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Description

Title of Invention: DATA TRANSMITTING APPARATUS, DATA

[1]

[2]

[3]

[4]

[5]

RECEIVING APPARATUS, DATA TRANSRECEIVING

SYSTEM, DATA TRANSMITTING METHOD, DATA

RECEIVING METHOD AND DATA TRANSRECEIVING

METHOD
Technical Field

Apparatuses and methods consistent with exemplary embodiments relate to a data
transreceiving apparatus and method, and more particularly, to a data transmitting
apparatus, a data receiving apparatus, a data transreceiving system, a data transmitting
method, a data receiving method, and a data transreceiving method, which transmit
multichannel audio signals in wired interface environments.

Background Art

Recently, as multimedia environments have been implemented, wired interface envi-
ronments for various types of data transmission have been proposed. For example,
high-definition multimedia interface (HDMI) and mobile high definition link (MHL)
prescribe transmission standards for various formats of image data, audio signals, and
control signals. In particular, with the development of multiview environments in
which a plurality of contents are displayed on one screen and a plurality of users can
watch contents which are different from each other, multicontent (multistream) audio
signal transmission standards for transreceiving sound for each type of content are
needed. Various formats and device environments used in the related art have to be

considered in the transmission of the multichannel audio signals.
Disclosure of Invention

Technical Problem

One or more exemplary embodiments provide a data transmitting apparatus, a data
receiving apparatus, a data transreceiving system, a data transmitting method, a data
receiving method, and a data transreceiving method, which transmit multistream
(multicontent) audio signals.
Solution to Problem

One or more exemplary embodiments may overcome the above disadvantages and
other disadvantages not described above. However, it is understood that one or more
exemplary embodiment are not required to overcome the disadvantages described
above, and may not overcome any of the problems described above.

According to an aspect of an exemplary embodiment, there is provided a data
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transmitting apparatus. The data transmitting apparatus may include: a packet
generator configured to generate a packet including a plurality of sub packets; and a
transmitter configured to transmit the generated packet to a data receiving apparatus.
Each of the plurality of sub packets may include audio data corresponding to content
among a plurality of contents.

Each of the plurality of sub packets may further include an identification field which
represents whether the corresponding sub packet indicates content among the plurality
of contents.

The generated packet may include a header and the header may include one of a
stream present bit indicating whether or not each of the plurality of sub packets
includes the audio data and a stream flat bit indicating whether or not the audio data
included in each of the plurality of sub packets is effective data.

Each of the plurality of sub packets may store a portion of the audio data.

The audio data may include audio signals of two channels or more.

The audio data may comply with an international electrotechnical commission (IEC)
60958 format.

According to another aspect of an exemplary embodiment, there is provided a data
receiving apparatus. The data receiving apparatus may include: a receiver configured
to receive a packet including a plurality of sub packets; and a packet parsing unit
configured to perform parsing on the received packet. Each of the plurality of sub
packets may include audio data corresponding to content among a plurality of contents.

The received packet may include a header and the header may include one of a
stream present bit indicating whether or not each of the plurality of sub packets
includes the audio data and a stream flat bit indicating whether or not the audio data
included in each of the plurality of sub packets is effective data.

Each of the plurality of sub packets may store a portion of the audio data.

The audio data may include audio signals of two channels or more.

The audio data may comply with an IEC 60958 format.

According to another aspect of an exemplary embodiment, there is provided a data
transreceiving system. The data transreceiving system may include: a data transmitting
apparatus configured to generate a packet including a plurality of sub packets and
transmit the generated packet; and a data receiving apparatus configured to receive the
transmitted packet and perform parsing on the received packet. Each of the plurality of
sub packets may include audio data corresponding to content among a plurality of
contents.

According to another aspect of an exemplary embodiment, there is provided a data
transmitting method. The data transmitting method may include generating a packet

including a plurality of sub packets; and transmitting the generated packet to a data
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receiving apparatus. Each of the plurality of sub packets may include audio data corre-
sponding to content among a plurality of contents.

Each of the plurality of sub packets may further include an identification field which
represents whether the corresponding sub packet indicates content among the plurality
of contents.

The generated packet may include a header and the header may include one of a
stream present bit indicating whether or not each of the plurality of sub packets
includes the audio data and a stream flat bit indicating whether or not the audio data
included in each of the plurality of sub packets is effective data.

Each of the plurality of sub packets may store a portion of the audio data.

According to another aspect of an exemplary embodiment, there is provided a data
receiving method. The data receiving method may include: receiving a packet
including a plurality of sub packets; and performing parsing on the received packet.
Each of the plurality of sub packets may include audio data corresponding to content
among a plurality of contents.

The received packet may include a header and the header may include any one of a
stream present bit indicating whether or not each of the plurality of sub packets
includes the audio data and a stream flat bit indicating whether or not the audio data
included in each of the plurality of sub packets is effective data.

Each of the plurality of sub packets may store a portion of the audio data.

The audio data may include audio signals of two channels or more.

According to another aspect of an exemplary embodiment, there is provided a data
transreceiving method. The data transreceiving method may include: transmitting an
extended display identification data (EDID) block including at least one of a first sub
block indicating three-dimensional (3D) audio characteristics of multichannel audio
data and a second sub block indicating 3D speak allocation information of the mul-
tichannel audio data from a first apparatus to a second apparatus; transmitting a meta
data packet including at least one of an ACAT field indicating channel allocation
standard type information of the multichannel audio data, a channel count field in-
dicating the number of channels of the multichannel audio data, and a 3D channel/
speaker allocation field indicating channel/speaker allocation information of the mul-
tichannel audio data from the second apparatus to the first apparatus; transmitting at
least one multichannel audio sample data packet from the second apparatus to the first
apparatus; and performing parsing on the transmitted at least one multichannel audio
sample data packet to output audio in the first apparatus. The at least one multichannel
audio sample data packet may include a plurality of sub packets and each of the
plurality of sub packets includes an identification field for identifying a position or an

order thereof among the plurality of sub packets.
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According to another aspect of an exemplary embodiment, there is provided a data
transreceiving method. The data transreceiving method may include: transmitting an
EDID block including a sub block indicating multistream audio characteristics of mul-
tichannel audio data from a first apparatus to a second apparatus; transmitting an audio
infoframe packet including at least one of a channel count field indicating the number
of channels of the multichannel audio data and a 3D channel/speaker allocation field
indicating channel/speaker allocation information of the multichannel audio data from
the second apparatus to the first apparatus; transmitting at least one audio sample data
packet from the second apparatus to the first apparatus; and performing parsing on the
transmitted at least one audio sample data packet to output audio in the first apparatus.
The at least one audio sample data packet may include a plurality of sub packets and
each of the plurality of sub packets may include audio data corresponding to content

among a plurality of contents.
According to the above-described various exemplary embodiments, a packet

including a plurality of sub packets is generated and each of the plurality of sub
packets includes audio data corresponding to content among a plurality of contents so
that standards, which are capable of transmitting audio signals for the plurality of
contents as one packet, are provided.

Additional aspects and advantages of the exemplary embodiments will be set forth in
the detailed description, will be obvious from the detailed description, or may be

learned by practicing the exemplary embodiments.

Advantageous Effects of Invention

Brief Description of Drawings

The above and/or other aspects will be more apparent by describing in detail
exemplary embodiments, with reference to the accompanying drawings, in which:

FIG. 1 is a view illustrating a transmission timing of a 3D audio signal;

FIG. 2 is a block diagram illustrating a configuration of a data transreceiving system
according to an exemplary embodiment;

FIG. 3 is a block diagram illustrating a configuration of a data transmitting apparatus
of the data transreceiving system of FIG. 2;

FIG. 4 is a block diagram illustrating a configuration of a data receiving apparatus of
the data transreceiving system of FIG. 2;

FIG. 5 is a view representing a transmission stream of an audio sample packet
according to an exemplary embodiment;

FIG. 6 is a view representing a transmission stream of an audio sample packet

according to another exemplary embodiment;
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FIG. 7 is a view illustrating a transmission stream format according to an exemplary

embodiment;
FIG. 8 is a view representing a transmission stream of an audio sample packet

according to an exemplary embodiment;

FIGS. 9 and 10 are views representing transmission streams of multistream audio
sample packets according to an exemplary embodiment;

FIG. 11 is a view representing a transmission stream of a multistream audio sample
packet according to an exemplary embodiment;

FIG. 12 is a schematic diagram showing transmission of speaker position information
using consumer electronic control (CEC) according to an exemplary embodiment;

FIG. 13 is a view illustrating a sequence of transmitting a 3D audio sample from a
blu-ray disc player (BDP) to a television (TV) according to an exemplary embodiment;

FIG. 14 is a view illustrating a sequence of transmitting multistream audio from a
BDP to a TV according to an exemplary embodiment;

FIG. 15 is a view illustrating a speaker arrangement for a channel of 3D audio
according to an exemplary embodiment; and

FIGS. 16 to 19 are flowcharts illustrating data transmitting methods and data
receiving methods according to various exemplary embodiments.

Best Mode for Carrying out the Invention

Certain exemplary embodiments will now be described in greater detail with
reference to the accompanying drawings.

In the following description, the same drawing reference numerals are used for the
same elements even in different drawings. The matters defined in the description, such
as a detailed construction and elements, are provided to assist in a comprehensive un-
derstanding of the exemplary embodiments. Accordingly, it is apparent that the
exemplary embodiments can be carried out without those specifically defined matters.
Also, well-known functions or constructions are not described in detail since they
would obscure the exemplary embodiments with unnecessary detail.

The term ‘multi-channel audio’ as used herein indicates audio signals having more
than 2 channels. In the following description of the exemplary embodiments, the multi-
channel audio is divided into 2-dimensional (2D) audio channels and 3-dimensional
(3D) audio channels. The ‘2D audio channels’ have a plurality of audio channels from
2 channels to 8 channels, and indicate audio channels in which speakers corresponding
to the respective channels are placed on a plane. In contrast, the ‘3D audio channels’
have a plurality of audio channels including more than 9 channels, and speakers corre-
sponding to the respective channels are placed on a 3D space.

For instance, exemplary embodiments may implement the 3D audio use channel
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layout defined in TTA (10.2ch), SMPTE2036-2 (22.2¢ch) or IEC62574 (30.2ch). The
3D audio may include down mix audio streams as is defined herein.

The term ‘multi-stream audio’ indicates audio signals having audio signals classified
corresponding to each view in a multi-view environment in which two or more distin-
guishing contents are viewable. Audio signals of each view may be multi channel
audio. For example, the multi-stream audio may be a class of audio streams related to
video streams transmitted using a 3D video format, if a multi-view video, such as those
associated with dual view games or quad view games, is supported.

In the following, the exemplary embodiments will be explained based on 3D audio
having from 9 to 32 channels (or more), which is extended from the audio of the
HDMI 1.4b specification, and multi-stream audio for multi-view display apparatuses.
More importantly, alterations to be described below are included to support the new
audio features.

However, because exemplary embodiments may be applied to transmitting standards
of various wiry interfaces, such as the Mobile High-Definition Link (MHL) standard as
well as the High-Definition Multimedia Interface (HDMI) standard within an
equivalent scope of the technical art, the exemplary embodiments to be described
below may be effective in similar wiry interface transmitting standards.

In the following description, a new definition of HDMI packets transmitted through a
data island period (including 3D Audio Sample Packets, 3D One Bit Audio Sample
Packets, Audio Metadata Packets, Multi-Stream Audio Sample Packets and Multi-
Stream One Bit Audio Sample Packets), a packetization process for the packets, and a
definition of HDMI audio data blocks within Extended Display Identification Data
(E-EDID) to support discovering functions according to new features will be
described. Unless otherwise defined herein, according to exemplary embodiments, the
specifications are basically according to HDMI 1.4b and not altered from HDMI 1.4b.

Explanations contrary to HDMI 1.4b may be replaced with newly defined features
mentioned below, however, other explanations may be consistent with the specification
of HDMI 1.4b. The specification refers to the followings.

HDMI, HDMI Licensing, LL.C, High-Definition Multimedia Interface Specification
Version 1.4b, October 11, 2011

TTA, TTAK.KO-07.0098, Audio Signal Formats for Ultra High Definition (UHD)
Digital TV, December 21, 2011

SMPTE, SMPTE 2036-2:2008, UHDTYV Audio characteristics and audio channel
mapping for program production, 2008

IEC, IEC 62574 ed. 1.0, Audio, video and multimedia systems General channel as-
signment of multichannel audio, April 7, 2011

MHL, LLC, Mobile High-definition Link version 2.0, February, 2012



WO 2013/122385 PCT/KR2013/001128

[60]
[61]
[62]

[63]
[64]

[65]
[66]

[67]

*TTA: Telecommunications Technology Association

Overview

Basic audio functions include a function related to a linear pulse-code modulation
(L-PCM) audio stream of IEC 60958 in which the sample rate is 32 kHz, 44.1 kHz, or
48 kHz. This audio stream may contain a normal stereo stream. Optionally, HDMI may
transmit audio having from 3 to 32 audio channels at the sample rate of 192 kHz. The
HDMI may transmit audio streams in the IEC 61937 compression format having a bit
rate reaching 49.152 Mbps (e.g., surround sound). HDMI may transmit one bit audio
having from 2 to 32 audio channels and Direct Stream Transfer (DST), i.e., one bit
audio in compression format. HDMI may transmit a 3D audio stream in which the
speaker can be placed anywhere in 3D space. The 3D audio stream may include 32
audio channels at maximum, which are transmitted in a data island period through con-
secutive packets. HDMI may transmit a plurality of audio streams, if multi-view video
streaming (for instance, dual view games or quad view games having a plurality of
audio in each view) is supported. Regarding this case, four stereo audio streams may
be supported.

Data Island Packet Definition

In section 5.3.1 packet header of the HDMI 1.4b specification, Tables 5-8 may be
replaced with the following tables.

Table 1 - Packet Types

Packet Type Packet Type Described in
V alue Section
000 Hull 532
0x01 Andio Clock Regeneration (M/CTE) 533
0x02 Audio Jample(L-PCM and IEC 61937 compressed 534

formats)

0x03 General Control 534
Ox04 ACPE Packet 537
0x035 IZRC1 Packet 538

Ox06 ISRC2 Packet “
0x07 One Bit Audio S3ample Packet 5319
Ox08 D3T Audo Packet 5310
009 High Bitrate(HBR) Audio Stream Packet (JEC 61937) 5311
0x04 Gamut Metadata Packet 5312
0x0B 3D Audio Jample Packet 5313
0z0C 3D One Bit Audio Sample Packet 5314
0=0D Audo Metadata Packet 5315
0x0E Multi-Streatm Audio Sample Packet 53164
Ox0F Mhudti-Btream One Bit Audio Sample Packet 5317
OxE0H rfoFra InfoFrame Packet 535

me Type

0z21 Vendor-Zpecific InfoFrame 823
0xzE2 AV IofoFrame 221

0x23 Sowce Product Descriptor InfoFrame -
Ox24 Audio InfoFrame 322

0x85 MPEG 3Jource InfoFrame -

* For packet layout for the InfoFrames, section 8.2 of the HDMI 1.4b specification

should be referred to.
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Referring to Table 1, new packets are defined from areas 0xOB to OxOF. In 0x0B, a
3D Audio Sample Packet is defined. In 0xOC, a 3D One bit Audio Sample Packet is
defined. Further, an Audio Meta Data Packet is defined in 0x0D, a Multi-Stream Audio
Sample Packet is defined in OxOE, and a Multi-Stream One bit Audio Sample Packet is
defined in OxOF. Newly defined packets will be explained in detail below.

Further, various alternative suggestions that do not newly define packets will be also
explained. The packet definitions of Table 1 will be referred to as a first exemplary
embodiment. Various alternative suggestions will be referred to as a second exemplary
embodiment, a third exemplary embodiment, and so on. Various alternative sug-
gestions will be explained based on differences from the first exemplary embodiment.

1-1. 3D Audio Sample Packet

First Exemplary Embodiment

In a first exemplary embodiment, 3D audio in an L-PCM format may be transmitted
using newly defined 3D audio sample packets. As described above, the ‘3D audio’ is
defined as the audio in which speakers can be placed on a determined position
according to a 3D audio standard (e.g., 10.2ch, 22.2ch, 30.2ch, or more) in 3D space.

A 3D audio stream may include 32 audio channels (or more) and be transmitted in a
data island period through consecutive packets. Each packet may have up to 8 audio
channels. A packet header may include sample-start and sample-present bits to inform
(indicate) the packet position within a 3D audio sample, which will be described
below. The following table represents a 3D audio sample packet header.

Table 2 - 3D Audio Sample Packet Header

Byte/Bit 7 f 5 4 3 2 1 0
#

HEO 0 1] 1] 1] 1 1] 1 1
HEL Revd Rawd Rewd satnple satple Sample Sample Hample
(1] (m (m start presetit present present presetit

s spd spl spld

HEZ B3 B2 Bl BO satple satnple satnple satple
flat sp3 flat sp2 flat spl flat spl

Each field includes the following information.

sample_start: [1 bit] indicates that, if sample-startis 1, a current packet is a first
packet of a 3D audio sample. Thus, sample_start indicates the beginning of a 3D audio
stream. Sink distinguishes a starting part of a sample from sample-start.

sample_start=1 indicates that a current 3D audio sample packet is fully packetized to
8 audio channels, in addition to indicating that the current 3D audio sample packet is a
first packet of 3D audio samples. However, if 3D audio down-mixed lower than 8
audio channels is transmitted, only 8 audio channels or less can be packetized.
sample_start=0 indicates that a current 3D audio sample packet is a middle or last

packet of 3D audio samples, and includes 8 audio channels or less. Setting of five
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effective sample_present bits of a 3D audio sample packet may only be present.

sample_present.spX: [4 fields, 1 bit each] indicates whether a sub packet X includes
an audio sample. One piece of 3D audio sample data may be included in two 3D audio
sample packets or more, and each 3D audio sample packet may have four sub packets.
Thus, each 3D audio sample packet header may have four sample-present bits in total
corresponding to the four sub packets. Each sample_present bit indicates whether a
corresponding sub packet has a part of a 3D audio sample.

sample_flat.spX: [4 fields, 1 bit each] indicates whether a sub packet X refers to a
flatline sample or not. It is valid if sample_present.spX is established. If available
audio data that can be used at sources is not found, four sample_flat.spX bit may be es-
tablished. The establishing may occur when a sample rate changes or when temporary
stream interruptions exist. If sample_flat.spX is established, the sub packet X still
refers to a sample period, however, does not include available audio data.
sample_{flat.spX is valid only if a corresponding sample_present.spX bit is established.

Adjacent 3D audio sample packets may be utilized in transmitting one 3D audio
sample having from 9 to 32 channels of L-PCM audio (i.e., frames are 5 to 16 IEC
60958 frames).

Table 3 presents valid sample_present bit values.

Table 3 - Valid Sample_Present Bit Configurations for 3D Audio Transmission

SP0 3P =Pl SP3 | Description
1] 1] 1] 1] HNo 3ubpackets contaitn parts of the audic sample
1 n n n Only Subpacket 0 contains one part of the audio sample
1 1 n n Subpackets 0 and 1 contain two comtigious parts of the audio
sample
1 1 1 n Subpackets 0, 1 and 2 comtain three contiguous parts of the audo
sample
1 1 1 1 Subpackets 0, 1 and 3 comtain four contiguous parts of the audio
sample

B.X: [4 fields, 1 bit each] indicates that if a sub packet X includes a first frame in 192
frames consisting of an IEC 60958 block, B.X=1. Otherwise, B.X=0.

3D audio sample packets include an audio sample packet header as shown in Table 2
and four sub packets. Each sub packet of 3D audio sample packets has 3D audio
sample data defined according to IEC 60958.

If sources request a down mix of a 3D audio stream, a down-mixed audio stream may
be transmitted using 3D audio sample packets. If Sink does not support 3D audio,
sources may not transmit a 3D audio sample packet. Converting 3D audio to legacy
audio format may be out of the scope of this specification. Based on channel numbers,
numerous sub packet layouts which are different from each other may exist. In the

following, Tables 4 to 6 indicate examples of 3D audio packet layouts for 12, 24, and
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Table 4 - Example of 3D Audio Sample Packet Layout for 12 channels
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Pack | sample_sta Mum
ot # o ‘I;lal_ue Channels Samples Subpkt 0 Subpkt 1 Subpkt 2 Subpktd
Chnl 54
0 1 Chnd 1,2 Chil 3.4 (sampl; Chil 7.8
(sample 07 (sample 0) m (samyple O)
12 1
Chnl 9, 10 Chel 11,12
1 I ’ ’
(sample 0y | (sample @y | °MEF | emply

Table 5 - Example of 3D Audio Sample Packet Layout for 24 channels

Packet | Sample st | MU | omples | Subpkt 0 | Subpld | | Subpkt2 | Subpkt 3
. . Chel 1,2 | Chel 34 | Chnl 56 | Chel 7,8
(sample 0) | (sample O | (sample 00 | (sample O)
1 0 24 1
5 o Chnl 17,18 F;‘;’é Chrl 21,22 203}2’;
le 00 ’ (sample I ’
(ams (semple 0) (samgle )
Table 6 - Example of 3D Audio Sample Packet Layout for 32 channels (Max)
Pa;k“ Sm‘fiﬁ:tm C]Numls samples | Subpkt 0 | Subpkt 1 | Subpkt 2 | Subgkt 3
. X Chnl 1,2 Chnl 34 | Chol 56 | Chol 7.2
(sample O) (sample 00 | (sample 0) | (sample 00
1 0 iz ;
2 ] (Dlax)
Chel 25,26 | Cha 2728 | Cho Chinl
3 0 o o 29,30 3132
(sample 0) (sample O) (sample 0) [ (sample O)

FIG. 1 illustrates timing of transmitting 3D audio signals.

