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Appendix A, Examples

This section contains several different examples trying to illustrate
possible ways of using RTSP. The examples can also help with the
understanding of how functions of RTSP work. However, remember that
these are examples and the normative and syntax description in the
other sections takes precedence. Please also note that many of the
example contain syntax illegal line breaks to accommodate the
formatting restriction that the RFC series impose.

A.1. Media on Demand (Unicast)

This is an example of media on demand streaming of a media stored in
a container file. For purposes of this example, a container file is
a storage entity in which multiple continucus media types pertaining
to the same end-user presentation are present. In effect, the
container file represents an RTSP presentation, with sach of its
components being RTSP controlled media streams. Container files are
a widely used means toc store such presentations. While the
components are transported as independent streams, it is desirable to
maintain a common context for those streams at the server end.

This enables the server to keep a single storage handle open
easily. It also allows treating all the streams equally in case
of any priorization of streams by the server.

It is also possible that the presentation author may wish to prevent
selective retrieval of the streams by the client in order to preserve
the artistic effect of the combined media presentation. Similarly,
in such a tightly bound presentation, it is desirable to be able to
control all the streams via a single control message using an
aggregate URI.

The following is an example of using a single RTSP session to control
multiple streams. t also illustrates the use of aggregate URIs. In
a container file it is also desirable to not write any URI parts
which is not kept, when the container is distributed, like the host
and most of the path element. Therefore this example alsc uses the
%% and relative URI in the delivered SDP.

Also this presentation description (SDP}) is not cachable, as the
Expires header is set to an egual value with date indicating
immediate expiration of its valididty.

Client C reguests a presentation from media server M. The movie is

stored in a container file. The client has obtained an RTSP URI to
the container file.
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C->M: DESCRIBE rtsp://example.com/twister.3gp RTSP/2.0
CSeqg: 1
User-Agent: PhonyClient/1.2

M=->C: RTSP/2.0 200 OK
CSeq:
Server: PhonyServer/1.0
Date: Thu, 23 Jan 1997 15:35:06 GMT
Content-Type: application/sdp
Content-Length: 271
Content-Base: rtsp://example.com/twister.3gp/
Expires: 24 Jan 1997 15:35:06 GMT

v=0

o=- 2890844256 2850842807 IN IP4 198.51.100.5
s=RTSP Session

i=An Example of RTSP Session Usage
e=adm@example.com

o=IN IP4 0.0.0.0

a=control: *

a=range: npt=0-0:10:34.10

t=0 0

m=audic ¢ RTP/AVP ©

a=control: trackID=1l

m=video 0 RTP/AVP 26

a=control: trackID=4
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C->M: SETUP rtsp://example.com/twister.3gp/trackID=1 RTSP/2.0
CSeqg: 2
User-Agent: PhonyClient/1.2
Reguire: play.basic
Transport: RTP/AVP;unicast;dest_addr=":8000"/":8001"
Accept-Ranges: NPT, SMPTE, UTC

M->C: RTSP/2.0 200 0K

CSeq: 2

Server: PhonyServer/1.0

Transport: RTP/AVP;unicast; ssrc=S3CBOOLE;
dest_addr="192.0.2.53:8000"/7192.0.,2.53:8001";
srccaddr="198.51.100,5;9000“/"198,51.10055:9001“

Segsion: 12345678

Expires: 24 Jan 1887 15:35:12 GMT

Date: 23 Jan 1887 15:35:12 GMT

Accept-Ranges: NPT

Media-Properties: Random-Access=0.02, Immutable, Unlimited

C->M: SETUP rtsp://example.com/twister.3gp/trackID=4 RTSP/2.0
CSeqg: 3
User-Agent: PhonyClient/1.2
Reguire: play.basic
Transport: RTP/AVP;unicast;dest_addr=":8002"/":8003"
Sessicon: 12345678
Accept~Ranges: NPT, SMPTE, UTC

M->C: RTSP/2.0 200 OK
CSeg: 3
Server: PhonyServer/1.0
Transport: RTIP/AVP;unicast; ssrc=AS813FCLl3;
dest_addr="192.0.2.53:8002"/"192.0.,2.53:8003"%;
src_addr="198.51.100.5:9002"/"198.51.100.5:9003";

Session: 12345678

Expires: 24 Jan 1987 15:35:13 GMT

Date: 232 Jan 1997 15:35:13 GMT

Accept-Range: NPT

Media-Properties: Random-Access=0.8, Immutable, Unlimited

C-»>M: PLAY rtsp://example.com/twister.3gp/ RTSP/2.0
CSeqg: 4
User-Agent: PhonyClient/1.2
Range: npt=30-
Sesk-Style: RAP
Session: 12345678
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M->C: RTSP/2.0 200 OK

CSeqg: 4

Server: PhonyServer/1.0

Date: 23 Jan 1997 15:35:14 GMT

Session: 12345678

Range: npt=30-623.10

Seek-Style: RAP

RTP-Info: url="rtsp://example.com/twister.3gp/trackIiD=4%
s8rce=0D12F123:8eqg=12345; rtptime=3453012,

url="rtsp://example.com/twister.3gp/trackID=1"

S8rc=4F312DD8:8eg=54321;rtptime=2876889

C->M: PAUSE rtsp://example.com/twister.3gp/ RTSPE/2.0
CSeg: 5
User-Agent: PhonyClient/1.2
Session: 12345678

M=>C: RTSP/2.0 200 OK
CSeqg: 5
Server: PhonyServer/1.0
Date: 23 Jan 1997 15:36:01 GMT
Session: 12345678
Range: npt=34.57-623.10

C->M: PLAY rtsp://example.com/twister.3gp/ RTSP/2.0
CSeg: 6
User-~Agent: PhonyClient/1.2
Range: npt=34.57-623.10
Seek-8tyle: Next
Session: 12345678

M~>C: RTSP/2.0 200 OK

CSeg: 6

Server: PhonyServer/1.0

Date: 23 Jan 1997 15:36:01 GMT

Session: 12345678

Range: npt=34.57-623.10

Seek-Style: Next

RTP-Info: url=%rtsp://example.com/twister.3gp/trackID=4%
ssrce=0D12F123:8eqg=12555;rtptime=6330012,

url="rtep://example.com/twister.3gp/trackID=1"

SSrc=4F312DD8:seg=55021;rtptime=3132889

C->M: TEARDOWN rtsp://example.com/twister.3gp/ RTSP/2.0
CSeq: 7
User~Agent: PhonyClient/1.2
Session: 12345678
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M->C: RTSP/2.0 200 OK
CSeqg: 7
Server: PhonyServer/1.0
Date: 23 Jan 1997 15:4%8:34 GMT
A.2. Media on Demand using Pipelining

This example is basically the example above (Appendix A.1), but now

utilizing pipelining to speed up
round trip times until the media
segsion description is retrieved
nead to be setup. In the second
reguests and the PLAY request to

Client C requests a presentation

the setup. I reguires only two
starts flowing. First of all, the
to determine what media resources
step, one sends the necessary SETUP
initiate media delivery.

from media server M. The movie is

stored in a container file. The client has obtained an RTSP URI to

the container file,
C->M: DESCRIBE risp://example.com/twister.3gp RTSE/2.0
CSeqg: 1

User-Agent: PhonyClient/1.2

RTSP/2.0 200 OK
CSeq:
Server: PhonyServer/1.0

Date: Thu, 23 Jan 1%9%7 15:35:06 GMT
Content~Type: application/sdp

Content-Length: 271

Content-Base: rtsp://example.com/twister.3gp/
Expires: 24 Jan 19887 15:35:06 GMT

1
L

v=0
o=- 2890844256 2890842807 IN IP4 182.0.2.5
g=RTSP Session
i=An Example of RTSP Session Usage
e=adm@example.com
c=IN IP4 0.0.0.0
a=gcontrol: *
a=range: npt=0-0:10:34.10
t=0 0
m=audio ¢ RTP/AVP ¢
a=control: trackID=1l
m=videco ¢ RTP/AVP 26
a=control: trackID=4
C->M: SETUP rtsp://example.com/twister.3gp/trackID=1 RTSP/2.0
CSeqg: 2
User-Agent: PhonyClient/1.2
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Require: play.basic

Transport: RTP/AVP;unicast;dest _addr=":8000"/":8001"
Accept-Ranges: NPT, SMPTE, UTC

Pipelined-Requests: 7654

C->M: SETUP rtsp://example.com/twigter.3gp/trackID=4 RTSP/2.0
CSeq: 3
User-Agent: PhonyClient/1.2
Regquire: play.basic
Transport: RIP/AVP;unicast;dest addr=":80027"/9:8003"
Accept-Ranges: NPT, SMPTE, UTC
Pipelined-Requests: 7654

C->M: PLAY rtsp://example.com/twister.3gp/ RTSP/2.0
CSeq: 4
User-Agent: PhonyClient/1.2
Range: npt=0-
Seek-8tyle: RAP
Segsion: 12345678
Pipelined-Regquests: 7654

M-»C: RTSP/2.0 200 OK

CSeg: 2

Server: PhonyServer/1.0

Transport: RIP/AVP;unicast;
dest_addr="192.0.2.53:8000"/"192.0.2.53:8001";
src_addr:“l?S.Sl.lOO.S:9000“/"198.51.100.5:9001“;
ss8rc=33CBO01E

Sesgsion: 12345678

Expires: 24 Jan 1997 15:35:12 GMT

Date: 23 Jan 1997 15:35:12 GMT

Accept-Ranges: NPT

Pipelined-Requests: 7654

Media-Properties: Random-Access=0.2, Immutable, Unlimited

M->C: RTSP/2.0 200 OK

CSeqg: 3

Server: PhonyServer/1.0

Transport: RTP/AVP;unicast;
dest_addr="192.0.2.5358002"/"192.0.2.5358003;
srcmaddr="198.51.100.5:9002“/"198.51.190.5:90@3“;
s88rc=A813FC13

Session: 12345678

Expires: 24 Jan 1957 15:35:13 GMT

Date: 23 Jan 1997 15:35:13 GMT

Accept-Range: NPT

Pipelined-Requests: 7654

Media-Properties: Random-Access=0.8, Immutable, Unlimited
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M~>C: RTSP/2.0 200 OK

CSeqg: 4

Server: PhonyServer/1.0

Date: 23 Jan 1997 15:35:14 GMT

Session: 12345678

Range: npt=0-623.10

Seek-Style: RAP

RTP-Info: url="rtsp://example.com/twister.3gp/trackIiD=4%
s8rce=0D12F123:8eqg=12345; rtptime=3453012,

url="rtsp://example.com/twister.3gp/trackID=1"

S8rc=4F312DD8:8eg=54321;rtptime=2876889

Pipelined-Requests: 7654

A.3. Media on Demand (Unicast)

An alternative example of media on demand with a bit more tweaks is
the following. Client C requests a movie distributed from two
different media servers A (audio.example.com) and V {
video.example.com). The media description is stored on a web server
W. The media description contains descriptions of the presentation
and all its streams, including the codecs that are available, dynamic
RTP pavload types, the protocol stack, and content information such
as language or copyright restrictions. It may also give an
indication about the timeline of the movie.

In this example, the client is only interested in the last part of
the movie.

Schulzrinne, et al. Expires September 10, 2011 [Page 233]

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1526
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Internet-Draft Real Time Streaming Protocol 2.0 ({RTSP) March 2011

C->W: GET /twister.sdp HTTP/1.1
Host: www.example.com
Accept: application/sdp

W->C: HITTP/1.0 200 OK
Date: Thu, 23 Jan 1%97 15:35:06 GMT
Content-Type: application/sdp
Content-Length: 278
Expires: 23 Jan 199%8 15:35:06 GMT

V=0

==~ 2890844526 2890842807 IN IP4 1%58.51.100.5
s=RTSP Session
e=gdm@exampla.com
c=IN IP4 0.0.0.0
a=range:npt=0-1:49:34
t=0 0
m=audic ¢ RTP/AVP 0
a=control:rtsp://auvdic.example.com/twister/audic.en
m=video 0 RTP/AVP 31
a=control:rtsp://videc.example.com/twister/video

C->A: SETUP rtsp://audioc.example.com/twister/audio.en RTSP/2.0
CSeqg: 1
User-Agent: PhonyClient/1.2
Transport: RTP/AVP/UDP;unicast;dest_addr=":3056"/%":3057",
RTRP/AVP/TCP;unicast;interleaved=0-1
Accept-Ranges: NPT, SMPTE, UTC

A->C: RTSP/2.0 200 OK

CSeq: 1

Session: 12345678

Transport: RTP/AVP/UDP;unicast;
destuaddr="192.0.2.53:3055"/"192.0.2.53:3057“;
Src_addr="198‘51,100.5:5000“/"198.515160.5:5091“

Date: 23 Jan 1997 15:35:12 GMT

Server: PhonyServer/1.0

Expires: 24 Jan 1997 15:35:12 GMT

Cache-Control: public

Accept-Ranges: NPT, SMPTE

Madia-Properties: Random-Access=0.02, Immutable, Unlimited
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C->V: SETUP rtsp://video.example.com/twister/video RTSP/2.0
CSeqg: 1
User-Agent: PhonyClient/1.2
Transport: RTP/AVP/UDP;unicast;
dest_addr="192.0.2.53:3058"/"192.0.2.53:3059",
RTP/AVE/TCP;unicast;interleaved=0-1
Accept-Ranges: NPT, SMPTE, UTC

V->C: RTSP/2.0 200 QK

CSeq: 1

Session: 23456789

Transport: RTP/AVP/UDP;unicast;
destuadd;z“lgz.Gn2,53:3958“/"192.0.2‘53:305§“;
src_addr="198.51.100.5:5002"/"198.51.100.5:5003"

Date: 23 Jan 1997 15:35:12 GMT

Server: PhonyServer/1.0

Cache-Control: public

Expires: 24 Jan 19987 15:35:12 GMT

Accept-Ranges: NPT, SMPTE

Media-Properties: Random-Access=1.2, Immutable, Unlimited

C-»V: PLAY rtsp://videc.example.com/twister/video RTSPE/2.0
CSeg: 2
User-Agent: PhonyClient/1.2
Session: 23456789
Range: smpte=0:10:00-

V->C: RTSP/2.0 200 OK

CSeq: 2

Session: 23456789

Range: smpte=0:10:00-1:49:23

Seek-~8tyle: First-Prior

RTP-Info: url=Prtsp://videc.example.com/twister/video®
gsrc=A1l7E189D:5eq=12312232; rtptime=78712811

Server: PhonyServer/2.0

Date: 23 Jan 1997 15:35:13 GMT

Schulzrinne, et al. Expires September 10, 2011 [Page 235]

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1528
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Internet-Draft Real Time Streaming Protocol 2.0 ({RTSP) March 2011

C~>A:

C->A:

A->(C:

V->C:

PLAY rtsp://audic.example.com/twister/audioc.en RTSP/2.0
CSeqg: 2

User-Agent: PhonyClient/1.2

Semsion: 12345678

Range: smpte=0:10:00-

RTSP/2.0 200 OK

CSeg: 2

Segsion: 12345878

Range: smpte=0:10:00-1:45:23

Seek-8tyle: First-Prior

RTP-Info: urli="rtap://avdic.example.com/twister/audioc.en®
ssrc=3D124F01:5eq=876655;rtptime=1032181

Server: PhonyServer/1.0

Date: 23 Jan 1997 15:35:13 GMT

TEARDOWN rtsp://audic.example.com/twister/audic.en RTSP/2.0
CSeqg: 3

User-Agent: PhonyClient/1.2

Session: 12345678

RTSP/2.0 200 OK

CSeqg: 3

Server: PhonyServer/1.0

Date: 23 Jan 1997 15:36:52 GMT

TEARDOWN rtsp://videc.example.com/twister/videc RTSP/2.0
CSeg: 3

User-Agent: PhonyClient/1.2

Session: 23456789

RTEP/2.0 200 OK

CSeqg: 3

Server: PhonyServer/2.0

Date: 23 Jan 18387 15:36:52 GMT

Even though the audioc and videco track are on two different servers
that may start at slightly different times and may drift with respect
tc each other over time, the client can perform initial
synchronization of the two media using RTP-Info and Range received in
the PLAY responses. If the two servers are time synchronized the
RTCP packets can alsc be used te maintain synchronization.
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i, Single Stream Container Files

Some RTSP servers may treat all f£iles as though they are "container
files®, yet other servers may not support such a concept. Because of
this, clients needs to use the rules set forth in the session
description for Request-URIs, rather than assuming that a consistent
URI may always be used throughout. Below are an example of how a
multi-stream server might expect a single-stream file to be served:

C->8: DESCRIBE rtsp://foo.example.com/test.wav RTISP/2.0
Accept: application/z-rtsp-mh, application/sdp
CSeqg: 1
User-Agent: PhonyClient/1.2

S->C: RTSP/2.0 200 OK
CSeqg: 1
Content-base: rtap://foo.example.com/test.wav/
Content-type: application/sdp
Content-length: 163
Server: PhonyServer/1.0
Date: Thu, 23 Jan 1997 15:35:06 GMT
Expires: 23 Jan 1987 17:00:00 GMT

v=0

o=- 872653257 872653257 IN IP4 192.0.2.5
s=mu-law wave file

i=audic test

c=IN IP4 0.0.0.0

t=0 0

a=control: *

m=audio ¢ RTP/AVP ¢

a=control:streamid=0
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C->8: SETUP rtsp://foo.example.com/test.wav/streamid=0 RTSP/2.0
Transport: RTP/AVP/UDP;unicast;
dest_addr=%:6970"/":6971"%; mode="PLAY"
CSeqg: 2
User-Agent: PhonyClient/1.2
Accept-Ranges: NPT, SMPTE, UTC

§->C: RTSP/2.0 200 OK

Transport: RTP/AVP/UDP;unicast;
dest_addr="192.0.2.53:6370%/%192.0.2.53:6971";
src_addr="198.51.100.5:6970"/1198.51.100.5:6971";
mode="PLAY" ; s8rc=EABS8712

CSeg: 2

Segsion: 2034820394

Expires: 23 Jan 13887 16:00:00 GMT

Server: PhonyServer/1.0

Date: 23 Jan 1897 15:35:07 GMT

Accept-Ranges: NPT

Media-Properties: Random-Acces=0.5, Immutable, Unlimited

C-»8: PLAY rtsp://foo.example.com/test.wav/ RTSP/2.0
CSeg: 3
User-Agent: PhonyClient/1.2
Session: 20348203%4

S-»C: RTSP/2.0 200 0K
CSeqg: 3
Server: PhonyServer/1.0
Date: 23 Jan 1997 15:35:08 GMT
Session: 2034820394
Range: npt=0-600
Seek-S8tyle: RAP
RTP-Info: url="rtsp://foo.example.com/test.wav/streamid=0"
ssre=0D12F123:5eg=981888; riptime=3781123

Note the different URI in the SETUP command, and then the switch back
to the aggregate URI in the PLAY command. This makes complete sense
when there are multiple streams with aggregate contrel, but is less
than intuitive in the special case where the number cof streams is
one. However, the server has declared that the aggregated control

URI in the SDP and therefore this is legal.
In this case, it is alsc required that servers accept implementations

that use the non-aggregated interpretation and use the individual
media URI, like this:
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C->8: PLAY rtsp://example.com/test.wav/streamid=0 RTSP/2.0
CSeqg: 3
User-Agent: PhonyClient/1.2
Session: 2034820394

A5, Live Media Presentation Using Multicast

The media server M chooses the multicast address and port. Here, it
is assumed that the web server only contains a pointer to the full
description, while the media server M maintains the full description.

C->W: GET /sessiocns.html HTTP/1.1
Host: www.example.com

W-»>C: HTTP/1.1 200 OK
Content-Type: text/html

<htmls>
<a href "rtsp://live.example.com/concert/audioc’>
Streamed Live Music performance </a>

</html>

C->M: DESCRIBE rtsp://live.example.com/concert/audic RTSP/2.0
CSeq: 1
Supported: play.basic, play.scale
User-Agent: PhonyClient/1.2

M-»>C: RTSP/2.0 200 OK
CSeg: 1
Content-Type: application/sdp
Content-Length: 183
Server: PhonyServer/1.0
Date: Thu, 23 Jan 1997 15:35:06 GMT
Supported: play.basic

v=0

o=- 2890844526 2890842807 IN IP4 192.0.2.5
3=RTSP Session

t=0 0O

m=audic 3456 RTP/AVP 0

c=IN IP4 233.252.0.54/16

a=control: rtsp://live.example.com/concert/audio
a=range:npt=0-
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C->M: SETUP rtsp://live.example.com/concert/audio RTSP/2.0
CSeqg: 2
Transport: RTP/AVP;multicast;
dest_adﬂr=“233.252.0.54:3456"/“233.252.9.54:3457“;tt1=16
Accept-Ranges: NPT, SMPTE, UTC
User-Agent: PhonyClient/1.2

M->C: RTSP/2.0 200 0K

CSeq: 2

Server: PhonyServer/1.0

Date: Thu, 23 Jan 1897 15:35:06 GMT

Transport: RTP/AVP;multicast;
dest_addr:“ZBB,252,9.54:3456“/“233n252,0.54:3457“;tt1=16
:88rc=4D12AB92/0DF876A3

Session: (0456804596

Accept-Ranges: NPT, UTC

Media-Properties: No-Seeking, Time-Progressing, Time-Duration=0

C->M: PLAY rtsp://live.example.com/concert/audio RTSE/2.0
CSeqg: 3
Session: 0456804596
User-Agent: PhonyClient/1.2

M->C: RTSP/2.0 200 OK
CSeg: 3
Server: PhonyServer/1.0
Dates 23 Jan 18%7 15:35:07 GMT
Session: 0456804596
Sesk-Style: Next
Range:npt=1256-
RTP-Info: url="rtsp://live.example.com/concert/audio”
ssre=0D12F123:5eg=1473; rtptime=80000

A.§. Capability Negotiation

This examples illustrate how the client and server determines their
capability to support a special feature, in this case "play.scale'.
The server, through the c¢lients regquest and the included Supported
header, learns the client supports RTSP 2.0, and alsc supports the
playback time scaling feature of RTSP. The server’s response
contains the following feature related information to the client; it
gsupports the basic media delivery functions (play.basic), the
extended functionality of time scaling of content (play.scale}, and
one "example.com" proprietary feature (com.example.flight). The
client also learns the methods supported (Public header) by the
server for the indicated resource.
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C-»>8: OPTIONS rtsp://media.example.com/movie/twister.3gp RTSP/2.0
CSeg: 1
Supported: play.basic, play.scale
User-Agent: PhonyClient/1.2

S-»C: RTSP/2.0 200 OK
CSeq: 1
Public: OPTICNS,SETUP, PLAY, PAUSE, TEARDOWN, DESCRIBE, GET PARAMETER
Allow: OPTIONS, SETUP, PLAY, PAUSE, TEARDOWN, DESCRIBE
Server: PhonyServer/2.0
Supported: play.basic, play.scale, com.example.flight

When the client sends its SETUP request it tells the server that it
regquires support of the play.scale feature for this session by
including the Regquire header.

C->S: SETUP rtsp://media.example.com/twister.3gp/trackID=1 RTSP/2.0

CSeg: 3

User-Agent: PhonyClient/1.2

Transport: RTP/AVP/UDP;unicast;
dest_addr=“192‘002.53:3056"/"192.0n2n53:3057",
RTP/AVP/TCP;unicast;interleaved=0-1

Reguire: play.scale

Accept-Ranges: NPT, SMPTE, UTC

User-Agent: PhonyClient/1.2

S-»C: RTSP/2.0 200 OK

CSeqg: 3

Sessicon: 12345678

Transport: RTP/AVP/UDP;unicast;
destmaddr="192,0.2.53:3056"/“192,0,2.53:3057";
sro_addr="198.51.200.5:5000"/"198.51.100.5:5001L"

Server: PhonyServer/2.0

Accept-Ranges: NPT, SMPTE

Media-Properties: Random-Access=0.8, Immutable, Unlimited
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Appendix B, RTSP Protocol State Machine

The RTSPF session state machine describes the behavior of the protocol
from RTSP session initialization through RTSP session termination.

The State machine is defined on a per session basis which is uniguely

identified by the RTSP session identifier. The session may contain

one or more media streams depending on state. If a single media

stream is part of the session it is in non-aggregated control. If

two or more is part of the session it is in aggregated control.

The below state machine is a informative description of the protocols

behavior. In case of ambiguity with the earlier parts of this

specificaticn, the description in the earlier parts take precedence.
B2.1. States

The state machine contains three states, described below. For each

state there exist a table which shows which requests and events are

allowed and whether they will result in a state change.

Init: Initial state no session exists.

Ready: Session is ready to start playing.

Play: Session is playing, i.e. sending media stream data in the
direction 8->C.

B.2. State variables

This representation of the state machine needs more than its state to

work. A small number of variables are alsoc needed and is explained

below.

NRM: The number of media streams part of this sessicn,

RP: Resume point, the peint in the presentation time line at which
a request to continue playing will resume from. A time format
for the variable is not mandated.

#®.3. Abbreviations

To make the state tables more compact a number of abbreviations are
used, which are explainsd below.
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IFI: IF Implemented.
md: Medis
PP: Pause Point, the point in the presentation time line at which

the presentation was paused.
Prs: Presentation, the complete multimedia presentation.

RedP: Redirect Point, the point in the presentation time line at
which a REDIRECT was specified to occur.

SES: Sesgsion.
B.4. SBtate Tables

Thig section containg a table for each state. The table contains all
the requests and events that this state is allowed to act on. The
events which is method names are, unless noted, requests with the
given method in the direction client to server (C-»8). In some cases
there exist one or more reqguisite. The response column tells what
type of response actions should be performed. Possible actions that
is regquested for an event includes: response codes, e.g. 200, headers
that needs to be included in the response, setting of state
variables, or setting of other session related parameters. The new
state column tells which state the state machine changes to.

The response to a valid request meeting the requisites is normally a
2xx (SUCCESS) unless other noted in the response column. The
exceptions need to be given a response accerding to the response
coclumn. If the reguest does not meet the reguisite, is erronecus or
some other type of error occur, the appropriate response code is to
be sent. If the response code is a 4xx the session state is
unchanged. A response code of 3rr will result in that the session is
ended and its state is changed te Init. A response code of 304
regsults in no state change. However, there exist restrictions to
when a 3rr response may be used. A Sxx response does not result in
any change of the session state, except if the error is not possible
to recover from. A unrecoverable error results in the ending of the
session. As it in the general case can’t be determined if it was a
unrecoverable error or not the client will be required to test. In
the case that the next reguest after a 5xx is responded with 454
{Session Not Found) the client knows that the session has ended. For
any request message that cannot be responded to within the time
defined in Seciion 10.4, a 100 response must be sent.

The server will timeocut the session after the period of time
gpecified in the SETUP response, if no activity from the client is
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detected. Therefore there exist a timeout event for all states
except Init.

In the case that NRM = 1 the presentation URI is egual to the media
URI or a specified presentation URI. For NRM > 1 the presentation
URI needs to be cther than any of the medias that are part of the
session. This applies to all states.

valid parameter 200, change value of parameter

Fmmmmmmm e dmmmmmmmm oo B e e E L LT
| Event | Prerequisite | Response !
Fmmmmmmmm oo Fmmmmmm e e L P +
| DESCRIBE | Needs REDIRECT | 3rr, Redirect |
| | |
| DESCRIBE ! | 200, Session description

i | | |
| oprions | Sesgion ID | 200, Reset session timeout

| I | timer i
l E i a
| OPTIONS [ | 200 E
l | |

I | |

I | i

l E i

200, return value of parameter

Table 13: None state-machine changing events

The methods in Table 13 do not have any effect on the state machine
or the state variables. However, some metheds do change other
session related parameters, for exampls SET_ PARAMETER which will set
the parameter(s) specified in its body. Also all of these methods
that allows Session header will alsc update the keep-alive timer for
the session.

e e rm e e i et ¥
Action Requisite New State Response
quisi P
e R e LT T R Tt e +
| SETUP | | Ready | NRM=1, RP=0.0 I
| i E
| SETUP | Needs Redirect | Init | 3rr Redirect i
I i E : |
S -> C: REDIRECT No Session r Init i Terminate a SES
| | i hdr | i ! i 11
e A Frm e +

Table 14: State: Init

The initial state of the state machine, see Table 14 can only be left
by processing a correct SETUP reguest. As seen in the table the two
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state variables are alsoc set by a corvect raguest. This table also
shows that a correct SETUP can in some cases be redirected to another
URI and/or server by a 3rr response.

i e m = e e e e e = dmm == e e
| Action | Requisite | New | Response i
| i | state |
R e T e e e e e
| SETUP | New URI | Ready | NEM +=1 |
l | I l |
| sETUP | URI Setup prior | Ready | Change transport |
| | a | param |
l | | |
| TEARDOWN | Prs URI, | Init | No session hdr, |
| ! | | WM = 0 |
| ! i | |
| TEARDOWN | md URI,NRM=1 | Init | No Session hdr, |
| i | | NRM = 0
| | | | |
| TEARDOWN | md URI,NRM>1 | Reagdy | Session hdr, NRM |
| ! i | =1 |
| ! ! 1 |
| PLAY | Prs URI, No range | Play | Play f£rom RP
l | | | E
| PLAY | Prs URI, Range | Play | According to

| | i | range |
I | | |
| PLAY | md URI, NRM=1, Range | Play | According to i
| | | | range i
l 1 | | |
| PLAY | md URI, NRM=1 | Play | Play from RP
I | | |
| PRUSE | Prs URI | Ready | Return PP 5
| | | | E
| SC:REDIRECT | Terminate-Reason | Ready | Set RedP |
I | | | |
| SC:REDIRECT | No Terminate-Reason | Init | Session is |
| | time parameter | | removed I
l | | | i
| Timeout | | Init | i
I | | |
| Redp | | Init | TEARDOWN of |
| reached ! | | session |
e e o e +

Table 15: State: Ready

In the Ready state, ses Table 15, some of the actions are depending
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on the number of media streams (NRM) in the session, i.e., aggregated
or non-aggregated control. A SETUP request in the Ready state can
either add cone more media stream to the session or, 1f the media
stream {(same URI) already iz part of the session, change the
transport parameters. TEARDOWN is depending on both the Request-URI
and the number of media stream within the session. If the Request-
URI is the presentations URI the whole session is torn down. If a
media URI is used in the TEARDOWN request and more than one media
exist in the session, the session will remain and a session header is
returned in the response. If only a single media stream remains in
the session when performing a TEARDOWN with a media URI the session
ig removed. The number of wmedia streams remaining after tearing down
a media stream determines the new state.
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e m e e e m R +

| Action | Requisite | New | Response

| ! | State | !

e e e e P R e mm e mm e
PAUSE Prg URI Ready Set RP to

present point |

l | E i
I | E |
| E | |
| End of media | All media | Play | Set RP = End of |
; ! i | media a
| | | |
| End of range | | Play | Set RP = End of |
| | | | range |
l E | |
| PLAY | Prs URI, No range | Play | Play from
| | | | present point |
I | ! ! |
| PLAY | Prs URI, Range | Play | According to
| E | | range
| ! E i |
| 8C:PLAY NOTIFY | | Play | 200 |
I | ! ! |
| sETUP | New URI | Play | 455
| ! | | a
| sETUP | Setuped URI | Play | 455 |
l i E i |
| sETUP | Setuped URI, IFI | Play | Change |
| | | | transport
| ! | | param.
| I E i i
| TEARDOWN | Prs URI | Init | No session hdr |
| | ! 1
| TEARDOWN | md URI,NRM=1 | Init | No Session hdr, |
! ! E | NRM=0
| i E i i
| TEARDOWN | md URI | Play | 455 |
l | ! 1
| SC:REDIRECT | Terminate Reason with | Play | Set Redp
| | Time parameter | | I
l i E |
| S8C:REDIRECT ! | Init | Session is
| ! | | removed i
| | i |
| RedP reached | | Init | TEARDOWN of
| i | | session |
| | z |
| Timeout E | Init | Stop Madia
I ! E | playout |
o mm - R e R LT prmm e +
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Table 16: State: Play

The Play state table, see Table 18, contains a number of reguests
that needs a presentation URI (labeled as Prs URI} to work on (i.e.,
the presentation URI has to be used as the Reguest-URI}. This is due
to the exclusion of non-aggregated stream contrel in sessions with
more than one media stream.

To avoid inconsistencies between the client and server, automatic
state transitions are avoided. This can be seen at for example "End
of media® event when all media hasg finished playing, the session
still remain in Play state. An explicit PAUSE reguest needs to be
sent to change the state to Ready. It may appear that there exist
automatic transitions in "RedP reached® and "PP reached". However,
they are requested and acknowledged before they take place. The time
at which the transition will happen is known by looking at the range
header. If the client sends a request close in time to these
transitions it needs to be prepared for receiving error message, as
the state may or may not have changed.
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Appendix €. Media Transport Alternatives

This section defines how certain combinations of protocols, profiles
and lower transports are used. This includes the usage of the
Transport header’s source and destination address parameters
"src_addr" and "dest addr®.

C.1. RTP

This section defines the interaction of RTSP with respect to the RTP
protocol [RFC3IB50]. It also defines any necessary media transport
signalling with regards to RTP.

The available RTP profiles and lower layer transports are described
below along with rules on signalling the available combinations.

The usage of the "RTP Profile for Audic and Video Conferences with
Minimal Control® [R¥FCAS51] when using RTP for media transport over
different lower layer transport protocols is defined below in regards
to RTSPE.

One such case is defined within this document, the use of embedded
{interleaved} binary data as defined in Section 14. The usage of
this method is indicated by include the "interleaved” parameter.

When using embedded binary data the "src_addr" and "dest_addr® MUST
NOT be used. This addressing and multiplexing is used as defined
with use of channel numbers and the interleaved parameter.

(9]

.1.2. AVP/UDP

This part describes sending of RIP [R¥FU353(] over lower transport
layer UDP [RFO0788] according to the profile "RTP Profile for Audio
and Video Conferences with Minimal Control”® defined in RBFC 2851
[RFC3551]. This profile requires one or two uni- or bi-directional
UDP flows per media stream. The first UDP flow is for RTP and the
second is for RTCP. Embedding of RTP data with the RTSP megsages, in
accordance with Ssction 14, SHOULD NOT be performed when RTSP
messages are transported over unreliable transport protocols, like
UDP [EFC07&8].

The RTP/UDP and RTCPR/UDP flows can be established using the Transport
header’s "src_addr®, and "dest addr" parameterxs.

In RTSP PLAY mode, the transmission of RTP packets from client to
gerver is unspecified. The behavior in regards to such RTP packsts
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MAY be defined in future.

The "src_addr® and "dest addr® parameters are used in the following
way for media delivery and playback mode, i.e. Mode=PLAY:

o The "src_addr® and "dest_addr" parameters MUST contain either 1 or
2 address specifications.

o Each address aspecification for RTP/AVP/UDP or RTP/AVP/TCP MUST
contain either:

* Dboth an address and a port number, or
*  a port number without an address.

o The first address and port pair given in either of the parameters
applies to the RTP stream. Tha second address and port pair if
present applies to the RTCP stream.

o The RTP/UDP packets from the server to the client MUST be sent to
the address and port given by first address and port pair of the
"dest_addr" parameter.

o 'The RTCPB/UDP packets from the server to the client MUST be sent to
the address and port given by the sscond address and port pair of
the "dest_addr" parameter. If no second pair is specified RTCP
MUST NOT be sent.

o 'The RTCB/UDP packets from the client to the server MUST be sent to
the address and port given by the sscond address and port pair of
the "src_addr® parameter. If no second pair is given RTCP MUST
NOT be sent.

o 'The RTP/UDP packets from the client to the server MUST be sent to
the address and port given by the first address and port pair of
the "src_addr® parameter.

© RTP and RTCP Packets SHOULD be sent from the corresponding
receiver port, i.e. RTCP packets from server should be sent from
the *"src_addr® parameters second address port pair.

©.1.3. AVPF/UDP
The RTP profile "Extended RTP Profile for RTCP-based Feedback (RTP/
AVPF} " [RFC4585] MAY be used as RTP profiles in session using RTP.

211 that is defined for AVP MUST also apply for AVPF.

The usage of AVPF is indicated by the media initialization protocol
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uged. In the case of 8DP it is indicated by media lines (m=)
containing the profile RTP/AVPF. That SDP MAY also contain further
AVPF related SDP attributes configuring the AVPF gession regarding
reporting interval and feedback messages to be used. This
configuration MUST be followad.

C.1.4. SAVP/UDP

The RTP profile "The Secure Real-time Transport Protocol (SRTP)*
[RFC3711] is an RTP profile (SAVP} that MAY be used in RTSP sessions
uging RTP. All that is defined for AVP MUST also apply for SAVE.

The usage of SRTP reguires that a security context is established.
The default key-management unless otherwise signalled shall be MIKEY
in RSA-R mode ag defined in Appendix <.1.4.1, and not according to
the procedure defined in "Key Management Extensions for Session
Dezcription Protcocol (SDP) and Real Time Streaming Protocol (RTSP)®
[RF24567] . The reason is that RFC 4567 sends the initial MIKEY
message in SDP, thus both regquiring the usage of the DESCRIRE method
and forcing the server to kesp state for client performing DESCRIBE
in anticipation that they might reguire key management.

MIKEY is selected as default method for establishing SRTP
cryptographic context within an RTSP session as it can be embedded in
the RTSP messages, while still ensuring confidentiality of content of
the keying material, even when using hop-by-hop TLS security for the
RTSP messages. This method does alsc support pipelining of the RTSP
messages.

C.1l.4.1, MIKEY Key Establishment

This method for using MIXEY to establish the SRTP cryptographic
context is initiated in the client’s SETUP request, and the servers
response to the SETUP carries the MIKEY response. Thus ensuring that
the crypto context establishment happens simultaneously with the
egtablishment of the media stream being protected. By using MIKEY's
RSA-R mode [RFC4738] the client can be initiator and still allow the
gserver to set the parameters in accordance with the actual media
stream.

The SRTP cryptographic context establishment is done according to the
following process:

1. The client determines that SAVP or SAVPF shall be used from
media description format, e.g. SDP. If no other key management
method is explicitly signalled, then MIKEY SHALL be used as
defined here in. This specification does not sgpecify an
explicit method for indicating this SRTP cryptographic contaxt
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establishment method, but future specifications may.

2. The client SHALL establish a TLS connection for RTSP messages,
directly or hop by hop with the server. If hop-by-hop TLS
security is used, the User method SHALL be indicated in the
Accept-Credentials header. We do note that using hop-by-hop
does allow the proxy to insert itself as a man in the middie
also in the MIXEY exchange by providing one of its certificates,
rather than the server’s in the Connection-Credentials header.
The client shall therefore validate the server certificate.

3. The client retrieves the servers certificate from a direct TLS
connection, or if hop by hop from Connection-Credentials header.
The client then checks that the server certificate is valid and
belongs to server.

4. The client forms the MIKEY Initiator message using RSA-R mode in
unicast mode as specified in [RFC4738]. The client SHOULD use
the same certificate for TLS and in MIKEY to enable server to
bind the two together. The client’s certificate SHALL be
included in the MIKEY message. The client SHALL indicate its
SRTP capabilities in the message.

The MIKEY message from the previous step is baseéd [RFC4848]
encoded and bscomes the value of the MIKEY parameter that are
included in the transport specification(s) that specifies a SRTP
based profile (SAVP, SAVPF) in the SETUP regquest.

n

6. Any proxy encountering the MIKEY parameter SHALL forward it
without modification. A proxy requiring to understand transport
gspecification which doesn’t support SAVP/SAVPF with MIKEY will
discard the whole transport specification. Most types of proxy
can easily support SAVP and SAVPF with MIKEY. If possible
bypassing the proxy should be tried.

