wo 2011/059290 A2 I 0K 000 RO

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

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 AN A0 00100 DO A
ernational Bureau S,/ ‘ 0 |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #
19 May 2011 (19.05.2011) WO 2011/059290 A2
(51) International Patent Classification: Not classified Bisan-dong, Dongan-gu, Anyang-si, Gyeonggi-do

. .. 431-050 (KR).
(21) International Application Number:
PCT/KR2010/008067 (74) Agent: Y.P.LEE, MOCK & PARTNERS; Koryo Build-

i 1575-1 Seocho-d Seocho- Seoul 137-875
(22) International Filing Date: ?Ilff{) coctio-dong, Seothosgl, seou

15 November 2010 (15.11.2010)
(81) Designated States (unless otherwise indicated, for every

(25) Filing Language: English kind of national protection available): AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(30) Priority Data: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
61/260,893 13 November 2009 (13.11.2009) Us HN, HR, HU. ID. IL, IN, IS, JP, KE, KG, KM, KN, KP.
61/266,631 4 December 2009 (04.12.2009) Us KZ LA, LC. LK. LR, LS, LT, LU, LY. MA, MD, ME.
10-2010-0056757 15 June 2010 (15.06.2010) KR MG, MK, MN. MW. MX. MY, MZ, NA, NG, NL. NO.
10-2010-0056756 15 June 2010 (15.06.2010) KR NZ. OM. PE, PG, PH, PL, PT, RO, RS, RU, SC. SD. SE,
(71) Applicant (for all designated States except US). SAM- SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,
SUNG ELECTRONICS CO., LTD. [KR/KR]; 416, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Maetan-dong, Yeongtong-gu, Suwon-si, Gyeonggi-do (84) Designated States (unless otherwise indicated, for every
442-742 (KR). kind of regional protection available). ARIPO (BW, GH,
(72) Inventors: KIM, Yong-Tae; 103-301 Samsung Bangbae GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
Raemian Apt., 2626 Bangbae 2-dong, Seocho-gu, Seoul ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

137-062 (KR). JUNG, Kil-Soo; 108-1601 Unam Apt., TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

Gwol-dong, Osan-si, Gyeonggi-do 447-740 (KR). LEE, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Dae-Jong; 205-1212 Maetan Seongil Apt., Maetan 4- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

dong, Yeongtong-gu, Suwon-si, Gyeonggi-do 443-717 SM, TR), OAPL (BF, B, CF, CG, CL, CM, GA, GN, GQ,
(KR). CHO, Bong-Je; 106-307 Bando Bora Apt., Hak- GW, ML, MR, NE, SN, TD, TG).

jang-dong, Sasang-gu, Busan 617-713 (KR). KIM, Jae- Published:

Seung; 507-1005 Samsung 5-cha Apt., Pungdeokcheon 2-
dong, Suji-gu, Yongin-si, Gyeonggi-do 448-785 (KR).
PARK, Hong-Seok; 101-1904 Hanwa Ggumegreen Apt.,

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: METHOD AND APPARATUS FOR GENERATING MULTIMEDIA STREAM FOR ADJUSITNG DEPTH OF 3-DI-
MENSIONAL ADDITIONAL VIDEO REPRODUCTION INFORMATION, AND METHOD AND APPARATUS FOR RE-
CEIVING MULTIMEDIA STREAM FOR ADJUSITNG DEPTH OF 3-DIMENSIONAL ADDITIONAL VIDEO REPRODUC-
TION INFORMATION

[Fig. 2]
;200
210 220 230 240
DEMULTI-
—= RECEIVER BLEYER DECODER REPRODUCER f—=

(57) Abstract: A multimedia stream generating method for 3-dimensional (3D) reproduction of additional reproduction informa-
tion is provided. The method includes generating a video elementary stream (ES), an audio ES, an additional data stream, and an
ancillary information stream that respectively comprise video data, audio data related to the video data, data of additional repro-
duction information which is to be reproduced together with the video data on a display screen, and additional reproduction infor-
mation depth information used for 3D reproduction of the additional reproduction information, the video data including at least
one of a 2D video image and a 3D video image.



WO 2011/059290 PCT/KR2010/008067

Description
Title of Invention: METHOD AND APPARATUS FOR

GENERATING MULTIMEDIA STREAM FOR ADJUSITNG
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PRODUCTION INFORMATION, AND METHOD AND

APPARATUS FOR RECEIVING MULTIMEDIA STREAM FOR
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ADJUSITNG DEPTH OF 3-DIMENSIONAL ADDITIONAL

VIDEO REPRODUCTION INFORMATION
Technical Field

Methods and apparatuses relate to encoding and decoding of multimedia including

stereoscopic video.

Background Art

Demand for 3-dimensional (3D) contents having a realistic and stereoscopic effect is
increasing. In addition, there is an increasing amount of broadcasting contents or
programs manufactured so as to be reproduced in 3D.

A program provides video information and audio information mutually related to
each other, and visual materials that can be reproduced together with a video image on
a screen provide an additional description about a program or a channel or additional
information such as a date and a place.

For example, a closed caption of a digital TV (DTV), which is subtitle data existing
in a certain region of a TV program stream, may be displayed on a TV screen
according to a user's selection although, by default, it is generally not displayed on the
TV screen. Closed captioning is provided for the hearing-impaired or is widely used
for additional purposes such as for educational purposes.

A subtitle of the DTV may be displayed together with a video image on the screen, in
the form of visual materials that provide an enhanced visual effect related to text, by
using a character, an image such as a bitmap, a frame, an outline, a shadow, or the like.

Since electronic program guide (EPG) information of the DTV is displayed on the
TV screen to provide channel or program information, the EPG information may be
used by viewers changing channels or checking additional information about a current
channel program.

A method of processing additional visual materials which are to be reproduced

together with a 3D video image on a screen has been developed.

Disclosure of Invention
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Technical Problem
Methods and apparatuses consistent with the exemplary embodiments relate to
encoding and decoding of multimedia including stereoscopic video for stable re-

production of 3D additional visual materials together with a 3D video on a screen.

Solution to Problem

According to an aspect of the exemplary embodiments, there is provided a
multimedia stream generating method for 3-dimensional (3D) reproduction of ad-
ditional reproduction information, the method comprising: generating a video el-
ementary stream (ES), an audio ES, an additional data stream, and an ancillary in-
formation stream that respectively comprise video data, audio data related to the video
data, data of additional reproduction information which is to be reproduced together
with the video data on a display screen, and depth information of the additional re-
production information used for 3D reproduction of the additional reproduction in-
formation, wherein the video data comprises at least one of a 2-dimensional (2D) video
image and a 3D video image; generating a video packetized elementary stream (PES)
packet, an audio PES packet, a data PES packet, and an ancillary information packet
by respectively packetizing the video ES, the audio ES, the additional data stream and
the ancillary information stream; and generating a transport stream (TS) by mul-
tiplexing the video PES packet, the audio PES packet, the additional data PES packet,

and the ancillary information packet.

Advantageous Effects of Invention
Viewers may be provided with a multimedia stream that allows 3D video to be re-
produced and 3D reproduction information to be stably reproduced with compatibility

with various communication methods, such as the DVB method based on an existing
MPEG TS method, the ATSC method, and the cable broadcasting method, and .
Brief Description of Drawings

FIG. 1 is a block diagram of a multimedia stream generating apparatus for
3-dimensional (3D) reproduction of additional reproduction information, according to
an exemplary embodiment;

FIG. 2 is a block diagram of a multimedia stream receiving apparatus for 3D re-
production of additional reproduction information, according to an exemplary em-
bodiment;

FIG. 3 illustrates a scene in which a 3D video and 3D additional reproduction in-
formation are simultaneously reproduced;

FIG. 4 illustrates a phenomenon in which a 3D video and 3D additional reproduction
information are reversed and reproduced;

FIG. 5 illustrates a structure of a Moving Picture Expert Group (MPEG) transport
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stream (TS) including various types of additional reproduction information;

FIG. 6 is a detailed block diagram of a closed caption reproducer included in the
multimedia stream receiving apparatus illustrated in FIG. 2, according to a first
exemplary embodiment;

FIG. 7 is a perspective view of a screen that adjusts a depth of a closed caption,
according to the first exemplary embodiment;

FIG. 8 is a plan view of a screen that adjusts the depth of the closed caption,
according to the first exemplary embodiment;

FIG. 9 is a flowchart of a method in which the multimedia stream receiving apparatus
according to the first exemplary embodiment uses 3D caption emphasizing information
and offset information of a closed caption;

FIG. 10 is a flowchart of a method in which the multimedia stream receiving
apparatus according to the first exemplary embodiment uses 3D reproduction safety in-
formation of the closed caption;

FIG. 11 illustrates an example of an image post-processing method which is
performed when safety is not ensured based on the 3D reproduction safety information
of the closed caption, according to the first exemplary embodiment;

FIGS. 12 and 13 illustrate another example of the image post-processing method
which is performed when safety is not ensured based on the 3D reproduction safety in-
formation of the closed caption, according to the first exemplary embodiment;

FIGS. 14 and 15 illustrate another example of the image post-processing method
which is performed when safety is not ensured based on the 3D reproduction safety in-
formation of the closed caption, according to the first exemplary embodiment;

FIG. 16 is a block diagram of a multimedia stream generating apparatus for 3D re-
production of a subtitle, according to second and third exemplary embodiments;

FIG. 17 is a diagram of a hierarchical structure of subtitle data complying with a
digital video broadcasting (DVB) communication method;

FIGS. 18 and 19 illustrate two methods of expressing a subtitle descriptor within a
program map table (PMT) that indicates a subtitle packetized elementary stream (PES)
packet, according to a DVB communication method;

FIG. 20 is a diagram of a structure of a datastream including subtitle data complying
with a DVB communication method, according to an exemplary embodiment;

FIG. 21 is a diagram of a structure of a composition page complying with a DVB
communication method, according to an exemplary embodiment;

FIG. 22 is a flowchart illustrating a subtitle processing model complying with a DVB
communication method;

FIGS. 23, 24, and 25 are diagrams illustrating data stored respectively in a coded

data buffer, a composition buffer, and a pixel buffer;
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[31] FIG. 26 is a diagram for describing adjustment of a depth of a subtitle according to
regions, according to the second exemplary embodiment;

[32] FIG. 27 is a diagram for describing adjustment of a depth of a subtitle according to
pages, according to the second exemplary embodiment;

[33] FIG. 28 is a diagram illustrating components of a bitmap format of a subtitle
complying with a cable broadcasting method;

[34] FIG. 29 is a flowchart of a subtitle processing model for 3D reproduction of a subtitle
complying with a cable broadcasting method;

[35] FIG. 30 is a diagram for describing a process of a subtitle being output from a
display queue to a graphic plane through the subtitle processing model complying with
a cable broadcasting method illustrated in FIG. 29;

[36] FIG. 31 is a flowchart of a subtitle processing model for 3D reproduction of a subtitle
complying with a cable broadcasting method, according to the third exemplary em-
bodiment;

[37] FIG. 32 is a diagram for describing adjustment of a depth of a subtitle complying
with a cable broadcasting method according to the third exemplary embodiment;

[38] FIG. 33 is a diagram for describing adjustment of a depth of a subtitle complying
with a cable broadcasting method according to the third exemplary embodiment;

[39] FIG. 34 is a diagram for describing adjustment of a depth of a subtitle complying
with a cable broadcasting method according to the third exemplary embodiment;

[40] FIG. 35 is a block diagram of a digital communication system that transmits EPG in-
formation, according to an exemplary embodiment;

[41] FIG. 36 illustrates program specific information protocol (PSIP) tables including
electronic program guide (EPG) information according to an advanced television
standards committee (ATSC) communication method;

[42] FIG. 37 illustrates service information (SI) tables including EPG information
according to a DVB communication method;

[43] FIG. 38 illustrates a screen on which EPG information is displayed, and a source of
each information;

[44] FIG. 39 is a block diagram of a TS decoding system according to a fourth exemplary
embodiment;

[45] FIG. 40 is a block diagram of a display processing unit of the TS decoding system
according to the fourth exemplary embodiment;

[46] FIG. 41 is a flowchart of a multimedia stream generating method for 3D reproduction
of additional reproduction information, according to an exemplary embodiment; and

[47] FIG. 42 is a flowchart of a multimedia stream receiving method for 3D reproduction

of additional reproduction information, according to an exemplary embodiment.
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Best Mode for Carrying out the Invention

According to an aspect of the exemplary embodiments, there is provided a
multimedia stream generating method for 3-dimensional (3D) reproduction of ad-
ditional reproduction information, the method comprising: generating a video el-
ementary stream (ES), an audio ES, an additional data stream, and an ancillary in-
formation stream that respectively comprise video data, audio data related to the video
data, data of additional reproduction information which is to be reproduced together
with the video data on a display screen, and depth information of the additional re-
production information used for 3D reproduction of the additional reproduction in-
formation, wherein the video data comprises at least one of a 2-dimensional (2D) video
image and a 3D video image; generating a video packetized elementary stream (PES)
packet, an audio PES packet, a data PES packet, and an ancillary information packet
by respectively packetizing the video ES, the audio ES, the additional data stream and
the ancillary information stream; and generating a transport stream (TS) by mul-
tiplexing the video PES packet, the audio PES packet, the additional data PES packet,
and the ancillary information packet.

The additional reproduction information depth information for 3D reproduction of
the additional reproduction information may comprise information about an offset of
3D additional reproduction information for adjusting a depth of the 3D additional re-
production information during 3D reproduction of the video data.

The offset of the additional reproduction information may represent at least one
selected from the group consisting of parallax information indicating a displacement
amount of 3D additional reproduction information, a coordinate of the 3D additional
reproduction information, and a depth of the 3D additional reproduction information,
wherein the parallax is expressed in units of one selected from the group consisting of
a depth difference, a disparity, and a binocular parallax between first-view additional
reproduction information and second-view additional reproduction information of the
3D additional reproduction information.

The additional reproduction information depth information for 3D reproduction of
the additional reproduction information may further comprise information about an
offset direction of the 3D additional reproduction information during 3D reproduction
of the video data. An offset direction of the 3D additional reproduction information
may be set to be positive for one from the group consisting of first-view additional re-
production information and second-view additional reproduction information of the 3D
additional reproduction information, and may be set to be negative for the other from
the group of first-view additional reproduction information and second-view additional

reproduction information of the 3D additional reproduction information.
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The information regarding the offset may represent the amount of movement of the
other view additional reproduction information with respect to a location of the one
view additional reproduction information from among the first-view additional re-
production information and the second-view additional reproduction information of the
3D additional reproduction information. The information about the offset may
represent the amount of displacement of the 3D additional reproduction information
with respect to a depth, a disparity, and a binocular parallax of a current video image.
The information about the offset may separately comprise offset information of the
first-view additional reproduction information included in the 3D additional re-
production information and offset information of the second-view additional re-
production information included in the 3D additional reproduction information.

The generating of the video ES, the audio ES, the additional data stream, and the
ancillary information stream may comprise inserting closed caption data, which is to
be displayed with the video data on the display screen, into the video ES. The
generating of the video ES, the audio ES, the additional data stream, and the ancillary
information stream may comprise inserting closed caption depth information for 3D re-
production of the closed caption into at least one selected from the group consisting of
the video ES, a header of the video ES, and additional data of the additional data
stream.

The generating of the video ES, the audio ES, the additional data stream, and the
ancillary information stream may comprise generating a data stream for subtitle data
which is to be reproduced on the display screen together with the video data, to serve
as the additional data stream. The generating of the video ES, the audio ES, the ad-
ditional data stream, and the ancillary information stream may further comprise
inserting subtitle depth information for 3D reproduction of the subtitle data into at least
one selected from the group consisting of the additional data PES packet and a header
of the additional data PES packet.

The generating of the video ES, the audio ES, the additional data stream, and the
ancillary information stream may comprise inserting electronic program guide (EPG)
information which is to be reproduced together with the video data on the display
screen, and EPG information depth information for 3D reproduction of the EPG in-
formation, into the ancillary information stream.

The EPG information depth information for 3D reproduction of the EPG information
may be inserted into a descriptor field of an advanced television standards committee
(ATSC)-based Program Specific Information Protocol (PSIP) table or into a descriptor
field of a Digital Video Broadcasting (DVB)-based Specific Information (SI) table.

According to another aspect of the exemplary embodiments, there is provided a

multimedia stream receiving method for 3D reproduction of additional reproduction in-
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formation, the method comprising: extracting a video PES packet, an audio PES
packet, an additional data PES packet, and an ancillary information packet by receiving
and demultiplexing a TS for a multimedia stream; extracting a video ES, an audio ES,
an additional data stream, and an ancillary information stream from the video PES
packet, the audio PES packet, the additional data PES packet, and the ancillary in-
formation packet, respectively, wherein the video ES, the audio ES, the additional data
stream, and the ancillary information stream comprise additional reproduction in-
formation, which is to be reproduced together with video data comprising at least one
of a 2D video image and a 3D video image, and additional reproduction information
depth information for 3D reproduction of the additional reproduction information;
restoring the video data, audio data, additional data, and additional reproduction in-
formation, and extracting the additional reproduction information depth information
for 3D reproduction of the additional reproduction information, from the video ES, the
audio ES, the additional data stream, and the ancillary information stream; and re-
producing the additional reproduction information in 3D together with the video data,
based on the information for 3D reproduction of the additional reproduction in-
formation.

The reproducing of the additional reproduction information in 3D may comprise
displacing the 3D additional reproduction information in a positive direction or a
negative direction by the offset of the 3D additional reproduction information, based
on the offset of the 3D additional reproduction information and an offset direction of
the 3D additional reproduction information from among the additional reproduction in-
formation depth information for 3D reproduction of the additional reproduction in-
formation. The reproducing of the additional reproduction information in 3D may
comprise displacing the 3D additional reproduction information positively or
negatively by the offset of the 3D additional reproduction information with respect to a
zero plane where a depth is at the origin, based on the offset of the 3D additional re-
production information and an offset direction of the 3D additional reproduction in-
formation. The reproducing of the additional reproduction information in 3D may
comprise displacing the additional reproduction information in a positive direction or a
negative direction by the offset of the 3D additional reproduction information with
respect to a depth, a disparity, or a binocular parallax of the video data that is to be re-
produced together with the 3D addition reproduction information.

The reproducing of the additional reproduction information in 3D may comprise
displacing one from the group consisting of first-view additional reproduction in-
formation and second-view additional reproduction information of the 3D additional
reproduction information in a positive direction by the offset amount of the additional

reproduction information and displacing the other view additional reproduction in-
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formation in a negative direction by the offset of the 3D additional reproduction in-
formation, based on the offset of the 3D additional reproduction information and an
offset direction of the 3D additional reproduction information. The reproducing of the
additional reproduction information in 3D may comprise displacing one from the
group consisting of first-view additional reproduction information and second-view ad-
ditional reproduction information of the 3D additional reproduction information by the
offset of the 3D additional reproduction information with respect to a location of the
other view additional reproduction information, based on the offset of the 3D ad-
ditional reproduction information and an offset direction of the 3D additional re-
production information. The reproducing of the additional reproduction information in
3D may comprise displacing the 3D additional reproduction information by the offset
of the 3D additional reproduction information with respect to a depth, a disparity, or a
binocular parallax of current video data, based on the offset of the 3D additional re-
production information and an offset direction of the 3D additional reproduction in-
formation.

The reproducing of the additional reproduction information in 3D may comprise
displaying the first-view additional reproduction information according to location in-
formation of the first-view additional reproduction information from among the offset
information of the 3D additional reproduction information and displaying the second-
view additional reproduction information according to location information of the
second-view additional reproduction information from among the offset information of
the 3D additional reproduction information.

The extracting of the video ES, the audio ES, the additional data stream, and the
ancillary information stream may comprise extracting closed caption data which is to
be displayed with the video data on the display screen, from the video ES. The re-
producing of the additional reproduction information in 3D may comprise reproducing
the closed caption data in 3D, based on the closed caption depth information for 3D re-
production of the closed caption.

The extracting of the video ES, the audio ES, the additional data stream, and the
ancillary information stream may comprise extracting a subtitle data stream for subtitle
data which is to be reproduced on the display screen together with the video data, to
serve as the additional data stream. The reproducing of the additional reproduction in-
formation in 3D may comprise reproducing the subtitle data in 3D, based on the
subtitle depth information for 3D reproduction of the subtitle.

The extracting of the video ES, the audio ES, the additional data stream, and the
ancillary information stream may comprise extracting EPG information which is to be
reproduced together with the video data, and EPG information depth information for

3D reproduction of the EPG information, from the ancillary information stream. The
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reproducing of the additional reproduction information in 3D may comprise re-
producing the EPG information in 3D, based on the EPG information depth in-
formation for 3D reproduction of the EPG information.

According to another aspect of the exemplary embodiments, there is provided a
multimedia stream generating apparatus for 3D reproduction of additional reproduction
information, the multimedia stream generating apparatus comprising: a program
encoder which generates a video ES, an audio ES, an additional data stream, and an
ancillary information stream that respectively comprise video data, audio data related
to the video data, data of additional reproduction information which is to be re-
produced together with the video data on a display screen, and additional reproduction
information depth information for 3D reproduction of the additional reproduction in-
formation, and which generates a video PES packet, an audio PES packet, a data PES
packet, and an ancillary information packet by respectively packetizing the video ES,
the audio ES, the additional data stream and the ancillary information stream, wherein
the video data comprises at least one of a 2D video image and a 3D video image; and a
TS generator which generates a TS by multiplexing the video PES packet, the audio
PES packet, the additional data PES packet, and the ancillary information packet.

According to another aspect of the exemplary embodiments, there is provided a
multimedia stream receiving apparatus for 3D reproduction of additional reproduction
information, the multimedia stream receiving apparatus comprising: a receiver which
receives a TS for a multimedia stream that comprises video data comprising at least
one of a 2D video image and a 3D video image; a demultiplexer which demultiplexes
the received TS to extract a video PES packet, an audio PES packet, an additional data
PES packet, and an ancillary information packet and extracts a video ES, an audio ES,
an additional data stream, and an ancillary information stream from the video PES
packet, the audio PES packet, the additional data PES packet, and the ancillary in-
formation packet, wherein the video ES, the audio ES, the additional data stream, and
the ancillary information stream comprise additional reproduction information, which
is to be reproduced together with the video data on a display screen, and additional re-
production information depth information for 3D reproduction of the additional re-
production information; a decoder which restores the video data, audio data, additional
data, and the additional reproduction information, and extracts the information for 3D
reproduction of the additional reproduction information, from the video ES, the audio
ES, the additional data stream, and the ancillary information stream; and a reproducer
which reproduces the additional reproduction information in 3D together with the
video data, based on the information for 3D reproduction of the additional re-
production information.

According to another aspect of the exemplary embodiments, there is provided a
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computer readable recording medium having embodied thereon instructions that, when
executed by a computer, causes the computer to perform the multimedia stream

generating method.
According to another aspect of the exemplary embodiments, there is provided a

computer readable recording medium having embodied thereon instructions that, when
executed by a computer, causes the computer to perform the multimedia stream
receiving method.

Mode for the Invention

Hereinafter, a method and apparatus for generating a multimedia stream for
3-dimensional (3D) reproduction of additional video reproduction information and a
method and apparatus for receiving the multimedia stream for 3-dimensional re-
production of additional video reproduction information, according to an exemplary
embodiment will be described more fully with reference to FIGS. 1 through 42. Ex-
pressions such as “at least one of,” when preceding a list of elements, modify the entire
list of elements and do not modify the individual elements of the list.

Additional reproduction information, which will be described later, is displayed
together with a video image on a screen in association with a program, and may
include a closed caption, a subtitle, and electronic program guide (EPG) information.
The aspects disclose various exemplary embodiments in which a closed caption, a
subtitle, and EPG information are reproduced in 3D. In detail, exemplary embodiments
related to a closed caption based on a Consumer Electronics Association (CEA)
method will be described with reference to FIGS. 6 through 15, exemplary em-
bodiments related to a subtitle will be described with reference to FIGS. 16 through 34,
and exemplary embodiments related to EPG information will be described with
reference to FIGS. 35 through 40.

FIG. 1 is a block diagram of a multimedia stream generating apparatus 100 for 3D re-
production of additional reproduction information, according to an exemplary em-
bodiment.

The multimedia stream generating apparatus 100 according to the exemplary em-
bodiment for 3D reproduction of additional reproduction information (hereinafter,
referred to as a multimedia stream generating apparatus 100 according to the
exemplary embodiment) includes a program encoder 110, a transport stream (TS)
generator 120, and a transmitter 130.

