integrated, or an image processing board where
individual modules for independently performing respective processes are mounted.

The display 13 displays an image of content based on a video signal processed by the
video processor 12. According to an example embodiment, the display 13 displays
some areas of the image of content based on a user’s input. For example, the display 13
displays the image of at least one segment, which includes the area 131 expected to be
displayed in the image of content more likely to be displayed on the display 13, among
the images 191, 192, 193, 194, 195, 196, ... of the plurality of segments divided from
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the image of the content.

The display 13 may be achieved by various types. For example, the display 13 may
be achieved by a plasma display panel (PDP), a liquid crystal display (LCD), an
organic light emitting diode (OLED), a flexible display, or the like, but is not limited
thereto.

The user input 14 may include various input circuitry and receives a user’s input for
controlling at least one function of the display apparatus 10. According to an example
embodiment, the user input 14 receives a user’s input for displaying some areas of the
image of content on the display 13.

The user input 14 may include various input circuitry, such as, for example, and
without limitation, a remote controller that uses infrared to communicate with the
display apparatus 10 and includes a plurality of buttons a keyboard, a mouse, a touch
screen provided on the display apparatus 10, an input panel provided on an outer side
of the display apparatus 10, an iris recognition sensor or a gyro sensor for sensing
movement of a user’s line of sight based on movement of an iris or a neck, a voice
recognition sensor for sensing a user’s voice, a motion recognition sensor for sensing a
user’s gesture, or the like.

The storage 16 may store the images corresponding to the plurality of pieces of
content reproducible in the display apparatus 10. The storage 16 may store an image of
content received from the server 19 through the communicator 11, or store an image of
content received from a universal serial bus (USB) memory stick or the like device
directly connected to the display apparatus 10. The storage 16 performs reading,
writing, editing, deleting, updating, etc. with regard to data about the stored content
image. The storage 16 may include, for example, and without limitation, a flash
memory stick, a hard-disc drive or the like nonvolatile memory stick so as to retain
data regardless of whether the display apparatus 10 is powered on or off.

The controller 15 may include various processing circuitry, such as, for example, and
without limitation, at least one processor for controlling a program command to be
executed so that all the elements involved in the display apparatus 10 can operate. The
at least one processor may include a central processing unit (CPU), and may, for
example, include three regions for control, a computation and a register. The control
region analyzes a program command, and controls the elements of the display
apparatus 10 to operate in accordance with the analyzed commands. The computation
region performs arithmetic operations and logical operations, and implements com-
putations needed for operating the elements of the display apparatus 10 in response to a
command from the control region. The register region may be a memory location to
store information or the like needed while the CPU is executing an instruction, stores

instructions and data for the elements of the display apparatus 10 and computation
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area 131 expected to be displayed within an image of content more likely to be
displayed on the display 13, among images 191, 192, 193, 194, 195, 196, ... of a
plurality of segments divided from the image of the content. The controller 15 controls
the image of the received segment to be processed and displayed on the display 13.

Here, the area expected to be displayed may be determined based on at least one of a
user’s current line of sight, information about movement of users’ sight lines according
to timeslots, information about production of content, advertisement information, and
information about a user’s gesture and voice.

According to an example embodiment, the controller 15 may stream from the server
19 an image of a segment including a part of a content image corresponding to a user’s
current line of sight. Thus, an area of a content image, on which a user’s current line of
sight stays, is seen with higher quality when s/he views the content image.

If a user’s current line of sight stays (e.g., is maintained) for a predetermined period
of time or more, the controller 15 may transmit information about the user’s current
line of sight to the server 19 and controls a part of the content image corresponding to
the current sight line to have high quality when this part is selected again by a user. For
example, if an angle of view selected by a user to view a content image is maintained
for a predetermined period of time, the display apparatus 10 transmits information
about the selected angle of view to the server 19. Thus, it is possible to stream a high-
quality image with regard to a meaningful angle of view selected by a user.

According to an example embodiment, the controller 15 may stream from the server
19 an image of a segment corresponding to an area more likely to be displayed on the
display 13, based on information about movement of a user’s line of sight according to
timeslots among pieces of information about users’ histories of previously viewing an
image of content.