Referring to FIG. 1, in a horizontal blanking interval, three 2D audio signal samples
of 8 channels each are transmitted. In the same time duration used in transmitting the
above, one sample in a 3D audio signal of 24 channels is transmitted.

Video Dependency

Table 7 presents sample rates that can be available to transmit 3D audio at various
video format timings described in CEA-861-F (also described in D or E). Assume that
a 58 TMDS clock period of the horizontal blanking interval is necessary for content
protection re-synchronization. Transmitting 3D audio may be supported by 3D audio
sample packets.

Table 7 presents a maximum sampling frequency of 3D audio for 24 bit video format
timing.

Table 7 - Maximum Sampling Frequency of 3D Audio for Video Format Timing
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[102] Second Exemplary Embodiment
[103] According to the second exemplary embodiment, which is different from the first

exemplary embodiment, a conventional audio sample packet format may be modified and

used.

RECTIFIED SHEET (RULE 91) ISA/KR
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[104] As shown in Table 8 below, a reserved area of a conventional audio sample
packet may be used as segment_indicator. According to an exemplary embodiment,

segment_indicator may be expressed with two bits. If segment_indicator=00, a first packet
is indicated. Further, it is indicated that a packet is an odd packet of middle packets, if
segment_indicator=01, that a packet is an even packet of middle packets, if
segment_indicator=10 and that a packet is a last packet, if segment_indicator=11. Also, the

above identifiers are merely examples only, and packets matched with bits

RECTIFIED SHEET (RULE 91) ISA/KR



WO 2013/122385 PCT/KR2013/001128

[105]

[106]

[107]

[108]

[109]
[110]

[111]
[112]

[113]
[114]

[115]

[116]

13

may be different.

The above structure can find if segments are damaged or not. If one segment is
damaged, an nth sample having the damaged segment may be dropped, or only the
damaged audio sample packet may be discarded. A segment indicates an individual
audio sample packet in a group in which one audio sample packet or more are grouped.

Layout indicates information regarding the number of samples and channels in
HDMI 1.4b. For instance, one audio sample packet may include four audio samples of
two channels or one audio sample of 8 channels. Expanded in this specification,
layout_ext field in a conventional reserved area is created, indicating information
regarding whether a 3D audio is provided with layout.

For instance, if layout_ext=0 and layout=0, 1, the number of 2D audio samples and
channels are indicated likewise according to a conventional method. However, if
layout_ext=1 and layout=0, 3D audio samples are indicated. If layout_ext=1 and
layout=1, multi-stream audio samples are indicated.

Fields except for those described specifically in the description of the second
exemplary embodiment may be the same as in the first exemplary embodiment.

Table 8 - Modified Audio Sample Packet

Bit 7 | Bitéa [ Bit3 [ Bit4 | Bit 3 | Bit 2 | Hitl [ Hit 0
Packet type — 0x02 (Audio Sample Packet)

- Sample pres | Sample pres | Sample pres | Sample_pres
Jegnent indictaor | Layout ext | layowt mptl.spE mptl.spE mptl.spl erI;,.sEIDJ
Sample flat. | Sample fldt. | Sample fld | Sample flat
BZ B2 Bl EBO o~ g gl 550

Audio Sample Subpacktet 0 (TBytes)

Audio Sample Subpacktet 1 (TByted)

Audio Sample Subpacktet 2 (FBytes)

Audio Sample Subpacktet 3 (FBytes)

Table 8-1 segment_indicator field

Segment

indicator Description
oo Start segment
01 mid segment(odd)
1a mid_segm ent{ ever)
11 End segment

Table 8-2 retation between layout and layout_exit : refer to table7-6 HDMI 1.4b

Layout | layout
exit

0

Description

2ch £ 4 samples

ch /1 samples
3D Audio

1]
0 1
1 1]
1 1

Feszerved

FIG. 5 illustrates a transport stream of an audio sample packet according to the
second exemplary embodiment.

Referring to FIG. 5, each field value is established when transmitting two sample
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packets in the horizontal blanking interval regarding 3D audio of 22.2 channels. In a
first packet, a segment_indicator=00, in a second packet, a segment_indicator=10, and
in a last packet, a segment_indicator=11. Because the above examples are 3D audio
signals, layout_ext=1 and layout=0. Similar field values are found in 3D audio of 10.2
channels.

Third Exemplary Embodiment

According to a third exemplary embodiment, a conventional audio sample packet
format is also altered and used while indicating less information as compared to the
second exemplary embodiment.

Referring to Table 9 below, a reserved area of a conventional audio sample packet
may be used as multichannel_indicator. Different from segment_indicator of the
second exemplary embodiment, multichannel_indicator indicates information
regarding whether an audio sample packet is 3D audio or not. According to bit in-
formation of multichannel_indicator, information indicated by a layout field may
change.

Thus, multichannel_indicator may be expressed with one bit. If mul-
tichannel_indicator=0, a layout field indicates the channel/sample layout defined in tra-
ditional HDMI 1.4b. If multichannel_indicator=1, layout field indicates the layout
which transmits multi-channel audio sample data using more than 8 channels. In this
case, layout is used in referring to a start of a sample. If layout=1, it indicates that a
current audio sample packet includes a start of a sample. If layout(start)=0, it indicates
that a current audio sample packet does not include a start of a sample. Also, the above
description is exemplary only, and packets matched with bits may be different. Fields
except for those described in the third exemplary embodiment are the same as in the
first exemplary embodiment.

Table 9 - Modified Audio Sample Packet Header

Bit 7 | Bit & | Bit 5 | Bit 4 Bit 3 Bit 2 Bitl Bit 0
Packet type = 0x02 (Audio Sample Packet)

4 Llulticharnel | Layout/ | Sample_prese | Sample_prese | Sample prese | Sample_prese
reserve _indicator statt nt. sp’ nt.apd nt.spl it spll
B3 B3 E1 B Sample flats | Samyple flats | Sample flats | Sample flats

p3 1 rl 10
Audio sample subpacket 0 (FBytes)

Audio

sample subpacket 1 (7Bytes)

Audio

satiple subpacket 2 (FBytes)

Audio

sample subpacket 3 (7Bytes)

Table 9-1 - Multichannel_indicator and Layout/start
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Ilulti charmel

indicator L ayoutsstart Description

0 0 2eh £ 4 samyples

1] 1 &ch /1 sample

Iulti-channel £ 1
1 ] satple
(Mon-start of sample)

Iulti-channel £ 1
1 1 sample
(start of sample)

The above structure minimizes changes in a reserved area of conventional audio
sample packets while indicating information regarding whether 3D audio is included
with an audio sample packet. Thus, the packet structure according to the third
exemplary embodiment is simpler than the second exemplary embodiment.

FIG. 6 illustrates a transport stream of audio sample packets in the third exemplary
embodiment.

Referring to FIG. 6, each field value is established when transmitting two sample
packets in the horizontal blanking interval regarding 3D audio of 22.2 channels. In a
first packet, layout=1, and in a second packet and a third packet, layout=0. However,
because every packet is part of 3D audio signals, multichannel _indicator=1. Similar
field values are established in 3D audio of 10.2 channels.

Fourth Exemplary Embodiment

According to a fourth exemplary embodiment, a conventional audio sample packet
format is also altered and used, but unlike the second exemplary embodiment, in-
formation regarding whether or not multi-stream audio is provided is further provided.

Referring to Table 10 below, a reserved area of a conventional audio sample packet
may be used as Stream_ID and multiASP_layout. multiASP_layout performs the same
function of multichannel indicator in the third exemplary embodiment. In other words,
multiASP_layout indicates whether or not 3D audio is provided. Information indicated
by layout fields are different according to bit information of multiASP_layout.

Stream_ID indicates stream numbers if multi-stream audio is provided. According to
an exemplary embodiment, one bit may be used in Stream_ID, and 0 indicates a first
stream and 1 indicates a second stream. Each stream corresponds to a view of contents
which are different from each other. Also, the above description is exemplary only, and
packets matched with bits may be different.

If one view corresponding to multi-stream audio has audio signals of 8 channels or
less, it will not be found that Stream_ID and multiASP_layout are simultaneously O in
one audio sample packet.

Table 10 - Modified Audio Sample Packet Header
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Bi7 | Bits | Bits | Bid |

Bit3

Bit2

Bitl

| B

HEO

Packet type = Ox02

Stream

HE1 D

multidy
3P _lay
out

res
BV
ed

L ayout
[ start

Sample_pres
ent. gp3

Sample_pres
ent. gp

Sample_pres
et spl

Sample_pres
ent. spl0

HEZ B3

B2

Bl BO

Sample_flat.
sp3

Sample_flat.
spl

Sample_flat.
spl

Sample flat.
spl

aFP0 Audio Sample Bubpacktet 0 (TBytes)
a1 Audio Sample Bubpacktet 1 (TBytes)

2p7 Audio Sanple Subpacktst 2 (TBytes)

aP3 Audio Sample Bubpacktet 3 (TBytes)

Table 10-1 - Description of Stream__ID

Stream_ ID

description

0

1 stream

1

2 streasn

The above structure has the effect of achieving compatibility in displaying in-
formation of both multi-stream audio and 3D audio through one data sample packet.
Further, if identifiers of Stream_ID field and stream are created, a plurality of streams
may be distinguished from each other when being transmitted. Thus, multi-stream
audio sample data exceeding one packet size can be transmitted. Also in the fourth
exemplary embodiment, fields except for those described specifically above are the
same as in the first exemplary embodiment.

An audio data transport stream which combines values of Stream_ID field,
multiASP_layout field and layout/start field may also be considered. If
multiASP_layout=1, a transport stream of 3D audio is indicated, and layout/start
indicates information regarding a start of a packet. If Stream_ID=1, multi-stream is
indicated, and the number of channels and samples is established according to layout/
start. For instance, a Sink which receives a packet in which Stream_ID=1 recognizes
that multi-stream audio data is transmitted and that the currently received packet is a
second stream audio data of two multi-stream audio data.

Fifth Exemplary Embodiment

According to a fifth exemplary embodiment, a conventional audio sample packet
format is also altered and used.

Referring to Table 11 below, a reserved area of a conventional audio sample packet
may be used as Supports_Multistream and multiASP_layout. multiASP_layout
performs the same function of multiASP_layout in the fourth exemplary embodiment.
In other words, multiASP_layout indicates whether or not 3D audio is provided. In-
formation indicated by a layout field is different according to bit information of
multiASP_layout.

Supports_Multistream indicates information regarding whether or not multi-stream

audio is provided. According to an exemplary embodiment, one bit may be used in
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Supports_Multistream. 1 indicates that multi-stream audio is provided. Also, the above
description is merely exemplary only, and packets matched with bits may be different.

According to the fifth exemplary embodiment, one audio sample packet may include
four multi-stream audio samples of 2 channels at a maximum. An audio sample in each
view may be transmitted corresponding to each of four sub packets.

If one view corresponding to multi-stream audio has audio signals having 8 channels
or less, it will not be found that Supports_Multistream and multiASP_layout are O si-
multaneously in one audio sample packet.

Table 11 - Modified Audio Sample Packet Header

By | Bis | Bis | B4 | B3 | Btz | Bit Bitl
HEOD Packet type = 0x02

Supp
HEL I?-;EEL Sr;uit:?o reset | Layowt | Sample pres | Sample_pres | Sample_pres | Sample pres

sdrea ph wed /' ostart ent.sp3 ent.sp2 ent.spl ettt spl

m

Sample flat | Sample flat | Sample flat | Sample flat
HEZ B3 B2 Bl BO = = -
spl spl spl sp0

PO Audio Sample Subpacktet 0 (FBwvtes) : Reserved for 1 stream
1 Audio Sample Bubpacktet 1 (TBytes) : Reserved for 2 stream
SP2 Audio Sample Subpacktet 2 (FBwtes) : Feserved for 3 stream
3P3 Audio Jample Subpacktet 3 (TEytes) : Feserved for 4 stream

The above structure has the effect of achieving compatibility in displaying in-
formation of both multi-stream audio and 3D audio through one data sample packet.
Further, every feature to be supported may be written in one audio sample packet. Also
in the fifth exemplary embodiment, fields except for those described specifically above
are the same as in the first exemplary embodiment.

Features of an audio data transport stream may be considered which combine values
of Supports_Multistream field, multiASP_layout field and layout/start field. If
Supports_Multistream=0 and multiASP_layout=1, 3D audio transport stream is
indicated, and layout/start indicates information regarding a start of a packet. If
Supports_Multistream=1, a multi-stream is indicated, and the number of channels and
samples is established according to layout/start.

Sixth Exemplary Embodiment

According to a sixth exemplary embodiment, an alteration of a conventional audio
sample packet format similar to the fourth exemplary embodiment is suggested.

Referring to Table 12 below, a reserved area of a conventional audio sample packet
may be used as Stream_ID and multiASP_layout. Stream_ID and multiASP_layout
perform the same function as Stream_ID and multiASP_layout in the fourth exemplary
embodiment. Information indicated by the layout field is different according to bit in-
formation of multiASP_layout.

Since Stream_ID is expressed with 2 bits, four stream numbers may be written if
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multi-stream audio is provided. Combinations of bits which are different from each
other correspond to views of contents which are different from each other.

If one view of multi-stream audio has audio signals having 8 channels or less, it will
not be found that Stream_ID is more than 1 and multiASP_layout is 1 in one audio
sample packet.

Table 12 - Modified Audio Sample Packet Header

Bir | Bits | Bis | B4 | Bz | Bz [ Bt Bitd

HEO Packet type = 0x02 (Audo Jample packet)

multiA Layout /| Sample_pres | Sample pres | Sample_pr | Sample pires
HE! Stream ID | BP_tay | 5 pep pep pe_p Py

ot art etit. sp3 ent. spd esent.spl ent. spl0
HES B B2 B1 B Sample_flat. [ Sample_flat. | Sample fl | Sample flat.
sp3 spd at.zpl spl

S0 Audio 3ample Subpacktet 0 (TEytes)
a1 Audio Sample Subpacktet 1 (TBytes)
SF2 Audio Sample Subpacktet 2 (TBytes)
3P3 Audio Jample Subpacktet 3 (TEytes)

Table 12-1 - Description of Stream__ID

Streamn 11D description

{1} 1™ stream

{11 2% stream
L0 3% stream
11 4™ streanm

The above structure has the effect of achieving compatibility in displaying in-
formation of both multi-stream audio and 3D audio through one data sample packet.
Specifically, compared to the fourth exemplary embodiment, a greater number of
multi-streams can be recognized. In the sixth exemplary embodiment, fields except for
those described specifically above are the same as in the first exemplary embodiment.

Table 13 presents features of an audio data transport stream which combines field
values of Stream_ID, multiASP_layout, and layout/start. If multiASP_layout=1, a 3D
audio transport stream is indicated, and layout/start indicates information regarding a
start of a packet. If Stream_ID=01~11, a multi-stream is indicated, and the number of
channels and samples is established according to layout/start.

Table 13 - Capability to deal with proposed features according to exemplary em-

bodiments



WO 2013/122385 PCT/KR2013/001128

[162]
[163]

[164]

[165]

[166]

[167]

[168]
[169]

[170]

19
AFF header fields
: Description
Atream ID mL;lhASP_ L ayout/start
- ayout

00% 1] LayoutE0 | 24bitssample + default (2chidsample)

00k ] L ayout=1 2dbitz sample + default (2chil sample)

00k 1 Start=0 24bitzsanple + 3D audio-channel nonestart (*Hchfl sample)

00t 1 Start=1 24vitzsanple + 3D audio-charmel start ("M chfl sample)
00b~11% a L ayout=0 24vitzsanple + Multi-stream (2chfd sample)
00b~11t 1] L ayout=1 24bitzsanple + Multi-stream (Schil sample)

! ! 0 Mot supported ( refer to the 2 Analysiz of propeoged

1 1 1 features (1/2) slide, page &)

Seventh Exemplary Embodiment

According to a seventh exemplary embodiment, a 3D audio sample packet and a
multi-stream audio sample packet are transmitted using 3D audio sample packets
which are newly defined in the first exemplary embodiment.

The seventh exemplary embodiment is similar to the first exemplary embodiment,
and further includes the feature of an ext_layout field indicating whether or not multi-
stream audio is transmitted. If ext_layout=0, this field indicates that multi-stream audio
is transmitted. If ext_layout=1t, this field indicates that 3D audio is transmitted.

The extra fields of sample_start field, sample_present.spX field, and sample_flat.spX
field are the same as in the first exemplary embodiment, and will not be further
described below. Table 14 indicates an audio sample packet structure according to the
seventh exemplary embodiment.

Table 14 - Extended Audio Sample Packet (24Channels Fs=96kHz)

M/ Chan 1, 2 M ¢ Chan 9, 10 M/ Chan 17, 18 H+1 f Chan 1,2
N 7 Chan 3, 4 N / Chan 11, 12 H 7 Chan 19, 20 H+1 f Chan 3, 4
N 7 Chan 3, 6 N / Chan 13, 14 M / Chan 21, 22 H+l / Chan 3, 6
M 7 Chan 7, 8 M/ Chan 15, 16 N 7 Chan 23, 24 H+l / Chan 7, &

Table 14-1 - Example of Extended Audio Sample Packet

Bryte / Bit# 7 6 5 4 3 2 1 0
HEO 0 ] 0 0 1 0 1 1
Sample | gt ta | Sampl Sampl Sampl Sampl
HE1 0 0 darte ut_la ample_1 ample_1 ample_1 ample_1
I vout=1 | resent.sp3 | resent.sp? | reserd.spl | resent.spl
HE2 E3 B2 E1 EO Sample_fl | Sample f1 | Sample f1 | Sample £l
at.sp3 at.sp at.apl at.spl
PEO-~PBEA Chatmel 1, 2 audio data f sample N
PE7~FEI13 Chatmel 3, 4 audio data f sample N
FE14~PEZ

0 Chatmel 5, 6 audio data f sample N

PE21~FB2
7

Chatmel 7, 8 audio data f sample N

Table 15 indicates a packet body structure according to field values of ext_layout.
Referring to Table 15, regarding a multi-stream example, audio signals corresponding
to one view may include 2 channels, and thus, one packet may include audio signals
corresponding to 4 views. Also, regarding 3D audio signals, audio signals regarding a

plurality of channels may be expressed. The above various exemplary embodiments
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describe audio signals having 32 channels. However, exemplary embodiments are not
limited to audio signals having 32 channels, and audio signals having more or less than
32 channels or more may be created according to other exemplary embodiments.

Table 15 - EASP packetization

Il
Ext layout | Sample_stat | | camples | Subpkt 0 | Subpkt 1 | Subgkt 2 | Subgkt 3
Walue WV alue
Chatmels

Chril 1,2 Chrl 1,2 Chnd 1,2 Chnl 1,2
0 2 4 Btream 0 | Stream 1 Stream 2 Stream 2
z (Bample (Bample | (Hample (Fample

M M LD LD
Chrl 1,2 Chrl 3,4 Clnl 5,6 Chnl 7.8
| | Stream 0 | Stream 0 Stream 0 Strean 0
(Bample (Sample (Bample (Sample

L ML LD LD

1 ] i) 1

Chnt M- Chnl B- Chnl N- Chril M-

T.H-6 5M-4 3H-2 1M
1 1] Stream 0 | Stream 0 Stream 0 Strean 0
(Bample (Bample (Bample (Bample

L ML LD LD

In the above exemplary embodiments, multi-stream audio signals may be included in
an area corresponding to an area where image data of each view is placed in a vertical
synchronization blanking interval and transmitted. FIG. 7 illustrates a transport stream
format for the above description. Referring to FIG. 7, audio signals correspond to a left
area of each view corresponding to an image signal.

1-2. 3D One Bit Audio Sample Packet

First Exemplary Embodiment

According to a first exemplary embodiment, 3D audio in a one bit audio format is
transmitted using a newly defined 3D one bit audio sample packet. As described
above, the definition of 3D audio according to exemplary embodiments is such that
speakers can be placed anywhere in 3D space.