The program encoder 110 receives data of additional reproduction information
together with encoded video data and encoded audio data. For convenience of de-
scription, data, which is inserted into a stream as the data of additional reproduction in-

formation, such as a closed caption, a subtitle, or EPG information, and which is to be
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displayed with a video image on a screen, will be hereinafter referred to as “additional
reproduction data”.

Video data of a program generated by the program encoder 110 includes at least one
of 2D video data and 3D video data. Additional reproduction data related to the
program according to an exemplary embodiment may include closed caption data,
subtitle data, and EPG data that are related to the program.

Additional reproduction data according to an exemplary embodiment may be re-
produced in 3D together with 3D video data by controlling a depth of the additional re-
production information. To achieve this, the program encoder 110 may generate a
video elementary stream (ES), an audio ES, an additional data stream, and an ancillary
information stream that includes the encoded video data, the encoded audio data, the
additional reproduction data, and information for 3D reproduction of the additional re-
production information.

The additional data to be inserted in the ancillary information stream may include
various types of data, such as control data, other than video data and audio data. The
ancillary information stream may include program specific information (PSI), such as a
program map table (PMT) or a program association table (PAT), or section in-
formation, such as advanced television standards committee program specific in-
formation protocol (ATSC PSIP) information or digital video broadcasting service in-
formation (DVB SI).

The program encoder 110 generates a video packetized elementary stream (PES)
packet, an audio PES packet, and an additional data PES packet by packetizing the
video ES, the audio ES, and the additional data stream, and also generates an ancillary
information packet.

The TS generator 120 generates a TS by multiplexing the video PES packet, the
audio PES packet, the additional data PES packet, and the ancillary information
packet, which are output from the program encoder 110. The transmitter 130 transmits
the TS output from the TS generator 120 via a predetermined channel.

The information for 3D reproduction of additional reproduction information, which
is inserted into a multimedia stream together with a program and transmitted by the
program encoder 110, includes information used to adjust the depth of the additional
reproduction information which is reproduced in 3D during reproduction of a 3D video
image.

Examples of the information used to adjust the depth of the additional reproduction
information include offset information of the additional reproduction information,
which includes parallax information such as a depth difference, a disparity, and a
binocular parallax between left-view additional reproduction information for left-view

images and right-view additional reproduction information for right-view images, co-
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ordinate information or depth information of additional reproduction information for
each view, and other information. In the following exemplary embodiments, even
when any one element of the offset information, such as a disparity, a coordinate, or
the like, from among different elements of the offset information is illustrated, the
same exemplary embodiment may be realized for the other elements of offset in-
formation for each view.

The offset information of the additional reproduction information may indicate the
amount of displacement of additional reproduction information of one view relative to
the location of the additional reproduction information of another view from among
first-view additional reproduction information and second-view additional re-
production information of a 3D video image. The offset information of the additional
reproduction information may also indicate a displacement amount of additional re-
production information for each view relative to one of a depth, a disparity, and a
binocular parallax of a current video image.

The offset information of the additional reproduction information may include an
absolute location of additional reproduction information based on a zero plane (zero
parallax), instead of a depth difference, a disparity, or a binocular parallax of the ad-
ditional reproduction information, which are relative values.

The offset information of the additional reproduction information may further
include information about an offset direction of the additional reproduction in-
formation. For example, the offset direction of the additional reproduction information
may be set to be a positive direction for the first-view additional reproduction in-
formation of the 3D video image and may be set to be a negative direction for the
second-view additional reproduction information of the 3D video image.

The information for 3D reproduction of additional reproduction information may
further include offset type information indicating whether the offset information of the
additional reproduction information is of a first offset type representing an absolute
location of the additional reproduction information based on the zero plane or of a
second offset type representing a relative displacement amount of additional re-
production information for each view.

The information for 3D reproduction of additional reproduction information may
further include at least one selected from the group consisting of 2D/3D distinguishing
information of the additional reproduction information, 2D video reproduction in-
formation representing whether video data is to be reproduced in 2D during re-
production in 2D of the additional reproduction information, information identifying a
region where the additional reproduction information is to be reproduced, information
associated with when the additional reproduction information should be displayed, and

3D reproduction safety information of the additional reproduction information.



13

WO 2011/059290 PCT/KR2010/008067

[85]

[86]

[87]

[88]

[89]

[90]

When a multimedia stream is encoded by a Moving Picture Expert Group-2
(MPEG-2) data communication system, the program encoder 110 may insert at least
one selected from the group consisting of binocular parallax information, disparity in-
formation, and depth information of a 3D video image, into at least one selected from
the group consisting of a parallax information extension field, a depth map, and a
reserved field of a closed caption data field.

When the multimedia stream is generated in an International Organization for Stan-
dardization (ISO) media file format, the program encoder 110 may insert at least one
selected from the group consisting of binocular parallax information, disparity in-
formation, and depth information of a 3D video image, into a Stereoscopic Camera
And Display Information (SCDI) region of the ISO-based media file format, which
includes a stereoscopic camera and display-related information.

An operation of the program encoder 110 may vary according to whether the ad-
ditional reproduction information is a closed caption, a subtitle, or EPG information.

According to a first exemplary embodiment, the program encoder 110 inserts closed
caption data based on the CEA standards into a video ES. The program encoder 110
according to the first exemplary embodiment may insert information for 3D re-
production of a closed caption (hereinafter, referred to as closed caption 3D re-
production information) into the video ES, a header of the video ES, or a section. The
closed caption 3D reproduction information according to the first exemplary em-
bodiment may include not only the above-described information for 3D reproduction
of additional reproduction information but also 3D caption emphasizing information
representing whether the closed caption data is to be replaced by 3D closed caption
emphasizing data.

According to a second exemplary embodiment, when the multimedia stream
generating apparatus 100 complies with an American National Standard Institute/
Society of Cable Telecommunications Engineers (ANSI/SCTE) method, the program
encoder 110 may generate a subtitle PES packet by generating a data stream including
subtitle data, along with the video ES and the audio ES. Here, the program encoder 110
according to the second exemplary embodiment may insert information for 3D re-
production of a subtitle (hereinafter, referred to as subtitle 3D reproduction in-
formation) into at least one of the subtitle PES packet and a header of the subtitle PES
packet. Subtitle offset information included in the subtitle 3D reproduction information
according to the second exemplary embodiment may be information about a dis-
placement amount of at least one of a bitmap and a frame of the subtitle.

The program encoder 110 according to the second exemplary embodiment may insert
offset information, which is applied to both character elements and frame elements of

the subtitle, into a reserved field of a subtitle message field in the subtitle data. Alter-
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natively, the program encoder 110 according to the second exemplary embodiment
may insert offset information about the character elements of the subtitle, and offset in-
formation about the frame elements of the subtitle separately into the subtitle data.

The program encoder 110 according to the second exemplary embodiment may
basically include subtitle type information about a base-view subtitle as subtitle type
information. The program encoder 110 according to the second exemplary em-
bodiment may add subtitle type information about an additional-view subtitle to the
subtitle type information. Accordingly, the program encoder 110 according to the
second exemplary embodiment may additionally insert coordinate information of an
additional-view subtitle for an additional-view video of a 3D video image into the
subtitle data.

The program encoder 110 according to the second exemplary embodiment may add a
subtitle disparity type to the subtitle type information, and additionally insert disparity
information of the additional-view subtitle of the additional-view video relative to a
base-view subtitle of a base-view video of the 3D video image into the subtitle data.

According to a third exemplary embodiment, when the multimedia stream generating
apparatus 100 according to the third exemplary embodiment complies with a digital
video broadcasting (DVB) method, the program encoder 110 may generate a subtitle
PES packet by generating an additional data stream including subtitle data, along with
the video ES and the audio ES. In this case, the program encoder 110 according to the
third exemplary embodiment may insert the subtitle data into the additional data stream
so that the subtitle data forms a subtitle segment in the additional data stream.

The program encoder 110 according to the third exemplary embodiment may insert
the subtitle 3D reproduction information into a reserved field included in a page com-
position segment. The program encoder 110 according to the third exemplary em-
bodiment may additionally insert at least one of offset information for each page of the
subtitle and offset information for each region of a current page of the subtitle into the
page composition segment.

According to a fourth exemplary embodiment, the program encoder 110 may insert
EPG information which can be reproduced together with video data, and information
for 3D reproduction of EPG information (hereinafter, referred to as EPG 3D re-
production information) into a section.

When the multimedia stream generating apparatus 100 according to the fourth
exemplary embodiment complies with the ATSC method, the program encoder 110
may insert the EPG 3D reproduction information into a descriptor field of a PSIP table
of the ATSC. In detail, the EPG 3D reproduction information may be inserted into a
descriptor field of at least one selected from the group consisting of a Terrestrial
Virtual Channel Table (TVCT) section, an Event Information Table (EIT) section, an
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Extended Text Table (ETT) section, an Rating Region Table (RRT) section, and a
System Time Table (STT) section of the PSIP table of the ATSC.

When the multimedia stream generating apparatus 100 according to the fourth
exemplary embodiment complies with the DVB method, the program encoder 110 may
insert the EPG 3D reproduction information into a descriptor field of a SI table of the
DVB. In detail, the EPG 3D reproduction information may be inserted into a descriptor
field of at least one selected from the group consisting of a Network Information Table
(NIT) section, a Service Description Table (SDT) section, and an EIT section of the SI
table.

Accordingly, in order to reproduce various types of additional reproduction in-
formation in three-dimension based on various communication methods such as a
closed caption based on the CEA method, a subtitle based on the DVB method or the
cable broadcasting method, and EPG information based on the ATSC or DVB method,
the multimedia stream generating apparatus 100 according to the exemplary em-
bodiment may insert additional reproduction data and information for 3D reproduction
of the additional reproduction information into video ES data, a data stream, or an
ancillary stream and thus transmit the additional reproduction data and the information
for 3D reproduction of the additional reproduction information together with
multimedia data. A receiver (not shown) may use the information for 3D reproduction
of additional reproduction information to stably reproduce the additional reproduction
information during 3D reproduction of video data.

The multimedia stream generating apparatus 100 maintains compatibility with
various communication methods, such as the DVB method based on an existing MPEG
TS method, the ATSC method, and the cable broadcasting method, and may provide
viewers with a multimedia stream that allows 3D video to be reproduced and 3D re-
production information to be stably reproduced.

FIG. 2 is a block diagram of a multimedia stream receiving apparatus 200 for 3D re-
production of additional reproduction information, according to an exemplary em-
bodiment.

The multimedia stream receiving apparatus 200 according to the exemplary em-
bodiment includes a receiver 210, a demultiplexer 220, a decoder 230, and a re-
producer 240.

The receiver 210 receives a TS for a multimedia stream including video data that
includes at least one of a 2D video image and a 3D video image. The multimedia
stream includes additional reproduction data for additional reproduction information
such as a closed caption, a subtitle, EPG information, etc., which can be reproduced
with a 2D or 3D video image on a screen, and information for 3D reproduction of ad-

ditional reproduction information.
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The demultiplexer 220 extracts a video PES packet, an audio PES packet, an ad-
ditional data PES packet, and an ancillary information packet by receiving and demul-
tiplexing the TS from the receiver 210. The demultiplexer 220 extracts a video ES, an
audio ES, an additional data stream, and program related information from the video
PES packet, the audio PES packet, the additional data PES packet, and the ancillary in-
formation packet. The video ES, the audio ES, the additional data stream, and the
program related information include additional reproduction data and information for
3D reproduction of the additional reproduction information.

The decoder 230 receives the video ES, the audio ES, the additional data stream, and
the program related information from the demultiplexer 220, restores video, audio, ad-
ditional data, and additional reproduction information respectively from the received
video ES, the audio ES, and the additional data stream, and extracts the information for
3D reproduction of the additional reproduction information from the received streams
or the program related information.

The reproducer 240 reproduces the video, the audio, the additional data, and the ad-
ditional reproduction information restored by the decoder 230. Also, the reproducer
240 may construct 3D additional reproduction information, based on the information
for 3D reproduction of the additional reproduction information.

The additional reproduction data and the information for 3D reproduction of ad-
ditional reproduction information extracted and used by the multimedia stream
receiving apparatus 200 according to the exemplary embodiment correspond to the ad-
ditional reproduction data and the information for 3D reproduction of additional re-
production information described above with reference to the multimedia stream
generating apparatus 100 according to the exemplary embodiment of FIG. 1.

In order to achieve 3D reproduction of the additional reproduction information, the
reproducer 240 may reproduce the additional reproduction information at a location
offset from a reference location of the additional reproduction information in a positive
or negative direction, based on offset information of the additional reproduction in-
formation from among the information for 3D reproduction of the additional re-
production information. Hereinafter, although any one of parallax information, depth
information, and coordinate information is illustrated for convenience of explanation,
the offset information of the additional reproduction information from among the in-
formation for 3D reproduction of additional reproduction information is not limited
thereto, which is similar to the exemplary embodiment of FIG. 1.

The reproducer 240 may reproduce the additional reproduction information in such a
way that the additional reproduction information is displayed at a location positively or
negatively displaced by an offset amount relative to a zero plane, based on the offset

information of the additional reproduction information and information about an offset
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direction. Alternatively, the reproducer 240 may reproduce the additional reproduction

information in such a way that the additional reproduction information is displayed at a
location positively or negatively displaced by an offset, based on one selected from the
group consisting of a depth, a disparity, and a binocular parallax of a video which is to

be reproduced with the additional reproduction information.

The reproducer 240 may construct 3D additional reproduction information and
reproduce the 3D additional reproduction information in 3D in such a way that one of
first-view additional reproduction information and second-view additional re-
production information of the 3D additional reproduction information is displayed at a
location positively displaced by an offset from a zero plane, and the other is displayed
at a location negatively displaced by the offset relative to the zero plane, based on the
offset information of the additional reproduction information and the information about
an offset direction.

The reproducer 240 may construct 3D additional reproduction information and
reproduce the 3D additional reproduction information in 3D in such a way that the one
view additional reproduction information is displayed at a location moved by an offset
relative to the location of the other view additional reproduction information, based on
the offset information of the additional reproduction information and the information
about an offset direction.

The reproducer 240 may construct 3D additional reproduction information and
reproduce the 3D additional reproduction information in 3D in such a way that ad-
ditional reproduction information for a current video is displayed at a location moved
by an offset based on one of a depth, a disparity, and a binocular parallax of the current
video, based on the offset information of the additional reproduction information and
the information about an offset direction.

The reproducer 240 may construct 3D additional reproduction information and
reproduce the 3D additional reproduction information in 3D in such a way that the
first-view additional reproduction information is displayed based on location in-
formation of the first-view additional reproduction information from among the offset
information of the additional reproduction information and the second-view additional
reproduction information is displayed based on location information of the second-
view additional reproduction information from among the offset information of the ad-
ditional reproduction information, based on location information of additional re-
production information independently set for each view.

3D video from among video data restored by the decoder 230 may have a 3D
composite format of a side by side format. In this case, the reproducer 240 may
construct 3D additional reproduction information and reproduce the 3D additional re-

production information in 3D in such a way that each of left-view additional re-
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production information and right-view additional reproduction information for a left-
view video and a right-view video, which form a 3D composite format, are displayed
at a location displaced by half an offset, when the offset is obtained from the offset in-
formation of the additional reproduction information.

When reproducing additional reproduction information in 3D, the reproducer 240
may reproduce video data corresponding to the additional reproduction information in
2D, based on 2D video reproduction information included in the information for 3D re-
production of the additional reproduction information.

The reproducer 240 may reproduce a video and additional reproduction information
in 3D by synchronizing the video with the additional reproduction information, based
on information associated with when the additional reproduction information from
among the information for 3D reproduction of the additional reproduction information
is displayed.

The reproducer 240 may determine whether 3D reproduction of additional re-
production information is safe, based on 3D reproduction safety information of the ad-
ditional reproduction information from among the information for 3D reproduction of
the additional reproduction information, and may then determine a method of re-
producing the additional reproduction information. If it is determined, based on the 3D
reproduction safety information of the additional reproduction information, that 3D re-
production of additional reproduction information is safe, the reproducer 240 may
reproduce the additional reproduction information in 3D. On the other hand, if itis de-
termined, based on the 3D reproduction safety information of the additional re-
production information, that 3D reproduction of additional reproduction information is
not safe, the reproducer 240 may not reproduce the additional reproduction information
or may reproduce the additional reproduction information after performing a prede-
termined image post-processing technique.

For example, if it is determined, based on the 3D reproduction safety information of
the additional reproduction information, that 3D reproduction of additional re-
production information is not safe, the reproducer 240 may compare a disparity of a
corresponding video with an offset of the additional reproduction information. If the
offset of the additional reproduction information belongs to a safe section of the
disparity of the corresponding video, which is determined according to a result of the
comparison, the reproducer 240 may reproduce the additional reproduction information
in 3D. On the other hand, if the offset of the additional reproduction information does
not belong to the safe section of the disparity of the corresponding video, which is de-
termined according to a result of the comparison, the reproducer 240 may not
reproduce the additional reproduction information.

Alternatively, if the offset of the additional reproduction information does not belong
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to the safe section of the disparity of the corresponding video, which is determined
according to a result of the comparison, the reproducer 240 may reproduce the ad-
ditional reproduction information after performing a predetermined image post-
processing technique. In an example of the predetermined image post-processing
technique, the reproducer 240 may reproduce the additional reproduction information
on a predetermined area of the corresponding video in 2D. In another example of the
predetermined image post-processing technique, the reproducer 240 may reproduce the
additional reproduction information by moving the additional reproduction information
so that the additional reproduction information protrudes toward a viewer relative to an
object of the corresponding video. In another example of the predetermined image
post-processing technique, the reproducer 240 may reproduce the corresponding video
in 2D and reproduce the additional reproduction information in 3D.

The reproducer 240 may extract or newly measure the disparity of the corresponding
video in order to compare the disparity of the corresponding video with the offset of
the additional reproduction information. When a multimedia stream is based on an
MPEG-2 TS, the reproducer 240 may extract at least one selected from the group
consisting of binocular parallax information, disparity information, and depth in-
formation of a 3D video image, from at least one selected from the group consisting of
a parallax information extension field, a depth map, and a reserved field of a closed
caption data field of the video ES, and compare the extracted information with the
offset information of the additional reproduction information. For example, when the
multimedia stream has an ISO-based media file format, the reproducer 240 may extract
at least one selected from the group consisting of binocular parallax information,
disparity information, and depth information of a 3D video image, from an SCDI
region of the ISO-based media file format, which includes a stereoscopic camera and
display-related information, and compare the extracted information with the offset in-
formation of the additional reproduction information.

An operation of the multimedia stream receiving apparatus 200 according to the
exemplary embodiment may vary according to whether the additional reproduction in-
formation is a closed caption, a subtitle, or EPG information.

According to a first exemplary embodiment, the demultiplexer 220 may extract a
video ES including closed caption data based on the CEA standards from a TS. The
decoder 230 according to the first exemplary embodiment may restore video data from
the video ES and extract closed caption data from the video data. The decoder 230
according to the first exemplary embodiment may extract closed caption 3D re-
production information from the video ES, a header of the video ES, or a section.

The reproducer 240 according to the first exemplary embodiment may construct 3D

closed caption data including a left-view closed caption and a right-view closed
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caption and reproduce the 3D closed caption data in 3D, based on the closed caption
3D reproduction information. Characteristics of the closed caption data and the closed
caption 3D reproduction information according to the first exemplary embodiment
correspond to those described above with reference to the multimedia stream
generating apparatus 100 according to the first exemplary embodiment.

According to the second exemplary embodiment, when the multimedia stream
receiving apparatus 200 according to the second exemplary embodiment complies with
the ANSI/SCTE method, the demultiplexer 220 may extract an additional data stream
including subtitle data along with the video ES and the audio ES from the TS. Ac-
cordingly, the decoder 230 according to the second exemplary embodiment may
extract the subtitle data from the additional data stream. The demultiplexer 220 or the
decoder 230 according to the second exemplary embodiment may extract subtitle 3D
reproduction information from at least one of a subtitle PES packet and a header of the
subtitle PES packet.

Characteristics of the subtitle data and the subtitle 3D reproduction information
according to the second exemplary embodiment correspond to those described above
with reference to the multimedia stream generating apparatus 100 according to the
second exemplary embodiment. The decoder 230 according to the second exemplary
embodiment may extract offset information, which is applied to both character
elements and frame elements of a subtitle, from a reserved field of a subtitle message
field in the subtitle data according to the exemplary embodiment. Alternatively, the
decoder 230 according to the second exemplary embodiment may additionally extract
offset information about the character elements of the subtitle, and offset information
about the frame elements of the subtitle separately from the subtitle data.

The decoder 230 according to the second exemplary embodiment may check a
subtitle type for second-view video data from among 3D video data, which is included
as subtitle type information in the 3D video data. Accordingly, the decoder 230
according to the second exemplary embodiment may additionally extract offset in-
formation, such as coordinate information, depth information, and parallax in-
formation, of a subtitle related to the second-view video data from the subtitle data.

When it is checked from the subtitle type information that a current subtitle type is a
subtitle disparity type, the decoder 230 according to the second exemplary embodiment
may additionally extract disparity information of the second-view subtitle related to a
first-view subtitle from the subtitle data.

The reproducer 240 according to the second exemplary embodiment may construct a
3D subtitle including a left-view subtitle and a right-view subtitle and reproduce the
3D subtitle in 3D, based on the subtitle 3D reproduction information.

According to a third exemplary embodiment, when the multimedia stream receiving
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apparatus 200 according to the exemplary embodiment complies with a DVB method,
the decoder 220 may extract an additional data stream including subtitle data along
with the video ES and the audio ES from a TS. Accordingly, the decoder 230
according to the third exemplary embodiment may extract the subtitle data of a subtitle
segment format from the additional data stream.

The decoder 230 according to the third exemplary embodiment may extract the
subtitle 3D reproduction information from a reserved field included in a page com-
position segment. The decoder 230 according to the third exemplary embodiment may
additionally extract at least one of offset information for each page of the subtitle and
offset information for each region of a current page of the subtitle from the page com-
position segment.

The reproducer 240 according to the third exemplary embodiment may construct a
3D subtitle including a left-view subtitle and a right-view subtitle and reproduce the
3D subtitle in 3D, based on the subtitle 3D reproduction information.

According to a fourth exemplary embodiment, when the multimedia stream receiving
apparatus 200 according to the exemplary embodiment complies with the ATSC
method, the decoder 230 may extract EPG 3D reproduction information from a de-
scriptor field of a PSIP table of the ATSC. In detail, the EPG 3D reproduction in-
formation may be extracted from a descriptor field of at least one selected from the
group consisting of a TVCT section, an EIT section, an ETT section, an RRT section,
and an STT section of the PSIP table of the ATSC.

When the multimedia stream receiving apparatus 200 according to the fourth
exemplary embodiment complies with the DVB method, the decoder 230 may extract
the EPG 3D reproduction information from a descriptor field of a SI table of the DVB.
In detail, the EPG 3D reproduction information may be extracted from a descriptor
field of at least one selected from the group consisting of an NIT section, an SDT
section, and an EIT section of the SI table.

The reproducer 240 according to the fourth exemplary embodiment may construct
3D EPG information including left-view EPG information and right-view EPG in-
formation and reproduce the 3D EPG information in 3D, based on the EPG 3D re-
production information.

Accordingly, in order to three-dimensionally reproduce various types of additional
reproduction information based on various communication methods such as a closed
caption based on the CEA method, a subtitle based on the DVB method or the cable
broadcasting method, and EPG information based on the ATSC or DVB method, the
multimedia stream receiving apparatus 200 according to the exemplary embodiment
may extract additional reproduction data and information for 3D reproduction of the

additional reproduction information from a received multimedia stream. The
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multimedia stream receiving apparatus 200 according to the exemplary embodiment
may stably reproduce the additional reproduction information during 3D reproduction
of video data by using the information for 3D reproduction of additional reproduction
information.

The multimedia stream receiving apparatus 200 according to the exemplary em-
bodiment maintains compatibility with various communication methods, such as the
DVB method based on an existing MPEG TS method, the ATSC method, and the cable
broadcasting method, and may provide viewers with a multimedia stream that allows
3D video to be reproduced and 3D reproduction information to be stably reproduced.

FIG. 3 illustrates a scene in which a 3D video and 3D additional reproduction in-
formation are simultaneously reproduced.

According to 3D video reproduction by a 3D display device, an object image 310
may be reproduced so as to protrude from a zero plane 300 toward a viewer. Ad-
ditional reproduction information, such as a closed caption, a subtitle, and EPG in-
formation, needs to be reproduced on a text screen 320, so as to protrude toward the
viewer relative to all objects of a video image, so that the viewer stably enjoys a 3D
video image without fatigue or disharmony.