The server 19 may generate information about a recommended angle of view
according to timeslots with respect to a content image, based on information about
movement of users’ sight lines according to timeslots. At this time, the server 19 may
adjust a resolution of a content image to be streamed according to angles of view,
based on the generated information about the recommended angle of view according to
timeslots.

Thus, information about movement of former viewers’ lines of sight according to
timeslots may be taken into account when a content image is displayed, and it is
therefore possible to control an area of the content image more likely to be displayed
by a current viewer to be displayed with higher quality.

According to an example embodiment, the controller 15 may stream from the server
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19 an image of a segment corresponding to weight information about areas and
timeslots given by a content producer with regard to the image of content. Thus, an
area of a content image corresponding to an area and timeslot intended by a content
producer may be displayed with higher quality when a user views the content image.

According to an example embodiment, the controller 15 may stream from the server
19 an image of a segment included in an area and timeslot relevant to advertisement
content inserted in the image of content. Thus, advertisement included in an image of
content may be displayed with higher quality when a user views the content image.

According to an example embodiment, the controller 15 may stream from the server
19 an image of a segment corresponding to an area more likely to be displayed on the
display 13, based on a user’s voice or gesture. Thus, an area of a content image
displayed in response to a user’s voice or gesture may be displayed with higher quality
when a user views the content image.

The controller 15 may control an image of at least one segment including an area 131
expected to be displayed to have a high resolution and be preferentially received. For
example, an area of a content image, on which a user’s current line of sight stays for a
predetermined period of time or more, may be displayed with a higher resolution when
s/he views the content image.

The controller 15 may receive an image of at least one first segment corresponding to
an area 131 expected to be displayed among images 191, 192, 193, 194, 195, 196, ...
of a plurality of segments, and then receive an image of at least one second segment
not corresponding to the area 131 expected to be displayed. For example, information
about movement of former viewers’ lines of sight according to timeslots is taken into
account when a content image is displayed, and an image of a segment corresponding
to an area more likely to be displayed by movement of a current viewer’s line of sight
may be preferentially received, thereby providing a high-quality image even under a
restricted network state.

The controller 15 may stream from the server 19 an image of at least one segment
including an area 131 expected to be displayed. Here, the controller 15 may transmit
information about a network state of the display apparatus 10 to the server 19, and
determine a highest resolution of an image of at least one segment to be streamed from
the server 19 based on the information about the network state. Thus, an image of the
area 131 highly expected to be displayed on the display 13 is continuously given with
high quality from the server 19. Further, the network state of the display apparatus 10
is taken into account to thereby provide an image having an optimum and/or improved
resolution.

According to another example embodiment, the controller 15 may control an image

of at least one segment, which includes an area 131 expected to be displayed within an
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image of content more likely to be displayed on the display 13, among images 191,
192, 193, 194, 195, 196, ... of a plurality of segments divided from the image of the
content to be processed with high quality.

Here, the area 131 expected to be displayed may be determined based on at least one
of a user’s current line of sight, information about movement of users’ sight lines
according to timeslots, information about production of content, advertisement in-
formation, and information about a user’s gesture and voice, or the like, but is not
limited thereto. Thus, an area of a content image to be displayed is determined by con-
sidering many pieces of information for predicting movement of a user’s line of sight
and processed with higher quality.

The controller 15 may process an image of at least one segment, which includes an
area 131 expected to be displayed, to have a high resolution. Thus, a part of a content
image more likely to be displayed according to movement of a user’s sight line can
have high quality.

The controller 15 processes the image of the at least one first segment corresponding
to the area 131 expected to be displayed among images 191, 192, 193, 194, 195, 196,
... of a plurality of segments to have a first resolution, and processes the image of the
at least one second segment not corresponding to the area 131 expected to be displayed
to have a second resolution lower than the first resolution.

The controller 15 may stream from the server 19 a high-resolution image of at least
one segment including an area 131 expected to be displayed. For example, as il-
lustrated in FIG. 4, if a user’s line of sight 49 moves from a first area 481 expected to
be displayed in an extended video 21 displayed on the display 13 to a second area 482
expected to be displayed, images 42, 43, 45 and 46 of four segments including the
second area 482 expected to be displayed are streamed to have a high resolution among
images 41, 42, 43, 44, 45 and 46 of a plurality of segments divided from the extended
video 21. At this time, images 41 and 44 of segments excluding the second area 482
expected to be displayed among the images 41, 42, 43, 44, 45 and 46 of the plurality of
segments are streamed to have a resolution lower than that of the images 42, 43, 45 and
46 of four segments.