7. The server upon recelving the SETUP request, will need to decide
upon the transport specification to use, if multiple are
included by the client. In the determination of which transport
specifications that are supported and preferred, the server
should decode the MIKEY message to take the embedded SRTP
parameters into account. If all transport specs reguire SRTP
but no MIKEY parameter or other supported keying method is
included, the server shall respond with 403.

8. Upon generating a response the following cutcomes can occur:

* A transport spec not using SRTP and MIKEY is selected. Thus
the answer will not contain any MIKEY parameter.
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* A transport spec using SRTP and MIKEY is selected but an
error is encountered in the MIKEY processing. In that case
an RISP error respouse code of 466 "Key Management Error”
SHALL be used. A MIKEY message describing the error MAY be
included.

* A transport spec using SRTP and MIKEY is selected and a MIKEY
response megsage can be created. The server SHOULD use the
game certificate for TLS and in MIKEY to enable client to
bind the two together. If a different certificate is used it
SHALL be included in the MIKEY message. It is RECOMMENDED
that the envelope key cache type is set to ‘Cache’ and that a
gingle envelope key is reused for all MIKEY messages to the
client. That message is included in the MIXEY parameter part
of the single selected trangport specificaticn in the SETUP
response. The server will set the SRTP parameters as
preferred for this media stream within the supported range by
the client.

9. The server transmits the SETUP response back to the client.

10. The c¢lient receives the SETUP response and if the response code
indicates a successful reguest it decodes the MIKEY message and
establish the SRTP cryptographic context from the parameters in
the MIKEY response.

In the above method the client’s certificate may be self-signed in
cases where the client’s identify is not necessary to sstablish and
the security goal is only to ensure that the RTSP signalling client
is the same as the one receiving the SRTP security context.

C.1.5. SAVPF/UDP

The RTP profile "Extended Secure RTP Profile for RTCP-based Feedback
(RTP/SAVPF) " [RFC5124] is an RTP profile (SAVPF) that MAY be used in
RTSP gessions using RTP. All that is defined for AVP MUST alsc apply
for SAVPF.

The usage of SRTP requires that a cryptographic context is
established. The default mechanism for establishing that security
agssociation is to use MIKEYI[RFC3830] with RTSP as defined
Appendix O.1.4.01.

C.1.§. RTCP usage with RTSP
RTCP has several usages when RTP is used for media transport as

explained below. Due to that RTCP MUST be supported if an RTSP agent
handles RTP.
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C.1.6.1. Media synchronization

RTCP provides media synchronization and clock drift compensation.
The initial media synchronization is available from RTP-Info header.
However, to be able to handle any clock drift between the media
streams, RTCP is needed.

[#
;,s
b

.&.2. RTSP Session keep-alive

RTCP traffic from the RTEP client to the RTSP server MUST function as
keep-alive. wWhich requires an RTSP server sgupporting RTP to use the
raceived RTCP packets as indications that the client desires the
related RTSP session to be kept alive.

9

.1.8.3. Bit-rate adaption

RTCP Receiver reports and any additional feadback from the client
MUST be used adapt the bit-rate used over the transport for all cases
wnen RTP is sent over UDP. An RTP sender without reserved rescurces
MUST NOT use more than its fair share of the available resocurces.
This can be determined by comparing on short to medium term (some
seconds) the used bit-rate and adapt it so that the RTP sender sends
at a bit-rate comparable to what a TCP sender would achieve on
average over the same path.

¢.1.6.4. RTP and RTCP Multiplexing

RTSP can be used to negotiate the usage of RTP and RTCP multiplexing
as described in [RFC3781]. This allows servers and client to reduce
the amount of resources required for the session by only raguiring
one underlying transport stream per media stream instead of two when
using RTP and RTCP. This lessens the server port consumption and
also the necessary state and keep-alive work when operating across
Network and Address Translators [RFC2863].

Content must be prepared with some consideration for RTP and RTCP
multiplexing, mainly ensuring that the RTP payload types used does
not collide with the ones used for RTCP packset types this option
likely needs explicit support from the content unless the RTP payload
types can be remapped by the server and that is correctly reflected
in the ssssion description. Beyond that support of this feature
should come at little cost and much gain.

It is recommended that if the content and server supports RTP and
RTCP multiplexing that this is indicated in the session description,
for example using the SDP attribute "a=rtcp-mux®. If the SDP message
contains the a=rtcp-mux attribute for a media stream, the server MUST
gupport RTP and RTCP? multiplexing. If indicated or otherwise degired
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by the client it can include the Transport parameter "RTCP-mux® in
any transport specification where it desires to use RTCP-mux. The
server will indicate 1f it supports RTCP-mux. Server and Client
SHOULD support RTP and RTCP multiplexing.

For capability exchange, an RTSP feature tag for RTP and RTCP
multiplexing is defined: "setup.rtp.rtcp.mux®.

C.2. RTP over TCP

Transport of RTP over TCP can be done in two ways, over independent
TCP connectiong using RPC 4571 [RFC4571) or interleaved in the RTSP
control connection. In both cases the protocol MUST be "rtp" and the
lower layer MUST be TCP. The prcofile may be any of the above
specified ones; AVP, AVPF, SAVP or SAVPFE.

.31, Interleaved RTP over TCP

The use of embedded (interleaved) binary data transported on the RTSPF
connection is possible as specified in Section 14. When using this
declared combination of interleaved binary data the RTSP messages
MUST be transported over TCP. TLS may or may not be used.

One should, however, consider that this will result that all media
streams go through any proxy. Using independent TCP connections can
avoid that issue.

C.%.2. RTP over independent TCP

In this Appendix, we describe the sending of RTP [RFU3553] over lower
transport layer TCP [RFCGY23] according to "Framing Real-time
Transport Protocel (RTP) and RTP Control Protocel (RTCP) Packets over
Connection-Oriented Transport® [RFC4571]1. This Appendix adapts the
guidelines for using RIP over TCP within SIP/SDP [BFC4143] to work
with RTSP.

A client codes the support of RTP over independent TCP by specifying
an RTP/AVP/TCP transport option without an interleaved parameter in
the Transport line of a SETUP request. This transport option MUST
include the "unicast" parameter.

If the client wishes to use RTP with RTCP, two ports (or two address/
port pairs) are specifisd by the dest addr parameter. If the client
wishes to use RTP without RTCP, cne port (or one address/port pair)
is specified by the dest addr parameter. Ordering rules of dest_addr
ports follow the rules for RTP/AVE/UDP.

If the client wishes to play the active role in initiating the TC
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connection, it MAY set the "sebup® parameter (See Sasction 16.32) on
the Transport line to be "active®, or it MAY omit the setup
parameter, as active is the default. If the client signals the
active role, the ports for all dest_addr values MUST be set to 9 (the
discard port}).

If the client wishes to play the passive role in TCP connection
initiation, it MUST set the "setup! parameter on the Transport line

te be "passive®. If the client is able to assume the active or the
passive role, it MUST set the "setup" parameter on the Transport line
to be "actpass". In either case, the dest addr port value for RTP

MUST be set to the TCP port number on which the client is expecting
to receive the RTP stream connection, and the dest_addr port value
for RTCP MUST be set to the TCP port number on which the client is
expecting tc receive the RTCP stream connection.

If upon receipt of a non-interleaved RTR/AVP/TCP SETUP request, a
server decides to accept this reguested option, the 2xx reply MUST
contain a Transport option that specifies RTP/AVE/TCP {(without using
the interleaved parameter, and with using the unicast parameter).

The dest_addr parameter value MUST be echoed from the parameter value
in the client request unless the destination address (only port) was
not provided in which can the server MAY include the source address
of the RTSP TCP connection with the port number unchanged.

In addition, the server reply MUST set the setup parameter on the
Transport line, to indicate the role the server will play in the
connection setup. Permissible values are "active® (if a client set
"setup" to "passive" or "actpass®) and "passive® (if a client set
"setup" to "active®" or "actpass®).

If a server gets "setup” to "passive”, the "src_addr® in the reply
MUST indicate the ports the server is willing to receive an RTP
connection and (if the client reguested an RTCP connection by
specifying two dest_addr ports or addrsss/port pailrs) and RTCP
connection. If a server sets "setup" to "active®, the ports
specified in "src_addr® MUST be set to 9. The server MAY use the
"sgrc® parameter, following the guidance in Section 18.52. Port
ordering for src_addr follows the rules for RTP/AVR/UDP.

Servers MUST support taking the passive role and MAY support taking
the active role. Servers with a public IP address takes the passive
role, thus enabling clients behind NATs and Firewalls to better
chance of succesful connect to the server by actively connecting
outwards. Therefore the clients are RECOMMENDED to take the active
role.

After sending (receiving) a 2xx raply for a SETUP method for a non-
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interleaved RTP/AVP/TCP media stream, the active party SHOULD
initiate the TCP connection as soon as possible. The client MUST NOT
send a PLAY request prior to the establishment of all the TC
connections negotiated using SETUP for the session. In case the
server receives a PLAY reguest in a session that has not yet
established all the TCP connections, it MUST respond using the 464
“Data Transport Not Ready Yet' (Saction 15.4.29) error code.

Once the PLAY request for a media resource transported over non-
interleaved RTP/AVP/TCP occurs, media begins to flow from server to
client over the RTP TCP connection, and RTCP packets flow
bidirectionally cover the RTCP TCP connection. As in the RTP/UDP
case, client to server traffic on the TCP port is unspecified by this
memo. The packets that travel on these connections MUST be framed
using the protocel defined in [RFC4371], not by the framing defined
for interleaving RTP over the RTSP control connection defined in
Section 14,

A succesgful PAUSE request for a media being transported over RTP/
AVP/TCP pauses the flow of packets over the connecticns, without
closing the connections. A successful TEARDOWN request signals that
the TCP connections for RTP and RTCP are to be closed as soon as
possible.

Subsequent SETUP requests on an already-SETUP RTP/AVE/TCP URI may be
ambiguous in the following way: does the client wish to open up new
TCP RTP and RTCP connections for the URI, or does the client wish to
continue using the existing TCP RTP and RTCP connections? The client
SHOULD use the "connection® parameter (defined in Section 16.52) on
the Transport line to make its intention clear in the regard (by
setting "connection® to "new" if new connections are needed, and by
setting "connection® to "existing® 1f the existing connections are to
be used). After a 2xx reply for a SETUP reguest for a new
connection, parties should close the pre-existing connections, after
waiting a suitable period for any stray RTP oxr RTCP packets to
arrive.

The usage of SRTP, i.e. either SAVP or SAVPF profiles requires that a
security association is established. The default mechanism for
establishing that security association is to use MIKEY[RFC2830] with
RTSP as defined appasndix C.1.4.1.

Balow, we rewrite part of the example wmedia on demand example shown
in Appendiz A.1 to use RTP/AVE/TCP non-interleaved:
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o]

(9}

Schulzrinne,

->M:

->M:

DESCRIBE rtsp://example.com/twister.3gp RTSP/2.0
CSeqg: 1
User-Agent: PhonyClient/1.2

RTSP/2.0 200 CK

CSeqg: 1

Server: PhonyServer/1.0

Date: Thu, 23 Jan 1997 15:35:06 GMT
Content-Type: application/sdp

Content-Length: 227

Content-Base: rtsp://example.com/twister.3gp/
Expires: 24 Jan 199%7 15:35:06 GMT

v=0

o=- 2850844256 2890842807 IN IrP4 198.51.100.34
s=RTSP Session

i=An Example of RTSP Sesszsion Usage
e=adm®example.con

c=IN IP4 0.0.0.0

a=control: #*

a=range: npt=0-0:10:34.10

£=0 0

m=audic 0 RTP/AVP 0

a=control: trackIbD=

SETUP rtsp://example.com/twister.3gp/trackID=1 RTSP/2.0

CSeq: 2

User-Agent: PhonyClient/1.2

Require: play.basic

Transport: RTP/AVP/TCP;unicast;dest addr=":9%/%:9%;
setup=active;connection=new

Accept-Ranges: NPT, SMPTE, UIC
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M->C: RTSP/2.0 200 CK

CSeqgq: 2

Server: PhonyServer/1.0

Transport: RTP/AVP/TCP;unicast;
dest_addy=":9"/":9%;
src_addr=“198.51.100.5:53478“/"198.51.100:54091";
saetup=passive;connection=new; ssrc=93CBIC1E

Session: 12345678

Expires: 24 Jan 1997 15:35:12 GMT

Date: 23 Jan 1987 15:35:12 GMT

Accept-Ranges: NPT

Media-Properties: Random-Access=0.8, Immutable, Unlimited

C->»>M: TCP Comnnection Establishment x2

0

->M: PLAY rtsp://example.com/twister.3gp/ RTSP/2.0
CSeq: 4
User-Agent: PhonyClient/1.2
Range: npt=30-
Session: 12345678

M->C: RTSP/2.0 200 OK
Ceeqg: 4
Server: PhonyServer/1.0
Date: 23 Jan 1987 15:35:14 GMT
Segsion: 12345678
Range: npt=30-623.10
Seek-Style: First-Prior
RTE-Info: url=Yrtsp://example.com/twister.3gp/trackID=1"
8sre=4F312DD8 :sag=54321;rtptime=2876889%

£.3. Handling Media Clock Time Jumps in the RTP Media Layer

RTSP allows media clients to control selected, non-contiguous
sections of media presentations, rendering those streams with an RTP
media layer [RBFC3IS50]. Two cases occur, the first is when a new PLAY
raguest replaces an old ongoing regquest and the new request results
in a jump in the media. This should produce in the RTP laver a
continuous media stream. A client may also directly following a
completed PLAY request perform a new PLAY reguest. This will result
in some gap in the media laysr. The bslow text will look into both
cages.

A PLAY reqguest that replaces a ongoing reguest allows the media layer
rendering the RTP stream without being affected by jumps in media
clock time. The RTP timestamps for the new media range is set so
that they become continuous with the previous media range in the
previous request. The RTP sequence number for the first packet in
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the new range will be the next following the last packet in the

previous range, i.e. monotonically increasing. The goal is to allow
the media rendering layer to work without interruption or
reconfiguration across the jumps in media clock. This should be

possible in all cases of replaced PLAY requests for media that has
random-access properties. In this case care is needed to align
rames or similar media dependent structures.

In cases where Jjumps in media clock time are a result of RTSP
signalling operations arriving after a completed PLAY operation, the
request timing will result in that media becomes non-continuous. The
server becomes unable to send the media so that it arrive timely and
still carry timestamps to make the media stream continucus. In these
cases the server will produce RTP streams where there are gaps in the
RTP timeline for the media. In such cases, if the media has frame
structure, aligning the timestamp for the next frame with the

revicus structure reduces the burden to render this media. The gap
should represent the time the server hasn’t been serving media, e.g.
the time between the end of the media stream or a PAUSE reguest and
the new PLAY regquest. In these cases the RTP sequence number would
normally be monotonically increasing across the gap.

For RTSP sessions with media that lacks random access properties,
like live streams, any media clock jump is commonly result of
correspondingly long pause of delivery. The RTP timestamp will have
increased in direct proportion to the duration of the paused
delivery. Note also that in this case the RTP sequence number should
be the next packet number. If not, the RTCP packet loss reporting
will indicate as loss all packets not received between the point of
pausing and later resuming. This may trigger congestion avoidance
mechanisms. An allowed exception from the above recommendation on
monotonically increasing RTP sequence number is live media streams,
likely being relayed. In this case, when the client resumes
delivery, it will get the media that is currently being delivered to
the server itself. For this type of basic delivery of live streams
to multiple users over unicast, individual rewriting of RTP sequence
numbers becomes quite a burden. For solutions that anyway caches
media, timeshifts, ete, the rewriting should be a minor issue.

The goal when handling jumps in media clock time is that the provided
stream is continucus without gaps in RTP timestamp or seguence
number. However, when delivery has been halted for some reason the
RTP timestamp when resuming MUST represent the duration the delivery
was halted. RTP seguence number MUST generally be the next number,
i.e. monotonically increasing meodulo 65536. For media resources with
the properties Time-Progressing and Time-Duration=0.0 the ssrver MAY
create RTP media streams with RTP sequence number jumps in them due
to client first halting delivery and later resuming it (PAUSE and
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then later PLAY)}. However, servers utilizing this exception must
take into consideration the resulting RTCP recelver reports that
likely contains loss report for all the packets part of the
discontinuity. A client can not rely on that a server will align
when resuming playing even if it is RECOMMENDED. The RTP-Info header
will provide information on how the serxrver acts in each case.

We cannot assume that the RTSP client can communicate with the RTP
media agent, as the two may be independent processes. If the RTP
timestamp shows the same gap as the NPT, the media agent will
assume that there is a pause in the presentation. If the jump in
NPT is large enough, the RTP timestamp may roll over and the media
agent may believe later packets to be duplicates of packets just
played out. Having the RTP timestamp jump will also affect the
RTCP measurements based on this.

As an example, assume a RTP timestamp fregquency of 8000 Hz, a
packetization interval of 100 ms and an initial sequence number and
timestamp of zero.

C->8: PLAY rtsp://example.com/fizzle RTSP/2.0
CSeqg: 4
Segsion: abcedefgh
Range: npt=10-15
User-Agent: PhonyClient/1.2

S->C: RTSP/2.0 200 OK
CSeqg: 4
Segsion: abocdefgh
Range: npt=10-15
RTP-Info: url="rtsp://example.com/fizzle/audiotrack”
ssrc=0D12F123:seqg=0;rtptime=0

The ensuing RTP data stream is depicted below:

9]

0, NPT time = 10s
800, NPT time 10.1s

S -> TP packet - seg
S -» C: RTP packet - seqg

0, rtptime
1, rtptime

8 -» C: RTP packet - seq 49, riptime 38200, NPT time = 14.9s

Upon the completion of the requested delivery the server sends a
PLAY NOTIF
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8->C: PLAY NOTIFY rtsp://example.com/fizzle RTSP/2.0
CSeqg: 5
Neotify-Reason: end-of-stream
Request-Status: cseg=4 status=200 reason="0K"
Range: npt=-15
RTP-Info:url="rtsp://example.con/fizzle/audiotrack®

s8rc=0D12F123:seq=49; rtptime=39200

Session: abcdefgh

C->8: RTSP/2.0 200 OK
CSeg: 5
User-Agent: PhonyClient/1.2

Upen the completion of the play range, the client follows up with a
reguest to PLAY from a new NPT.

C->S: PLAY rtsp://example.com/fizzle RTSP/2.0
CSeg: 6
Segsicn: abodefg
Range: npt=18-20
User-Agent: PhonyClient/1.2

8->C: RTSR/2.0 200 OK
CSeqg: &
Session: abodefg
Range: npt=18-20
RTP-Info: url="rtsp://example.com/fizzle/audiotrack”
ssrc=0D12F123:5eq=50;rtptimae=40100

The ensuing RTP data stream is depicted below:

]

i

[
o
w

S->C: RTP packet - seg
S-»>C: RTP packet - seg = 51, rtptime

50, rtptime = 40100, NPT time
40800, NPT time

il
=
w
-
0]

5->»>C: RTP packet - seqg = 69, rtptime

55300, NPT time = 19.9s

In this example, first, NPT 10 through 15 is played, then the client
request the ssrver to skip ahead and play NPT 18 through 20. The
first segment is presented as RTP packets with seguence numbers 0
through 49 and timestamp ¢ through 39,200. The second segment
consists of RTP packets with sequence number 50 through 69, with
timestamps 40,100 through 55,200. While there is a gap in the NPT,
there is no gap in the seguence number spacs of the RTP data stream.

The RTP timestamp gap is present in the above example due to the time
it takes to perform the second play request, in this case 12.5 ms
{100/8000) .
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i, Handling RTP Timestamps after PAUSE

During a PAUSE / PLAY interaction in an RTSP session, the duration of
time for which the RTP transmission was halted MUST be reflected in
the RTP timestamp of each RTP stream. The duration can be calculated
for each RTP stream as the time elapsed from when the last RTP packet
was sent before the PAUSE request was received and when the first RTP
packet was sent after the subsequent PLAY reguest was received. The
duration includes all latency incurred and processing time required
to complete the regquest.

The RTP RFC [RFO3530] states that: The RTP timestamp for each unit
[packet] would be related to the wallclock time at which the unit
becomes current on the virtual presentation timeline.

In order to satisfy the requirements of [RFCISE8], the RTP
timestamp space needs te increase continuously with real time.
While this is not optimal for stored media, it is required for RTP
and RTCP to function as intended. Using a continuocus RTP
timestamp space allows the same timestamp model for both stored
and live media and allows better opportunity to integrate both
types of media under a single control.

As an example, assume a clock frequency of 8000 Hz, a packetization
interval of 100 me and an initial sequence number and timestamp of
Zero.

C->S: PLAY rtsp://example.com/fizzle RTSP/2.0
CSeq: 4
Sessicon: abodefg
Range: npt=10-15
User-~-Agent: PhonyClient/1.2

8->C: RTSP/2.0 200 OK
CSeqg: 4
Session: abcdefg
Range: npt=10-15
RTP-Info: url="rtap://example.com/fizzle/audiotrack®
ssrc=0D12F123:8eqg=0;rtptime=0

The ensuing RTP data stream is depicted below:

RTP packet - seqg =
RTP packet - seq
RTP packet - seq
RTP packet - seq =

rtptime = 0, NPT time = 10=

rtptime = 800, NPT time = 10.1s
riptime = 1600, NPT time = 10.2s
rtptime = 2400, NPT time = 10.3s

 H
W N o
~

-

~

~

wnwnin
t
\'
0N 0a

The c¢lient then sends a PAUSE reqguest:
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C->8: PAUSE rtsp://example.com/fizzle RTSP/2.0
CSeqg: 5
Segsion: abedefg
User-Agent: PhonyClient/1.2

S-»C: RTSP/2.0 200 OK
CSeg: 5
Session: abedefg
Range: npt=10.4-15

20 seconds elapse and then the client sends a PLAY reguest. In
addition the server requires 15 ms tc process the reguest:

C->8: PLAY rtsp://example.com/fizzle RTSP/2.0
CSeq: 6
Session: abecdefg
User-Agent: PhonyClient/1.2

§->C: RTSP/2.0 200 OK
CSeqg: 6
Session: abcdefg
Range: npt=10.4-15
RTP-Info: url="rtsp://example.com/fizzle/audiotrack®
s8ro=0D12F123 ::seg=4;rtptime=164400

The ensuing RTP data stream is depicted below:

S -» C: RTP packet - seqg = 4, rtptime = 164400, NPT time = 10.4s
S -» C: RTP packet - seq = 5, ritptime = 165200, NPT time = 10.5s
8 -» C: RTP packet - seqg = &, ritptime = 166000, NPT time = 10.6s

First, NPT 10 through 10.3 is played, then a PAUSE is received by the
gserver. After 20 seconds a PLAY is received by the server which take
15ms to process. The duration of time for which the session was
paused is reflected in the RTP timestamp of the RTP packets sent
after this PLAY request.

A client can use the RTSP range header and RTP-Info hesader to map NPT
time of a presentation with the RTP timestamp.

Note: In RFC 2328 [RPC2326], this matter was not clearly defined and
was misunderstood commonly. However, for RTSP 2.0 it is expected
that this will be handled correctly and no sxception handling will be
required.

Note Further: To ensure correct media decoding and usually jitter-

buffer handling reseting some of the state when issuing a PLAY
request is nesded.
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. RTSP / RTP Integration

For certain datatypes, tight integration between the RTSP layer and
the RTP layer will be necessary. This by no means precludes the
above restrictions. Combined RTSP/RTP media clients should use the
RTP-Info field toc determine whether incoming RTP packets were sent
before or after a seek or before or after a PAUSE.

C.6. Bealing with RTP

For scaling {see Ssciion 1§.44), RTP timestamps should correspond to
the rendering timing. For example, when playing video recorded at 30
frames/second at a scale of two and speed (Section 16.48) of one, the
server would drop every second frame to maintain and deliver video
packets with the normal timestamp spacing of 3,000 per frams, but NPT
would increase by 1/15 second for each videco frame.

Note: The above scaling puts regquirements on the media codec or a
media stream to support it. For example motion JPEG or other non-
predictive video coding can easier handle the above example.

. Maintaining NPT synchronization with RTP timestamps

The client can maintain a correct display of NPT (Normal Play Time)
by noting the RTP timestamp value of the first packet arriving after
repositioning. The sequence parameter of the RTP-Info

(Ssction 16.43) header provides the first sequence number of the next
segment .

<L8.  Continucus Audio

For continuous audio, the server SHOULD set the RTP marker bit at the
beginning of serving a new PLAY request or at jumps in timeline.
This allows the client to perform playcut delay adaptatiomn.

<.%. Multiple Sources in an RTP Session

Note that more than one SSRC MAY be sent in the media stream. If it
happens all sources are expected to be rendered simultanecusly.

C.10. Usage of SSRCs and the RTCP BYE Message During an RTSP Session

The RTCP BYE message indicates the end of use of a given SSRC. If
all sources leave an RTP session, it can, in most cases, be assumed
tc have ended. Therefore, a client or server MUST NCT send a RTCP
BYE message until it has finished using a S8RC. A server SHOULD keep
using a SSRC until the RTP session is terminated. Prolonging the use
of a SSRC allows the established synchronization context associated
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with that SSRC to be used to synchronize subseqguent PLAY requests
even if the PLAY response is late.

An 8SRC collision with the SSRC that transmits media does also have
conseguences, as it will normally force the media sender to change
itg SSRC in accordance with the RTP specification[RFC3550]. However,
a RTSP server may wait and see if the client changes and thus resolve
the conflict to minimize the impact. As media sender SSRC change
will result in a loss of synchronization context, and require any
receiver to wait for RTCP sender reports for all media requiring
gynchronization before being able to play out synchronized. Due to
these reasons a client joining a session should take care to not
select the same SSRC(s) as the server indicates in the ssrc Transport
header parameter. Any S8SRC signalled in the Transport header MUST be
avoided. A client detecting a collision prior to sending any RTP or
RTCP messages SHALL also select a new SSRC.

.11, Puture Additions

It is the intention that any future protocol or profile regarding
both for media delivery and lower transport should be easy to add to
RTSP. This section provides the necessary steps that needs to be
meet .

The following things needs to be considered when adding a new
protocol or profile for use with RTSP:

o The protocol cr profile needs to define a name tag representing
it. This tag is required to be a ABNF “"token® to be possible to
use in the Transport header specification,.

o The useful combinations of protoccl, profiles and lower layer
transport for this extension needs to be defined. For each
combination declare the necessary parameters to use in the
Transport header.

o For new media protocols the interaction with RTSP needs to be
addressed. One important factor will be the media
synchronization. May need new headers similar to RTP info to
carry information.

o Discuss congestion control for media, especially if transport
without built in congestion control is used.

See the IANA section (Seciticn 22} for information how to register new
attributes.
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Appendix D, Use of 8DP for RTSP Seszsion Descriptions

The Session Description Protocel (SDP, [EFC4E468]) may be used to
describe streams or presentations in RTSP. This description is
typically returned in reply to a DESCRIBE reguest on an URI from a
server to a c¢lient, or received via HTTP from a server to a client.

This appendix describes how an SDP file determines the operation of
an RTSP session. SDP as is provides no mechanism by which a client
can distinguish, without human guidance, between several media
streams to be rendered gimultanecusly and a set of alternatives

{e.g., two audio streamz spoken in different languages). The SDP
extension "Grouping of Media Lines in the Session Description
Protocol (SDP}¥ [RFCH888] provides such functionality to some degree.

Appendix D.4 describes the usage of SDP media line grouping for RTSP.

U.1. Definitions
The termg “"session-level®, "media-level® and othar key/attribute
names and values used in this appendix are to be used as defined in
SDP [RFC4566]

U.1.1. Control URI

The "a=control:¥ attribute is used to convey the control URI. This
attribute is used both for the session and media descriptions. If
uged for individual media, it indicates the URI to be used for
controlling that particular media stream. If found at the session
level, the attribute indicates the URI for aggregate control
(presentation URI). The session level URI MUST be different from any
media level URI. The presence of a session level control attribute
MUST be interpreted as suppeorxt for aggregated centrol. The control
attribute MUST be present on media level unliess the presentation only
contains a single media stream, in which case the attribute MAY only
be present on the session level and then also apply to that single
media level.

ABNF for the attribute is defined in Secuion 20.3.

Example:
a=control:rtep://example.com/foo

Thig attribute MAY contain either relative or absolute URIs,
fellowing the rules and conventions set out in RPC 3888 [RFQ3IS88].

Implementations MUST lock for a base URI in the following order:

1. the RTSP Content-~Base field;
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®3
s
o
o

RTSP Content-Location field;
3. the RTSP Request-URI.

If this attribute contains only an asterisk (¥}, then the URI MUST be
treated as if it were an empty embedded URI, and thus inherit the
entire base URI.

Note, RFC 3326 was very unclear on the processing of relative URI
and several RTSP 1.0 implementations at the point of publishing
this document did not perform RFC 3988 processing to determine the
resulting URI, instead simple concatenation is common. To avoid
this issue completely it is recommended to use absolute URI in the
SDP.

The URI handling for 8DPs from container files need special
consideration. For example lets assume that a container file has the
URI: "rtsp://example.com/container.mp4®. Lets further assume this
URI is the base URI, and that there is a absolute media level URI:
"rtep://example.com/container . mpd/trackID=2%. A relative media level
URI that resolves in accordance with RFC 2888 [RPC3986] to the above
given media URI is: Fcontaliner.mp4/trackID=2". It is usually not
desirable to need to include in or modify the SDP stored within the
container file with the server local name of the container file. To
avoid this, one can medify the base URI used to include a trailing
slash, e.g. "rtsp://example.com/container.mp4/". In this case the
relative URI for the media will only need to be: "trackID=27".
However, this will also mean that using "*% in the SDP will result in
control URI including the trailing slash, i.e.
"rtgp://example.com/container.mpd/".

Note: The usage of TrackID in the above is not an standardized
form, but one example out of several similar strings such as
TrackID, Track ID, StreamID that is used by different server
vendors to indicate a particular pisce of media inside a container
file.

.2. Media Streams

o]
s
3

The "m=" field is used to enumerate the streams. It is expected that
all the specified streams will be rendered with appropriate
synchronization. If the session is over multicast, the port number
indicated SHOULD be usad for reception. The client MAY try to
override the destination port, through the Transport header. The
sexrvers MAY allow this, the response will indicate i1f allowed corx not.
If the session is unicast, the port numbers are the cones RECOMMENDED
by the server to the client, about which receiver ports to use; the
client MUST still include its recsiver ports in its SETUP request.
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The client MAY ignore this recommendation. If the server has no
preference, it SHOULD set the port number value to zero.

The "m=" lines contain information about which transport protocol,
profile, and possibly lower-layer is to be used for the media stream.
The combination of transport, profile and lower layer, like RTP/AVE/
UDP needs to be defined for how to be used with RTSP. The currently
defined combinations are defined in Appendix , further combinations
MAY be specified.

Example:
m=audio 0 RTP/AVP 31

D.1.3. Payload Type(s)

The pavload type(s) are specified in the "m=" line. In case the
payload type is a static pavioad type from RFC 3531 [RFC3ISS51}, no
other information may be required. In case it is a dynamic payload
type, the media attribute "rtpmap® is used to specify what the media
is. The "encoding name" within the "rtpmap” attribute may be cne of
those specified in R¥FC 3531 (Sections 5 and §), or an MIME type
registered with IANA, or an experimental encoding as specified in SDP
{RFC 4566 [RFU45%66]). Codec-specific parameters are not specified in
this field, but rather in the "fmtp" attribute described below.

The selection of the RTP payload type numberg used may be required to
consider RTP and RTCP Multiplexing [REFO5761] if that is to be
supported by the server.

D.1.4. Format-Specific Parametsrs

Format-specific parameters are conveyed using the "fmtp" media
attribute. The syntax of the "fmtp" attribute is specific to the
encoding{s) that the attribute refers to. Note that some of the
format specific parameters may be specified outside cof the fmtp
parameters, like for example the "ptime" attribute for most audio

encodings.
D.1.5. Directionality of media gtream
The SDP attributes "a=gendrecv", "a=recvonly" and "a=sendonly"

provides instructions on which direction the media streams flow
within a session. When using RTSP the SDP can be delivered to a
client using either RTSP DESCRIBE or a number of RTSP external
methods, like HTTP, FTP, and email. Based on this the 8DP applies to
how the RTSP client will see the complete sesgion. Thus for media
streams delivered from the RTSP sgerver to the client would be given
the "a=recvonly® attribute.

Schulzrinne, et al. Expires September 10, 2011 [Page 269]

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1562
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Internet-Draft Real Time Streaming Protocol 2.0 ({RTSP) March 2011

The direction attributes are not commonly used in 8DBPz for RTSP, but
may occur. “as=recvonly” in a SDP provided to the RTSP client MUST
indicate that media delivery will only occur in the direction from
the RTSP server to the client. In SDP provided to the RTSP client
that lacks any of the directionality attributes ({(a=recvonly,
a=gendenly, a=sendrecv) MUST behave as if the "a=recvonly® attribute
was received. Note that this overrules the normal default rule
defined in SDP[RFC4566]. The usage of "a=sendonly" or "a=sendrecv!
is not defined, nor is the interpretation of SDP by cother entities
than the RTSP client.

U.1.4. Range of Presentation

The Ta=range” attribute defines the total time range of the stored

session or an individual media. Non-seekable live sessions can be

indicated as specified below, while the length of live sessions can
be deduced from the "t®* and "r" SDP parametars.

The attribute is both a session and a media level attribute. For
presentations that contains media streams of the same durations, the
range attribute SHOULD only be used at session-level. 1In case of
different length the range attribute MUST be given at media level for
all media, and SHOULD NOT be given at session level. If the

attribute is present at both media level and session level the media
level values MUST be used.

Note: Usually one will specify the same length for all media, even if
there isn’'t media available for the full duration on all media.
However, that requires that the server accepts PLAY requests within
that range.

Servers MUST take care to provide RTSP Range (see Bacbion 16.38)
values that are consistent with what is presented in the SDP for the
content. There is no reason for non dynamic content, like media
clips provided on demand to have inconsistent values. Inconsistent
values between the SDP and the actual values for the content handled
by the server is likely to generate some failure, like 457 "Invalid
Range®, in case the client uses PLAY requests with a Range header.
In case the content is dynamic in length and it is infeasible to
provide a correct value in the SDP the server is recommended to
describe this as non-seekabls content (see below). The server MAY
override that property in the response to a PLAY request using the
correct values in the Range headsr.

The unit is specified first, followed by the value range. The units
and their values are as defined in Section 4.4, Sscotion 4.5 and
Ssction 4.4 and MAY be extended with further formats. Any open ended
range (start-}, i.e. without stop range, is of unspecified duration
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and MUST be considered as non-seskable content unless this property
is overridden. Multiple instances carrying different clock formats
MAY be included at either session or media level.

-

ABNF for the attribute is defined in Ssction 20.3.

Examples:
a=range:npt=0-34.4368
a=range:c¢lock=19971113T211503Z2-195871113T220300%
Non seskable stream of unknown duration:
a=range :npt=0-

D.1.7. Time of Availability

The "t=" field defines when the SDP is valid. For on-demand content
the server SHOULD indicate a stop time value for which it guarantees
the description to be wvalid, and a start time that is squal to or
before the time at which the DESCRIBE reguest was received. It MAY
also indicate start and stop times of 0, meaning that the session is
always avallable.

For sessions that are of live type, l.e. specific start time, unknown
stop time, likely unseekable, the "t=" and *r=" field SHOULD be used
to indicate the start time of the event. The stop time SHOULD be
given so that the live event will have snded at that time, while
still not be unnecessary long into the future.

U.1.8. Connection Information

In 8DP, the ®"c=" field contains the destination address for the media
stream. If a multicast address is specified the client SHOULD use
this address in any SETUP request as destination address, including
any additional parameters, such as TTL. For on-demand unicast
streams and some multicast streams, the destination address MAY be
specified by the client via the SETUP request, thus overriding any
gpecified address. To identify streams without a fixed destination
address, where the client is required to specify a destination
address, the "c=%" field SHOULD be set to a null value. For addresses
of type "IP47, this value MUST be %0.0.0.0%, and for type "IP6%, this
value MUST be "0:0:0:0:0:0:0:0" (can also be written as "::"}, i.e.
the unspscified address according to RPFC 4281 [RPCE291].

o
Py

1.%. Message Body Tag

The optional "a=mtag" attribute identifies a version of the session
desceription. It is opague to the client. SETUP requests may include
thisg identifier in the If-Match field (see Ssction 18.23) to only
allow session establishment if this attribute value still corresponds
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to that of the current descripition. The attribute value is opague
and may contain any character allowed within SDP attribute values.

ABNF for the attribute is defined in Ssotion 2305.3.

Example:
a=mtag:"158bble7¢c7fd62¢ces7£12b533£06b83a"

One could argue that the "o=" field provides identical
functionality. However, it does so in a manner that would put
constraints on servers that need to support multiple session
description types other than SDP for the same piece of media
content.

£
B

. Aggregate Control Not Available

If a presentation does not support aggregate control no session level
"a=control:" attribute is specified. For a SDP with multiple media
sections specified, each section will have its own control URI
specified via the "a=control:" attribute.

Example:

v=0

o=- 28950844256 2890842807 IN IP4 152.0.2.58
s=1 came from a web page

e=zadm@example.com

c¢=IN IP4 0.0.0.0

t=0 ¢

m=video 8002 RTP/AVP 31
a=control:rtsp://audic.example.com/movie.aud
m=audioc 8004 RTR/AVP 3
a=control:rtsp://video.example.com/movie.vid

Note that the position of the control URI in the description implies
that the client establishes separate RTSP control sessions to the
gservers audic.example.com and video.example.com.

It is recommended that an SDP file contains the complete media
initialization information even if it is delivered to the media
client through non-RTSP means. This is necessary as there is nco
mechanism to indicate that the client should request more dstailed
media stream information via DESCRIBE.

L.3. BAggregate Control Available
In this scenario, the server has multiple streams that can be

controlled as a whole. In this case, there are both a media-level
fa=control:® attributes, which are used to specify the stream URIs,
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fos

and a session-level "a=control:" attribute which is used as the
Request-URI for aggregate contrel. If the media-level URI is
relative, it is resolved to absclute URIs according to Appendizx D.1.X%
above.

Example:
C->M: DESCRIBE rtsp://example.com/movie RTSP/2.0
CSeg: 1

User-Agent: PhonyClient/1.2

M-»C: RTSP/2.0 200 OK
CSeqg: 1
Date: Thu, 23 Jan 1897 15:35:06 GMT
Expires: Thu, 23 Jan 1997 16:35:06 GMT
Content-Type: application/sdp
Content-Base: rtsp://example.com/movie/
Content-Length: 227

v=0

o=- 2890844256 2890842807 IN IP4 192.0.2.211
s=1 contain

i=<more info>
e=adm@example.com

c=IN IP4 0.0.0.0
a=control:*

t=0 0

m=video 8002 RTR/AVP 31
a=control:trackID=1
m=audic 8004 RTB/AVP 3
a=control strackID=2

In this example, the client is recommended to establish a single RTSP
gsession to the server, and uses the URIs
rtsp://example.com/movie/trackID=1 and
rtep://example.com/movie/trackID=2 to set up the videco and audic
streams, regpectively. The URI rtsp://example.com/movie/, which is
rasolved from the "*7, controls the whole presentation (movie).

A client is not reqguired to issues SETUP requests for all streams
within an aggregats cobject. Servers should allow the client te ask
for only a subset of the streams.

.4, Grouping of Media Lines in SDP

For some types media it is desirable to express a relationship
between various media components, for instance, for lip
gsynchronization or Scalable Video Codec (SVC) [RFIE583]. This
relationship is expressed on the SDP level by grouping of media
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lines, as described in [RFCE888] and can be exposed to RTSP.