FIG. 4 illustrates a phenomenon in which a 3D video and 3D additional reproduction
information are reversed and reproduced. As shown in FIG. 4, when an error exists in
depth information, disparity information, or binocular parallax information of the ad-
ditional reproduction information, a reversal phenomenon may occur in which the text
screen 320 is reproduced further than the object image 310 from the viewer. Due to the
reversal phenomenon, the object image 310 covers the text screen 320. In this case, the
viewer may be fatigued or feel disharmony while viewing a 3D video.

FIG. 5 illustrates a structure of an MPEG TS 500 including various types of ad-
ditional reproduction information.

The MPEG TS 500 includes streams of contents that constitute a program. In detail,
the MPEG TS 500 includes an audio ES 510, a video ES 520, control data 530, and a
PSIP table 540 which is program related information.

The closed caption data according to the first exemplary embodiment which is
processed by the multimedia stream generating apparatus 100 according to the
exemplary embodiment and the multimedia stream receiving apparatus 200 according
to the exemplary embodiment may be inserted in a 'cc_data' format into a picture user
data region of the video ES 520. In an exemplary embodiment, the closed caption data
may be inserted into a 'cc_data' field of a video PES packet constructed by mul-
tiplexing the video ES 520.

The subtitle data according to the second and third exemplary embodiments may be

inserted into an additional data stream separate from the audio ES 510 or the video ES
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520 and may be included in the MPEG TS 500. In particular, the subtitle data may
include not only text data but also graphic data.

The EPG information according to the fourth exemplary embodiment may be
inserted into predetermined tables of the PSIP table 540.

Generation and reception of a multimedia stream for 3D reproduction of the closed
caption according to the first exemplary embodiment will now be described in detail
with reference to Tables 1 through 12 and FIGS. 6 through 15.

The multimedia stream generating apparatus 100 according to the first exemplary
embodiment may insert the closed caption together with video data into a video stream.
The program encoder 110 according to the first exemplary embodiment may insert the
closed caption data into the 'cc_data' field of a 'user_data' field of the video PES
packet. Table 1 shows a syntax of the 'cc_data’ field based on the DVB method, and
Table 2 shows a syntax of the 'cc_data' field based on the DVB method. The closed
caption data may be inserted into 'cc_datal' and 'cc_data_2' fields of a 'for' loop.

Table 1
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[Table 1]

Syntaz

cc_data(){
reserved
process_cc_data_flag
additional _data_flag
cc_count
reserved
for (i=0; i<cc_count: i++){
marker_bits
co_valid
cc_type
coc_data_l
co_data
)
marker_hits
if (addtional_data_flag){
while (nextbits() != "0000 0000 0000 0000 0000
000134

additional_cc_data

t

[147] Table 2
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[Table 2]

S¥ntaz

cc_data(){
reserved
process_cc_data_flag
zero_bit
cc_count
reserved
for (1=0; i<cc_count; 1+4)1{
one_hit
reserved
cc_valid
CC_type
co_data_l
cc_data_2
I
marker_bits = "111111117
1

The program encoder 110 according to the first exemplary embodiment may insert

the closed caption 3D reproduction information into a reserved' field of the 'cc_data'
field of Tables 1 and 2.

The program encoder 110 according to the first exemplary embodiment may insert
2D/3D distinguishing information of the closed caption, offset information of the
closed caption, and 3D caption emphasizing information into the 'reserved' field of the
'cc_data’ field.

In detail, for example, the program encoder 110 according to the first exemplary em-
bodiment may insert 2D/3D distinguishing information 2d_CC' of the closed caption
as shown in Table 3 into first 'reserved' fields of Tables 1 and 2.

Table 3
[Table 3]

Syntaz

2d_C0

The 2D/3D distinguishing information '2d_CC' according to the first exemplary em-
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[153]

[154]

[155]

[156]

[157]

bodiment may represent whether closed caption data inserted into a field next to a
2d_CC' field is to be reproduced in 2D or 3D.

The program encoder 110 according to the first exemplary embodiment may insert
3D caption emphasizing information 'enhanced_CC' and offset information of the
closed caption, 'cc_offset', as shown in Table 4 into second 'reserved' fields of Tables 1
and 2.

Table 4
[Table 4]

Syntaz
enhance_CC

ce_offset
reserved

The 3D caption emphasizing information 'enhanced_CC' according to the first
exemplary embodiment may represent whether closed caption data of DTV CC data is
to be replaced by data used for 3D closed caption emphasis. The offset information of
the closed caption, 'cc_offset', according to the first exemplary embodiment may
represent a disparity offset which is horizontal displacement amount of the closed
caption data of DTV CC data to provide a depth to the closed caption.

The multimedia stream generating apparatus 100 according to the first exemplary
embodiment may encode a command character and a text of the closed caption
according to a code set prescribed in the CEA-708 standard for a closed caption of an
ATSC digital TV stream. Table 5 shows a code set mapping table prescribed in the
CEA-708 standard.

Table 5
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[Table 5]
[Table |
Code sub- Bits Descripition
groups
COo 0x00-0x1F Subset of ASCII Control Codes
Cl 0x80-0x9F Caption Control Codes
Cc2 0x1000-0x101F Extended Miscellaneous Control Codes
C3 0x1080-0x109F Extended Control Code Set 2
GO 0x20-0x7F Modified version of ANSI X3.4 Printable

Character Set (ASCII)
Gl 0xA0-0OxFF ISO 8859-1 Latin 1 Characters
G2 0x1020-0x107F Extended Control Code Set 1
G3 0x10A0-0x10FF Future characters and icons
[158] An ASCII control code may be represented using a code set of a CO group of the

[159]

[160]

code set mapping table, and closed caption data may be represented using the code set
of the CO group. The code set of the CO group of the code set mapping table prescribed
in the CEA-708 standards can be arbitrarily defined as an extended control code by a
user. The multimedia stream generating apparatus 100 according to the first exemplary
embodiment may represent a command descriptor for setting the closed caption 3D re-
production information according to the first exemplary embodiment, by using a code

set of a C2 group. Table 6 shows a code set table of the C2 group.

Table 6
[Table 6]
[Table |
C2 table
0x00-0x07 +0 bytes - 1 byte code section
0x08-0x0f +1 byte - 2 byte code section
0x10-0x17 +2 bytes - 3 byte code section
0x18-0Ox1f +3 bytes - 4 byte code section

In an exemplary embodiment, the multimedia stream generating apparatus 100
according to the first exemplary embodiment may represent the closed caption 3D re-
production information as the command character by using a 2 byte code section of a
bitstring '0x08~0x0f" in the code set of the C2 group.
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[161]

[162]

[163]

[164]

[165]

[166]

For example, the multimedia stream generating apparatus 100 according to the first
exemplary embodiment may define a command descriptor 'Define3DInfo' for setting
the closed caption 3D reproduction information. Table 7 shows an example of the

command character of the command descriptor 'Define3DInfo()".

Table 7
[Table 7]
[Table |
b7 b6 bs b4 b3 b2 b1l b0
0 0 0 0 1 1 0 0 Command
id2 id1 1dO SC X X X X Parameter
1

When the command descriptor 'Define3DInfo()' according to the first exemplary em-
bodiment has a format of 'Define3DInfo(window_ID, is_safety_check)', '00001100' (or
'0x0C") in the command character of Table 7 may be assigned to represent a command
'Define3DInfo’, and 'id2 id1 id0 sc¢' in the command character represents input pa-
rameters 'id" and 'sc'. Since the input parameter 'id' is expressed in 3 bits as a caption
region identifier 'window_ID' for identifying a closed caption, the input parameter 'id'
may be set as one unique identifier from among O through 7. The input parameter 'sc'
represents 3D reproduction safety information 'is_safety_check' of the closed caption.
As shown in Table 8, the parameter 'is_safety check' may represent whether the offset

information of the closed caption inserted into contents is safe.

Table 8
[Table 8]
[Table |
is_safety_chec |Contents
k
0 Safety of disparity information inserted into contents is not ensured.
1 Safety of disparity information inserted into contents is ensured.

In another exemplary embodiment, the multimedia stream generating apparatus 100
according to the first exemplary embodiment may define a command descriptor 'Set-
DisparityType' for setting offset information for 3D reproduction of the closed caption.
Table 9 shows an example of the command character of the command descriptor 'Set-
DisparityType'.

Table 9
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[Table 9]
[Table |
b7 b6 b5 b4 b3 b2 bl b0
0 0 0 0 1 1 0 0 Command
id2 id1 1dO dt X X X X Parameter
1

[167]

[168]

[169]

[170]

[171]

When the command descriptor 'SetDisparity Type' according to the first exemplary
embodiment has a format of 'SetDisparityType(window_ID, disparity_type)’,
'00001100" (or '0x0C") in the command character of Table 9 may be assigned to
represent a command 'SetDisparityType', and 'id2 id1 idO dt' in the command character
represents input parameters 'id' and 'dt'.

The input parameter 'id' represents a caption region identifier 'window_ID'. The input
parameter 'dt' represents offset type information 'disparity_type' of the closed caption.
As shown in Table 10, the parameter 'disparity_type' may represent whether an offset
value of the closed caption is a first offset type set based on a screen plane or a zero
plane, or a second offset type set based on a disparity of a video.

Table 10
[Table 10]

[Table |

disparity_type |Contents

0 Value of parameter "offset" is given based on a screen plane.

1 Value of parameter "offset" is given based on a disparity value

defined within a video ES.

According to the related art CEA-708 standard, a command descriptor 'SetWin-
dowDepth' for controlling generation, deletion, correction, display or non-display, and
the like of a caption region is used in a Dignal-TV Closed Caption (DTVCC) Coding
Layer.

The multimedia stream generating apparatus 100 according to the first exemplary
embodiment may modify the command descriptor 'SetWindowDepth' and use the
modified command descriptor 'SetWindowDepth'. The multimedia stream generating
apparatus 100 according to the first exemplary embodiment may use and modify the
command descriptor 'SetWindowDepth' by using an extended control code set region
of the code set mapping table prescribed in the CEA 708 standard, in order to maintain

backward compatibility with a receiving apparatus including a closed caption decoding
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[172] For example, the 3D reproduction safety information 'is_safety check' and the offset

[173]

[174]

[175]

[176]

type information 'disparity type' of the closed caption according to the first exemplary
embodiment may be represented using a 2-byte code section of a bitstring '0x08~0x0f'
of the C2 group code set, and information about an offset value may be additionally
represented using a 3 byte code section of a bitstring '0x10~0x17" of the C2 group code
set. Table 11 shows an example of the command character of the modified command
descriptor 'SetWindowDepth' obtained by the multimedia stream generating apparatus
100 according to the first exemplary embodiment.

Table 11
[Table 11]
[Table |

b7 b6 b5 b4 b3 b2 bl b0

0 0 0 1 0 0 0 0 Command
dt vf id2 id1 1dO 0 SC 0s Parameter
1

off7 off6 offs off4 off3 off2 off1 off0 Parameter
2

When the command descriptor 'SetWindowDepth' according to the first exemplary
embodiment has a format of 'SetWindowDepth(disparity_type, video_{lat,
window_ID, is_safety_check, offset_sign, offset)’, '00010000' in the command
character of Table 11 may indicate a command 'SetWindowDepth', 'dt vf id2 id1 id0 O
sc os' in the command character indicates input parameters 'dt', 'vf', 'id’, 'sc', and 'os’,
and 'off7 off6 off5 off4 off3 off2 off1 off0' in the command character indicates an
input parameter 'off’.

The input parameter 'dt' indicates offset type information 'disparity_type' of the
closed caption. The input parameter 'vf' indicates 2D video reproduction information
'video_flat'. 'id' of a parameter 'id2 id1 1d0' indicates a caption region identifier
‘window_ID' for identifying a region of a corresponding video image in which the
closed caption is displayed. The input parameter 'sc' indicates 3D reproduction safety
information 'is_safety_check' of the closed caption. The input parameter 'os' indicates
offset direction information 'offset_sign' of the closed caption.

When the multimedia stream receiving apparatus 200 according to the first
exemplary embodiment executes the command descriptor 'SetWindowDepth' of Table

11, if it is ascertained from the parameter 'disparity_type' that the value of the
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[177]

[178]

[179]

[180]

[181]

[182]

parameter 'offset’ is set based on a disparity of a video image defined in a video ES, the
parameters 'video_flat' and 'is_safety_check' may not be used.

As shown in Table 12, the 2D video reproduction information 'video_flat' may
represent whether a 3D reproduction mode of 3D video reproduction is maintained or
changed to a 2D reproduction mode during 3D reproduction of the closed caption.

Table 12

[Table 12]

[Table |

video_flat Contents

0 3D reproduction mode of 3D video reproduction is maintained (L/R
time-sequential)

1 3D reproduction mode of 3D video reproduction is changed to 2D re-
production mode (L/L or R/R time-sequential)

For example, if it is determined from the parameter 'video_flat' that a 3D re-
production mode of 3D video reproduction is maintained, the multimedia stream
receiving apparatus 200 according to the first exemplary embodiment may control a
3D display device to reproduce a left-view image and a right-view image time-
sequentially. On the other hand, if it is determined from the parameter 'video_{flat' that
the 3D reproduction mode of 3D video reproduction is changed to a 2D reproduction
mode, the multimedia stream receiving apparatus 200 according to the first exemplary
embodiment may control the 3D display device to reproduce left-view images time-
sequentially or to reproduce right-view images time-sequentially.

Even when 3D video reproduction is maintained in the 3D reproduction mode or is
switched from the 3D reproduction mode to the 2D reproduction mode according to
the parameter 'video_flat', an offset of the closed caption is applied to a caption region
by using the parameters 'offset_sign' and 'offset’, so that the closed caption can be re-
produced in 3D. However, if 3D video reproduction is switched from the 3D re-
production mode to the 2D reproduction mode, the parameter 'is_safety_check' may
not be used. In this case, the parameter 'offset_sign' may be set to represent a negative
offset so that the closed caption protrudes toward a viewer.

The parameter 'sc' indicates the 3D reproduction safety information 'is_safety_check'
of the closed caption. As shown in Table 13, the parameter 'is_safety_check' may
represent an offset sign of the closed caption and the safety or non-safety of the offset
of the closed caption.

Table 13
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[183]

[184]

[185]

[186]

[187]

[Table 13]
[Table |

is_safety_check |Contents

0 Safety of an offset given by parameters “offset sign” and “offset” is

not ensured.

1 Safety of an offset given by parameters “offset sign” and “offset” is

ensured.

For example, if the safety of the offset of the closed caption is not checked by a
contents provider and the closed caption is provided together with contents as in real-
time communications, a reverse phenomenon between depths of the 3D video image
and the closed caption may occur, or viewers are highly likely to be experience fatigue
due to an unsafe depth. Accordingly, the parameter 'is_safety_check' may be used to
check whether the contents provider has secured 3D reproduction safety of the closed
caption.

Accordingly, in the multimedia stream receiving apparatus 200 according to the first
exemplary embodiment, if it is determined from the parameter 'is_safety_check' that
the safety of an offset (or a disparity) of the closed caption to be controlled by the pa-
rameters 'offset_sign' and 'offset’ is not ensured by the contents provider, an offset for
the closed caption may be applied to the caption region according to a closed caption
displaying method unique to the receiver.

On the other hand, if it is determined from the parameter 'is_safety_check' that the
safety of the offset of the closed caption is ensured by the contents provider, the
receiver may adjust the offset of the closed caption by using the parameters
'offset_sign' and 'offset’ and reproduce the closed caption.

The input parameter 'os' represents sign information 'offset_sign' for determining
whether the offset value of the closed caption given by the parameter 'offset' is a
negative or positive binocular parallax. The input parameter 'off' may represent a
horizontal displacement amount of a pixel for horizontally moving the location of an
anchor point of a closed caption region generated in 2D in order to apply the offset to
the caption region selected by the input parameter 'id". The horizontal displacement
amount is the offset information of the closed caption.

The closed caption 3D reproduction information described above with reference to
Tables 1 through 13 may be inserted into a video stream and transmitted by the
multimedia stream generating apparatus 100 according to the first exemplary em-

bodiment. The multimedia stream receiving apparatus 200 according to the first
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[188]

[189]

[190]

[191]

[192]

[193]

[194]

exemplary embodiment may extract the closed caption 3D reproduction information
described above with reference to Tables 1 through 13 from the video stream and may
use the closed caption 3D reproduction information in 3D reproduction of the closed
caption.

Exemplary embodiments in which the multimedia stream receiving apparatus 200
according to the first exemplary embodiment uses the closed caption 3D reproduction
information will now be described in detail with reference to FIGS. 6 through 15.

FIG. 6 is a detailed block diagram of a closed caption reproducer 600 of a
multimedia stream receiving apparatus for 3D reproduction of a closed caption,
according to an exemplary embodiment.

The closed caption reproducer 600 may be another exemplary embodiment of the re-
producer 240 of the multimedia stream receiving apparatus 200 according to the first
exemplary embodiment. The closed caption reproducer 600 includes a video decoder
620, a closed caption (CC) decoder 630, a video plane memory 640, a closed caption
plane memory 650, a 3D CC emphasizing data memory 660 (hereinafter, referred to as
an enhanced CC memory 660), and a switch 670.

Closed caption data and video data obtained by a demultiplexer (DE-MUX) 610 are
input to the closed caption reproducer 600. The CC decoder 630 decodes the closed
caption data received from the DE-MUX 610 and restores a closed caption plane. The
video decoder 620 decodes the video data received from the DE-MUX 610 and
restores a video plane. The video plane and the closed caption plane output from the
video decoder 620 and the CC decoder 630 may be stored in the video plane memory
640 and the closed caption plane memory 650, respectively. When the video data and
the closed caption data of the video plane memory 640 and the closed caption plane
memory 650 are output and synthesized, a video screen on which the closed caption
data is displayed may be output.

The CC decoder 630 may determine whether to reproduce the closed caption data
'cc_data_1"and 'cc_data_2'in 2D or 3D, based on the parameter 2d_CC' of the closed
caption field 'cc_data' according to the first exemplary embodiment described above
with reference to Tables 1, 2, and 3.

When a set value of the parameter 2d_CC' is 0, the CC decoder 630 may reproduce
the closed caption data '‘cc_data_1"and 'cc_data_2' in 3D. In this case, the CC decoder
630 may determine whether the input closed caption data 'cc_data_1' and 'cc_data_2'
are reproduced, or the 3D CC emphasizing data stored in the enhanced CC memory
660 is reproduced, based on the parameter 'enhance_CC' of the closed caption field
'cc_data' according to the first exemplary embodiment.

For example, the 3D CC emphasizing data may be graphic data such as an image. 3D

CC emphasizing data 662 and 664 for a left-view image and a right-view image may
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[195]

[196]

[197]

[198]

[199]

[200]

[201]

[202]

be separately stored in the enhanced CC memory 660. According to whether the 3D
CC emphasizing data is used or not, the switch 670 may control an operation of
outputting the 3D CC emphasizing data 662 and 664 to the closed caption plane
memory 650.

The CC decoder 630 may reproduce the closed caption data at a location displaced
by an offset value in a horizontal axis direction from an original location when
displaying the closed caption data as a left-view image and a right-view image on a
screen, based on the parameter 'cc_offset' of the closed caption field ‘cc_data'
according to the first exemplary embodiment. In other words, a left-view closed
caption 686 and a right-view closed caption 688 may be displaced by offset]l and
offset2, respectively, in a left-view image region 682 and a right-view image region
684 of a 3D video image 680 having a 3D composite format.

FIG. 7 is a perspective view of a screen that adjusts a depth of a closed caption,
according to the first exemplary embodiment.

According to the first exemplary embodiment, when the offset value of the closed
caption is a depth of 5, a 3D CC emphasizing caption plane 720 is displayed to
protrude from a video plane 710 by the depth of 5, based on the 3D caption em-
phasizing information of the closed caption.

FIG. 8 is a plan view of a screen that adjusts a depth of a closed caption, according to
the first exemplary embodiment.

The reproducer 240 of the multimedia stream receiving apparatus 200 according to
the first exemplary embodiment may move the location of a right-view caption region
825 from a left-view caption region 815 by an offset 830 in order to reproduce a
caption region 815 of a left-view image 810 and a caption region 825 of a right-view
image 820. In this case, the offset 830 may represent a disparity of an actual closed
caption and may correspond to a first displacement amount of the first offset type.

The reproducer 240 of the multimedia stream receiving apparatus 200 according to
the first exemplary embodiment may move the location of a right-view caption region
845 from a disparity value 855 of a video image by an offset 860 of the closed caption.
In this case, a sum of the offset 860 of the closed caption and the disparity value 855 of
the video image may become a disparity value 850 of an actual closed caption and may
correspond to a second displacement amount of the second offset type.

FIG. 9 is a flowchart of a method in which the multimedia stream receiving apparatus
200 according to the first exemplary embodiment uses 3D caption emphasizing in-
formation and offset information of a closed caption.

In operation 910, DTV CC data is input to the reproducer 240 of the multimedia
stream receiving apparatus 200 according to the first exemplary embodiment. In

operation 920, the reproducer 240 according to the first exemplary embodiment checks
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[203]

[204]

[205]

[206]

[207]

[208]

the value of the 2D/3D distinguishing information 2d_CC' of the closed caption. If it is
determined based on the 2D/3D distinguishing information 2d_CC' of the closed
caption that the closed caption is to be reproduced in 2D, the DTV CC data may be re-
produced in 2D, in operation 930.

On the other hand, if it is determined based on the 2D/3D distinguishing information
2d_CC' of the closed caption that the closed caption is to be reproduced in 3D, the re-
producer 240 according to the first exemplary embodiment may check the 3D caption
emphasizing information 'enhance_CC' and the offset information 'cc_offset' of the
closed caption, in operation 940. In operation 950, the reproducer 240 according to the
first exemplary embodiment decodes the closed caption data 'cc_data_1' and
'cc_data_2' of the DTV CC data. If it is determined based on the 3D caption em-
phasizing information 'enhance_CC' in operation 960 that the 3D CC emphasizing data
is not used, the reproducer 240 according to the first exemplary embodiment may
reproduce the DTV CC data in 3D, in operation 980.

On the other hand, if it is determined based on the 3D caption emphasizing in-
formation 'enhance_CC' in operation 960 that the 3D CC emphasizing data is used, the
reproducer 240 according to the first exemplary embodiment may extract the 3D CC
emphasizing data in operation 970, and may reproduce the 3D CC emphasizing data in
operation 980.

FIG. 10 is a flowchart of a method in which the multimedia stream receiving
apparatus 200 according to the first exemplary embodiment uses 3D reproduction
safety information of the closed caption.

DTV CC data is input to the reproducer 240 of the multimedia stream receiving
apparatus 200 according to the first exemplary embodiment and parsed, in operation
1010. In operation 1015, the reproducer 240 according to the first exemplary em-
bodiment searches for the disparity information of the closed caption, 'cc_offset', from
the DTV CC data. If no disparity information of the closed caption exists in the DTV
CC data, the reproducer 240 according to the first exemplary embodiment reproduces
the closed caption in 2D, in operation 1020.

On the other hand, if disparity information of the closed caption exists in the DTV
CC data, the reproducer 240 according to the first exemplary embodiment checks the
3D reproduction safety information 'is_safety _check' in the DTV CC data, in operation
1025. If it is determined based on the 3D reproduction safety information
is_safety_check' that the safety of the disparity information of the closed caption is
secured, the reproducer 240 according to the first exemplary embodiment reproduces
the closed caption in 3D by using the disparity information of the closed caption, in
operation 1030.

On the other hand, if it is determined based on the 3D reproduction safety in-
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[209]

[210]

[211]

[212]

formation 'is_safety_check' that the safety of the disparity information of the closed
caption is not secured, the reproducer 240 according to the first exemplary em-
bodiment searches for disparity information for an image from a video stream, in
operation 1040. For example, if a multimedia stream is encoded according to the
MPEG-2 TS method, the disparity information for the image may be detected from at
least one selected from the group consisting of a parallax information extension field, a
depth map, a reserved field of a closed caption data field from among a plurality of
fields included in a video ES. If the multimedia stream is encoded according to the ISO
media file format, the disparity information for the image may be detected from an
SCDI region of the ISO media file format.

If the disparity information for the image exists in the video stream, the reproducer
240 according to the first exemplary embodiment determines whether the disparity in-
formation of the closed caption belongs to a 3D reproduction safety section, by
comparing the disparity information of the closed caption with disparity information of
the image, in operation 1045.

If the disparity information of the closed caption belongs to the 3D reproduction
safety section, the reproducer 240 according to the first exemplary embodiment re-
produces the closed caption in 3D by using the disparity information of the closed
caption, in operation 1030. On the other hand, if the disparity information of the closed
caption does not belong to the 3D reproduction safety section, the reproducer 240
according to the first exemplary embodiment may not reproduce the closed caption or
may secure the safety of the disparity information of the closed caption through an
image post-processing method and then reproduce the closed caption in 3D, in
operation 1070. Various exemplary embodiments of the image post-processing
technique will be described later with reference to FIGS. 11, 12, 13, 14, and 15.