According to this example embodiment, a part of a content image more likely to be
displayed as a user’s line of sight moves is streamed to have a higher resolution than
the other parts, thereby providing a vivid image to a user under a restricted network
state.

The controller 15 may transmit information about the network state of the display
apparatus 10 to the server 19, and determine a highest resolution of an image of at least
one segment to be streamed from the server 19 based on the network state. Thus, it is

possible to provide a content image having an optimum resolution to a user in con-
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sideration of the network state of the display apparatus 10.

As described above, the display apparatus 10 according to an example embodiment
may continuously provide a high-quality extended video to a user when s/he views the
extended video. Further, it is possible to provide a vivid and realistic extended video to
a user even under a restricted network state.

FIG. 2 is a diagram illustrating an example of a virtual interface of an extended video
provided to a user according to an example embodiment. As illustrated in FIG. 2, if a
user views the extended video 21 through a VR device 22, a part of the extended video
21, e.g., an image 23 of a first area expected to be displayed is displayed on a screen of
the VR device 22 in accordance with a user’s current line of sight. At this time, an area
including the image 23 of the first area expected to be displayed within the extended
video 21 is streamed to have a high resolution, thereby providing a high-quality image
to a user.

According to an example embodiment, an image 24 of a second area expected to be
displayed may be determined as an image more likely to be displayed on the screen of
the VR device 22, based on information about movement of users’ sight line according
to timeslots of information about view history of users who have viewed the extended
video 21. In this case, the area including the image 24 of the second area expected to
be displayed within the extended video 21 may be preferentially streamed. Further, the
area including the image 24 of the second area expected to be displayed may be
streamed to have a high resolution.

According to another example embodiment, an image 25 of a third area expected to
be displayed may be determined as an image more likely to be displayed on the screen
of the VR device 22, based on information about an area and timeslot which involves
advertisement content inserted in the extended video 21. In this case, an area of the
extended video 21, which includes the image 25 of the third area expected to be
displayed, may be preferentially streamed. Further, the area including the image 25 of
the third area expected to be displayed may be streamed to have a high resolution.

As mentioned above, according to an example embodiment, many pieces of in-
formation for predicting movement of a user’s line of sight, such as information about
a user’s current line of sight, information about view history of former users, in-
formation about advertisement, or the like, may be taken into account when a user
views the extended video 21, so that a part of the extended video 21, which is more
likely to be displayed on the screen, can be displayed with high quality.

FIG. 3 is a diagram illustrating an example of a method of creating an extended video
according to an example embodiment. As illustrated in FIG. 3, to create a 360-degree
image as an example of the extended video, many cameras are used to photograph a

plurality of images corresponding to all directions. For example, a first lens and a
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second lens, each of which has an angle of view of 180 degrees, are used to photograph
a first angle image 31 and a second angle image 32, respectively.

The first angle image 31 and the second angle image 32 may be stitched together and
mapped to a sphere, and then mapped to an equirectangular flat image 34 so as to be
compatible between different apparatuses. At this time, the equirectangular flat image
34 may, for example, be created as if a globe is turned into a flat map.

A spherical stereoscopic image 35 is generated by warping and mapping the
equirectangular flat image 34 into a sphere, so that a user can view the equirectangular
flat image 34 through the display apparatus 10. At this time, an area selected by a user
within the spherical stereoscopic image 35 may be cropped and zoomed in and out, and
the cropped image may be adjusted in quality and then displayed on the screen.

As described above, according to an example embodiment, a plurality of omnidi-
rectional images taken by a plurality of lenses are stitched together to create an
extended video such as a 360-degree image.

FIG. 4 is a diagram illustrating an example of an extended video displayed on a
screen as a user’s line of sight moves according to an example embodiment. As il-
lustrated in FIG. 4, the extended video 21 may be divided into images 41, 42, 43, 44,
45 and 46 corresponding to a plurality of segments and stored in the server 19. At this
time, the images 41, 42, 43, 44, 45 and 46 corresponding to the plurality of segments
may be stored according to a plurality of different resolutions.