For RTSP it is mainly important to know how to handle grouped medias
received by means of SDP, i.e., if the media are under aggregate
control (see Appendix U.3) or if aggregate control is not available
{zsee Appendix D.2).

It is RECOMMENDED that grouped medias are handled by aggregate
control, to give the client the ability to control either the whole
presentation or single medias.

Editor’s note: how should the dependencies in [RFCH583] be handled
in RTSP?

. RTSP external SDP delivery

There are some ccnsiderations that need to be made when the session
description is delivered to the client outside of RTSP, for example
via HTTF or email.

First of all, the SDP needs to contain absolute URIs, since relative
will in most cases not work as the delivery will not correctly
forward the base URI.

The writing of the SDP session availability information, i.e. "t="
and "r=", needs to be carefully considered. When the SDP is fetched
by the DESCRIBE method, the probability that it is valid is very
high. However, the same are much less certain for 8DPs distributed
using other methods. Therefore the publisher of the SDP should take
care to follow the recommendations about availability in the SDP
specification [RFC4588].
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Appendix B, RTSP Use Casges

This Appendix describes the most important and consideved use cases
for RTSP. They are listed in descending order of importance in
regards to ensuring that all necessary functionality is present.
This specificaticon only fully supports usage of the two first. Alsc
in these first two cases, there are special cases or exceptions that
are not supported without extensions, e.g. the redirection of media
delivery to another address than the contrelling agent’s {(client’s).

E.1. On-demand Playback of Stored Content

An RTSP capable server stores content suitable for being streamed to
a client. A client desiring plavback of any of the stored content
uses RTSP toc set up the media transport required to deliver the
desired content. RTSP is then used to initiate, halt and manipulate
the actual transmission (playout) of the content. RTSP is also
required to provide necessary description and synchronization
information for the content.

The above high level description can be broken down into a number of
functicns that RTSP needs te be capable of.

Presentation Description: Provide initialization information about
the presentation (content); for sxample, which media codecs are
needed for the content. Other information that is important
includes the number of media stream the presentation contains,
the transport protocols used for the media streams, and
identifiers for these media streams. This information is
reguired before setup of the content is possible and to
determine if the client is even capable of using the content.

This information need not be sent using RTSP; other external
protocols can be used to transmit the transport presentation
descriptions. Two good examples are the use of HTTP [RFC2818]
or email to fetch or receive presentation descriptions like SDP
[(REQ4568]

Setup: Set up some or all of the media streams in a presentation.
The setup itself consist of selecting the protcecel for media
trangport and the necessary parameters for the protocsl, like
addresses and ports.

Control of Transmission: After the necessary media streams have been
established the client can regquest the server to start
transmitting the content. The client must be allowed to start
or stop the transmission of the content at arbitrary times.

The client must also be able to start the transmission at any
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point in the timeline of thes presentation.

Synchronization: For media transport protocols like RTP [RFU3ISEQ] it
might be beneficial teo carry synchronization information within
RTSP. This may be due to either the lack of inter-media
synchronization within the protocol itself, or the potential
delay before the synchronization is established (which is the
case for RTP when using RTCP).

Termination: Terminate the established contexts.

For this use case there are a number of assumptions about how it
works. These are:

On-Demand content: The content is stored at the server and can be
accesgsed at any time during a time period when it is intended
te be available.

Independent sessions: A server is capable of serving a number of
clients simultaneously, including from the same piece of
content at different points in that presentations time-line.

Unicast Transport: Content for each individual client is transmitted
to them using unicast traffic.

It is also possible to redirect the media traffic to a different
destination than that of the agent controlling the traffic. However,
allowing this without appropriate mechanisms for checking that the
destination approves of this allows for distributed denial of service
attacks (DDcS}.

E.2. Unicast Distribution of Live Content

This use case is similar to the above on-demand content case (see
Appendix B.1} the difference is the nature of the content itself,
Live content is continuously distributed as it becomes available from
a source; 1.e., the main difference from on-demand is that one starts
distributing content before the end of it has become available to the
server.

In many cases the consumer of live content is only interestsd in
consuming what is actually happens %now?; i.e., very similar to
broadcast TV. However, in this case it is assumed that there exist
no broadcast or multicast channel to the users, and instead the
sexrver functions as a distribution node, sending the same content to
multiple receivers, using unicast traffic between server and client.
This unicast traffic and the transport parameters are individually
negotiated for each receiving client.
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Ancther aspect of live content iz that i1t often has a very limited
time of availability, as it is only is available for the duration of
the event the content covers. An example of such a live content
could be a music concert which lasts 2 hour and starts at a
predetermined time. Thus there is need to announce when and for how
long the live content is available.

In some cases, the server providing live content may be saving some
or all of the content to allow clients to pause the stream and resume
it from the paused point, or to "rewind' and play continucusly from a
point earlier than the live point. Hence, this use case does not
necessarily exclude playing from other than the live point of the
stream, playing with scales other than 1.0, etc.

¥.3. On-demand Playback using Multicast

It is possible to use RTSP to reguest that media be delivered to a
multicast group. The entity setting up the session (the controller)
will then control when and what media is delivered to the group.
This use case has some potential for denial of service attacks by
flooding a multicast group. Therefore, a mechanism is needed to
indicate that the group actually accepts the traffic from the RTSP
server.

An open issue in this use case is how one ensures that all receivers
listening to the multicast or broadcast receives the session
presentation configuring the receivers. This specification has to
rely on a external solution to solve this issue.

¥.4. Inviting an RTSP server into a conference

If one has an established conference or group session, it is possible
to have an RTSP server distribute media to the whole group.
Transmission to the group is simplest when contreolled by a single
participant or leader of the conference. Shared control might be
possible, but would reguire further investigation and possibly
extensions.

This use case assumes that there exists either multicast or a
conference focus that redistribute media te all participants.

This use case is intended to be able to handle the following
geenario: A conference leader or participant (hereafter called the
controller) has some pre-stored content on an RTSP server that he
wants to shave with the group. The controller sets up an RTSP
gsegsion at the streaming server for this content and retrieves the
segsion description for the content. The destination for the media
content is set to the shared multicast group or confersnce focus.
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When desired by the controller, hs/she can start and stop the
transmission of the media to the conference group.

There are several issues with this use case that are not solved by
this core specification for RTSP:

Denial of service: To avoid an RTSP server from being an unknowing
participant in a denial of service attack the server needs to
be able to verify the destination’s acceptance of the media.
Such a mechanism to verify the approval of received media does
not yet exist; instead, only policies can be used, which can be
made to work in controlled snvironments.

Distributing the presentation description to all participants in the

group: To enable a media receiver to correctly decode the content
the media configuration information needs to be distributed
reliably te all participants. This will most likely require
support from an external protocol.

Passing control of the session: If it is desired to pass control of
the RTSP session between the participants, some support will be
required by an external protoccl to exchange state information
and possibly floor control of who is controlling the RTSP
session.

If there interest in this use case, further work is reguired on the
necessary extensions.

E.5. Live Content using Multicast

This use case in its simplest form does not reguire any use of RTSP
at all; this is what multicast conferences being announced with SAP
[RFC2574] and SDP are intended teo handle. However, in use cases
where more advanced features like accesg control to the multicast
session are desired, RTSP could be used for session establishment.

A client desiring to join a live multicasted media session with
cryptographic (encryption) access control could use RTSP in the
following way. The source of the session announces the session and
gives all interested an RTSP URI. The client connects to the server
and requsests the presentation description, allowing configuration for
reception of the media. In this step it is possible for the client
to use secured transport and any desired level of authentication; for
example, for billing or access control. An RTSP link alsc allows for
lcad balancing between multiple servers.

If these were the only goals, they could be achieved by simply using
HTTP. However, for cases where the sender likes to kasp track of
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each individual receiver of a seszssion, and possibly use the session
as a side channel for distributing key-updates or other information
on a per-receiver basis, and the full set of receivers is not know
rior to the sesasion start, the state establishment thafb RTSP

provides can be beneficial. In this case a client would establish an
RTSP session for this multicast group with the RTSP server. The RTSP
server will not transmit any media, but instead will point to the
multicast group. The client and server will be able to keep the
session alive for as long as the receiver participates in the session
thus enabling, for example, the server to push updates to the client.

This use case will most likely not be able to be implemented without
some extensions to the server-to-client push mechanism. Here the
PLAY NOTIFY method (see Seaction 13.3) with a suitable extension could
provide clear benefits.
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Appendix F. Text format for Parvameters

A resource of type "text/parameters® consists of either 1) a list of
parameters {for a query) or 2} a list of parameters and assoclated
values {(for an response or setting of the parameter). Each entry of
the list is a single line of text. Parameters are separated from
values by a colon. The parameter name MUST only use US-ASCII visible
characters while the values are UT¥F-8 text strings. The media type
registration form is in Saction 23.16.

There exist a potential interoperability issue for this format. It
was named in RFC 2326 but never defined, even if used in examplas
that hint at the syntax. This format matches the purpose and its
syntax suppcrts the examples provided. However, it goes further by
allowing UTF-8 in the value part, thus usage of UTF-8 strings may not
be supported. However, as individual parameters are not defined, the
using application anyway needs to have out-of-band agreement or using
feature-tag to determine if the end-point supports the parameters.

The ABNF [RF(U5234] grammar for "text/parameters” content is:

file = *{{parameter / parameter-value) CRLF)
parameter = l*visible-except-colon
parameter-value = parameter *WSP ":" value
visible-except-colon = $x21-39 / $x3B-7E ; VCHAR - ":®
value = * (TEXT-UTF8char / WSP}

TEXT-UTF8char
UTF8-NONASCIL

$x21-7E / UTF8-NONASCII
%xC0-DF 1UTF8-CONT

/  %xE0Q-EF 2UTF8-CONT
/ %xF0-F7 3UTF8-CONT
/ %XF8-FB 4UTF8-CONT
/  %$xX¥FC-FD SUTFS8-CONT
UTEF8-CONT = %x80-BF
WSP = «<See R¥FC 5234> ; Space or HTAR
VCHAR = «<See RFC 5234>
CRLF = <See HFC 5234>
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Appendix G. Regquirements for Unreliable Transport of RTSP

This section provides anyone intending to define how to transport of
RTSP messages over a unreliable transport protocol with some
information learned by the attempt in REC 2326 [RFECI326]. REC 2326
define both an URI scheme and some basic functionality for transport

f RTSP messages over UDP, however, it was not sufficient for
reliable usage and successful interoperability.

The RTSP scheme defined for unreliable transport of RTSP messages was
"rtgpu®. It has been reserved by this specification as at least one
commercial implementation exist, thus avoiding any collisions in the
name space.

The following considerations should exist for operation of RTSP over
an unreliable transport protocol:

© Request shall be acknowledged by the receiver. If there is no
acknowledgement, the sender may resend the same message after a
timeocut of one round-trip time (RTT). Any retransmissions due to
lack of acknowledgement must carry the same sequence number as the
original reguest.

o The round-trip time can be estimated as in TCP (RFC 1123}
[RFC1123], with an initial round-trip value of 500 ms. An
implementation may cache the last RTT measurement as the initial
value for future connections.

© If RTSP is used over a small-RTT LAN, standard procedures for
optimizing initial TCP round trip estimates, such as those used in
T/TCP (RFC 1644} [RFCi644], can be beneficial.

o The Timestamp header (Section 18.51) is used to avoid the
retransmission ambiguity problem [Stevens®g].

o The registered default port for RTSP over UDP for the sexver is
554 .

o RTSP messages can be carried over any lower-layer transport
protocol that is 8-bit clean.

o RTSP messages are vulnerable to bit errors and should not be
subjected to them,

o Source authentication, or at least validation that RTSP messages
comes from the same entity becomes extremely important, as session
hijacking may be substantially easier for RTSP message tramsport
uging an unreliable protocol like UDP than for TCP.
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There exist two RTSP headers thats primarily are intended for being
used by the unreliable handling of RTSP messages and which will be
maintained:

0o Timestamp: See Section 18.51
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Appendix H. Backwards Compatibility Considerations

This section contains notes on issues about backwards compatibility
with clients or servers being implemented according to RFC 22328
[REC2326] . Note that there exists no requirement to implement RTSP
1.0, in fact we recommend against it as it is difficult to do in an
interoperable way.

A server implementing RTSP/2.0 MUST include a RTSP-Version of
RT8P/2.0 in all responses to requests containing RTSP-Version
RTSP/2.0. If a server receives a RTSP/1.0 reguest, it MAY respond
with a RTSP/1.0 response if it chooses to support RBFC 2328. If the
server chooses not to support RFC 2326, it MUST respond with a 505
{(RTSP Versicn not supported) status code. A server MUST NOT respond
to a RTSP-Version RTSE/1.0 request with a RTSP-Version RTSP/2.0
regponse.

Clients implementing RTSP/2.0 MAY use an OPTIONS request with a RTSP-
Version of 2.0 to determine whether a server supports RTSP/2.0. If
the server responds with either a RTSP-Version of 1.0 or a status
code of 505 (RTSP Version not supported), the client will have to use
RTSP/1.0 requests if it chooses to support RFC 2326,

H.1l. Play Request in Play State

The behavior in the server when a Play is received in Play state has
changed {(Section 13.4). In RBFC 2328, the new PLAY request would be
gueued until the current Play completed. Any new PLAY request now
take effect immediately replacing the previous reguest.

H.2. Using Persistent Connections

Some server implementations of RFI 2336 maintain a one-to-one
relationship between a connection and an RTISP session. Such
implementations require clients to use a persistent ceonnection to
communicate with the server and when a client closes its connection,
the server may remove the RTSP session. This is worth noting if a
RTSP 2.0 client also supporting 1.0 connects to a 1.0 server.
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Appendix I. Open Issues
Open issues are filed and tracked in the bug and feature trackers at
nttp: f/rtspepec. asurceforga . net.  Open issues are discussed on MMUSIC

list (mmusic@ietf.org).

Note to RFC-editor: Please remove this section before publication of
this document as an RFC.

Schulzrinne, et al. Expires September 10, 2011 [Page 284]

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1577
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Internet-Draft Real Time Streaming Protocol 2.0 ({RTSP) March 2011

Appendix §. Changes
This appendix briefly lists the differences between RISP 1.0
[RFC2326] and RTSP 2.0 for an informational purpose. For
implementers of RTSP 2.0 it is recommended to read carefully through
this memo and not to rely on the list of changes below to adapt from
RTSP 1.0 to RTSP 2.0, as RTSP 2.0 iz not intended to be backwards
compatible with RTSP 1.0 [R¥FC23Z&] other than the version negotiation
mechaniam.

J.1. Brief Overview

The following protocol elements were removed in RTSP 2.0 compared to
RTSP 1.0:

o there is no section on minimal implementation anymore, but more
the definition of RTSP 2.0 cors;

¢ the RECORD and ANNCUNCE methods and all related functionality
{including 201 (Created) and 250 (Low On Storage Space) status

codes) ;

o the use of UDP for RTSP message transport was removed due to
missing interest and to broken specification;

o the use of PLAY method for keep-alive in Play state.

The following protocol elements were added or changed in RTSP 2.0
compared to RISP 1.0:

o RTSP session TEARDCWN from the server to the client;
o IPvé support;

o extended IANA registries {e.g., transport headers parameters,
transport-protocol, profile, lower-transport, and mode);

o reguest pipelining for guick session start-up;

o fully reworked state-machine;

o RTSP messages now uses URIs rather then URLs;

o incorporated much of related HTTP text ([R¥FC2616]) in this memo,

compared to just referencing the sections in HTTP, to avoid
ambiguities;
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o the REDIRECT method was expanded and diversified for different
gituations;

o Includes a new section about how to setup different media
transport alternatives and their profiles, and lower layer
protocols. This resulted that the appendix on RTP interacticn was
moved there instead in the part describing RTP. The section alsc
includes guidelines what to consider when writing usage guidelines
for new protocols and profiles;

o added an asynchronous notification method PLAY NOTIFY. This
method is used by the RTSP server to asynchronously notify clients
about session changes while in Play state. To a limited extend
this is comparable with some implementations of ANNOUNCE in RTSP
1.6 not intended for Recording.

J.3. Detailed List of Changes

<.

Compared to RTSP 1.0 {(BFD 2328), the below changes has been made when
defining RTSP 2.0. Note that this list does not reflect minor
changes in wording or correction of typographical errors.

o The section on minimal implementation was deleted without
substitution.

o The Transport header has been changed in the following way:

* The ABNF has been changed to define that extensions are
possible, and that unknown parameters results in that servers
ignore the transport specification.

* To prevent backwards compatibility issues, any extension or new
parameter requires the usage of a feature-tag combined with the
Reguire header.

*  Syntax unclarities with the Mode parameter has been resolved.

#  Syntax error with *;* for multicast and unicast has been
resolved.

*  Two new addressing parameters has been defined, src_addr and
dest_addr. These replaces the parameters “port",

“client port®, "server port®, "destination®, "source®.

*  Support for IPvé explicit addresses in all address fields has
been included.
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E 3

To handle URI defiritions that contain *;" or "," a quoted URI
format has been introduced and is regquired.

* Defined IANA registries for the transport headers parameters,
transport-protocel, profile, lowsr-transport, and mode.

* The transport headers interleaved parameter’s text was made
more strict and use formal requirements levels. It was also
clarified that the interleaved channels are symmetric and that
it is the server that sets the chamnnel numbers.

* It has been clarified that the client can’t request of the
server to use a certain RTP SSRC, using a request with the
transport parameter SSRC.

*# BSyntax definition for SSRC has been clarified to require BHEX.
It has alsc been extended to allow multiple values for clients
supporting this version.

* (Clarified the text on the transport headers "dest addr”
parameters regarding what security precautions the server is
required to perform.

o The Range formats has been changed in the following way:

*# The NPT format has been given a initial NPT identifier that
must now be used.

* All formats now support initial open ended formats of type
fnpt=-10" and also format only "Range: smpte! ranges for usage
with GET PARAMETER requests.

o RTSP message handling has been changed in the following way:

* RTSP messages now uses URIs rather then URLs.

* It has been clarified that a 4xx message due to missing CSeqg
header shall be returned without a CSeq header.

* The 300 (Multiple Choices) response code has been removed.

# Rules for how to handle timing out RTSP messages has been
added.

* Extended Pipslining rules allowing for gquick session startup.
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o The HTITP references has been updated to RFC 2816 and RFC 2617.
Most of text has been copied and then altered to fit RTSP into
this specification. Public, and the Content-Base header has also
been imported from RFC 2068 so that they are defined in the RTSP
specification. Xnown effects on RTISP due to HITP clarifications:

* Content-Encoding header can include encoding of type
ridentity®.

o The state machine section has complstely been rewritten. It
includes now more details and are also more clear about the model
used.

¢ A IANA section has been included with contains a number of
registries and their rules. This will allow us tc use IANA to
keep track of RTSP extensions.

o The transport of RTSP messages has seen the following changes:

*  The use of UDP for RTSP message transport has been deprecated
due to missing interest and to broken specification.

* The rules for how TCP connections is to be handled has been
clarified. ©Now it is made clear that servers should not close
the TCP connscticn unlass they have been unused for significant

time.

* Strong recommendations why server and clients should use
persistent connections has also been added.

* There is now a reguirement on the servers to handle non-
persistent conmections as this provides fault tolerance.

* Added wording on the usage of Connection:Close for RTSP.

* gpecified usage of TLS for RTSP messages, including a scheme to
approve a proxies TLS comnnecticn to the next hop.

o The following header related changes have been made:

* Accept-Rangss response header is added. This header clarifies
which range formats that can be used for a rescurce.

* Fixed the missing definitions for the Cache-Control header.

Also added to the syntax definition the missing delta-seconds
for max-stale and min-fresh parameters.
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Put reguirement on CSeq header that the value iz increasad by
one for each new RTSP request. A Recommendation to start at
has also been added.

*  Added reguirement that the Date header must be used for all
messages with message body and the Server should always include
it.

*  Removed possibility of using Range header with Scale header to
indicate when it is to be activated, since it can’t work as
defined. Also added rule that lack of Scale header in response
indicates lack of support for the header. Feature-tags for
scaled playback has been defined.

* The Speed header must now be responded to indicate support and
the actual speed going to be used. A feature-tag is defined.
Notes on congestion control was also added,

* The Supported header was borrowed from SIP [RFC3261] to help
with the feature negotiation in RTSP.

* (Clarified that the Timestamp header can be used to resolve
retransmission ambiguities.

* The Session header text has been sxpanded with a explanation on
keep alive and which methods to use. SET_PARAMETER is now
recommended to use 1f only keep-alive within RTSP is desired.

* It has been clarified how the Range header formats is used to
indicate pause points in the PAUSE responsa.

*# Clarified that RTP-Info URIs that are relative, use the
Reguest-URI as base URI. Alsoc clarified that the used URI must
be the one that was used in the SETUP request. The URIs ave
now also reguired to be guoted. The header alsc expresses the
SSRC for the provided RTP timestamp and sequence number values.

# Added text that requires the Range to always be present in PLAY
regsponses. Clarified what should be sent in case of live
gtreams.

*# The headers table has been updated using a structured borrowed
from SIP. Those tables carries much more information and
should provide a good overview of the available headers.

* It has been clarified that any message with a message body is
required to have a Content-Length header. This was the case in

RFC 23268, but could be misinterpreted.
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ETag has changed name to MTag.

* To resolve functiocnality arvound MTag. The MTag and If-None-
Match header has been added from HTTP with necessary
clarification in regards to RTSP operation.

*  TImported the Public header from HTTP RFC 2068 [RFC2088] since
it has been removed from HTTP due to lack of use. Public is
used quite frequently in RTSP.

*# (Clarified rules for populating the Public header so that it is

an intersection of the capabilities of all the RTSP agents in a

chain.

* Added the Media-Range header for listing the current
availability of the media range.

* Added the Notify-Reason header for giving the reason when
sending PLAY NOTIFY requests.

* A new header Seek-Style has been defined to direct and inform
how any seek operation should/have been performed.

o The Protocol Syntax has been changed in the following way:
*# All ABNF definitions are updated according to the rules defined
in RFC 5234 [BFC5234] and has been gathered in a separate

Section 20.

* The ABNF for the User-Agent and Server headers has besen
corrected.

* Some definitions in the introduction regarding the RTSP session
has been changed.

*  The protocol has been made fully IPvé capable.

# Added a fragment part to the RTSP URI. This seam to be
indicated by the note below the definition, however, it was not
part of the ABNF.

* The CHAR rule has been changed toc exclude NULL.

o The Status codes have been changed in the following way:

* The use of status code 303 "See Other” has been deprecated as
it does not make sense to use in RTSP.
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When sending response 451 and 458 the response body should
contain the offending parameters.

* Clarification on when a 3rr redirect status code can be
received has been added. This includes receiving 3rr as a
result of request within a established session. This provides
clarification to a previous unspecified behavior.

* Removed the 201 (Created) and 250 (Low On Storage Space) status
codes as they are only relevant to recording, which is
deprecated.

* Several new Status codes has been defined: 464 "Data Transport
Not Ready Yet®, 465 "Notification Reason Unknown®, 470
"Connection Authorization Reguired®, 471 *Connection
Credentials not accepted", 472 "Failure to establish secure
connection®,

o The following functionality has been deprecated from the protocol:
* The use of Queued Play.
* The use of PLAY method for keep-alive in Play state.

* The RECORD and ANNOUNCE methods and all related functionality.
Some of the syntax has been removed.

* The possibility to use timed execution of methods with the time
parameter in the Range header.

* The description on how rtspu works is not part of the core
specification and will require extermnal description. Only that
it exist is defined here and some reguirements for the
transport is provided.

o The following changes has been made in relation to methods:

# The OPTIONS method has been clarified with regards to the use
of the Public and Allow headers.

*  Added text clarifying the usage of SET PARAMETER for keep-alive
and usage without any body.

* PLAY method is now allowed to be pipelined with the pipelining

of one or more SETUP reguests following the initial that
generates the session for aggregated control.
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REDIRECT has been expanded and diversified for different
situations.

* Added a new method PLAY NOTIFY. This method is used by the
RTSP server to asynchronously notify clients about session
changes.

o Wrote a new section about how to setup different media transport
alternatives and their profiles, and lower layer protocols. This
resulted that the appendix on RTP interaction was moved there
instead in the part describing RTP. The section also includes
guidelines what to consgsider when writing usage guidelines for new
protocols and profiles.

o Setup and usage of independent TCP connections for transport of
RTP has been specified.

o Added a new section describing the available mechanisms to
determine if functicnality is supported, called "Capability

Handling®. Renamed option-tags to feature-tags.

o Added a contributors section with people who have contributed
actual text to the specification.

o Added a section Use Cases that describes the major use cases for
RTSP.

o Clarified the usage of a=range and how to indicate live content
that are not seekable with this header.

o Text specifying the special behavior of PLAY for live content.
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Appendix L. RFC Editor Consideration

Please replace RFC XXXX with the R¥FC number this specification
receives.
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~ Power Cord Replacement

Tmu{hiesheating Your Hardware ‘
Troubleshooting Network Connectivity

Xbox Live Features

Aocount Manageﬁ;{éh{

‘ ﬁaakward C@mpakibﬁ!iw

Resources

fieiated Links

& Set Up Your System
& Guide to Home Networking

& Join Xbox Live

Product Information

Kbox Windows Media Center Extender

Manufacturer:
Microsoft

Category:
Accessories

Console:
Xbox

$79.99

Related Links

¢ Hardware Manuals

a Product Web Site

& Xbox Support

e Xbox Wireless Network

hittp:/fwww . xbox.com/en-US/support/systeniuse/xbox/console/mediacenterextender.htm

System Use - Windows Media Center Extender for Xbox

"~

Page 1 of .

-

Windows Media Center Extender for Xb

Bring your Madia Center PC experience to your Xbox® and turn #
uitimate entertainment center with the Windows® Media Center £
Xboxi Enjoy digital music, photos, videos, and TV shows on televi
throughout vour home.

With a wirad or wireless connection to the Media Center PC (sold
the Xbox console now allows you to enjoy the digital entertainme
your PC when and how you want. The included remate control an:
aiso support DVD movie playback. Just grab the remote, drop in t
Center Extender DVD in your Xbox, and get ready for an entertais
revelution! & whole new world for your Xbox awalls ..

e Watch and record television shows.
& Enjoy a free integrated TV Program Guide with no fees.

& Access your Media Center PC's digital media Hbrary music, vid
pictures.

& Stay connected with instant messaging and Xbox Live®.
& Watch DVE movies.
& lister to FM and Internst radio.

Entertain Yourself

Turn your Xbox into the ultimate entertainment center. Enjoy all
music, photos, videos and TV shows stored on your Media Center
convenience of your Xbox conscle. Extend the experience througt
add-on services that offer music and video an demand, news, anc
information.

Take It Anywhere in the Home

Use the built-in Ethernet network support of your Xbox or optiona
wireless hardware {soid separately) to bring the Media Center ext
televisions all over your house. ust connect the Xbox console to !
network, run the sat-up software on the host Media Center PC, gr
control;, and you're in business.

Keep in Touch

Never miss an Xbox game invitation, thanks to built-in Xooxlive 4
support. Send and receive Xbox Livegame invitations while watch
listening to Internet radio. Keep in touch with family with instant
Windows® Messengar,

Enjoy DVD Movie Playback

The included remete control also supports DVD movie playback t}
Xbox console, Enjoy & night at the movies ... through your Xbox!

Screenshots
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Windows® XP Madia Center Edition 2005

Experience more entertainment.

& Windows XP
Media Center Edition 2008,

The Best Windows Beer Deslgned for the Home,
Experisnce morn of the photos, musle, television,
eonbes and gammes yois vesnt throughout your home
with Kevbowed and mouse or a rerpote conticd ”

Comypiete snd Eszy Enterisiment,
Enjoy sl of your digital entertairunent ail i one place,

tare Connected. The widest rangs of ways to
exprerience your digital graectzinment segund the
hume and o the go with Medie Center Brtenders,
Portable bedia Conters and more,

Windows I Medis Cenber
Edithnn 205 is available
pre-inatailend o new

Pe Product svaffabiliy
rgy vy by grography
and manulsctuen

wmmn{ s on O DVD and the
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Adaptive Streaming Comparison

Published on January 28, 2010 by chriskno
Updated on November 18, 2010 by chriskno

Tags: Adaptive Adobe Apple Dynamic
Streaming Flash HTTP IIS Microsoft Smooth Streaming

IIS Smooth Streaming (http: //www.iis.net/SmoothStreaming) provides users with a truly compelling way to watch the

best-possible-quality streaming video. First proven in production at the Summer 2008 Olympics in Beijing, this live and
on-demand adaptive streaming technology from Microsoft represents the latest generation in video streaming
technologies.

Part of 1IS Media Services (http://www.iis.net/media), IIS Smooth Streaming delivers up to true HD (1080p) video
experiences that increase user engagement times. With integrated media delivery in IIS (http://www.iis.net/overview),
you no longer need separate Web and streaming infrastructures to deliver compelling Web and rich media content to
three screens (computer, TV, mobile). Using a single platform saves the cost of managing separate server
infrastructures, and reduces the time to market and cost for deploying new applications, Web sites, and rich media
experiences.

IIS Smooth Streaming is based on standard protocols, scales out using existing HTTP delivery and caching
infrastructures, and ensures simplified file management by using as few as one contiguous video file to deliver multiple
video quality levels. Combined with the Silverlight Media Framework (http: //smf.codeplex.com/) and the upcoming
Smooth Streaming client porting kit, IIS Smooth Streaming provides built-in sophisticated stream-switching, full DVR
controls, and support for multiple camera angles. In addition, IIS Smooth Streaming 4.0 will also provide an option for
streaming to iPhone (http://www.iis.net/overview/IntegratedMediaPlatform) and QuickTime X players.

The industry is excited by Microsoft's commitment to standards-based HTTP media delivery, and recent announcements
from our partners and competitors are a validation of the Smooth Streaming approach to adaptive streaming. For
example, as IIS Smooth Streaming has gained momentum, there have been new announcements from Adobe and Apple
about methods each company now supports for varying the quality levels during video streaming. Adobe Flash Dynamic
Streaming is a traditional multiple-bit-rate (MBR) streaming technology that is very similar to RealNetworks SureStream
(released in 1998) and Windows Media Intelligent Streaming (released in 1999), and requires proprietary streaming
servers to scale out to a large audience. Apple HTTP Adaptive Bitrate Streaming provides rudimentary stream-switching
capabilities to devices running current Apple operating systems, and requires pre-segmenting your content into hundreds
or thousands of small file chunks.

In the table below, we compare the latest adaptive streaming technologies from Microsoft, Adobe, and Apple.

Microsoft Adobe Apple
IIS Smooth Flash Dynamic HTTP Adaptive
Streaming Streaming Bitrate Streaming
3 Cost of Web server>
Free downloadt #4500 (http://learn.iis.net/

(http://learn.iis.net/Con | (http://learn.iis.net/
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Cost per
Streaming Server

trolPanel/themes/iis/#1

)+ $469 for OS2
(http://learn.iis.net/

ControlPanel/themes

ControlPanel/themes

Jiis/#3) + OS cost?
(http://learn.iis.net/

ControlPanel/themes
Liis/#2)

ControlPanel/themes

[iis/#5) +
segmenter 0S8
(http://learn.iis.net/

[iis/#4)

ControlPanel/themes

Liis/#6)

On-demand &
Live Streaming

g
&

e

o‘i
&
\\;?

Live Streaming
DVR’

(http: //learn.iis.net/
page.aspx/792/adap
tive-streaming-
comparison/#7)

S

Pause & Seek

Streaming
Protocol

HTTP

RTMP

HTTP

Scalability via
HTTP Edge
Caches

Stateless Server
Connection®
(http://learn.iis.net/
page.aspx/792/adap
tive-streaming-
comparison/#8)

Silverlight, Xbox
360, other Smooth
Streaming-
compatible players,

iPhone OS 3.0,

.S:rft':g::f: and iPhone 0S 3.0° | Flash Player 10, AIR |  devices running
(http://learn.iis.net/ QuickTime X
page.aspx/792/adap

tive-streaming-
comparison/#9)
Nonel_0
DRM Support for (http://learn.iis.net/
Live volgJ PlayReady age.aspx/792/ada None
’ tive-streaming-
comparison/#10)

DRM ASP & )

Encoder ISV o

Support

Interoperable

DRM (DECE

Approved)!! ,

(http://learn.iis.net/ 5

page.aspx/792/adap
tive-streaming-
comparison/#11)
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Real-time Client

\§12
(http://learn.iis.net/

:nd §erver page.aspx/792/adap
ogging live-streaming-
comparison/#12)
Programmable ; .
Client Side e s
Switching Logic
Live In-Stream Ad
R »\\_s‘
Integration
Built-in Analytics &
Framework W
Delivery to Mobile ¢ o
Devices Ay N
Native 64-bit

Server Support

Media Container

MPEG 4 — Part 12
(Fragmented MP4)

MPEG 4 — Part 12
(MP4), FLV

MPEG-2 TS

Codec Agnostic
(currently supports

Supported Video VC-1 Advanced H.264 Baseline, H.264 Baseline Level
Codecs Profile & H.264 Main, and High; VP6 3.0
Baseline, Main, and
High)
. Codec Agnostic 5 _
zgzzz;ted Audio (currently supports AAC, MP3 MP3, HE LACAC’ AAC
WMA & AAC)
Maximum Bit Rate No limit No limit 1.6 Mbps
E::Z;:t Fragment 2 seconds n/a 10 seconds
30 seconds!3
End-To-End As low as 1.5 (http://learn.iis.net/
Latency seconds 6 seconds page.aspx/792/adap
(configurable) tive-streaming-
comparison/#13)
;:t:v':;\:_pe on Contiguous Contiguous Fragmented
Client .
Programming Mgzrr:sgsv'o'\:kﬁ Adobe ActionScript Objective-C
Platform
Footnotes...

IIS Smooth Streaming is part of the free

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1597
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)




IIS Media Services

Q1 (http: //www.iis.net/media) download for
Windows Server 2008 and Windows Server
2008 R2 .

Runs on any edition of Windows Server®
2008 or Windows Server 2008 R2 including
Windows® Web Server, which has a list
price of $469.

02

Assumes use of Adobe Flash Media
Q3 Interactive Server to support Pause, Seek,
Authentication, and higher scalability

Requires Windows Server 2003 SP2,
Windows Server 2008, Red Hat®

Q4 Enterprise Linux® 4, or Red Hat Enterprise
Linux 5.2.
Runs on any Web server. Also requires the
05 Apple streaming segmenter — see next

note.

The Apple stream segmenter is a utility
that receives encoded MPEG2-TS and
breaks it into 10 second “chunks” for
Q6 delivery. This free download requires an
Intel-based Mac, with a Mac Pro or an
XServe having two Ethernet network
interfaces recommended.

Full DVR features include Pause, Seek, Fast
Forward (e.g., 2x, 5x playback speeds),
Fast Rewind, Go To Live, Instant Replay,
and Slow Motion.

Q7

A stateless (non-persistent) connection
between server and client increases
scalability and allows seamless failover or
rollover between load-balanced servers.

08

Support for adaptive streaming to the Apple
iPhone from IIS Media Services 4 was
announced

Q9 (http://blogs.iis.net/chriskno/archive/2009/
12/01/fags-on-using-iis-smooth-streaming-

with-the-apple-iphone.aspx) on October
18th, 2009.

Future support was announced
(http://www.adobe.com/products/flashmed
iastreaming/systemregs/) Sept. 10, 2009.
Proposed availability is H1 CY10 for delivery
to a future version of Adobe® Flash®
Player and Adobe AIR™.

Q10

Digital Entertainment Content Ecosystem
(DECE, LLC) is a consortium of major
Hollywood studios, consumer electronics
manufacturers and retailers, network
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011 hardware vendors, systems integrators and
Digital Rights Management (DRM) vendors
chartered to develop a set of standards for
the digital distribution of premium
Hollywood content.

Real-time logging for Silverlight applications
using the IIS Advanced Logging

o2 (http://www.iis.net/AdvancedlLogging)
extension.

Encoded live streams are processed by the
Apple stream segmenter. This intermediate
step results in increased latency for live
delivery.

013
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Container format (digital)

From Wikipedia, the free encyclopedia

A container or wrapper format is a file format, or often a stream format (the stream need not be stored
as a file) whose specifications regard only the way data are stored (but not coded) within the file, and
how many metadata could or are effectively stored, whereas no specific codification of the data
themselves is implied or specified. A wrapper format is, in fact, a meta-format, because it stores the real
data and the information about how such data are stored within the file itself. As a consequence of that,
a program which is able to correctly identify and open a file (read a stream) written in such a format
might not be able to subsequently decode the actual data stored within, because either the metadata in
the wrapper file are not sufficient or the software lacks that specific decoding algorithm enroled in the
metadata to interpret the actual data the file "wraps" around.

Stated like that, a container format could, in theory, wrap any kind of data. Although there exist a few
examples of such file formats (Microsoft Windows' DLL files are just an implicit one), most wrappers
exist for particular data groups. This is due to the specific requirements of the desired information. The
most relevant family of wrappers is, in fact, to be found among multimedia file formats, where the audio
and/or video streams can effectively be coded with hundreds of different alternative algorithms, whereas
they are stored in fewer file formats. In this case the algorithm (or algorithms, as in the case of mixed
audio and video contents in a single video file format) used to actually store the data is called a codec
(shorthand for coder/decoder).

Contents

» 1 Multimedia container formats
» 2 Single coding formats
= 3 Issues
s 4 See also
» 4.1 Similar packaging structures

» 5 References

Multimedia container formats

The container file is used to identify and interleave the different data types. Simpler container formats
can contain different types of audio codecs, while more advanced container formats can support multiple
audio and video streams, subtitles, chapter-information, and meta-data (tags) — along with the
synchronization information needed to play back the various streams together. In most cases, the file
header, most of the metadata and the synchro chunks are specified by the container format (for example
container formats exist for optimized, low-quality, internet video streaming which, for example, differs

- from high-quality DVD streaming requirements).

The constituent parts of a container format have various names; they are often called "chunks", as in
RIFF and PNG, while they are called "packets" in MPEG-TS (from the communications term), and they
are called "segments" in JPEG. The main content of a chunk is called the "data" or the "payload". Most
container formats have chunks in sequence, each with a header, while TIFF unusually instead stores
offsets, which results in difficulties in properly preserving information — notably, Exif photo data is
often discarded. Modular chunks make it easy to recover other chunks in case of file corruption or

http://en.wikipedia.org/wiki/Container format (digital) 8/22/2009
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dropped frames or bit slip, while offsets result in framing errors in cases of bit slip.

Some containers are exclusive to audio:

» AJFF (IFF file format, widely used on Mac OS platform)
= WAV (RIFF file format, widely used on Windows platform)
» XMF (Extensible Music Format)

Other containers are exclusive to still images:

a FITS (Flexible Image Transport System) is a wrapper file format for still images, raw data, and
associated metadata.

n TIFF (Tagged Image File Format) is a wrapper file format for still images and associated
metadata, ‘

Other flexible containers can hold many types of audio and video, as well as other media. The most
popular multi-media containers are:

= 3GP (used by many mobile phones; based on the ISO base media file format)

= ANIM Standard multimedia file for digital animations on classical Commodore Amiga line of
computers. It follows IFF ILBM main specifications, and it is the first animation format adopted
officially by an Operating System.

» ASF (standard container for Microsoft WMA and WMV)

a AVI (the standard Microsoft Windows container, also based on RIFF)

= CDXL (another name of ANIM format), it was the animation file format standard of CDTV and
Amiga CD32 5

= DVR-MS ("Microsoft Digital Video Recording", proprietary video container format developed by
Microsoft based on ASF)

= [FF (first platform-independent container format)

a Matroska (MKV) (not standard for any codec or system, as it can hold virtually anything. It is an
open standard and open source container format).