If it is determined in operation 1040 that the disparity information for the image does
not exist in the video stream, it is determined whether the multimedia stream receiving
apparatus 200 according to the first exemplary embodiment can directly measure the
disparity of a video image, in operation 1050. If the multimedia stream receiving
apparatus 200 according to the first exemplary embodiment includes an image
disparity measuring unit, a disparity of a stereo image of a 3D video image is
measured, in operation 1055. In operation 1045, the reproducer 240 according to the
first exemplary embodiment determines whether the disparity information of the closed
caption belongs to the 3D reproduction safety section, by comparing the disparity in-
formation of the closed caption with information about the disparity measured in
operation 1055. According to a result of the determination in operation 1045, an
operation 1030 or 1070 may be performed.

On the other hand, if the multimedia stream receiving apparatus 200 according to the
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first exemplary embodiment does not include an image disparity measuring unit, it
may be determined whether the multimedia stream receiving apparatus 200 is set to be
in a forced CC output mode according to a user's setting, in operation 1060. If the CC
output mode of the multimedia stream receiving apparatus 200 is the forced CC output
mode, the reproducer 240 according to the first exemplary embodiment reproduces the
closed caption in 3D by using the disparity information of the closed caption, in
operation 1030. On the other hand, if the CC output mode of the multimedia stream
receiving apparatus 200 is not set to be the forced CC output mode, the reproducer 240
according to the first exemplary embodiment may not reproduce the closed caption or
may secure the safety of the disparity information of the closed caption through the
image post-processing method and then reproduce the closed caption in 3D, in
operation 1070.

FIG. 11 illustrates an example of the image post-processing method which is
performed when the safety is not ensured based on the 3D reproduction safety in-
formation of the closed caption according to the first exemplary embodiment.

When it is determined based on the 3D reproduction safety information
is_safety_check' of the closed caption that the safety is not ensured, the reproducer
240 according to the first exemplary embodiment may output closed caption data 1120
having disparity information so as to be forcedly arranged in a predetermined region of
a 3D image 1110.

For example, the reproducer 240 according to the first exemplary embodiment scales
down the 3D image 1110 vertically in operation 1130, and merges a result of the
scaling-down with the closed caption data 1120 in operation 1140. A resultant image
1150 corresponding to a result of the merging may be divided into a vertically reduced
3D image region 1152 and a closed caption region 1154. The vertically reduced 3D
image region 1152 and the closed caption region 1154 may be independently re-
produced in 3D so that they do not overlap each other.

FIGS. 12 and 13 illustrate another example of the image post-processing method
which is performed when the safety is not ensured based on the 3D reproduction safety
information of the closed caption according to the first exemplary embodiment.

In FIG. 12, as 3D video is reproduced on a 3D display plane 1210, a video object
region 1220 protrudes by a unique depth and is displayed. In this case, if a text region
1230 of a closed caption is displayed between the 3D display plane 1210 and the video
object region 1220, a viewer 1200 may feel dizzy and fatigued when confused with a
depth of a video object and a depth of a text.

In FIG. 13, if disparity information of the video object region 1230 can be acquired,
the reproducer 240 according to the first exemplary embodiment may adjust the

disparity information of the video object region 1230 so that the text region 1230
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protrudes toward the viewer 1200 relative to the video object region 1220. If disparity
information of all image pixels can be ascertained, the reproducer 240 according to the
first exemplary embodiment may move a pixel location of a caption region of the text
region 1230 to a location that is not overlapped by the video object region 1220 in
terms of a depth sequence.

FIGS. 14 and 15 illustrate another example of the image post-processing method
which is performed when the safety is not ensured based on the 3D reproduction safety
information of the closed caption according to the first exemplary embodiment.

In FIG. 14, although a video object region 1410 is displayed protruding by a unique
depth as a 3D video is reproduced on a 3D display plane 1400, a depth reversal
phenomenon where a text region 1420 of a closed caption exists between the 3D
display plane 1400 and the video object region 1410 occurs.

In FIG. 15, the reproducer 240 according to the first exemplary embodiment switches
from a 3D reproduction mode to a 2D reproduction mode and reproduces a 3D video
image in the 2D reproduction mode. In other words, the reproducer 240 according to
the first exemplary embodiment may reproduce the video object region 1410 in 2D so
as to be displayed on the 3D display plane 1400 and may reproduce the text region
1420 in 3D based on unique disparity information. Accordingly, a depth of the video
object region 1410 becomes 0, and thus the depth reversal phenomenon between the
text region 1420 and the video object region 1410 may be solved.

The multimedia stream generating apparatus 100 according to the first exemplary
embodiment may insert closed caption 3D reproduction information for providing a 3D
depth to a closed caption into a data stream and transmit the closed caption 3D re-
production information included in the data stream, together with a video image and an
audio image. The multimedia stream receiving apparatus 200 according to the first
exemplary embodiment may extract closed caption data and closed caption 3D re-
production information from a received multimedia stream. Based on the closed
caption 3D reproduction information, the multimedia stream receiving apparatus 200
according to the first exemplary embodiment may select a closed caption reproducing
method by checking the safety of a closed caption, adjust a depth of the closed caption,
and use a closed caption for emphasizing a 3D reproduction effect of the closed
caption. Accordingly, the 3D video image and the closed caption may be naturally re-
produced.

Generation and reception of a multimedia stream for 3D reproduction of a subtitle
according to an exemplary embodiment now be described in detail with reference to
Tables 14 through 48 and FIGS. 16 through 34.

FIG. 16 illustrates generation and reception of a multimedia stream of subtitle data,

according to an exemplary embodiment.
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[225] Referring to FIG. 16, a single program encoder 1600 receives video data and audio
data and encodes the video data and audio data by using a video encoder 1610 and an
audio encoder 1620, respectively. The encoded video data and the encoded audio data
are packetized into video PES packets and audio PES packets, respectively, by using
packetizers 1630 and 1640. In the current exemplary embodiment, the single program
encoder 1600 receives subtitle data from a subtitle generator station 1650. A PSI
generator 1660 generates information about various programs, such as a PAT and a
PMT.

[226] A MUX 1670 of the single program encoder 1600 not only receives the video PES
packets and the audio PES packets from the packetizers 1630 and 1640, but also
receives a subtitle data packet in a PES packet form, and the information about various
programs in a section form from the PSI generator 1660, and generates and outputs a
TS about one program by multiplexing the video PES packets, the audio PES packets,
the subtitle data packet, and the information about various programs.

[227] When the single program encoder 1600 has generated and transmitted the TS
according to a DVB communication method, a DVB set-top box 1680 receives the TS
and parses the TS to restore a video image, an audio image, and a subtitle. On the other
hand, when the single program encoder 1600 has generated and transmitted the TS
according to a cable broadcasting method, a cable set-top box 1685 may receive the TS
and parse the TS to restore a video image, an audio image, and a subtitle. A television
(TV) 1690 reproduces the video image and the audio image, and reproduces the
subtitle by overlaying the subtitle on the video image displayed on a screen.

[228] The multimedia stream generating apparatus 100 according to the second or third
exemplary embodiment may additionally insert and transmit information for 3D in-
formation of a 3D video image and a subtitle, in addition to the operation of the single
program encoder 1600. The multimedia stream receiving apparatus 200 according to
the second or third exemplary embodiment may reproduce a 3D video image and a
subtitle in 3D in addition to the operations of either the DVB set-top box 1680 or the
cable set-top box 1685 and the TV 1690.

[229] Generation and reception of a multimedia stream for 3D reproduction of a subtitle
according to a DVB communication method according to the second exemplary em-
bodiment will now be described in detail with reference to Tables 14 through 34 and
FIGS. 17 through 27.

[230] FIG. 17 is a diagram of a hierarchical structure of subtitle data complying with a
DVB communication method.

[231] Display data complying with a DVB communication method has the hierarchical
structure of a program level 1700, an epoch level 1710, a display sequence level 1720,

a region level 1730, and an object level 1740.
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[232]
[233]

[234]

[235]

[236]

[237]

[238]

[239]

[240]

In detail, a program 1705 includes a plurality of epoch units 1712, 1714, and 1716.

An epoch unit denotes a time unit in which a memory layout in a decoder is
maintained without changes. In other words, data included in the epoch unit 1712 is
stored in a buffer of a subtitle decoder until data in a next epoch is transmitted to the
buffer. The memory layout may be changed by resetting a decoder state according to
reception of a page composition segment having a page state indicating a mode switch.
Accordingly, in a period of time between the consecutive epoch units 1712 and 1714, a
page composition segment having a page state indicating a mode switch is received by
the decoder. The epoch unit 1714 includes a plurality of display sequence units 1722,
1724, and 1726.

Each of the display sequence units 1722, 1724, and 1726 indicates a complete
graphic scene and may be maintained on a screen for several seconds. For example, the
display sequence unit 1724 may include a plurality of region units 1732, 1734, and
1736 each having a designated display location.

Each of the region units 1732, 1734, and 1736 makes a pair with a color look-up
table (CLUT) that defines colors and transparencies which are to be applied to all pixel
codes. A pixel depth indicates the entry of colors to be applied to each of the region
units 1732, 1734, and 1736, and 2-bit, 4-bit, and 8-bit pixel depths support pixel codes
of 4, 16, and 256 colors, respectively. For example, the region unit 1734 may define a
background color and include graphic object units 1742, 1744, and 1746, which are to
be displayed in the region unit 1734.

FIGS. 18 and 19 illustrate two expression types of a subtitle descriptor in a PMT in-
dicating a PES packet of a subtitle, according to a DVB communication method.

One subtitle stream may transmit at least one subtitle service. The at least one subtitle
service is multiplexed to one packet, and the packet may be transmitted with one piece
of packet identifier (PID) information. Alternatively, each subtitle service may be
configured to an individual packet, and each packet may be transmitted with individual
PID information. A corresponding PMT may include the PID information about the
subtitle services of a program, language, and a page identifier.

FIG. 18 is a diagram illustrating a subtitle descriptor and a subtitle PES packet, when
at least one subtitle service is multiplexed into one packet. In FIG. 18, at least one
subtitle service is multiplexed to a PES packet 1840 and is assigned with the same PID
information X, and accordingly, a plurality of pages 1842, 1844, and 1846 for the
subtitle service are subordinated to the same PID information X.

Subtitle data of the page 1846, which is an ancillary page, is shared with other
subtitle data of the pages 1842 and 1844.

A PMT 1800 may include a subtitle descriptor 1810 about the subtitle data. The

subtitle descriptor 1810 defines information about the subtitle data according to
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[241]

[242]

[243]

[244]

[245]

[246]

[247]

packets. In the same packet, information about subtitle services may be classified
according to pages. In other words, the subtitle descriptor 1810 includes information
about the subtitle data in the pages 1842, 1844, and 1846 in the PES packet 1840
having the PID information X. Each of subtitle data information 1820 and 1830, which
are respectively defined according to the pages 1842 and 1844 in the PES packet 1840,
may include language information 'language’, a composition page identifier 'com-
position-page_id', and an ancillary page identifier 'ancillary-page_id'.

FIG. 19 is a diagram illustrating a subtitle descriptor and a subtitle PES packet, when
a subtitle service is formed in an individual packet. A first page 1950 for a first subtitle
service is formed of a first PES packet 1940, and a second page 1970 for a second
subtitle service is formed of a second PES packet 1960. The first and second PES
packets 1940 and 1960 are respectively assigned with PID information X and PID in-
formation Y.

A subtitle descriptor 1910 of a PMT 1900 may include PID information values of a
plurality of subtitle PES packets, and may define information about the subtitle data of
the subtitle PES packets according to PES packets. In other words, the subtitle de-
scriptor 1910 may include subtitle service information 1920 about the first page 1950
of the subtitle data in the first PES packet 1940 having PID information X, and subtitle
service information 1930 about the second page 1970 of the subtitle data in the second
PES packet 1960 having PID information Y.

FIG. 20 is a diagram of a structure of a datastream including subtitle data complying
with a DVB communication method, according to an exemplary embodiment.

Subtitle PES packets 2012 and 2014 are constructed by gathering subtitle TS packets
2002, 2004, and 2206 assigned with the same PID information from a DVB TS 2000
including a subtitle complying with the DVB communication method. The subtitle TS
packets 2002 and 2006 respectively forming starting parts of the subtitle PES packets
2012 and 2014 are respectively headers of the subtitle PES packets 2012 and 2014.

The subtitle PES packets 2012 and 2014 include display sets 2022 and 2024, re-
spectively. The display set 2022 includes a plurality of composition pages 2042 and
2044 and an ancillary page 2046. The composition page 2042 includes a page com-
position segment 2052, a region composition segment 2054, a CLUT definition
segment 2056, and an object data segment 2058. The ancillary page 2046 includes a
CLUT definition segment 2062 and an object data segment 2064.

FIG. 21 is a diagram of a structure of a composition page 2100 complying with a
DVB communication method, according to an exemplary embodiment.

The composition page 2100 includes a display definition segment 2110, a page com-
position segment 2120, region composition segments 2130 and 2140, CLUT definition
segments 2150 and 2160, object data segments 2170 and 2180, and an end of display
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[248]

[249]

[250]

[251]

[252]

set segment 2190. The composition page 2100 may include a plurality of region com-
position segments, a plurality of CLUT definition segments, or a plurality of object
data segments.

All of the display definition segment 2110, the page composition segment 2120, the
region composition segments 2130 and 2140, the CLUT definition segments 2150 and
2160, the object data segments 2170 and 2180, and the end of display set segment
2190 forming the composition page 2100 having a page identifier of 1 have a page
identifier 'page id' of 1. Region identifiers 'region id' of the region composition
segments 2130 and 2140 may each be set to an index according to regions, and CLUT
identifiers 'CLUT id' of the CLUT definition segments 2150 and 2160 may each be set
to an index according to CLUTs. Also, object identifiers 'object id' of the object data
segments 2170 and 2180 may each be set to an index according to object data.

Syntaxes of the display definition segment 2110, the page composition segment
2120, the region composition segments 2130 and 2140, the CLUT definition segments
2150 and 2160, the object data segments 2170 and 2180, and the end of display set
segment 2190 may be encoded in subtitle segments and may be inserted into a payload
region of a subtitle PES packet.

Table 14 shows a syntax of a 'PES_data_field' field stored in a
'PES_packet_data_bytes' field in a DVB subtitle PES packet. Subtitle data stored in the
DVB subtitle PES packet may be encoded in a form of the 'PES_data_field' field.

Table 14
[Table 14]

Syntaz
PES_data_field({

data_identifier

subtitle_stream_id

while nextbits() == "0000 111174
subtitling_sesment ()

1

end_of _PES_data_field_marker

h

A value of a 'data_identifier' field is fixed to 0x20 to indicate that current PES packet

data is DVB subtitle data. A 'subtitle stream id' field includes an identifier of a current
subtitle stream, and is fixed to 0x00. An 'end of PES data field marker' field
includes information indicating whether a current data field is a PES data field end
field, and is fixed to '1111 1111". A syntax of a 'subtitling_segment' field is shown in
Table 15 below.
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[253] Table 15
[Table 15]
Syntaz

[254]

[255]

[256]
[257]

[258]

subtitling_seament () {
sync_byte
seament _type
page_id
segment _length
segment_data_field()

¥

A 'sync_byte' field is encoded to '0000 1111'. When a segment is decoded based on a

value of a 'segment_length' field, a 'sync_byte' field is used to determine a loss or a

non-loss of a transport packet by checking synchronization.

A 'segment_type' field includes information about a type of data included in a

segment data field.

Table 16 shows a segment type defined by a 'segment_type' field.
Table 16

[Table 16]

[Table |

Value segment type

0x10 Page Composition Segment
Ox11 Region Composition Segment
0x12 CLUT Definition Segment
0x13 Object Data Segment

0x14 Display Definition Segment
0x40 - Ox7F Reserved for Future Use
0x80 End of Display Set Segment
0x81 - OxEF Private Data

OxFF Stuffing

All other values Reserved for Future Use

A 'page_id' field includes an identifier of a subtitle service included in the

'subtitling_segment' field. Subtitle data about one subtitle service is included in a
subtitle segment assigned with a value of a 'page_id' field that is set as a composition

page identifier in a subtitle descriptor. Also, data that can be shared by a plurality of
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[259]

[260]
[261]

[262]
[263]

[264]

subtitle services is included in a subtitle segment assigned with a value of the 'page_id'
field that is set as an ancillary page identifier in the subtitle descriptor.

A 'segment_length' field includes information about the number of bytes included in
a 'segment_data_field' field subsequent to the 'segment_length' field. The
'segment_data_field' field is a payload region of a segment, and a syntax of the payload
region may vary according to the type of segment. A syntax of the payload region
according to the types of segments is shown in Tables 17, 18, 20, 25, 26, and 28.

Table 17 shows a syntax of a 'display_definition_segment' field.

Table 17
[Table 17]

Syntax

dizplay_definition_sesment 0 {
syne_byte
seement_type
page_id
sesment_lensth
dds_version_number
display_window_flag
reserved
digplay_width
display_height
if (display_window_flag == 1) {
display_windov_horizontal_position_minimum
display_windov_horizontal _position_masximum
digplay_windov_vertical _position_minimm
1

display_window_vertical_position_mazimim

h

The display definition segment may define the resolution of a subtitle service.

A 'dds_version_number' field includes version information of the display definition
segment. A version number constituting a value of the 'dds_version_number' field
increases in units of modulo 16 whenever the content of the display definition segment
changes.

When a value of a 'display_window_{flag' field is set to 1, a DVB subtitle display set
related to the display definition segment defines a window region in which the subtitle
is to be displayed, within a display size defined by a 'display_width' field and a
'display_height' field. Here, in the display definition segment, a size and a location of

the window region is defined according to values of a 'display_window_
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[265]

[266]

[267]

[268]

[269]

[270]

[271]
[272]

horizontal _position_minimum' field, a 'display_window_horizontal_position_
maximum' field, a 'display_window_vertical_position_minimum' field, and a
'display_window_vertical_position_maximum' field.

When the value of the 'display_window_flag' field is set to 0, the DVB subtitle
display set is expressed directly within a display defined by the 'display_width' field
and the 'display_height' field, not in the window region of the display.

The 'display_width' field and the 'display_height' field respectively include a
maximum horizontal width and a maximum vertical height of a display, and values
thereof may each be set in a range from 0 to 4095.

A 'display_window_horizontal_position_minimum' field includes a horizontal
minimum location of a window region of a display. The horizontal minimum location
of the window region is defined with a left end pixel value of a DVB subtitle display
window based on a left end pixel of the display.

A 'display_window_horizontal _position_maximum' field includes a horizontal
maximum location of the window region in the display. The horizontal maximum
location of the window region is defined with a right end pixel value of the DVB
subtitle display window based on the left end pixel of the display.

A 'display_window_vertical_position_minimum' field includes a vertical minimum
pixel location of the window region in the display. The vertical minimum pixel
location is defined with an uppermost line value of the DVB subtitle display window
based on an upper line of the display.

A 'display_window_vertical_position_maximum' field includes a vertical maximum
pixel location of the window region in the display. The vertical maximum pixel
location is defined with a lowermost line value of the DVB subtitle display window
based on the upper line of the display.

Table 18 shows a syntax of a 'page_composition_segment' field.

Table 18
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[273]

[274]

[275]

[Table 18]

S¥ntaz

page_composition_seament () {

svnc_bhyte

seement _t¥pe

page_id

seement_lensth

pase_time_out

page_version_number

pase_state

reserved

while (processed_lensth < sesment_lensth){
region_id
reserved
region_horizontal_address

region_vertical_address

)

A 'page_time_out' field includes information about a period of time for a page to

disappear from a screen since the page is not valid, and is set in a unit of seconds. A
value of a 'page_version_number' field denotes a version number of a page com-
position segment, and increases in a unit of modulo 16 whenever content of the page
composition segment changes.

A 'page_state' field includes information about a page state of a subtitle page instance
described in the page composition segment. A value of the 'page_state' field may
denote an operational status of a decoder for displaying a subtitle page according to the
page composition segment. Table 19 shows content of the value of the 'page_state'
field.

Table 19
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[Table 19]
[Table |

Value |Page state Effect on Page |Comments

00 Normal Case |Page Update Display set contains only subtitle elements

that are changed from previous page instance

01 Acquisition  [Page Refresh  |Display set contains all subtitle elements
Point needed to display next page instance
10 Mode Change [New Page Display set contains all subtitle elements

needed to display the new page

11 Reserved Reserved for future use

[276] A 'processed_length' field includes information about the number of bytes included
in a 'while' loop to be processed by the decoder. A 'region_id' field indicates an
intrinsic identifier about a region in a page. Each identified region may be displayed on
a page instance defined in the page composition segment. Each region is recorded in
the page composition segment according to an ascending order of the value of a
‘region_vertical_address' field.

[277] A 'region_horizontal_address' field includes a location of a horizontal pixel at which
an upper left pixel of a corresponding region in a page is to be displayed, and the
region_vertical _address' field defines a location of a vertical line at which the upper
left pixel of the corresponding region in the page is to be displayed.

[278] Table 20 shows a syntax of a region_composition_segment' field.

[279] Table 20
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[Table 20]

Syntax

region_composition_seement (1
sync_brte
seament _type
page_id
seament _lensth
region_id
region_version_number
region_fill_flas
reserved
region_width
region_heizght
region_level_of _compatibility
region_depth
reserved
CLUT_id
region_S-hit_pixzel_code
region_4-bit_pizel-code
region_Z-hit_pizel-code
reserved
vhile (processed_lensth < seement_lensth) {
object_id
obiect_tvee
object_provider_flag
object_horizontal _position
reserved
object_vertical_position
if (object_type ==0z01 or object_type == 0x02)1{
foreground_pixel_code

backeround_pizel_code

h
}
I
[280] A 'region_id' field includes an intrinsic identifier of a current region.
[281] A 'region_version_number' field includes version information of a current region. A

version of the current region increases when a condition where a value of a
region_fill_flag' field is set to 1, a condition where a CLUT of the current region is

changed, or a condition where a length of the current region is not O but includes an
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object list is true.

[282] When a value of a region_fill_flag' field is set to 1, the background of the current
region is filled with a color defined in a 'region_n-bit_pixel_code' field.

[283] A 'region_width' field and a 'region_height' field respectively include horizontal
width information and vertical height information of the current region, and are set in a
pixel unit.

[284] A 'region_level_of compatibility' field includes minimum CLUT type information

required by a decoder to decode the current region, and is defined according to Table

21.

[285] Table 21
[Table 21]
[Table |
Value region_level_of_compatibility
0x00 Reserved
0x01 2-bit/entry CLUT Required
0x02 4-bit/entry CLUT Required
0x03 8-bit/entry CLUT Required
0x04...0x07 Reserved

[286] When the decoder is unable to support an assigned minimum CLUT type, the current

region cannot be displayed even though other regions that require a lower level CLUT

type are displayed.

[287] A 'region_depth' field includes pixel depth information, and is defined according to
Table 22.

[288] Table 22
[Table 22]
[Table |
Value region_depth
0x00 Reserved
0x01 2 bits
0x02 4 bits
0x03 8 bits
0x04...0x07 Reserved

[289] A 'CLUT_id' field includes an identifier of a CLUT to be applied to the current

region. A value of a region_8-bit_pixel-code' field defines a color entry of an 8 bit
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[290]

[291]

[292]

[293]

[294]

[295]

CLUT to be applied as a background color of the current region, when a
region_fill_flag' field is set. Similarly, values of a region_4-bit_pixel-code' field and a
region_2-bit_pixel-code' field respectively define color entries of a 4 bit CLUT and a 2
bit CLUT, which are to be applied as the background color of the current region, when
the 'region_fill_flag' field is set.

An 'object_id' field includes an identifier of an object to be displayed on the current
region, and an 'object_type' field includes object type information defined in Table 23.
An object type may be classified into a basic object or a composition object, a bitmap,

a character, or a string of characters.

Table 23
[Table 23]
[Table |
Value object_type
0x00 basic_object, bitmap
0x01 basic_object, character
0x02 composite_object, string of characters
0x03 Reserved

An 'object_provider_flag' field shows a method of providing an object according to
Table 24.

Table 24
[Table 24]
[Table |
Value object_provider_flag
0x00 Provided in the subtitling stream
0x01 provided by a POM in the IRD
0x02 Reserved
0x03 Reserved

An 'object_horizontal_position' field includes information about a location of a
horizontal pixel on which an upper left pixel of a current object is to be displayed, as a
relative location on which object data is to be displayed in a current region. In other
words, the number of pixels from a left end of the current region to the upper left pixel
of the current object is defined.