A 3D one bit audio stream includes 32 audio channels or more, which are transmitted
in a data island period through consecutive packets. Packet headers have sample_start

and sample present bits to indicate a position of a packet within a one bit audio

sample.
Table 16 - One Bit 3D Sample Packet Header
BwteBité T & 5 4 3 2 1 ]
HED ] 0 ] ] 1 1 0 ]
HE1 Rswid Ravd (00 | Rawd sathple_ | samples | Samples | Samples | Samples
()] ()] start present present _ _
sp3 spl present present
spl spl
HBE2 Rl Ravd (00 | Revd | Revd () [ Samples | Samples | Samples | Samples
(my (m _invaild | invalids _ _
sp3 p irrralid. itrvalid.
spl spl
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sample_start: [1bit] indicates that current packet is a first packet of 3D one bit audio
samples, if sample_start=1. sample_start is the same as described above in 3D audio
packets, and will not be further described.

samples_present.spX: [4 fields, 1 bit each] indicates whether sub packet X includes
an audio sample or not. Four sample_present bits may be included in a 3D one bit
audio sample packet header, and each sample_present bit is created for each sub
packet. If a sub packet includes an audio sample, a corresponding bit is established.
sample_present.spX is the same as described above.

samples_invalid.spx: [4 fields, 1 bit each] indicates whether sub packet X refers to an
invalid sample. If sample_invalid=1, samples of sub packet X are not valid. O indicates
the samples of sub packet X are valid. The above bits are valid only if
sample_present.spX is established. If available audio data that can be used in sources is
not found, four sample_invalid.spX bits are established. If sample_invalid.spX is es-
tablished, sub packet X refers to a continuous sample period. However, any available
data is not included.

In 3D one bit audio, sample frequency information is included and transmitted in
audio InfoFrame (please refer to HDMI 1.4b Section 8.2.2).

A sample packet of a 3D one bit audio sample packet includes a one bit audio sample
packet header as shown in Table 16 and four sub packets. Each sub packet may include
a one bit audio bit for four audio channels at a maximum.

Adjacent 3D one bit audio sample packets may be used in transmitting 3D one bit
audio samples between 9 to 32 audio channels. Available combinations of
sample_present bits for 3D one bit audio sample packets are determined by allocating
allowed channels. A 3D one bit audio sample packet does not have BO~B3 fields
which is different from a 3D audio sample packet because the 3D one bit audio sample
packet does not conform to the IEC 60958 block format.

Various Alternatives

Meanwhile, regarding various exemplary embodiments of the 3D audio sample
packet, a corresponding 3D one bit audio sample packet may be defined respectively.
A 3D one bit audio sample packet may be defined as the same as a 3D audio sample
packet except for the difference of sample_invalid.spX field described above, and only
BO~B3 fields may be excluded from a 3D audio sample packet. Other explanations are
the same as in the above descriptions, which will not be further described.

1-3. Multi Stream Audio Sample Packet

In the following, a newly suggested multi-stream audio sample packet structure will
be explained. A first exemplary embodiment will be described, and other various al-
ternative exemplary embodiments will be explained based on differences from the first

exemplary embodiment.
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First Exemplary Embodiment

According to a first exemplary embodiment, a plurality of audio streams in L-PEM
and IEC 61937 compression audio formats are transmitted using multi-stream audio
sample packets. Each audio stream included in a multi-stream audio sample has two
audio channels or more. Establishing a sub packet is determined by using a
stream_present bit of a packet header. Table 17 presents a header structure of multi-
stream audio sample packet.

Table 17 - Multi-Stream Audio Sample Packet Header

Byte/Bit# ¥ f 5 4 3 2 1 1]
HEO 0 0 1] 1] 1 1 1 1]
HE! Rawvd Rewd (00 | Bsvd (00 | Revd (00 | stream streatn streatn streatn

(M presant presant presant presant
sp3 sp2 spl sp0
HE2 B3 B2 = BO Stream fl | Stream fl | Stream fl | Stream_fl
at.sp3 at.sp2 at.spl at.spl

stream_present.spX: [4 fields, 1 bit each] indicates whether sub packet X includes an
audio sample of stream X. Four stream_present bits are created in a multi-stream audio
sample packet header, and each is created for a corresponding sub packet. The
stream_present bit indicates whether a corresponding sub packet includes an audio
stream. Since stream_present.spX substantially performs the same function as
sample_present.spX in the 3D audio sample packet, a description of this feature will
not be explained.

stream_{flat.spX: [4 fields, 1 bit each] indicates whether sub packet X refers to a
flatline sample of stream X. The stream_flat.spX is valid only if stream_present.spX is
established. If available audio data is not found in sources, four stream_flat.spX bits
are established. The establishing of a stream_flat.spX bit is implemented while a
sample rate changes or a temporary stream interruption exists. If a stream_flat.spX bit
is established, sub packet X continuously indicate a sample period, however, does not
include available audio data. stream_{flat.spX is substantially the same as
sample_{flat.spX of the 3D audio sample packet, and will not be further described
below.

If sub packet X includes a first frame of 192 frames constituting IEC 60958, B.X=1.
Otherwise, B.X=0.

A multi-stream audio sample packet uses the packet header shown in Table 17 and
four sub packets. Every sub packet has the same structure.

HDMI allows that sources may simultaneously transmit four audio streams if multi
view video streaming (e.g., dual view/quad view games having different audio in each
view) is supported. Each audio stream included in a multi-stream audio sample relates
to one single view and include two audio channels. A sub packet of each multi-stream

audio sample packet has frames configured according to an IEC 60958 or IEC 61937
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block defined by 0 or 1 IEC 60958. Three sub packet layouts are defined. Tables 18 to

20 below present examples of multi-stream audio packet layouts for 2, 3, and 4 audio

streams.
[199] Table 18 - Example of Multi-Stream Audio Sample Packet Layout for 2 Audio
Streams
[200] N Tulax
Slireamm s Packet # Hum samples | Subpkt 0 Subpkt 1 Subpkt 2 Subpkt 3
Charmels
) Chrl 1,2 | Chel 1,2
2 ch Atream 0 Stream 1 Empty empty
0 1
ftream | oo P 0| (Sample | (Sample
fstream 2 B)
. Chrl 1,2 | Chel 5.4
1 2 ch sammnle Streamn 0 Stream 1 " ettty
fatream P (Hample (Hample FE
2 fstream a+1) )
. Chol 1,2 | Ched 1,2
- 2 ch samule Stream 0 Stream 1
pream | 0P| emple | @ample | P empty
streatn ) WD
[201] Table 19 - Example of Multi-Stream Audio Sample Packet Layout for 3 Audio
Streams
[202] Sﬂ:;s Packet # P‘éfﬁﬂ;’;‘ samples | Subpkt 0 | Subpkt 1 | Subpkt 2 | Subpkt 3
| Chnl 1,2 | Chnl 1.2 | Chnl 1,2 emply
0 2 ch Stream 0 Stream 1 Stream 2
fetream sample (Bample (Bample | (Bample )
fatreatm 2 1)
: Ched 1,2 | Chnl 1,2 | Chel 1,2 emply
| 2 ch Stream 0 Stream 1 Stream 2
fstream :ample (Bample [Bample (B ample
3 streanm a+1) o o)
: Chnl 1,2 | Chnl 1,2 | Chel 1,2
2 ch Stream 0 Stream 1 Stream 2
H streatn sample (Bample (Bample (Bample empty
fstream &) BT Y
[203] Table 20 - Example of Multi-Stream Audio Sample Packet Layout for 4 Audio
Streams

[204]
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[207]

[208]
[209]

[210]
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M Il
Sireams Packet # Musm samples | Subpkt 0 Subpkt 1 Bubpkt 2 Bubpkt 3
Channels
1 Chmd 1,2 Chml 1,2 Chnl 1,2 Chnl 1,2
0 2 ch samgple Stream 0 Stream 1 Stream 2 Stream 2
fetream (Bample (Bample | (Sample ) (Bample
fetreatn 3 o )
1 Chmd 1,2 Chml 1,2 Chnl 1,2 Chnl 1,2
2 ch Stream 0 Stream 1 Atream 2 Stream 3
1 fetream satm gile (Bample (Bample (Gample | (Sample
4 fstream a1y 1) eH) | dH)
1 Chnl 1,2 Chnl 1,2 Chnl 1,2 Chnl 1,2
2 ch Stream 0 Stream 1 Stream 2 Stream 3
S fetream sample (Bample (Bample (Gample (Bample
stream a0 ) e+ dHTY

FIG. 8 illustrates a transport stream of audio sample packets according to the first
exemplary embodiment.

Referring to FIG. 8, regarding a 2 channel audio sample packet for dual view, one
sample packet including two samples is transmitted in the horizontal blanking interval.
Regarding a 2 channel audio sample packet for quad view, one sample packet
including four samples is transmitted in the horizontal blanking interval. Even though
the diagram describes transmitting multi-stream audio samples of 2 channels at
maximum, multi-stream audio samples having a plurality of channels which include
more than 2 channels may be transmitted through one multi-stream audio sample
packet according to other exemplary embodiments. In short, audio corresponding to
each view may be transmitted through a corresponding sub packet; also, multi-stream
audio sample data having a plurality of channels which include more than 2 channels
may be transmitted though one or more consecutive multi-stream audio sample
packets.

According to exemplary embodiments, multi-stream audio sample packets transmit
four stereo audio samples. Each sample corresponds to an individual audio stream. For
instance, if HDMI sources transmit two divided audio streams, sub packet 0 may be
used in transmitting audio samples of stream O and sub packet 1 may be used in
transmitting audio samples of stream 1.

Second Exemplary Embodiment

According to a second exemplary embodiment, a conventional audio sample packet
format is altered and used while further providing information regarding whether or
not multi-stream audio is provided.

Referring to Table 21 below, a reserved area of a conventional audio sample packet
may be used as Stream_Identifier (Stream_ID). Stream_ID indicates a stream number
if multi-stream audio is provided. According to an exemplary embodiment, Stream_ID

may use two bits; 00 indicates a first stream, 01 indicates a second stream, and so on.
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Each stream corresponds to a view of contents which are different from each other.
Also, the above description is exemplary only, and packets matched with bits may be
different.

[211] In HDMI 1.4b, layout indicates information regarding the number of samples and
channels. For instance, one audio sample packet may include four samples of 2
channel audio and one sample of 8 channel audio.

[212] Table 21 - Modified Audio Sample Packet Header

[213] Bwr | Bus |Bis | Ba | Bz | Bz [ B Bit]

HED Packet type = 0202 (Audio Sample Packef)
. teser Sample_pres | Sample_pres | Sample pres | Sample pres
HEL | Stream Identifer ved Layout etit. sp3 etit. sp2 ent. gpl ent. spl0
HE2 B3 B2 B1 B0 Sample_flat. | Sample_flat. | Sample flat. | Sample flat
' ' ' ' sp3 spl spl sp0
AP0 Audio Sample Subpacktet 0 (FBytes)
AF1 Audio Sample Subpacktet 1 (FBytes)
=3 Audio Sample Subpacktet 2 (FBytes)
HP3 Audio Sample 3ubpacktet 3 (FBytes)
[214] Table 21-1 - Description of Stream_Identifer
[2 1 5] Stream_Identifer | Description
ao Stream 1
01 Stream 2
10 Stream 3
11 Stream_4

[216] The above structure achieves the advantage of providing IDs of a multi-stream in a
simple fashion using a traditional reserved area.

[217] FIGS. 9 and 10 illustrate transport streams of multi-stream audio sample packets
according to the second exemplary embodiment.

[218] Referring to FIG. 9, regarding a 2 channel audio sample packet for dual view, one

sample packet including four units of sample data of the same contents is transmitted
in the horizontal blanking interval. In other words, one sample packet includes audio
signals regarding one view. Regarding 2 channel audio sample packets for quad view,
four sample packets for four views are transmitted in the horizontal blanking interval.
Further, sample packets of any one of the views may be transmitted consecutively or
sample packets may be transmitted in an alternating fashion with another view. FIG. 9
illustrates an example of a 2 channel audio sample packet; however, an audio sample
packet having a plurality of channels including more than 2 channels may be also
applied. Further, as illustrated, the same determined number of sample data may be
included and transmitted in each view; however, different numbers of sample data may

also be transmitted.
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FIG. 10 illustrates transmitting 8 channel audio sample packets for dual view
including sample data indicating 8 channels and two sample packets in the horizontal
blanking interval. With one sample packet, the transmisison of sample data regarding
one view may be completed. Sample packets of each view may be transmitted con-
secutively or in an alternating fashion with sample packets for another view. Regarding
8 channel audio sample packets for quad view, one sample packet including sample
data for one type of contents may be transmitted in the horizontal blanking interval;
however, each sample packet of four views should be transmitted.

Similar to the second exemplary embodiment, if Stream_Identifier is used, and if an
audio clock regeneration packet includes the above information, the operation of syn-
chronizing video and audio may be implemented more efficiently. Table 22 below
presents a structure of a modified audio clock regeneration packet according to the
second exemplary embodiment.

Table 22 - Audio Clock Regeneration Packet Header and Subpacket

Table 22-1 Audio Clock Regeneration Packet Header

Byte/Bit# 7 é 5 4 3 2 1 ]
HEO 0 0 0 a0 1 a0 1 1
HE1 0 0 0 a0 a0 a0 a0 0
HE2 0 0 0 a0 a0 a0 a0 0

Table 22 -2 Audio clock Regeneration subpacket

Byie/Bité 7 ] 5 4 3 2 1 I
SBO ] il a a a a Stream identifier
3B1 0 n i i T3 19 - - T3 14
3B2 CT3 15 - - - - - - CT3 8
2B3 [ - - - - - - T3 0
2B4 0 0 I I M 19 - - M 14
3B3 M 15 - - - - - - R
2B6 N7 - - - - - - N0

Table 22- 3 Description of Stream_Identifer

StreamIdertifer Description
on Stream |
01 Stream 2
1a Stream 3
11 Stream 4

Referring to Table 22, by including information regarding a multi-stream index in a
reserved area of an audio clock regeneration packet, video and audio of a multi-view
system may be implemented efficiently. Specifically, regarding systems that do not
display multi view simultaneously, the above packet structure may be useful.

Third Exemplary Embodiment

A third exemplary embodiment is similar to a 3D audio sample packet of the fourth
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exemplary embodiment. A conventional audio sample packet form is altered and used
while having functions of providing multi-stream identifying information.

[231] Referring to Table 23 below, a reserved area of a conventional audio sample
packet may be used as Stream_ID and multiASP_layout. Stream_ID and multiASP_layout

are the same as those described in a 3D audio sample packet of the fourth exemplary

embodiment.
[232] Table 23 - Modified Audio Sample Packet Header
[233]
Bit7 | Bit6 |Bit5)| Bit4 | Bit3 | B2 | Bitl | Bitd
I%B Packet type = 0x02)
HB | Strea Xlslgtll rese Laty/ou Sample_pr | Sample_pr | Sample_pr | Sample_pr
1 | mID — | rved esent.sp3 | esentsp2 | esentspl | esent.sp0
ayout start
HB Sample_fla | Sample_fla | Sample_fla | Sample-
2 B3 B2 B.1 B.0 t.sp3 t.sp2 t.spl flat.sp0
SPO Audio Sample Subpacktet 0 (7Bytes)
SP1 Audio Sample Subpacktet 1 (7Bytes)
spo Audio Sample Subpacktet 2 (7Bytes)
SP3 Audio Sample Subpacktet 3 (7Bytes)
[234] Table 23 -1 - Description of Stream_Identifer
[235]
Stream_Identifer | Description
0 1st Stream
01 2nd Stream
[236] The above structure has an advantage of achieving compatibility in displaying

information of both multi-stream audio and 3D audio through one data sample packet.

[237]  Features of an audio data transport stream according to a combination of values of
Stream_ID field, multiASP_layout field and layout/start field are the same as those
described above with respect to the 3D audio sample packet of the fourth exemplary
embodiment.

[238] Fourth Exemplary Embodiment

[239] According to a fourth exemplary embodiment, a conventional audio sample
packet format may be altered and used. The fourth exemplary embodiment corresponds to
a 3D audio sample packet of the fifth exemplary embodiment.

[240] Referring to Table 24 below, a reserved area of a conventional audio sample
packet may be used as  Supports_Multistream and  multiASP_layout.
Supports_Multistream and multiASP_layout are the same as those described in a 3D audio
sample packet of the fifth exemplary embodiment.

[241] Table 24 - Modified Audio Sample Packet Header

RECTIFIED SHEET (RULE 91) ISA/KR
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Bif | Bits |Bus | Biw | Buz | Bz | B | B
HEO Packet type = 0x02)
A PR
HE1 ta_Tlul F layou reser | Layout | Sample gres | Sample_pres | Sample_gres | Sample pres
tistrea -y ved [ start ent.sp3 etit.sp enit.spl etit.spll
fh
HE2 B3 B2 B1 BO Jample flat. | Sample flat. | Sample flat. | Sample flat.
5p3 spl spl spl
SF0 Audio Bample Subpacktet 0 (FBwvtes)  Reserved for 1 stream
=1 Andio Jample Jubpacktet 1 (TEwtes) : Feserved for 2 stream
2p2 Audio Jample Subpacktet 2 (TBwtes) : Reserved for 3 stream
ap3 Audio Jample Subpacktet 3 (TBytes) © Feserved for 4 stream

The above structure has an advantage of achieving compatibility in displaying in-
formation of both multi-stream audio and 3D audio through one data sample packet.
Further, the above structure also achieves another advantage in that every feature to be
supported can be written in one audio sample packet.

Features of an audio data transport stream may be implemented according to a com-
bination of values of Supports_Multistream field, multiASP_layout field and layout/
start field. Each field value is the same as in Table 13 of a 3D audio sample packet as
described above.

Meanwhile, in the above exemplary embodiments, multi-stream audio signals may be
included and transmitted in an area corresponding to an area where image data of each
view is placed in the vertical synchronization blanking interval. The description of
FIG. 7 provides a detailed description of this feature.

Fifth Exemplary Embodiment

A fifth exemplary embodiment proposes a modified method of a conventional audio
sample packet format, similar to the third exemplary embodiment.

Referring to Table 25 below, a reserved area of a conventional audio sample packet
may be used as Stream_ID and multiASP_layout. Stream_ID and multiASP_layout
perform the same functions as Stream_ID and multiASP_layout in the third exemplary
embodiment, respectively.

Since Stream_ID is expressed with two bits, four stream numbers may be indicated if
multi-stream audio is provided. Each different combination of bits corresponds to a
view of contents which are different from each other.

If one view of multi-stream audio has audio signals having 8 channels or less, it will
not be found that Stream_ID is more than 1 and multiASP_layout is 1 for one audio
sample packet.

Table 25 - Modified Audio Sample Packet Header
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Bi7 | Bis [ Eas | Bad | Bz | B | B Eit)

HED Packet type = 0202 (Audio Sample Packet)
multiAS | Layowt | Sample prese | Sample prese | Sample prese | Sample prese
HEBI Stream_ID P layout | /[ start nt.sp3 nt.sp nt.spl nt.spll
HE2 23 23 21 21 Sample flats | Sanple_flats | Sample flats | Sample flats
p3 pd pl il

3P0 Audio Sample Subpacktet 0 (FBytes)
APl Audio Sample Jubpacktet 1 (FBytes)
2Pz Audio Sample JSubpacktet 2 (FBytes)
aP3 Audio Sample Subpacktet 3 (FBytes)

Table 25-1 - Description of Stream_Identifer

Stream Tdentiter Diescrption
O L® gtream
0l 2% stream
Lo 3™ gtream
11 4% stream

The above structure has an advantage of achieving compatibility in displaying in-
formation of both multi-stream audio and 3D audio though one data sample packet.
Specifically, compared to the third exemplary embodiment, a greater number of multi-
streams can be distinguished.

Table 26 presents features of an audio data transport stream which combines values
of Stream_ID field, multiASP_layout field and layout/start field. If
multiASP_layout=1, a 3D audio transport stream is indicated, and layout/start indicates
information regarding a start of a packet. If Stream_ID=01~11, multi-streams are
indicated, and the number of channels and samples is established according to layout/
start.

Table 26 - Capability to deal with Proposed Features According to Exemplary Em-

bodiments
ABP header fields Description
Atream D multi AZP_layout L ayoutfstart
00t 0 Layout=0 24hits sam pletdefadt (2chidsample)
00tk ] Layout=1 24hite-zam ple+defadt (Bchilsample)
00t 1 Start=0 24bits-sam ple+3D-audio-charmel fnon-start] M
chelsam ple)
00t 1 Start=1 24bits-zam ple+3D-audio-chanmel  start(*H’
chl sam ple)
00b-11% ] L ayout=0 24hits-zam ple+Ddulti- stre am (2eh/dsample)
00t~11% 0 Layout=1 24hits sam ple+Tdulti- stream(Bch/1 sample)
1 1 1] Mot supported
1 1 1 (refer to the 2. Anaysis of proposed features
(172" dide. Poages)

Sixth Exemplary Embodiment

A sixth exemplary embodiment proposes adding Stream_ID to audio sample packets
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according to the first exemplary embodiment. Stream_ID is the same as described
above, and other fields are the same as described in the first exemplary embodiment.
Table 27 presents an audio sample packet header according to the sixth exemplary em-
bodiment. However, even though Stream_ID is established with 4 bits in the table, it
may be also established with 1~3 bits, or 5 bits or more. Packet type indicates a newly
defined packet type.

To distinguish audio in each stream, Stream_ID is used. Thus, in contrast to the first
exemplary embodiment, one multi-stream audio sample packet includes audio sample
data for one stream.