» MJ2 - Motion JPEG 2000 file format, based on the ISO base media file format which is defined in
MPEG-4 Part 12 and JPEG 2000 Part 12

» MOV (standard QuickTime video container from Apple Inc.)

= MPEG program stream (standard container for MPEG-1 and MPEG-2 elementary streams on .
reasonably reliable media such as disks; used also on DVD-Video discs)

» MPEG-2 transport stream (TS) (a.k.a. MPEG-TS) (standard container for digital broadcasting and
for transportation over unreliable media; used also on Blu-ray Disc Video; typically contains
multiple video and audio streams, and an electronic program guide)

» MP4 (standard audio and video container for the MPEG-4 multimedia portfolio, based on the ISO
base media file format defined in MPEG-4 Part 12 and JPEG 2000 Part 12)

» Ogg (standard container for Xiph.org audio codec Vorbis and video codec Theora)

a OGM ("Ogg Media", video container for Xiph.org codecs, no longer supported and formally
discouraged by Xiph.orghl)

= RealMedia (standard container for RealVideo and RealAudio)

There are many other container formats, such as NUT, MXF, GXF, ratDVD, SVI, VOB and DivX
Media Format

See the Comparison of container formats for details regarding these formats.
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Single coding formats

In addition to pure container formats, which specify only the wrapper but not the coding, a number of
file formats specify both a storage layer and the coding, as part of modular design and forward
compatibility.

Examples include JPEG File Interchange Format (JFIF) for containing JPEG data, and Portable Network
Graphics (PNG).

In principle, coding can be changed while the storage layer is retained; for ¢xample, Multiple-image
Network Graphics (MNQG) uses the PNG container format but provides animation, while JPEG Network
Graphics (JNG) puts JPEG encoded data in'a PNG container; in both cases however, the different
formats have different magic numbers — the format specifies the coding, though a MNG can contain
both PNG-encoded images and JPEG-encoded images.

Issues
The differences between various container formats arise from five main issues:

1. Popularity; how widely supported a container is.

Overhead. This is the difference in file-size between two files with the same content in a different
container.

3. Support for advanced codec functionality. Older formats such as AVI do not support new codec
features like B-frames, VBR audio, VFR natively. The format may be "hacked" to add support,
but this creates compatibility problems.

4. Support for advanced content, such as chapters, subtitles, meta-tags, user-data.

5. Support of streaming media

See also

» Comparison of (audio/video) container formats
= Open source codecs and containers
s FFmpeg, cross-platform, open source, audio and video codec suite/library

= List of multimedia (audio/video) codecs
= Comparison of video codecs
» Comparison of audio codecs
Similar packaging structures

s Archive format
» Metafile

References

1.~ Xiph.org does not support OGM
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DVD - MPeg differences http://dvd.sourceforge.net/dvdinfo/dvdmpeg.himi

DVD - MPeg differences

DVD uses a subset of MPeg standards ISO/IEC 11172 (MPeg-1) and ISO/IEC 13818 (MPeg-2).

Restrictions
e Streams - 1 video, up to 8 audio
e Coding - MPeg-1 vbr/cbr, MPeg-2 MP@ML or SP@ML vbr/cbr
e Data rate
o MPeg-1 maximum video 1856Kbps, maximum audio 384Kbps
o Mpeg-2 maximum video 9800Kbps, maximum audio 912Kbps
note: audio options other than MPeg exist, see extensions
¢ Image size
o Mpeg-1 352x240 (NTSC) or 352x288 (PAL/SECAM)
o Mpeg-2 720x480, 704x480, 352x480 (NTSC)
720x576, 704x576, 352x576 (PAL/SECAM)
e Frame rate
o coded - 24fps progressive, 29.97fps interlaced (NTSC only), 25fps interlaced (PAL/SECAM
only)
o displayed - 29.97 (NTSC) and 25fps (PAL/SECAM)
e Color space
o color primaries and transfer characteristics
NTSC - 4 (ITU-R BT.470 M) or 6 (SMPTE 170 M)
PAL -5 (ITU-R BT.470 B or G)
o matrix coefficients (RGB to YCbCr)
5 (ITU-R BT.470 B or G) or 6 (SMPTE 170 M)
¢ Audio sampling rate - 48KHz (MPeg audio only, other audio formats have their own rates)
o Aspect ratio - either 4:3 or 16:9
e GOP max
o MPeg-1 18 frames (NTSC), 15 frames (PAL/SECAM)
o MPeg-2 36 fields (NTSC), 30 fields (PAL/SECAM)
note: typical rate is .5 seconds, with one GOP per VOBU
note: GOP's are NOT optional
e pack size - fixed at 2048 bytes, system stream level (one DVD sector)
¢ Low delay - not permitted

Extensions
e Private stream 1 (Audio and subpictures)
o sub-stream 0x20 to 0x3f are subpictures
o sub-stream 0x80 to 0x87 are audio (AC3, DTS, SDDS)
o sub-stream 0xXAO to 0xA7 are LPCM audio
o Private stream 2 (Navigation) - see PCI packet and DSI packet

home

1ofl

7/2/2009 1:58 PM
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[home] (projects] [wxitings] [lectures} {artwork]l [photoes] [readings] [fun] Iprivate] {Za¥}
about me .
homepage DVD subtitles
As of January 8th, 2001, the latest version of this document can be found hers :
CV (frenchi htp:Asam. zoy.org/doc/dvdisubtities/
CV {english}
projects Preambie
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DeCSS distnbution®
doc

SVN & CVS

Debian project leclure
shorter version

doubleclick filler
WIEPL /LPRAB
ieisure

One of the fast things we missed in DVD decoding under my sysiem was the decoding of subtitles. | found s
information on the web or Usenet about them, apan from a few words on them being runlength encoded in the DV
FAQ.

So we decided io reverse-engineer their format ( it's completely legal in France, since we did it oninteroperabii
purposes ), and managed to get almost ali of it.

Basics
DVD subtittes are hidden in private PS packets { 0x000001ka ), just like AC3 sireams are.

Within the PS packet, there are PES packets, and like ACS3, the header for the ones confaining subtities have
0x000001ba header, As for AC3, where there's an iD fike oxg0+x), there's a sublitie ID equal to 0x20+x, where «x is fl
subtitie ID. There are 32 possible different subtitles ona DVD.

fil suppose you know how o extract AC3 from a DVD, and jump to the interesting part of this documentation. Anyw
you're uniikely to have understood what | said without already being familiar with MPEG2,

drn em o am amm m m em imimmm m m mm mm -

+
|
!
1
control i {
1
i
!
!
&

data packet

a subtitle packet

size is @ 2 bytes word,

Here is the struclure of the data packet :

T — —

data

the data packet

50, the data packet size, is a 2 byles word.

Here's the structure of the control packet :

sam.zoy.org/writings/dvd/subtitles/ 1/4
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Here is the structure of a confrol sequence :

e e o e e o R R et SRR R S et ¥

| date(2} | next(2}) | cmdl{(l} ! azgsl | omd2{l; | args2 | . b OxfE | R
A e B Fmmmm e B et SR e + + —— H

I
()
[}
o
3
Il
Al
o
-
1
[

o

A control sequence starts with a date coded on 2 bytes, then an offset to the next control sequence coded on 2 byte
if the offset to the next control sequence equals the offset of the curent control sequence, it means we are onthe e
control sequence.

The data in a control sequence afler the offset consists of one byte long commands followed by argumer
depending on the command. The last byte is always ox£f, which is actually a command without arguments tefling v
reached the end of the control sequence.

Control sequence commands

Here are the control sequences | know of. | know there are many more, to control subltitle fading and such things, bt
didn't find information on them and couldn't reverse-ergineer any because | actually didn't find any.

e 0x00 ( force displaying )
this command takes no argument and is used to tell the decoder it has to display the subtitle. | suppose son
other subtitles have commands which tell them to only display subtitles when the user clicks onthe mouse,
instance.
ox01 ( startdate ) :
this command does not need an argument, since there is already a date information in the control sequence
telis the decoder the delay before it has to display the subtiie ( the decoder already knows the PES pack
date from its PTS, the delayis in 100th of a second ).
o0x02 ( stop date ) :
see the explanations for the start date. This command telis the decoder when to stop displaying the subtitie.
8 0x03v++» (palette )
this command has four one nibble-long arguments, giving the palette information. Subtities are encoded ir
colours, but the palette is 16 colours-wide.
e ox04++++ { alpha channel):
this command has four one nibble-long arguments, giving the alpha channet information for each colour.
® 0xQ5***#xwrssvys (COOMNAtEs ) :
this command has four three nibble-long arguments, giving the coordinates of the sublitle on the screen : x1,>
y1, y2. x1 is the first column, X2 is the last column, y1 is the first line, y2 is the last line. Thus the subfitie's size
i@+ 1) x (y1-y2+1)
o ox06++*#++++ (RLE offsets ) :
this command has 2 two-bytes-ong arguments, respectively the offset of the first graphic line, and the offset
the second one in the RLE data { the graphics are interlaced, soithelps a fot ).
ox£f ( end command ).
this command has no argument and iells the decoder it reached the end of the command sequence.

Conirol packet decoding example

00000a0c01030231040££0050602¢00223e360006049E500830a00028 8
Lef's decode this sample control packet.

The first control sequence is :

(0000) (0a0c) (01) (03 0231) (04 O0F££YY (05 $OHZcE002232) (0§ Q00ST4ed} fERY

We can deduce from this that the effect date is zero 100th of a second after the PES packet's time (0200 ) and t
the next control sequence will be at offset 0aoc.

Then we leam that the sequence is a display sequence (o1 ), that colour 0 is 0, colour 1 is 2, colour 2 is 3, and colo
3is 1 (03 0231 ), that colours 0 and 3 are transparent, and colows 2 and 3 are opaque (&4 w££0 ). Then the
2002¢£00223e sequence tells us that the first column is 0x000, the last one is 0x2cf, the firstline is 0x002, and the &
fine is (@3e. Thus the subtitie’s size is 0x2d0 x 0x23d. The 06 0006049 means thal the first encoded image stai
at offset 0x0086, and the second one starts at Ox04e8. Eventually, the ££ stuff tells us we reached the end oftl
contro! sequence.

The secord control seguence is :

sam.zoy.org/writings/dvd/subtitles/ 2/4
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DVD subtitles

(0093) {Galicy (QX}YV (£f)

We can deduce from this that the effect date is 1.47 seconds after the PES packet's time ( ox0083 = 147 ) and
the next control sequence will be at offset tatc. But since this is precisely offset catc, we know it's the last conti
sequence.

This controf sequence just telf us it is a stop display sequence ( 01 ), and finishes with the £ 1 byte.
Decoding the graphics
The graphics are rather easy to decode ( atleast, when you know howto do it ).

The picture is interlaced, for instance for 2 40 fines picture :

line 90 ~---- i 2
line 2 ------ frmm e —————————

line 38 Hommmm e
line 1 ---
line 3 -~~~

=

line 38 ~oocmscmmmooo #

When decoding you should get:

line 0 ~~--m-m-ooooooo fmmmmm e~
line 1 #

ling 2 mmmee- e
ling 3 ~eesca-- i

line 38 === PR
line 33 o

ff the dispiaying resolution is low, you can choose to only display evenlines, for instance.

The pixels are run-length encoded. The one byte values are :

one byte values : Oxf Oxe Oxd Oxc Oxb Oxa 0x9 Ox8 Ox7 0Ox6 Ox5 Ox4

two byte values : Ox3* Ox2* Oxl*

3 bytes values : Ox0f* OxOe* Ox0d* Ox0c¥ Ox0b* Ox0a* Ox03%% 0x08% Ox07* (OxU8* {x{3* OxG4*
4 bytes values : 0x03** QOx02+** OxOl** Ox000*

+ stands for any nibble. Once a sequence X of this alphabet has been read, the pixels can be displayed : (X>>2)
the number of pixels to display, and (X & 0x3) is the colouwr of the pixel. For instance, 0x23 means 0x23>>2 pixels
colour 02236023, which is actually 8 pixels of colour 3.

g0+ has a special meaning : it's a fill fine / carriage retum commard. The decoder should do a carriage retum wh
reaching the end of the fine, or when encouriering this "000-" sequence. But with this segquerice, it should also filitl
rest of the fine with the appropriate colowr (X & 0x3). After a carriage retum, the parser should be byte-aligned,
one ribble might have to be skipped.

After a camiage return, the parser should be byte-aligned, so one nibble might have to be skipped, and it should re:
a line on the other interlaced picture, and swap like this after each carriage retumn.

Code
Misc information

There is no colour information stored within the subtitle packet, they are defined elsewhers inthe IFO file. twili¢
some information about it here when | have some fime.

{don't know what are the other control sequences.
Credifs

Thanks to Miche! Lespinasse <walken at via dot ecp dot fr> for his great help on understanding the RLE stuff, and |
ali the ideas he had.

Thanks to mass (David Waile) and taaz (David | Lehn} from irc at openprojects.net for sending me their subtities.

Cther contributers include Bob ves” <bob at rebelact dot com> for pointing a small error.

Changes
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January 16ih, 2000 : changed "x0" and "x1" to "S0" and "S1" to make it less confusing.
January 16th, 2000 : added David Waite's and David | Lehn's name.

January 16th, 2000 : added the ‘changes' section.

January 9th, 2000 : fixed a small eror in the 5034~ explanation.
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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with 1SO and IEC, also take part in the work. In the field of information
technology, 1ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of the joint technical committee is to prepare International Standards. Draft International
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as
an International Standard requires approval by at least 75 % of the national bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

ISO/IEC 14496-17 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information Technology,
Subcommittee SC 29, Coding of Audio, Picture, Multimedia and Hypermedia Information.

ISO/IEC 14496 consists of the following parts, under the general title /nformation technology — Coding of
audio-visual objects:

— Part 1: Systems

— Part 2: Visual

— Part 3: Audio

— Part 4: Conformance testing

— Part §: Reference sofware

— Part 6: Delivery Multimedia Integration Framework (DMIF)
— Part 7: Optimized sofiware for MPEG-4 tools

— Part 8: Carriage of ISO/IEC 14496 contents over IP networks
— Part 9: Reference hardware description

— Part 10: Advanced Video Coding (AVC)

— Part 11: Scene description and application engine

— Part 12: ISO media file format

— Part 13: IPMP extensions

— Part 14: MP4 file format

— Part 15: AVC file format

— Part 16: Animation Framework eXtension (AFX)

— Part 17: Streaming text format

© ISOMNEC 2004 — All rights reserved v
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Introduction

This Specifications defines text streams as a concatenation of text access units. The format of text streams and text
access units is specified, as well as signaling and decoding of text streams.

Vi © ISOMEC 2004 — All rights reserved
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Information technology — Coding of audio-visual objects —
Part 17: Streaming text format

1. Scope
This document specifies ISO/IEC International Standard ISO/IEC 14496-17 Streaming Text.

2. Normative references
The following Standards contain provisions that, through reference in this text, constitute provisions of this
International Standard. At the time of publication, the editions indicated were valid. All Standards are subject
to revision, and parties to agreements based on this International Standard are encouraged to investigate the
possibility of applying the most recent edition of the Standards listed below. Members of IEC and ISO maintain
registers of currently valid International Standards.

All references in this subclause were correct at the time of approval of this International Standard. The
provisions of the referenced specifications, as identified in this subclause, are valid within the context of this IS.
The reference to a specification within this IS does not give it any further status within ISO/IEC; in particular, it
does not give the referenced specification the status of an International Standard.

— 3GPP TS 26.245: 2003, Timed text format (Release 6)

3. Definitions
For the purposes of this Recommendation | International Standard, the following definitions apply.

31 Text access unit: an individually accessible portion of data within a text stream. Each text access unit contains
the coded representation of text data corresponding to one text sample. For presentation, the text access unit
can be associated with a single time stamp.

3.2 Text modifier: data within a text sample, specifying a modification to the presentation of the text string within
that text sample.

3.3 Text sample: text data of a specified format, consisting of a text string, optionally followed by one or
more text modifiers

3.4 Text string: data within a text sample, representing a string of characters encoded using UTF-8 or UTF-16.

3.5 TTU[jI: a Timed Text Unit is a syntactical sub-structure of a text access unit for carriage of text access units

across networks, whereby by its index j identifies which type of data from a text access unit is carried.

© ISO/EC 2004 — All rights reserved 1
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4, Text stream format

The text stream format defined in this Specification is derived from the timed text format defined by 3GPP for timed text
downloaded in a 3GP file, as specified in 3GPP TS 26.245. The 3GPP timed text format defines text samples and sample
descriptions. This Specification defines how to partition such text samples and sample descriptions into so-called TTUs,
Timed Text Units, and how to concatenate them into text access units. TTUs provide a flexible structure that allows for
easy and convenient adaptation to the various transport layers. For each transport layer the most suitable TTU structure
can be chosen. If so desired, text access units can be re-partitioned into TTUs for most effective adaptation to other
transport systems. Partitioning in TTUs is defined so, that 3GPP extensions are possible, but also extensions defined in
future versions of this Specification. See figure 1.

A text stream is a concatenation of text access units. During transport typically a time stamp is assigned to each text
access unit to indicate the intended time to present the text access unit on the display. The text is presented within a text
box, the position of which can be controlled by parameters within the text stream.

Text Samples Sample Descriptions

e -
i

1 Partitioning using MPEG domain

1 TTUs (Timed Text Units)
j into Text Access Units

7

Text Access Units Re-partitioning

Text

3
. =

Figure 1. 3GPP defined text samples and sample descriptions and MPEG defined text access units.

41 Text samples

Each text sample represents text data and consists of a text string, optionally followed by one or more text modifiers, fully
consistent with the TextSample format specified in 3GPP TS26.245. The text string represents the text to be displayed
during a certain period, while the modifiers carry the changes that are to be applied to the text string during the time that
the text is displayed, such as text colour changes synchronized with a song for a Karaoke application.

Each text string starts with 16 bit length field that specifies the length of the text string in bytes; note that this does not give
the character count, as a character can vary in length from, in general, 1 to 6 bytes. The length of the text modifiers is not
specified, as it is assumed that this information is derived from the total text sample length provided by means external to
the text sample.

Global information about a text sample is provided by a sample description, for example about font(s) to be used, about
the positioning of the text within the text box, the background colour of that text box, etc. Multiple sample descriptions are
allowed; to each sample description (SD) an index is assigned and to each text sample the index of the applicable sample
description is associated. A sample description will typically apply to multiple text samples; however, to each text sample
exactly one sample description applies.

The relationship between sample descriptions, text samples, a text string and text modifiers is depicted in figure 2.

2 © ISONEC 2004 — Al rights reserved
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sgmpie Descriptions
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Figure 2. Sample Descriptions, Text Samples and their structure

4.2 Text access units

Each text access unit carries a text sample. Each text sample is to be presented during a certain period of time, specified
by duration information contained in the text access unit that carries the text sample. At the instant in time that the
presentation of a text sample ends, the next text sample starts being presented. To allow for periods of time without a text
sample being presented, for instance between two subtitles, an “empty” text sample is defined, which is a text sample
without data. If an "empty” text sample is immediately preceded by a non-‘empty” text sample, then the "empty” text
sample may be included in the same text access unit as the non-“empty” text sample.

Typically, a text sample is small, around 100 — 200 bytes, and often much smaller than the size of the packets that carry
the text data across a transport network. It is therefore expected that transport systems will often aggregate multiple text
samples into one such packet. On the other hand, text samples can also be large, for example when scrolling horizontal
text at the bottom of the screen, in which case fragmentation of text samples may be required prior to transport. So as to
achieve maximum commonality among text transport systems, a flexible and transport generic data structure is defined for
containing a text sample within a text access unit. This data structure allows for a simple and generic network adaptation
of text access units, and is implemented by means of so-called Timed Text Units, TTUs, of several types, each referred to
as TTU[j]. The format of TTUs is defined in this document, as well as some general requirements for their use, while the
actual usage of TTUs is left to the specifications for the applied transport means. However, as TTUs support text access
unit fragmentation in a generic and error resilient manner, transport systems should use TTUs for fragmentation instead of
transport specific aggregation and fragmentation tools.

Each text access unit is defined to consist of one or more TTUs. Five different type of TTUs are defined, one for carriage
of a complete text sample, three for carriage of text sample fragments, and one for carriage of a complete sample
description, while three types are reserved for future use. Because sample descriptions are small, there is no support for
carriage of sample description fragments. Each TTU type is identified by its index j and referred to as TTU(j]. The following
TTU types are defined:

e  TTUIOJ; this TTU type is reserved for future use;

e TTU[1]; this TTU type is capable of carrying one complete text access unit;

e  TTU[2]; this TTU type is capable of carrying one fragment of a text string from a text sample;

e  TTU[3]; this TTU type is capable of carrying the first text modifier fragment from a text sample;

e  TTU[4]; this TTU type is capable of carrying a non-first text modifier fragment from a text sample;
s  TTU[S]; this TTU type is capable of carrying one complete sample description;
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o TTU[B] and TTU[7]; these TTU types are reserved for future use.

Figure 3 depicts the options to construct TTUs from text samples and sample descriptions. Each complete sample
description is contained in one TTU[5]. Each text sample that is not fragmented, is contained in one TTU[1]. When a text
sample is fragmented, then the text string is separated from the text modifiers for carriage in different TTUs. Each text
string fragment is contained in one TTU[2], so that there are as many TTU[2]s as text string fragments. Note however that
the text string itself may not be fragmented, in which case there is only a single text string fragment carried in one TTU[3].
The first text modifier fragment is contained in one TTU[3). Hence, TTU[3] signals the start of the modifiers. Each
subsequent text modifier fragment, if any, is contained in one TTU[4].

Sample
Descrip- Smal Text Sample, not
tion requiring fragmentation Large Text Sample requiring fragmentation

text string | modifiers E § text string modifiers §
1 -
i
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Figure 3. Carriage of Sample Descriptions and Text Samples in TTU{j}s, and construction of Text Access Units by
means of TTUs.

in figure 3, also the basics of the construction of text access units by means of TTUs are depicted. if a text sample is not
fragmented, then a text access unit contains the TTU[1] that carries the entire text sample. if the text sample is fragmented,
then the text access unit contains one or more TTU[2]s, each with a fragment of the text string. If the text sample also
carries modifiers, then the text access unit carries one TTU[3] and, depending on the size of the modifiers, zero or more
TTU[4]s. In addition, each text access unit contains optionally one or more TTU[5]s, each carrying a sample description
that may apply to this or future text samples in the text stream.

An empty text sample, that is a text sample without data (hence without a text string and modifiers), may be used to
terminate the display of a text string prior to the start of the display of the next text sample in the stream. Such empty text
sample is carried in a TTU[1], and may be included in the same access unit as the terminated text sample. Note that figure
3 does not iltustrate how to include an empty text sample.

The order of TTUs within a text access unit is random within some constraints. When text samples are fragmented, it is

allowed to repeat a fragment that is considered more important than others, and to transmit modifiers prior to text string
fragments, which may be useful for large text strings. For ordering TTUs within a text access unit, the following constraints
apply:
¢ When a sample description is provided in-band, then a sample description shall be included in the stream prior to
any text sample that utilizes that sample description. This means that an in-band sample description, carried in a
TTU[5], shall precede any TTU[1], TTU[2], TTU[3] and TTU[4] that references that sample description. Note that
such TTU[5] may be carried in the same text access unit, or in one or more preceding text access unit(s).

¢ If an empty text sample is used to terminate the display of the text sample in a text access unit, then any other
TTU[1], TTU[2), TTU[3] and TTU[4] in this text access unit shall precede the TTU[1] that contains the empty text
sample.
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4.2.1.1 Text Sample fragmentation constraints
A number of constraints shall be applied when fragmenting text samples for carriage in TTU[2], TTU[3] and TTU[4]. The
following constraints shall be applied:

e The first fragment of a text string shall commence with the 16 bit field that specifies the length in bytes of the
entire non-fragmented text string;

e Each text string shall be fragmented on character boundary, so that each fragment contains complete character
codes only, so as to ensure that each received text fragment can be decoded even in the case that a previous
fragment gets lost. As a consequence, text string fragmentation requires knowledge of UTF-8/-16 formats to
determine character boundaries.

It is not required to fragment text modifiers on modifier boundary; consequently, when a modifier fragment is lost, receivers
will typically not be capable of decoding any remaining fragments.

4.2.2 TTU structure

Each TTU starts with an 8 bit TTU header; this header carries the type of TTU, signals whether characters in the text
string of the text sample are encoded using UTF-8 or UTF-16, and signals whether the TTU header is followed by a field
that indicates the length (size) of the TTU in bytes. This Specification defines some requirements for the presence and
usage of the TTU length field; in addition, transport specific requirements not defined in this Specification may apply. The
remaining fields after the TTU header are TTU type specific and described in the following sub-clauses.

4.2.2.1 TTU[1] signaling

A TTU[1] carries a complete text sample; the TTU header and the TTU length field, if present, are followed by fields that
provide the following information:

e the index of the applicable sample description; and
s the duration of the text sample.

Carriage of an empty text sample in a TTU[1] is signaled by the presence of the TTU length field encoded with a specific
value (see clause 4.3).

4.2.2.2 TTU[2] signaling

A TTU[2] carries a text string fragment from a text sample. The TTU header and the TTU length field, if present, are
followed by fields that signal:

¢ the index of the applicable sample description;
o the duration of the text sample;

o the total length of the original non-fragmented text sample; this information allows the receiver to allocate buffer
space for the decoding of the text sample; this information is provided for each text string fragment so as to also
allow for buffer space allocation after losing one or more text string fragments;

o the total number of text sample fragments; this number shall include each text string fragment and each modifier
fragment.

¢ the sequence number of the fragment contained in this TTU[2]; the sequence number of the first text sample
fragment is equal to 0, and for each subsequent fragment the sequence number is incremented by one, so that in
case of N fragments, the sequence number of the last fragment is equal to N-1. A text sample can be fragmented
in at most 16 different fragments.

4.2.2.3 TTU[3] and TTU[4] signaling

In a TTU[3] and TTU[4], the first and a non-first modifiers fragment is carried, respectively; the TTU header and the TTU
length field, if present, are followed by fields that signal:

¢ the total number of text sample fragments (see clause 4.2.2.2);
s the sequence number of the fragment contained in this TTU[2] (see clause 4.2.2.2);.

Note that the index of the applicable sample description, the duration of the text sample, and the total length of the
fragmented text sample are not signaled, as modifiers fragments apply to text strings for which this information is already
signaled.
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4.2.2.4 TTU[5] signaling

A TTU[S] carries a sample description. The TTU header and the TTU length field, if present, are followed by a field that
signals:

» the index of the applicable sample description.

4.2.3 Constraints for using Sample Descriptions

Within text streams 256 index values are available to unambiguously identify a sample description. The values 0 and 255
are reserved. Sample descriptions can be provided either in-band or out-of-band. The index values in the inclusive range
between 1 and 127 are available for in-band usage, while values between 128 and 254 (inclusive) can be used to provide
sample descriptions out-of-band. See table 1.

Table 1 Index values for Sampile Descriptions.

Index value Assignment

0 Reserved

1-127 Available for in-band usage

128 ~ 254 Available for out-of- band usage
255 Reserved

When sample descriptions are provided in-band, there may be a need to regularly update sample descriptions. For this
purpose a wrap-up mechanism is defined for in-band sample descriptions, that allows to continuously update such sample
descriptions from a range of 64 valid index values. Hence, at any point in time at most 64 in-band sample descriptions can
be in use simultaneously. Each sample description with an index value not in the valid range is discarded from further use.
Valid sample descriptions can be transmitted in-band as often as desirable for random access, without any impact on the
range of invalid index values. However, when receiving a sample description with an index value from the invalid range,
then the valid range is changed, so that the received sample description becomes valid. When a sample description is
received with index value i not in the valid range, then the receiver shall discard each sample description with an index
value in the range between (i+1)mod128 and (i+64)mod128, inclusive. For example, assume that the valid range is
between 41 and 104 inclusive, and hence, that the values 105 to 127 and 1 to 40 are invalid values. When now the
sample description with index value 114 is received, the receiver shall invalidate the index values 115 to 127 and 1 to 50,
inclusive, so as to change the valid range to values between 51 and 114.

4.3 Syntax and Semantics
4.3.1 Text access_unit()

text_access_unit () {
for (i=0; i<N;i++){
TTU[]] ()

}

4.3.2 TTULGN)

TTU (3] O {
reserved 3 bslbf
UTF_16_flag 1 bslbf
TTU length _flag 1 bslbf
TTU_type 3 uimsbf
if (TTU_data_length_flag==1) {
TTU data_length 16 uimsbf
{
TTU_data(j] (}
}
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UTF_16_flag - aone bit flag, indicating in TTU[1] and TTU{2] the encoding used for the characters in the text
string; when set to ‘17, UTF-16 is applied, when set to ‘0’, UTF-8 is applied. For TTU{3], TTU[4] and TTU[5] this bit
has no meaning and shall be ignored.

TTU data_length_flag - aone bitflag, that indicates, when set to ‘1°, the presence in this TTU[j] of the
TTU_data_length field. This field shall be set to ‘1’ in each TTU[S5], and in each TTU[1] that carries an empty text
sample.

TTU_type - athree bit integer that specifies the type of TTU; the TTU-type field is encoded with a value that is equal
to the index j in TTU[j}, according to the following table.

Table 2 TTU types

TTU_type value | TTU type TTU usage

0 TTU[0] Reserved for future use

1 TTUJ1] Carriage of complete text sample

2 TTU[2] Carriage of text string fragment

3 TTU[3] Carriage of first modifiers fragment

4 TTU[4] Carriage of non-first modifiers fragment
5 TTU[S] Carriage of a complete sample description
6 TTU[6] Reserved for future use

7 TTU[7] Reserved for future use

TTU_data_length - an optional 16 bit integer that specifies the total number of bytes of the TTU_data_length field
and the immediately following TTU_data [4] () . Ina TTU[1], carriage of an empty text sample is signaled by a
TTU_data_length value of 6. See clause 4.3.4.

4.3.3 TTU_dataf0}()
TTU_data [0] () {
for (i=0; i<N;i++){

reserved 8 bslbf

}

4.3.4 TTU_data[1](

TTU_datal[1] () {

sample_index 8 uimsbf
sample_duration 24 uimsbf
whole_ text sample()

}

sample_index - an 8 bit unsigned integer that specifies the index of the sample description that applies to the text
sample contained in this TTU. The sample_index value shall unambiguously refer to one particular sample description
that shall be present in the text stream prior to its use. The sample_index values 0 and 255 are reserved.

sample_duration - a24 bitunsigned integer that specifies the intended duration of the presentation of the text
sample in this TTU in units of the durationClock, specified in textConfig; see Clause 7.

whole_ text_sample() - TextSample, as defined by 3GPP in 3GPP TS 26.24 5 or an extension thereof, specified
in textConfig (see Clause 7).
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4.3.5 TTU_datal2}()

TTU dataf2] (){

sample_index 8 uimsbf
sample_length 16 uimsbf
sample_duration 24 uimsbf
total number_ of_sample fragments 4 uimsbt
number_of this_sample_ fragment 4 uimsbf

text_string_ fragment ()
}
sample_index - See sample_index semantics in clause 4.3.4

sample_length - a 16 bit unsigned integer that specifies the total number of bytes in the TextSample of which a
fragment is carried in this TTU.

sample_duration - See sample_duration semantics in clause 4.3.4

total_number_of_ sample_fragments - a4 bit unsigned integer that specifies for the TextSample of which a
fragment is carried in this TTU the total number of fragments in which that TextSample is split.

number of_ this_sample fragment - a4 bit unsigned integer that specifies the sequence number of the
TextSample fragment that is carried in this TTU. When the TextSample is split into N fragments, then the sequence
number reflects the logical order of the fragments, that is the first fragment has sequence number 0, and the last fragment
sequence number N-1, while for each subsequent fragment the sequence number is increased by 1.

text_string_ fragment () - afragment of the text string from the TextSample, as defined by 3GPP in 3GPP TS
26.245 or an extension thereof, specified in textConfig (see Clause 7).

4.3.6 TTU_data{3}()

TTU data[3] () {

total_number of_ sample_fragments 4 uimsbf
number of this_sample_ fragment 4 uimsbf
first_modifier box fragment ()

}

total_number of_sample_fragments - Seetotal_ number of_sample_fragments semanticsin
clause 4.3.5.

number_of_ this_sample fragment - Seenumber_of this_sample_fragment semantics in clause
4.3.5.

first_modifier_box_fragment () - the first fragment of the text modifiers from the TextSample, as defined
by 3GPP in 3GPP TS 26.245 or an extension thereof, specified in textConfig (see Clause 7).

4.3.7 TTU_datal4i()

TTU_data [4] () {

total number of sample_ fragments & uimsbf
number_of this_sample_fragment 4 uimsbf
non_first_modifier box_ fragment ()

}
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total_ number of_ sample_ fragments - Seetotal number of sample fragments semanticsin
clause 4.3.5.

number_of this_sample_ fragment - Seenumber_of_ this_sample_fragment semantics in clause
4.3.5.

non_first_modifier box_fragment{) - anon-first fragment of the text modifiers from the TextSample, as
defined by 3GPP in 3GPP TS 26.245 or an extension thereof, specified in the DecoderConfiguration (see Clause 7).

4.3.8 TTU_data[5]()

TTU_data[5] () {
sample_index 8 uimsbf
sample_description()

}

sample index - the index of the sample description that applies to the text sample contained in this TTU. The
sample index value shall unambiguously refer to one particular sample description that shall be present in the text
stream prior to its use. The sample_index values 0 and 255 are reserved. The sample_index values between 128
and 254 inclusive are assigned to out-of-band provided sample descriptions and shall not be used for in-band provided
sample descriptions. Similarly, the sample_index values between 1 and 127 inclusive are assigned to in-band
provided sample descriptions and shall not be used for out-of-band provided sample descriptions.

The following shall apply to in-band provided sample descriptions. At any instant in time, at most 64 different
sample_index values shall be in use for in-band sample descriptions, identified by a range of valid sample_index
values. When a receiver starts the decoding of a text stream, the receiver has no knowledge of the valid range, but upon
receiving the first sample description the receiver shall define the range of valid sample_index values as follows. If
the first received sample has the sample_index value j, then the receiver shall define the sample_index values in
the range between (j+1)mod128 and (j+64)mod128, inclusive, invalid and to shall consider all other sample_index
values between 1 and 127 (inclusive) valid. When subsequent sample descriptions are received with a sample_index
value in the valid range, then the valid range shall not be modified. However, when a sample description is received with
index value i not in the valid range, then the receiver shall invalidate sample_index values in the range between
(i+1)mod128 and (i+64)mod128, inclusive.Each sample description with an sample_index value assigned as invalid
shall be discarded. See also table 3. Text samples in the text stream shall not reference any invalidated sample description.
A sample description is valid for each subsequent text sample in the text stream until invalidated by another sample
description.

Table 3 Sample Descriptions that are invalidated by the Sample Description with sample_index valuei

sam‘;;?‘v::dex P‘Jew in‘valid range New valid range (inclusive)
- (inclusive)

value i in

currently invalid
range
15i<63 (i+1) — (i+64) I-i
(i+65) — (127)
64<i<127 (i+1)-127 (i-63) —i
1 -(i-64)

sample_description() - asample description for a TextSample, referred to as TextDescription, as defined by
3GPP in 3GPP TS 26.245 or an extension thereof, specified in the DecoderConfiguration (see Clause 7).
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4.3.9 TTU_data[6]()

TTU_datal[6] {
for (i=0; i<N;i++){
reserved 8 bslbf

}

4.3.10 TTU_data[7]()

TTU datal[7]{
for (i=0; i<N;is++){
reserved 8 bslbf

}

5. Signaling of a text stream
A text stream shall be signaled by a streamType value Ox0B and by an objectTypelndication value of 0x08.

6. Text rendering

Text from a decoded text stream is rendered within a Text Box. The Text Box can be positioned within a Text Track; see
3GPP TS 26.245. How to render the text in the Text Box and how to position the Text Box within the Text Track is
specified within the text stream by means of sample descriptions and/or text modifiers.

The width and the height of the Text Track shall be defined in the decoderConfiguration, textConfig, in units of square
pixels. In textConfig it is also specified whether or not a text stream is intended to be positioned relative to a video stream.
Note that a Text Track can also be positioned with respect to a video picture by means of information that is provided by
external means, such as information contained in an MP4 file, or by an application. External information, if provided, takes
priority over information provided within textConfig.

If the text stream is associated with a video picture, then textConfig specifies the video-width and video-height of that
video picture. The video-width and video-height, as well as the position of the Text Track relative to the video picture are
specified in units of the same square pixels as the width and the height of the Text Track, so as to enable scaling and
positioning of the text with respect to video in a manner independent of the video resolution. This allows that the same text
stream can be used with video streams coded at different resolutions and bitrates. The relative position of the Text Track
with respect to the video picture is specified by the horizontal-offset and vertical-offset. These two parameters specify the
horizontal and vertical distance in pixels between the top left pixel of the video picture and the top left pixel of the Text Box,
respectively; see figure 4. It is allowed that the Text Box is partly or completely outside of the video picture. A positive
value of horizontal-offset and vertical-offset indicate that top left pixel of the Text Box is right and below, respectively, of
the top left pixel of the video picture. For example, in figure 4, both horizontal-offset and vertical-offset have a positive
value. Accordingly, a negative value of horizontal-offset and vertical-offset indicates that the top left pixel of the Text Box is
left and above, respectively, of the top left pixel of the video picture. Note that the square pixels units used in textConfig to
specify the sizes of the Text Track and the video picture and their relative positions will typically have a different dimension
than the actually coded video pixels. Hence if the video-width and video-height specify a picture with a size of 640*480,
then the picture may actually be coded at 720*480 or 320*240 or any other resolution.
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Figure 4. Size of the Text Track and the positioning of the Text Track with respect to a video picture.

7. DecoderConfiguration for Timed Text decoders
To decode a text stream, a receiver needs the decoderConfiguration for the text stream, as defined by TextConfig. The
TextConfig provides information such as:

o the 3GPP format that the text stream is compatible with

» whether an MPEG defined extension is applied

¢ the profile and level of the text stream

¢ clock units used to encode text sample durations

o whether in-band sample descriptions are applied

e  whether out-of-band sample descriptions are applied

e  whether sample descriptions are carried in the textConfig

» optional information on the positioning of the text track relative to a video picture

71 Syntax

class TextConfig extends DecoderSpecificInfo : bit(8) tag=DecSpecificInfoTag {
bit (8) 3GPPBaseFormat;
bit (8) MPEGExtendedFormat;
bit (8) profileLevel;
bit (24) durationClock;
bit (1) contains-list-of-compatible-3GPPFormats-flag;
bit(2) sampleDescriptionFlags;
bit(l) SampleDescription-carriage-£flag;
bit (1) contains-associated-video-information;
bit (3) reserved;
bit(8) layer;
bit (16) text-track-width;
bit (16) text-track-height;
if (contains-list-of-compatible-3GPPFormats-£flag) {
bit(8) number-of-formats;
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bit{8) Compatible-3GPPFormat (number-of-formats);
1

3
if {(SampleDescription-carriage-flag) ({

bit{8) number-of-SampleDescriptions;

SampleDescription() (number-of-SampleDescriptions); //as many SampleDescripticons,

} each carried in a TTU{S5], as number-of-SampleDescriptions
if (contains-associated-video-information) {

bit (16} video-width;

bit(16) video-height;

it (16) horizontal-offsget;

bit {16} vertical-offset;

bit(8) remaining-config-length;
bit(8) reserved{remaining-config-length};

7.2 Semantics

3GPPBaseFormat - one byte signaling the latest 3GPP format that this text stream is compatible with, coded as
specified in table 4. If the text stream is also compatible with older versions of 3GPP specifications, then these formats can
be listed in the textConfig by setling the contains-list-of-compatible-3GPPFormats-flag

Table 4 ~ 3GPPBaseFormat

Ox00 — Ox0F Reserved
0x10 Timed Text as specified in 3GPP TS 26.245
Ox11 - OxFF Reserved

MPEGExtendedFormat — one byte signaling the MPEG defined compatible extension of the 3GPPBaseFormat applied
for this stream, coded as specified in table 5.