An 'object_vertical_position' field includes information about a location of a vertical

line on which the upper left pixel of the current object is to be displayed, as the relative
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[296]

[297]
[298]

location on which the object data is to be displayed in the current region. In other
words, the number of lines from the upper end of the current region to an upper line of
the current object is defined.

A 'foreground_pixel code' field includes color entry information of an 8-bit CLUT
selected as a foreground color of a character. A 'background_pixel code' field
includes color entry information of the 8-bit CLUT selected as a background color of
the character.

Table 25 shows a syntax of a 'CLUT_definition_segment' field.

Table 25
[Table 25]

Syntaz

CLUT_definition_seament ()1
sync_byte
segment _type
page_id
gegment lensth
CLUT-id
CLUT_wersion_number
reserved
while (processed_lensth < seement lensth) {
CLUT _entry_id
Z-bit/entry_CLUT_f lag
4-hit/entry_CLUT_flag
S-bit/entry_CLUT_flag
reserved
full_ranege_flag
if full_ranse_flag == "1'{
T—value
Cr—value
Ch—value
T-value
I else {
T—value
Cr—value
Ch—value

T-value
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[299]

[300]

[301]

[302]

[303]

[304]
[305]

A 'CLUT-id' field includes an identifier of a CLUT included in a CLUT definition
segment in a page. A 'CLUT _version_number' field denotes a version number of the
CLUT definition segment, and the version number increases in a unit of modulo 16
when content of the CLUT definition segment changes.

A 'CLUT_entry_id' field includes an intrinsic identifier of a CLUT entry, and has an
initial identifier value of 0. When a value of a "2-bit/entry_CLUT_flag' field is set to 1,
a current CLUT is configured of a 2 bit entry, and similarly, when a value of a
‘4-bit/entry_CLUT_flag' field or '8-bit/entry_CLUT_flag' field is set to 1, the current
CLUT is configured of a 4 bit entry or an 8 bit entry.

When a value of a 'full range_flag' field is set to 1, full 8-bit resolution is applied to a
'Y value' field, a 'Cr_value' field, a 'Cb_value' field, and a "T_value' field.

The "Y_value' field, the 'Cr_value' field, and the 'Cb_value' field respectively include
Y output information, Cr output information, and Cb output information of the CLUT
for each input.

The 'T_value' field includes transparency information of the CLUT for an input.
When a value of the 'T_value' field is 0, there is no transparency.

Table 26 shows a syntax of a 'object_data_segment' field.

Table 26
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[306]

[307]

[308]

[Table 26]

S¥yntaz

it

it

h

object_data_seement() 1
sync_byte
segment _type
pasge_id
seement_lensth
object_id
obiect_version_number
object_coding_method
non_modifying_colour_flas
reserved

(ohiect coding method == 00"} {

top_field_data_block_lensth

bhottom_field_data_block_lensth

while(processed_Iensth < top_field_data_block_length)
pizel-data_sub-block()

while (processed_lensth< bottom_field_data_block_length)
pizel-data_sub—block()

if (lwordalizned())
S_stuff_bits

(object_coding_method == "01") 1
number_of _codes
for (i== 1, i<= mmber_of_codes; i++)

character_code

An 'object_id' field includes an identifier about a current object in a page. An

'object_version_number' field includes version information of a current object data

segment, and the version number increases in a unit of modulo 16 whenever content of

the object data segment changes.

An 'object_coding_method' field includes information about a method of encoding an

object. The object may be encoded in a pixel or a string of characters as shown in
Table 27.
Table 27
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[309]

[310]

[311]

[312]
[313]

[314]

[Table 27]
[Table |

Value object_coding_method

0x00 Encoding of pixels

0x01 Encoded as a string of characters

0x02 Reserved

0x03 Reserved

When a value of a non_modifying_colour_flag' field is set to 1, an input value 1 of
the CLUT may be an 'unchanged color'. When the unchanged color is assigned to an
object pixel, a background or the object pixel in a basic region is not changed.

A 'top_field_data_block_length' field includes information about the number of bytes
included in a 'pixel-data_sub-blocks' field with respect to an uppermost field. A
‘bottom_field_data_block_length' field includes information about a number of bytes
included in a 'data_sub-block' with respect to a lowermost field. In each object, a pixel
data sub block of the uppermost field and a pixel data sub block of the lowermost field
are defined by the same object data segment.

An '8 stuff bits' field is fixed to 0000 0000. A mumber of codes' field includes in-
formation about a number of character codes in a string of characters. A value of a
‘character_code' field sets a character by using an index in a character code identified
in the subtitle descriptor.

Table 28 shows a syntax of an 'end_of_display_set_segment' field.

Table 28
[Table 28]

Syntaz
end_of_display_set_seement() {

sync_byte
seament _type
page_id
segment _length

b

The 'end_of_display_set_segment' field is used to notify the decoder that

transmission of a display set has completed. The 'end_of display_set_segment' field
may be inserted after the last 'object_data_segment' field for each display set. Also, the
'end_of_display_set _segment' field may be used to classify each subtitle service in one

subtitle stream.
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[315]

[316]

[317]

[318]

[319]

[320]

[321]

[322]

[323]

FIG. 22 is a flowchart illustrating a subtitle processing model 2200 complying with a
DVB communication method.

According to the subtitle processing model 2200 complying with the DVB commu-
nication method, a TS 2210 including subtitle data is decomposed into MPEG-2 TS
packets. A PID filter only extracts TS packets 2212, 2214, and 2216 for a subtitle
assigned with PID information from among the MPEG-2 TS packets, in operation
2220, and transmits the extracted the TS packets 2212, 2214, and 2216 to a transport
buffer. In operation 2230, the transport buffer forms subtitle PES packets by using the
TS packets 2212, 2214, and 2216 for the subtitle. Each of the subtitle PES packets may
include a PES payload including subtitle data, and a PES header. In operation 2240, a
subtitle decoder receives the subtitle PES packets output from the transport buffer, and
forms a subtitle to be displayed on a screen.

A subtitle decoding operation 2240 may include a pre-processing and filtering
operation 2250, a coded data buffering operation 2260, a subtitle processing operation
2270, and a composition buffering operation 2280.

For example, it is assumed that a page having a '‘page_id' field of 1 is selected from a
PMT by a user. In the pre-processing and filtering operation 2250, composition pages
having a 'page _id' field of 1 in the PES payload are decomposed into display definition
segments, page composition segments, region composition segments, CLUT definition
segments, and object data segments. In operation 2260, at least one piece of object data
in at least one object data segment from among the decomposed segments is stored in
an encoded data buffer. In operation 2280, the display definition segment, the page
composition segment, the at least one region composition segment, and the at least one
CLUT definition segment are stored in the composition buffer.

In the subtitle processing operation 2270, the at least one piece of object data is
received from the coded data buffer, and the subtitle formed of a plurality of objects
are generated based on the display definition segment, the page composition segment,
the at least one region composition segment, and the at least one CLUT definition
segment stored in the composition buffer.

In operation 2290, subtitle configured in the subtitle decoding operation 2240 is
stored in a pixel buffer.

FIGS. 23, 24, and 25 are diagrams illustrating data stored respectively in a coded
data buffer 2300, a composition buffer 2400, and a pixel buffer.

Referring to FIG. 23, object data 2310 having an object ID of 1, and object data 2320
having an object ID of 2 are stored in the coded data buffer 2300.

Referring to FIG. 24, information about a first region 2410 having a region ID of 1,
information about a second region 2420 having a region ID of 2, and information about

a page composition 2430 formed of regions 2432 and 2434, to which the first and
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[324]

[325]

[326]

[327]

[328]

[329]

second regions 2410 and 2420 are mapped, are stored in the composition buffer 2400.
In the subtitle processing operation 2270 of FIG. 22, a subtitle page 2500, in which
subtitle objects 2510 and 2520 are disposed according to regions, is stored in the pixel

buffer based on information about the object data 2310 and 2320 stored in the coded
data buffer 2300, and information about the first region 2410, the second region 2420,
and the page composition 2430 stored in the composition buffer 2400.

Operations of the multimedia stream generating apparatus 100 according to the
second exemplary embodiment and the multimedia stream receiving apparatus 200
according to the second exemplary embodiment in order to achieve 3D reproduction of
a subtitle will now be described with reference to Tables 29 through 34 and FIGS. 26
through 29, based on the subtitle complying with the DVB communication method
described with reference to Tables 14 through 28 and FIGS. 16 through 25.

The multimedia stream generating apparatus 100 according to the second exemplary
embodiment may insert information for reproducing a DVB subtitle in 3D into a
subtitle PES packet. Here, the information may include offset information such as a
depth, a parallax, a coordinate, etc., as information about a subtitle depth.

The program encoder 110 of the multimedia stream generating apparatus 100
according to the second exemplary embodiment may insert the information for re-
producing the DVB subtitle in 3D into the page composition segment of the com-
position page in the subtitle PES packet. In addition, the program encoder 110
according to the second exemplary embodiment may newly define a segment for
defining the subtitle depth and insert the segment into a PES packet.

Tables 29 and 30 show syntaxes of a page composition segment modified by the
program encoder 110 according to the second exemplary embodiment to include depth
information of a DVB subtitle.

Table 29
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[330]

[331]

[332]

[333]

[Table 29]

Syntaz
page_composition_sesment ()1

sync_bvte

zegment_type

page_id

seaement_lensth

page_time_out

page_version_mumber

rase_state

reserved

vhile (processed_lensth < sesment_length){
region_id
region offset directisor
recion offset
region_horizontal _address
region_vertical _address

h

As shown in Table 29, the program encoder 110 according to the second exemplary
embodiment may additionally insert a 'region_offset_direction' field and a
“region_offset” field into the 'reserved' field in a while loop in the
'page_composition_segment()' field of Table 18. For example, the program encoder
110 according to the second exemplary embodiment may assign 1 bit to the
region_offset_direction' field and 7 bits to the 'region_offset' field in replacement of 8
bits of the reserved' field.

The 'region_offset_direction’ field may include direction information of an offset of a
current region. When the value of the 'region_offset_direction' field is '0', the offset of
the current region is set to be positive. When the value of the 'region_offset_direction’
field is '1', the offset of the current region is set to be negative.

The 'region_offset' field may include offset information of the current region. In
order to generate a left-view subtitle or a right-view subtitle by using a 2D subtitle, a
pixel displacement value of a x-coordinate value of the current region defined as a
subtitle region by the value of a 'regrion_horizontal _address' field may be set as the
value of the 'region_offset' field.

Table 30
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[334]

[335]

[336]

[337]

[Table 30]

Byntaz
pace_composition_sesment ()

sync_byte

seement _type

page_id

seament _length

page_time_out

page_version_number

rage_state

reserved

while (processed_lensth < seement_length){
region_id
racion offset based position
racion offset directian
racion offset
region_horizontal _address

region_vertical _address

h

The program encoder 110 according to the second exemplary embodiment may add a

‘region_offset_based_position' field to the modified page composition segment of
Table 29. 1 bit of a 'region_offset_direction' field, 6 bits of a 'region_offset' field, and 1
bit of a region_offset_based_position' field may be assigned instead of 8 bits of the
reserved' field in the basic page composition segment of Table 18.

The 'region_offset_based_position' field may include flag information indicating
whether an offset value of the 'region_offset' field is applied based on a zero plane or
based on a depth of a video image.

Tables 31, 32, 33, and 34 show syntaxes of a 'Depth_Definitioin_Segment' field con-
stituting a depth definition segment newly defined by the program encoder 110
according to the second exemplary embodiment to define the depth of the subtitle.

The program encoder 110 according to the second exemplary embodiment may insert
pieces of information related to the offset of the subtitle such as the
'‘Depth_Definition_Segment' field into the 'segment_data_field' field in the
'subtitling_segment' field of Table 15, as an additional segment. Accordingly, the

program encoder 110 according to the second exemplary embodiment may add the
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depth definition segment as a subtitle type. For example the multimedia stream
generating apparatus 100 according to the second exemplary embodiment may
guarantee low-level compatibility with a DVB subtitle system by additionally defining
the depth definition segment by using one value from a reserved region of the
'subtitle_type' field of Table 16, wherein a value of the 'subtitle_type' field is from
'0x40' to '0x7F".

[338] The multimedia stream generating apparatus 100 according to the second exemplary
embodiment may newly generate a depth definition segment that defines the offset in-
formation of the subtitle in a page unit. Syntaxes of the 'Depth_Definition_ Segment'
field are shown in Tables 31 and 32.

[339] Table 31

[Table 31]
Syntaz
Depth_Definition_sesment () 1
sync_byte

segment _type

page_id
seement_length
page_offset_direction
page offser

[340] Table 32

[Table 32]
Syntax
Depth_Definition_seement() 1
sync_byte

segment_type

page_id

seement _lensgth

page_of feet_based positrorn
page offcet _directron
page offser

[341] A 'page_offset_direction' field in Tables 31 and 32 may include information about
the offset direction for a current page. A 'page_offset' field may include offset in-

formation for the current page. That is, the value of the 'page_offset' field may indicate
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[342]

[343]

[344]

[345]

[346]

a pixel displacement value of an x-coordinate value of the current page.

The program encoder 110 according to the second exemplary embodiment may
include a 'page_offset_based_position' field in the depth definition segment. The
'page_offset_based_position' field may include flag information indicating whether an
offset value of the 'page_offset' field is applied based on a zero plane or based on offset
information of a video image.

According to the depth definition segment of Table 31 and 32, the same offset in-
formation may be applied in one page.

The multimedia stream generating apparatus 100 according to the second exemplary
embodiment may newly generate a depth definition segment that defines the offset in-
formation of the subtitle in a region unit. Here, syntaxes of a
'‘Depth_Definition_Segment' field are as shown in Tables 33 and 34.

Table 33

[Table 33]
Syntax
Depth_Definition_seement() 1
svnc_byte

segment_tvpe

page_id

segment_length

for (7=0; <Ny i+¢){
regcion Ia
recion offser_direction
recion offser

Table 34
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[Table 34]
Syntaz
Depth _Definition_seement () 1
svne_hvte

[347]

[348]

[349]

[350]

seament_type

rage_id

segment_lensth

for (i=0; <N i++){
resion fo
racion offeer baced pogition
recian offset direction

recion offecer

A 'page_id' field and a 'region_id' field in the depth definition segment of Tables 33
and 34 may refer to the same fields in the page composition segment. The multimedia
stream generating apparatus 100 according to the second exemplary embodiment may
set the offset information of the subtitle according to regions in the current page,
through a 'for' loop in the newly defined depth definition segment. In other words, the
region_id' field includes identification information of a current region, and a
region_offset_direction' field, a ‘region_offset' field, and a 'region_offset_based_
position' field may be separately set according to a value of the region_id' field. Ac-
cordingly, the displacement amount of the pixel in an x-coordinate may be separately
set according to regions of the subtitle.

The multimedia stream receiving apparatus 200 according to the second exemplary
embodiment may extract composition pages by parsing a received TS, and decode
syntaxes of a page composition segment, a region definition segment, a CLUT
definition segment, an object data segment, etc. in the composition pages to form a
subtitle based on a result of the decoding. Also, the multimedia stream receiving
apparatus 200 according to the second exemplary embodiment may adjust depth of a
page or a region on which the subtitle is displayed by using the subtitle 3D re-
production information described above with reference to Tables 26 through 34. A
method of adjusting depth of a page and a region of a subtitle will now be described
with reference to FIGS. 26 and 27.

FIG. 26 is a diagram for describing a method of adjusting the depth of a subtitle
according to regions, according to the second exemplary embodiment.

A subtitle decoder 2600 according to an exemplary embodiment is realized by



62

WO 2011/059290 PCT/KR2010/008067

[351]

[352]

[353]

[354]

[355]

modifying the subtitle decoding operation 2240 described above with reference to FIG.
22, which is the subtitle processing model complying with a DVB communication
method. The subtitle decoder 2600 may be understood as a component that performs
the operations of the decoder 230 and the reproducer 240 of the multimedia stream
receiving apparatus 200 according to the second exemplary embodiment, which are
restoration of a subtitle and composition of a 3D subtitle.

The subtitle decoder 2600 includes a pre-processor and filter 2610, a coded data
buffer 2620, an enhanced subtitle processor 2630, and a composition buffer 2640. The
pre-processor and filter 2610 may output object data in a subtitle PES payload to the
coded data buffer 2630, and output subtitle composition information, such as a region
definition segment, a CLUT definition segment, a page composition segment, and an
object data segment, to the composition buffer 2640. According to an exemplary em-
bodiment the depth information according to regions shown in Tables 29 and 30 may
be included in the page composition segment.

For example, the composition buffer 2640 may include information about a first
region 2642 having a region ID of 1, information about a second region 2644 having a
region ID of 2, and information about a page composition 2646 including an offset
value per region.

The enhanced subtitle processor 2630 may form a subtitle page by using the object
data stored in the coded data buffer 2620 and the composition information stored in the
composition buffer 2640 and may adjust the depth of the subtitle by moving the
subtitle according to the offset information for each region. For example, in a 2D
subtitle page 2650, a first object and a second object are respectively displayed on a
first region 2652 and a second region 2654. The first and second regions 2652 and
2654 may be displaced by a corresponding offset based on the offset information
according to regions in the page composition 2646 stored in the composition buffer
2640.

In other words, in a 3D subtitle page 2660 for a left-view image, the first and second
regions 2652 and 2654 are displaced in a positive direction respectively by a first
region offset and a second region offset so that a first object and a second object are
displayed respectively on a first left-view region 2662 and a second left-view region
2664. Similarly, in a 3D subtitle page 2670 for a right-view image, the first and second
regions 2652 and 2654 are displaced in a negative direction respectively by the first
region offset and the second region offset so that a first object and a second object are
displayed respectively on a first right-view region 2672 and a second right-view region
2674.

The 3D subtitle pages 2660 and 2670 to which an offset has been applied for depth

adjustment may be stored in a pixel buffer.
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[356]

[357]

[358]

[359]

[360]

[361]

[362]

FIG. 27 is a diagram for describing a method of adjusting the depth of a subtitle
according to pages, according to the second exemplary embodiment.

A subtitle processor 2700 according to an exemplary embodiment includes a pre-
processor and filter 2710, a coded data buffer 2720, an enhanced subtitle processor
2730, and a composition buffer 2740. The pre-processor and filter 2710 may output
object data in a subtitle PES payload to the coded data buffer 2720, and output subtitle
composition information, such as a region definition segment, a CLUT definition
segment, a page composition segment, and an object data segment, to the composition
buffer 2740. According to an exemplary embodiment, the pre-processor and filter 2710
may transmit and store depth information according to pages or according to regions of
the depth definition segment shown in Tables 31 through 34 to and in the composition
buffer 2740.

For example, the composition buffer 2740 may store information about a first region
2742 having a region ID of 1, information about a second region 2744 having a region
ID of 2, and information about a page composition 2746 including an offset value per
page of the depth definition segment shown in Tables 31 and 32.

The enhanced subtitle processor 2730 may adjust the depth of the subtitle by forming
the subtitle page and moving the subtitle page according to the offset value per page,
by using the object data stored in the coded data buffer 2720 and the composition in-
formation stored in the composition buffer 2740. For example, a first object and a
second object are respectively displayed on a first region 2752 and a second region
2754 of a 2D subtitle page 2750. The first region 2752 and the second region 2754
may be respectively displaced by a corresponding offset value, based on offset in-
formation per page included in the page composition 2746 stored in the composition
buffer 2740.

In other words, a subtitle page 2760 for a left-view image is generated by displacing
a location of the 2D subtitle page 2750 by a current page offset in a positive x-axis
direction. Accordingly, the first and second regions 2752 and 2754 also move by the
current page offset in the positive x-axis direction, and thus the first and second objects
are respectively displayed in a first left-view region 2762 and a second left-view region
2764.

Similarly, a subtitle page 2770 for a right-view image is generated by moving the
location of the 2D subtitle page 2750 by the current page offset in a negative x-axis
direction. Accordingly, the first and second regions 2752 and 2754 are also displaced
by the current page offset in the negative x-axis direction, and thus the first and second
objects are respectively displayed in a first left-view region 2772 and a second left-
view region 2774.

Also, when the offset information according to regions stored in the depth definition
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[363]

[364]

[365]

[366]

segment shown in Tables 33 and 34 is stored in the composition buffer 2740, the
enhanced subtitle processor 2730 generates a subtitle page applied with the offset in-
formation according to regions, thereby generating results similar to the 3D subtitle
pages 2660 and 2670 of FIG. 26.

The multimedia stream generating apparatus 100 according to the second exemplary
embodiment may insert and transmit subtitle data and subtitle 3D reproduction in-
formation into a DVB subtitle PES packet. The subtitle 3D reproduction information
may be set for safe reproduction of a 3D subtitle by a contents provider. Accordingly,
the multimedia stream receiving apparatus 200 according to the second exemplary em-
bodiment may receive a multimedia datastream received according to a DVB method
and extract DVB subtitle data and DVB subtitle 3D reproduction information from the
multimedia datastream, thereby forming a 3D DVB subtitle by using the DVB subtitle
data and the DVB subtitle 3D reproduction information. Also, the multimedia stream
receiving apparatus 200 according to the second exemplary embodiment adjusts a
depth between a 3D video and a 3D subtitle based on the DVB subtitle 3D re-
production information so as to a prevent a viewer from being fatigued due to a depth
reverse phenomenon between the 3D video and the 3D subtitle. Accordingly, the
viewer may view the 3D video under stable conditions.

Generation and reception of a multimedia stream for three-dimensionally re-
producing a subtitle complying with a cable broadcasting method, according to the
third exemplary embodiment, will now be described with reference to Tables 35
through 48 and FIGS. 28 through 34.

Table 35 shows a syntax of a subtitle message table according to a cable broadcasting
method.

Table 35
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[Table 35]

Syntax]
subtitle_messase ()4

tahle_ID
ZETO

[50 reserved

section_lensth

ZETD

segmentation_overlay_included

protocol _version

if (zeementation_overlav_included) {
table_extension
last _segment _number
segnent._mmber

h

[L0_639_lansuage_code

pre_clear_display

immediate

reserved

display_standard

displav_in_PT3
subtitle_tvpe

reserved
display_duration

hlock_lenzth

if (subtitle_tvpe==simple_bitmap) {
simple_bitmap()

Foelse |
reserved()

b

for i=0; i< i++) {
descriptor ()

b

CEC_3Z
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[367]
[368]

[369]

[370]

[371]

[372]

[373]

A 'table_ID' field includes a table identifier of a current 'subtitle_message' table.

A 'section_length' field includes information about a number of bytes from a
'section_length' field to a 'CRC_32' field. A maximum length of the 'subtitle_message'
table from the 'table_ID' field to the 'CRC_32' field is 1 kilobyte, i.e., 1024 bytes.
When a size of the 'subtitle_message' table exceeds 1 kilobyte due to a size of a
'simple_bitmap()' field, the 'subtitle_message' table is divided into a segment structure.
A size of each divided 'subtitle_message' table is fixed to 1 kilobyte, and remaining
bytes of a last 'subtitle_message' table that does not amount to 1 kilobyte may be filled
by a stuffing descriptor. Table 36 shows a syntax of a 'stuffing descriptor()' field.

Table 36
[Table 36]

Syntax
stuffing_descriptor() |

descriptor_tag

stuffing_string_length
stuffing_string

;

A 'stuffing_string_length' field includes information about a length of a stuffing

string. A 'stuffing_string' field includes the stuffing string and is not decoded by a
decoder.

In the 'subtitle message' table of Table 35, a 'simple_bitmap()' field from a
'ISO_639_language_code' field may be formed of a 'message body()' segment. When a
'descriptor()' field selectively exists in a 'subtitle_message' table, the 'message body()'
segment includes from the 1SO_639_language code' field to a 'descriptor()' field. The
total length of all segments including the 'message_body()' segment is 4 megabytes.

A 'segmentation_overlay_included' field of the 'subtitle message()' table of Table 35
includes information about whether the 'subtitle_message()' table is formed of
segments. A 'table_extension' field includes intrinsic information assigned for the
decoder to identify 'message_body()' segments. A last_segment_number' field includes
identification information of a last segment for completing an entire message image of
a subtitle. A 'segment_number' field includes an identification number of a current
segment. The identification number may be assigned with a number from 0 to 4095.