Table 27 - Extension Audio Sample Packet

B | Bis | Bis | B | Eie | mic Bitl Bif)

HEO Packet type = 0x02 (DIulti-Stream Audio Sample Packef)

HE1 Sipeam 1D Sample pres | Sample pres | Sample_fres | Sample_pres
- etit.sp3 etit. spd etit.spl et1t. spll

HE? B3 B2 B1 B0 Jample flat. | Sample flat. | Sample flat. | Bample flat.

sp3 sp2 spl spll

3P0 Andio Sample Subpacktet 0 (TEytes)

APl Andio Sample Subpacktet 1 (7Bytes)

SF3 Andio Sample Subpacktet 2 (TBytes)

5P3 Audio Sample Subpacktet 3 (FEwtes)

Seventh Exemplary Embodiment

A seventh exemplary embodiment proposes a 3D audio sample packet and a multi-
stream audio sample packet using a 3D audio sample packet which is newly defined in
the first exemplary embodiment of section 1.1.

The seventh exemplary embodiment is similar to the first exemplary embodiment,
and further includes an ext_layout field indicating whether or not multi-stream is
provided. Thus, if ext_layout=0, this field indicates that multi-stream audio is
transmitted. If ext_layout=1, this field indicates that 3D audio is transmitted.

Other fields including the sample_start field, sample_present.spX field, and
sample_{flat.spX field are the same as described in the first exemplary embodiment,
and will not be further described. Table 28 presents an audio sample packet structure
according to the seventh exemplary embodiment.

Table 28 - Extended Audio Sample Packet(2channels 2streams Fs=96kHz)

(Btream 1)

(Stream 1)

Michan 1,2 Michan 1,2 Michan 1,2
(Btream 1) (Stream 1) (Btream 1)
Michat 1,2 Michat1 1,2 Michan 1,2

(Btream 1)

Table 28 -1 Example of extended audio sample packet
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Byte f Bit# 7 6 5 4 3 2 1 1]
HED 0 0 0 0 1 ] 1 1
Sample Ext la Bample p | Sample p | Sample p | Sample_p
HE1 0 0 _start= t_=Dy resent.sp3 | resent.spd | resent.spl | resent.spd
b4 o =0 =0 =1 =1
Sample fl | Jample 1 | Sample fl | Sample 1
HEZ B3 B2 = BD at 53 at op at spi at spD)
FEO~FEG Channel 1, 2 awdio data / sample H(3tream 1)
PE7~-PEI13 Chanmel 1, 2 andio data £ sample MI(Gtream Z)
PE14-FPB20
PB21~PB27

Table 29 indicates a packet body structure according to field values of ext_layout. As
illustrated, in multi-stream, audio signals corresponding to one view may include 2
channels, and thus, one packet may include audio signals for 4 views. Alternatively, in
3D audio signals, audio signals for a plurality of channels may be indicated. Even
though the various exemplary embodiments described in this specification describe 3D
audio for up to 32 channels, the exemplary embodiments are not limited thereto. For
example, the exemplary embodiments can be applied to audio signals having 32
channels or more.

Table 29 - EASP packetization

Ezxt layout Samule sart Dlax
Walue P Hum Samples | Subpkt 0 | Subpkt 1 | Subpkt 2 | Subpkt 3
Value
Charmels

Chnl 1,2 Chnl 1,2 Chnl 1,2 Chrl 1,2
0 5 4 Stream 0 | Stream 1 Stream 2 | Stream 3
4 (Bample (Bample (Fample (Gample

M M D M
Chnl 1,2 Chal 34 | Chnl 5,6 Chrl 7,2
1 ) Stream 0 | Stream 0 | Stream 0 | Stream 0
(Bample (Bample (Bample (Gample

M M L] M

1 0 W )

Chrl H- Chrl H- Chil M- Chnl M-

T.H-6 5M-4 3LM-2 1.H
1 0 Stream 0 | Stream 0 | Stream 0 | Stream 0
(Bample (Bample (3 ample (3 ample

LD Y, D LD

Table 30 presents valid Sample_Present bits.
Table 30 - Valid Sample Present Bit Configurations for Multiple Audio Stream

Transmission
3P0 3R 2F1 3P3 | Description
0 a a 0 Mo Subpackets contain audio samples
1 a a 0 Orly Subpacket 0 contains audio samples for stream 0
1 1 a 0 Subpackets 0 and 1 contain audio samples for stream 0 and 1
1 1 1 ] Subpackets 0, 1 and 2 contain audio samples for stream 0,1 and 2
1 1 1 1 All subpackets cortain audio samples for stream 0,12, and 3

FIG. 11 illustrates a transport stream of a multi-stream audio sample packet in the

above seventh exemplary embodiment.
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Referring to FIG. 11, one sample packet including a sample of two views may be
transmitted in the horizontal blanking interval regarding 2 channel audio sample
packets for dual view. Regarding 2 channel audio sample packets for quad view, one
sample packet including four samples is transmitted in the horizontal blanking interval.
In other words, one sample packet includes and transmits samples of four views.
Although FIG. 11 illustrates an example of a 2 channel audio sample packet, an audio
sample packet having a plurality of channels including more than 2 channels may be
applied according to other exemplary embodiments.

As described above with respect to the above various exemplary embodiments,
multi-stream audio signals may be included and transmitted in an area corresponding
to the area where image data of each view is placed in the vertical synchronization
blanking interval. FIG. 11 illustrates a transport stream format in this case. In FIG. 11,
audio signals corresponding to a left area of image signals in each view may be
included.

1-4. Multi-Stream One Bit Audio Packet

First Exemplary Embodiment

According to this first exemplary embodiment, a new packet for multi-stream one bit
audio is defined. This corresponds to a 3D audio sample packet.

If transmitting multi-stream one bit audio, each sub packet may include a one bit
audio bit for 0, 1, 2 or more audio channels. A multi-stream one bit audio sample
includes four stream_present bits, and each bit is created for a corresponding sub
packet.

If a sub packet includes an audio sample in each stream, a corresponding bit may be
established. Four stream_invalid.spX bits may be established if available audio data
that can be used are not found. If a stream_invalid.spX bit is established, sub packet X
continuously indicate a sample period, however, does not include any available data.

Table 31 - Multi-Stream One Bit Audio Packet Header

ByteBité 7 4] 3 4 3 2 1 0
HED ] a ] ] 1 1 1 1
HE1 Ravd Rerd (0) | Ravd (00 | Esvd (00 | samples | Samples | Samples_ | Samples

(M present present present present
spd spd spl spl0
HE2 Ravd Revd (00 | Revd (1) | Esvd (0) | Samples_ | Samples_ | Samples_ | Samples
(M invaild sp | invalidsp | imeealid irrralid.
3 2 spl spl

stream_present.spX: [4 fields, 1 bit each] indicates whether sub packet X has an
audio sample of stream X. stream_present.spX substantially performs the same
function as sample_present.spX described above with respect to the above 3D audio
sample packet, and thus will not be further explained.

stream_invalid.spX: [4 fields, 1 bit each] indicates whether sub packet X refers to an
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invalid sample of stream X. If samples included in sub packet X are not valid,
stream_invalid=1. Otherwise, stream_invalid=0. Bits are valid only if related
stream_present.spX is established. stream_present.spX substantially performs the same
function as sample_present.spX described above with respect to the above 3D audio
sample packet, and will not be further explained.

Regarding multi-stream one bit audio, according to exemplary embodiments, sample
frequency information is included and transmitted in an audio InfoFrame (see section
8.2.2 of HDMI 1.4b).

A multi-stream one bit audio sample packet uses the same four sub packets as a one
bit audio sample sub packet shown in Table 31. Since a multi-stream one bit audio
sample packet does not conform to IEC 60958 block format, a multi-stream one bit
audio sample packet does not have BO~B3 fields, which is different from a multi-
stream audio sample packet.

Various Alternatives

Regarding the various above described exemplary embodiments of multi-stream
audio sample packets, corresponding one bit multi-stream audio sample packet may be
defined, respectively. In other words, beside samples_invalid.spX, as described above,
a one bit multi-stream audio sample packet may be defined as a multi-stream audio
sample packet, and BO~B3 fields from a multi-stream audio sample packet may be
used.

In the following, a data transreceiving system 1000 according to a first exemplary
embodiment will be described.

FIG. 2 is a block diagram illustrating a configuration of the data transreceiving
system 1000 according to an exemplary embodiment, FIG. 3 is a block diagram il-
lustrating a configuration of a data transmitting apparatus 100 of the data tran-
sreceiving system 1000, and FIG. 4 is a block diagram illustrating a configuration of a
data receiving apparatus 200 of the data transreceiving system 1000.

As illustrated in FIG. 2, the data transreceiving system 1000 according to an
exemplary embodiment includes the data transmitting apparatus 100 and the data
receiving apparatus 200.

As illustrated in FIG. 3, the data transmitting apparatus 100 according to an
exemplary embodiment includes a packet generator 110 and a transmitter 120.

The packet generator 110 generates a packet including a plurality of sub packets.
That is, as described above, the packet generator 110 generates a multistream audio
packet including the plurality of sub packets. At this time, each of the plurality of sub
packets may include audio data corresponding to content (e.g., any one unit of content)
among a plurality of contents.

The transmitter 120 transmits the generated packet to a data receiving apparatus.
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At this time, each of the plurality of sub packets may further include an identification
field representing whether each of the plurality of sub packets indicates content among
the plurality of contents.

As illustrated in FIG. 4, the data receiving apparatus 200 according to an exemplary
embodiment includes a receiver 210 and a packet parsing unit 220.

The receiver 210 receives a packet including a plurality of sub packets.

The packet parsing unit 220 performs an operation of parsing on the plurality of
received sub packets. Each of the plurality of sub packets includes audio data corre-

sponding to content (e.g., any one unit of content) among a plurality of contents.

2-1. InfoFrame for 3D Audio/Metadata Packet

First Exemplary Embodiment

As described above, in a first exemplary embodiment, additional information related
to 3D audio may be transmitted by utilizing newly defined audio metadata packets
instead of InfoFrame. Sources transmit audio metadata once for at least two video
fields whenever transmitting a 3D audio stream.

Audio metadata may indicate various characteristics, such as the number of channels,
an Audio Channel Allocation Standard Type (ACAT), and allocations of channel/
speaker of a 3D audio stream. The following tables present a newly defined audio
metadata packet header.

Table 32 - Audio Metadata Packet Header

Byte/ DA 7 3 3 7 3 7 1 i
HED i i i 0 1 1 i 1
HE1 Rsvd | Revd (0) | Revd (0) | Revd (0) | Revd (0) | Revd (0) | Revd (0) | Reva ()

()]
HEZ Fsrd | Revd (0) | Revd (0) | Revd (1) | Revd (0) | Revd () | Revd (D) | Reva ()
()]
Table 33 - Audio Metadata Packet Contents
Evyte/Bitd 7 3 E] 4 3 2 1 0
FED Fevd | Fsvd | Fsvd (0 | 3D CC4 | 3D _CC3 | 3D CC2 | 3D_CC1 | 3D _CCO
0] (L]

PE1 Rsvd | Rsvd | Revd (0) | Revd (0) | ACATS | &CATZ | ACATI | ACATD
L] (]

FEZ 3D C& | 3D CA | 3D Cas | 3D CA4 | 30 CA3 | 3D CAZ | 3D Ca&l | 3D CAD
7 6

PBE2 Reserved (1)

FE27

Each field of the above packets is defined as follows.

3D_CC: [5 bits] indicates a channel count of transmitted 3D audio. If an audio
channel count (CCO, ..., CC2) in an audio InfoFrame is not consistent with a 3D audio
channel count (3D_CCQO, ..., 3D_CC4) in an audio metadata packet, the channel count
of the audio InfoFrame is disregarded. Table 34 presents audio channels according to
values of 3D_CC.
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[315] ACAT: [4 bits] indicates an audio channel allocation standard type provided by
sources. Table 35 presents ACAT field values. Table 36 explains allocating a speaker
position if ACAT is established as 0x01 (10.2 channels). Similarly, Tables 37 and 38
include information for 22.2 channels and 30.2 channels.

[316] 3D_CA: [8 bits] indicates the allocaiton of channel/speaker for 3D audio. Further ex-
planations are illustrated in Tables 36 to 38. 3D_CA field is not valid for an IEC 61937
compression audio stream.

[317] Table 34 - 3D_CC Field

[318] 3D_CC4 3D_CC3 3D_CCz2 3D_CCl 3D_CC0 Zudio Channel
Count
0 I 1] 0 I Refer to Stream
Header
0 a 0 0 1 2 chatmels
0 I 1] 1 I 3 charmels
0 I 1] 1 1 4 charmels
0 a 1 0 a 3 chatmels
0 a 1 0 1 6 chatmels
0 a 1 1 a T chatmels
0 I 1 1 1 2 charnels
0 1 ] 0 0 9 charmels
0 1 o 0 1 10 channels
0 1 0 1 0 11 channels
0 1 0 1 1 12 channels
1 1 1 1 1 32 channels
[319] Table 35 - Audio Channel Allocation Standard Type Field
[320] ACAHT3 ACATZ ACATL ACATO Description
0 a 0 0 Reserved
1] 1] 1] 1 Refer to 10 2 channels (TTA
Standard)
1] 1] 1 1] Refer to 22 2 channels (SMPTEZ036
-4
1] 1] 1 1 Refer to 30 2 channels
(IECE253T4/Ed 1)
0 1 0 0 reserved
1 1 1 1

[321] Table 36 - 3D_CA Field for 10.2 channels (ACAT=0x01)
[322]



[323]
[324]

[325]
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Kinge
l?h]:.)—CA & Chantiel M ber
mary) (hex)
Tla|s(d(3[2(1(0 12 11 10 a & T f 5 4 3 211
FI|F
pjlojojofof{of0of{0| 000 L
F|LF |F|F
plojojofofofof1| 0xM RS | L3 ol Bl el L
B F|LF |F|F
pjlojojofofof1 {0 0x02 BE. L B3 | L& ol e e L
TpF | LF TyF B F|LF |F|F
pjlojojofofof1 {1 0x03 & 2 TpFE. i BE. L ES | L3 ol Bl |rlL
gjlojojofof1 (00| Ox04
Feserved
1)1 1111|111 0OxFF
Table 37 - 3D_CA Field for 22.2 channels (ACAT=0x02)
3D CA 3D _CA
(binary) (hex) Channel Mumber
Tléa |54 |32 |1]0 12 11 10 9 2 7 i] 5 4 3 2 1
gjojojo|jojo|ojo 0x00 FR |FL
gjojojojojo o]l 0x01 Aik | 3iL | FC | LFE1 | FR | FL
gjojojo|jojo|tj]o 0x02 BE |BL | 3iR | 3iL |FC |LFEl |FR | FL
gjojojojojo |t |1 0x03 TpFC | LFEZ | TpFE | TpFL |BRE |BL | 3R |3 | FC [LFE1l |FE | FL
ofojofojofi1|ofo 0x04 TpFC | LFE2Z | TpFR | TpFL |BR |BL | 5iR | 3iL | FC [LFEl |FR | FL
gjojojojoj1r o1 0x05
Reserved
1111|111 ]1 0xFF
3D Ch 3D Ch
{(bimary) (hex) Chatnel Mumhber
Tla |54 (3|21 |0 24 23 22 21 20 19 18 17 1a 15 14 13
gjojojo|jo|ofo (o 000 - - - - - - - - -
glo(ofofojojo]|l 001 - - - - - - - - -
gjojojo|jofjofr (o 0x02 - - - - - - - - _
gjojojojojof1r |1 0x03 - - - - - - - - - _
D0 jojojojti]o |0 0«04 |[BtFC |B{FR | BtFL | TpZ | TESIR | TpGil | TpRC | TpRR. | TpEL | BC | FRC | FLZ
gjojojojof1|fof1 Ox05
Beserved
{1 (11111 (1| OxFF

[326]
[327]

Table 38 - 3D_CA Field for 30.2 channels (ACAT=0x03)
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(Ebrijﬁa?; 3&%‘“‘ Charme] Humber
7l6|s]al3l2]1]o 2l |w | e |el7]|e|s|al s |21
olololofolofolo] oo FR | FL
olololofololo|1] om Sif. | SiL | FC | LFE1 | FR | FL
olololofolo|t|o] oo BE |BL | SR |SiL | FC |LFE1 | FR | FL

ojofo|ofojofl|1l| 0x03 |TpFC |LFE2Z | TpFRE | TyFL | BE |BL | 5iR | SiL | FC | LFEl | FR | FL
ofojojojof1 oo 0«04 |(TpFC [LFE2Z | TpFR | TpFL |BE |BL |S5iR |5 |FC | LFEL | FR | FL

ojofojofojr (o1 0x05 |TpRC |LFE2Z | TpFRE | TgFL | BE | BL | 5iR | Sil | FC | LFEl | FR | FL

ofojojojof1l|1|0o] 0xa

Fezerved
tlo oo oo [ o] oxrr
[328] 3D Ca DL
(hin_ ) & Charnel Number
- (hex)
Tle6|s|4l3]|2l1]0 2 | 2 | 22 | 2| 19 12 17 16 |15 | 14 | 13
of|o|ofofo|ofo|o| oxao | - - ; - . . . ) o] o
of|ofofofofofo|t]| ozt - - ; - - . . ] N
olo|ofofo|oft]|o]| omz | - - . i i . . ] oo T
ofofofofofolt]t] ooz | - R . R R _ _ ) o -1
0|0 |00 |01 |00 Ux04 |BtRC | BAFR | BtFL | TpC | T@SIR | TyIL | TpBC | TgBR | TgBEL | BC | FREC | FLC
oo fofojo|t|o]|t| 0x05 |BtRC | BAFR | BtFL | TpC | TESIR | TySIL | TpBC | TyBR | TEBEL | BC | FRC | FLC
Do (oo o1 |10 0x06
Reserved
L[ JuJeJe]u]1]1] OuFF
[329]
3D_Ca 3D Ch Channd Nomh
(hinary) (hex) hannel Humber
76 (5|43 |21 |0 2|3 |3 | (|| % | 25
olofofofo|o|o|o| oxoo ; . A .
olofofofo oot oxo ; . A .
oo fofofo|o|t o] oxo2 ; - N .
olofofofo|o|t 1| oxo3 ; - ST R
0o |ofo|o|1]|o 0| ox04 ; - - - 1.1 - -
oo oo (0L |0 |1 | 0«05 | TpRS |TplS |RSd |LSd |RS | LS | FRW | FLW
oo fofo{o]t]t o oxo8
Feserwved
1 |1 |1 |1 |1 |1 |1 |1 0xFF
[330] Whenever transmitting an active 3D audio stream, a correct audio metadata packet

may be transmitted at least once for two video fields. If a new 3D audio stream begins,
or if changes are included in a 3D audio stream that can be indicated by an audio
metadata packet and an audio InfoFrame, altered and correct audio metadata packets
may be transmitted no later than one video frame following a first affected non-silent

audio sample. Transmitting the altered and correct audio metadata packet may occur
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right before transmitting the first affected audio sample. Audio metadata may be
transmitted at any time including the horizontal blanking interval or the vertical
blanking interval within the data island interval. If 3D audio is processed by streaming,
the Sink disregards CC and CA fields included in the audio InfoFrame, and refers to
3D CC and 3D _CA included in audio metadata.

However, if transmitting the above audio metadata, traditional audio InfoFrame may
still be utilized. In other words, if audio metadata are newly used to allocate channels
for 3D audio, audio InfoFrame is utilized to allocate channels for 2D audio.

Further, even though the above exemplary embodiments describe 10.2 channels, 22.2
channels, and 30.2 channels of ACAT, the technical art of the exemplary embodiments
is not limited thereto and can be applied, for example, to less than 10.2 channels, more
than 30.2 channels, and 10.2 to 30.2 channels.

Second Exemplary Embodiment

The second exemplary embodiment is different from the first exemplary embodiment
in that alterations of audio InfoFrame defined in HDMI 1.4b may be considered
according to the second exemplary embodiment. Table 39 presents audio InfoFrame in
this case. The CC field indicates a channel count of transmitted audio, and the CA field
indicates information of a channel/speaker allocation.

Conventionally, a CC field is expressed with three bits. However, a second
exemplary embodiment uses two additional bits of reserved area. Thus, channel count
information may be indicated by utilizing five bits, CCO, CC1, CC2, CC3, CC4.

Further, information of a channel/speaker allocation is added to a reserved area of
CEA861-D, as shown above in Table 20. In contrast to the first exemplary em-
bodiment, the second exemplary embodiment does not have an ACAT field.

Table 39-1 - Modified Audio InfoFrame Packet Header

Bvte/Bit# 7 f 3 4 3 2 1 1
HED Packet type = OxEd
HE1 Version Number = 0201
HEZ o [ o | @ [ Length = 10(0x04)

Table 39-2 Audio infoframe Packet contents
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[342]

[343]

[344]

[345]

[346]
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g;gce; CElifeﬁ L‘D 7 g 5 4 3 2 1 0
FEO n a Checksum
PE1 DmlBW CT3 | oT2 | CTI CTO Rsvd (ele3" ool | occo
PEZ Datafm cosa | coa SF2 SF1 SFO ss1 | =m0
PB3 Datafyte Fotmat depends on coding type (i.e. CTO..CT3)
PB4 Da‘*‘fi’te ca7 | cas | cas | cad Cas caz cal | cap
pEs | P ijyte ?1»11\};1_ L3v3 | L3V2 | L8V1 | LaV0 | Rsvdd) L;flp L;fnp
PE6 D ataéByte Reserved()

PET D atafw Reserved()

PBE D atagﬁyte Reserved(l)

PEO D mgByte Reserved()

PEL0 Dat?DByte Reserved()

I;BBIE!},_ fnoa Reserved(l)

Third Exemplary Embodiment

A third exemplary embodiment expands the second exemplary embodiment and
alters the audio InfoFrame defined in HDMI 1.4b. Table 40 presents an audio
InfoFrame structure according to the third exemplary embodiment. Similar to the
second exemplary embodiment, a CC field indicates a channel count of transmitted
audio, and a CA field indicates information of a channel/speaker allocation.