Table § - MPEGExtendedFormat

Ox00 — OxOF Reserved
Ox10 No extension applied
Ox11 — OxFF Reserved

profileLevel - an 8 bit unsigned integer that specifies the profile and level of the text stream encoded as specified in
table 6. See Clause 8 for profile and level constraints.

Table 8 profilel.evel

0x00 — OxOF Reserved
0x10 Base profile, base level
Ox11 - OxFF Reserved

durationClock — & 24 bit unsigned integer that specifies the frequency in Herz of the clock used to encode the -
sample-duration field in TTU[1] and TTU[2]. A value equal to 1000 signals a 1kHz clock, and that sample-duration
field is encoded in units of 1 msec. Transport systems should assign time stamps to text access units using the same
frequency as signaled by durationClock or an integer multiple thereof.

contains-list-of-compatible-3GPPFormats-flag — one bit that signals the presence of a list of one or more
3GPP formats older than the signaled format by 3GPPBaseFormat, that the text stream is also compatible with.

sampleDescriptionFlags —two bils that signals whether SampleDescriptions are provided in-band, out-of-band or
both, as specified in table 7.
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Table 7 - sampleDescriptionFlags

00 Forbidden

01 No in-band, out-of band only
10 In-band only, no out-of band

11 Both in-band and out-of band

SampleDescription-carriage-flag — one bit that signals the presence of a list of SampleDescriptions in this
textConfig. This bit shall be set to '0’, if sampleDescriptionFlags is coded with the value '10".

contains-associated-video-information - one bit that signals the presence of the video-width, video-
height, horizontal-offset, and vertical-offset fields in this TextConfig. If some or all of this information is
also provided by external means, then the externally provided information takes priority.

layer - unsigned integer specifying the proximity of the text track to the viewer. A higher value means closer to the user.
A value of 'O’ indicates an undefined proximity. If the proximity is also provided by external means, then the externally
provided information takes priority.

text-track-width - unsigned integer specifying the width of the text track in pixels.
text-~track-height - unsigned integer specifying the height of the text track in pixels.

number-of -formats - unsigned integer specifying the number of immediately following Compatible-3GPPFormat
fields. The value '0’ is forbidden.

Compatible-3GPPFormat - one byte that signals a 3GPP formats older than the signaled format by 3GPPBaseFormat,
that the text stream is also compatible with, coded in the same way as the 3GPPBaseFormat field, specified in table 4.

number-of-SampleDescriptions - unsigned integer that specifies the number of immediately following
SampleDescriptions ().

SampleDescription() - one sample description carried in one TTU[S5].
video-width - unsigned integer specifying the width of the video picture in pixels'!
video-height - unsigned integer specifying the height of the video picture in pixels; see footnote 1.

horizontal-offset - signed integer specifying the horizontal distance in pixels (see footnote 1) between the left
border of the video picture and the left border of the Text Box; a positive distance value indicates that the left border of the
Text Box is right of the left border of the video picture

vertical-offset - signed integer specifying the vertical distance in pixels (see footnote 1) between the top border of
the video picture and the top border of the Text Box; a positive distance value indicates that the top border of the Text Box
is below the top border of the video picture

remaining-config-data-length - unsigned integer, specifying the number of immediately following reserved
bytes in this textConfig.

1 These are the square pixels used to specify the Text Box dimensions, not coded video pixels.
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8. Text stream decoding

A hypothetical decoder has been defined for decoding of text streams. The Hypothetical Text Decoder (HTD) consists of a
TTU Decoder, a textSampleBuffer, an in-band-sampleDescriptionBuffer, an out-of-band-sampleDescriptionBuffer and a
textDecoder; see figure 5. Input to the HTD is a text stream with a bitrate of R kb/s. The value of R, as well as the
textSampleBuffer size, the in-band-sampleDescriptionBuffer size and the out-of-band-sampleDescriptionBuffer size is
specified per profile and level; see Clause 9.

Decoded text
R kb/s U ’ I textSampleBuffer | ? textDecoder ] .
—_—

A
Decoder

—>l in-band-sampleDescriptionBuffer l‘——

I out-of-band-sampleDescriptionBuffer |

Text stream

Figure 5§ Hypothetical Text Decoder

In the HTD, each out-of-band sample description utilized by the text stream is provided prior to its usage by the text
stream to the out-of-band-sampleDescriptionBuffer by means not defined by this Specification. The total size in bytes of all
out-of-band sample descriptions used in the text stream shall not exceed the specified size of the out-of-band-
sampleDescriptionBuffer.

At the input of the HTD, the TTU decoder processes each received TTU byte instantaneously. Contained data from text
samples are transferred to the textSampleBuffer, while in-band provided sample descriptions are transferred to the in-
band-sampleDescriptionBuffer. At any point in time, the total size in bytes of all valid in-band sample descriptions shall not
exceed the specified size of the in-band-sampleDescriptionBuffer. Text streams shall be constructed so that each in-band
sample description is completely present in the in-band-sampleDescriptionBuffer at the instant in time that a text sample
that references that sample description is decoded.

If the textSampleBuffer is not full, then the bytes of the text stream enter the TTU decoder at a bitrate R; if the
textSampleBuffer is full, no bytes enter the TTU decoder. The byte in the text stream subsequent to the text sample byte
that causes the textSampleBuffer to be full does not enter the TTU decoder as long as the textSampleBuffer remains full.
At the instant in time that the presentation of a text sample is to start, the text sample is instantaneously removed from the
textSampleBuffer, decoded and presented. Underfiow of the textSampleBuffer occurs if a text sample has not (yet) fully
entered the textSampleBuffer at the instant in time that the text sample is to be presented. Text streams shall be
constructed so, that in the hypothetical text decoder no underflow occurs:

e The size of each text sample shall be smaller than or equal to the specified size of the textSampleBuffer;

e Taking the fullness of the textSampleBuffer into account, there shall be sufficient time to deliver the complete text
sample to the textSampleBuffer at the specified bitrate prior to its decoding.

Note: In the extreme case that the size of the previous text sample is equal to the size of textSampleBuffer, then
the next text sample is to be delivered during the duration of the previous one. To avoid underflow in this
extreme case, the encoder has to ensure that the duration between the previous non-empty sample and
the next non-empty sample N (note that there may be one or more “empty” samples in-between) is larger
than the size of the non-empty sample N divided by the applicable bitrate R.

9. Profiles and Levels for text streams

For text streams this specification defines only a single profile and a single level: the base profile and the base level. Other
profile and levels may be defined in future. The profile and level are signaled in textConfig, see Clause 7 and table 6.

In each text stream that conforms to the base profile, each tool specified by 3GPP in 3GPP TS 26.245 may be used. In
each text stream that complies with the base level, the HTD parameter values defined in table 8 shall apply. Each decoder
that complies with the base profile and the base level shall be capable of decoding each text stream that conforms to the
base profile and the base level.
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Table 8 HTD parameter values for the Base Level

HTD Parameter Vaiue
Bitrate R 10 kbis
Size of texiSampleBufier 8192 Byte
Size of in-band-sampleDescriptionBuffer 4096 Byte
Size of out-of-band-sampleDescriptionBuffer | 4096 Byte

Editorial note: the HTD model and the above numbers need further consideration
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Annex A

Font Referencing

A.1 Font references in text streams

Timed Text streams may reference fonts in the receiver. These fonts may be residently available in the receiver, or
downloaded or streamed to the receiver. To ensure that the desired fonts in the receiver are referenced correctly, the font
name identification in textData() has to uniquely reference the name of the desired font in the receiver.

In an MPEG-4 systems context, when a font stream is used to supply fonts for a text stream, that text stream shall indicate
that dependency by using the dependsonES_|D field in the ES_Descriptor of the text stream, containing the ES_ID of the
font stream. Other systems contexts should indicate that dependency in an appropriate way.

In text streams which have an associated font stream, when a specific font instance in the font stream is to be used for a
text access unit, the font name shall use the appropriate naming structure, which for MPEG-4 font streams is defined in
14496-18 section 5.5.
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SAN JOSE, Calif.—-(BUSINESS WIRE)--May 1, 1996--IBM today announced the commercial availability of Cryptolope(i)
containers, secure packaging for digital information, enabling Internet users to buy and sell content securely over the
Internet.

Cryptolope technology is a fundamental part of IBM's new infoMarket senice (http://www.infomarket.ibm.com), an
important implementation of IBM's network computing strategy. IBM infoMarket combines a sophisticated search engine
with an unmatched body of content, secure container technology and IBM's expertise in transaction and billing
management, to provide a framework for secure electronic commerce.

"The Internet is a natural conduit for the transmission of information, but publishers previously have been afraid to put
their valuable content on the 'Net for fear that it may be tampered with or that they will not receive compensation for their
works," said Jeff Crigler, vice president, IBM infoMarket. "The IBM infoMarket service provides the technology to address
those needs."

IBM infoMarket also announced a number of new content providers today. With a growing number of content and
technology providers now aligned with the senvice, including Reuters New Media, Jupiter Communications and CMP
Publications, IBM infoMarket is a leading provider of content on the Intemet. Users benefit from IBM infoMarket's ability
to search through commercial content — some of which was previously unavailable on the World Wide Web — as well as
USENET newsgroups and other leading content sources, a capability unequaled by any other search engine in the
market today.

Ower 100 Years of Experience in Commercial Security. Learn More !
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Once targeted information is found, commercial content will be delivered in Cryptolope containers, accompanied by a
content abstract that provides users with the essential product knowledge they need to make a buying decision. The
content abstract may also include the content source, summary, author, last update, size, and price, as well as any
unique terms of sale. Once the user has decided to open the contents of a Cryptolope container, a transparent digital
key is issued unlocking the material contained within.

To view a free document, the user clicks on the article and the information appears on the desktop. To view priced
content, the user agrees to any unique terms of the Cryptolope container that are prepared by the rights holder and
contained in the content abstract.

Users of IBM infoMarket will be able to retrieve and download Cryptolope containers from the infoMarket serice Web
site using an IBM infoMarket helper application, initially for Netscape(ii) 1.1 or greater, and Windows(ii) 3.1 or Windows
3.1.1. Windows 95, OS/2 and Mac/OS wersions are planned.

Superdistribution Can Provide Incremental Revenue

A user can forward a Cryptolope container to others allowing content providers to take advantage of "superdistribution”, a
new business model that, if permitted by the publisher, allows the customer to send the Cryptolope to others who may
be interested in its contents, thus facilitating the first phase of superdistribution. Publishers can now take advantage of
the Intemet as a valuable business medium by which to sell their information, over and over again.

The IBM infoMarket senvice has created a clearinghouse for commercial content providers to track the payment, delivery
and authenticity of contents held within a Cryptolope.

The content provider sets marketing and pricing guidelines for the use of commercial content or technology senvces.
This allows the owners of this valuable information to have greater control over distribution, appearance and price of their
content.

Wide-Area Search of Distributed Data

The search feature of the IBM infoMarket senice can take a single search request and simultaneously search multiple,
disparate, and distributed information sources returning relevance ranked results. IBM infoMarket's powerful search
capabilities allow users to simultaneously investigate the broad scope of the Intemet as well as authorized, private
commercial content. Keyword and Boolean search requests allow for more complex information queries using OR, AND
or NEAR connectors. These search capabilities allow for manual selection of sources that will best contain the desired
information to meet users needs.

How to Patent My idea?
SET v patentiybrilfiant.com
Patent Before Someone Else Does! Get Your Free Inventor Kit Today.

IBM infoMarket also provides a feature which enables users to search by source. Users can pick an individual source,
all or a group of sources in a category, or select all sources. Additionally, search results can be received in brief or with
more details. Detailed results provide the user with the content abstract, which may include source, author, excerpt,
date, size, and pricing information.

Rich News and Business Information

New content and technology providers for IBM infoMarket include the following:

- CMP Publications(ji) provides publishing, marketing, and information senices to the high-technology market

- Excalibur Technologies Corporation(ii) provides the first set of tools for creating retrieval solutions for text, images, and
other forms of digital data;

-- Intemational Senices, Inc.(ii) provides intemational trade leads, language translation senices, and international credit
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-- Jupiter Communications, LLC(ii) research, consulting, and publishing information emerging consumer online and
interactive technologies

- M.A.L.D(ii) established Profound, Inc., the New York-based subsidiary of Market Analysis and Information Database,
Inc.

- Market Guide(ii) provides high quality, fundamental information on over 8,000 publicly traded companies to the
professional brokerage, institutional research and individual investor marketplaces.

-- Online Inc.(ji) publishes how-to magazines and books aimed at users of online databases, CD-ROMs, multimedia, and
the Intemet

-- Thunderstone Software(ii) provides intelligent concept searching and retrieval technologies

- Vickers Stock Research Corporation, Inc.(ii) provides information on exactly what stocks insiders are buying and
selling

IBM

IBM has been a pioneer in the development of the Intemnet. It designed special hardware and software, and provided
operations support for key networks that make up today's Intemet, including the Internet's primary backbone, the
NSFnet. IBM also helped form Advanced Network & Senices (ANS), the organization which had been responsible for
managing and senicing the NSFnet from its inception until the beginning of 1995.

IBM offers hardware, software, consulting and senices to help customers take advantage of the potential of the Internet.
Whether addressing an individual need or creating a total enterprise solution, IBM provides the expertise required to
plan, design, implement and operate an Internet solution for businesses.

To learn more about IBM's Internet activities, visit the IBM Intemet home page at: http://www.intemet.ibm.com or the
IBM Corporation home page at http://www.ibm.com. -0-

Note to Editors:

(i) Indicates trademark or registered trademark of International Business Machines Corporation.
(ii) Indicates trademark or registered trademark of respective company.

Windows is a trademark of Microsoft Corporation

CONTACT: IBM

Mike King, 914/766-1119

mikeking@gemini.ibm.com

or

TSI for IBM

Ellen Cooper, 212/696-2000, ext. 258

ecooper@tsipr.com
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Foreword

IS0 (the International Organization for Standardization) and EC (the International Elechrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
IS0 or IEC pariicipate in the development of international Standards through technical commiltees
astablished by the respective organization to deal with particular fields of technical activity, 1SO and IEC
technical committees collaborate in fislds of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with 1SO and 1EC, also teke part in the work. In the field of information
technology, 1ISO and 1EC have established a joint technical committee, ISCAEC JTC 1.

international Standards are drafied in accordance with the rules given in the [SO/EC Directives, Part 2

The main task of the joint technical committee is to prepare Intermnational Standards. Draft international
Standards adopted by the joint technical commiitee are circulated to national bodies for voting. Publication as
an international Standard requires approvai by at ieast 75 % of the national bodies casting a vote.

Aftention is drawn to the possibility that some of tha elements of this document may be the subject of patent
rights. 1SO and IEC shall not be held responsible for identifying any or all such patent rights.

ISOAEC 14496-17 was prepared by Joint Technical Committee ISCAEC JTC 1, information Technology,
Subcommittee SC 29, Coding of Audio, Picture, Multimedia and Hyparmedia laformation.

ISOAEC 14496 consists of the following parts, under the general title /nformation fechnology — Coding of
audio-visual objects: '
—  Part 1: Systems
------ Part 2: Visual
— Part 3: Audio
— Pari 4: Conformance testing
—  Part & Reference scfware
------ Part 8: Delivery Multimedia Integration Framework (DMIF)
Fart 7: Optimized software for MPEG-4 tools
— Part 8 Carriage of ISOAEC 14496 contents over IP networks
—  Part 9; Reference hardware description
- Part 10: Advanced Video Coding (AVC)
------ Part 11: Scene description and application engine
— Part 12: IS0 media file format
—  Part 13: IPMP extensions
----- Part 14: MP4 file format
Part 18: AVC file formal
— Part 18: Animation Framework eXtension {AFX)

—  Part 17: Streaming fext format
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introduction

This Specifications defines texi streams as a concatenation of text access units. The format of text streams and text
access units is specified, as well as signaling and decoding of text streams.
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Information technology — Coding of audio-visual objects —
Part 17: Streaming text format

1. Scops

This document specifies ISC/AEC international Standard ISO/IEC 14496-17 Streaming Text.

2. Normative references
The following Standards contain provisions that, through reference in this fext, constitute provisions of this
internaticnal Standard. At the time of publication, the editions indicated were valid. All Standards ara subject
o revision, and parties to agreements based on this international Standard are encouraged 1o investigate the
possibility of applying the most recent edition of the Standards listed below. Members of IEC and {SO maintain
registers of currently valid international Standards.

All references in this subclause were correct at the time of approval of this Infernational Standard. The
provisions of the referenced spacifications, as identified in this subclause, are valid within the context of this 1S,
The reference to a specification within this 18 does not give it any further status within ISOAEC; in particular, it
does not give the referenced specification the status of an International Standard.

—  3GPP TS 26.245: 2003, Timed text format (Release 6)

3. Definitions
For the purposes of this Recommendation | international Standard, the following definitions apply.

3.4 Text access unit an individually accessible portion of data within a text stream. Each text access unit contains
the coded representation of text data corresponding o one text sample. For presentation, the text access unit
can be associated with a single time stamp.

3.2 Text modifier: data within a text sample, specifying a meadification to the prasentation of the text string within
that text sample.

3.3 Text sample: text data of a specified format, consisting of a text string, optionally followed by one or
more text modifiers

3.4 Text string. data within a text sample, representing a string of characters encoded using UTF-8 or UTF-186.

3.5 TTU[L: a Timed Text Unit is a syntactical sub-structure of a text access unit for carriage of text access units

across networks, whereby by its index | identifies which type of data from a text access unit is carried.

© ISOAEC 2004 — Al rights reserved 1
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4. Text stream format

The text stream format defined in this Specification is derived from the timed texi format defined by 3GPP for timed text
downloaded in a 3GP file, as specified in 3GPP TS 26.245. The 3GPP timed text format defines text samples and sample
descriptions. This Specification defines how to partition such text samples and sample descriptions into so-called TTis,
Timed Text Units, and how to concatenate them inlo text access units. TTUs provide a flexible structure that allows for
easy and convenient adaptation to the various transport fayers. For each transport layer the most suitable TTU structure
can be chosen. if so desired, text access units can be re-partitionad into TTUs for most effective adaptation to cther
transport systems. Partitioning in TTUs is defined so, that 3GPP exiensions are possible, but alse extensions defined in
future versions of this Specification. See figure 1.

A text stream is a concatenation of text access units. During transport typically a time stamp is assigned to each text
access unit to indicate the intended time to present the text access unit on the display. The text is presenied within = text
box, the position of which can be controlled by parameters within the text stream.

g e e o o

§ Partitioning using

Text
siream

o e e M O o oo o o

Figure 1. 3GPP defined text samples and sample descriptions and MPEG defined text access uniis.

4.4 Textsamples
Each text sample represents text data and consists of a text string, optionally followed by one or more text modifiers, fully
consistent with the TextSample format specified in 3GPP TS26.245. The text string representis the text to be displayed
during a ceriain pericd, while the modifiers carry the changes that are t¢ be applied to the text string during the time that
the text is displayed, such as texti colour changes synchronized with a song for a Karaoke application.

Each text string starts with 16 bit length field that specifies the length of the text string in bytes; ncte that this does not give
the character court, as a character can vary in length from, in general, 1 to 6 bytes. The length of the text modifiers is not
specified, as it is assumed that this information is derived from the total text sample length provided by means external to
the text sample.

Giloval information about @ text sampie is provided by a sample description, for example about font(s) to be used, about
the positioning of the text within the text box, the background colour of that text box, ete. Multiple sample descriptions are
allowed, to each sample description (SD) an index is assigned and to each text sample the index of the applicable sample
description is associated. A sampie description will typically apply to multiple text samples; however, to each text sample
axactly one sample description applies.

The relationship between sample descriptions, fext samples, a text string and text modifiers is depicted in figure 2.
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Sarmple Descriptions

. Each Text Sample  ~-
\\associated fo one SO

Text Samples .

textsting 1
“length in bytes

i Cléar‘acté?f{ :
Charactern

Structure of each Text Sample

Figure 2. Sample Descriptions, Text Sampies and their structure

4.2 Text access unifs
Each text access unit carries a text sample. Each text sampie is {0 be presented during a certain period of time, specified
vy duration information contained in the text access unit that carries the text sample. At the instant in time that the
presentation of a text sample ends, the next text sample starts being presented. To allow for pariods of time without a text
sample being presented, for instance between two sublities, an "emply” text sample is defined, which is a text sample
without data. If an "empty” text sample is immediately preceded by a non-"empty” text sample, then the "empty” text
sample may be included in the same text access unit as the non-"empty” text sampie.

Typically, a text sampie is small, around 100 — 200 bytes, and often much smaller than the size of the packets that carry
the text data across a transport network. it is therefore expected that transport systems will often aggregate muitiple text
sampies inte one such packst. On the other hand, text samples can also ke large, for exampie when scrolling harizontal
text at the boitorn of the screen, in which case fragmentation of text samples may be required prior to transport. So as to
achieve maximum commonality among text fransport systems, a flexible and transport generic data structure is defined for
containing a text sample within a text access unit. This dala structure allows for a simple and generic network adaptation
of text access units, and is implemented by means of so-called Timed Text Units, TTUs, of several types, each referred o
as TTU{L The format of TTUs is defined in this document, as well as some general requirements for their use, while the
actual usage of TTUs is ieft to the specifications for the applied transport means. However, as TTUs support text access
unit fragmentation in a generic and error resilient manner, transport systerms should use TTUs for fragmentation instead of
transport specific aggregation and fragmentation tocis.

Each text access unit is defined to consist of one or more TTUs. Five different type of TTUs are defined, ona for carrage
of a complete text sample, three for carriage of text sample fragments, and one for carriage of a complete sample
description; while three types are reserved for future use. Because sample descriptions are small, there is no support for
carriage of sample description fragments. Each TTU type is identified by its index j and referred to as TTU[]. The following
TTU types are defined:

e TTUO]; this TTU type is reserved for future use;

s TTUM]; this TTU type is capable of carrying one complete text access unit;

s TTU[Z]; this TTU type is capable of carrying one fragment of a text string from a text sample;

e TTU[S] this TTU typa is capable of carrying the first text modifier fragment from 2 text sample;

»  TTU4] this TTU type is capable of carrying a non-first text modifier fragment from a text sample;

[
s TTU[B]; this TTU type is capable of carrying one complete sample description;
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«  TTU[B] and TTU{7}; these TTU types are reserved for fuiure use.

[ ]

Figure 3 depicts the oplions to construct TTUs from text samples and sample descriptions. Each complete sample
description is contained in one TTU[S]. Each text sample that is not fragmented, is contained in one TTU[1]. When a text
sample is fragmentad, then the text string is separated from the text madifiers for carriage in different TTUs. Each text
string fragment is contained in one TTUI2], so that there are as many TTU[2]s as text string fragments. Note however that
the text string itself may not be fragmented, in which case there is only a single text string fragment carried in one TTU[3].
The first text modifier fragment is contained in cne TTU[3L Hence, TTU{3] signais the start of the modifiers. Each
subsequent text modifier fragment, if any, is contained in ane TT U[4].

T

Sample
Descrip- Small Text Sample, not

tion requiring fragmentation Large Text Sample requiring fragmentation
. : - . BEEEOI O 2 =

xtstring | modifiers

E i f%é,xi string ) ,:'modﬁ‘iers‘ '
: :
i

] 1 1 - 1 H

Contains Contains Contains Contains Contains

sample complets text string first modifier non-first

description sample fragment fragment modifier
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o e 2 o o e

E Text Access Units

3

“

-

AU LASH N

« one TYULH] = pue or move TTUJR], zere or one TTU3 ) S,
» optionally one or more = if one TTU{3], then zero or more TTU4] Note:
TTUS] * TTUs in random ordes {5] denotes
< optionafly one or more TTU{S] - one TTU{S]

Figure 3. Carriage of Sample Descriptions and Text Samples in TTU[jls, and construction of Text Access Units by
means of TTuUs,

In figure 3, also the basics of the construction of text access units by means of TTUs are depicted. If a text sarnple is not
fragmented, then a text access unit contains the TTU[1] that carries the entire text sample. if the text sample is fragmentad,
then the text access unit contains ons or more TTU[2]s, each with a fragment of the text string. If the text sample alsc
carries modifiers, then the text access unit carries one TTU[3] and, depending on the size of the medifiers, zero or more
TTU[4]s. In addition, ach text access unit containg optionally one or more TTU[S]s, each carrying a sample description
that may apply to this or future text samples in the text stream.
An empty faxt sample, that is a text sarmple without data (hence without a text string and modifiers), may be used to
{errinaie the display of a text string prier to the start of the display of the next text sample in the stream. Such empty text
sample is carried in a TTU[1], and may be includad in the same access unit as the terminated text sample. Note that figure
3 does not illustrate how to include an empty text sample.
The order of TTUs within a text access unit is random within some constraints. When text samples are fragmented, it is
allowed to repeat a fragment that is considered more important than others, and to transmit modifiers prior to text string
fragments, which may be useful for large text strings. For ordering TTUs within a text access unit, the following constraints
apply:
¢ When a sample dascription is provided in-band, then a sampie description shall ke included in the stream prior to
any text sample that utilizes that sample description. This means that an in-band sample description, carried in a
TTUB], shall precede any TTU[1], TTULZ], TTU[3] and TTU[4] that references that samgle description. Note that
such TTU[S] may be carried in the same text access unit, of in one or more preceding text access unit(s).
+ if an empty text sample is used to terminate the display of the fext sample in a text access unil, then any other
TTUMI, TTU[Z] TTU[3} and TTU4] in this text access unit shall precede the TTU[1] that contains the ampty text
sample.
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4.2.1.1 Text Sample fragmentation constraints

A number of constraints shall be applied when fragmenting text samples for carriage in TTU[2], TTU[2] and TTU[4]. The
foliowing constraints shall be applied:

»  The first fragment of a text string shall commence with the 16 bit field that specifies the length in bytes of the
entire non-fragmented text string;

« Each text string shall be fragmented on character boundary, so that each fragment contains complete character
codes only, 50 as to ensure that each raceived text fragment can be decoded even in the case that a previous
fragment gels lost. As a conseguence, text string fragmentation requires knowledge of UTF-8/-18 formats to
determine character boundaries.

it is not required to fragment text modifiers on modifier boundary; consequantly, when a modifier fragment is lost, receivers
will typically not be capable of decoding any remaining fragments.

4.2.2 TTU sfructure

Each TTU starts with an 8 bit TTU header; this header carries the type of TTU, signals whether characters in the text
string of the text sample are encoded using UTF-8 or UTF-16, and signais whether the TTU header is followed by a field
that indicatas the length (size) of the TTU in bytes. This Specification defines some requirements for the presence and
usage of the TTU iength field; in addition, transport specific requirements not defined in this Specification may apply. The
remaining fields after the TTU header are TTU type specific and described in the following sub-clauses.

4.2.2.1 TTU[1] signaling
A TTU[1] carries a complete text sample; the TTU header and the TTU length field, if present, are followed by fields that
provide the following information:

#  the index of the applicable sample description; and
s the duration of the text sampie.

Carriage of an empty text sample in a TTU[1] is signaled by the presence of the TTU length field encoded with a specific
value (see clause 4.3).

4.2.2.2 TTU[2] signaling
A TTU[2] carries a text string fragmant from a text sample. The TTU header and the TTU length field, if present, are
followed by fields that signal:

e the index of the applicable sample dascription;

s the duration of the text sample;

s the total length of the original non-fragmentad text samgple; this information allows the receiver to aliocate buffer
space for the decoding of the text sample; this information is provided for each text string fragment s as o also
allow for buffer space allocation after iosing one or more text string fragments;

» the total number of text sample fragments; this number shall include each text string fragment and each modifier
fragment.

= the sequence number of the fragment containad in this TTU[Z]; the sequence number of the first text sample
fragment is equal to 0, and for each subseguent fragment the sequence numbser is incremenied by one, so thatin
case of N fragments, the sequence number of the fast fragment is equal to N-1. A text sample can be fragmented
in at most 16 different fragments.

4.2.2.3 TTU[3] and TTU{4] signaling

in a TTU[R] and TTU[4), the first and a non-first modifiers fragment is carried, respectively; the TTU header and the TTU
iength field, if present, are foliowed by fields that signal:

s the total number of text sample fragments (see clause 4.2.2.2);
»  the seguence number of the fragment contained in this TTU[2] (see clause 4.2.2.2);.

Note that the index of the applicable sample description, the duration of the text sample, and the total length of the
fragmented text sample are not signaied, as modifiers fragments apply to text strings for which this information is aiready
signaled.

ISCHED 2004 — Al rights reserved 5
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4.2.2.4 TTU[S] signaling
A TTU[B] carries a sample description. The TTU header and the TTU length field, if present, are followed by a fieid that
signals:

s the index of the applicable sample description.

4.2.3 Constrainis for using Sample Descriptions

Within text streams 256 index values are available to unambiguously identify a sample description. The values 0 and 255
are reserved. Sample descriptions can be provided either in-band or cut-of-band. The index values in the inclusive range
between 1 and 127 are available for in-band usage, while values between 128 and 254 (inclusive) can be used fo provide
sample descriptions cut-of-band. See takie 1. ’

Table 1 Index values for Sample Descriptions.

index value Assignment
¢ Reserved
1~127 Available for in-band usage
128 - 254 Available for out-of- band usage
255 Reserved

When sample descriptions are provided in-band, there may be a need to regularly update sarnple descriptions. For this
purpose a wrap-up mechanism is defined for in-band samiple descriptions, that aliows to continuously update such sample
descriptions from a range of 84 valid index values. Hence, ai any point in time at most 84 in-band sample descriptions can
be in use simultaneously. Each sample description with an index value not in the valid range is discarded from further use.
Valid sample descriptions can be transmitted in-hand as often as desirable for randorn access, without any impact on the
range of invalid index values. However, when receiving a sample description with an index value from the invalid range,
then the valid range is changed, so that the received sampie description becomes valid. When a sample description is
received with index value i not in the valid range, then the receiver shall discard each sample description with an index
value in the range between {i+1)mod128 and (i(+684)mod128, inclusive. For example, assure that the valid range is
between 41 and 104 inclusive, and hence, that the values 105 to 127 and 1 to 40 are invalid values., When now the
sample description with index value 114 is received, the receiver shall invalidate the index vaives 115 to 127 and 1 to 50,
inclusive, so 8s to change the valid range to values between 51 and 114.

4.3 Syniax and Semantics

4,31 Text_access_unil{)

432 TTUG)

TEUidl (4

reserved 3 bslibf
UTF_16_flag i bslibf
TTU_length_flag i rslbf
TTU_type 3 uimsbf
if (TTU_data l
TTU_data _length 16 uimsbf
{
TTU_datali] ()
3
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UTF_16_flag - aone bit flag, indicatin g in TTU{1] and TTU{2] the encoding used for the characters in the text
string; when set to ‘17, UTF-16 is applied, when set to ‘0°, UTF-8 is applied. For TTU{3], TTU[4} and TTU{5] this it
has no meaning and shall be ignored.

TTU_data_length_flag ~ aone bit flag, that indicates, when set to ‘17, the presence in this T'PU [ ] of the
TTU_data_length field. This field shall be set to ‘1’ in each TTU[3], and in each TTU[1] that carries an empty text

sample.

TTU_type - athree bit integer that specifies the type of TTU; the TTU-type field is encoded with a value that is equal
to the ndex § o TTU[{], according to the following table.

Table 2 TTU types

TTU typevalue | TTU type TTU usage

0 TTU0} Reserved for future use

i TTU[1] Carriage of complete text sample

4 TTU2} Carriage of text string fragment

3 TTU}3} Carriage of first modifiers fragment

4 TTU4] Carriage of non-first modifiers fragruent

5 TTU[s] Carriage of a coruplete sample description
6 TTU6] Reserved for future use

7 TTU[7} Reserved for future use

TTU_data_length - anoptional 16 bit integer that specifies the total number of bytes of the TTU _data Jength field
and the immediately following TTU_dataljl (). Ina TTUf1], carriage of an empty text sample is signaled by a
TIU_data_ length value of 6. See clause 4.3.4.

4.3.3  TTU_datafol{}

MTU_data 0] () {
for (i=0; i<WN;i++){
reserved 8 balbf
¥

4.34 TTU_data[1}{}

TTU_data 1] () {

sample index 8 uimsbf
sample_duration 24 uvimsbf

e_text_sample ()

whao!
}

sample_index - an 8 bit unsigned integer that specifies the index of the sample description that applies to the text
sample contained in this TTU. The sample_index value shall unambiguously refer to one particular saruple description
that shall be present in the text siream prior to its use. The sample_index values 0 and 255 are reserved.

sample duration - a24 bitunsigned integer that specifies the intended duration of the presentation of the text
sample in this TTU io units of the durationClock, specified in texiConfig; see Clause 7.

whole text_sample() - TextSample, as defined by 3GFP in 3GPP TS 26.245 or an extension thereof, specified
in textConfig (see Clause 7).

© ISONEC 2004 — All righis reserved 7

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1662
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



ISOAEC FCD 1449617

4.3.5 TTU_data2]()

PIU_datal2] () {

sample_index 3
sample_length 16
sample_duration ) 4,
total _number_of_ sample_ fragments 4
ruvcber_of _this -:ample__fragment 4

text string_fragment ()

index - Seesample_index semantics in clause 4.3.4

samp] ength - a 16 bit unsigned integer that specifies the total number of bytes in the TextSampie of which a
fragment is carried in this TTU.

sample _duration - Seesample_duration semantics in clause 4.3.4

total _number_of san _fragments - a4 bit unsigned integer that specifies for the TextSample of which a
ﬁaomwt is carried in this TTU the total nuraber of fra gments in which that TextSample is split.

number_of_this_sample fragment - a4 bii unsigned integer that speeifies the sequence number of the
TextSample fragment that is carried in this TTU. When the TextSample is split into N fragments, then the sequence
pumber reflects the logical order of the {ragments, that is the first fragment has sequence number 0, and the last fragment
sequence rpmber N-1, while for each subsequent fragment the sequence number is increased by 1.

text_string fragment{) - afragment ofthe text string from the TextSample, as defined by 3GPP in 3GPP TS
26.245 or an extension thereof, specified in textConfig {see Clause 7).

4.3.6  TTU_dataf3](}

TTU_Mata 31700 ¢

total_number_of sanple. Fragmeﬂrwtzs 4 uimsbt
rvu.nbcv of_this_sampl e_fraame 4 uimshf
first_modifier_box_fragme t()
}
total_number of _sample fragments -~ See al_number _of sample fragments semanties in

clause 4.3.5.

_sample_fragment semantics in clause

number_of this sample_fragment - Seenumber_of_
4.3.5.

first_modifier_box_fragment () - the first fragment of the text modifiers from the TextSample, as defined
ol

by 3GPP in 3GPP TS 26.245 or an extension thereof, specified in textConfig {see Clause 7).

4.3.7 TTU_dataldi(}

TP _dataldl {){
total number_of_sample_ fragments 4

number_of _this_sample_fragment 4
non_first_modifier_box_ fragment()
1
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total_number of _sample_fracgments - Seetotal number_of_sample fragmenits semanticsin
clause 4.3.5.

number_of_this_sample_ fragment -~ Seenumber_of_this_sample. sgment semantics in clause
4.3.5.

non_first_modifier_box_fragment{) - anon-firstfragment of the text modifiers from the TextSample, as

defined by 3GPP in 3GPP TS 26.245 or an extension thereof, specified in the DecoderCounfiguration {see Clause 7).

4.3.8 TTﬁ_daia{S}{)

8 uimsbf

o

sampl
sampl

index - theindex of the sample description that applies to the text sample contained in this TTU. The
ndex value shall unambiguously refer to one particular sarnple description that shall be present in the text
stream prior to its use. The sample_index values 0§ and 255 are reserved, The sample _index values between 128
and 254 inclusive are assigned to out-of-band provided sample descriptions and shall not be used for in-band provided
sample descriptions. Similarly, the sample_index values between T and 127 inclusive are assigned to in-band
provided sample descriptions and shall not be used for out-of-band provided sample descriptions.

The following shall apply to in-band provided sample descriptions. At any instant in time, at most 64 different
sample_index values shall be in use for in-band sample descriptions, identified by a range of valid sample_index
values. When a receiver starts the decoding of a text stream, the receiver has no knowledge of the valid range, but upon
receiving the first sample description the receiver shall define the range of valid sample_index values as follows. If
the first received sample has the sample__index value j, then the receiver shall define the sample_index values in
the range between (j+1)mod128 and (j+64)mod128, inclusive, invalid and to shall consider all other samplie index
values between 1 and 127 (inclusive) valid. When subsequent sample deseriptions are received with a sample_index
value in the valid range, then the valid range shall not be modified. However, when a sample description is received with
index value i not in the valid range, then the receiver shall invalidate sample_index values in the range between
(i+Dmoed128 and (-+64)mod128, inclusive.Each sample description with an sample index value assigned as invalid
shail be discarded. Ses tabie 3. ( samples in the text stream shall not reference any invalidated sample description.
A sample description is valid for each subsequent text sample in the text stream until invalidated by another sample
description.

1

Yable 3 Sample Descriptions that are invalidated by the Sample Description with sample _index valued

" Received L . . . . :
sample_index 1‘:@1@ inv ahd range New valid range (imclusive)
L. {inclusive)
value i in
eurrently invatid
range
12163 (i+1) — (i+64) -1
(i+65) — (327)
64 <1127 (i+1)—127 (i-63)—1
1 —(i-64)
samplie_description() - asample description for a TextSample, referred to as TextDescription, as defined by

3GPP in 3GPP TS 26.245 or an extension thereof, specified in the DecoderConfiguration (see Clause 7).
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4.3.8 TTU_data[6](}

TTU_datal6]{
for (i=0; i<W¥;i
reser‘\ved 8 ¥

}

o
U
7]
—
o)
h

4.3.10 TTU_data[7}{)

TTU_datal7]{
for (i=0; i<W;i++){
reserved

}

balbhf

o

5, Signaling of a text stream
A text strearn shall be signaled by a streamType value 0x0B and by an objectTypeindication value of 0x08.

8. Text rendering
Text from a decoded text stream is rendered within a Text Box. The Text Box can be pesitioned within a Text Track; see
3GPP TS 26.245. How to render the text in the Text Box and how io position the Text Box within the Text Track is
specified within the text stream by means of sample descriptions and/or text modifiers.

The width and the height of the Text Track shall be defined in the decoderConfiguration, textConfig, in units of square
pixels. in textConfig it is also specified whether or not a text stream is intended to be positioned refalive to a video stream.
Note that & Text Track can also be positioned with respeact to a video picture by means of information that is provided by
external means, such as information contained in an MP4 file, or by an application. External information, if provided, takes
priority over information provided within textConfig.

If the text stream is associated with a video picture, then textConfig specifies the video-width and videc-height of that
video picture. The video-width and video-height, as well as the position of the Text Track relative to the viden picture are
specified in units of the same square pixels as the width and the height of the Text Track, 50 as to enable scaling and
positioning of the text with respect to video in a manner independent of the video resolution. This allows that the same text
stream can be used with video streams coded at different resolutions and bitrates. The ralative position of the Text Track
with respect to the video picture is speacified by the horizontal-offset and vertical-offset. These two paramaters spacify the
horizontal and vertical distance in pixels batween the top left pixel of the video picture and the top left pixel of the Text Box,
respectivaly; see figure 4. it is allowed that the Text Box is parily or completely outside of the video picture. A positive
value of horizontal-offset and vertical-offset indicate that top left pixei of the Text Box is right and below, respactively, of
the top left pixel of the video picture. For examgle, in figure 4, both horizontal-offset and vertical-offset have a positive
value. Accordingly, a negative value of horizontal-offset and vertical-offset indicates that the top left pixel of the Text Box is
left and above, respactively, of the fop ieft pixel of the video picture. Note that the square pixels units used in textConfig to
specify the sizes of the Text Track and the video gicture and their relative positions will typically have a different dimension
than the actually coded video pixels. Hance if the video-width and video-height specify a picture with a size of 640%480,
then the picture may actually be coded at 720%480 or 320240 or any cther resolution.
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Figuré 4, Size of the Text Track and the positioning of the Text Track with respect to a video pictura.