A 'protocol_version' field of the 'subtitle_message()' table of Table 35 includes in-
formation about an existing protocol version and information about a new protocol
version when the structure of the existing protocol version significantly changes. An
'ISO_639_language_code' field includes information about a language code complying

with a predetermined standard. A 'pre_clear_display' field includes information about
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[374]

[375]

[376]

[377]

[378]

whether an entire screen is to be processed transparently before reproducing a current
subtitle text. An 'immediate’ field includes information about whether the subtitle on a
screen should be reproduced at a reproduction point of time according to the value of a
'display_in_PTS' field or immediately after received.

A 'display_standard' field includes information about a display standard for re-
producing the subtitle. Table 37 shows content of the 'display_standard' field.

Table 37
[Table 37]
[Table |

display_standard |Meaning

0 |_720_480_30 |Indicates the display standard has 720 active display samples
horizontally per line, 480 active raster lines vertically, and runs

at 29.97 or 30 frames per second.

1 |_720_576_25 |Indicates the display standard has 720 active display samples
horizontally per line, 576 active raster lines vertically, and runs

at 25 frames per second.

2 |_1280_720_60 |Indicates the display standard has 1280 active display samples
horizontally per line. 720 active raster lines vertically, and runs

at 59.94 or 60 frames per second.

3 |_1920_1080_60 |Indicates the display standard has 1920 active display samples

horizontally per line, 1080 active raster lines vertically, and

runs at 59.94 or 60 frames per second.

Other values Reserved

In other words, it is determined which display standard from among 'resolution
720x480 and 30 frames per second’, resolution 720x576 and 25 frames per second’,
resolution 1280x720 and 60 frames per second', and 'resolution 1920x1080 and 60
frames per second' is suitable for a subtitle, according to the 'display_standard' field.

A 'display_in_PTS' field of the 'subtitle_message()' of Table 35 includes information
about a program reference time when the subtitle is to be reproduced. Time in-
formation according to such an absolute expressing method is referred to as an in-cue
time. When the subtitle is to be immediately reproduced on a screen based on the
'immediate’ field, i.e., when a value of the 'immediate’ field is set to 1, the decoder does
not use a value of the 'display_in_PTS' field.

When the 'subtitle_message()' table which has the in-cue time information and is to
be reproduced after the 'subtitle_message()' table is received by the decoder, the

decoder may discard a subtitle message that is on standby to be reproduced. When the
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[379]

[380]

[381]

[382]

[383]

[384]

[385]

[386]

value of the 'immediate’ field is set to 1, all subtitle messages that are on standby to be
reproduced are discarded. If a discontinuity occurs in PCR information for a service
due to the decoder, all of the subtitle messages that are on standby to be reproduced are
discarded.

A 'display_duration' field includes information about a duration required to display
the subtitle message, wherein the duration is indicated in a frame number of a TV. Ac-
cordingly, a value of the 'display_duration' field is related to a frame rate defined in the
'display_standard' field. An out-cue time obtained by adding the duration to the in-cue
time may be determined according to the duration of the 'display_duration' field. When
the out-cue time is reached, a subtitle bitmap displayed on a screen time during the in-
cue time is erased.

A 'subtitle_type' field includes information about a format of subtitle data. According
to Table 38, the subtitle data has a simple bitmap format when a value of the
'subtitle_type' field is 1.

Table 38
[Table 38]

[Table |

subtitle_type Meaning

0 Reserved

1 simple_bitmap - Indicates the subtitle data block contains data

formatted in the simple bitmap style.

2-15 Reserved

A 'block_length' field includes information about a length of a 'simple_bitmap()' field
or a reserved()' field.

The 'simple_bitmap()' field includes information about a bitmap format of the
subtitle. A structure of the bitmap format will now be described with reference to FIG.
28.

FIG. 28 is a diagram illustrating components of the bitmap format of a subtitle
complying with a cable broadcasting method.

The subtitle having the bitmap format includes at least one compressed bitmap
image. Each compressed bitmap image may selectively have a rectangular background
frame. For example, a first bitmap 2810 has a background frame 2800. When a
reference point (0,0) of a coordinate system is set to an upper left of a screen, the
following four relations may be set between coordinates of the first bitmap 2810 and
coordinates of the background frame 2800.

1. An upper horizontal coordinate value (FTH) of the background frame 2800 is
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[387]

[388]

[389]

[390]

[391]
[392]

smaller than or equal to an upper horizontal coordinate value (BTH) of the first bitmap
2610 (FTH < BTH).

2. An upper vertical coordinate value (FTV) of the background frame 2800 is smaller
than or equal to an upper vertical coordinate value (BTV) of the first bitmap 2810
(FTV < BTV).

3. A lower horizontal coordinate value (FBH) of the background frame 2800 is
higher than or equal to a lower horizontal coordinate value (BBH) of the first bitmap
2810 (FBH > BBH).

4. A lower vertical coordinate value (FBV) of the background frame 2800 is higher
than or equal to a lower vertical coordinate value (BBV) of the first bitmap 2810 (FBV
> BBV).

The subtitle having the bitmap format may have an outline 2820 and a drop shadow
2830. A thickness of the outline 2820 may be in the range from 0 to 15. The drop
shadow 2830 is defined by a right shadow Sr and a bottom shadow Sb, wherein
thicknesses of the right shadow Sr and the bottom shadow Sb are each in the range
from O to 15.

Table 39 shows a syntax of a 'simple_bitmap()' field.

Table 39
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[Table 39]

Svntax

simple_bitmap({
reserved
hackground_stvle
mtline_stwvle

character_color()
hitmap_top_H_coordinate
hitmap_top_V_Coordinate
hitmap_bottom_H_coordinate
hitmap_bottom_¥Y_coordinate
if (backeround_stvle ==framed J{
frame_top_H_coordinate
frame_top_V_coordinate
frame_hottom_H_coordinate
frame_hottom_V_coordinate
frame_color()

it (outline_stvle==outlinedi{
reserved
outline_thickness
outline_color()

}else if (outline_stvle==drop_shadow){

shadow_rizsht

shadow_botton

shadow_color()

}else if (outline_stvle==reserved){
reserved

h

hitmap_lensgth

compressed_bitmap()

[393] Coordinates (bitmap_top_H_coordinate, bitmap_top_V_coordinate, bitmap_
bottom_H_coordinate, and bitmap_bottom_V_coordinate) of a bitmap are set in a
'simple_bitmap()' field.

[394] Also, if a background frame exists based on a 'background_style' field, coordinates

(frame_top_H_coordinate, frame_top_V_coordinate, frame_bottom_H_ coordinate,
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[395]

[396]

[397]
[398]

[399]

[400]

[401]

[402]

[403]

and frame_bottom_V_coordinate) of a background frame may be set in the
'simple_bitmap()' field.

Also, if an outline exists based on an 'outline_style' field, a thickness
(outline_thickness) of the outline may be set in the 'simple_bitmap()' field. Also, when
a drop shadow exists based on the 'outline_style' field, thicknesses (shadow_right,
shadow_bottom) of a right shadow and a bottom shadow of the drop shadow may be
set.

The 'simple_bitmap()' field may include a 'character_color()' field, which includes in-
formation about a color of a subtitle character, a 'frame_color()' field, which includes
information about a color of the background frame of the subtitle, an 'outline_color()'
field, which includes information about a color of the outline of the subtitle, and a
'shadow_color()' field including information about a color of the drop shadow of the
subtitle.

Table 40 shows a syntax of various 'color()' fields.

Table 40
[Table 40]

Syntax

color O
T_compotent
opacue_enable
Cr _component
Ch_component

;

A maximum of 16 colors may be displayed on one screen to reproduce the subtitle.

Color information is set according to color elements of Y, Cr, and Cb, and each color
code is determined in the range from O to 31.

An 'opaque_enable' field includes information about transparency of color of the
subtitle. The color of the subtitle may be opaque or blended 50:50 with a color of a
video image, based on the 'opaque_enable' field.

FIG. 29 is a flowchart of a subtitle processing model 2900 for 3D reproduction of a
subtitle complying with a cable broadcasting method, according to an exemplary em-
bodiment.

According to the subtitle processing model 2900, TS packets including subtitle
messages are gathered from an MPEG-2 TS carrying the subtitle messages, and the TS
packets are output to a transport buffer, in operation 2910. The TS packets including
subtitle segments are stored, in operation 2920.

The subtitle segments are extracted from the TS packets in operation 2930, and the
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[404]

[405]

[406]

[407]

[408]

[409]

subtitle segments are stored and gathered in operation 2940. Subtitle data is restored
and rendered from the subtitle segments in operation 2950, and the rendered subtitle
data and information related to reproduction of a subtitle are stored in a display queue
in operation 2960.

The subtitle data stored in the display queue forms a subtitle in a predetermined
region of a screen based on the information related to reproduction of the subtitle, and
the subtitle moves to a graphic plane 2970 of a display device, such as a TV, ata pre-
determined point of time. Accordingly, the display device may reproduce the subtitle
together with a video image.

FIG. 30 is a diagram for describing a process in which a subtitle is output from a
display queue 3000 to a pixel buffer (graphic plane) 3070 through a subtitle processing
model complying with a cable broadcasting method.

First bitmap data and reproduction related information 3010 and second bitmap data
and reproduction related information 3020 are stored in the display queue 3000
according to subtitle messages. Here, reproduction related information includes start
time information (display_in_PTS) about a point of time when a bitmap is displayed
on a screen, duration information (display_duration), and bitmap coordinate in-
formation. The bitmap coordinate information includes a coordinate of an upper left
pixel of the bitmap and a coordinate of a bottom right pixel of the bitmap.

The subtitle formed based on the first bitmap data and reproduction related in-
formation 3010 and the second bitmap data and reproduction related information 3020
stored in the display queue 3000 is stored in the pixel buffer (graphic plane) 3070,
according to time information based on the reproduction related information. For
example, based on the first bitmap data and reproduction related information 3010 and
the second bitmap data and reproduction related information 3020, a subtitle 3030 in
which the first bitmap data is displayed on a location 3040 of corresponding co-
ordinates is stored in the pixel buffer 3070 when a PTS unit time is 4. Alternatively,
when the PTS unit time is 5, a subtitle 3050 in which the first bitmap data is displayed
on the location 3040 and the second bitmap data is displayed on a location 3060 of cor-
responding coordinates is stored in the pixel buffer 3070.

Operations of the multimedia stream generating apparatus 100 according to the third
exemplary embodiment and the multimedia stream receiving apparatus 200 according
to the third exemplary embodiment for subtitle 3D reproduction will now be described
with reference to Tables 41 through 48 and FIGS. 31 through 34, based on a subtitle
complying with the cable broadcasting method described with reference to Tables 35
through 40 and FIGS. 28 through 30.

The multimedia stream generating apparatus 100 according to the third exemplary

embodiment may insert information for reproducing a cable subtitle in 3D into a
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[410]

[411]

[412]

[413]

[414]

[415]

[416]

subtitle PES packet. Here, the information according to the third exemplary em-
bodiment may include information about a depth value, disparity, or offset of a
subtitle.

Also, the multimedia stream receiving apparatus 200 according to the third
exemplary embodiment may gather subtitle PES packets having the same PID in-
formation from the TS received according to the cable broadcasting method, extract in-
formation for 3D reproduction of a cable subtitle from a result of the gathering, and
change a 2D subtitle into a 3D subtitle by using the information for 3D reproduction of
a cable subtitle, thereby reproducing the 3D subtitle.

FIG. 31 is a flowchart of a subtitle processing model 3100 for 3D reproduction of a
subtitle complying with a cable broadcasting method, according to the third exemplary
embodiment.

Processes of restoring subtitle data and subtitle-reproduction related information
complying with the cable broadcasting method through a PID filtering operation 3110,
a transport buffering operation 3120, a depacketization and desegmentation operation
3130, an input buffering operation 3140, a decompression and rendering operation
3150, and a display queuing 3160 of the subtitle processing model 3100 according to
the third exemplary embodiment are similar to operations 2910 through 2960 of the
subtitle processing model 2900 of FIG. 29, except that subtitle 3D reproduction in-
formation may be additionally stored in a display queue in the display queuing 3160.

In a 3D subtitle converting operation 3180 according to the third exemplary em-
bodiment, a 3D subtitle that can be reproduced in 3D may be formed based on the
subtitle data and the subtitle-reproduction related information including subtitle 3D re-
production information stored in the display queuing operation 3160. The 3D subtitle
may be output to a graphic plane 3170 of a display device.

The subtitle processing model 3100 according to the third exemplary embodiment
may be applied to realize a subtitle processing operation of the multimedia stream
receiving apparatus 200 according to the third exemplary embodiment. In particular,
the 3D subtitle converting operation 3180 may correspond to a 3D subtitle processing
operation of the reproducer 240 according to the third exemplary embodiment.

Exemplary embodiments in which the multimedia stream generating apparatus 100
according to the third exemplary embodiment transmits 3D subtitle reproduction in-
formation and exemplary embodiments in which the multimedia stream receiving
apparatus 200 according to the third exemplary embodiment reproduces a subtitle in
3D by using the subtitle 3D reproduction information will now be described in detail.

The program encoder 110 of the multimedia stream generating apparatus 100
according to the third exemplary embodiment may insert the subtitle 3D reproduction

information into a 'subtitle_message()' field in a subtitle PES packet. Also, the program
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encoder 110 according to the third exemplary embodiment may newly define a de-
scriptor or a subtitle type for defining the depth of a subtitle, and insert the descriptor
or subtitle type into the subtitle PES packet.

[417] Tables 41 and 42 respectively show syntaxes of a 'simple_bitmap()' field and a
'subtitle_message()' field, which are modified by the program encoder 110 according to
the third exemplary embodiment to include depth information of a cable subtitle.

[418] Table 41
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[419]

[Table 41]

PCT/KR2010/008067

Syntaxz

i

simple_bitmap(){

Id subrrtfe offoet
backeround_stwle

outline_stwle

character_color)
bitmap_top_H_coordinate
bitmap_top_¥V_Coordinate
bitmap_bottom_H_coordinate
bitmap_bottom_V_coordinate
if (backsround_stvle ==framed J{
frame_top_H_coordinate
frame_top_V_coordinate
frame_bottom H coordinate
frame_bottom_V_coordinate
frame_colori)
I}
if (outline_style==cutlined){
reserved
outline_thickness
outline_color()
ki else

{outline_style==drop_shadow)

shadow_right
shadow_bottom
shadow_color()

I else

{outline_style==reserved){

reserved
T
bitmap_lensth

compressed_bitmap()

if

As shown in Table 41, the program encoder 110 according to the third exemplary

embodiment may insert a '3d_subtitle_offset' field into a 'reserved()' field in the

'simple_bitmap()' field of Table 39. In order to generate a bitmap for a left-view image

and a bitmap for a right-view image for subtitle 3D reproduction, the

'3d_subtitle_offset' field may include offset information indicating a displacement
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amount for moving the bitmaps based on a horizontal coordinate axis. An offset value
of the '3d_subtitle_offset' field may be applied equally to a subtitle character and a
background frame.

[420] Table 42
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[Table 42]

Syntaz]
subtitle_message()d{

tahle_ID
ZETDO

[50 reserved

section_lensth

ZETO

segmentation_overlav_included

protocol _wersion

if (seementation_overlayv_included) {
tahle_extension
last _sezment _number
segment _mmher

h

[E0_B39_langnage_code

pre_clear_display

immediate

reserved

displav_standard

dizsplav_in_PT:
subtitle_tvpe

Jd subtitle direction
displav_duration

block_lensth

if (subtitle_type==simple_bitmap) {
simple_hitmap)

I else
reserved()

h

for (i=0; i<H; i++) {
descriptor(

h

CRC_3Z

h

[421] The program encoder 110 according to the third exemplary embodiment may insert a

'3d_subtitle_direction' field into the 'reserved()' field in the 'subtitle_message()' field of
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[422]

[423]

[424]

[425]

[426]

[427]

Table 35. The '3d_subtitle_direction' field may include offset direction information
used to generate the bitmaps for a left-view image and a right-view image for subtitle
3D reproduction. When a negative offset is applied to a subtitle, the subtitle appears to
be protruding outward from a TV screen. On the other hand, when a positive offset is
applied to the subtitle, the subtitle appears to be protruding inward to the TV screen.

The reproducer 240 according to the third exemplary embodiment may generate a
right-view subtitle by applying the offset to a left-view subtitle by using the direction
of the offset. When a value of the '3d_subtitle_direction' field is negative, the re-
producer 240 according to the third exemplary embodiment may determine an x-
coordinate value of the right-view subtitle by subtracting an offset value from an x-
coordinate value of the left-view subtitle. Similarly, when the value of the
'3d_subtitle direction' field is positive, the reproducer 240 according to the third
exemplary embodiment may determine the x-coordinate value of the right-view
subtitle by adding the offset value to the x-coordinate value of the left-view subtitle.

FIG. 32 is a diagram for describing adjustment of the depth of a subtitle complying
with a cable broadcasting method according to the third exemplary embodiment.

The multimedia stream receiving apparatus 200 according to the third exemplary em-
bodiment receives a TS including a subtitle message according to the third exemplary
embodiment, and extracts subtitle data and subtitle-reproduction related information
from a subtitle PES packet by demultiplexing the TS.

The multimedia stream receiving apparatus 200 according to the third exemplary em-
bodiment may extract information about bitmap coordinates of the subtitle, in-
formation about frame coordinates, and bitmap data from the bitmap field of Table 41.
Also, the multimedia stream receiving apparatus 200 according to the third exemplary
embodiment may extract 3D subtitle offset information from the '3d_subtitle_offset'
field, which is a lower field of the bitmap field of Table 41.

The multimedia stream receiving apparatus 200 according to the third exemplary em-
bodiment may extract information related to reproduction time of the subtitle from the
subtitle message table of Table 42, and may also extract 3D subtitle offset direction in-
formation from the '3d_subtitle offset direction' field, which is a lower field of the
subtitle message table of Table 42.

Accordingly, a display queue 3200 may store a subtitle information set 3210, which
includes the information related to reproduction time of the subtitle (display_in_PTS
and display_duration), the 3D subtitle offset information (3d_subtitle_offset), the
offset direction information (3d_subtitle_direction), the subtitle-reproduction related
information including bitmap coordinates information (Brg, Brv, Bgg, and Bgy) of the
subtitle and background frame coordinates information (Frg, Frv, Fsn, and Fgy) of the
subtitle, and the subtitle data.



79

WO 2011/059290 PCT/KR2010/008067

[428]

[429]

[430]

[431]

[432]

[433]
[434]
[435]

Through the 3D subtitle converting operation 3180 of FIG. 28, the reproducer 240
according to the third exemplary embodiment forms a subtitle composition screen on
which the subtitle is disposed, based on the subtitle-reproduction related information
stored in the display queue 3200, and stores the subtitle composition screen in a pixel
buffer (graphics plane) 3270.

A 3D subtitle plane 3220 of a side by side format, i.e. a 3D composition format, may
be stored in the pixel buffer 3270. Since resolution of the side by side format is
reduced by half along an x-axis, the x-axis coordinate value for a base-view subtitle
and the offset value of the subtitle, from among the subtitle-reproduction related in-
formation stored in the display queue 3200, may be halved so as to generate the 3D
subtitle plane 3220. Y-coordinate values of a left-view subtitle 3250 and a right-view
subtitle 3260 are identical to y-coordinate values of the subtitle from among the
subtitle-reproduction related information stored in the display queue 3200.

For example, the display queue 3200 stores 'display_in_PTS =4"and
'display_duration=600" as the information related to a reproduction time of the subtitle,
'3d_subtitle offset = 10" as the 3D subtitle offset information, '3d_subtitle direction =
1" as the 3D subtitle offset direction information, '(Bry, Brv) = (30, 30)' and '(Bgy, Bey)
= (60, 40)' as the bitmap coordinates information of the subtitle, and '(Frg, Frv) = (14,
20)" and '(Fgg, Fav) = (70, 50)' as the background frame coordinates information of the
subtitle.

The 3D subtitle plane 3220 having the side by side format and stored in the pixel
buffer 3270 is formed of a left-view subtitle plane 3230 and a right-view subtitle plane
3240. Horizontal resolutions of the left-view subtitle plane 3230 and the right-view
subtitle plane 3240 are reduced by half compared to original resolutions, and if an
original coordinate of the left-view subtitle plane 3230 is (O, Ovr)=(0, 0)', an
original coordinate of the right-view subtitle plane 3240 is '(Oyg, Oyg)=(100, 0)'".

Here, x-coordinate values of the bitmap and background frame of the left-view
subtitle 3250 are also each reduced by half. In other words, an x-coordinate value
BTHL at an upper left point of the bitmap and an x-coordinate value BBHL at a lower
right point of the bitmap of the left-view subtitle 3250, and an x-coordinate value
FTHL at an upper left point of the frame and an x-coordinate value FBHL at a lower
right point of the frame of the left-view subtitle 3250 are determined according to Re-
lational Expressions (1) through (4) below.

(1) Bren = BTH / 2; (2) Bgm, = Bea / 2;

(3) Fr. =FTH / 2; (4) Fa, = Fau / 2.

Accordingly, the x-coordinate values Brar, Bmr, Frir, and Fpp, of the left-view
subtitle 3250 may be respectively determined to be (1) Brgr = Bra /2 =30/2 = 15; (2)
Bpm, = Bgu /2 =60/2 =30; (3) Frur, = Fra / 2 =20/2 = 10; and (4) Fom, = Fen /2 =70/2
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[436] Also, horizontal axis resolutions of the bitmap and the background frame of the right-
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[442]

[443]

[444]

[445]

[446]

view subtitle 3260 may each be reduced by half. X-coordinate values of the bitmap and
the background frame of the right-view subtitle 3260 may be determined based on the
original point (Ogg, Ovr) of the right-view subtitle plane 3240. Accordingly, an x-
coordinate value Brgg at an upper left point of the bitmap and an x-coordinate value B
pur at @ lower right point of the bitmap of the right-view subtitle 3260, and an x-
coordinate value Fyy at an upper left point of the frame and an x-coordinate value Fppy
at a lower right point of the frame of the right-view subtitle 3260 are determined
according to Relational Expressions (5) through (8) below.

(5) Brur = Opgr + B, =+ (3d_subtitle_offset / 2);

(6) Beur = Or + Bemr = (3d_subtitle_offset / 2);

(7) Frur = Opg + Fr + (3d_subtitle_offset / 2);

(8) Fur = Ogr + Feur, =+ (3d_subtitle_offset / 2).

In other words, the x-coordinate values of the bitmap and background frames of the
right-view subtitle 3260 may be set by displacing the x-coordinates in a negative or
positive direction by the offset value of the 3D subtitle from a location apart from the
original point (Oyug, Ovr) of the right-view subtitle plane 3240 in a positive direction by
the x-coordinates of the left-view subtitle 3250. Here, since the offset direction of the
3D subtitle is 1, i.e., '3d_subtitle_direction = 1', the offset direction of the 3D subtitle is
negative.

Accordingly, the x-coordinate values By, B, Frur, and Fpyyy of the bitmap and the
background frame of the right-view subtitle 3260 may be respectively determined to be
(5) Brir = Omr + B - (3d_subtitle_offset /2) = 100 + 15 - 5 = 110; (6) Bpgr = Omr +
Bgpmr - (3d_subtitle_offset / 2) = 100 + 30 - 5 = 125; (7) Frpr = Opr + Fro -
(3d_subtitle_offset / 2) = 100 + 10 - 5 = 105; (8) Fppr = Our + Fomr -
(3d_subtitle_offset/2) = 100 + 35 - 5 = 130.

Accordingly, a display device may reproduce 3D subtitles in 3D by using the 3D
subtitle plane 3220 on which the left-view subtitle 3250 and the right-view subtitle
3260 are displayed at locations moved by the offset value in an x-axis direction on the
left-view subtitle plane 3230 and the right-view subtitle plane 3240, respectively.

Also, the program encoder 110 according to the third exemplary embodiment may
newly define a descriptor and a subtitle type for defining the depth of a subtitle, and
insert the descriptor and the subtitle type into a PES packet.

Table 43 shows a syntax of a 'subtitle_depth_descriptor()' field newly defined by the
program encoder 110 according to the third exemplary embodiment.

Table 43
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[447]

[448]

[449]

[450]

[451]

[Table 43]

Syntax
Subtitling_depth_descriptor(){

descriptor_tag

descriptor_leneth

reserved (or offset_based)
character_offset_direction
character_offset

reserved
frame_offset_direction
frame_offset

}

The 'subtitle_depth_descriptor()' field may include information about an offset

direction of a character ('character_offset_directoin') of the subtitle, offset information
of the character (‘character_offset'), information about an offset direction of a
background frame (‘frame_offset_direction') of the subtitle, and offset information of
the background frame ('frame_offset’).

The 'subtitle_depth_descriptor()' field may selectively include information
(‘'offset_based') indicating whether an offset value of the character or the background
frame of the subtitle is set based on a zero plane or based on disparity of a video
object.