The third exemplary embodiment provides further expansion of a CA field while
being basically similar to the second exemplary embodiment. One bit of a reserved
area is established as channel extension bit. If channel extension=0, the CC# and CA#
fields defined in CEA861-D are utilized. In other words, the third exemplary em-
bodiments supports 2D audio mode. If channel extension=1, PB2[7:6] is used as
expansion bit (CC4, CC3) of CC, and a reserved area of PB6 is used as a CA_ext field.
Expansion bits for 3D audio are used.

In this case, similar to the second exemplary embodiment, conventional CC fields are
expressed with three bits. However, the third exemplary embodiment further uses two
bits of reserved areas. Thus, by utilizing five bits of CCO, CC1, CC2, CC3, C(C4,
channel count information is indicated.

Further, a PB6 field may be added and used to CA bits (PB4). In a reserved area of
CEAS861-D as shown in Table 20 (or, CEA861-E as shown in Table 28), a definition of
channel/speaker information for audio having 10.2 channels or more may be included.
Extra tables may be defined in each standard. As a result, the CA field expands to 16
bits, and thus, multi-channel audio can be transmitted.

Also, a new 8-bit field may be defined and used by substituting a field with a tra-

ditional CA field, which is different from the above description. For instance, a new
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CA bit can be defined using a PB6 field or a PB7 field.
Table 40 - Modified Audio InfoFrame 2
Table 40-1 Audio infoframe Pocket Header

Byte/Bité# 7 6 5 4 3 2 1 0
HED Packet type = 0x34
HE1 Version Mumber = 0x01
HEZ a | a | ] |Length = 1000:x024)

Table 40-2 Audio infoframe Pocket contents

Packet CE&A-861-D 7 6 5 4 3 2 1 0

Byte # Hyte #

FEO n. a Checksum

PEl Data Byte 1 | CT3 | CT2 CT1 CTO Ravd Cco2 cCl CCo

PB2 Drata Byte 2 | CC4 | CC3 aF2 3F1 SED 351 a0

FE3 Diata Byte 3 Format depends on coding type (1e. CTOL.CTE

PB4 Data Byte 4 | CA | CAd CAS ChAd CA3 CAZ Cal CAD
b

=5 Driata Byte 5 | DM | LEV3 | LEV2 L3Vl L3vOo Rgwd(h LFEP | LFEP
_IN EL1 EBLD
H

PBA Drata Hyte 6 CA ext

FE7 Drata Byte 7 Reserved()

FEZ Diata Byie & Reserved(l)

FE? Drata Byte 2 Reserved()

PE10 Data Byte Reserved()

10
PE11- n a Reserved()
PB2T

Fourth Exemplary Embodiment

A fourth exemplary embodiment combines the second exemplary embodiment and
the third exemplary embodiment. According to the fourth exemplary embodiment, a
conventional audio InfoFrame includes a 3D_CH_present field, a CA field of PB4, and
a 3D_CC field of PB6.

The 3D_CH_present field performs the same function of channel_extension as
described above in the third exemplary embodiment. Thus, if 3D_CH_present=0, the
CC# and CA# fields defined in CEA861-D are still utilized. In other words, the fourth
exemplary embodiment supports a 2D audio mode. Also, 3D_CH_present=1, PB6[4:0]
is used for expansion bits of CC (CC4, CC3, CC2, CC1, CCO0), and a reserved area of
PB4 uses a CA field which is similar to the second exemplary embodiment. Expansion
bits for 3D audio are utilized. Similar to the second and third exemplary embodiments,
an ACAT field is not defined. Other features which are not described particularly are
the same as the features described above with respect to the first to third exemplary
embodiments.

Table 41 - Modified Audio InfoFrame 3

Table 41-1 - Modified Audio InfoFrame Packet Header

Evte/Bit# 7 | G ‘ 3 4 3 2 | 1 ‘ 0
HEOD Packet type = OxE4
HE1 Version Mumber = 0x01
HEZ a | I} | a | Length = 10(0x04)
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Table 41-2 - Modified Audio InfoFrame Packet Contents

Packet CEA-Ba1-D ¥ ] 5 4 3 2 1 ]
Byte # Bvte #
FPEO f1oa Checkauim
PEL Drata Byte 1 | CT3 | CT2 CT1 CTO 3D_CH ool el CCo
_present
=1
PBZ Data Byte 2 Reserved (00 a3F2 SF1 SF0 S5l =30
FE3 Drata Byte 3 Format depends on coding type (1e. CTO..CT3)
PB4 Diata Byte 4 | CA | CA6 CAL cad CAT CA2 Cal cAl
7
PBS Data Byte 5 | DM | LEV3 | LEV2 L3Vl L3vVO Rwd( LFEF | LFEF
_IN BL1 BLD
H
PBA Drata Hyte 6 Reserved (00 3D_CC4 | 3D_CC 3D Cc2 3iD_C | 3D_C
3 C1 Cco
FE7 Drata Byte 7 Reserved
FE2 Drata Byte 8 Reserved
FR? Diata Byie 9 Reserved D)
PE10 Data Byte Reserved
10
PE11- n a Reserved
PB2T

2-2. InfoFrame for Multi-Stream Audio

Regarding multi-stream audio, a new metadata packet may not be defined, and
InfoFrame defined in HDMI 1.4b may be used. If a plurality of active audio streams
are transmitted using a multi-stream audio sample packet, a correct audio InfoFrame
can be transmitted at least once for two video fields. Audio InfoFrame may be used in
describing audio features of every active audio stream.

If a new audio stream begins and if changes are included in an audio stream that can
be implemented by a plurality of new audio streams or audio InfoFrame, altered and
correct audio InfoFrames may be transmitted no later than one video field following
first effected non-silent audio sample. The transmission of the stream may be im-
plemented right before transmitting the first affected audio sample. Regarding a one bit
audio stream, an audio InfoFrame may be transmitted before the first affected sample.

Alteration of InfoFrame

In contrast to the above described exemplary embodiment, regarding the utilizing of
a Stream_ID (e.g., the 4th and 6th exemplary embodiments of a 3D audio sample
packet, and the 2nd, 3rd, 5th, and 6th exemplary embodiments of a multi-stream audio
sample packet), the Stream_ID may be included in audio InfoFrame, as shown, for
example, in Table 42 below.

Referring to Table 42, the Stream_ID indicates a stream ID of a current audio
InfoFrame, and Stream_Count indicates the number of total audio streams to be
transmitted. According to the exemplary embodiment, instead of not using stream
identifiers, a sample may be loaded and transmitted on four sub packet constituted of a
multi-stream audio sample packet body, which does not alter an InfoFrame.

Table 42 - Modified InfoFrame



WO 2013/122385 PCT/KR2013/001128
42
[367] Table 42-1 Audio InfoFrame Packet Header
[368] Eyte/Bité 7 & 3 4 3 2 1 ]
HED Packet type = OxE4
HEI1 Version Number = 0x01
HEZ o] 0 [ 0 ] Length = 10{0xDA&)
[369] Table 42-2 Audio InfoFrame Packet contents
[370] Packet | CEAEG1D | 7 6 5 4 3 Z 1 0
Byte # Byte #
=1 f. 4 Checksum
PET Data Byte |CT3 | CI2 | CT1 | CT0 | 3D_CH oCZ CCl | cCo
1 _present
FEZ Data Byte Reserved () 3F2 SF1 3F0 Z31 | a@ao
2
FRZ Diata Byte Format depends on coding type (.. CTO..CTI)
3
FE4 Data Byte | CA | CAB | CAS | ChAd CA3 CAZ CAL | CAD
4 7
FE3 Data Byte | DM | L8V3 | Lav2 | Lavl | L3vo Revi(l) | LFEP | LFEF
5 i ELl | BLO
H
FE6 Data Byte Reserved () 3DCC4 | 3DCC | 3DCC2z | 3DC | 3D.C
g 3 1 o
FE7 Diata Byte Reserved(O) Siream_couni-1 Siveam_ID
7
PBER Data Bryte Reserved()
2
PE? Diata Byte Reserved(
9
FE1D Data Byte Reserved(
10
PE11- fn oa Reserved()
FB17

[371] 3-1. EDID for 3D Audio

[372] Audio features of 3D audio and information of allocating speakers may be included
in EDID by utilizing at least one of the operations of 1) altering conventional short
audio descriptors and speaker allocation data blocks, 2) defining new data blocks in a
reserved area for audio-related blocks on the extended tag codes, and 3) defining one
new data block in a reserved area for an HDMI audio data block on the extended tag
codes.

[373] For instance, EDID data blocks described in CEA-861-F (D or E) may be utilized to
indicate both sink audio features and speaker allocation support. Sink audio features
and speaker allocation support are indicated by serial short audio descriptors po-
sitioned on a data block collection of a CEA extension. Such data include an audio
encoding list supported by Sink and parameters related to encoding, such as channel
numbers to support formats. Speaker allocation descriptors may be included on a data
block collection, and requested by Sink which support multi-channel (up to 8 channels)
L-PCM for 2D audio or multi-channel (up to 8 channels) one bit audio.

[374] First Exemplary Embodiment

[375] If Sink supports transmitting multi-stream audio and/or 3D audio, an HDMI audio

data block having an extended tag code 18 may be utilized in indicating 3D audio
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features, 3D speaker allocation information, and multi-stream audio features.

If Sink supports transmitting 3D audio, an HDMI audio data block includes at least
one HDMI 3D audio descriptor (HDMI_3D_AD) having four bytes. Further, an HDMI
audio data block may include one HDMI 3D speaker allocation descriptor
(HDMI_3D_SAD) following a last HDMI 3D audio descriptor.

If Sink supports transmitting multi-stream audio while not supporting transmitting
3D audio, an HDMI audio data block may include at least one CEA short audio de-
scriptor (CEA_SAD) following three bytes. CEA short audio descriptors are indicated
in CEA-861-F (D or E).

If Sink supports transmitting multi-stream audio and 3D audio, an HDMI audio data
block may include at least one CEA short audio descriptor following HDMI 3D
speaker allocation descriptors. Table 43 provides additional details according to
exemplary embodiments.

The above HDMI 3D audio descriptors indicate supporting audio encoding defined
in CEA-861-F (D or E). HDMI apparatuses may support a 3D audio format according
to TTA (10.2ch), SMPTE2036-2 (22.2ch) or IEC62574 (30.2ch). Tables 45 to 49
provide further explanations. The tables are classified by an audio format code shown
in Table 24 of CEA-861-F (D or E) and Table 26.

As described above, HDMI 3D speaker allocation descriptors may be included in an
HDMI audio data block and requested by Sink which supports 3D audio. The structure
of HDMI 3D speaker allocation descriptors are shown in Table 50. Sink indicates
audio capability by expressing speakers, e.g., a couple of speakers and establishes cor-
responding flags. HDMI 3D speaker allocation descriptors may have four bits of
ACAT fields, which indicate an audio channel allocation standard type. Tables 50 to
52 provide further details. Further, CEA short audio descriptors may be included in an
HDMI audio data block and requested by Sink which supports transmitting multi-
stream audio. The above descriptors describe audio features of each audio stream. A
maximum channel count may be limited to 2 channels in each audio stream; however,
exemplary embodiments are not limited thereto, and according to exemplary em-
bodiments, the channel count may be more than 2 channels in each audio stream.

Table 43 - HDMI Audio Data Block
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Evte/Eit # 7 6‘5 4‘3|2|1|n
1 Tag cod=7(Use Extended L*=Length of fnllpw:'ng data block
Tag pavload (in bytes)
2 Extended Tag Code = 18 (0x1Z)
3 NUM_HDML 3D_AD(=) |NUM_CEA_SAD(=Y) |Ma.x_5trearn_ccrun

(if UM _HDMI 3D _AD>0)

(-0 HDLI 3D_AD 1

(if NITh HDMI 3D _AD=0)

FH D
(@D HDMI 3D _aD X

(f NUM HDMI 3D _AD>=0)

)t ) HDMI 2D SAD

(if Max_Stream_Comnt 150 and NUM CEA SAD>0)

(R4 D~ +6) CEA SAD 1

(HHE* I HEFY ) | (if Max_ Stream Count-130 and NUM _CEA SAD=0)

) CEA SAD Y

* The length of the following data block payload (in bytes), 2 + 4*X + 4 + 3*Y

3+ 4FX + 1

Each field of HDMI audio data block illustrated in Table 43 is described as follows.

NUM_HDMI_3D_AD [3 bits] indicates the number of HDMI 3D audio descriptors

NUM_CEA_SAD [3 bits] indicates the number of CEA short audio descriptors.

Max_Stream_Count-1 [2 bits] indicates the number = the number of transport stream
- 1. Table 44 provides additional details.

HDMI_3D_AD indicates an HDMI 3D audio descriptor.

HDMI_3D_SAD indicates an HDMI 3D speaker allocation descriptor

CEA_SAD CEA indicates a CEA short audio descriptor.

Table 44 - Max_Stream Count - 1 field

Max Htream Count-1 Description
an Do not support Dlulti-Gtream Audio
01 2 aadio streams
10 3 aadio streams
11 4 adio streams

Table 45 - HDMI 3D Audio Descriptor for Audio Format Code = 1 (LPCM)

Byte/Bité 7 [ 5 4 3 2 1 a
1 ] il a a Audio Format Code = 0001k
2 a a I} Wlax Muwmber of charmels]
3 0 192 kHz | 176.4kH=z | 96 kHz | 282 kHz | 48 kHz 44 1 32 kHz
kHZ
4 0 il 1] 1] 1] 24 hit 20 hit 16 hit
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[396] Table 46 - HDMI 3D Audio Descriptor for Audio Format Codes 2 to 8

[397] Eyte/Di# 7 B 3 a 3 ‘ 2 | 1 | 0
1 a a a 0 Audio Format Code
2 a ] ] Max Number of channels1
3 a 192 kHz | 176 4kH 9§ KHz 28.2 42 kHz 44.1 32 kKHz
z kHz HZ
4 Ilaximum bit rate divided by EkHz

[398] Table 47 - HDMI 3D Audio Descriptor for Audio Format Codes 9 to 13

[399] Evyte/Bit# 7 [ 5 4 3 Z 1 ]
1 1] 1] 1] 0 Aundio Format Code
2 1] 1] 1] Max Humber of channels1
3 a 192 kH= | 176 4kH | 96 kHz 222 42 kHz 441 32 kH=z
z kHz KHZ
4 Aundio Format Code dependert value

[400] Table 48 - HDMI 3D Audio Descriptor for Audio Format Code 14 (WWA Pro)

[401] Buyte/Bitd 7 & 5 4 3 2 1 0
1 a a a a Audio Format Code=1110%0
2 ] ] ] Wax Number of charmels1
3 ] 192 kHz | 176 4kH o8 kHz 382 48 kHz 44.1 32 KHz
z kH= K=
4 Reserved (0) Profile

[402] Table 49 - HDMI 3D Audio Descriptor for Audio Format Code 15

[403] Bte/Eité 7 [ 5 4 3 2 1 ]
1 a 1} 1} 1} Audio Format Code = 1111h
2 ] a a Max Number of channels1
3 0 192 kHz | 176 4kH 96 kHz 282 48 kHz 441 32 kHz
z kH= kHZ
4 Audio Format Code Extension 1} a 1}

[404] Table 50 - HDMI 3D Speaker Allocation Descriptor for 10.2 channels (TTA
Standard) (Extension)

[405] El3r1;.n"Elit - . . . ; . ) -
p | FLWAR | BLCR | FLCAR | — o B E——
W c c
PE2 Tppssli]l;{’rr SILSR | TpBC | LFE2 | LSRS | Tgrc | Tpc | PrTP
PB3 0 0 © | isaima | TELSAPR | BELME | L | TpBLApE
5 FR R
PB4 ACAT (=0X01) 0 0 0 0

[406] Bold bits in the above table indicate speakers which have already been allocated in
accordance with 10.2 channels.
[407] Table 51 - HDMI 3D Speaker Allocation Descriptor for 22.2 channels
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(SMPTE2036-2)
[408] Bi”;mit 7 6 5 4 3 2 1 0
PE1 FL“‘H’;’FR BL%’BR FI‘%"FR BC BL/BR FC LFEl | FLFR
TpSIL/T | or e TpFL/Tp
PE2 bsp | SL/SR | TpBC | LFE2 | L3RS | TFC | TpC R
TpL3TpR | BIFL/Bt Tp BL/Tp
PE3 0 0 0 L3dLRA p R BiFC BR
PB4 ACAT (=0X07) 0 0 0 0
[409] Bold bits in the above table are speakers which have already been allocated in ac-

cordance with 22.2 channels.
[410] Table 52 - HDMI 3D Speaker Allocation Descriptor for 30.2 channels
(IEC62574/Ed. 1)

[411] Bremit | 6 5 4 3 2 1 0
FLWF | BLC/BR | FLC/FR
PEI o z - BC BL/BR FC LFE1 | FLFR
TPSILIT | oo e TpFL/Tp
FB2 sp | SL/SR | TpBC | LFE2 | LSRS | TpFC | TpC R
LSQLR | TpLSTp | BiFL/Bi TpBL/Tp
PB3 0 0 0 e e PR BiFC R
PB4 ACAT (=03D3) 0 0 0 0
[412] Bold bits in the above table are speakers which have already been allocated in ac-
cordance with 30.2 channels.
[413] Although the first exemplary embodiment describes speaker allocation of multi-

channel 3D audio speakers with three bytes, this is merely exemplary only. 3D audio
data having 30.2 channels or more may need more speaker allocation information than
the information described above with respect to this exemplary embodiment. In this
case, 3D speaker allocation descriptors may use more than four bytes to indicate
speaker allocation.

[414] Table 53 - Audio Channel Allocation Type (ACAT) Field

[415] ACATS ACATZ ACATI ACATI Description

n n n n Reserved

n n n 1 Refer to 10 2 channels (TTA
Standard)

n n 1 n Refer to 22 2 channels (SMPTEZ036
-4)

n n 1 1 Refer to 30 2 channels (IECE25T4Ed
1)

n 1 n n Reserved

1 1 1 1

[416] Reserved bits in ACAT fields may be allocated and utilized in various channel types,
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[417]
[418]

[419]
[420]

[421]
[422]

[423]
[424]

[425]

[426]
[427]

[428]
[429]

[430]
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e.g., Dolby, USC or ITU-R format to be standardized, according to the needs of manu-
facturers.

Second Exemplary Embodiment

A second exemplary embodiment is different from the first exemplary embodiment
in that the second exemplary embodiment alters an audio data block. Specifically, a
reserved area of CEA short audio descriptors may be used to expand and indicate a
maximum number of channels. For instance, referring to Table 54 below, a maximum
number of channels may be expanded by utilizing Byte1[7] and Byte2[7]. By this
expansion, 3D audio can be indicated. CEA short audio descriptors may have a
different field area according to an audio format.

Table 54-1 CEA Short Audio Descriptor for Audio Code=1 (LPCM)

Bits
Byle# 7 [ [ 5 [4 [3 2 [1 [0
1 F17=0 Andio Format Code = 0001 Max Mumber of channels — 1
2 F27=0 192 ¥Hz | 176.4 94 kHz 8232 kHz |48 kH= 441 kHz |32 kHZ
kHz
3 F37=0 F36=0 F35=0 F34=0 F33=0 24 bit 20 bit 16 bit
Table 54-2 CEA Short Audio Descriptor for Audio Codes 2 to 8
Bits
Biyted 7 [ [3 [4 [3 2 [1 [0
1 F17=0 Audio Format Code Max Number of channels — 1
2 F27=0 192 kHz | 176.4 96 kHz 882 kHz |48 kHz 441 ¥Hz |32 kHZ
kHz
3 Ilaimum bit rate divided by 8 kHz
Table 54-3 CEA Short Audio Descriptor for Audio Codes 9 to 15
hits
Bte# 7 [ [3 [4 [3 2 [1 [0
1 F17=0 Audio Format Code Max Number of channels — 1
2 F27=0 192 kHz | 176.4 94 kHz 282 kHz |48 kHz 441 kHz |32 kHE
kHz
3 [Defalt=0, unless Defined by Audio Codex Vendor]

Independently of the above described second exemplary embodiment, ACAT may be
established by altering a speaker allocation data block. ACAT may be recognized
using Byte3[7:4] in a reserved area of a speaker allocation data block payload, and a
speaker allocation data block in each type may be defined as a new table. Placement of
ACAT fields may be defined differently within a range of Byte2[7:3]~Byte3[7:0].

Referring to Table 55 below, ACAT=0001 indicates 10.2 channels of TTA standard
and ACAT=0010 indicates 22.2 channels.