7. DecoderConfiguration for Timed Text decoders

To decode a text stream, a receiver needs the decoderConfiguration for the text stream, as defined by TextConfig. The
TextConfig provides information such as: ‘

¢ the 3GPP format that the text stream is compatible with

¢ whether an MPEG defined extension is applied

» the profile and level of the text stream

e clock units used {o encode text sample durations

s whether in-band sample descriptions are applied

»  whether out-of-band sample descriptions are applied

e whether sample descriptions are carried in the textConfig

« optional information on the positioning of the text rack relative to a video picture

7.1 Syntax
clasg TextConfig extends DeccderSpecificInfec : bit(8) tag=DecSpecificInfoTag {
bit(8) 3GPEBaseFormat;
bit{8) MPEGExtendedFormat;
bit{8) pro eLevel;
bit{24) durationClock;
bit{l) contains st-of-compatible-3GPPFormats~-flag;
bit{2) i nFlags;
bit{i) i~carriage-flag;
bit{1) mntaing-associated-video~-information;
bit(3)
bit{8)

.st-of ~compatible~-3GPPFormats-flag)
mber-of-formats;
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Pit(8) Compatible-3GPPFormat {number-of-~formats) ;
}
1f (Samplebescription-carriage-flag) |
Nit (8) number-of-SampleDescriptions;
//as many SampleDescriptions,
number-of-SampleDescriptions

o

if

O~y

oo o
e i

1

} wvid width;
} video-height;
)
)

horizontal-cffset;
vertical-cffset;

-
t
t
T
&

remaining~config-length;

N
8) reserved(remaining-config-length);

-

7.2 Semantics
JGPPRaseFormat — one byte signaling the lalest 3GPP format that this text stream is compatible with, coded as
specified in table 4. If the text stream is also compatible with older versions of 3GPP specifications, then these formats can
be listed in the textConfig by setting the contains-list-of-compatible-3GPPFormats~£lay.

Table 4 - 3GPPBaseFormat

Ox00 — OxOF Reserved
0x10 Timed Text as specified in 3GPP TS 26.245
Ox11 — OxFF Reserved

MPEGExtendedFormat — one byte signaling the MPEG defined compatible extension of the 3GPPBaseFormat applied
for this stream, ceded as specified in table 5.

Table § -~ MPEGExtendedFormat

0x00 — OxOF Reserved
ox10 No extension applied
011 - OxFF Reserved

profilelLevel ~an 8 bit unsigned integer that specifies the profile and level of the text stream encoded as specified in
table 6. See Clause 9 for profile and level constraints.

Table 8 profilelevel

0x00 — OxOF Reserved
Ox10 ase profile, base level
Ox11 ~ OxFF Reserved

durationClock ~ a 24 bit unsigned integer that specifies the frequency in Herz of the clock used o encode the
sample~duration field in TTUM] and TTU[2]. A value egual to 1000 signais 3 1kMz clock, and that sample-duration
field is encoded in units of 1 msac. Transport systems should assign time starnps o text accass units using the same
frequency as signaled by durationClock or an integer muitiple thereof,
contains-list-~of-compatible~3GPPFormats-£flag - one bit that signals the presence of a list of ohe or more
3GPP formats older than the signaied format by 3GPPRaseFormat, that the text strearn is also compatible with.
sampleDescriptionFlags — two bits that signals whether SampleDescriptions are provided in-band, out-of-band or
hoth, as specified in table 7.

12 © ISOAEC 2004 — All rights reserved

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1667
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



ISOAEC FCD 144986-17

Table 7 ~ sampleDescriptionFlags

00 Forbidden

01 No in-kand, out-of band only

10 In-band only, no oui-of band

11 Both in-band and out-of band

SampleDescription-carriage-flag - one bit that signais the presence of a list of SamplaDescriptions in this
textConfig. This bit shall be set to ‘0, if sampleDescriptionFlags is coded with the value 10"
contains-associated-video-information —~ cne bit that signals the presence of the video-width, video-
height, horizontal-offset, and vertical-offset fields inthis TextConfig. If some or all of this information is
also provided by external means, then the externally provided information takes priority.

layer — unsigned infeger specifying the proximity of the text track to the viewer. A higher vaiue means closer to the user,
A value of ‘¥ indicates an undefined proximity. If the proximity is also provided by external means, then the externally
provided information takes griority.

text-track-width - unsigned integer specifying the width of the text frack in pixels.

tezt-track-height - unsigned integer spacifyving the haight of the text track in pixeis.

number-of-formats -~ unsigned integer specifying the number of immediately following Compatible-3GFPFormat
fields. The value "0’ is forbidden.

Compatible-3GPPFormat ~ one byte that signals a 3GPP formats oider than the signaled format by 3GPPRaseFormat,
that the text stream is also compatible with, coded in the same way as the 3GPPBaseFormat field, specified in {able 4.
number-of-SampleDescriptions ~ unsignad integer that specifies the number of immediately following
SampleDescriptions{).

SampleDescription() ~ ona sample description carried in one TTU[S]

videc-width - unsigned integer specifying the width of the video picture in pixeis1

video-height — unsigned integer specifying the height of the video picture in pixels; see footnote 1.
heorizontal-offset — signed integer specifying the horizontal distance in pixsis (see footnote 1) between the left

border of the video picture and the left border of the Text Box; a positive distance value indicates that the left border of the
Text Box is right of the left border of the video picture

vertical-offset — signed integer specifying the vertical distance in pixels (see footnote 1) betwaen the top border of
the video pictire and the top border of the Text Box; a positive distance value indicates that the top border of the Text Box
is below the top border of the video picture

ing-config-data-length - unsigned integer, specifying the number of immediately following reserved
in this textConfig.

1 These are ihe square pixels used to specify the Text Box dimeansions, not coded video pixels.
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8. Text stream decoding
A hypothetical decoder has been defined for decoding of text sirsams. The Hypothetical Text Decoder (HTD) consists of a
TTU Decoder, a textSampleBuffer, an in-tand-sampleDescriptionBuffer, an  out-of-band-sampleDescriptionBuffer and a
textDecoder; see figure 5. input fo the HTD is a text stream with a bitrate of R kb/s. The valus of R, as well as the
textSampleBuffer size, the in-band-sampleDescriptionBuffer size and the out-of-band-sampieDascriptionBuffer size is
specified per profile and lavel;, see Clause 9.

Decoded text
e

textbam;:v eSu

T 2 T T
i ¥ g ’ Ffer S ‘ Bl
—| inband-sampisescrintionBufier

R kb/s

Text straam

ptionBuffer -

Figure § Hypothetical Text Becoder

In the HTD, each out-of-band sample description utilized by the text stream is provided prior to its usage by the text
stream to the out-of-band-sampleDescriptionBuffar by means not definad by this Specification. The total size in bytes of all
out-of-band sample descriptions used in the text stream shail not exceed the specified size of the out-of-band-
sampleDescriptionBuffar.

At the input of the HTD, the TTU decoder processes each received TTU byte r\stamane%s!v Contained data from text
samples are ransi ferred to the texiSampleBuffer, while in-band provided sample des ns are transferred to the in-
hand-sampieDascriptionBuffer. At any point in time, the total size m bytes of all valid in-band samgle descriptions shall not
axceed the specified size of the in-bend-samplelDescriptionBuffer. Text streams shall be constructed so that each in-band
sample description is compietely present in the in-band-sampleDescriptionBuffer at the instant in fime that a text sample
that references that sample description is decoded.

If the textSampleBuffer is not full, then the bytes of the text stream enter the TTU decoder at a bitvate R; if the
textSampleBuffer is full, no bytes enter the TTU decoder. The byte in the text stream subsequent o the text sample byte
that causes the textSampleBuffer 1o be full does not enter the TTU decoder as long as the textSampleBuffer remains full.
At the instant in time that the presentation of a text sample is to start, the text sample is instantaneously removed from the
textSampleBuffer, decoded and presented. Underflow of the textSampieBuffer occurs if & text sample has not {yet) fully
entered the textSampleBuffer at the instant in time that the text sample is o be presented. Text streams shall be
constructed so, that in the hypothetical text decoder no underflow occurs:

»  The size of each text sample shall be smaiier than or egual to the spacified size of the textSampieRuffer;

«  Taking the fuliness of the texiSampleBuffer into account, there shall ke sufficient time fo deliver the complete text
sampie to the texdSampleBufiar at the specified bitrate prior to its decoding.

Note: In the exireme case thal the size of the previous fext samp,e is equal to the size of textSampleBuffer, then
the next text sample is to be deliversd during the duration of the previous one. To aveid underflow in this
exfremes case, the encoder has to ensure that the duration betwesen the previous non-emply sample and
the next non-emply sampie N {nots that there may be one or more “emply” sampliss in-betwesn) is larger
than the size of the nion-emply sample N divided by the applicable bitrate R.

9. Profiles and Levels for text streams

For text streams this spec-ﬂmﬂon defines only a single profile and a single level: the base profile and the base leval, Other
profile and levels may be defined in future. The profile and level are signaled in fexiConfig, see Clause 7 and table 6

in each text siream that conforms to the base profile, each tool spacified by 3GPP in 3GPP T8 26.245 may be used. In
each text siream that complies with the base level, the HTD parameter values defined in table 8 shall apply. Each decoder
that complies with the base profile and the base level shall be capable of decoding each text stream that conforms to the
base profile and the base level.

14 © ISONEC 2004 — All rights reserved
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Table 8 HTD parameier values for the Basge Level

HTD Parameter Vajue
Bitrate R 10 kbfs
Size of textSampleBuifer 8192 Byte
Size of in-band-sampleDescriptionBuifer 4096 Byte
Size of cut-of-band-sarapleDescriptionBuffer | 4008 Byte

Editorial note: the HTD model and the above numbers need further consideration
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Annex A

Font Referencing

A1 Font references in text streams

Timed Text streams may reference fonts in the receiver. These fonts may ke residently available in the receiver, or
downioadad or sfreamed 1o the receiver. To ensure that the desired fonts in the receiver are referenced correctly, the font
name identification in taxtData(} bas to uniquely reference the name of the desired font in the receiver.

in an MPEG-4 systems context, when a font stréam is used to supply fonts for a text stream, that text stream shali indicate
that dependency by using the dependsonES_ID field in the ES_Descriptor of the {ext siream, containing the ES_ID of the
font stream. Other systems contexts should indicate that dependency in an appropriate way.

in text streams which have an associated font strearn, when a specific font instance in the font stream is to be used for a
text access unit, the font name shall use the appropriate naming structure, which for MPEG-4 font strearns is defined in
14496-18 section 5.5.

18 . @ ISONEC 2004 — All rights reserved
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Foreword

IS0 ¢the intemational Organization for Standardizationy and G {the Inlernational Elecirotechnical
Comrmission} form the specialized system for worldwide standardization. National bodiss that are members of
IS0 or IEC parlicipate In the development of international Standards through iechnical commiltess
gstablished by the respeclive organization 1o deal with particular fislds of technical acthvily. IS0 and IEC
tachnical committess collaborate in fields of mutual interest. Other international organizations, governmanta
and non-governmental, in lisison with 180 and IEC, siso take penl in the work. in the field of information
tachnology, 18O and IED have established a joint technical commitiee, ISOGAEC ITC 1.

imternational Standards are drafied in accordance with the rules given in the 1I8OAEC Diractives, Part 2.

The main task of the joint technioal commilles is {0 prepars International Standards. Drafl internationa
Standards adopled by the joint technicad committes are ciroulated o national bodies for voling, Publication as
an international Slandard reguires approval by at least 75 % of the national bodies casting 8 vole,

Atterdion is drawn io the possibillly that some of the slements of this document may be the subjedt of patent
rights. 1580 and IEC shall not be held responsible for identifying any or all such patant rights,

ISGARC 1440618 was prepared by Joint Technical Committse ISQIAEC 3TC 1, Information fechnology,
Subcommittee SC 28, Coding of audio, picturs, mullimsedia and hypermedia information,

ISOAEC 14486 consisis of the following paris, under the general Hitle Information fechnology — Coding of
audio-visual ohiscts:

e Part 1) Bystems

~  Part 2 Visual

- Parf 3 Audio

- Pari 4 Conformanee festing

- Part & Reference software

e Fast 8 Defivery Mulfimedia infegration Framework (DMIF)

—  Part 7 Opimized reference soffwars for soding of audio-visual objents
~  Fart & Camiage of ISOAEC 14486 confents over IF nabworks

~  Par{ § Referance hardwars deseription

—  Pan 10; Advanced Video Coding

- Fart 11 Soane desceripion and applicalion engine

~  Fart 12: 150 base media We format

—  Part 13 intelfectual Propenly Management and Frofection (IPMEP) exiensions
—  Part {4: MP4 file format

- Fart 18 Advanced Video Coding (AVC) file formal

—  Fart 18; Animation Frarmework aXlension (AFX}
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we Pt 17 Streamiog text format
—  Faif 18: Font comprassion and sfreaming

- Farl 14 Synthegized texture straam
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introduction

ISCAEC 14498 specifies a system for the communication of interactive audic-visual scenes. The spacification
includes the following elemants:

1. the coded reprasentation of natural or synthetic, two-dimensionatl (20) or thrse-dimensional {(30) objects
that can be manifested audibly andfor visually (sudic-visual obiects) {(spacified In pant 1.2 and 3 of
ISOAEL 144883,

2. the cuded represeniation of the spatic-lemporat positioning of audiovisual objects as well as thelr
bahaviour in response o interaction (scene description, specified in part 11 of ISOAEC 14488);

()

the coded representation of information redaled fo the management of dala streams (synchronization,
identification, description and association of siream content, spacified inpart 11 of ISQAEC 14486},

4. g generic interfacs i the date siream delivery layer funclicnality (specified in pari 8 of IBOAED 14468},

5. an application enging for programmatic control of the playsr format, delivery of downioadable Java byte
code as wel as its execulion lifscycle and behaviowr through APls (specified in part i1 of
ISOAEC 14488) and

8. g file format to contain the meadia information of an ISCGIEC 14480 prasentation in a Tlexible, sxiensible
formal to faciitate interchangs, management, aditing, and presantation of the media.

The information represeniation, specified in IBOAED 14488-1 and in ISOMEC 14486-11. describes the means
i creata an interaciive audio-visual sceng in terms of coded audio-visusl information and associated scane
desoription information. The encoded content is praseniad io a terminal as the collection of alementary
streams. Elameniary streams coniain the codsd representation of either sudio or visual data or scene
desoription information or user interaction data. Elementary streams may as well themselves convey
information o identify sireams, o describe logical dependencies bebwesn streams, or to describe information
related to the content of the streams. Each elementary stream contains ondy one typs of data,

Elemantary sireams are deceded using their respective siream-specific decodars. The audio-visugl objects
are composed according 1o the scene desoription information and presented by the lerminal’s presenigtion
davize(s). All these processes are synchronized according to the systems decoder model (SDM) using the
synchronization information provided at the synchronization layer,

The scene description siream identifies different types of obients, such as audio, visusl, 2D and 3D graphics,
sic. that defing a scane composition of the content. Among these shijects, the sssential part of almost any
multimediz presentation is ftexi objscits thal sre crested ulilizing specific custom fonis. Font seisclion
determings the appearzncs of 2 texl in multimedia content and if's the most critical factor that assures et
legibility and readabiiity. i also plays critical role in the overall scene composition sinee the melric propertiss
of o font are used for textual parts of multimedia content layout. Many thousands of forils are gvatiable {oday
for use in content creation and in order fo aasure correct appearance and layoul of a conlent the font data
have o be included {smbedded) with the text chjects as part of the multimedia presantation.

Fortt date compreasion and streaming technology preseniad in this document provide afficient machaniem o
embed font dala in MPEG-4 encoded presentalions.

ui & ISOAES 2004 - Al rights ressrvesd
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information technology — Coding of audio-visual objects —

Part 18
Font compression and streaming

1 Bcops

This part of 1SOAEC 14456 specifiss functionalities for the communication of fort data as part of the MPEG-4
encoded audio-visual presentation. More spacifically, it defines:

1. Fonl format representation that is utilized for font dats encoding {OpenType);
2. Font comprassion lechnology for TrueType and OpenType fonts with TrusType oullines; and

3. The coded representation of information in font ¢ata sireams,

2 HMormative references

The following referenced documents are indispensable for the application of this document. For dalsd
refarsnces, only the edifion cited applies. For undated referencas, the Iatest edition of the refersnced
document {including any amendmenis) applies,

ISOAED 14488-1, infornalion tachnology — Coding of audio-vigual objecls — Fart 1; Systens

ISONET 14488-11, information technology ~— Coding of audio-visual objects — Fart 19 Scene descriplion
and application saging

The QOpenType Specification -  availabls  on the  Microsoft  Typography  website at
<htipAewnw microsoft. comftypography/olepec/defauithim> or the Adobe Solufions Metwork websile st
<htip:/pariners.adobe.comfasnitechitypefopentypalinder jsp>

3 FontDats Format

In order fo guarantese the origingl appearance of the content, 1o preserve corporate branding and Kentity in
stregaming mullimedia presentations and o provide support for all languages, MPEG-4 supponts text rendering
uliizing rich formabing capabilities and custom fonts.

MPES-4 adepts OpenTypeR) version 1.4, 25 its font data format for the purposes of uniform font data
fransmission and predictabls texd rendering. OpenTyps has smergad as the font solution for high-quality texd
procassing, mullimedia applicgtions and cross platform Internst document porlability. OpenType i3 a full-
featured font format that snables the highest qualily of {8t rendering on low-resolution displays, advanced
iypographic features and infernationsl character suppot. B is fully compatible with the sxisting and widely
adopled TrusType ™2 fonts.

MPEG-4 requires fonts 1o contain a Unicode characier map {omap'} table,

1y OpenType is o registerad trademark of Microsoft Corporation.

N

y TrueType is 8 rademark of Apple Computer incomuoratad.
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4 Font Compression Technology

4.9 Overvisw

Transmission of the font data through bandwidih-limited channsgls reguirss sfficient compression lschniques
be applied that allow reducing font dala size without sawrificing quality of texd rendering and advanced
typographic fealures supponted by the foni MPEG-4 adopis MicroType® Express® 2.0 font comprassion
tachnology, which asllows lnssless comprassion of OpenType fonls with TrueType outlines and provides the
capabiiity to render the text without decompressing the whoele font, which significantly reduces memaory
requiremants. The specification of this comprassion mechanism is presentad below,

4.2 Compressed Font Format Specification

4.2.4% introduction

This parl of the document describes the compressad font format that is designed for compast binary
representation of lossless-compressed TrueType and OpenType with TrueType cullines fonts (TTF} and font
soliections (TTC). This fond compression technology for OpenType TrueTyps fonts is designed to minimize
mamory usags for fond data slorsge in resourca-consirained environments, where both ROM and RAM
memory savings are oritical, and build relatively small font fles without saorificing the gquality, featurss and
capabiiities of TrueType and OpenType fonts.

The comprassed fond format provides random access capabiliies into the font data and aliows Tont raslerizer
fo render glyphs dirsclly from the compresssd font {ables withowt dscomprassing the whole font while
maintaining the highest characier quality. The selection and number of compressed tables in a font file may
differ from one font to another. Any number of tables can be comprassed in the same font (from only ore o
ally, which aliows application developars 1o optimize "mamory savings ~ perfornance of ford rendering enging”
trade-off.

Compression slgorithms, applied fo Tont {ables, take advaniage of advancad knowiedge of OpenType fond
tables strupture and meaning of dala Jext, TrueType instructions, glyph data, elc). Separation of thess
objocts inlo groups with distinetly diffarent statistical disiributions allows employing a number of compression
wohnigues, which resuils in producing most compact iossiess-compressad data. These technigues ars
especiaily effective when compressing of the givph data (ghvf’ table), which is typically the biggest table in the
TIF file. The details of the glyph dala compression are described in subslause 4.2.4 of this specification.

4.2.2 Data Types

The comprasssd font format foliows the same SFNT strusturs {used in both TruaType and OpenType) that
providas @ “wrapper” for g collsction of tables in 2 general and extensible manner. Raslerizers use &
combination of tables contained in the font to rendar givph outlines. In order to simplify the process of
fravarsing the tables in a fond, the Beginning of sach table is aligned on the 4-byils boundary and each labls
daia is padded with zeros.

Most tables have version numbers, and the version number for the endire font is contained in the Table
Directory. The comprassed font format specification uses the same daia fypes that are used in the CpanType
specification. For all detalls on daly iypes and version number format please ses the OpenType fond file
specification,

3} AoroType is 3 registersd trademark of Agfs Monotype Comporation.

This information s given for the conventence of users of this international Standard and doss not constitute an
gndoersement by ISQAEC of the product named.
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4.23 Compresssd Font Format

4.2.3.1  The Compresssd Font Header

The comprassed font file formatl is the same as an OpenType font file, which always begins with the Offset
Table followad by the Table Directory entries. If the font file s TTC file, the offsel o each Table Dirsctory is
defined in TTC Header, If the font file contains only one font, the Offset Table will begin 8t byvte ¢ of the file,
For details about an OpenType font Table directory and TTC header structure please sse “Organdzation of an
OpenType Font” in the OpanType font file spacification,

4232 OpenTyps Tables

The OpenType font file specification defines the sel of required tables 1o be used in an OpenType font with
TrueType outiines, When this font compression mechanism s used with OpenTyps fonts with TrueType
silines, the ACTS additional table descriked in the foflowing section is required. The tay describing this table
is ‘acty.

Othar tables may be defined but are not required. OpenType fonts may aiso contain bitmaps of glvphs, in
addition to oullines, as wall a5 other oplional tables that support vertical layout and advanced typographic
features. For a complete st of OpenTyps ford tables, thalr definitions and date structures ses The OpenType
font file specification.

4233 ACTE Table Structure

The 'ACTE iable defines the mapping of alf tables, present in the font, o the colisclion of compressed and
uncomgpressad blocks of data in 3 font file. Since the hersin compressad font file format allows a mixiure of
both compressed and uncomprassed data blocks {0 be present in the fle, the mapping of the dala blocks
relative to the origingl OpenType TrueType tabls structurs will he as follows:

s alf consecutive uncomprassed tables of the origingl font fle will be referenced as & contigucus block
of uncomprassed data by a single entry in the ATT3 iable;

«  gach compressed fable of the original funt flle will be referenced as a block of compressed data by 8
single entry in the ACTS table.

NOTE: The ‘actd’ table is required to be present in the compressed font OpanTypse Table Diregtory, if
the fant e is TrueType collection, then the tabls wilt only ba part of the first fond Table Diveclory and
will contain mapping formation for alf fonts in TrueType Collection font file.

Table 1 - ‘actd table syntax

Data Type Syntax Dascription and Comments
£% ACTI Table Headex®/

USHORT TablaLength Length of the 'actd’ table padded o 4-byis
houndary

DLONG CompFont3ize Size of tha compressed font file

ULONG UnaompFontSize Original size of the uncompressed font file after
CTF compression was appiied to glyph data.

ULONG GiyfStart Cffsat 1o the start of compressed ‘ghyf table in
uncomprassed foni file

OLONG GiyfEnd Cifsat to the position immadiatsly following the

end of compressad gyl teble in
uncomprassad font file

USHORT fumintries Number of different
comprassediuncomprassed data blocks in the
ford fila

% A0T3 Tabls Entrisst/
for {i={; i<numBntries; i++})

H
1
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LOWG BlockStart Offset io the start of uncompressed data block
in original font file

DLONG BlockLength Length of uncompressad data block in original
font fila

ULOKS CompBlockStart Offset to the start of data blook in the
compressad font file

USHORT IsCompressed Flag indicaling whether block is compressed

{norezero i blogk is comprassed, INTERVAL =
isCompressad §
}

£.2.34 Strugturs of Compressed Blook

Each comprassed table in the original OpenType TrusType ford or fond collection fle is represented by the
single block of dala in the ACTS table. The dala is losslessly compressad using caenonical Huffman codes.
Whan the table is compressed, an additional sel of data is generalad In order o enabls the decoder perform
random access into compressed data stream and selectively decomprass only those chunks of data that are
requested by the font rendering engine.

Random access in the comprossed dalass! i achisved by providing additional information on the
sorresponding poaitions of the start of Huffman codeword in the compressed data stream {bitmarks) and the
siart of a icken in the uncomprossed data. This relationship is established through predsfined intervals
between refersnce points in the original data.

The size of the interval between reference poinis affects both the compression efficiency of the encader {a
srnaller intenval would require more date be added io the oulput comprassed data stream) and font rendering
parformance (& bigger interval would require font engine o decompress larger dataset in order io read the
requestad dala). Therefore, 8 carghdl considergtion should be given to selection of the interval behvesn
random access enlry points. The analysis of the TrueType features, thelr sizes and empirical rendering
performancs rasulls for Latin fonls showed that the oplimal placament of reference points is achieved at the
INTERVAL = 128 byles.

The biock of compressed dala has RACS tag and consists of the following dala ssgmaents:

= The dictionary of {okens which were definad by the encoder;
= Definffion of the canonical Huffman codas;
«  Loogtions of the random access pointers 1o the compressed bitsiream and original data;
s Compressed data bitstream.
Tabls 2 — RACS block format

Data Type Byntax Description and Comments

¥ RACS Block Haader */

TAG BACLag Compressad daia 1D string 'RVA'
O3 {OxB24 14503}

DLONG compDataSize Size of the compressed data

ULORE uncompbatadize Original size of the uncomprassad
biock of data

/% RAC3 Dictionazxy ¥/

ULONG numlokens Number of tokens in the dictionary.

BY'TE tokenLengthinumiokens] Array of length for each oken in the
dictionary {in byles).

BYTE of fsetLength Length of the iokenOfset from the
baginning of the tokenSting array o
the start of the token {in byles)

if {effsetlength ==0) Tokens are non-overlapping, sach
{ foken{ifss! inlo the tokenSiring can
be inferrad from the array of
iokenlengthil,
4 & ISOAEE 2004 - All rights reserved
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DLONG tokenStringSize Length of the token8iring in bytes.

BYTE tokenStringtokenStringSize] Dintionary of the tokens.

i oalse We have overiapping tokens, offsais
{ into the tokenSiring are axplicitly
spacifiad in the tokenOfsst]l

BYTE tokenCfiset Array of offsels for each token in the

[ {numTokens*offsetiangth)] tokenSiring, Each slement of the
array is oifseilength byles long,

ULONG tokenStringSize Length of the fokenSiring In bytes.

BYTE tokandtring{tokanstringSiced Dictionary of the tokens.

}
/t Canonical Huffman Codes */

BYTE mumGiroups Number of Huffman code length
groups (oan be from 1 1o 323

BYTE codalength [numGroups] Array of code length In each Huffman
group.

DLONG FilrstSrouplode [numGroups) Asray of tha first code in each
Huffman group.

DLONG lasteroupCode [numGroups Array of tha last code in each
Hudfman group.

/% Random Access Pointers %/

ULONG pumInfervals Numnbey of INTERVAL byls inforvals
in the uncompressed source dala

ULONG pitMarks {mumIntervals] 3it oifgat to the start of the nearest
Huffmarn codeword from the
baginning of compressad data block
sorrasponding to 0™ interval,

BYTE deitaBytes {numIntervals} Offsed to the slart of the naarest
Huffman token from the beginning of
uncompressed sowres data =
INTERVAL * n ~ deliaByiesin]

ULONG BitStringOffaset Bit offsat to the slart of the
compressed biString]] from the
baginning of the compresssd dala
ock.

BYTE BitString{comphataSize- Compressad dala bilstream.

pitStringOffset /8]

4.24 Glyph Dats Comprassion

42449 QOverview

The 'ghyt’ table contains all the information aboul simple and composits glyphs in OpenType TrusType font,
Simple glyphs are recorded as a collsction of dala segments representing number of contours, bounding box,
TTF inslructions for giyph scaling and arrays of data point coordinates. If composite characters are present,
they contain the array of simple glyph indexas giong with the soaling information and TTF instructions for the
composite glyph. These datasets have distinclly differant siatistical distributions of values and, sometimes,
significant levels of redundancy. The use of internal depandencies of giyph dala segments and knowladgs of
TrueType rastarizer behaviowr alfows the application of additional compression algorithms o reduce giyph
data sel without any affact on the funclionality of glyph rendering and the oulput quality of TrueType rasiarizer.

4.2.4.2  Additional Data Types

TruaType (SFNT} file formal often uses USHORT and SHORT data types {o provide snough siorage spacs
for numerical data, However, in the majority of cases the storad number is rather small and can be recorded
within one byte. in order 1o reduce storage size for TTF glyph data while kesping byie alignmeant of data
records we introduce IFSUSHORT and 288SHORY date type that records the numerical Value as follow:

@ IBONED 2004 - All Fights resanved §
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Table 3 - 2ESUBHORT Data Type

Data Type  Syntax Bascription and Comments

BYTE Coda Yalue = Code; & [0.288] %
1% {Cods == 255}

BYTR Valuel Valus = 283 + Valuet; 12835081
alse if {(Code == Z5%4)

BYTR Valuel Yalue = 508 + Valuegt, P [B0G.784} %/
alse if {Code == 253)

USHORT Value Yalue, /[0 B8835] %/

Table § — I588HORY Data Typs

Data Typs  Synisx Description and Comments

BYTE Code Code, /~[0.285] %
1f {Code < 258y {3 Yalue = Code, /M {0,.2481%
glse if {Code == 250} Flip sign cods.

BYTR Valuel Yalue = (SHORTH-{Valuet + 1))
else 1f {Code == 353} Word data code. Codes 2581 and 252

are resarved for "Hop Codes”, sse
bietow and subclause 4.2.4.3 for

datails.
SHORT Valus Value, P 32768 3278701
else 1§ {Coda »= 254}
BYTE Valual Value = Value1+286°(255-Cade}+250;
alse if Yalue = Value1+258°(285-Code)+ 280,
{Code==251 i} Code==Z32) N
i} Raserved HopCods valuas,

4.2.4.3 Glyph Records
4.2434% Qverview

Glyph racords are locatad in the 'ghyf iable of OpenType font. Giyphs are recorded as 2 sat of hounding hox
values, TrueType instructions, flags and oulling dala points. The glyph record size oan be reduced with ne
sffect on the guality of the glyph rendering. This compressad fond format converds simple TTF glvph table
records to lossless Compact Tabls Format {CTF).

42432 Bounding Box

in most casas, the bounding box information can be computed from the data point coordinates and, tharefore,
bounding box information may be omitted in glyph record.

4.24.3.3 Conlour End Poinis

TrueType glyphs storg actual numbers of the end point for sach contour. OTF stores the number of points in
each contour instead, which is typically less then 258, Transiztion to the endpoint number i3 simply the
cumulative sum of point count in all precading contours.

4.2.4.3.4 Instructions

TrueType glyphs contain instructions for glyph soaling. Glyph programs typically siart with 8 burst of various
PUSH instructions fo initialize the stack for a TrusType instructions belonging to that glvph. TrusType provides
four different types of PUSH matructions that ocoupy 18 different opeadss. In order to optimize data storage

8§ @ ISOAET 2004 ~ Al righits resenssd
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size, the CTF formal slores only data o be pushed onto the stack. The translation process back to TTF
genaraiss a new sequence of oplimized TrusType PUSH instructions that rasulls in the identical functionality
of glyph program.

The storage formatl of the inltial push dals uliizes additional HopCUodes that make use of the specific dats
pattarns oheevad in TrueType data. § oapitalizes on a specific distribution of the dala that a traditional
comprassion lechnologies do not lake advantage of. A typical TrueType dala sequence conlaing valus stream
that has the same value rapeating periodically among other values, 8.9, A, x1, & x2, &, x3, sic. Each value is
of type SHORT and ocouples 2 byles of sforage. An additional set of HopCodes allows the reduction of the
dataset size by applying ths following transformation:

e A, xt A x2, A~ translated tor &, x1, Hop3QCods, x2. (Hop3Cads = BxFBY;
= A xl & x@ A x3, A~ transiated to &, X1, HopdQode, %2, x3, (HapdCode = OxFC).

42438 Glyph Program Table

The foliowing lable describes the giyph program in CTF format

Tabie § — Glyph Program Table

Data Type  Syniax Description and Comments

285USHORT pushCount Number of data tems in the push data
stream.

2558HORT  pushbata{pushCount] See sampls € funclion for HopCodas
processing.

255USHORT codelize Glyph program ramaining code size.

BYTE instructions{codeSize] Remaining TrueType insiruclions,

42438 Transiation of HopCodss

Tha following © code can be used to ranslate segquence of HopCodes:

SHORT A;
SHORY pushlount = Read2iSUShort {input);
SHORT *pushData = ([SHORT *} mallioc{sizeof {SHORT} ~ pushlount):
for { 1L = 8; i X pushCount: } |{

code = Yippaty

if {code == HopiCode § {
A = pushData{i-Z};
ippul+ts /% HopiCode */
pushiatali++] = Ay i A v
pushiatafi++] = Read2SiShort (inputi: /% X2 */
pushiata {i++] = Ay [ S

} else 1f {code == Hopdlode } {
A = pushDataii-2};
inputdts /i HopdCode */
pushData [i++] = A; AR SV
pushDatafi++] = Bead2iSShort {input); /% X2 ¥/
pushDatafi++] = A; Fxon o/
pushDatal{i++] = ReadZBiS3hortiimput}; /¥ X3 ¥/
pushData{i++] = A; AN

} oelse {

pushDavafi++] = Read2558hort {input); /* Data %/

ok
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4244 CTF Glyph Data

The following table contains information that deseribes the glyph data in CTF format.

Table § — OTF Glyph Data Table

Data Typs Syniax Description and Comments
SHORT nunContours Number of condours in the ghvph, also
wsed as a flag.
if {numContours < 0) i numContours == -1, tha glyph s
{ somposite glyph.
SHORYT xMin Minimum X value for coordinate data
SHORT yiMin Minimum Y valus for coordinate data
SHORT xMax Maximum X value for coordinate data
SHORT yMax Maximum Y value for goordinate data
/% Composite CTF Glyph
Tablae ¥/
b oeluas |
LE inumContours == (x77FF} This is a fag, read new value and
{ bounding box information below,
SHORT numConbours Agtual number of contours in the glyph.
SHORT XMin Minimum X value for coordinate data
SHORT yMin Minimum Y value for coordinals data
SHORT xMaz Maximum X value for coordinate data
SHORT yMax fMaximum Y value for coordinate data
} eise Bounding box information omitted and
i} shouid be computad from the glyph

daiz coordinales.

/% Simple CTF Glyph Tabls
*/

4248 Simple OTF Glyph Data

A simple glyph defines all the contours and points thal are used to create the glyph oulline. Each puint is
presented in a {Hag, xQoordinate, yCoordinale} triplet that i3 siored with the variable lengih encoding
consuming 2 1o § byles per friplet. The flag value is always stored in the first byle of triplet and defings the
format and properties of tha point coordinales.

The muost significant bit of the flag indicates whether the point is on- or off-curve point. The remaining 7 bits
specily 128 possible combinations which define date formatl and value for X and Y coordinates of a point and
spacify the combination of the following properties:

Total number of bytes used for this tniplst {byle county;

MNumber of bits used for desoribing X coordinate value (X bitsh;
Numbsr of bits for describing Y courdinate valus (Y bits);

An additional amount to be added io X coordinale value {delta X);
An additional amount {o be added to ¥ coordinate value {delia Y
The sign of X coordinate vaiue {X sign});

The sign of Y coordinate value {Y sign.

- @ @ ® & 2 @

Each of the 128 combinations identify a uniqus sat of thesse seven properiies which have been assigned afler
careful consideration has been given o the iypical siatistical distribution of data found in TruaType filas. As a
rasull, the dataset size in CTF formatl s significantly reduced comparsd 1o the native TrueTyps formatl
However, the dalza is lef byle aligned so that an Huffman enlropy coder can be easily applied on the second
stags.

8 B8
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Unlike the native TrueType formals that allows X and Y coordinales values be defined either in refative or
absoluta values, the OTF formal always defines X and Y coordinatas as relalive values 1o the previcus point.
The first point is relative to {8,0). The information on data formats of xCourdinales]] and yCoordinatesh of
givph data can he found in the subclause 4,2.4 7 of this specification. This ishle describes simple glvph data
in CTF formal.

Table 7 — Simple CTF Glyph Table

Data Type  Syniax Description and Comments
/% Data */
255USHORT  contourPoints [numContours] Number of points in sach contour,

curmulative sum should be calouiated to
defing tolal numbser of points.

BYTE flags inumPoints] Array of flags for each conrdinate In
glvph outline,

Variable  zZCoordinatesinumPoints] Array of X coordinales for glyph outline

tength poinis,

bit field

Variable  yCeoordinatasnumPoiots} Array of ¥ coordinalss for glyph outline

length poinds,

hit field

£ Slyph Program Table ®/

4248 Qomposite $TF Glyph Dats

This iable deseribes composiis ghyph dala in CTF formal,

Table 8 — Composite OTF Glyph Table

Data Type  8yntax Description and Commants
/% Data */
do | # for glt ghyph components ¥
flaygs Flags for sach component in composile
glyph,
See "giyf” iable apacification for more
information.

}owhiia

{flags & MORE_COMPONENTS);

if (fiags & WE HAVE IRSTR) |
/% Glyph Program Table ¥/

}

The information on data formats of fagst], xCoordinates) and yCoordinates] of glyph datas section can be
found in the 'ghyf’ table of OpenType font formal specification.

4.2.47  Triplst Encoding of X and ¥ Coordinates

The fallowing iable prasents information on Tripiet Encoding (laghl, xCoordinatesl], yOoordinatesi]) of simple
glyph outline points.

Pleass note ~ “Byle Count” field reflects total size of the ipls!, including 'flags’.

B ISCAES 2004 ~ A righis reservad §
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index Byts Count X bits Y bits Delta X Delta¥ Xsign Y sign

257 - -

313 + +

513 + -

513 +
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The coordinale values of simple glyph cutline points are caloulated as follows:

iXmigonl ¥ {xCoordinate{i] + DeltaX{indaxi);

Zeoord{il = {SHORT
HORTY {{Y¥sign)* {vCoordinate[i} + Delta¥lindexi):

H Vo
K} LAY
Yooorad {1l = {[SHGRT) {

§ Font Dats Stream

5.4  Structure of the Font Data Stream

Foni data streams are sireams of streamType FontDataSteam Ol (sse ISGAEC 14488-1, Table 7},
identified by a specific obieciTypeindication 008 (sae ISOAEC 144881, Table 8). A font data siream consisls
of one or mors access units with font dala.

£.2  Actess Unit Definition

§.24 QOverview

A font data access unit conveys data for one single font, or a subset thereol. Two access unit formals are
spacified, discriminated by the DecoderSpecificinia for the font data stream {see subclause §.4). Only ane of
these access unil formats can be selected for a given font data siream.

The basic accsss unit format permils to convey font data withowt any headsr information. The
DeooderSpecificinfo provides the kentification of the fond and, possibly, the subset thereof thal is conveyed.
Tha content of subsequent basic accass units in such a font data stream shall replacs the font or font subsst
data of previcus basic access unils.