FIG. 33 is a diagram for describing adjustment of the depth of a subtitle complying
with a cable broadcasting method according to the third exemplary embodiment.

The multimedia stream receiving apparatus 200 according to the third exemplary em-
bodiment may extract information related to bitmap coordinates of the subtitle, in-
formation related to frame coordinates of the subtitle, and bitmap data from the bitmap
field of Table 41, and extract information related to reproduction time of the subtitle
from the subtitle message table of Table 42. Also, the multimedia stream receiving
apparatus 200 according to the third exemplary embodiment may extract information
about offset information of a character (‘character offset_direction') of the subtitle,
offset information of the character (‘character_offset'), information about an offset
direction of a background (‘frame_offset_direction’) of the subtitle, and offset in-
formation of the background (‘frame_offset') from the subtitle depth descriptor field of
Table 43.

Accordingly, a subtitle information set 3310, which includes subtitle-reproduction
related information and subtitle data, may be stored in a display queue 3300. The

subtitle-reproduction related information includes the information related to re-
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[452]

[453]

[454]

[455
[456
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[460]

production time of the subtitle (display_in_PTS and display_duration), the offset
direction of the character (character offset_direction), the offset information of the
character (character_offset), the offset direction of the background frame
(frame_offset_direction), and the offset information of the background frame
(frame_offset).

For example, the display queue 3300 stores 'display_in_PTS =4"and
'display_duration = 600" as the information related to the reproduction time of the
subtitle, 'character offset directoin = 1' as the offset direction of the character,
'character offset = 10’ as the offset information of the character,
‘frame_offset_direction = 1' as the offset direction of the background frame,
‘frame_offset = 4' as the offset information of the background frame, '(Bry, Brv) = (30,
30)" and '(Bgy, Bgv) = (60, 40)' as bitmap coordinates of the subtitle, and '(Fry, Frv) =
(20, 20)" and '(Fgy, Feyv) = (70, 50)' as background frame coordinates of the subtitle.

Through the 3D subtitle converting operation 3180 of FIG. 31, a pixel buffer
(graphic plane) 3370 may store a 3D subtitle plane 3320 having a side by side format,
which is a 3D composition format. Similar to FIG. 32, an x-coordinate value By at an
upper left point of a bitmap, an x-coordinate value By, at a lower right point of the
bitmap, an x-coordinate value Fryy, at an upper left point of a frame, and an x-
coordinate value Fpgy, of a lower right point of the frame of a left-view subtitle 3350 on
a left-view subtitle plane 3330 from among the 3D subtitle plane 3320 stored in the
pixel buffer 3370 may be determined to be (9) By, = Bry /2 =30/2 = 15; (10) By =
Bpu/2=60/2=30; (11) Frg = Fru /2 =20/2 = 10; and (12) Fpyy = Fy /2 =70/2 =
35.

Also, an x-coordinate value By at an upper left point of a bitmap, an x-coordinate
value Bgyy at a lower right point of the bitmap, an x-coordinate value Fryy at an upper
left point of a frame, and an x-coordinate value Fgyy of a lower right point of the frame
of a right-view subtitle 3360 on a right-view subtitle plane 3340 from among the 3D
subtitle plane 3320 are respectively determined according to Relational Expressions
(13) through (15) below:

(13) Biyr = Oy + B, = (character _offset / 2);

(14) Bppr = Our + B, = (character_offset / 2);

(15) Frur = Oyg + Fop + (frame_offset / 2); and

(16) Fypr = Opgr + Fepp, =+ (frame_offset / 2).

Here, since offset direction information of a 3D subtitle are
'character offset direction = 1' and 'frame offset_direction = 1', the offset direction of
the 3D subtitle is negative.

Accordingly, the x-coordinate values Brur, Bpar, Frar, and Fpg of the bitmap and the

background frame of the right-view subtitle 3360 may be determined to be (13) Brur =
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[461]

[462]

[463]

[464]

[465]

[466]

Our + B - (character_offset/2) =100+ 15 -5=110; (14) Bgyr = Opr + B -
(character_offset/2) = 100 + 30 - 5 =125; (15) Frur = Opr + F™; - (frame_offset / 2)
=100+ 10 -2 =108; and (16) Fpgr = Ogr + Fpmr - (frame_offset /2) =100+ 35-2 =
133.

Accordingly, a 3D display device may reproduce subtitles in 3D, by using the 3D
subtitle plane 3320 on which the left-view subtitle 3350 and the right-view subtitle
3360 are disposed respectively at locations moved by the offset value in an x-axis
direction on the left-view subtitle plane 3330 and the right-view subtitle plane 3340,
respectively.

The multimedia stream generating apparatus 100 according to the third exemplary
embodiment may additionally set a subtitle type for an additional-view subtitle so as to
reproduce subtitles in 3D. Table 44 shows a subtitle type modified by the multimedia
stream generating apparatus 100 according to the third exemplary embodiment.

Table 44
[Table 44]

[Table |

subtitle_type |Meaning

0 Reserved

1 simple_bitmap - Indicates the subtitle data block contains data

formatted in the simple bitmap style.

2 subtitle_another_view - Bitmap and background frame co-
ordinates of another view for 3D

3-15 Reserved

The modified subtitle type of Table 44 is obtained by the multimedia stream
generating apparatus 100 according to the third exemplary embodiment adding an
another-view subtitle type 'subtitle_another view' allocated in a subtitle type field
value 2' to a reserved region corresponding to a subtitle type field value in the range
from 2 to 15 in the basic subtitle type of Table 38.

The multimedia stream generating apparatus 100 according to the third exemplary
embodiment may modify the basic subtitle message table of Table 35 based on the
modified subtitle type of Table 44. Table 45 shows a syntax of a modified subtitle
message table 'subtitle_message()'.

Table 45
[Table 45]

Syntaz
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[467] subtitle_nessage ()]
tahle_ID
ZET D

[50 reserved
section_lensth
ZETD
seamentation_overlav_included
protocol _wersion
it (seementation_overlay_included) 4
tahle_extension
last _sesnent _tumber
segnent _number
'
[L0_639_language_code
pre_clear_display
immediate
reserved
display_standard

display_in_PT3
subtitle_tvpe

reserved
display_duration

hlock_lensth
if (subtitle_type==simple_bitmap) {
simple_bitmap()
F efae
{subt itie tvpe—subtitfe aother view) |
auhit it fe another viest,
Foelse o
reserved()
h
for (i=0; i<M; i++) {
descriptor()
h
CRC_32

if

PCT/KR2010/008067
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[468] In other words, in the modified subtitle message table, when the subtitle type is
'subtitle_another_view', a 'subtitle_another_view()' field may be additionally included
to set another-view subtitle information. Table 46 shows a syntax of the
'subtitle_another_view()' field.

[469] Table 46
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[Table 46]
Syntaz
subt it fe_anorhar view (J){
reserved

backeround_stwle

outline_stvle

character_color()

bitean top K coordrinate

bitean top V¥ Coordrinate

hitman botrom H coordinate

bitean botrom ¥V coordinare

if (backeround_style==framed){
frame rop H coordinare
frame rop ¥V coordinate
frame botron H coordinate
frama botton ¥V coordinare

frame_color ()

if (outline_style==outlined){
reserved
outline_thickness
outline_color ()

} else if (outline_style==drop_shadow) {
shadow_right
shadow_bottom
shadow_color ()

b elze if (outline_style==reserved){
reserved

T

bitmap_lensth

compressed_bitmap()

[470] The 'subtitle_another_view()' field may include information about coordinates of a
bitmap of an another-view subtitle (bitmap_top_H_coordinate,
bitmap_top_V_coordinate, bitmap_bottom_H_coordinate, bitmap_bottom_V_ co-

ordinate). Also, if a background frame of the another-view subtitle exists based on a
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[471]

[472]

[473]

[474]

[475]

[476]

‘background_style' field, the 'subtitle_another_view()' field may include information
about coordinates of the background frame of the another-view subtitle
(frame_top_H_coordinate, frame_top_V_coordinate, frame_ bottom_H_coordinate,
frame_bottom_V_coordinate).

The multimedia stream generating apparatus 100 according to the third exemplary
embodiment not only includes the information about the coordinates of the bitmap and
the background frame of the another-view subtitle, but may also include thickness in-
formation (outline_thickness) of an outline if the outline exists, and thickness in-
formation of right and left shadows (shadow_right and shadow_bottom) of a drop
shadow if the drop shadow exists, in the 'subtitle_another_view()' field.

The multimedia stream receiving apparatus 200 according to the third exemplary em-
bodiment may extract and use only the information about the coordinates of the bitmap
and the background frame of the subtitle from the 'subtitle_another_view()' field so as
to reduce data throughput.

FIG. 34 is a diagram for describing adjustment of the depth of a subtitle complying
with a cable broadcasting method according to the third exemplary embodiment.

The multimedia stream receiving apparatus 200 according to the third exemplary em-
bodiment may extract information about the reproduction time of the subtitle from the
subtitle message table of Table 45 that is modified to consider the
'subtitle_another_view()' field, and extract the information about the coordinates of the
bitmap and background frame of the another-view subtitle and the bitmap data from
the 'subtitle_another_view()' field of Table 46.

Accordingly, a display queue 3400 may store a subtitle information set 3410, which
includes subtitle data and subtitle-reproduction related information, wherein the
subtitle-reproduction related information includes information related to a reproduction
time of a subtitle (display_in_PTS and display_duration), information about co-
ordinates of a bitmap of the another-view subtitle (bitmap_top_H_coordinate,
bitmap_top_V_coordinate, bitmap_bottom_H_ coordinate, and
bitmap_bottom_V_coordinate), and information about coordinates of a background
frame of the another-view subtitle (frame_top_H_coordinate,
frame_top_V_coordinate, frame_bottom_H_coordinate, and frame_bottom_V_ co-
ordinate.

For example, the display queue 3400 includes the subtitle-reproduction related in-
formation including 'display_in_PTS = 4" and 'display_duration = 600’ as information
related to reproduction time of the subtitle, 'bitmap_top_H_coordinate = 20",
‘bitmap_top_V_coordinate = 30", bitmap_bottom_H_coordinate = 50', and
'bitmap_bottom_V_coordinate = 40’ as the information about the coordinates of the

bitmap of the another-view subtitle, and 'frame_top_H_coordinate = 10',
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‘frame_top_V_coordinate = 20, 'frame_bottom_H_coordinate = 60', and

'frame_ bottom_V_coordinate = 50' as the information about the coordinates of the
background frame of the another-view subtitle, '(Bry, Brv) = (30, 30)' and '(Bgy, Bgv) =
(60, 40)" as information about coordinates of bitmap of a subtitle, and '(Fry, Frv) = (20,
20)" and '(Fgy, Fev) = (70, 50)' as information about coordinates of a background frame
of the subtitle.

Through the 3D subtitle converting operation 3180 of FIG. 31, a 3D subtitle plane
3420 having a side by side format, which is a 3D composition format, is stored in a
pixel buffer (graphic plane) 3470. Similar to FIG. 32, an x-coordinate value Bry at an
upper left point of a bitmap, an x-coordinate value By at a lower right point of the
bitmap, an x-coordinate value Fryy; at an upper left point of a frame, and an x-
coordinate value Fyy; of a lower right point of the frame of a left-view subtitle 3450 on
a left-view subtitle plane 3430 from among the 3D subtitle plane 3420 stored in the
pixel buffer 3470 may be determined to be (17) By, = Bt/ 2 =30/2 = 15; (18) Bpm. =
Bgu /2 =60/2 =30; (19) Frar = Fru / 2 =20/2 = 10; and (20) Fpar = Feu /2 =70/2 =
35.

Also, an x-coordinate value By at an upper left point of a bitmap, an x-coordinate
value Bpgr at a lower right point of the bitmap, an x-coordinate value Frgr at an upper
left point of a frame, and an x-coordinate value Fppr of a lower right point of the frame
of a right-view subtitle 3460 on a right-view subtitle plane 3440 from among the 3D
subtitle plane 3420 are determined according to Relational Expressions (21) through
(24) below:

(21) Brpr = Opr + bitmap_top_H_coordinate / 2;

(22) Bgpur = Owg + bitmap_bottom_H_coordinate / 2;

(23) Frug = Opg + frame_top_H_coordinate / 2; and

(24) Fapr = Oy + frame_bottom_H_ coordinate / 2.

Accordingly, the x-coordinate values By, B, Frir, and Fpyy of the right-view
subtitle 3460 may be determined to be (21) Byr = Oy + bitmap_top_H_coordinate / 2
=100 + 10 = 110; (22) Bgyr = Oy + bitmap_bottom_H_coordinate / 2 = 100 + 25 =
125; (23) Frpr = Oy + frame_top_H_coordinate / 2 = 100 + 5 = 105; and (24) Fyug =
Ogr + frame bottom_ H_coordinate / 2 = 100 + 30 = 130.

Accordingly, a 3D display device may reproduce subtitles in 3D by using on the 3D
subtitle plane 3420 on which the left-view subtitle 3450 and the right-view subtitle
3460 are disposed respectively at locations moved by the offset value in an x-axis
direction on the left-view subtitle plane 3430 and the right-view subtitle plane 3440,
respectively.

The multimedia stream generating apparatus 100 according to the third exemplary

embodiment may additionally set a subtitle disparity type as a cable subtitle type to
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give a 3D effect to a subtitle. Table 47 shows a subtitle type modified to add the
subtitle disparity type by the multimedia stream generating apparatus 100 according to
the third exemplary embodiment.

Table 47
[Table 47]
[Table |

subtitle_type |Meaning

0 Reserved

1 simple_bitmap - Indicates the subtitle data block contains data

formatted in the simple bitmap style.

2 subtitle_disparity - Disparity information for 3D effect

3-15 Reserved

The modified subtitle type of Table 47 is obtained by the multimedia stream
generating apparatus 100 according to the third exemplary embodiment adding the
subtitle disparity type (‘'subtitle_disparity') assigned to a subtitle type field value 2' to a
reserved region in the basic subtitle type table of Table 38.

The multimedia stream generating apparatus 100 according to the third exemplary
embodiment may newly set a subtitle disparity field based on the modified subtitle
type of Table 47. Table 48 shows a syntax of the 'subtitle_disparity()' field, according

to an exemplary embodiment.

Table 48
[Table 48]
Syntaz
subtitle_disparity (1
disparity
1

According to Table 48, the subtitle disparity field includes a 'disparity’ field including
disparity information between a left-view subtitle and a right-view subtitle.

The multimedia stream receiving apparatus 200 according to the third exemplary em-
bodiment may extract information related to a reproduction time of a subtitle from the
subtitle message table modified to consider the newly set 'subtitle_disparity' field, and
extract disparity information and bitmap data of a 3D subtitle from the
'subtitle_disparity' field of Table 48. Accordingly, the reproducer 240 according to the
third exemplary embodiment may display the right-view subtitle 3460 at a location
moved by a disparity from the left-view subtitle 3450, so that a 3D display device can

reproduce a subtitle corresponding to a result of the display in 3D.
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Generation and reception of a multimedia stream for 3D reproduction of EPG in-
formation according to the fourth exemplary embodiment will now be described in
detail with reference to Tables 49 through 59 and FIGS. 35 through 40.

FIG. 35 is a block diagram of a digital communication system 3500 that transmits
EPG information.

A video signal, an audio signal, and related ancillary data are input to the digital
communication system 3500. The video signal is encoded as video data by a video
encoder 3510, and the audio signal is encoded as audio data by an audio encoder 3520.
The video data and the audio data are segmented into video PES packets and audio
PES packets by packetizers 3530 and 3540, respectively.

A PSIP/SI generator 3550 generates a PAT and a PMT to generate various types of
PSIP information or SI information. In this case, the digital communication system
3500 may insert various types of EPG information into a PSIP table or an SI table.

When the digital communication system 3500 complies with an ATSC commu-
nication method, the PSIP/SI generator 3550 generates the PSIP table. When the digital
communication system 3500 complies with a DVB communication method, the PSIP/
SI generator 3550 generates the SI table.

A MUX 3560 of the digital communication system 3500 receives the video PES
packets and the audio PES packets from the packetizers 3530 and 3540, receives ad-
ditional data, and receives Program Specific Information (PSI) tables and eight ATSC-
PSIP tables or DVB-SI tables in section formats from the PSIP/SI generator 3550, and
multiplexes them, thereby generating a TS for a single program.

FIG. 36 illustrates PSIP tables including EPG information according to an ATSC
communication method.

According to the ATSC communication method, the PSIP tables include EPG in-
formation. The PSIP tables are a System Time Table (STT) 3610 in which information
about a current time and a current date is stored, a Rating Region Table (RRT) 3620 in
which information about a broadcasting watch rating of a broadcasting program
according to regions is stored, a Master Guide Table (MGT) 3630 in which PID in-
formation and version information of tables except for the STT 3610 are stored, a
satellite Virtual Channel Table (VCT) 3640 in which channel information such as
transmission channel information is stored, Event Information Tables (EITs) 3650,
3652, and 3653 in which event information such as the title, start time, etc., of an event
such as a broadcasting program is stored, and Extended Text Tables (ETTs) 3660,
3662, 3664, and 3666 in which additional text information such as a detailed de-
scription such as a background, a synopsis, characters of the broadcasting program is
stored. In other words, the PSIP tables store various types of information about an

event such as a broadcasting program.
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In particular, the satellite VCT 3640 includes a virtual channel identifier source_id
for each channel, so that event information for each channel may be searched for from
the EITs 3650, 3652, and 3653 according to the virtual channel identifiers. The ETTs
3660, 3662, 3664, and 3666 may include text messages for the VCT 3640 or the EITs
3650, 3652, and 3653.

FIG. 37 illustrates SI tables including EPG information according to a DVB commu-
nication method.

The SI tables are a Network Information Table (NIT) 3710 in which network type in-
formation of a current broadcasting such as that of a terrestrial network, a cable
network, or a satellite network is stored, a Service Description Table (SDT) 3720 in
which service information such as a service name, a service provider, or the like is
stored, an EIT 3730 in which event related information such as the title, the time, or
the like of a broadcasting program is stored, and a Time and Data Table (TDT) 3740 in
which information about current data and a current time is stored. Accordingly, the SI
tables store various types of information about events such as a broadcasting program.

Hereinafter, a syntax of a VCT in an ATSC PSIP, a syntax of an RRT therein, a
syntax of an STT therein, a syntax of an EIT therein, and a syntax of an ETT therein
are shown in Tables 49, 50, 51, 52, and 53 below, respectively.

Table 49
[Table 49]

| Syntaz
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terrestrial_virtual_channel_table_section() T
table_Id
section_syntax_indicator
private_indicator
reserved
section_lensth
transport_streat_id
reserved
version_number
current_next_indicator
section_number
last_section_number
protocol _version
nun_channels_in_section
for (i=0; i< num_channels_in_section; i++) {

short_name

reserved
major_channel _mmber
minor_channel_mmber
modulat ion_mode
carrier_frequency
channel _TSID
program_number
ETH_locatlon
access_controlled
hidden

reserved

hide_guide

reserved
service_type
source_id

reserved

dezcriptors_leneth
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for {i=0; i<H; {++) {
descriptor()

h

reserved
additional _descriptors_lensth
for (i=0. j=<N, j++)
additional_descriptor()
I
CRC_32
I

[507] Table 50
[Table 50]

| Syntaz

[508]
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ratine_region_table_section() {
table_id
section_syntax_indicator
private_indicator
reserved
section_lensth
table_id_extension {
reserved
rating_region
I
reserved
version_number
current_next_indicator
section_number
last_section_number
protocol _version
rating_resion_name_lensth
rating_region_name_text ()
dimensions_def ined
for (i=0; i< dinensicns_defined. i++) {
dimension_name_lensth
dimension_name_text ()
reserved
sraduated_scale
values_defined
for (i=0; i< values_defined; j ++ {
abbrev_rating_wvalue_lensth
abbrev_rating value_text ()
rating_value_lensth
rating_value_text ()

h
h

reserved




WO 2011/059290

[510]

[511]

95

PCT/KR2010/008067

descriptors_length
for (i=0; i=N: i+ {
descriptor
I
CRC_3Z
I
Table 51
[Table 51]
Syntax

system_time_table_section() {
table_id
section_swyntax_indicator
private_indicator
reserved
gection_lensgth
table_id_extension
reserved
VETsion_number
current_next_indicator
gection_number
last_section_number
protocol _wversion
system_time
GPS_UTC_offset
davlight_savines
for (i=0; i=<N; i++) {

descriptor ()
I
CRC_32
T
Table 52
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[Table 52]

96

Syntaz

svstem_time_table_section() {
table_id
section_syntax_indicator
private_indicator
reserved
section_length
table_id_extension
reserved
VETS1on_number
current_next_indicator
section_number
lagt_section_number
protocol_wersion
system_time
GPS_UTC_offset
daylight_savines
for (i=0; i=N. i+ {

descriptor ()
I
CRC_3Z
h
Table 53

PCT/KR2010/008067
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Syntax
extended_text_table_section() {
table_id

[513]

[514]

[515]

[516]

section_syntax_Indicator
private_Indicator
reserved
section_length

ETT table_id_extension
Reserved
version_number
current_next_indicator
section_number
last_section_number
protocol _version
ETH_id
extended_text_message()
CRC_32

h

FIG. 38 illustrates a screen 3800 on which EPG information is displayed, and a

source of each information.

An EPG screen 3810 formed using the PSIP tables complying with the ATSC com-
munication method is displayed on the screen 3800. The EPG screen 3810 is formed
by displaying text data included in the PSIP tables on a predetermined region set by a
digital TV system on the screen 3800. In this case, the digital TV system may form the
EPG screen 3810 by displaying the text data included in the PSIP tables by using an
image and fonts included in the digital TV system.

In detail, a channel name 3820, a channel number 3830, a region rating 3840, a
broadcasting program name and reproduction time 3850, a broadcasting program de-
scription text 3860 and a current time and date 3870 are displayed on the EPG screen
3810.

The channel name 3820 is determined based on shortened channel name information
in a 'short_name' field of the VCT of Table 49. The channel number 3830 is de-
termined based on channel information obtained by combining major channel number
information in a ‘major_channel_number' field of the VCT with minor channel in-

formation in a 'minor channel number' field of the VCT.
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[517] The region rating 3840 is determined based on region name information in a
rating_region_name_text()' field of the RRT of Table 50 and rating information in a
‘abbrev_rating_value_text()' or rating_value_text()' field of the RRT.

[518] The broadcasting program name and reproduction time 3850 is determined based on
broadcasting program name information in a 'title_text()' field of the EIT of Table 52.

[519] The broadcasting program description text 3860 is determined based on event de-
scription text information in an 'extended_text_message()' field of the ETT of Table
53.

[520] The current time and date 3870 is determined based on system time information in a
'system_time' field of the STT of Table 51 and GPS-UTC time difference in a
'‘GPS_UTC _offset' field of the STT.

[521] Table 54 shows a structure of a lower field 'ETM_id' of the ETT of Table 52.

[522] Table 54

[Table 54]
[Table |
ETM_id

MSB LSB
Bit 31..16 15..2 10
Channel ETM_id ([source_id 0..0 '00'
event ETM id source id event_id 10

[523] Based on the 'ETM_id' of the ETT table, in the case of 'Channel ETM_id', it is
checked which VCT table a current ETT table corresponds to. In the case of 'event
ETM_id', it is checked which EIT table the current ETT table corresponds to. As a de-
scription of a corresponding channel or event, a text message 3860 of an
‘extended_text_message()' field of the current ETT table is displayed on the EPG

screen 3810.

[524] Accordingly, the EPG screen 3810 is formed of EPG tables included in a plurality of
PSIP tables.

[525] Operations of the multimedia stream generating apparatus 100 according to the

fourth exemplary embodiment and the multimedia stream receiving apparatus 200
according to the fourth exemplary embodiment, for 3D reproduction of EPG in-
formation will now be described with reference to Tables 55 through 59 and FIGS. 39
and 40, based on the EPG information described above with reference to Tables 49
through 54 and FIGS. 35 through 38.

[526] The multimedia stream generating apparatus 100 according to the fourth exemplary

embodiment may insert EPG 3D reproduction information used to reproduce 3D EPG
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[531]

information in 3D, into a PSIP table or an SI table. The EPG 3D reproduction in-
formation according to the fourth exemplary embodiment may be used in various
forms such as a depth difference, a disparity, a binocular parallax, an offset, etc., to
serve as information about a depth of the 3D EPG information.

The multimedia stream receiving apparatus 200 according to the fourth exemplary
embodiment may gather sections from a TS received according to the ATSC commu-
nication method, extract EPG information and EPG 3D reproduction information from
the sections, and change 2D EPG information to 3D EPG information by using the
EPG 3D reproduction information, thereby reproducing EPG information in 3D.