Table 55 - Speaker Allocation Data Block Payload

Table 55 - Speaker Allocation Data Block Payload (Refer to CEA861-E)

bits
Botet 7 [ 5 4 3 2 1 i
1 FLW/FRW | RLC/ERC | FLO/FRC RC RL/ER FC LFE FL/FR
2 Fa7=0 F2a=0 Fa5=0 F24=0 F23=0 FCH T FLH/FREH
3 F37=0 F3g=0 F35=0 F34=0 F33=0 F3z=0 F31=0 F30=0

Table 55-1 ACAT Field
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[431]

ACAT description

0000 Refer to CEA861-D(E,F)

. 0001 Refer to 10.2 channel
(TTA Standard)
0010 Refer to 22.2 channel
(SMPTE2036-2)
0011~1111 Reserved
0011~1111 Reserved

[432] Table 55-2 Speaker Allocation Data Block Payload (for 22.2 channel)
[433]
Byte#/bit 7 6 5 4 3 2 1 0

1 LFE2 SIL/SIR FLC/FLR BC BL/BR FC LFEL FL/FR

2 BtFC | BtFL/BtFR | TpBC | TpSIL/TpSIR | TpBL/TpBR | TpC | TpFC | TpFL/TpFR

3 ACAT = 0010b 0 0 0 0
[434] Table 55-3 Speaker Allocation Data Block Payload (for 10.2 channel)
[435]
Byte#/bit 7 6 5 4 3 2 1 0

1 CH LC/RC LB/RB LS/RS LFE2 LFE1 C L/R

2 0 0 0 0 0 0 0 0

3 ACAT = 0010b 0 0 0 0
[436] Speaker allocation data blocks can be defined differently according to

manufacturers. Manufacturers may consider enhancement of compatibility using common

speaker allocation. Table 56 below presents an SMPTE2036-2 standard of 3D audio having

222 channels. Bold bits refer to common speaker allocations of several manufacturers.

[437] Table 56 - Speaker Allocation Data Block Payload 2 (Refer to CEA861-E)

[438]

Bits
Byte# 7 6 5 4 3 2 1 0

1 FLW/FRW | RLC/RRC | FLC/FRC RC RL/RR FC LFE FL/FR
2 F27=0 F26=0 F25=0 F24=0 F23=0 FCH TC FLH/FRH
3 F37=0 F36=0 F35=0 F34=0 F33=0 F32=0 F31=0 F30=0

[439] Table 56-1 ACAT Field

RECTIFIED SHEET (RULE 91) ISA/KR
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[440] ©
ACAT Description
0000 Refer to CEA861-D(E,F)
0001 Refer to 10.2 channel
(TTA Standard)
0010 Refer to 22.2 channel
(SMPTE2036-2)
0011~1111 Reserved
[441] Table 56-2 Speaker Allocation Data Block Payload (for 22.2 channel)
[442]
Byte#/bit 7 6 5 4 3 2 1 0
1 FLW/FRW RLC/RRC FLC/FRC RC RL/RR FC LFE FL/FR
2 TpBC TpSIL/TpSIR | TpBL/TpBR | LFE2 | SIL/SIR | FCH TC FLH/FRH
3 ACAT = 0010b 0 0 BtFC | BtFL/BtFR
[443] Table 56-3 Speaker Allocation Data Block Payload (for 10.2 channel)

RECTIFIED SHEET (RULE 91) ISA/KR
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[444]

[445]

[446]
[447]

[448]

[449]

[450]
[451]

[452]
[453]

50
Bytefbit 7 & 5 1 3 2 1 i
1 FLW/FRW | RLC/RRC | FLC/FRC RC RL/RR | FC LFE FL/FR
(LE/RE) (LSRS)
2 TpEC | TpSIL/TpSIR | TpEL/TpER | LFEZ | SILAIR | FCH TC | FLE/FRH
3 ACAT = 0010k i 0 EIFC | BtFL/BIFR

In the above described exemplary embodiment of a speaker allocation data block
payload, classification of each type, e.g., 10.2 channels (TTA), 22.2 channels
(SMPTE2036-2), and 13.1 channels (Dolby), may be determined by referring to a
position and sort of bits set in a speaker allocation data payload in sources without
defining ACAT fields separately. The operation of determining a classification of a
type can be performed because the number of channels may be found with an altered
audio data block.

Third Exemplary Embodiment

A third exemplary embodiment does not define an HDMI audio data block and
newly defines an extended speaker allocation data block type of an extended tag code
in EDID. The size of a new data block can be 32 bytes at maximum. Table 57 il-
lustrates an example of four bytes. The size of ACAT may be altered and defined
according to needs of a user or manufacturer.

ACAT is implemented by utilizing a reserved area (Byte3[7:4],) and a speaker al-
location data block in each type may be defined. Payload may be formed in the same
fashion as the above described exemplary embodiment. Further, ACAT fields may be
placed in different areas other than the above reserved area.

Reserved bits of ACAT fields may be allocated and utilized in various channel types,
e.g., Dolby, USC, or ITU-R formats to be standardized, according to manufacturers.

Table 57 - Modified Speaker Allocation Data Block

Extended Tag Tipe of Data Block
Codes
] Wieo Capability Data Block
1 Vendor-Specific Wideo Data Block
2 Reserved for VESA Video Display Dewice Information Data Block
3 Reserved for VEZA Video Data Block
4 Reserved for HDMI Video Data Block
5 Colometry Data Block
6..15 Reserved for Wdec=relaesed blocks
1a CEA Mrscellaneous Audio Fields
17 Vendor —Specific Audio Data Block
12 Reserved for HDMI Audio Data Block
19 Extended Speaker Allocation Data Block
20...3 Regerved for audio-related blocks
32,255 Reserved for general
Table 57-1 - ACAT Description
ACAT description
oaon CEAZG1-INE.F)
oot 102 chanmel
(TTA Btandard)
ooin 222 chatmel
(SMPTE2036-2)
no11-1111 Reserved
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[454] Table 57-2 - Extended Speaker Allocation Data Block Payload(for 10.2channel)
[455] Eyte/hi 7 f 3 4 3 2 1 i
t
1 FLW/FRW | RLC/RRC | FLC/FEC RC | RL/RR FC LFE | FLFR
z TpEC | TpSIL/TpalR | TpBL/TpER. | LFE2 |SILAIR | FCH TC | FLHFRH
3 0 0 0 LEaRod | Lams | TpLa/Tphs | BIFC | BIFL/BIFR
q ACAT = 00010 0 0 0 0
[456] Table 57-3 - Extended Speaker Allocation Data Block Payload(for 22.2channel)
[457] Eyteia 7 5 3 4 3 Z ] 0
t
1 FLW/FRW | FRLC/RRC | FLC/FRC RC | RLRR FC LFE | FLFR
2 TpBC | TpSIL/TpSIR | TpBL/TpBR | LFEZ | SILGIR | FCH TC | FLHFRH
3 D 0 0 LEdRSd | LoRs | TpLa/ApRa | BIFC | BIFLBIFR
q ACAT = 00106 0 0 0 0
[458] Table 57-4 - Extended Speaker Allocation Data Block Payload(for 30.2channel)
[459] Evteft/hi 7 6 5 4 3 2 1 ]
t
1 FLW/FRW | RLC/REC FLC/FRC RC | RLRRR FC LFE | FLFR
z TpBC | TpSIL/TpSIR | TpBL/TpBR | LFEZ | SIL/SIR | FCH TC | FLHFRH
3 0 0 0 LSURSd | LSRS | TpLS/pRS | BIFC | BIFL/BIFR
q ACAT = 00110 0 0 0 0
[460] Fourth Exemplary Embodiment
[461] A fourth exemplary embodiment is similar to the third exemplary embodiment,
however, has a difference in that, according to the fourth exemplary embodiment, a
data block in each speaker allocation standard type, e.g., 10.2 channels (TTA), 22.2
channels (NHK), 13.1 channels (Dolby), is defined and a data block in each type is
added to an extended tag code.
[462] For instance, data block tag code 19 indicates a speaker allocation data block for
TTA 10.2 channels, data block tag code 20 indicates a speaker allocation data block for
NHK 22.2 channels, and data block tag code 21 indicates a speaker allocation data
block for Dolby 13.1 channels.
[463] Table 58 - Modified Speaker Allocation Data Block
[464] Extended Tag Type of Data Block
Codes
a Wieo Capability Data Block
1 Vendor-Specific Wideo Data Block
2 Reserved for VE3A Video Display Device Information Data Block
3 Reserved for VESA Video Data Block
4 Reserved for HDMWI Video Data Black
5 Colorm etry Diata Block
f...15 Reserved for wWidec=relaesed blocks
16 CEA Mrscellaneous Audio Fields
17 Vendor Specific Audio Data Block
12 Reserved for HDMI Audio Data Block
19 HDMI Speaker Allocation Data Block for 102ch(TTA)
20 HDMI Speaker Allocation Data Blck for 22.2ch(NHEK)
21 HDRMI Speaker Allocation Data Block for 13.1ch(Dobhy)
22,31 Reserved for audio-related blocks
32455 Reserved for general
[465] Table 58-1 Speaker Allocation Data Block payload(for multi-channel)

[466]
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Evtefibit 7 & 3 4 ] 2 1 0
1 Poa¥ - - - - - - Pos0
2 Posls - - - - - - Pos i
3 Pog i3 - - - - - - Poszld
4 Pos 3l - - - - - - Poszli4
[467] Fifth Exemplary Embodiment
[468] A fifth exemplary embodiment defines an extended audio data block. An extended
audio data block corresponds to extended tag codes. Further, an extended audio data
block includes at least one extension CEA short audio descriptor. Each extension CEA
short audio descriptor includes information regarding the number of channels. A size
and format of each field may be the same as those of short audio descriptors in audio
data blocks, however, the size and formats may also be defined differently.
[469] Table 59 - Extended Audio Data Block
[470] Extended Tag Type of Data Block
Zodes
a Wieo Clapability Data Block
1 ¥ endor-Specific Video Data Block
2 Reserved for VESA Video Display Device Information Data Block
3 Regerved for VE3A Video Data Block
4 Feserwved for HDMI Video Data Block
5 Colormetry Data Block
a...135 Reserved for video=relaesed blocks
16 CEA Mrscellaneos Audio Fields
17 Vendor —3pecific Audio Data Block
18 Reserved for HDMI Audio Data Elock
19 Exiended Awdio Data Block (includes one or more Exiended Short Audio
Descrip tors)
20 Extended Speaker Allocation Data Block
21 Multipgle Audio Stream Data Block
22..31 Regerved for audio-related blocks
32,255 Reserved for general
[471] Table 59-1 Extended Audio Data Block
[472] BEiytesifbit 7 é 5 4 ‘ 3 ‘ 2 | 1 | 0
FEI Tag Code=7 (U3E Ezxtended | Length = total mumber of extension audio bytes
Tag) following chis byte
FEI Extended data Block Tag Code =13h
FE3
FE4 Extended CEA Short Auwdio Descriptor 1 (Refer to table 2%25)
FE3
FE N-2
FE H-1 Extended CEA Short Audio Descriptor X (Refer to tahle 8+25)
FE N
[473] Table 59-2 Extended CEA Short Audio Descriptor
[474] Evtefibit 7 6 5 4 | 3 2 1 ‘ ]
FE1 a Uneompressed Audio Max mumber of channels - 1
Format Code = 00 or
01
FEZ ] 10ZkHz | 176 4kHz | OfkHz | &8 2kHz | 48kHz | 44 1kHz | 32kHz
PEZ 0 0 0 0 0 24bit 20%it 16hit
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As described in the above table, extension CEA short audio descriptors may include

uncompressed audio format code. Uncompressed audio format codes may be defined

as follows.

Table 60 - Uncompressed Audio Format Code

Uneompressed Audic Format Code Description
0o FCM
01 One Bit Audio
10

11

Resetved

An extended speaker allocation data block may be defined to include values of

extended tag codes. An extended speaker allocation data block may include an ACAT

field as described in the table below. A reserved area may be used for expansion.

Further, reserved bits may be allocated and utilized in various channel types, e.g.,

Dolby, USC, or ITU-R formats to be standardized, according to manufacturers.
Table 61 - Extended Speaker Allocation Data Block

Extended Tag
Codes

Type of Daa BElock

1]

Vieo Capahility Data Block

Vendor-Specific Wideo Data Block

Reserved for VESA Video Display Device Information Data Block

Reserved for VE3A Video Data Block

Reserved for HDMI Video Data Block

1
2
3
a
5

Colotsm etry Data Block

g...15

Reserved for video=relaesed blocks

16

CEA WMrscellaneous Audio Fields

17

Vendor —3pecific Audio Data Block

12

Regerved for HDMI Audio Data Block

19

Extended Audio Data Block (includes one or more Extended Short Audio

Descriptors)

20

Extended Speaker Allocation Data Block

21

IMultiple Audio Stream Data Block

22,31

Regerved for audio-related blocks

32,455

Reserved for general

Table 61-1 Extended Speaker Allocation Data Block

Bytefihi 7 & 5 4 3 2 1 1]
t
FE1 _ Length = total number of extension audio
Tag Code=7 (UZE Extended Tag) bytes following chis byts (=5 byie)

PBZ2 Extended data Block Tag Code =13h

FE3 FLw/FREw RLC/RRC FLC/FRC RC RL/RER FC LFEl | FL/FR

FB4 TpEC Tp3IL/Tp3IR | TpEL/TpBR LFEZ SiLMAER | FCOLI TC FI;;I;"F

FE5 TpL3/ BiFL/E
a0 a0 0 L3dLEd | LERSE TpRS BiFC {FR

FEd ACAT(Audio Channel Allocation Type) 0 0 a0 a0

Table 61-2 ACAT Description
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[ACATS | ACATE | ACATI | ACATO Description

0

n
n
i
0

1

- o o o O

1

0

0 o= = O

1

0

[ I R

1

Refer to CEARAL-Dior E, F)

Refer to 102 channels (TTA Standard)
Refer to 22.2 chamnels (SMETE 2036-2)
Refer to 30.2 chamnels (IECA2574Ed 1)

Reserved

[485] In this exemplary embodiment, payloads of extended speaker allocation data blocks
are illustrated in the table below. Shade areas are used to allocate speakers for each
channel allocation type.

[486] Table 62 - Channel Allocation Compatibility

[487] Eiytefihil 7 f 5 4 3 z 1 0

FEI | FLWFR | RLC/RRC | FLCFRC | RC | RL/RR FC LFE1 | FLFR
FEZ T:gc TpSILAES1 | TpEL/TpE | LFEZ | SIL/SIR | FCH TC | FLHFR
FE3 0 EL 13 L3dLRd | La/RS | TeLS/TpR | BiFC BtFII;IfEItF
PB4 ACAT(Audo channel Allocation Type) 0 g I 1;
[488] Eyted/bit 7 f 3 4 3 2 1 0
FBI | FLWFR | RLO/RRC | FLCFRC REC | RL/RR FC LFEl | FLFR
FEZ T:gc TpSILAS1 | TpEL/TpE | LFEZ | SILMIR | FCH TC | FLHFR
FE3 0 E{ 13 LSJLRd | La/R3 | TeL@/TpR | BFC BthrBtF
PB4 ACATCAwdo channel Allocation Type 1] g 0 1;
[489] Bytefibi 7 6 3 4 3 Z 1 0
FET [ FLWRE | RICRRC [ FLOFRC | RC | RLRR FC LFEL | FLFR
FEZ T:];C TpSIL/TpSI | TpBL/TpB | LFE2Z | SIL/SIR | FCH TC | FLHTR
FE3 D 1§ 1§ LSALR | Lo/RS | TpLS/TpR | BIFC BtFII;IIBtF
FE4 ACAT(Audio chatnel Allocation Type) : 0 g 0 lD{
[490] Brytesihi 7 [ 3 4 3 2 1 ]
Pél FLWFR | RLCRRC | FLCFRC | RC | RLRR FC LFEl | FLFR
FE2 TpWBC TpSIL/TpSL | TpBL/TpB | LFEZ | SIL/SL | FCH TC | FLHTR
R R R H
FE3 0 0 0 LSIAR | LSRS | TpLSTpR | BIFC | BIFL/BIF
PB4 ACATCAwHD channel Allocation Type) : 0 I;IS 0 lD{

[491] EDID/CEC for New Speaker Position

[492] A speaker position data block to carry new speaker position information to sources
may be defined. A data block includes coordinate values (X, y, z) of every speaker
position and position angle values. Sources may be utilized in various processing op-
erations, such as down-mixing or object audio coding, with the above information.
Because values of extended tag codes in the table below are allocated according to one
of the exemplary embodiments, speaker position data blocks can be defined with data
blocks as defined above and utilized.

[493] Table 63 - Speaker Position Data Block
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Extended Tag Type of Data Block

Codes
] Wieo Capability Data Block
1 Vendor-Specific Wideo Data Block
2 Reserved for VESA Video Display Dewice Information Data Block
3 Reserved for VESA Video Data Block
4 Reserved for HDIWI Video Data Block
3 Colotsm etry Data Block

6..15 Reserved for idec—relaesed blocks
16 CEA Mrscellaneous Audio Fields
17 Vendor <Specific Audio Data Block
12 Reserved for HDMI Audio Data Block
19 Regerved for audio-related blocks
20 Speaker Positon Data Blck 1
21 Speaker Position Data Blck 2
22 Speaker Positon Data Blck 3
23 Speaker Positon Data Blck 4
31 Reserved for audio-related blocks

32255 Reserved for general

Speaker position data blocks can be defined as set forth in the table below. Byte [1]
to Byte [5] store position information of one speaker. According to the same
exemplary embodiment, Byte [6] to Byte [30] store speaker position information of
other speakers. Byte 31 and Byte 32 are defined as reserved areas.

If the above exemplary embodiment is used, one data block can carry position in-
formation of six speakers at a maximum. Thus, to respond to N channels, a total of
(N/6) speaker position data blocks may be needed.

Table 64 - Speaker Position Data Block

7 ‘ 6 3 | 4 | 3 | 2 ‘ 1 0
1 height Speaker id Angh
2 Ang T | Angf Ang5 | Angd | Ang 3 | Ang 2 | Angl Angi
3 Offset_x
4 Offset v
5 Offset z
g~10 2  speaker position data
11~15 3th speaker position data
16-~20 4 ' speaker position data
21325 5 ' speaker position data
2630 6 ' speaker position data
3132 reserved
Table 64-1 Speaker_id field
Speaker id Description
nooon FL
nono1 FR
noo1o0-11111

Transmitting Speaker Position Information using CEC

FIG. 12 illustrates an operation of transmitting speaker position information using
consumer electronic control (CEC) according to an exemplary embodiment.

Referring to FIG. 12, if sources transmit a request for speaker positions to Sink, Sink

responds with speaker position information.
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[504] 3-1. EDID for 3D Audio

[505] A multi-stream audio data block may be newly defined in extended tag codes. A
multi-stream audio data block includes a Max_stream_count-1 field and a CEA short
audio descriptor area. Max_stream_count-1 indicates the number of transmitting

stream. CEA short audio descriptors are more than 1, and may be defined by

CEA861-D.
[506] Table 65 - Multi Stream Audio Data Block
[507] EyteRitit 7 ] & | 3 | & [ 3 | 2 ] 0
1 Reserved Dlax_stream count
1
2 CEA Short Audio Descriptor 1
3
4
N CEA Short Audio Descriptor X
[508] Table 65-1 CEA Data Block Tag Codes
[509] Extended Tag Type of Data Elock
Codes
] Wieo Capability Data Block
1 Vendor-Specific Wideo Data Block
2 Reserved for VESA Video Display Dewce Information Data Block
3 Reserved for VEZA Video Data Block
4 Reserved for HDII Video Data Block
5 Colometry Data Block
g...15 Reserved for videc=relaesed blocks
16 CE& Mrscellaneous Audio Fields
17 Vendor —Specific Audio Data Block
12 Reserved for HDMI Audio Data Block
19... Reserved for audio-related blocks
XX Mubltiple Audio Stream Data Block
L3l Reserved for audio-related blocks
32,255 Reserved for general
[510] According to exemplary embodiments, whether or not multi-stream video/audio is

provided may be indicated in a vendor-specific data block. A multistream_indicator
field is used. If Sink supports multi-stream, multistream_indicator=1. Also, a mul-
tistream_indicator field may be defined in another area of a data block as well as
HDMI VSDB.