The snhanced access unit format provides a seff-contained formal whers 8n access unit header contains all
necessary information aboul the font data conveyed in this access unit,

Acoess unils in font data streams shall be isbhelled and time-stamped by suilabla means. This shall bs done
via the relaled flags and the composition lime stamps, respectively, in the SL packet header {see [SEC
14488-1, 10.2.4). The composition lime indicales the point in time al which a font data access unit becomes
valid, {e., whean the smbedded font information bscomes avallable for font rendering. Decoding and
camposition time for a font data access unit shall always have ihe same value.

For all hasie acoess unils and those enhanced access unils thal have fontSubsetExtensionFiag setio

‘@ the randombcoessPointFlag in the SU packe! header shall be sel to "1’ for this access unit. Otherwise,
the randembacessPointFlag shall be sat o 0.

2 2 ISOAEC 2004 - Al rights reserved
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§2.2 Syntax

clgss BasicFontdocessinit{} |
Livi{%) fontDats{sizedfinstancel}:;

lass EnhancedfontAccessUnit{) |
fontFﬁAmu:,

{1} 2Font;
Biu (R} Namalangt
hiv {8} fcntusma.,nntN W@Length};
DIt {7} fontdubsetliD:
it {i} fontSubsetExtsnsionflag?
it {8} f01t§“0b nfolangth;
bit {8} fontSpecinio{fontSpecinfolengthil:
bit {8 fow!Da;ai‘ ze@fingtance - fontMamelength ~ fonitSpecinfolength - %

§.23.3 Semantics

fontFormat — indicates tha format of the acoess unit ag follows.

Table 18 ~ fontFormat values for EnhancedAcesssinit

fontPormat | Acsess unif content

Oxli Forbidden

it OpanTyps wilh TrueType oullines
{uncomprassed)

OxQ2 OpenType with TrueType oullines

comprassed using the compression
mechanism desoribed in subclause
S Gpentype DFF

OxD4 ~ Ox3F 180 raserved

Ol - Ox7F User private

H

orefont i setic 7, the lerminal shall slore the font information contained within the acoess unit &t least
until the end of the current session. Othenwise, the font information becomes unavaliable as soon as the font
data siream becomes unavailable,

NOTE — Detalls of parsistent siorage are beyond the scope of this specification

fontMamelength - spacifies the langth in characters of the fontName fisld
fonth - & Unicode (SOAEC 10848-1) encoded siring thal indicates the name of the font

neetID ~ specifies & numsrical 1D for 2 subsel of the font oconveyed in this acosss unit, I
f\: t:‘ nsetID eguals Ox00, the access unit containg the complels ford data. The value of (xTF shall not be

ontSubsetExtensionFlag ~ if sal to one indicates that the font data in this access unit is an sxdension of
the previpusly sent font subsst with the same fontName and fonitSubsetID Clherwise the font subsat
replaces any previous font subse! with the same fontName and fontSubsetlin

fantSpecinfolength - defines the length in byles of the font3pecinfo fald
fontSpecinfo ~Is an opagqus container with information for a spegific font handier,
fontData - containg the font data in the specifisd fontFormat.

13
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§.3 Time Base for Font Data Streams

The time base associated with a font data siream shall be indicated by suilable means. This shall be dons by
the use of obied! clock reference time stamps in the SL packat headers {see ISGAEC 14486-1, 10.2.4} for this
siream or by indicating the slementary stream from which this fort dala stream inherits the time base (sss
ISOARC 14488-1, 10.2.3). Al time stamps in the Sh-packetized font data stream rafer o this time base.

&84 Font Data Decoder Configuration

84,1 Byntax

class FontbatabaecoderConfiguration extends DecoderSpecificinfoe @ bit(8)
tag=Declpecificinfelag {
it {7} FfontPormat:
if {fontFormat i= Ox40)
kit {l} storeFont;
bit {8} fontNamsbiengths
bit{8) fontName{fontNsmelengihl;
Bit {7} fontBubzetiId;
bit{l} reserved = 1;
kit {8} fontSpsoinfolsizetilnsvance - fontMamelength - 41;

§4.2 Semantics

fontFPormat — indicalas the formal of the acoess unil as follows.

Tabie 41 — fontFormat vaiuss for FontDatalecoderContiguration

fontFormat | Acgess unit content

Ox00 enhanced access unit format

] OpenType  with  TrueType outlings
{uncomprassed)

{x02 Cpenlype  with  TrueTyps  oullines

compressed  using the  compression
machanism described in subclause 4.2
OxG3 OpenType OFF

Ox(4 ~ Ox3F IS0 reasrved

Uxdd - ¥t User private

A fontFormat of Ox00 indicates the use of the enhanced atoess unit formatl for this stream. In this format, all
irformation abow the Tont data is conveyed within each access unil

storaFont ~ i set {07, tha tarminal shall store the font information contained within the access unit at lsast
until the end of the current session. Otherwise, the fon! information becomes unavaiiable 85 soon as the font
data stream becomes unavailabla,

NOTE — Details of persistent storage are bevond the scope of this specification.

fontRamelength — specifies the length in characters of he fontNane Held,
fontName - & Unicods (ISOAETS 10848-1) encoded string that indicates the name of the font,

fontSubsatID ~ specifies a3 numerdical 1D for 2 subset of the font conveyed in this accsss unit f
fontSubsetID equals OxO0, the access unit containg the compilels font data. The valus of BxTF shall not be
usad.

fontSpecInfolength - dafines the fength in byles of the fontSpecinfo field

fortSpecinfo —is an opagque container with information for a spacific foni handier,

14 £ ISOAEC 2004 - Al righis reserved
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§.8 Accessing the Font Data

A font presented in elther BasicFontAocessUnit o EnhancedFontAcocessinit of 8 FontDataitream
can be iKentifled by a number of differant altributes. One common identifler for fonts s the font nama.
However, a font can be presented sither ag & whols fonl, or as an arbitrary subsel of an original font. In both
cases ihe font name wilt be the same while the aclual font data included in access unit may vary. In order {0
explicitly identify o font {or & subss! thereof), the following syntax shall be used as the font name:

*zfontNames{;0D:<odid>] {; FEID:<faidx1”, whare :

- <fontMame> I8 a Unicode encoded sking that indicates the name of the font, as comveyed by
fontName field in sither BasicFontAccessinit of EnhancedFeontAccessinit of associated
funt data stream;

- <odid> s the numerio value of the cviectDesariptorID of the associated font data siream;

-~ «faid> is the numeric value of the reguested font {or a font subsel} as conveyed by fontSubsetID
within the BasicFontAccesstUnit Of EnhancedFontAccessiUnit of associated font data stream.

For sxample, a fontNams “"Times New Roman; OD:18; FSID:11® would indicate that & font dala
presented in the font dala stream associated with the objectDescriptorID = 18 and is conveyed by the

FontAccesaidnit with fontSubsetIl = 11 shall be used, or, if font data stream is
net present, & font "Times New Romao®™ shall be used for fext rendering, f avaiiable in the MPEG-4
terminal,

§ Text Profiies and Levels
8.1 Simple Text Profile and Levsls

841 Application arsa

Proposed structure of the Simple profile is designad to satisfy the needs of the majorily of languages that do
nol reguire support for complex soript procassing and advanced iypographic festures. i's also aimed to
minimize the implementation complexity of the tesrminals, limiting font rendering capabiliies to fonts with
TrueTyps ocullines only. Thess lmitations sllow using all existing TrueType fonis and OpenType fonts with
TrusType outlines conlaining the set of required tables only and embedded bitmaps. Ths functionality of the
Simple profile can be implasmented utilizing previcusly defined Text and FontBiyls BIFS nodes and doss not
reguire the use of new XFont8tyle noude {see ISOAED 14488-11 for details).

§.4.2  Listof tooksfunctionalities
The Simpls Text Frofile represends the collection of iogls that are required o guaranies the predictable and

faithful reproduction of fext obisols ulilizing TrueType fonis and simple language soripts {e.g. Weslem
Eurepsan and some Asian languages). The profile alse provides tools for font compression and sireaming.

§.4.3 Comparison with existing profiies

The Simple Text Profile is the lowes! laved profile defined for text suppori. it regquires support for rendering of
fonts with TruaType oullines, which is available on the majorily of software platforms and operations syslems.

8.4.4 Simple Text Profils @ Level 1 Definition
¢ Support for resident fonts;

« Rendering of OpenType fonts with TrueType outlines {only required iables defined in the
OpenType specification and embedded bitmaps are supporied).
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$.4.8 Simple Texi Profile @ Level 2 Definition

= Support for resident fonls;

+ Rendering of OpenType fonts with TrueType oullines {only required tables defined in the
CpenTyps specification and ambeddad bitmaps are suppaited);

s Streaming of uncompraessad fonts only,
§.4.8 Simpls Toxt Profile § Level 3 Definition

¢ Suppor for resident fonts:

« Rendering of OpenType fonis with TrueType outlines {only required tables defined in the
OpenType spacification and smbedded bitmaps are supported);

e Bireaming of compressad and uncomprassed fonds.
8.2 Advanced Simple Text Profile and Levels

8.2.1  Application area

Proposed struckire of the Advanced Simple Text Profile 8 designed to satisfy the needs of those languages
that either require or would benefl from the support for advanced ivpographic features {s.g. stylistic
afternatives and historicad forms in Latin languages, support for hoth lowercase and small cap characters,
support for ligatires and givph substifution and positioning, sis.). K's also aimed o reduce the implementation
complexity of the terminals, fimiting font rendering capabilities to support TrusType outlines only. This
firnitation allows using sl existing TrueType fonts and OpenType fonts with TrueTyps sutlines.

8.2.2 Listof toolsffuncionalities
The Advanced Simple Text Profile represenis the collsction of tools that are required 1o guaranies the
pradictable and faithful reproduction of text objects ulilizing OpenType fonls with TrueType oullines and

complex language soripls {8.9. Arabic and Indic soripts, as well as many other ianguage soripls). The profile
alaw provides tools for font compression and streaming.

§.2.3 Comparison with existing profiies

The Advanced Simple Profile miends the Simple Text Profile by adding the capabiiity to support advanced
fext layout and advanced iypugraphic fealures (e.g. bl-directional lext randering, figalures, ghyph substibution
and positioning, ste)}

$.2.4 Advanced Simple Text Profile @ Level 1 Definition

s Support for resident fonis;
»  Rendering of OpenType fonis with TruaType cutlines;
»  Suppor for OpenType Layout and advanced fealures.

§.2.8 Advanced Simple Text Profile @ Level 2 Definition

»  Suppon for resident fonts;

e« FHendering of CpenType fonts with TrueType outlines;
e Support for OpenTyps Layout and advanced featuras;
s Sireaming of uncompressad fonts only,

§.2.8 Advanced Simpls Text Profile @ Level 3 Definition

s Support for resident fonts;

18 D ISTARS 2004 - A fights ressrved
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s Rendering of OpanType fonis with TrueType mutlines,;
¢ Support for OpenType Layout and advanced features,;
= Sireaming of compressed and uncomprassad fonts.

8.3 BHain Texi Profile and Levels

8.3.1 Application arsa

Froposed structure of the Maln Texi Profile is dasigned fo satisfy the needs of those languages that sither
require or would benefit from the support for advanced typographic featurss. § alse allows using all existing
TruaTyps fonis and OpenType funts with both TrueType and CFF cutlines,

§.3.2 List of ioolsfunctionalitizs

The Main Text Profile reprasents the collection of tools that are required 1o guaraniae the prediclable and
faithfuf reproduction of text objects utilizing OpenType fonds with either TrueType or OFF putlines and complex
language scripts {8.g. Arabic and indic soripls, as well as many other fanguage soripts), The profile also
provides {ools for foni compression and streaming.

§.3.3 Comparison with existing profiles

The Main Text Profile extends the Advanced Simple Text Profils by adding the capabiiity to render OpenType
fonis with CFF/Type 1 outlines with full suppon for advanced taxd layout and advanced typographic faatures
{8.g. hi-directional text rendering, ligatures, givph subsiiiution and positioning, stc.}

§.3.4 WMain Text Profite @ Level 1 Befinhion

s Support for resident fonts;
+  Rendering of OpenType fonts with TruaType and OFF outlines;
»  Support for OpenType Layout and advanced features.

$.3.5 Main Text Profile @ Level 2 Dafinition

= Support for resident forts,;

s Rendering of OpenTyps fonts with TrueTyps and CFF autlines;
s Support for OpenType Layout and advanced featuras;

= Streaming of uncompressed fonls anly.

§.3.% Main Text Profile @& Level 3 Definition

s Suppor for rasident fonts;

=« Raendering of OpenType fonts with TrusType and CFF outlines;
»  Support for OpenType Layout and advanced features;

»  Sirsaming of compressad and uncompressed fonls,

S ISOAEC 2004 ~ Al rights reserved 47
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Annex A
{informative)

Patent Sialements

The international Organization for Stendardization and the Infernational Electrolechnical Commission (EC)

draw atiention 1o the fact that it i3 claimed that compliancs with this part of ISGAEC 14488 may involve the
use of patents.

IS0 and IEC take no position concarming the evidence, validity and scups of these patent righis,

The holders of these palent righls have assurad the 180 and IED that they are willing to negotiate licences
ynder reasonable and non-diseriminatory terms and conditions with applicanis throughout the world, in this
raspect, the statements of the holders of thass patents right are regiatered with IS0 and 1IEC. Information may
he oblained from the companies lisled below,

Attention iz drawn to the possibility that some of the slements of this parl of IBOAED 14488 may be the
subject of patant rights ofther than those identiffied in this annex, 130 and IEC shall not be held rasponsibis for
iderdifying any or all such patsnt rights.

Company

Agfa Monotype Corporation

Apple Computer, ing.
iBM

Microsol Corporation

i% @ ISOAED 2004 ~ Al rights ressrved
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Main Menu
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Yhat is Matroska?
Dowrioads

MNaws

CGuides

FAQ

Technical! info
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Spaaifications
Specification Notas
Order Guidelines

Cades Spees

Chapters

Streaming

Merii

Foum

Contact

Legal

- Matroska Streaming

| Trere exist rnultinle way s to stream a contert. The term sireaming itself i very vague. It means mading a file stored on 5 server. But the
. server could be very distant or very close. The transpart sy stem and the protoce! used for streaming makes the whole difference.

in the case of Matroske, there are mostly 2 different kinds of stream: file access and live streamin

File Access

File access can simply be rzading a file | ed o your compl
: share) server. hese protocal are usually safe from re
stored far or on a slow servar, sesking osn be an expensive operation and should be svoided. That's why we sot a faw guidelines that,
Wh o reduce the number of seeking for regulsr play back snd slso havethe playback start quickly without a fot of data
needed fo read first (ke the Cues (index). Attachments or Meta Seek of all the Clusters).

1, but aiso ac & { er o S pwindows
e is

mad overhead, it e well suited for storin
2d the index before playing {the ind

£

civideos on file servers without having a hig impact on the bandwidth
¢ can be loaded enly when seeking s requested the first time), so

Matiossks having &
used. it doesn't require to !
piay hack can start very g

Live Streaming

o Live streaming is the equivalent of TV bmadzasting on the intemet. There are 2 families of servers for that. The RTP/RTSE ones snd the
© HTTP servers, Matro sant 1o be used over RTR. RTP already has timing and o
©in Matroska. On the other hand five streaming of Matroska over HTTR {or any other glain protoco! based on TOP} is very possible.

nel mechanisms that would wasted if doubled

<@ is not

L Allve Matiosha stream is diff erent than a file, because it may have no known end (only when the client disconnects). For that the

| BNSDOCID: <X
| BNSDOCID: -

2458976, 1> 1612171143 10/htip:/fraatroska.org/technical/streaming/index
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Segment #ust use the “unknow” size {alt 15 in the size). The other option would be to concatenate Segraents with known sizes one after the
other. This soiution aliows a change of codecliesoition between esach segment which can be useful in some cases {swilch belween 4:3 and
18:8 in some YV programs for example).

© The Segment(s) being continucus, certain elements fike Meta Seek, Cues, Chapters, Altachments nust not be used in this context.

Orn the player side, It Is possible to detect that a stream is not seekasble. i the stream does not have a Meta Ssek list or a Cues iist at the
beginning of the stream, it should be considered as non seekable. Even though it's still theoretically possible 1 seek blindly forward in the

aam, if the server supports it

In the context of a live radie or even web TV it should be possitle to “Tag" the content that is cumently playing. The Tags level 1 slement

can be placed between Clusters each Hme necessary. In that case, the new Tags found must reset the previously encountered tags and
¢ use the new values instead (be they empty).

COPRIGHtE 2008 - 2010 S 0SKR [rongrolit org, Al Ristds Reserved
XHTHL & C35S Valia

{BNSDOCID: <XF
po i

s52a58978_8 > 1012171143 10/httpr//matroska.org/technical/streaming/index.hitml
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Please note
The information provided by this document is provided on an "as is” basis. No responsibility is assuraed
by Matrox Blectronic Sysiems Lid. for ite use; nor for any infringements of patents or other rights of third

parties resulting from its use. No license is granted under any patents or patend rights of Matrox
Electronic Systems Lid.
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1.0 Introduction

BNSDOCHN <P 2ITEREA_ s

The GpenlML File Format Subcommitiee is defining an 4 Yi-compadble (o tormu thae
addresses the particular needs of professional video. As such, this document relates specific
proposals to these needs,

Further work by OpeaDML will claborate on oxtensions 1o the Codec and Videap
specifications of Yideo for Windows to mset the needs of professional video,

Scope

This document describes the proposed format of the OpenDML-compliant AVI extensions,
specifically for the Motion-JPEG DIB AVY file. This format is an extension 1o the AV M-
JPEG DIB as defined in the JPEG DB FORMAT technical note frovn Microsoft. The format is
based on the 180 10918 defined JPEG format.

¥t is asswumed that the reader is familiar with JPEG as defined in the ISO 10218 docomen, For
additional information on JPEG, ses the 180 0918 Information technology - Digial
compression and coding of continuous-tone siifl images: Requiremenis and gutdelines,

For additional information abowt the IPEG DIB formal, ses Microsoft Multimedia Technical
Note JPEG DB FORMAT.

For additional information about RIFF files see the Microsoft Windows Software Development
Xit Multimedia Programmer’s Guide and Muliimedia Programmer's Referancs.

For additional information on nstallable compressors and decompressors, see the Video
CompressionDiecompression Drivers technica! note from Microsoft,

Portions of the above Microsoft documents have been reprinted with perrmission of Microscft
Corp.

OpenDML Sub-Commitiee on File Format: High Level Goals

» Interoperability and AVI Compatibility

» Largs File Support

» Frame and Feld Indexing

» Interleaving Andio with Video

s Sooree and Header Information Storage

s OpenDML File Formad Certification Code

s Microsoft Certification and Communication

Version History

Version 1.0 November 13, 1985 First Release

Varsion 1.1 Decernber 18, 1985 includes small changes from Microsaoft

Seope
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1.0 Overview of Profession Video Requirements

Goal

Provide interoperability between different hardware and software vendors’ Motion JPEG
sodecs. Support Yideo for Windows AV file format for MIPG video, while improving the
performance of these systens.

Issues

AVE: Support Current AVI Format

The goal i3 1o support interoperability by standardizing on the AVY fide format for Maotion-
JPEG video. This implies a mimnwm compatibility (o support the standard AV file access
mterface, as well as the videap and codecs that are pant of Video for Windows. This means
support of the MIPG DIB specification, supporting the RIFF file format as well as the
standard AV stream headers, allowing for optional andio interleaving, and supporting one
storage of one frame of video per ##dc data chunk in the LIST "movi’ chunk of the AVI file.

850 Figlds Per Second vs. 30 Frames Per Bescond; or 24 Frames Per
Second For Film

Frofessional Video Applications require the ability to seguence individual fields of the video
data for certain playback rates and video effects. For example, i order to do a slow motion
effect, i is not sufficient to just repeal the frames; the fields must be individually repeated. For
example, as sequence of fiekds in a file numbered 123456... shonld be played at half speed as
11223344, rather than 12123434, ... As such, the individual felds should be accesaible. AVE
requires that frames are stored per data chunk. Storing individual fields in sach chunk would
break AV1 applications.

The extended AV] format will allow for access to individual fields. In addition, the format will
allow for storage of 24 frame based files, such that file readers can properly convert between
24 frarne-based data storage and 23 or 30 frame PAL and NTSC playback.

improved Tombsione and Header Information

Professional video applications need extended information such as starting timecode and reel
i1 to be contained inside the AV file. More advanced information such as the location of
timecode discontinuities, etc. are also desirable.

Openldl AV Fils Forma! Extansions
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2.0 Increased AVl File Size

introduction: RIFF Chunk Format
The AV file begins 23’2 standard RIFF chonk (note that this is & non-standard representation
that shows the 4-byte size):
RIFF {siza} “AVI ¢

Standard RiIFF AV {form
REFF chunk data

L-MW shunk sixe

There is only one RIFF chunk pey file. RIFF sub-chunks nuay be either LIST chunks or regular
sub-chunks. The LIST chunk obeys the same structore and may have regnlar or LIST sub-
chunks; all other RIFF sub-chunks have just an 1D identifier and a size. These regular sub-
churks may not have sub-chunks,

increased File Size Limits &> 1 GB)

The current RIFF {ile format implies a maximum chank size of 4 GB hecause the size s stored
ag & 32-bit value. However, limitations o the RIFF parser code and MCLAV] Hmits the file to
only 1 OB. &t data rates of 10 MB/s, a § GB file will last less than 2 minutes.

Extension for File Siee > 1 GB

An AV file can be sautended beyond | GB by placing more than one RIFF chunk in the sams
file {which is legal). Bach RIFF chunk can have 8 maximum size of 1 GB. Standard AV
apphications will see the first RIFF chunk (RIFF *AVI”} as a standard AV file, and this chunk
should be complete. Information that the file is extended over 1 GB should be placed in the
Extended AVY header {see below). Subseguent RIFF chunds will be identified by the AVIX
{for AV extended) chunk 1d. These RIEFF *AVIX' chunks do not need to contain further data.
} s sxpected that the AVIX chunks only contain LIST *movi” data. Al other AV information
should be stored in the first (RIFF "4V} chunk 5o that & is scoessible by all applications.

introduction: FIFF Chunk Forma
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RIFF AViformforfiles > 1 GB

trst - 1 QE of RIFT date . _extended chunk daa
» [, S

real filg langth
in samples

Lm hender indicating L

presence RIFF AVIX chunks
First chunk {« 1 GB}

Extencled chunk size

OpenDiL AV File Format Exdensions
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3.0 Frame and Field Indexing

infrogduction: 'idx? Index Chunk

The A%1 file format specifies an optional "idx 1’ chunk, which containg a hst of the offsets and
chank types of every chunk inside the LIST ‘movi’ chunk. This iist is used to make AV
plavback and sesks mors efficient because the Iocstion of each frame of video can be found
withoot scanning through each sub-chunk of the LIST “mowvi” data.

Btandard i form
LIBT movi chunk data iixt ohunk dada
i e

~ data of ikt chunk is an index 1o sach mo
sub-chunk, includes offset and length of sach chunk

isgues

Altow Field Indexing ;o

In order wo suppont fleld scourste indexing while still retaining AV compatibility, the video
data musi be stored one frarne per #de ‘movi” chunk, while an index must be present that
gives the locations of both fielde GF they exist) within the frame. Applcations could then nse
fizld-based codecs o perform feld-based effects {e.g., slow motion, stc.).

Alow Incremanial Growth of Files

The "idx 1’ chunk follows the LIST ‘movi’ chunk in the file. As such, it must be movsd in order
1o insert new data imothe file. An nterleaved frame index would be more sfficient for the
purposes of file growth,

Minimize Disk Sesks

In playback, there are several causes of inefficiency. One 15 that the index is at the end of the
file, requiring a large seek when opening the file. The other is that the index #self contains all
the churds inside the “mov data, not just those for ons AVY stream. As such, the index must
be preprocessed so that the focation of sach Frame in the index can be found,

fndroduction: Sidx ! index Chun
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Proposed Index List

Overview
Instead of using an mdex chonk like idal’, a new index siructure is proposed. The indey has
the following main characteristics:

s The can either be a single index chunk, or a two tiered index, with a super index pointing o
interleaved index segments in the ‘movi® data.

« The index can mchade locations of the fields within a frame.
« The indsx has no restrictions to 4 GB file size,
e There is an mndex per data stregm (G necessary).
The advantages of the index are as follows:
¢ The index can contam the Jocations of the individual fields in cach chunk as well as the
chunk information as a whole, The ‘idx1° chunk only contains indices of the frames.

o The index segments are interleaved within the “movi’ data, meaning that the file can be
grown. The 1dx1’ chunk is present at the end of the file. It must be moved for the file o

grow.
¢ The index segment is synaller than an "idxl’ chunk, so the amount of data needed 10 be read

in order (0 access a particular frame 15 less. Also, if the index is interleaved before its data

(r.e., less efficient in write), then playback will be more efficient than the ‘idx 1’ chunk.

e The ixdex Hsts are present per stream normber {(#¥). As such, the list can be accesses like an
array, unlife the dx 1’ churk, which contains entries for all ‘movi’ chunks from all
sirgams.

The index is implemented as an index of indexes {optional) and an index of chunks. Both are
based on a base mndex form.

Base Index Form ‘indx’
Thus the actual implernentation is based on a base index form “indx "
struct _aviindex_chunk {

FOURCT fooy

DRORD cb;

WORD  wiongsPerEntoy; // size of each entry in aIndex array

BYTE bindexSubType; /7 futuyre use. must be O

BYTE  biIndexType: /f one of AVI_INDEX * cades

DWORD nEntriesinUse; /7 dndex of first unused mewmber in aindex array
DRORD  dwChunkId; /7 foe of what is indexed

DWORD  dSwReserved (3] // wesning differs for each index

£/ type/subtype. ¢ if unused
struct _aviindex_eutry |
DWORD adw {wlongsPerEntxy];
} arndex{ };

}:

QpenlDML AVI File Format Extensions
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The actual size of the entries of the aIndew grray is emered inlo whongs PerEntry,
Between the < fiald and wlhongsFerEnury the actoal sive of the array i known. The field

1WEntriesinlse allows a chunk 10 be allocated longer than the actual nuwmber of vsed
glernents i the array.

The types defined for the bindexType and hIndexdubtype feld are the following:

J{ biIndexType codes
:
1

#define AVI_INDEX OF INWDBEXES 0x00 £f when sach entry in a3index

.

J4 array points o an index chunk

fdefine AVI INDEX _OF CHUNKS (=gl £ when each entry in alndex

A7 axrasy points to 3 chunk in the
file
#deline AVI_INDEX IS DAT GxE D £4 when each entry is aindex is

/¢ really the data
J¢ bIndexSubtype codes for INDEX OF CHURKS

i
f#define AVI INDEX 2FIELD Ox81 £ when fields within frames

f ave alse indsxed

AVE Standard Index Chunk
The AVI Standard Index chund contains information that indexes AV frames.
typedaf struet _svistdindex ohumk {

FOURCE fog; £ TiwEye

DWORD ol

WORD wLongsPFerintry: 7 sust be sizeof{alndex o]l /sizscf {DWORD}
BRYTE bindenSublype; Ff waat be B

BYTE bindexType; £ must be AVI_TNDEX OF CHONES

DRORD nEntviesinlse; I

DRORD Swlhunkid; J4 odEde’ oy CEsdbk ox ‘¥fiwhk’ sto..
QUADWORD guBasedfiset; Ff all dwOffsers in alnderx array are

£/ relative to this

DWORD dwReserwadl; {7 wmust be ©

struet _avistdindex entry |
DHORD dwlffser; Ff geBassOffset + this is absclute file offset
DWORD AwSize; F4 obiv 331 ds sen if this is NOT a keyframe

N

} sindex{ };

}OAVISTDINDEX, * PAVISTRDINDEYX;

i

A single standard Index chand can only index data within a 4 OB region. The dwQf Iset
feld points to the stant of the data itself, and ot 1o the start of the RIFF chunk for that field,

Proposed index Us
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Slandard Index Chunk
g LIgT megahunﬁ data

Zen

* data of Standard AV index chunk s an index to
aach movi ohunk data, includes offset and length of chunk.

The index chuvk above i shown 1o the "movi® data, but may be found in the stresun header {see
below).

AV Field Index Chunk

The AV Field Index Chunk is the same as the Standard Index Churnk except that it contains
the locations of each field in the frame.

typedef struct _avifieldindex chunk {

FOURCC  feoor ITARESY 1 1
DWORD obs;
WORD whongsPerEntry; J{ wmust be 3 (size of pach entyy in

// aindex arrayl

BYTE bindexSubType: fi By I_INDEX_2FEBELD
BYTE bIndexType; /{ AVI_INDEX_OF CHUKKS
DWORD nEntrissinise; I
DWORD SuwChuankId; J4 O BBde’ or CHEdb’
JUADWORD quBaseOffset; {f offsets in alndex array are xelative te this
DWORD JuReservedsd; ff must he ©
struct _avifieldindex entry
DWORD SwOEfset;
THORD dwSize; /4 size of all fields

£ {bit 31 set for NON-keyframes)
DHOKD JwGffsetField?; // offset to szoond fleld
} aIndexi I;
} AVIFIBLDINDEK, ¢ SAVIFIELIINDEN;
The ficld wlongsPerEntry is sot to 3 becanse of the addition of the dwOffaet¥Fieldz
field in the array. This is indicated by setting the sub type to AVI_INDEX SFIELD,

CpenlML AVI File Format Extansions
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Fiald ndax Chunk

LIS mowehunk datk %

3

* data of Fiakl index Ghunk is an index tn gach movi
sub-chiunk daia, includes offset and length of shuni,
as wall ag ofiset to the second feid,

The index chunk abovs is shown in the movi data, but may be found in the stream header {see
below),

AV Super index Chunk
The Super Index Chunk is an index of indexes and 15 always found in the “indx” churk of an
AV file It ix defined zs follows:

§

typedef soruet _avisuperindex chunk {

FOURCC  foo; S8 iugwe

DRORD ok ; £ mize of this stiracturs

WORD wiongsPerintoy: /7 must be § (size of each entxy in alndex awrayl
BYTE IndexSubiype; // must be 0 or AVI_INMDEY 2FISLD

BYTE BIndexTYps £¢ must be AVI_INDEX_OF_INDEXSS

DWORD nBntriesinUse; /7 number of entries in alndex arrvay that
f§ ars used
RWORD gwlhrunk Id; £4 T #Ede or T84 or c#i8wh', =to
DWORD duRagsarved {3ty // wust be O
atruct _avisupsrindex_sntry |
QUADWORD gwlifset; Ff absolute file offset, offsst 0 is

§
£ unused entyy?y
r

DWORD dwSige; /7 size of index chunk at this offsen
DWORD dwburation; /7 time span in streswm ticks

] aindex{ 1;
} AVISUSERINDEY, * PAVISUPERINDEX;
The Bindex8ubType ig set to the type of ndex that the Super Index pointe to. I the index
chunks are Standard Index Chunks, then the value should be {0, If the index chunks are AV
Freld Index Chunks, thew the value should be AVI_INDEX IFIELD, This implies that a
stream cannot mdy Field and Standard Index Chunks,

Proposed index List
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Super index Chunlk

* data of ##ix chunk I8 an index 1o gach mow

sub-chunk data, includes offset and tength of chunk,

and possibly the offsel to the secord fiald,

“* data of Buper ndax Indx chunk is an index o each ##ix
rpavi sub-choni.

if we use the #¥pe chunks, then they must be indexed by their own Index List: Paletie changss
should not appear i the same Index List ag ##de chunds, since they eliminate the ability w
access an element (frame) divectly without having to scan the Hst.

index Locations in RIFF File

Undike the "#ix 1’ chunk, & single index is stored per stream  the AVI file. An 'indx’ chunk
foltows the “stef” chunk in the LIST “strl” chusk of an AVI header. This ‘indx’ chunk may
either be an index of indexes (super index), or may be an index 1o the chunks divectly. In the

case of video, this means that the chunk is either a AVISUPERINUEX or an
AVIFIELDINDEX/AVISTDINDEX,

if the ‘indx’ chunk is a standard or field index chunk (i.e., not an index of indexes) then the
stream bas only one index chunk and there is none in the ‘movi’ data.

If the “indx” chundtis a Soper Index, then the corresponding index chunks are marked with
‘I8 in the “movi’ data. The ## is the stream number, the same as for the ##de or #thwh.
The index chunks can be either standard or field Index chunks.

A file can be easily grows if & bas a standard index in the “indy’ chunk position. The chunk
can be moved 10 a new ‘Dx## chunk, and a new super index can be inserted o the stream
header ("indx’ position). New "x#8 chunks can be added to grow the file.

Note the reversal of the "##ix’ 1o “Ix#F. This is for AV] backward compatibility. Note that
WDREX_IS_DATA streams remain as “##ix°.
Here is 8 sample RIFF file in the format shown by the RIFFWALK wtility:
RIFF {7F338718} 'AVI *
LIZT (GLCI0R4L) hdxrl’
avih {00GOOD3B)

CrenDRL AVT File Format Extensions
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LEST {QOQU44E0) ‘strd’
strh {DGOGO03R)
serf (PODEDARE)
SIS O SO G 2 g R 24 SL‘.;*E?'Z%’E&):

vy (GR000084¢; <~ widen propexty headex

LIST (DGRUSGSEY fsuwl:
stxh {Q0000038}
strf {BU000012;
indx {OQOQQ3IFTFHY 2= zudio supsrindex

LIST {00004044) “stxd’

ghrkh {O0000038) < timenode stream...
sexf {R000Q00Y}
indx {DODGIPFE} <~ cimecnde supsrindex

LEST {DO00D0H8G) Codwml
ik {DUOGR054) <~ @mize still temp.
LIST {(7TFOQ0000) ‘mowd’

0wk (GOO03GFQ}

D0k (BDO30004)

2wk {(GOUDREFS)

20dh {Q0030004)

oo Time passes

OIAx (QUOUBFP8] «- data chunk fox vimscods streawm

L. bime passes

inGE (QOLEIPRE) ¢« parcial video index
Lxf1 (DUOO3FRS) <~ partial swdie index
.. o|bko
idxl {GOU3GRON) < original index (optional)

RIFF {TREIETARY P AVIYS

Froposed indsy List
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4.0 Interleaving Audio with Video

issuses

Interleaving Rate
Fiies for Editing
Fiies for Playback

Singls or Mulliple Files for Video and Audic
Meusitiple Tracks of Audio Storage

Mone and Stereo Audio

Support of roultiple streams of data exisis in AVL A proposal 1o recommend thar audio be
stored s8 two mono sirsams should be examined. Mot all applications would be able to play
this back in stereg, however,

Audio { Video Times Stamping {Syne Point List)

11 is necessary 1o add tme stamping information (© aceount {and correct) for drift between
audio and video when using bardwars that is not able 10 malntain a perfect synchronization
between audic and video {vis 8 hardware commestion)} and when there sxists a drift in the
crystal frequency on audio hardware.

This can be accomplished by adding a2 syne point list into the file. A syme point st identifies
two saniples o differant streams that ave to be played at the same time. Thus, drift can be
correcied by dentifying syne points and if necessary, correcting for the drift during playback.

Notes on Inferleaving Audio and Video

“With the exception of AV filles playing off CD-ROM drives, §f is not necessary 1o nterleave .
the audio and video into REC chunks. In fact, with higher video and audio data rates, # is
probably more efficient to store the audio in Jarge consecutive blocks. As such, the andio can
be interleaved in large blocks {not necessarily done on a frame basis).

Audio data chunks may or may not be it integral frames, or multiple of frames. The other
option would be 2 constant number of bytes. In addition, audio may be mierleaved before or
afier the corresponding video, This is just 8 tradeoff betwesn record and playback
performance. Typically, saving audio chunks sfter video in record will give better record
performance, which is fmportant because hard drives tend to be legs performant during writs
operations, Howsver, during playback, muokiple streams and outs may be played, reducing the
drive performance.

ssues

SRR RN
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5.0 Source and Header Information Storage

Goal

The goal is to implement a standard way to store certain header and tombstone information in
an AV file so that other applications can interpret and vse this data, In many cases, the header
data is not uniformly set between different AV files.

Heguired Information

fain AV Header {avih}
Total Frames

The dwlotalFranes fleld indicates the size (number of frames) within the first RIFF
AV chunk

AV Stream Header {stvh}
Chuality Information

AV defines the guality of a clip by &« DWORD valve from 0 to 10000, This value sesms
arbitrary. For MIPG fies, & standard guality should be defined. The quality can be defined by
sither of these thyse modes:

« constant average dsta rate
e« constant (J-table
e lossless

Losshesg is ot part of the Baseline process. As such # requires the definmition of a new Procass.
Under baseline, Jossless can be schieved by setiing the Q-tables 1o unity’.

Under constant data rate, (he desived data rate for the file shoold be specified {in kb/fs). This,

plus the number of felds per Frame, shoold be able 1o deterniine the Q-tables reguired to

Sompress the image.

¥ While 2 Jossless {or psendo losslese) process van be defined by setting the (Q-tables 1o unity,
the IS0 specification of kossless JPEG compression is a differsnt process. Lossless encoding
as defined by ISO does not wse DOT wansformed dala. For a sample 1 be encoded, a
predicior is formed from the reconstrocied valnes of up 1o three nelghborhood samples. This
gives a prediction of the of the sample to be encoded. The prediction is subtracted from the
actual vale of the sample and the difference Iv losslessly entropy coded vsing elther Huffrnan
or arithmstic coding. As far as forming a typs of pseundo lussless compression from a bassline
JPBG process with wnity € tables, there is the potential of some slight loss of data during the
PCT process due 1o srithmetic precision. Practically speaking, there is 0 real immge quality
ioss, but the word lossiess tmplies a guarantse of reconstructing the source image on a bit by
bsit basis.

Goal

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1726
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



18

Under constant Q-table, there are two possibilities, Either the absoluie Q-tables are given (8x8
matrices} per cormponent (in onr case, 2}, or a factor which is used to generate any Q-table of &
standard one. The constant Q-table file would of course have the same tables repeated per
field. as per the MIPG DB spec. The advantage of a O-Tactor is the reduction of heudes
wmiormation. However, tweaked Q-tables would no longes’ be possible. ¢

Scale / Rate

The scale and rate parameters will define the correct ratio for different video standards. Known
ratio vakues are {ratefscale):

KYSC 30000/1007
PAL 2541
reFrame

The on-disk RECT coordinates are 16-bit values, The RECT structure in NT is a 32-bit
(L.ONG) for each coordinate, but the on-disk ones remain 16-bit.

AVI Stream Format {strf}

Helight

The MIPG DIB spec lists that heights less than 288 are for single frames {one chunk) and
greater than 288 are for interleaved fields, However, there is no real connection between frame
height and interleaving. The hifleight parameter refers to the raw height of the frame
(interleaved or not). OpenDML codecs that operate it field by field modes will be passed this
value divided by 2 to get the field height.

Extended AV Header (dmih}

typedef struet {
DHORD dwTotalFrames;
} oDMLExtendedAVIHeadex;

Total Frames

The dwTotalFrames field indicates the real size of the AVI file. Since the same ficld in the
Main AV Header ‘aviht’ indicates the size within the first RIFF ‘AVE chunk.

Video Properties Header (vpip}

The video propertiss header identifies video signal properties associated with a digital video
stream in an AV] file. This header attempis (0 address two main video properties:

s The type of video signal (PAL, NTSC, etc., as well as the resolntion of the video signal).
e The framing of the compression within a video signal.