The multimedia stream generating apparatus 100 according to the fourth exemplary
embodiment may modify or add the part in bold texts of a syntax of a VCT in an
ATSC PSIP in Tables 49, a syntax of an RRT in Tables 50, a syntax of an STT in
Tables 51, a syntax of an EIT in Tables 52, and a syntax of an ETT in Tables 53 above
in order to include information related to three-dimensional reproduction of the EPG
data.

The multimedia stream generating apparatus 100 according to the fourth exemplary
embodiment may set the EPG 3D reproduction information to have a descriptor form.
The VCT table of Table 49, the RRT table of Table 50, the STT table of Table 51, the
EIT table of Table 52, except for the ETT table from among the PSIP tables, include
descriptor fields 'descriptor()'. The multimedia stream generating apparatus 100
according to the fourth exemplary embodiment may insert a 3D EPG descriptor
including the EPG 3D reproduction information according to the fourth exemplary em-
bodiment into a descriptor field of each of the PSIP tables. Although the ETT table has
no descriptor fields, the ETT table may be connected to the VCT table or the EIT table
via the 'ETM _id' field, and may inherit the 3D EPG descriptor from the VCT table or
the EIT table to which the ETT table is connected.

Table 55 shows a syntax of a 3D EPG descriptor according to the fourth exemplary
embodiment.

Table 55
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[Table 55]

Syntax
30_EPG_descriptor() 1

descriptor_tag

descriptor_leneth
I Ry of fret
Video Flar
reserved
additional_data()

h
[532] A 'descriptor_tag' field includes an ID of a '3D_EPG_descriptor' field. A 'de-

scriptor_length' field includes information about a total number of bytes of data that

follows the 'descriptor_length' field.

[533] A 3D _EPG_offset' field includes offset information of EPG information which is to
be displayed on an EPG screen by the PSIP tables including the '3D_EPG_descriptor’
fields.

[534] A 'Video_Flat' field includes 2D video reproduction information representing
whether a video image of a currently broadcasted program is reproduced in a switched
2D reproduction mode, when EPG information is reproduced in 3D. Table 56 shows an
example of the 'Video_Flat' field including 2D video reproduction information.

[535] Table 56
[Table 56]

[Table |

Video_Flat bit Meaning

0 Broadcasting image is maintained in 3D
1 Broadcasting image is changed to 2D
[536] A 'reserved' field and an 'additional_data()' field are reserved regions.

[537] A syntax of the NIT table from among the SI tables, a syntax of the SDS table from
among the SI tables, and a syntax of the EIT table from among the SI tables are shown
in Tables 57, 58, and 59, respectively.

[538] Table 57
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[Table 57]

Syntax

¥

Wetwork_information_section() {
table_id
section_syntax_indicator
reserve_future_use
reserved
gection_lensth
network_id
reserved
version_number
current_next_indicator
gection_number
lasgt_section_number
reserved_future_use
network_descriptors_lensth
for(i=0: i=N: i++) {

descriptor()

reserved_future_use
transport_Stream_loop_lensth
for(i=0; i<N: i++ {

transport_stream_id
original _network_id
reserved_future_use
transport_descriptors_lensth
for(j=0; j<N. j++) 1

descriptors()

I
F
CRC_3&
¥
Table 58

PCT/KR2010/008067
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[Table 58]

Syntaz

service_description_section() {
table_id
gection_syntax_indicator
reserved_future_use
reserved
gection_length
transport_stream_id
reserved
version_number
current_next_indicator
section_number
last_section_number
original _network_id
reserved_future_use
for (i=0; i=N; i+t {
service_id
reserved_future_use
EIT_schedule_flag
EIT present_following_flas
running_status
free_CA_mode
degscriptors_loop_lensth
for (j=0; j=N. j++) {

descriptor ()
I
r
CRC_3Z
I
Table 59

PCT/KR2010/008067
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[Table 59]
Syntaz
event_information_section() 1
table_id

[541]

section_syntax_indicator
reserved_future_use
reserved
section_length
service_id
reserved
version_number
current_next_indicator
section_number
last_section_number
transport_stream_id
original _network_id
segment_last_section_number
last_table_id
for (i=0; i=N; i+ {
event_id
start_time
duration
running_status
free_CA_mode
descriptors_loop_lensth
for(j=0; j=<N: j+t{
descriptor ()

¥
CRC_3Z

¥

According to the DVB communication method, EPG text information is included in
the descriptor fields 'descriptor()' of the NIT table, the SDS table, and the EIT table
from among the SI tables. Table 55 shows an example in which the multimedia stream
generating apparatus 100 according to the fourth exemplary embodiment additionally
inserts a 3D EPG descriptor including the EPG 3D reproduction information according
to the fourth exemplary embodiment into a descriptor field of each of the SI tables. The

multimedia stream generating apparatus 100 according to the fourth exemplary em-
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[545]
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[548]

[549]

bodiment may modify or add the part in bold texts of a syntax of the NIT table in Table
57, a syntax of the SDS table in Table 58, and a syntax of the EIT table in Table 59
above in order to include information related to three-dimensional reproduction of the
EPG data.

The multimedia stream receiving apparatus 200 according to the fourth exemplary
embodiment may gather sections from a TS received according to a DVB commu-
nication method, and extract EPG information and EPG 3D reproduction information
from the sections. When EPG information is to be reproduced in 3D, the multimedia
stream receiving apparatus 200 according to the fourth exemplary embodiment may
search for a 3D EPG descriptor. If the 3D EPG descriptor exists, the multimedia stream
receiving apparatus 200 according to the fourth exemplary embodiment may convert
2D EPG information into 3D EPG information by using the EPG 3D reproduction in-
formation and reproduce the 3D EPG information.

FIG. 39 is a block diagram of a TS decoding system 3900 according to the fourth
exemplary embodiment.

When the TS decoding system 3900 according to the fourth exemplary embodiment
receives a TS, a transport DEMUX 3910 divides the TS into a video bitstream, an
audio bitstream, and either a PSIP table or a SI table. The video bitstream and the
audio bitstream are output to a program decoder 3920, and the PSIP table or the SI
table is output to a program guide processor 3960.

The video bitstream may be input to a video decoder 3930, and a video restored by
the video decoder 3930 may be output to a display processing unit 3940. The audio
bitstream may be decoded by an audio decoder 3950.

The PSIP table or the SI table according to the fourth exemplary embodiment
includes EPG 3D reproduction information. For example, the PSIP table or the SI table
according to the fourth exemplary embodiment may include the '3D_EPG_descriptor’
field. Operations of the program guide processor 3960 and the display processing unit
3940 for reproducing 3D EPG information by using the PSIP table or the SI table will
now be described in detail with reference to FIG. 40.

FIG. 40 is a block diagram of the display processing unit 3940 of the TS decoding
system 3900 according to the fourth exemplary embodiment.

The PSIP table or the SI table input to the program guide processor 3960 is parsed by
a PSIP or SI parser 4070 so that EPG information, EPG 3D reproduction information,
and 2D video reproduction information are extracted from the PSIP table or the SI
table. The EPG information, the EPG 3D reproduction information, and the 2D video
reproduction information may be output to a display processor 4050 of the display
processing unit 3940.

The restored video may be divided into a left-view image and a right-view image,
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which may be stored in a left-view video buffer 4010 and a right-view video buffer
4020, respectively.

The display processor 4050 generates left-view EPG information and right-view EPG
information of the 3D EPG information based on the EPG 3D reproduction in-
formation. The left-view EPG information and the right-view EPG information are
displayed on a left-view display plane 4030 and a right-view display plane 4040, re-
spectively. The left-view display plane 4030 on which the left-view EPG information
has been displayed is blended with the left-view image, and the right-view display
plane 4040 on which the right-view EPG information has been displayed is blended
with the right-view image, and results of the two blending operations are alternately re-
produced by using a switch 4060. In this way, a 3D video image blended with 3D EPG
information may be reproduced.

If 2D video reproduction information is set so that a video image is reproduced in a
switched 2D reproduction mode, the video image should be reproduced in 2D. For
example, if the same-view video image is blended with both the left-view display plane
4030 on which the left-view EPG information has been displayed and the right-view
display plane 4040 on which the right-view EPG information has been displayed, EPG
information may be reproduced in 3D, and a video image may be reproduced in 2D.

In order to generate the left-view EPG information and the right-view EPG in-
formation of the 3D EPG information based on the EPG 3D reproduction information,
the display processor 4050 may apply different 3D EPG offsets to 2D EPG information
according to different views. For example, if a 3D EPG offset is a horizontal dis-
placement distance of a pixel, the display processor 4050 may generate the left-view
EPG information by moving the 2D EPG information by the 3D EPG offset in a
negative direction along the x axis, and the right-view EPG information by moving the
2D EPG information by the 3D EPG offset in a positive direction along the x axis. On
the other hand, if the 3D EPG offset is a disparity between left and right views, the
display processor 4050 may fix the 2D EPG information to the left-view EPG in-
formation, and may generate the right-view EPG information by moving the 2D EPG
information by the 3D EPG offset in a negative or positive direction along the X axis.
A method of the display processor 4050 generating the 3D EPG information may vary
according to the type of 3D EPG offset.

In order to transmit a 3D EPG data structure including EPG data and EPG 3D re-
production information required to reproduce an EPG in 3D, the multimedia stream
generating apparatus 100 according to the fourth exemplary embodiment may insert
the 3D EPG data structure according to the fourth exemplary embodiment into an
ATSC-PSIP table or a DVB-SI table and transmit the 3D EPG data structure together

with a video stream and an audio stream.
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The multimedia stream receiving apparatus 200 according to the fourth exemplary
embodiment may receive and parse a multimedia stream according to the fourth
exemplary embodiment and extract the 3D EPG data structure according to the fourth
exemplary embodiment from an extracted ATSC-PSIP table or DVB-SI table. The
multimedia stream receiving apparatus 200 according to the fourth exemplary em-
bodiment may configure 3D EPG information based on EPG 3D reproduction in-
formation and transmit the 3D EPG information in 3D. The multimedia stream
receiving apparatus 200 according to the fourth exemplary embodiment may prevent
inconveniencies such as visual discomfort and the like that the viewer can feel, by ac-
curately reproducing the 3D EPG information based on the EPG 3D reproduction in-
formation.

FIG. 41 is a flowchart of a multimedia stream generating method for 3D reproduction
of additional reproduction information, according to an exemplary embodiment.

In operation 4110, a video ES, an audio ES, an additional data stream, and an
ancillary information stream that include encoded video data, encoded audio data, ad-
ditional reproduction data, and information for 3D reproduction of additional re-
production information are generated. The additional reproduction information may
include closed caption data, subtitle data, and EPG data that are related to a program.

The information for 3D reproduction of additional reproduction information may
include offset information used to adjust the depth of the additional reproduction in-
formation. The offset information represents at least one of parallax information such
as a depth difference, a disparity, and the like between left-view additional re-
production information for left-view images and right-view additional reproduction in-
formation for right-view images, coordinate information, and depth information. The
information for 3D reproduction of additional reproduction information may further
include 2D video reproduction information, 3D reproduction emphasizing information,
3D reproduction safety information, and the like.

In operation 4120, a video PES packet, an audio PES packet, and an additional data
PES packet are generated by packetizing the video ES, the audio ES, and the additional
data stream, and an ancillary information packet is also generated. Information for 3D
reproduction of additional reproduction information and addition reproduction data
may be inserted at a PES packet level into a stream.

Closed caption data and closed caption 3D reproduction information according to the
first exemplary embodiment may be inserted into the video ES, a header of the video
ES, or a section. Subtitle data and subtitle 3D reproduction information according to
the second and third exemplary embodiments may be inserted into at least one of a
subtitle PES packet and a header of the subtitle PES packet. EPG data and EPG 3D re-

production information according to the fourth exemplary embodiment may be inserted
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into a descriptor field of an ATSC-PSIP table or a DVB_SI table.

In operation 4130, a TS is generated by multiplexing the video PES packet, the audio
PES packet, the additional data PES packet, and the ancillary information packet. The
TS may be transmitted via a predetermined channel.

FIG. 42 is a flowchart of a multimedia stream receiving method for 3D reproduction
of additional reproduction information, according to an exemplary embodiment.

In operation 4210, a TS for a multimedia stream including video data that includes at
least one of a 2D video image and a 3D video image is received and multiplexed, and a
video PES packet, an audio PES packet, an additional data PES packet, and an
ancillary information packet are extracted from the demultiplexed TS.

In operation 4220, a video ES, an audio ES, an additional data stream, and an
ancillary information stream are extracted from the video PES packet, the audio PES
packet, the additional data PES packet, and the ancillary information packet. The
ancillary information stream may include program related information such as PSI,
ATSC-PSIP information, DVB-SI, etc. The extracted video ES, the extracted audio ES,
the extracted additional data stream, and the extracted ancillary information stream,
may include additional reproduction data and information for 3D reproduction of ad-
ditional reproduction information.

In operation 4230, video, audio, additional data, and additional reproduction in-
formation are restored respectively from the video ES, the audio ES, the additional
data stream, and the program related information, and the information for 3D re-
production of the additional reproduction information is extracted.

Closed caption data and closed caption 3D reproduction information according to the
first exemplary embodiment may be extracted from the video ES, a header of the video
ES, or a section. Subtitle data and subtitle 3D reproduction information according to
the second and third exemplary embodiments may be extracted from at least one of a
subtitle PES packet and a header of the subtitle PES packet. EPG data and EPG 3D re-
production information according to the fourth exemplary embodiment may be
extracted from a descriptor field of an ATSC-PSIP table or a DVB_SI table.

In operation 4240, the video, the audio, the additional data, and the additional re-
production information are reproduced. 3D additional reproduction information may be
constructed based on the information for 3D reproduction of the additional re-
production information and may be reproduced in 3D together with video data.

Since 3D reproduction is performed after adjusting the depth of the additional re-
production information based on the information for 3D reproduction of the additional
reproduction information, or after securing the safety of offset information of the ad-
ditional reproduction information, viewers can be relieved from inconveniences caused

due to an inadequate depth between a video and the additional reproduction in-



108

WO 2011/059290 PCT/KR2010/008067
formation.
[568] The exemplary embodiments can be written as computer programs and can be im-

[569]

[570]

plemented in general-use digital computers that execute the programs using a computer
readable recording medium. Examples of the computer readable recording medium
include storage media such as magnetic storage media (e.g., ROM, floppy disks, hard
disks, etc.) and optical recording media (e.g., CD-ROMs, or DVDs).

While the various aspects have been particularly shown and described with reference
to exemplary embodiments thereof, it will be understood by those of ordinary skill in
the art that various changes in form and details may be made therein without departing
from the spirit and scope of the exemplary embodiments as defined by the appended
claims. The exemplary embodiments should be considered in descriptive sense only
and not for purposes of limitation. Therefore, the scope of the exemplary embodiments
is defined not by the detailed description of the exemplary embodiments but by the
appended claims, and all differences within the scope will be construed as being

included in the exemplary embodiments.
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Claims

A multimedia stream receiving method for 3-Dimensional (3D) re-
production of additional reproduction information, the method
comprising:

extracting a video packetized elementary stream (PES) packet, an audio
PES packet, an additional data PES packet, and an ancillary in-
formation packet by receiving and demultiplexing a transport stream
(TS) for a multimedia stream;

extracting a video elementary stream (ES), an audio ES, an additional
data stream, and an ancillary information stream from the video PES
packet, the audio PES packet, the additional data PES packet, and the
ancillary information packet, respectively, wherein the video ES, the
audio ES, the additional data stream, and the ancillary information
stream comprise additional reproduction information, to be reproduced
together with video data comprising at least one of a 2D video image
and a 3D video image, and additional reproduction information depth
information for 3D reproduction of the additional reproduction in-
formation;

restoring the video data, audio data, additional data, and additional re-
production information, and extracting the additional reproduction in-
formation depth information for 3D reproduction of the additional re-
production information, from the video ES, the audio ES, the additional
data stream, and the ancillary information stream; and

reproducing the additional reproduction information in 3D together
with the video data, based on the information for 3D reproduction of
the additional reproduction information,

wherein the additional reproduction information depth information for
3D reproduction of the additional reproduction information comprises
information about an offset of 3D additional reproduction information
for adjusting a depth of the 3D additional reproduction information
during 3D reproduction of the video data.

The multimedia stream receiving method of claim 1, wherein the offset
of the additional reproduction information represents at least one
selected from the group of a parallax indicating a displacement amount
of the 3D additional reproduction information , a coordinate of the 3D
additional reproduction information, and a depth of the 3D additional

reproduction information,
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wherein the reproducing of the additional reproduction information in
3D comprises displacing the 3D additional reproduction information in
a positive direction or in a negative direction by the offset of the 3D ad-
ditional reproduction information, based on the offset of the 3D ad-
ditional reproduction information and an offset direction of the 3D ad-
ditional reproduction information from among the additional re-
production information depth information for 3D reproduction of the
additional reproduction information; and

the offset represents a displacement amount of the 3D additional re-
production information expressed in a unit of a depth, a disparity, or a
binocular parallax of the video data.

The multimedia stream receiving method of claim 2, wherein the re-
producing of the additional reproduction information in 3D further
comprises: any one of (i) displacing the 3D additional reproduction in-
formation in a positive direction or in a negative direction by the offset
of the 3D additional reproduction information with respect to a zero
plane where a depth is at an origin, based on the offset of the 3D ad-
ditional reproduction information and the offset direction of the 3D ad-
ditional reproduction information;

(i1) displacing the additional reproduction information in a positive

direction or in a negative direction by the offset of the 3D additional re
production information with respect to the depth, the disparity, or the
binocular parallax of the video data that is to be reproduced together
with the 3D additional reproduction information, based on the offset of
the 3D additional reproduction information and the offset direction of
the 3D additional reproduction information;

(i11) displacing one from the group of first-view additional reproduction
information and second-view additional reproduction information of
the 3D additional reproduction information in a positive direction by
the offset of the additional reproduction information and displacing the
other view additional reproduction information in a negative direction
by the offset of the 3D additional reproduction information, based on
the offset of the 3D additional reproduction information and an offset
direction of the 3D additional reproduction information; and

(iv) displacing one from the group of first-view additional reproduction
information and second-view additional reproduction information of
the 3D additional reproduction information by the offset of the 3D ad-

ditional reproduction information with respect to a location of the other
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from the group of first-view additional reproduction information and
second-view additional reproduction information of the 3D additional
reproduction information, based on the offset of the 3D additional re-
production information and an offset direction of the 3D additional re-
production information.

The multimedia stream receiving method of claim 1, wherein the ex-
tracting of the video ES, the audio ES, the additional data stream, and
the ancillary information stream comprises extracting closed caption
data to be displayed with the video data on the display screen, from the
video ES; and

extracting closed caption depth information for 3D reproduction of the
closed caption data from at least one selected from the group of the
video ES, a header of the video ES, and the ancillary information
stream.

The multimedia stream receiving method of claim 1, wherein the ex-
tracting of the video ES, the audio ES, the additional data stream, and
the ancillary information stream comprises extracting a subtitle data
stream for subtitle data which is to be reproduced on the display screen
together with the video data, to serve as the additional data stream; and
extracting subtitle depth information for 3D reproduction of the subtitle
data from at least one selected from the group of the additional data
PES packet and a header of the additional data PES packet.

The multimedia stream receiving method of claim 5, wherein, when the
multimedia stream is received by an American National Standard
Institute/Society of Cable Telecommunications Engineers
(ANSI/SCTE) based cable communication system, the subtitle depth
information for 3D reproduction of the subtitle data comprises parallax
information representing a displacement amount of at least one of a
bitmap and a frame of a 3D subtitle, and offset information rep-
resenting at least one selected from the group of depth information of
the 3D subtitle and coordinate information of the 3D subtitle.

The multimedia stream receiving method of claim 5, wherein the ex-
tracting of the video ES, the audio ES, the additional data stream, and
the ancillary information stream further comprises extracting offset in-
formation for each region of a current page of the subtitle data from a
reserved field included in a page composition segment of the data
stream, when the multimedia stream is generated by a Digital Video

Broadcasting (DVB) communication system.
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The multimedia stream receiving method of claim 1, wherein the ex-
tracting of the video ES, the audio ES, the additional data stream, and
the ancillary information stream comprises extracting electronic
program guide (EPG) information reproduced together with the video
data, and EPG information depth information for 3D reproduction of
the EPG information, from the ancillary information stream.

The multimedia stream receiving method of claim 8, wherein in the ex-
tracting of the video ES, the audio ES, the additional data stream, and
the ancillary information stream, when the multimedia stream is
received by an Advanced Television Standards Committee (ATSC)
communication system, the EPG information depth information for 3D
reproduction of the EPG information is extracted from a descriptor
field of an ATSC-based Program Specific Information Protocol (PSIP)
table.

The multimedia stream receiving method of claim 10, wherein the ex-
tracting of the video ES, the audio ES, the additional data stream, and
the ancillary information stream further comprises, when the
multimedia stream is generated by a Digital Video Broadcasting (DVB)
communication system, extracting the EPG information depth in-
formation for 3D reproduction of the EPG information from a de-
scriptor field of a DVB-based Specific Information (SI) table.

A multimedia stream generating method for 3-dimensional (3D) re-
production of additional reproduction information, the method
comprising:

generating a video elementary stream (ES), an audio ES, an additional
data stream, and an ancillary information stream that respectively
comprise video data, audio data related to the video data, data of ad-
ditional reproduction information to be reproduced with the video data
on a display screen, and additional reproduction information depth in-
formation for 3D reproduction of the additional reproduction in-
formation, wherein the video data comprises at least one of a
2-dimensional (2D) video image and a 3D video image;

generating a video packetized elementary stream (PES) packet, an
audio PES packet, a data PES packet, and an ancillary information
packet by respectively packetizing the video ES, the audio ES, the ad-
ditional data stream and the ancillary information stream; and
generating a transport stream (TS) by multiplexing the video PES
packet, the audio PES packet, the additional data PES packet, and the
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ancillary information packet,

wherein the additional reproduction information depth information for
3D reproduction of the additional reproduction information comprises
information about an offset amount of 3D additional reproduction in-
formation for adjusting a depth of the 3D additional reproduction in-
formation during 3D reproduction of the video data.

The multimedia stream generating method of claim 3, wherein the ad-
ditional reproduction information depth information for 3D re-
production of the additional reproduction information further comprises
information about an offset direction of the 3D additional reproduction
information during 3D reproduction of the video data.

A multimedia stream receiving apparatus for 3-dimensional (3D) re-
production of additional reproduction information, the multimedia
stream receiving apparatus comprising:

a receiver which receives a transport stream (TS) for a multimedia
stream that comprises video data comprising at least one of a
2-dimensional (2D) video image and a 3D video image;

a demultiplexer which demultiplexes the received TS to extract a video
packetized elementary stream (PES) packet, an audio PES packet, an
additional data PES packet, and an ancillary information packet and
extracts a video elementary stream (ES), an audio ES, an additional
data stream, and an ancillary information stream from the video PES
packet, the audio PES packet, the additional data PES packet, and the
ancillary information packet, wherein the video ES, the audio ES, the
additional data stream, and the ancillary information stream comprise
additional reproduction information, which is reproduced together with
the video data on a display screen, and additional reproduction in-
formation depth information for 3D reproduction of the additional re-
production information;

a decoder which restores the video data, audio data, additional data, and
the additional reproduction information , and extracts the information
for 3D reproduction of the additional reproduction information, from
the video ES, the audio ES, the additional data stream, and the ancillary
information stream; and

a reproducer which reproduces the additional reproduction information
in 3D together with the video data, based on the information for 3D re-
production of the additional reproduction information.

A multimedia stream generating apparatus for 3-dimensional (3D) re-
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production of additional reproduction information, the multimedia
stream generating apparatus comprising:

a program encoder which generates a video elementary stream (ES), an
audio ES, an additional data stream, and an ancillary information
stream that respectively comprise video data, audio data related to the
video data, data of additional reproduction information which is to be
reproduced together with the video data on a display screen, and ad-
ditional reproduction information depth information for 3D re-
production of the additional reproduction information, and which
generates a video packetized elementary stream (PES) packet, an audio
PES packet, a data PES packet, and an ancillary information packet by
respectively packetizing the video ES, the audio ES, the additional data
stream and the ancillary information stream; and

a TS generator which generates a TS by multiplexing the video PES
packet, the audio PES packet, the additional data PES packet, and the
ancillary information packet,

wherein the video data comprises at least one of a 2-dimensional (2D)
video image and a 3D video image.

A computer readable recording medium having embodied thereon in-
structions that, when executed by a computer, causes the computer to

perform a method of any one of claims 1-12.
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