[511] Table 66 - Vendor-specific Data Block

[512]
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Byt 7 & 5 4 3 2 1 i
ehf
a Vendot- specific tag code(=3) L ength(=1M)
1 24-bit IEEE Registration (0x000c03)
2
3
4 A B
5 C D
6 | Buppor | DC_40b | DC 30k | DC 30k | DC_ V444 | Revd | R3CD(N | DVI_Du
g Al i t t al
7 Iax_TMDE_Clock
2 Latene | I Latenc | HDMI_ | Rswd(D) CHCE CHC2Z CHC1 CNCO
w Fiel | y Fields | Video P
ds _Present L
Present
()] Video_Latency
(1m Andio_Latency
(11 Interacted Video Latency
(13 Interacted Audio_Latency
(13) | 3D_pr 3D _Multi Present Image_size REsrdD) | Esvd(l) | Multistre
esert am_indie
atior
(14 | HDMI VIC_LEN | HDLII_3D LEN
(1% [ (f HDMI_VIC_LEN=0)
HOMI VIC 1
HDMI_VIC_M
(if 3D_MIulti_gresent 01 or 100
3D _Btucture ALL 158
3D _Structare ALL_7.0
(if 3D _MIult_present 10)
3D_MASK 7.0
3D _MAZK 7.0
3D VIC 1 | 3D _Structure 1
[513] If multistream_indicator is defined using more than 2 bits, various multi-streams can

be recognized.
[514] Table 67 - Vendor-specific Data Block
[515]



WO 2013/122385 PCT/KR2013/001128
58

Byt ¥ & 5 4 3 2 1 1]
eif

a Vendot- specific tag code(=3) L ength(=1M)

1 24-bit IEEE Registration (0x000:03)

2

3

4 A B

5 C D

f

[516]
[517]

[518]
[519]

Suppor | DG 40k
5 Al t

DC 30t | D 300 | DG Y444 | Rsvdd) | RSCD( | DVI Du
t t

=N

7 Iax_TMD3E_Clock
b Latenc | I Latenc | HDMI_ | Rswd(D) CHC3 CHC3Z CHC1 CHCO
w_Fiel | vy Fields | Video P
ds _Present tesetl
Present
()] Video_Latency
(1m Andio_Latency
(11 Interacted Video Latency
(12 Interacted_Audio_Latency
(13) | 3D_pr 3D_Multi Present Image_size hiultistream mode
esent
(14 | HDMI_VIC_LEN | HDMI 3D LEN
(1% | ¢f HDMI_VIC _LEN=0)
HDMI VIC 1
HDMI_VIC_M

(if 3D_Multi present 01 or 100

3D_Structure ALL 15,8

3D Stractare_ALL 7.0

(if 3D_Mult present 10)

3D_MASK_7.0

3D_MASK 7.0

3D _VIC_1 [ 3D _Structure 1

Second Exemplary Embodiment
A second exemplary embodiment newly defines a multi audio stream data block

using extended tag codes. A newly defined multi audio stream data block includes a

CEA short audio descriptor area, lengths of audio stream, Max_stream_count field,

and/or other information. Each field may be the same as those described in the above

exemplary embodiments, and will not be further explained.
Table 68 - Multi Audio Stream Data Block

Extended Tag Type of Data Block

Codes
a Vieo Capahility Data Block
1 Vendor-Specific Wideo Data Block
2 Reserved for VEZA Video Display Dewvice Information Data Block
3 Reserved for VESA Video Data Block
4 Reserved for HDMWI Video Data Block
5 Colonmetry Data Block

f...15 Reserved for video=relaesed blocks
16 CEA Mrscellaneous Audio Fields
17 Vendor —3pecific Audio Data Block
12 Reserved for HDMI Audio Data Block
19 Extended Audio Data Block (includes one of more Extended Short Audio

Dlescriptors)

20 Extended Speaker Allocation Data Block
21 Multiple Audio Stream Data Block

22,31 Reserved for audio-related blocks

32,255 Reserved for general
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Table 68-1 Multiple Audio Stream Data Block

Bytefihit 7 | f | 5 4 | 3 | 2 | 1 | 0

FEI Tag Code=7 (U3E Extended Length = total nwmber of extension audio tetes
Tag) following this tnrte
FEI Extended data Block Tag Code =13k
FEZ 0 0 0 0 0 0 Max Jtream co
unt-1

PB4
FE3 CE& Short Audio Descriptor 1
PBA

PE N-2

PE H-1 CEA Short Audio Descriptor 1 2

FEB N

Third Exemplary Embodiment

Meanwhile, similar to the first exemplary embodiment, another method of utilizing
an HDMI audio data block may be considered.

Extended tag codes are newly defined. Similar to the first exemplary embodiment,
tag code 18 may be used to add an extended HDMI audio data block.

The table below presents a structure of an extended HDMI audio data block. The
extended HDMI audio data block according to a third exemplary embodiment includes
an Extended CEA Short Audio Descriptor (ECSAD), Extended Speaker Allocation
Descriptor (ESAD), and Multiple Audio Stream Descriptor (MASD).

If a Sink apparatus supports a 3D audio function, ECSAD includes the same number
of descriptors as the number of values of Num_ECSAD fields. If a Sink apparatus
supports 3D-audio-channel function and if the value of a Num_ECSAD field is more
than 0, ESAD includes one descriptor. If a Sink apparatus supports a multi-stream
audio function, MASD includes the same number of descriptors as the number of
values of Num_MASD fields.

Max_stream count-1 field is defined as the maximum number of streams that a Sink
apparatus can receive minus 1. Since multi-stream audio is transmitted with one audio
sample packet, an audio stream in each view indicates the same audio features such as
coding type and sampling frequency.

Num_MASD field defines the number of extended CEA short audio descriptors. Up
to seven may be included. If the field is 0, it is indicated that a 3D audio function may
not be supported.

Num_ECSAD field defines the number of multi stream audio descriptors included in
the data block. Up to four may be included. If the field is O, it is indicated that multi-
stream audio may not be supported. If Max_stream_count-1 is not 0, at least one
MASA should be defined. If ECSAD includes using a method defined with four bytes,
six may be defined at maximum according to exemplary embodiments.

Table 69 - Extended HDMI Audio Data Block
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BEytediitit T | 6 | 5 4 | 3 | 2 | 1 | 0
PE1 Tag Code=¥ (UZE Extended Length = total mumber of extension audio bytes
Tag) following this tete
FBZ Extended data Block Tag Code =13h
FE3 | Max Steem Comt Num MASD Num ECSAD

FE4-FE6 | (f Hum_ECSADK)=0)

Extended CEA Short Descriptor 1

PB(}&'E)« (if Num_ECSAD()>0)

PB(H-1) Extended CE& Short Descriptor 3
PB(H)~ (if Hum_ ECSADC =00
PE(N+3) Extended Speaker Allocation Descriptor

PE(MN+H~ | (if Max Stream_Count-1>0 and HNum MASDCY)=0)

PBH +4) Ilultiple Audio Stream Descriptor 1

PE(L-1)~ | CF Wax Stream Comt 150 and Num MASD(T)R0)
PE(L+1)

Multiple Audio Stream Descriptor ¥

X : The number of ECSAD
Y: the number of MASD
Table 69 - 1 Stream Count-1 field

DlaxStream Count-1 Description
ao Do not support moultiple audio stream
01 2 audio streams
10 3 audio streams
11 4 audio streams

The above third embodiment may include alternative suggestions as follows.

For instance, an extended HDMI audio data block may include only ECSAD, and
other two ESAD and MASD may be defined using other extended tag codes.

Two descriptors defined with other extended tag codes may be defined as one
separate data block or as different data blocks from each other. In a field that PB3
defines within the above table, Max_stream_count-1 is included in a data block in
which a multi stream audio descriptor is defined.

In contrast to the above, an extended HDMI audio data block may include ECSAD
and ESAD related with 3D audio and MASD may be defined using other extended tag
codes.

An ECSAD structure is described by referring to the table below, in which the
ECSAD structure corresponds to the column in which the bold letters are written.

Referring to the bottom left table, the descriptors may be selected from two coding
types such as LPCM and DSD currently. Also, other uncompressed audio formats may
be added using a reserved area of a UAFC field.

The number of channels may be allocated with five bits, and up to 32 channels can
be selected.

Table 70-1 Extended HDMI Audio Data Block Structure
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Byte#'bit 7 | & | 5 4 | 3 | 2 | 1 | 1]
FE1 Tag Code=T (UZE Extended Length = total mamber of extension audio tetes
Tag) following this tnrte
FB2 Extended data Block Tag Code =13h
FB3 Mz S“e‘:‘“ ount- Hum MASD Num ECSAD

PE4-FEG | (if Num_ECSAD(X)>0)

Exiended CEA Short Descripior 1

PB(]";I.-.E)-A (if Num_ECSAD(E)>0)

FB(N-1) Extended CEA Short Deseripior X
PE(H)-~ (if Mum ECEADC>0)
PB(H+3) Extended Speaker Allocation Descriptor

PE(N+d)~ | (f Max Stream Cownt-170 and Nuom MASDCT)>0)

PR +4) Lilutiple Audio Stream Descriptor |

PE(L-1)~ | (if Max Stream Count1#0 and Num MASDUY)=0)
PE(L+D)

Multiple &udio Stream Descriptor ¥V
Table 70-2 Uncompressed Audio Format Code field

UAFC(Uneompressed Audio Format ©ode) Diescription
an LPCM
01 DED
1 Feserved
11

Table 70-3 Extended CEA Short Audio Descriptor

Byte/Bitg |7 6 [5 4 [3 [2 1 o

PEl 1] TAFC hax Mumber of channels — 1

FEZ o 192 kHz | 176.4 D6 kHz |852 kHz | 4% kHz | 441 kHz |32 kHZ
kHz

PE3 0 0 0 0 0 24hit 20hit 16kt

Also, regarding the above method, additional features according to exemplary em-
bodiments are as follows.

The following table extends a total amount of descriptors to four bytes. Further, an
audio format code is referred to from the table defined in CEA861-E. Thus, both
compressed and uncompressed coding types defined in CEA861-E can be assigned.

As a descriptor amount increases, the number of ECSAD that can be included in a
data block is limited to 6 descriptors at a maximum. Also, the above exemplary em-
bodiment may include 4 descriptors.

Syntaxes of PB3 and PB4 are defined as the same as Bytes 2 and 3 of Tables 45 to 49
in CEA861-E according to alterations in audio format code type.

Table 71-1 Extended HDMI Audio Data Block Structure
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Bytefihit 7 | f | 5 4 | 3 | 2 | 1 | 1]
PE1 Tag Code=7 (UZE Extended Length = total mamber of extension audio bytes
Tag) following this byte
PE2 Extended data Block Tag Code =13h
FE3 | Max Swean Count Num MASD Num EC3AD

FE4-FEA | (f Num _ECSAD(X)=0)

Exiended CEA Short Descripior 1

PB(I-I--3)~ (if Num_ECSAD(X)>0)

PEM-1) Extended CEA Short Descriptor X
PB( - (if Mum_ECSADCD=0)
PE(N+3) Extended 3peaker Allocation Descriptor

FEMN+4)~ | (iff Max Stream _Count 150 and Num WMASD(T)>0)

PB(H+E) Llultiple Audio Stream Descriptor 1

FB(L-1)~ | (f Max Stream Cownt 150 and Num MASD(TI0)
PE(L+)

Multiple Audio Stream Descriptor ¥
[555] Table 71-2 Extended CEA Short Audio Descriptor

[556] Evte/Bité 7 3 3 4 | 3 | 2 | 1 i
PEl 0 0 0 Max Mumber of channels — 1
PBEZ I} I} I} a Audio Format Code
PE3 a 192 kHz 176.4 96 kHz 28.2 kHz 42 kHz 441 ¥Hz | 32 kHZ
kH=
FE4 1] 1] 1] 1] il 24hit 20bit léhit

[557] According to the third exemplary embodiment, the structure of ESAD is described.

[558] Bold letters of the table below indicate the structure of ESAD.

[559] Currently, ESAD may select speaker allocation information of up to 30.2 channels.
However, using the reserved area of an ACAT field, another speaker placement format
may be additionally included.

[560] Table 72 - Extended Speaker Allocation Descriptor

[561] Table 72-1 Extended HDMI Audio Block Structure

[562] Byrte#t/bit 7 | & | 5 4 | 3 | 2 | 1 | 0
FE1 Tag Code=7 (USE Extended Length = total nomber of extension audio betes
Tag) following this byte
PEZ Extended data Block Tag Code =13h
FES | M Bt Count Num MASD Num ECSAD

FE4+TB6 | (f Num BCSAD(L=0)

Extended CEA Short Descriptor 1

FEM -3 | (F Hom ECSADD0)

FE(N-1) Extended CEA Short Descriptor X
FE()~ | (f Num ECSAD(X=0)
FE(N+3) Extended Speaker Allocation Descriptor

FE(H+B~ [ (if Max Stream Count-13=0 and Num MASD(Y)=0)

PB(N+4) Mlultiple Audio Stream Descriptor 1

PE(L 1)~ | (if Max Stream Count 150 and Num MASD(Y)>0)
PE(L+1)

Multiple &udio Stream Descriptor ¥
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Table 72-2 Audio Channel Allocation Type filed
A A A A Drescription
c oc o c
A A A& A
T T T T
32 1 0
T 0 | Refer to CEAS61-Dior E.F)
1 | Refer to 102 channels TTA
Standard)
0 0 1 0 [Refer to 222 channelsSMPTEI036-
2
0 0 1 1 [Refer to 302 chanmelSIEC62574Ed
1y
a 1 0 0 |Reserved
O R B
Table 72-3 Extended Speaker Allocation Descriptor
Bitefifti 7 6 3 4 3 Z 1 0
i
FE1 |FLW/FRW | RLCG/RRC | FLC/FRC RC | RL/RR FC LFEl | FL/FR
FEZ TpEC | TpelL/TpalR | TpEL/TpER | LFEZ | SILAIR | FCH TC | FLH/FRH
FE3 0 0 0 LEdLRd | La/Rg | TpLa/IpR | BIFC | BIFL/BFR
FE4 ACATCAWdo Channel Allocation Type) 0 ] a a

The table below indicates ESAD. Bold letters of each table are used to allocate a

speaker of a corresponding channel allocation type.

Table 73 - Extended Speaker Allocation Descriptors

Btediti 7 6 5 4 3 2 1 1]
t
FE1 FLW/FRW | RLC/RRC FLC/FRC RC RL/RR FC LFE1 FL/FR
PEZ TpBC TpSIL/Tp3IR | TpBEL/TpER LFEZ SIL/BIR FCH TC | FLH/FRH
PR3 1] 1] 1] L3dLRd | LBRI | ToLETpR | BtFC | BtFL/BIFR
FE4 ACAT Audio Channel Allocation Type) a a ] a
EBytefiibi T & 5 4 3 2 1 0
t
PE1 FLWIFRW | RLC/RRC FLC/FRC RC RL/RR FC LFE1 FL/FR
3= TpBEC Tp3IL/Tp3lR | TpEL/TpER LFE2 | BIL/IR FCH TC | FLHFRH
PE3 1] 0 1] L3dlRd | LEERE | TpL3TpR | BtFC | BIFL/BIFR
FB4 ACAT(Audo Channel Allocation Type) I I I 0
Byted/ti 7 & 5 4 3 2 1 1]
t
PE1 FLWIFRW RLC/RRC FLC/FRC RC RLER FC LFE1 FL/FR
3= TpBC Tp SIL/TpSIR | TpBL/TpBR | LFE2 | SIL/SIR FCH TC FLH.FRH
PBZ 1] 0 1] L3dlRd | L3RS | TplEMTpR | BIFC | BtFL/BiFR
FE4 ACATCAudio Chatwel Allocation Type) ] a ] a
Bte#iti 7 f 5 4 3 2 1 0
t
FE1 FLW/FRW RLC/REC FLC/FRC RC RL/RR FC LFE1 FLFR
PE2 TpBC Tp SIL/TpSIR | Tp BL/TpBR LFE2 SIL/SIR FCH TC FLH/FRH
PEZ 1] 1] 0 LSd/LRd | L8RS | TpLS/TpR | BiFC | BiFL/BiFR
FE4 ACAT Ao Chanmel Allocation Twpe) a a ] ]

The structure of ESAD according to the third exemplary embodiment is explained
below. Bold letters of the table indicate the structure of ESAD.
A CEA short audio descriptor defined in CEA861-E is used as stated. Also, while

including each field in CEA short audio descriptors, a new format partly changing/

modifying the defined field placement or amount may be used. The descriptors may be
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only included when transmitting multi-stream audio. If used, at least one of the de-

scriptors is included.

Table 74 - Multiple Audio Stream Descriptor
Table 74-1 Extended HDMI Audio Data Block Structure

Bytedibit 7 & 5 4 | 3 2 | 1 | ]
FE1 Tag Code=7 (UZE Length = total number of extension audio teytes
Extended Tag) following this tte
FBZ Extended data Block Tag Code =13h
FB3 Max Strean Hum MASD Hum ECSAD
Count-1
PB4-FBT | (if Num_ BECSADD=0)
Extended CE& Short Descriptor 1
PEB{H-d1~ | (if Hum_ ECIADZD=0)
FBM-1) Extended CEA Bhort Descriptor X
PE{H)~ {if Num_EC3ADCD=00
PE(N+3) Extended Speaker Allocation Descriptor
PEH+41~ | (if Max Siveam_Couni-1>0 and Num MASD(Y)=0)
FE(N-+) Muliiple Audio Stream Descripior 1
PE(L-13~ | (if Max Siveam_Couni-1>0 and Num MASD(Y)=0)
PE(L+1}
Multiple Audio Stream Descriptor ¥
Table 74-2 Multiple Audio Stream Descriptor
Eytef/bit 7 | 6 | 5 | 4 [ 3 z [ 1 D
FE1
FB2 CE& Short Awdio Descriptor for each Audio Format Code
PE3

The table below newly defines the structure of a multi stream audio descriptor.

Instead of using CEA short audio descriptors as stated, new descriptors may be

utilized.

The number of channels in multi-stream audio is limited to 2. Thus, in these de-

scriptors, an unnecessary channel count field is deleted and maximum number of
stream -1 is defined as 2-bit. Max_stream_count-1 stated in PB3 of an Extended HDMI

audio data block is defined as the maximum value of Max_stream count-1 in each de-

scriptor.

Each table below indicates descriptors in each audio format code.
Table 75 - Multiple Audio Stream Descriptor
Table 75-1 Multiple Audio Stream Descriptor for Audio Format Code 1 (LPCM)

Byte/Bit# 7 & | 5 | 4 3 2 1 | 0
FE1 1} Audio Farmat Code = 0001 a Mlax Stream Count-l
FE2 a 192 kHz 176 .4 96 kHz 382 kHz 4% kHz | 441 kKH=z | 32 kHZ

kHz
PE3 1] 0 0 1] 1] 24hit 20bit léhit

Table 75-2 Multiple Audio Stream Descriptor for Audio Format Code 2 to 8
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EyteBitd 7 g 3 [ 4 | = 2 1 I
FE1 a Audio Format Code 0 Max Stream O ount-l
PEZ 0 192 kHz 176.4 96 kHz 28.2 kHz 4% kHz 44.1 kHz 32 kHZ
PE3 kH;'Iaximum hit tate divided by ElH=
[588] Table 75-3 Multiple Audio Stream Descriptor for Audio Format Code 9 to 13
[589] Byte/Bith 7 g | 5 | 4 [ 3 Z r [ ©
FEI D Audio Format Code 0 Wax Stream_Count-|
FEZ 0 102 kHz | 1764 | U6 kHz | 262 kHz | 4 Wz | 441 Kz | 32 kHZ
PE3 szmmeﬂCo%dmm%mvﬂm

[590] Table 75-4 Multiple Audio Stream Descriptor for Audio Format Code 14 (WMA
Pro)

[591] Byte/Bité 7 R 4 | 3 2 1 0

PEI 0 Avdio Format Code = 1110 0 Max_Stream_Count-1

PEZ 0 102 kKHz | 1764 | U6 kHz | %62 kHz | 46 Wiz | 441 Kz | 32 kHZ

FEZ Reiized Profile
[592] Table 75-5 Multiple Audio Stream Descriptor for Audio Format Code 15 ( extension)
[593] Evyte/Bitd 7 I3 [ 3 [ 4 [ 3 ] 1 [ i

FE1 1} Audio Foarmat Code = 1111 a hlax Stream Count-1

FEZ 0 107 kHz | 1764 | U6 kHz | 8.2 kHz | 48 Kz | 441 Kz | 32 kHZ

PE3 Audio Formaf I_éz-:-de Extension 24 Wt | 20 it 16 bit

[594] 4-1. Application Scenario for 3D Audio and Multi-stream Audio

[595] In the following description, application scenarios for 3D audio and multi-stream
audio according to the first exemplary embodiment are provided. The following
exemplary embodiments show the capability of a Sink apparatus to transmit HDMI 2.0
source, 3D audio, and multi-stream audio.

[596] Scenario for 3D Audio

[597] FIG. 13 illustrates that a 3D audio sample is transmitted from the blu-ray player
(BDP) to the TV. This exemplary embodiment assumes the following.

[598] A Source such as the BDP and Sink such as the TV are HDMI 2.0 compliant devices.

[599] The Source transmits an L-PCM 48 kHz 22.2 channel audio stream to the Sink.

[600] Sink receives L-PCM 48 kHz 22.2 channel audio sample, and transmits each audio
stream to a corresponding speaker. Transmitted video format is 1080 p/60 Hz.

[601] The TV includes a CEA-861-F (D or E) compliant E-EDID data structure that can be
accessed with the DDC. To support transmitting 3D audio, E-EDID includes an HDMI
audio data block in addition to other necessary data blocks. The BDP receives an
HDMI audio data block and recognizes 3D audio capability of the TV described in
Table 76.