According to an example embodiment, an image 46 corresponding to a sixth segment
is streamed to have a high resolution since the image 46 includes the first area 481
expected to be displayed within the extended video 21, on which a user’s line of sight
is maintained for a predetermined period of time or more, among the images 41, 42,
43, 44, 45 and 46 of the plurality of segments.

According to an example embodiment, suppose that a user’s line of sight 49 moves
from the first area 481 expected to be displayed within the extended video 21 displayed
on the display 13 to the second area 482 expected to be displayed. At this time, the
movement in a user’s line of sight 49 from the first area 481 expected to be displayed
to the second area 482 expected to be displayed may be predicted based on at least one
of information about movement of former users’ lines of sight according to timeslots,
information about production of content, advertisement information, and information
about a user’s gesture and voice, or the like.

If the movement to the second area 482 expected to be displayed is predicted, the
images 42, 43, 45 and 46 of four segments, which involve the second area 482
expected to be displayed, are preferentially received among the images 41, 42, 43, 44,
45 and 46 of the plurality of segments. At this time, the images 42, 43, 45 and 46 of

four segments including the second area 482 expected to be displayed are streamed to
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have a high resolution, but the images 41 and 44 of the segments excluding the second
area 482 expected to be displayed are streamed to have a resolution lower than the
resolution of the images 42, 43, 45 and 46 of the four segments.

Since a part of a content image more likely to be displayed is streamed to have a
higher resolution than other parts as a user’s line of sight moves, it is possible to
provide a vivid image to a user even under a restricted network state.

FIG. 5 is a diagram illustrating an example of streaming an extended video from a
server to the display apparatus according to an example embodiment. As illustrated in
FIG. 5, the server 19 divides and stores an image of content produced by a content
producer into a plurality of segments. At this time, the image of content may be given
as an extended video (e.g. a 360-degree image) created by stitching a plurality of
images omni-directionally taken by many cameras. The server 19 maps such a created
extended video 21 to an equirectangular flat image, and then divides and stores it into a
plurality of segments.

When dividing and storing the extended video 21 into the plurality of segments, the
server 19 may process and store each segment according to a plurality of resolutions.

Referring to (1) of FIG. 5, the display apparatus 10 receives images of a plurality of
segments, which are divided from the extended video 21, from the server 19 in
response to a user’s play request. At this time, the received images corresponding to
the plurality of segments have a first resolution.

Referring to (2) of FIG. 5, the display apparatus 10 creates a stereoscopic image 35
by stitching together the received images corresponding to the plurality of segments
and having the first resolution. For example, if an image of content stored in the server
19 is a 360-degree image, the display apparatus 10 creates a spherical stereoscopic
image 35.

Referring to (3) of FIG. 5, a part 333 of the spherical stereoscopic image 35 is
displayed on a screen in response to a user’s selection. At this time, the part 333 of the
spherical stereoscopic image 35 is displayed with the first resolution corresponding to
the plurality of received segments.

Referring to (4) of FIG. 5, the display apparatus 10 transmits information for de-
termining an area more likely to be displayed on the screen to the server 19. The in-
formation includes at least one of a user’s current line of sight, information about
movement of users’ sight lines according to timeslots, information about production of
content, advertisement information, and information about a user’s gesture and voice,
or the like. For example, if a user’s current line of sight is maintained for a prede-
termined period of time or more, information about the user’s current line of sight is
transmitted to the server 19 in order to determine an area to be streamed. Alternatively,

information about movement in sight lines of users, who have played the extended
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video 21, according to timeslots is transmitted to the server 19, thereby determining an
area to be streamed. However, information to be transmitted to the server 19 is not
limited to those of the foregoing example embodiment, and may additionally include
information needed for determining an area more likely to be displayed by a user on a
screen among all the areas of the extended video 21.

Referring to (5) of FIG. 5, the display apparatus 10 receives at least one segment cor-
responding to an area 666 more likely to be displayed, which is determined based on
the information and processed to have a second resolution higher than the first
resolution, from the server 19.

Referring to (6) of FIG. 5, the display apparatus 10 displays an area, which cor-
responds to at least one received segment having the second resolution within the
spherical stereoscopic image 35, on the screen.