[602] Table 76 - Example of the HDMI Audio Data Block for 22.2 Channels

[603]
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Brytesbi 7 f 5 4 3 2 1 0
t #
1 Tag Code=7 (Use Extended Tag L=1001010%)
2 Extended Tag Code = 18(0x13)
3 HUM _HDMI 3D _AD=001h HUM_CEA_3AD=000% I _Stream Countl
=ooh
4 0 0 0 0 | Audio Format Code = 1
5 a0 a0 a0 Max Mumber of channels -1 = 23 (10111t
f 1] 192 kHEZ 1784 96 kHz | 8% 2 kH=z 48 kHz 44 1 32 kHz
i KHz ey il i kHz ey
U] (1
7 1] 1] 1] 0 1] 24 hit 20 16 hit
bit
g FLWAFRW | BLC/BRC | FLC/EFRC BC BL/ER FC LFE1 FL/FR
(0) @ (0 ( (W W (W &)
9 TpSIL/TpSIR | SILAEIR TpBC LFEZ L3RS TpFC Tpl | TeFL/TpFR
1 i1y )] i i il il £)
1a 1] 1] 1] L3dLRd | ToLES/TpRE | BIFL/BIFR | BfFC | TpBL/TpBER
(m o il ) 1z
11 ACAT=2(0010%) 0 0 0 ]

Byte 1, 2, 3 indicate an HDMI audio data block header. NUM_HDMI_3D_AD is es-
tablished to be 1, which indicates transmitting 3D audio. NUM_CEA_SAD and
Max_stream_count-1 are set to be O because the BDP does not does not handle multi-
stream audio in this exemplary scenario.

Byte 4, 5, 6, 7 constitute HDMI 3D audio descriptors describing 3D audio features of
the TV. Audio format codes, maximum channel number -1, sampling frequency and
sample size are defined.

Byte 8,9, 10, 11 constitute HDMI 3D allocation descriptors describing active
speakers for 22.2 channels (SMPEG 2036-2).

The BDP receives EDID from the TV and transmits an audio InfoFrame and an audio
metadata packet to the TV. In this case, an audio metadata packet is used instead of an
audio InfoFrame, which transmits channel count and channel/speaker allocation in-
formation.

3D_CC and 3D_CA included in an audio metadata packet describes channel count
and channel/speaker allocation information for a 22.2 channel audio stream, re-
spectively. Table 77 below presents an example of audio InfoFrame payload to
transmit 22.2 channel audio. Table 78 presents an audio metadata packet payload to
transmit 22.2 channel audio.

Table 77 - Example of the Audio InfoFrame Payload for 22.2 Channels
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Packet T & 5 4 3 2 1 ]
Byed
PED Checksum
PE1 CT3 CT2 CT1 CTO Reserved cC2 ccl cco
] ] o o o o ] o
PBZ Reserved () aF2 SF1 Z131] 351 =30
o o ) ] o
FE3 Format depends on coding type (i.e CTO..CT3
FE4 CAT Caé CAS ChAd CAZ CAZ Cal CAD
0 ) o o o ) ) )
PBS DM _INH | LEV3 L3V2 L3V1 L3VOD Rscd(( LFEFP LFEF
BL1 BLD
FE& Reserved ()
FEY Reserved (0D
FEZ Reserved ()
FE? Reserved ()
FE1D Reserved (1N
FE11- Reserved (1)
PBIT7
Table 78 - Audio Metadata Packet payload
Biyte/Bité ¥ ] 5 4 3 2 1 ]
PED R Rswd R 3D_CC4 | 3D_CC3E | 3D _CC? [ 3D_CC1 | 3D_CCo
O] O] (M (1) @ €)] (1 i1
FE1 Fswd Rswd Fswd Rswd ACAT = 0x02

( )] ( (o
FEZ 3D _CAT | 3D CAG (3D CAS | 3D CA4 [ 3D CAZ | 3D _CAZ | 3D _CAL (3D _CAD
O O O i O i1 O o
FBZ.FPBEI7 Reserved ()

The BDP transmits 22.2 channel audio samples through 3D audio sample packets.
Each 3D audio sample packet supports up to 8 audio channels, and thus, requires three
consecutive 3D audio sample packets to transmit 22.2 channel audio samples.
sample_start is used in assigning a first 3D audio sample packet. In this exemplary em-
bodiment, three 3D audio sample packets may be defined as stated in Tables 79 to 81.

Table 79 - Example of First 3D Audio Sample Packet for 22.2 Channels

Bte/hit# 7 é 5 4 3 2 1 I
HEDO a ] a ] 1 ] 1 1
HE1 1} a 1} Satple Sample_ Sample | Sample | Jample

Start (1) Presert Present Present Present
sp3 spl spl spll
(1) i1 i1 (1
HE2 B 3 B 2 B 1 BO Sample fla | Sanple f | Sanple f | Sample f
t sp3 lat lat spl lat
sp2(m (1)) spcl

ZB0-3B2 Chanmel 1/ Jample N

5B3~.3B5 Channel 2 / Sample N
3B6 PCUV of Ch 2 | PCUV of Ch 1

5B7-.3B9 Channel 3 / Sample N

ZBl0~2B12 Chanmel 4 7 Jample N

2BL3 FCUY of Ch 4 | FCUY of Ch 3
ZBl4~ZBEla Chanmel 5 7 Jample N
SB17~5B19 Chatmel 6 7 Sample N

SB20 PCUV of Ch & | PCUV of Ch 3
5B21~3B23 Channel 7 / Sample N
3B24-3B26 Channel 8 / Bample N

2B27 PCUV of Ch & | PCUV of Ch 7

Table 80 - Example of Second 3D Audio Sample Packet for 22.2 Channels
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Bryte/hité 7 & 5 4 3 2 1 0
HED 1] 0 1] 0 1 0 1 1
HE1 1] 0 1] Satnple Satmple Bample | Jample | Sample
Start (M | Present sp3 Present Present Present
&) spid spl spl
£)) t £
HE2 B3 B 2 B 1 B Sample flat | Sample £ | Sample £ | Sample £
sp300) lat lat gpl lat
sp () 0 spd @)
SBO~ZE2 Channel 8 f Sample N
SH3E~SBE3 Channel 10 7 Sample N
=ha PCUOV of Ch 10 | PCUY of Ch ®
SB7~SEY Channel 11 7 Sample N
2B10~3B12 Channel 12 7 Sample N
SB13 PCUV of Ch 12 | PCUV of Ch 11
3B14~3B16 Channel 13 7 3ample N
SB17~3E19 Channel 14 7 Sample N
SB20 PCUY of Ch 14 | PCUV of Ch 13
SB21~-5B33 Channel 15 7 Sample N
SB24-5H36 Channel 16 7 Sample N
=BT PCUV of Ch 16 | PCUV of Ch 15

[618] Table 81 - Example of Third 3D Audio Sample Packet for 22.2 Channels

[619] Bryte/bit# 7 f 5 4 3 2 1 1]
HED 1] 1] 1] 0 1 0 1 1
HE1 a a a Sample_ Sample_ Sample | SBample_ | Samgple_

Start (00 | Present sp3 | Present Present Presert
€ sp2 spl spl
i1l i1l 4]
HEZ B3 B 2 E1l BEO Sample flat | Sample £ | Sample f | Sample £
sp3(0) lat sp2(0) lat spl lat sp0(0)
)]
SBO0~3E2 Chatmel 17 f Bample N
2B3~3E5 Chatmel 18 f Bample N
2Bé PCUV of Ch 18 FCUV of Ch 17
SBI~EEY Channel 19 f Sample N
SB10~3B12 Channel 20 f Sample N
SB13 PCUV of Ch 20 [ PCUW of Ch 19
ZE14~3B16 Chatmel 21 f Sample N
SE17~3B19 Charmel 23 / Sample N
SEB20 PCUV of Ch 22 [ FCUV of Ch 21
SB21~3B23 Channel 23 f Sample N
SB24-~3B26 Chatmel 24 f Sample N
SB2Y PCUV of Ch 24 | PCUW of Ch 23

[620] 4-2, Example of Scenario for Multi-stream Audio
[621] FIG. 14 illustrates that multi-stream audio is transmitted from the BDP to the TV

according to an exemplary embodiment. This exemplary embodiment assumes the

following.

[622] A Source such as the BDP and a Sink such as the TV are HDMI 2.0 compliant
devices.

[623] The Source/Sink enter into dual-view game mode.

[624] The Source transmits two audio streams of each view.

[625] The Sink may transmit two audio streams to two different headphones to each other.

[626] The transmitted video format is HDMI 3D 1080 p/60 Hz.

[627] The TV includes a CEA-861-F (D or E) compliant E-EDID data structure that can be

accessed through DDC. To support multi-stream audio, E-EDID may have an HDMI
audio data block in addition to other necessary blocks. The BDP receives an HDMI

audio data block and recognizes a multi-stream audio capability of the TV as stated in
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Table 76.
Table 82 - Example of HDMI Audio Data Block for Two Audio Streams
Biyte/bit 7 6 5 4 3 2 1 0

L

1 Tag Code=T (Use Extended L=2(1010%)
Tag

2 Extended Tag Code = 18(0x12)

3 NUM_HDIMI_3D_AD=000% NUM_CEA_BaAD=010%b Ilax Stream Coundl

=01b
4 I Audio Format Code=00010 Mlax Mumhber of chatnnel 1 =
001t

5 1] 192 176.4 04 kHz 88 2 48 kHz 44 1 32 kH=z
kHZ kHz (1 kHz (13 kHz 1y
M ) (1 M

& ] ] 0 ] 0 24 hit 20 hit 16 it

7 I Audio Format Code=0110h Max Number of channel 1 =

001t

g 0 192 1764 94 kHz 88 2 4% kHz 44 1 32 kHz
kHZ kHz (1 kHz (1 kHz (1
i & i1 i

a Maximum bit rate divided by 3kHz

Byte 1, 2, 3 indicate HDMI audio data block headers. NUM_CEA_SAD is es-
tablished to be 2 because the Sink supports two types of audio format codes for multi-
stream audio. Max_stream count-1 is established to be 1 because the Sink can handle
two independent audio streams as described above. NUM_HDMI_3D_AD is es-
tablished to be 0 because the BDP can handle transmitting 3D audio in this exemplary
scenario.

Byte 4, 5, 6 constitute a first CEA short audio descriptor describing audio features.
Regarding transmitting multi-stream audio, a maximum channel count is limited to be
2. Because of this, a maximum number of channels -1 is 1.

Byte 7, 8, 9 indicates a second CEA short audio descriptor describing audio features.
As stated above, a maximum number of channels -1 is 1. The BDP may transmit an
audio InfoFrame to the TV after receiving EDID from the TV. Contrary to a 3D audio
transmitting scenario, CC and CA are used in transmitting a channel count and
channel/speaker allocation information, respectively. An audio metadata packet may
not be utilized in transmitting multi-stream audio. Table 83 shows an example of audio
InfoFrame payload to transmit two audio streams.

Table 83 - Example of Audio InfoFrame Payload for Two Audio Streams
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Packet T & 5 4 3 2 1 ]
Byed
PEO Checksum
PE1 CT3 CT2 CT1 CTO Reserved cC2 ccl cco
] ] o ) ) ) ] )
PBZ Reserved () aF2 sF1 SF0 a3al a0
o o ) ] o
FE3 Format depends on coding type (i.e CTO..CT3
PE4 CAT CA6 CAL cAd CAZ CAZ CAl CAD
0 ) o o o ) ) )
PBS DM _INH | LEV3 L3V2 L3V1 L3VOD Rscd(( LFEFP LFEF
EL1 ELD
FE& Reserved ()
FEY Reserved (0D
FEZ Reserved ()
FE? Reserved ()
FE1D Reserved (1N
FE11- Reserved ()
PBIT7

The BDP transmits multi-stream audio sample packets having stereo audio samples
for two independent audio streams. Thus, a first sub packet has a stereo audio sample
from the first audio stream, and a second sub packet has a stereo audio sample from the
second audio stream. In the exemplary embodiment, a multi-stream audio sample
packet may be defined as shown in Table 84.

Table 84 - Example of Multi-stream Audio Sample Packet for Two Audio Streams

Byte/hité# 7 6 3 4 3 2 1 1]
HED 0 0 0 0 1 0 1 1
0 a 0 a Atream Stream Btream Btrean
HE1 present sp3 presemnt presemnt presemnt
) sp2 () | spl (13 | spl0 (1)
B3 B 2 B1 BE O Stream flat | Stream f1 | Stream f1 | Stream f1
HE2Z sp3(0) at sp2() at spl at spl(l
)]
SE0~3B2 Chatmel 1 7 Sample N (Stream O
SE3I~3B35 Chatmel 2 7 Sample N (Stream O
SBé PCUV of Ch 2 (Stream O | PCUV of Ch 1 (Stream 00
SB7~3H0 Channel 1/ Sample M (Stream 1)
SB10~3B12 Channel 2 7 Sample N (Stream 1)
SB13 PCUV of Ch 2 (Stream 1) [ PCOV of Ch 1 (Stream 1)
SB14-3H14
SB17~3B19 Empty (0
=SB0
SB2l~3B23
SH24-3H26 Empty (00)
SB2T

3D Audio Speaker Replacement and Channel Allocation

In the following description, speaker replacement and channel allocation for 3D
audio channels are described.

FIG. 15 illustrates speaker placement for 3D audio channels according to an
exemplary embodiment.

According to an exemplary embodiment described in Table 85, in case of an IEC
30.2 channel standard type, FL indicates a front left speaker, FR indicates a front right
speaker, LFF1 indicates a low frequency effect 1 speaker, FC indicate a front center
speaker, BL indicates a back left speaker, BR indicates a back right speaker, FLW
indicates a front left wide speaker, FRW indicates a front right wide speaker, TpFL
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indicates a top front left speaker, TpFR indicates a top front right speaker, BC indicates
a back center speaker, LS indicates a left surround speaker, RS indicates a right
surround speaker, LFE2 indicates a low frequency effect 2 speaker, FLC indicates a
front left center speaker, FRC indicates a front right center speaker, TpFC indicates a
top front center speaker, TpC indicates a top center speaker, SiL. indicates a side left
speaker, SiR indicates a side right speaker, TpBL indicates a top back left speaker,
TpBR indicates a top back right speaker, TpSiL indicates a top side left speaker, TpSiR
indicates a top side right speaker, BtFC indicates a bottom front center speaker, BtFLL
indicates a bottom front left speaker, BtFR indicates a bottom front right speaker,
TpBC indicates a top back center speaker, TpLS indicates a top left surround speaker,
TpRS indicates a top right surround speaker, LSd indicates a left surround direct
speaker, and RSd indicates a right surround direct speaker.

[642] However, according to a standard type, speaker names may be different from each
other. For instance, a front center speaker is written as FC in the above IEC standard,
however, the TTA standard writes the front center speaker as C. Various speaker
names other than those described in the table below may be used. The following table
and description of FIG. 15 described one of the exemplary embodiments; speaker and
channel allocation may be configured differently according to other exemplary em-
bodiments.

[643] Different from 2D audio data, 3D audio data supported with multi-channel has
common features in having different speakers from each other in top, center, and
bottom of 3D spaces respectively. FIG. 15 illustrates an exemplary embodiment of
speaker placement in an area.

[644] Table 85 - Audio Channel Description & Abbreviation Comparison
(CEA/TTA/SMPTE/IEC)

[645]
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Abbreviation Description
CE& 241 TTAC1D 2ch) SMPTE IEC (30 2ch)
(2d22ch)
FL L FL FL Front left
FR R FR FR Fromt right
LFE LFE1 LFEl LFE1 Low Frequency
Effect 1
FC C FC FC Front certer
RL LB EL BL Back Left
RR RE EBR EBR Back Right
FLW" FLWW Fromt Left Wide
FRW FEW Front Right Wide
FLH LH TgFL TpFL Top Front Left
FRH FH TpFR TpFR Top Frond right
RC BC BC Back Center
L3 L3 Left Surrowd
R3 B3 Right Sutround
LFE2 LFEZ LFE2 Low Frequency
Effect 2
FLC FLC FLC Front Left center
FRC FRC FRC Fromt right
Ceniter
RLC Rear Left Center
REC Rear Right
Center
FCH TpFC TupFC Top Front Center
TC TpC TpC Top Center
Bl =il Side Left
iR 2R Side Right
TpBL TaBL Top Back Left
TpER T¢EBR Top Back Right
Tu3il Tp3il Top Bide Left
TpiR TplBiR Top Bide Right
EBtFC BtFC Bottom Front
Ceniter
BtFL BtFL Bottom Front
Left
E{FE EtFR Bottom Front
Right
CH TpBC TyBC Top Back Center
Tpl3 Top Left
Sy outud
TpR3 Top right
Surr ound
Lad Left surround
ditect
R3d Right Butround
ditect

5. Data Transmitting Method and Data Receiving Method

Hereinafter, a data transmitting method and a data receiving method complying with
the above-described standards will be described with reference to FIGS. 16 to 19.

FIGS. 16 to 19 are flowcharts illustrating data transmitting methods and data
receiving methods according to various exemplary embodiments.

First, referring to FIG. 16, a data transmitting method according to various
exemplary embodiments includes generating a plurality of packets for multichannel
audio sample data at operation S1610 and transmitting the plurality of packets
generated to a data receiving apparatus at operation S1620. Each of the plurality of
packets generated may include an identification field for identifying a position or an

order thereof among the plurality of packets. Each operation has been described above
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and thus repetitive description thereof will be omitted.
Referring to FIG. 17, a data receiving method according to various exemplary em-

bodiments includes receiving a plurality of packets for multichannel audio sample data
transmitted from a data transmitting apparatus at operation S1710 and performing
parsing on the plurality of packets received at operation S1720. Each of the plurality of
received packets may include an identification field for identifying a position or an
order thereof among the plurality of packets. Each operation has been described above
and thus repetitive description thereof will be omitted.

According to exemplary embodiments, the identification field may include a preset
bit indicating whether or not the packet including the identification field is a starting
packet of the multichannel audio sample data.

Referring to FIG. 18, a data transmitting method according to various exemplary em-
bodiments includes generating a packet including a plurality of sub packets at
operation S1810 and transmitting the generated packet to a data receiving apparatus at
operation S1820. Each of the plurality of sub packets includes audio data corre-
sponding to content (e.g., any one unit of content) of a plurality of contents. Each
operation has been described above and thus repetitive description thereof will be
omitted.

Referring to FIG. 19, a data receiving method according to various exemplary em-
bodiments includes receiving a packet including a plurality of sub packets at operation
S1910 and performing parsing on the received packet at operation S1920. Each
operation has been described above and repetitive description thereof will be omitted.

According to exemplary embodiments, each of the plurality of sub packets may
include audio data corresponding to content (e.g., any one unit of content) among a
plurality of contents.

The foregoing exemplary embodiments and advantages are merely exemplary and
are not to be construed as limiting the exemplary embodiments. The present teaching
can be readily applied to other types of apparatuses. Also, the description of the
exemplary embodiments is intended to be illustrative and not to limit the scope of the
claims, and many alternatives, modifications, and variations will be apparent to those
skilled in the art.

Mode for the Invention
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Claims

A data transmitting apparatus, comprising:

a packet generator configured to generate a packet including a plurality
of sub packets; and

a transmitter configured to transmit the generated packet to a data
receiving apparatus,

wherein each of the plurality of sub packets includes audio data corre-
sponding to content among a plurality of contents.

The data transmitting apparatus as claimed in claim 1, wherein each of
the plurality of sub packets includes an identification field which
represents whether the corresponding sub packet indicates content
among the plurality of contents.

The data transmitting apparatus as claimed in claim 1, wherein the
generated packet includes a header,

wherein the header includes one of a stream present bit indicating
whether or not each of the plurality of sub packets includes the audio
data and a stream flat bit indicating whether or not the audio data
included in each of the plurality of sub packets is effective data.

The data transmitting apparatus as claimed in claim 1, wherein each of
the plurality of sub packets stores a portion of the audio data.

The data transmitting apparatus as claimed in claim 1, wherein the
audio data includes audio signals of two channels or more.

The data transmitting apparatus as claimed in claim 1, wherein the
audio data complies with an international electrotechnical commission
(IEC) 60958 format.

A data receiving apparatus, comprising:

a receiver configured to receive a packet including a plurality of sub
packets; and

a packet parsing unit configured to perform parsing on the received
packet,

wherein each of the plurality of sub packets includes audio data corre-
sponding to content among a plurality of contents.

The data receiving apparatus as claimed in claim 7, wherein the
received packet includes a header,

wherein the header includes one of a stream present bit indicating
whether or not each of the plurality of sub packets includes the audio

data and a stream flat bit indicating whether or not the audio data
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included in each of the plurality of sub packets is effective data.

The data receiving apparatus as claimed in claim 7, wherein each of the
plurality of sub packets stores a portion of the audio data.

The data receiving apparatus as claimed in claim 7, wherein the audio
data includes audio signals of two channels or more.

The data receiving apparatus as claimed in claim 7, wherein the audio
data complies with an international electrotechnical commission (IEC)
60958 format.

A data transmitting method, comprising:

generating a packet including a plurality of sub packets; and
transmitting the generated packet to a data receiving apparatus,
wherein each of the plurality of sub packets includes audio data corre-
sponding to content among a plurality of contents.

The data transmitting method as claimed in claim 12, wherein each of
the plurality of sub packets further includes an identification field
which represents whether the corresponding sub packet indicates
content among the plurality of contents.

The data transmitting method as claimed in claim 12, wherein the
generated packet includes a header,

wherein the header includes one of a stream present bit indicating
whether or not each of the plurality of sub packets includes the audio
data and a stream flat bit indicating whether or not the audio data
included in each of the plurality of sub packets is effective data.

The data transmitting method as claimed in claim 12, wherein each of

the plurality of sub packets stores a portion of the audio data.
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