According to the foregoing example embodiment, the display apparatus 10 may more
vividly provide a part of the 360-degree image more likely to be displayed on the
screen, based on information about a user’s line of sight or information about
movement of former users’ sight line, or the like, while a user views a 360-degree
image.

FIG. 6 is a block diagram illustrating example elements for streaming an extended
video from a server to the display apparatus according to an example embodiment. As
illustrated in FIG. 6, the extended video 21 is produced in an image producing device
51 by a content producer, and uploaded to the server 19 located at a side of a content
provider. The image producing device 51 may include various types of image
producing devices, such as, for example, and without limitation, a personal computer
(PC), a smart phone, a tablet computer, or the like, and perform photographing and
editing functions for a content image. The extended video 21 uploaded to the server 19
is provided to the display apparatus 10 in response to a user’s play request in the
display apparatus 10.

To produce the extended video 21, the image producing device 51 acquires a
plurality of videos omni-directionally photographed by the content producer using a
plurality of lenses (511). The image producing device 51 extracts frames of the re-
spective photographed videos in the form of images (512). The image producing
device 51 assigns weights to the respective extracted images according to specific
areas and timeslots (513). At this time, the weights according to the specific areas and
timeslots may be set by production purpose of the content producer, and such a set
weight may be reflected in the resolutions for the plurality of segments when the server
19 streams the extended video 21.

After assigning the weights to the respective images, the image producing device 51

stitches the respective images together (514), and creates the extended video 21 by
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processing the stitched images in the form of a frame.

As described above, the extended video 21 produced by the image producing device
51 is uploaded to the server 19 located at the side of the content provider.

The server 19 receives and stores the plurality of extended videos 21 produced in the
image producing device 51. The server 19 generates and stores images 52 corre-
sponding to all possible combinations between the plurality of segments and the
plurality of resolutions from the extended videos 21. According to an example em-
bodiment, the server 19 divides the whole area of the extended video 21 into a plurality
of segments corresponding to upper left, upper right, upper front, upper rear, lower left,
lower right, lower front and lower rear areas, and stores a plurality of images different
in resolution with respect to each segment. For example, images may be stored with
resolutions of 1280%720(720p), 1920*1080(1080p) and 3840*2160(4K) for the
segment corresponding to the upper left area among the plurality of segments divided
from the extended video 21. Likewise, images may be stored with many resolutions for
other segments.

The display apparatus 10 receives a user’s play request for viewing the extended
video 21. In response to a user’s play request, the display apparatus 10 collects in-
formation about a current network state 531, information about a user’s current line of
sight sensed by, for example, an iris recognition sensor or a gyro sensor, information
about a user’s gesture and voice, or the like user information 532, and transmits the
collected information to the server 19.

The server 19 determines the highest resolution for streaming the extended video 21,
based on the information about the network state 531 received from the display
apparatus 10.

The server 19 determines respective weights for the plurality of segments, based on
at least one of the information about a user’s current line of sight, the information
about a user’s gesture and voice, the information about movement of former users’ line
of sight according to timeslots, the weight information set when the extended video is
produced, and the advertisement information, which are received from the display
apparatus 10.

The server 19 determines a resolution for streaming the extended video 21 according
to the plurality of segments, based on the weight information assigned to the plurality
of segments determined as described above. For example, if it is determined that a high
weight is assigned to the segment corresponding to the upper left area among the
plurality of segments, an image processed to have the highest resolution of
3840*2160(4K) is streamed among the images respectively stored with the resolutions
of 1280*720(720p), 1920*1080(1080p) and 3840*2160(4K). On the other hand, if it is

determined that a low weight is assigned to the segment corresponding to the upper
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right area, an image processed to have the lowest resolution of 1280*720(720p) is
streamed.

As described above, the server 19 streams images, which are respectively processed
with different resolutions according to the plurality of segments of the extended video
21, to the display apparatus 10, thereby achieving adaptive streaming.

The display apparatus 10 stitches the images, which are different in resolution
according to the plurality of segments received from the server 19 by the adaptive
streaming, together into one frame, and reproduces the extended video 21 based on
such a generated image frame (533).

While reproducing the extended video 21 (533), the display apparatus 10 may crop
and display an area corresponding to an angle of view from the whole area of the
extended video 21 based on the information about the angle of view corresponding to a
user’s line of sight.

Such an operation of stitching the images, which respectively correspond to the
plurality of segments received from the server 19, together and cropping a part corre-
sponding to a line of sight from the whole of the stitched image may be performed by a
graphic processing unit (GPU) of the display apparatus 10.

The display apparatus 10 may continuously transmit information about a network
state, a user’s current line of sight, a user’s gesture and voice, or the like, to the server
19 while reproducing the extended video 21 (533). The server 19 may adjust weight in-
formation according to the plurality of segments based on the information continuously
provided from the display apparatus 10, and may change the resolutions according to
the plurality of segments based on the adjusted information, thereby achieving the
adaptive streaming.

FIG. 7 is a flowchart illustrating an example method of controlling the display
apparatus according to an example embodiment. As illustrated in FIG. 7, at operation
S61, the display apparatus 10 communicates with the server 19 which stores images of
contents divided according to the plurality of segments. Here, the images of content
divided according to the plurality of segments may be processed according to the
plurality of resolutions and stored in the server 19.

At operation S62, the display apparatus 10 receives the images corresponding to the
plurality of segments processed to have the first resolution from the server 19 and
generates a stereoscopic image 35. If the image of content stored in the server 19 is a
360-degree image taken and produced by the plurality of cameras, the stereoscopic
image is created in the form of a sphere.

At operation S63, the display apparatus 10 displays an area of the stereoscopic image
35. The operation S63 may include displaying an area selected by a user from the

whole area of the stereoscopic image 35 or displaying an area corresponding to an
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initial default reproducing position of the stereoscopic image 35.

At operation S64, the display apparatus 10 sends the server 19 information for de-
termining an area more likely to be displayed within the whole areas of the
stereoscopic image 35. Here, the information may include at least one of information
about a user’s current line of sight, information about movement of users’ lines of
sights according to timeslots, and information about a user’s gesture and voice.

According to an example embodiment, the operation S64 may include an operation
of periodically transmitting the information to the server 19. Thus, the latest in-
formation for predicting the movement in a user’s line of sight is reflected in streaming
a part of the extended video more likely to be displayed on a screen.

According to an example embodiment, the operation S64 may include an operation
of transmitting information about a network state of the display apparatus 10 to the
server 19, and an operation of determining the highest resolution of an image corre-
sponding to at least one segment received from the server 19 based on the received in-
formation about the network state. Thus, it is possible to stream the extended video
having the optimum resolution while taking the network state into account.

At operation S65, the display apparatus 10 receives at least one segment corre-
sponding to an area more likely to be displayed, which is determined based on the in-
formation and processed to have a second resolution higher than the first resolution,
from the server 19. The server 19 may determine the area more likely to be displayed
on the display 13 within the whole areas of the stereoscopic image 35, based on at least
one of information received from the display apparatus 10, content production in-
formation involved as appended information in the content image, and advertisement
information.

According to an example embodiment, the operation S65 may further include an
operation of receiving at least one segment, which does not correspond to the de-
termined area more likely to be displayed and is processed to have a third resolution
lower than the first resolution, from the server 19. Thus, a part of the extended video
more likely to be displayed on the screen is processed to have a higher resolution than
the other parts, and it is therefore possible to provide an image with higher quality even
under a restricted network state.

According to an example embodiment, the operation S65 may further include an
operation of preferentially receiving at least one first segment corresponding to the de-
termined area more likely to be displayed from the server 19, and then receiving at
least one second segment not corresponding to the area more likely to be displayed.
Thus, a part of the extended video more likely to be displayed on the screen is prefer-
entially streamed, and it is therefore possible to provide an image with higher quality

even under a restricted network state.
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According to an example embodiment, the operation S65 may further include an
operation of making at least one first segment, which corresponds to the determined
area more likely to be displayed and is received from the server 19, and at least one
second segment, which does not correspond to the area more likely to be displayed, be
stitched together. Thus, a plurality of segments received with different resolutions are
stitched together and reproduced as one frame.

At operation S66, the display apparatus 10 displays an area corresponding to at least
one received segment having the second resolution.

The foregoing method of controlling the display apparatus according to an example
embodiment provides a vivid and realistic extended video to a user even under a re-
stricted network when the user views the extended video.

As described above, according to an example embodiment, it is possible to con-
tinuously provide a high-quality extended video to a user when the user views the
extended video.

Further, according to an example embodiment, it is possible to provide a vivid and
realistic extended video to a user even under a restricted network when the user views
the extended video.

Although various example embodiments have been illustrated and described, it will
be appreciated by those skilled in the art that changes may be made in these example
embodiments without departing from the principles and spirit of the disclosure, the

scope of which is defined in the appended claims and their equivalents.
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Claims
A display apparatus comprising:

a communicator comprising communication circuitry configured to
communicate with a server capable of providing content divided into
segments and having a plurality of resolutions;

a video processor configured to perform a video process on the
content;

a display configured to display an image of the processed content;
and

a controller configured to control the display apparatus to receive a
segment of the content having a first resolution from the server, to
display an area of a stereoscopic image on the display based on the
received segment, to transmit information about an area more likely to
be displayed within the stereoscopic image to the server, to receive a
segment corresponding to the area more likely to be displayed and
having a second resolution higher than the first resolution from the
server, and to display the stereoscopic image based on the received
segment having the second resolution.

The display apparatus according to claim 1, wherein the information
comprises at least one of: information about a current line of sight, in-
formation about movement in sight lines according to timeslots, and in-
formation about a gesture and a voice.

The display apparatus according to claim 2, wherein the server is
configured to determine an area more likely to be displayed within the
stereoscopic image based on at least one of: information received from
the display apparatus, content production information involved in the
content, and advertisement information.

The display apparatus according to claim 1, wherein the controller is
configured to control the display apparatus to transmit information
about a network state of the display apparatus to the server, and to
determine a highest resolution of an image of a segment received from
the server based on the network state.

The display apparatus according to claim 1, wherein the controller is
configured to receive a segment, which does not correspond to the area
more likely to be displayed and having a third resolution lower than the
first resolution, from the server.

The display apparatus according to claim 1, wherein the controller is
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configured to control the video processor to stitch together a first
segment corresponding to the area more likely to be displayed and a
second segment not corresponding to the area more likely to be
displayed, which are received from the server.
The display apparatus according to claim 1, wherein the controller is
configured to control the display to receive a first segment corre-
sponding to the area more likely to be displayed, and to then receive a
second segment not corresponding to the area more likely to be
displayed, from the server.
The display apparatus according to claim 1, wherein the controller is
configured to control the display apparatus to periodically transmit in-
formation about the area more likely to be displayed to the server.
The display apparatus according to claim 2, wherein the controller is
configured to control the display apparatus to transmit information
about the current line of sight to the server if the current line of sight is
maintained for a predetermined period of time or more.
The display apparatus according to claim 1, wherein the server is
configured to store the segments divided from the content and
processed according to a plurality of resolutions.
A method of controlling a display apparatus, the method comprising:

communicating with a server capable of providing content divided
into segments and having a plurality of resolutions;

receiving a segment of the content having a first resolution from the
server, and displaying an area of a stereoscopic image on the display
based on the received segment;

transmitting information about an area more likely to be displayed
within the stereoscopic image to the server;

receiving a segment corresponding to the area more likely to be
displayed and having a second resolution higher than the first
resolution from the server; and

displaying the stereoscopic image based on the received segment
having the second resolution.
The method according to claim 11, wherein the information comprises
at least one of: information about a current line of sight, information
about movement in sight lines according to timeslots, and information
about a gesture and a voice.
The method according to claim 12, wherein the server determines an

area more likely to be displayed within the stereoscopic image based on
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at least one of: information received from the display apparatus, content
production information involved in the content, and advertisement in-
formation.
The method according to claim 11, further comprising:

transmitting information about a network state of the display
apparatus to the server; and

determining a highest resolution of an image of a segment received
from the server based on the network state.
The method according to claim 11, further comprising:

receiving a segment, which does not correspond to the area more
likely to be displayed and having a third resolution lower than the first

resolution, from the server.
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[Fig. 7]
( START )
Sp1 —— COMMUNICATE WITH SERVER STORING IMAGES
OF CONTENT DIVIDED INTO PLURAL SEGMENTS
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