The parameters can be ussd (o uniguely describe a video signal.
typedef struct {

DWORD VideoFormatToken;:
BWORD VideoStandard;

DWORD dwVerticalRefreshRate;
DYWORD SwhToralInT:

DWORD dw¥TotalinLines;

OpenDML AYV! File Format Extensions
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DHORD
DWORD
THGRD

DWGRT

VIDED _FINLD DRSS

3 VideoPropHeader;

dwFramabspectRatio;

dwFrameWideihinPixels;

dwPramedeightInlines;

nEFieidFerrame ;

Fleildinfo {nbPieldParFranel ;

Video Formal Token
enum {FORMAT UNKNOWN, FORMAT PAL_SQUARE, FORMAT PAL CCIR_801,

FORMAT NTEC_SQUARE, FORMAT NTSC_CUIR_E91, ...} VIDRO_FORMAT;

The format token indicates that a known standard is defined for the following data fields,

Thoge fiekds moust be filled, but their value can be xpecied 1o be the defined standard. H the
format is defined as FORMAT _UNKNCWN then the fields may contain special values, Known
tokens are defined i the table below:

Tok Sran Ref H- V- Frams F F Pixef
an dard res Fote Tor Agpect rg F Aspect
k { al Ratio m 0 Rave
Rat 2 € {derived
& W H 3
id 2f
th 8
At
NTS NTS 63 858 523 OnO34 72 48 236G 1%
o C B3 ¢ 3 G
T {4:3}
R
&1
NTS NTS (3 780 523 (0004 &4 48 i
< < (03 & o
SQU 43
PAL PaL 50 864 §33 Gxi}04 72 37 2160:330
[acay {003 g S 4
R {4:3y
6031
PAL FAL 3G G444 625 0004 i) 57 i1
SQU G003 8 &
ARE 43

Video Standard

enimm (GSTANDARD UNENOWN, STANDARD PAL, STANDARD NTSC, STANDBRD SECRM}

VIDEQ STANDARD;

Defines standards such as NTSC, PAL sic. Implicitly defines vertical refresh rate,
Vertical Refresh Rate
1sed when an vnknown standard is specified. Normally, 60 for NTSC, and 50 for PALL

Hequired Information
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H-Totalin¥

Defines the horizontal total, in T {one hamninance sample: pixel)
¥-Total in Lines

Defines the verucal towal, in lines,

Active Frame Aspect Ratie

The aspect ratio is stored as a DWORD value with & word each storing the x:y ratio. For
example, 1 ic 1 is 0x00010001. Standard values for television is 4:3 or 16:9. This value can be
used with the frame width and height 0 calculate the pinel aspect ratio.

Active Frame Width in Pixsls

Defines the active frame width in pixels. The bitmap might digitize a region that is smaller or
bigger than the active video widih.

Active Frame Height in Lines

Defines the frame height in lines. The bitmap might digitize a region that s smaller or bigger
than the active video height.

Number of Fields Per Frame
One or two, depending on whether the video is interlaced or progressive,
Field Framing Information
The field framing information defines where the cornpressed bmnage Is with respect to the video
signal. The data is present for sach field (and may be different).
Typedei struct
DRORD CompressedBMEeight ;
DWORD CompressedBMWideh;
DRORD ValidBMHeight ¢
DWORD  ValidBMWidih;
EMRORD Validsmyos feer;
DRORD  ¥alidsMyoffser;
DWORD  VideoXOffsetInT;
DWORD  videaYValidStartLine;
} VIDEO_PISLD DESC;

OpenDML AV File Format Extensions
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Comprassed Bitmap Height and Width

The compressed bitmap height and width represent the size of the compressed image. For
JPEG, these values are multiples of 8,

Valid Bitmap Height and Width, X and Y Offset
The valid bitraap beight, width and 2 and y offsets represent the size of the valid data within
the compressed bitmap. Because padding may be required when compressing, it is not
guarantesd that all the data within the compressed Image is valid, Note that cornpressing
blanking is still valid, In the case whers all the compressed bitmap comes from the video
signal, then the valid height and width are egual 1o the compressed height and wikdth, and the
offsets are G,

Vald X-Offsetin T

The VideoXOL fsetInT is used 1o Jocsie the x position of the start of the valid bitmap with
referencs to the video signal. The value is 3 measurement in units of T, which is ong
hminsnce-sampling clock, from the leading edge of the horizontal syne pulse (CCIR 644-3},

Yalid ¥ Stant Line

The Vidso¥ValidftartLine field is used to Jocate the line that the valid bitmap starts
on. This value will be different for cach field, (CCIR 624-3).

& ypical valpe for the Framing Information for NTSC CCIR 681 would be

Vide Co ) Vali Vali Vadi VYa Vide Video

Heguired information

RTEQVEA_L >
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o mpr myr d d d lid oX Y
Tvp esse esse BM BM BM B Offs Valid
e d 4 Hei Wid X A et fn Start
B\ Bas oht th Off» ¥ 7 Line
Hei Wid €1 of
ght th : set
Fiel 248 720 248 720 0 0 122 20
d 1
Fiel 248 70 248 720 8 0 122 283
d1

Source and Timecode Information

The following information is used to describe timecode and source information inside an AV]
file.

Base Timecode Structure
Al SMPTY tirnecode mforynation 5 stored in the following format:

rypedef usion _timecode {

styruck {
WORD w¥rameRate; f/ 0 is 3¢ drop. do we need other drop
f{ fxame rates?
WORD wErameFract; ¢/ fractional framwe. full scale is always 0Ox10000
LG IFvame;

IR

_inkse  gwhll:
} TIMBCODE, ¢PTIMECODE;
This format allows for a frame, and a frame fractdonal valie o be specified, with the frame
rate stored in the low word of the value. As the values are stored, two timecodes can be
compared and subtracted. For drop frame code, no 1Frame values are skipped, so a drop
frame timecode of 1:006:00,00 would be g AFrame value of 107892,
Timecode Discontinuily Table (Stream} todl’

The following structure defines a timecode discominuity table. This would be stored ss s
siream itself. The table would either be a table alone in the ‘Indx’ chunk of that strewm, or if
the tabde is Jarge, an index to the table could be stored with the table tself stored as a #¥#ix in
the ‘movi’ data.

Bdefine PILM_SEQUENCE NONE )

gdefine FILM_SEQUENCE_RABSBCOUDD I

§define FILM _SEQUENCE ARABRCCCDD 2

// structure of a timecode discontinuity tsble. note that this fits

§/ within the definition of the structure of an index chunik

I

typedel struct _timecode dl chunk {

OpenDiL AV File Format Extensions
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FOURCC  fowu: RS & Py
DWORD ab; /F sizeof this structuvre lses 8
WORE WLONGRPATERLYY £f 4 O nore
EYTE £
BYTE bIndeyuType; S AVI_INDEX IS _DATA
DRORD nEntrissinlse; £ dudex of first mnused entry in alndex aryay
DRIRD QwChunkld; £ kedl {timscods discontinuadty ldist}
DWORD dwReserved {31 £ Buture, wmust be O
shyuer timecode &1 sntry {
SUADWORD  owTick; £ time in texms of this streams’s tick rate
TIMECODE  timscods; Fé tinsonds
OWORD dwliser; /¢ vimencds user Jdata
struct {
DHORD  ColoxFrame ¢ 4; J{ which frame in color ssgushoe
DWORD  ColonSeguence @ 45 S Duration dn frawmes of complete seguence
DWORD  PilmPrame 1 3, S Offest into pull-down seguencs
DWORD  PillmSeguenceType : 3; /7 One of FILM SEQUENCE XEX defines
DWORD  Reserved 18; J4 Pature use set to O

VO Rlags:
TCHAR
} alndexi I;
s
The Flags strusture can optionally specify color framing, and fiim puli-down information. If all
fields are O then no such optional informeation s present. Notice that there is no sxplich flag foe
drop frame NTSC sinee that information in already stored in the TIMECODE stracture.

saReelid (321 // scurce 12

I ColorSeguence i non-2ero value, then ColorFrame containg & Hrame number from §
to ColorSeguence -1, which specifies the color framing of the frame specified in the
tinecdde structurd, ‘ : : :

I FlimBaguencaType i pot FILM _SBEQUENCE NONE, then PlimFrame contains the
offsst into the pull-down seguence corresporcding 0 the frame spacified in the thnecode
structure, For example, if FilnPrame i3 § and FlimSequenceType i

FILM SEQUENCE AARBBCCDUD then the referenced frame is a B frame. Again, if
PilmFrame is | and PllmSequenceType is FILM _SEQUENCE _AARBRCCUDD then
the referenced frame it an AB frame.

Timecode Bream "Hme’

This structure defines a timecode vabee for every tick of the timeeade siream

2

Fé ostructure of 2 timecode streaw datas chunk. for stoving evexy

F4 mvent dn & timecodes stresam rather than just the discontinuities

#

o

pypedef struct timecods stream chunk {

RS S EE

foo:

POURSD B
SWORD ols; {4 sizeof this structure less 8
WORD whongsPerBntyy; /7 must ba 3

Raguired information
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BYTR
BYTR
DRORD
DHORD
DHORD

| OIWORD

bIndexSubType: J¢ st be ©

bIndextype; £ BVT_INDRY_IS DRTA
sEntriesinlse; // index of firet unused sntry in slndex  azeay
dwlhunkYd; /f frime’ {(timecode stream)

dwReserved {3]; /i future, must ba §
struct _timeocde stressm eatxy {
TIMRCODR

gtruse {
TWORD
HORD
HORD
DHORD
DRORD

} Riags;

} aIindexi I:

}s

cimecods;: /7 timecods

deliser; £¢ timecods user dats

ColecFrame : &; /¢ which frvame in oolox ssgusons
ColorSeguente : $3 /¢ Duzation in fxawes of cosplele seguencs
FllmFrasme @ 53 £f offset into seguence

FllaSequanceType : 3; // Oue of FILM SEOUBMCS ¥X¢ defines
Reserved ¢ 18; §f Fubure wes - seb 2o O

Film Transfer Log Enf@mm&é@ﬁ
fdofine FILM IOV DVRNTE

$fdefine PILN LOG FIEX 2
£ stxucture of & filn txanefer log. Note cthat this fits
Fé within the Jefinicion of the structuze of an indew chunk

i

typedef struct $ils rtransfer obunk {

POURCC
TRORD
BYTE V
BYTE
DRORD
DRORD
DRORD

foc;

by

wlongePerintry:  // must be ¢ ov wowe

FEARS | %Y
§# sizecf this structurs less 8

/7 wust be 8

BINRxTYpS: 4 BVI_INDBX I8 _DATR

a¥ntriseinles; £ dodex of first unused sntzy in sindex syzay
dwChunieTdy FF 8wt {(film trsnefer log)
dwResexved £33 ¢ £ Buture, sust be @

strnet _filw transfer besder {

IREORD
DRORD
DEORD

dwhogtyps; £/ which type of FINY IOG XEX fils format
dulleaderSize; /¢ Size of this f£ilm tranmfer hesder strustuve
duReserved [81s7// Putuze use ~ sob to O

{7 EORD  JduUserDefined{l; ¢/ Options) usexr dats

} FilaWeader;

ff BYTE bEvansferlog{l; §f The sctusl syemsfer log begins hers

}:

The size of the FilnmBeader is given by the dwleadexrSize, This atlows for ueer defined
additions to the header, which appear &t the end of the Filnlieader, The ASCH flm

CpenDl AV Fils Format Bdansions
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wransfer fog beging Tnmedistely after the FiluHeader sucture. The sizs of the ASCH data
can be determmined from the dwHleadersSize of the header sud the ob sive of the ensire
sirncture. The ASCH data should be padded with NULLs t the nearest DWORD structurs
size.

The contents of the bTrans £erLog aray is byte for byte the contents of the ASCII transfer
fog filo of the type ghven in the dulogType feald For now, two types avs defined:

FOM _ELOG BVERTE: the dotallsd FTL fle formst can be obtained from

Brerte Microsystems, Lad

3465 Meinway

Burlington, Omario LTM 148, Canads

SOS-335.4700

FILM_LOG _FLEX: the detailed PFLEX fle format can be obisined from

mewzk,, A 93021
$05-520.115%

Microsol-Defined Tombstone Dats
The following tontatons data hes alveady boen defined by Microsofs
Additional AV information following the ‘stl’ chunk in the AVT header LIST B ok
{from AV RIFF form, Video for Windows SDE):

Addigonal Hesder Tty

After the stel’ chunk, soms AVE files might have additional hender data. Additional :
information can inchde thnecods chusks thet apply to the whole file. The following Smeoods
four-charsster codes are neefil in AVE Slee?

Fouwr-charsels Trescription V

ende

IShiP Torfioates the chunk containe the SMPTE tinecods of the
digitization starting poist. The tme is cupressed 88 & zero-
terroinated text stving of the form HEMMISFR. B
Mm&gﬁﬁmpﬂa@m&w&&? this chuak is

FEE ¥ Y mechunkmﬁﬁmmﬁﬁmmm@m

1. This thme iv contained in an ASCH wrine of

2 Moo that Sese chunks ars Boax chunles, and as such, should be found in an TR0 chunk (e
comment belowT ’

idlorosol-Defined Tombstons Dats

LEITEEEAY »
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sxactly 26 chasscters and has the format "Wad Taa 82
F2:0%:38 1990, The ctime and ssctime funetions can bs
used o oroate sivings in this format,

.. The “ISMP" thoeo @@esm&:umaﬁy@m?mmmsm&ng
the first sammple of a capiured seguenes. Use this chunk to index the cs
the original sample. For example, if you need to recapture 8 video s g
m%ﬁm@&mﬂm&k&m&a&ma@mﬁaﬁm@mmm

. poist,

“The “TDIT" twecode chunk neually corresponds to the time the sypds was caphiwed
mmymmammmmagﬁasm@kommamﬁa

‘The weakness with the sbove section s that the ISMP information doss met include any weed
I, so the effoctive tirsecode is meaningless.

The INFO List Chask

The “INFO™ list is a rogistored global for type et can store knformation thes helps
aimﬂfyﬂmmu&&ﬁsafﬁm@hmkﬂasmfmm&mwus@ﬁﬁb@id@smmw
way a program interprets fhe file; cxamples are copyright nformati 9

An “INFO™ Hst is 2 “LIST” chunk with Hst eyps “INPO” mfeﬁ@wmgmwie
shows a sampls “INFO” Bt chunke

LIST{ INFG’ INAM{"Two Trass®Z)
ICHT (%A picture for the oponisy sorsen®} )

An “INFO™ Hstshould contain only. the following chuaks, Wew chuods may be.

| &ﬁm&%&ma@pﬁ&&ﬁms&mﬁ@mwycﬁu&m&mﬁ ad, mgﬁm o
Hsted below may only appear in sn “INFO™ list. Bach chuak oo & Z3TR, or sl
ferndnated text siving, .

Cham Deseripion

kD ‘
AR Archival Location. Indicates where the subject of the file fs archived.
L

AR Arsiss, Lss@st&mamsi of the original subject of the 8y & e&m@i&,
¥ “Michaslaugelo.

IO Commissioned. Lists the name of the person or organization thet

s commissioned the subject of the file; for example, “Pope Julan I
M Commenis, Provides gensral comments about the e or ths m&w ef
T the file, I¥ the comement & sevesal sentences long, end each sentenve

CpenDiL AV Flle Format Extensions
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131

BE1

IGN

FICEY

LY

IsB3

BFY

BRI P S

& period. Do not inchode asw-line characters,

Copyrighs. Records the copyright informution for the Bl for exannple,
“Copyright Focyclopedia Intornational 19917 I theee are nmiltiple
copyrights, separate them by 2 semicolon followad by 2 space.

Creaiion date. Smfmmmmmbjmﬁmﬁkm orested, List
éammywvmbdayfmtpad&ngmﬁmﬁmﬁwm&wsm
a zexo on the left; for sxample, V1353.05.03" for May 3, 1533,

iepcribes whether an Bnege bas besa mwggeﬁ and, if o, bow
# was mypﬂd, for exsrople, “lower-right commer.”

DHmpnisions. Sw&amgm&fﬁwm@nﬁmbmﬂf&sﬁ&ﬁw
exnmple, “85 b, i mw”

Diots Per fnch, Susres dots per ik setting of the dgiieer used to
produce the file, such as ¥300.7

Bnginser. Sam%mﬁ%mmmwmmmmﬁ
there ave waltiphs enginesss, separate the names by 2 semicolon and 8
biank: for example, “Soxith, Jobn; Adams, Joe™

Gmm Eﬁmﬁm the original week, such a2 “landscape,

Keywords. Provides a Hat ﬁk@wwﬁ&a&mﬁ@&%ﬁkmm&mﬁ@f
the fife. Separate muitipl keywonds with & semiooion s 2 blandl for
sxample, “Seattle; acrial view; soonery.”

Lightness, Dreveribes the changes in Hyhtness settings on the digitines
veired to produce the Gls. Note that the format of this information
Wmh&rﬁmm 4

Medivm, El‘sesmm the mgmal subject of the 8le, such ag eawaw

irmage,” “drawing,” “Hithograph,” and 3o o

Name, Stores B title of the subjeet of the Sle, such a5 “Seattle Prom
Aborn.” '

Polorse Satving. Specifies the nomber of colom m;msmd when &gitizing
&% image, such as “I38."

Producs. Spesifies the nume of the title the file wes originally intended
for, such 38 “Encyclopedin of Pacifie Northwest Goography™

Subgect. Dresoribes the contents of the fle, such a3 “derial view of
Seaiths”

Software. Identifies the nasee of (e software packege used to crente the
e, such as “Mivrosf Wawelldh.” ’

Microsoft-Detined Tombstons Dsts
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BN Sharpuess, Tdontifies the changss I sharpoess §or the digitheer roguited
fo producs the e (the format deponds on the hardwenrs wsed)

Sonres. Mentifles the name of the person o organization whe supgém
the original subject of the file; Yor example, “Trey Research™

IsR

<

ISR¥F Sourcs Form, Tontifes the origined form of e raaterial st wag
ligiized, such ss “olide”™ “papen,™ “map,” aad 50 on, This fs e

nevessarily e same oy TMED,
I Tochedclon, Ientifes the techuicize who digiteed the subject fey foe
H sxample, Sy, Johe”

CpenDil AV Flie Format BExtensions
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8.0 QOther File Ilssues

issues

Continuation Over Multiple Filss

With restrictions to the maxinos Sle fornst and Homitations on the maxinmm sizs of disk
partitions, i may be desivable to inplessent a mechanism that specifies a Hokage across
ronltiple files. It will certaindy be desired that the dats of one strewim of video can be captured
across multiple files. For the moment, this will be external o the AVI 8ile.

- Minimized Time to Open Flles
thdd

Simultansous Reading and Writing / Mulliple Access
sbd

OpenDiL AVEFile Format Extensions
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otion JPEG DIB Extensions

7.0 MJPG |

issuss

iSO ve. Non IS0 Formats

For interoperability betwess various hardwers and software codecs, 8 is not
file format be standavdized; the contents of the video data chwuks rmust be o
order to comply with industey standards, t&seAWMﬁ?ﬁswsﬁc&&mM@WE@ﬁhfm
specifications, the standsrd IS0 Motion JPEG specification is proposed, with certain sddiions
. o support efficient identification of the interleaved fislds in the frame,

Non-IS0 formats could be used, pmw&eé that m&y provide ﬁm same outward ap
the 15O dsts chunk. This would reguire different daca 8%

8-bit vs. 18-bE YUV
This docwrnent currently ad

oS /8

idresses §-bit 4:2:2 YUV as per the Microsoft spect

Yidso ve. ﬁ’s’tm&@
sn the fact that a bitmap is & pure reciangls, while video starts with ha¥f liney;
Mm:m:a‘? ﬁwmmmmmﬂmp&gﬁfgm 50 what is the s of video thet §s

Soe the section of the Video Propesties

Proposed Data Chunk Format
The dats chunk format is defined as per the Miczosolt JPEG DIB FORMAT Technd

Type 2: Motion JPEG DIB.

From the DIB spea:
Type £: Motlon JFEG
Motion JFBG E}EBs shall scconmodate interchange fornats which satisfy the “Censral
seruentiad and progressive sypiax” (80 10918 Part 1, Annex B, Pan. B3} Ama&‘
images of this type mﬂa compatible parameters can be placed in s AVI Ble to

nntion seguence. Frame headers for these DiBs shall be limited to those sp

B.2.2 of the cited Annex B. These types ars SOFD, SOF, SOF2, SOF3, SOFS $€3§3i€3

and SOR1L. OF the types acoommadsted, this specification provides imples

for the Basecline Sequential DUT (SORG).

This DIB type contains Incomplete JPRG data (Abbroviated Format per IS0 10918 and is

Mﬂmfmsm&msmm@ﬁmmm 1t may be used within RIFF Sles

and other contexts where & s approgriate &

& Decode an inage without supplying the associated JPEG Huffroan tables,

This presumes the eodec has been propely pro-initiabized prior to lege
decode.

CpenDML AV Flls Pormat Extansions

BNIDOC: «XP | 277038A >
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BNSROGIE <X

16 an APFO marker bomedisitly following the $€‘:}I soarker that containg inf

B. Resquest enonder ot of mmgmss@d irmage data shyent embédded Hoffmesn

“Tables.

Al motion IPEG data will use YCOCr encoding, S TR SIS
mmAWse@maﬁJPEGfrmmﬂbekayfmmasﬁusammmﬁmtm&hmRhﬁﬁ‘v’l: :

and Video for Windows architeciurs sl fravees will be dirsctly and indepe
addressable,

_ ?@r@mﬁmgmandspmm?%ybmk&mﬁ&ﬁﬁkm&imdam“mm%}y

saotion IFEG will be fxed and defined by this docuuent. mmmmmﬁ:mas
&mefewéymﬁmmmsmﬁwm&mefﬁm&wﬁaymk Alsvas sl ™
sequences of motion ioages wse the same Hulfmas data and color spece it is nuck mote

. yﬁwﬁmﬂmd&t&cmb&&mﬁy&cﬁm@mﬁm&m&m&m A&%ﬁmﬁmm’ '

mﬂmﬁmmmmmmaﬁﬁ(mmmammwm
doruromdl ay ahyﬁemmgwﬁaﬁm%am&@mﬁeﬁmﬁmt&ws&&ﬁaf&mﬁmi?ﬁ&
fennge to formn & valid o3l JPRG bvags-

MIPGDETSey « {TROFFY, DET, length, JPBEGC Huffwan table-
paramtars? L R

wakdmmmamﬂmymm@m@maﬁaam&mmwmmmmf o

over the bandwidth of beduences that contaln buists of frames of varylng levels of
complexity. The rostart interval veod during the compredsion provess my&imvaxyfw ‘
wvey fame. :

Cinly the mm@vﬁﬁmmaf?ﬂrﬂb imnged is supported for msmm FPRG dats. This
splive that only one 308 segment will be present in any partionlar rantion IPEG ivwge.

The following applies (senin from MS DIB spac):

As o the JFEG DI foimat the JPEG streatn syniax s vaed for the image dals with the
following constraints, The following JPRG marker codes B0OF, DRY, DT, 80F0, 808
and BOY ave sxpected (mendstory) in the imngs dets chusk, snd the constyainsd valuss
shown i the example below are roandstory for the image data within the AVE stresmn,

Apy pararnedezs in the SOPG (frame) and 308 (stan of scas} beaders that sre duplicated in
ﬁm BITHAPINFOHBRADER for IPRO must be the same, This would nclede Sanple :
Precision, subsampling, mumber of components (as iuplied by JPEGCslorSpacsll),
ste. The somber of ok and samples per ey o the SOP0 sepment and the widih and
height defined in e formes chunk mest mateh the main AV beader width snd belght - -
valuss. Al of these valuos sre expectsd o mormain the ssuse for every mepe dats chesk in
the AV sequenne, '

Within the image data chunk twe JFRG segments with the SOT masker and
m&ngm&ﬁmﬁ@lmﬁmmaﬂ&%%m dnts feld-interizaved swesms, Thew
ation ahowt
the video image. Specifically, this allows the identification of the two fields that conprise
an interleaved frame, This APPO merker i6 eapacted to heve the first 4 bytes following the
Tenpth bytss set (o the chevacters "A% 'V, T, 1 The next byte indicates which feld the -

JPEG data was compressad from and bas an expected value of Oz01 for e FIRST IPEG
© dats segrment gad 0x02 for the SBOOND sepment, indicating the FIRST and SECOND

Fiekds respectively, If the stibem i ot field interlesved then this value will be 0200 and

Soed

bt

Proposad Data Chunk Bommat
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there wﬁii only be ovie JPEG segment. The remaining seven hytes are expected 1o be set to
isnored i}y the codeg.

Eac@émemmm&e&emh&wﬁﬁﬁdﬁ the cadec mﬂummmm feld and

will replcate the lines a5 necessary to provide an image that conforms to the image size
defined in the main AVI header. Com’@tsely if a capture system oply accesses a single fiekd
afmhsmmﬁmoniyasmgkﬁa’dmmgemybﬁpmsmtmammm ‘
imphies that the single ficld data should be used ss the source of both felds by a

ﬁmmress@r that wishes tor ;‘m@ess ﬁz:ﬁ-mw‘imed dasa,

And a new pmgm il

WMme&wmamgwm&t%ﬁeﬁwﬁam&ymmmw’m
sm&fthewm&ﬁe&d{mm%ﬁmm&mmEﬁl) as well gs any pa o
wt&aﬁwwp&mﬁmmﬁc@%t@m&dh&agmyamfmﬁx&s&mﬁ&ﬂiﬁ@ﬁ
pair. The size information in the APPO marker docs 8ed include any information shont &~
mﬁeidmﬁmMchu&MWay,ﬁﬁk&sm&m;Mmmmﬁmm
having to bave the contsined data modified for the presence and size uf s ;
fields,

m&mfaﬂmngﬁhemmﬁtywﬂimmmfmﬁmsmmmm&ﬂm
bytes of this marker will be nsed to Store two e values. The first valoe specifies
Jength in bytes of the field {entirely, ﬁmgﬂimmﬁmm&@mmﬁmmmwi
{which should be small) and the second value specifies the size of the mﬁ&de&cﬁa&%
say padding after the BOL Both size values will be stored in the veunl ISO JPEG fashion
wmbymmswmimmmgmwﬂht&mﬁswﬁmmmmmm
Mgthafﬁusmkﬁmgmsﬁyitimdmmwmmié

MJPG DIB RIFF chunk (#8do}

S axarmple MUIPG fams with Hvo bedeaved Ssids
S Sl fisid (801 BO! pale)

LipenDidl. AV Flle Format Bxdensions
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MJIPEG Baseline DOT - YOGy DIB Map
A Bageling T - ﬁﬁbﬁrvﬁﬁm&wﬁm&ﬁx&@n&ﬁmf@&mmmgkmk
80T (xFFDE)
APPO (XFFRO},
) Length {18},

BRVILT, Polapricy, O, Faeiéﬁxze,
¥1eld$1zaha&a?ﬁé&1ng

DRI ix??ﬂﬂ},.
Length {4},
Restart interval,
DOT  {XFFDBY,
Length {3132}, .
Precisdon {0}, Tabls ID {0},
BOT data {84) for tabls O,
Frevision {0}, Teble ID {1},
) BT data {64] for table 1.
SOFC {(xFFCaL, '
Length {17},
Sample Precision {8}, :
Number of lines {(biHeight : multiple of 8},
Sample per line {(bi¥idch : multiple of 18},
Wumber of conponents {3}
I of ilst gomponent {1},
Barpling ratic of st componant (ﬁ R I
{-table ID of st cowmpoment {0},
ID of 2nd componsunt {2},
Sampling ratic of fnd component (H,.V),
¢ cable ID of Znd component {1},
It of 3vd component {3},
Sampling ratie of 3rd componsnt (N, V}g
¢ vable ID of Brﬁ campcn@nt {1}.
S8 {xFFDAL,
Length {123},
Humber of compeonents {3}
ID of ist cosponent {1},
BC and AC Buffmapn ID for ist component (0,0,
In of 2nd component {23,

Proposed Data Chunk Pomme
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BC and AC Huffman ID for 2nd component (1,1},
ID of 3rd component {3}, :
DC and AC Buffman ID for 3rd component (1,1},
Start of spectral {8},
End of spectral {83},

Successive apprcm.mat:&.sn bit position, high am?;
low {0,0}.

s*% TMAGE DATA rus _
There could be some Restart wavkers.
V¥alues ave from xPFDT. to xFFDT.
EOI {(XF¥FD9). ‘ '
"Se sure to have & single DOT as ﬁwmms ones will be ove
The order of the markers may affect some codecs,

IDs for the 3 component as recommended
3.

Sector Alignment and Padding
The #ide chunks may be sector aligned ¥ necessary, Assuch, 8
- inserted following the $8ck to preserve the RIFF format. Padding b
&Mmr&g@&k&mvwﬁwﬁﬂ specification sllows pae:idmgaf%d&mtam OnFF for

ClpenDML AVE Fils Format Extensions

BNSDUCIT XP 2T FREIEA.
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8.0 OpenDNL Flle Format Certification Procedures

Concurrently Develop a Test Sulte to measure compatibiiity
Tt older Codecs with néw AVY files,

Test ofd AVY files with new Codecs. ‘
Ciroulate il fles through Industry {Le., overybody tests cverybody else’s filss),

File checker rowtive o verlfy AVY format. Program may grow o echads seet decomprossions
nelng softwars Codes, ’

“Test neing MCTAVY with standird sodscs,
o o MS porting Iabs for specific video e format § Coder tost wesk,

QpanDL AV Fils Format Stenalons

SNSDODIDT <KP 2VTOTBA_ 2>
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DivX Software ’ Page 1 of 2

Questions?

Have a question about
one of these products?
Visit our Help Desk.

QCast™ Tuner for PS2

Category: Player Apps
By: BroadQ, LLC
Price: 49.95 USD

QCast Tuner home entertainment software runs on PlayStation 2 consoles (US Version)
equipped with a Sony Network adapter and provides access to media files stored on a
computer for viewing on a home entertainment system or television.

Features:

o State of the Art Digital Sound and Vision Technologies - MP3 music, MPEG-1,
MPEG-2, MPEG-4 AND DivX (5.xx and earlier) video at resolutions of 720x320
and below.

¢ Dynamic, Continuous Updates - QCast Tuner software automatically updates
itself, so consumers always have the latest version of the software.

o Simple to Use Push Button Navigation on your Television - Select and play PC-
based digital media from the couch using the Sony PlayStation 2 game pad or
DVD remote.

o Network Capability - QCast Tuner is optimized for media delivery over wired and
wireless 802.11a or 802.11b (WiFi) environments using the Sony Ethernet
network adapter.

o Powerful Playlist Organization and Management Functions - Review, manage,
organize and enjoy integrated lists of music and video.

BProduct Home Page EBuy Now

http://web.archive.org/web/20030210120605/www.divx.com/software/detail . php?id=39 5/11/2009
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DivX Software ' Page 2 of 2

Home | DivX | Movies | Software | Hardware | Skins | Forums | Support
About DivX | Contact Us | Advertising | Jobs | Corporate Information

Copyright © 2000-2003 All rights reserved.
DivX® is a registered trademark of DivXNetworks, Inc.

Privacy Policy | Terms of Use

Internet Explorer cannot display the webpage

http://web.archive.org/web/20030210120605/www.divx.com/software/detail.php?id=39 5/11/2009
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Smooth Streaming Client : The Official Microsoft IIS Site
Home > Download > Serve Media > Smooth Streaming Client

Smooth Streaming Client

The IIS Smooth Streaming Client allows you to build rich client experiences that take full advantage of
IIS Smooth Streaming capabilities. IIS Smooth Streaming Client 1.1 allows you to build Silverlight®
players for both live and on-demand Smooth Streaming. Examples of available client-side features
include simple controls, such as Play, Pause, and Stop, as well as more complex functionality, such as
full DVR, Instant Replay, Live Ad Insertion, Multiple Camera Angles, and Fast Forward / Rewind.

For developers and designers, the IIS Smooth Streaming Client APIs provide an easy interface to
create rich Smooth Streaming experiences using the Silverlight platform. These .NET Framework-
based APIs provide support for simple operations such as Play, Pause, and Stop and also more
complex operations such as scheduling advertisements, selecting and tracking bit rates for Smooth
Streaming playback, and many more.

The Smooth Streaming Client is a core component of the broader open source Silverlight Media
Framework. For most scenarios, the Silverlight Media Framework is the simplest, most robust way to
build a new Silverlight player that supports the full set of Smooth Streaming functionality. The Smooth
Streaming Client may be ideal for some scenarios, however, such as adding rich Smooth Streaming
features to a Silverlight media player based on a different framework, or where unique scenarios
cannot otherwise be addressed.

To get started quickly, a sample Smooth Streaming Player is provided on the Silverlight Media
Framework Downloads page. Quick-start documentation on building your own player for multiple
endpoints, including Windows Phone 7, is on the Silverlight Media Framework Documentation page.
For additional Windows Phone 7 development information, please see the Windows Phone Developer

portal.

The Smooth Streaming Client supports these high-level features:

e Basic playback controls:
e APIs such as Play, Pause, Stop
e Events for playback and diagnostics
e Properties to track position, etc.

e Advanced playback support:

DVR support for Live Smooth Streaming

Support for tracking live events while in DVR

Trickplay — slow motion, fast-forward, rewind *

Multiple Audio Language support
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Smooth Streaming Client : The Official Microsoft IIS Site

Text stream support for captions and subtitles *

e Support for offline playback scenarios

e H.264/AAC support

e Monetization

Ad playback integration — scheduling capabilities, tracking ad progress *
Live ad insertion with IIS Live Smooth Streaming *

Rich analytics with IIS Advanced Logging

Analytics APIs

Support for specifying markers and ad ingestion points outside the main manifest *

e Content Protection — PlayReady integration for VC-1 & H.264 content

e Composite manifest support for scenarios such as Rough Cut Editing (RCE) *

e Selecting tracks for playback (for example, restrict the available bit rates, support multiple camera
angles in a single stream, etc.)

e Support for progressive download ads and content *

Note: Items denoted above by an asterisk (*) work on Silverlight 4 players only, and are not available
on Silverlight for Windows Phone 7

Download

Smooth Streaming Client 1.5

Or, Download

More IIS Media Information

e Integrated Media Platform Overview

e More IIS Media Extensions
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Smooth Streaming Client : The Official Microsoft IIS Site

More IIS Extensions

Administration Pack

Advanced Logging

Application Request Routing

Application Warm-Up

Bit Rate Throttling

Database Manager

Dynamic IP Restrictions

FastCGI for IIS

FTP Publishing Service

IIS Manager for Remote Administration

Live Smooth Streaming

Search Engine Optimization Toolkit

Smooth Streaming

Smooth Streaming Client

Smooth Streaming Format SDK

Transform Manager

URL Rewrite

UriScan 3.1

Web Deploy 2.0

Web Farm Framework

Web Platform Installer

Web Playlists

WebDAV Extension

Windows Cache for PHP

Windows Media Services 2008

Windows PowerShell Snap-In

Learn More
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Smooth Streaming Client : The Official Microsoft IIS Site

Articles
Smooth Streaming Client Readme

IIS Smooth Streaming Client API
Documentation

Download Smooth Streaming Client 1.5
WebPI / Download

Forum
Media Forum
Blog Posts

IIS Smooth Streaming Player Development
Kit 1.0 — Beta 1 Released

Building vour first Smooth Streaming Player
using SSME
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. MATROSKA {}

Main Menu

Home

What Is Matroska?

Downloads

News

Guides

FAQ

Technical / Info
Diagram
Specifications
Specification Notes
Order Guidelines
Codec Specs
Chapters
Subtitles
Tags
Menu
Streaming
Overhead
EBML RFC
3VN Repository
Team
License
Contributions

Project Page

Blog

Forum

Contact

Legal

Logos / Trademarks

Contact
Sponsors
. Specifications
Status of this document
. This document is not the real format specification. It's a simple draft to work. (For a simplified diagram of the lay out of a Matroska file,
see the Diagram page.) But since £'s quite complete it is used as a reference for the development of libmatroska. An alternate version of
the specification can be found here (PDF doc maintained by Alexander Noéj.
. EBML principle
EBML Is short for Extensible Binary Meta Language. EBML specifies a binary and octet (byte) aligned format inspired by the principle of
© XML. EBML itself is a generalized description of the technique of binary markup. Like XML, it is completely agnostic to any data that it
might contain. Therein, the Matroska project is a specific implemertation using the rules of EBML: It seeks to define a subset of the EBML
language in the context of audio ard videc data (though it obviously isn't limited to this purpose). The format is made of 2 parts: the
semantic and the sy ntax. The semantic specifies a number of IDs and their basic type and is not included in the data file/stream. There is
a specific project dealing with EBML in mare details and more recent updates.
Just like XML, the specific "tags” (IDs in EBML parlance) used in an EBML implementation are arbitrary. However, the semantic of EBML
outlines general data ty pes and ID's.
| The known basic ty pes are:
Signed Integer - Big-endian, any size from 1 to 8 octets
Unsigned Integer - Big-endian, any size from 1 to 8 cctets
Fioat - Big-endian, defined for 4 and 8 octets (32, 64 bits)
String - Printable ASCIi (0x20 to 0x7E), zero-padded when needed
UTF-8 - Unicode string, zero padded when needed (RFC 2279)
Date - signed 8 cctets integer in nanoseconds with 0 indicating the precise beginning of the millennium (at
BNSDOCID: <XP________55246006A__1 > 10N T7NANAT 303 /hitns//orarw matrnclkea are/technical/enerc/indey himl
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IBNSDOCID: «XP

BRO4BNNRA

20f14 29-01-2016 11:3

2001-01-01700:00:00,000000000 UTC)
Master-Element - contains other EBML sub-elements of the next lower level =

Binary - not interpreted by the parser

As well as defining standard data ty pes, EBML uses a system of Elements to make up an EBML "document.” Elements incomorate an
Element 1D, a descriptor for the size of the element, and the binary data itself. Futher, Elements can be nested, or contain, Elements of a
lower "level.”

Element 1Ds (also called EBML 1Ds) are outlined as follows, beginning with the 1D itself, followed by the Data Size, and then the
non-interpreted Binary itself:

Element 1D coded with an UTF-8 like sy stem :

bits, big-endian

- Class A I0s { valuss) (base
~ Class B Ifs 2. values) (base
- Class C Ifs (2°21-1 possible values) (base 0
~ Class [ IDs {2°28-1 possible valu2s) (base

0001 ey mxmx &

Some Notes:
The leading bits of the EBML IDs are used to identify the length of the ID. The number of leading O's + 1 is the length of the ID
in octets. We will refer to the leading bits as the Length Descriptor.
Any 1D where all x's are composed entirely of 1's is a Reserved ID, thus the -1 in the definitions above.
The Reserved 1Ds (all x set to 1) are the only 1Ds that may change the Length Descriptor.

Data size, in octets, is also coded with an UTF-8 like system :

bits, big-endian

'L valus 0
[ = value 0 t
001 s X REK XERR . - value 0
0001 st s Ko - value 0
0000 Lsscir e ~ valua 0
0000 0%xx UK HHAK - value 0
0000 0013 s o EXIE - value 0
Q000 0001 RHK KEHE KREE RMKA  RRKK KAKK AR MRIC RIS XM wvalue 0

Since modem computers do not easily deal with data coded in sizes greater than 64 bits, any larger Element Sizes are left undefined at
the moment. Currently, the Element Size coding allows for an Element to grow to 72000 To, i.e. 7x10*86 octets or 72000 terabytes,
which vill be sufficient for the time being. :

There is only one reserved word for Element Size encoding, which is an Element Size encoded to all 1's. Such a coding indicates that
the size of the Element is unknown, which is a special case that we believe will be useful for live streaming purposes. Howev er, avoid
using this reserved word unnecessarily, because it makes parsing slower and more difficult to implement.

Data
Integers are stored in their standard big-endian form (no UTF-like encading), only the size may differ from their usual form (24
or 40 bits for example).

The Signed Integer is just the big-endian representation trimmed from some 0x00 and OxFF where they are not meaningful
(sign). For example -2 can be coded as OxFFFFFFFFFFFEFE or OxFFFE or OxFE and 5 can be coded 0x000000000005 or
0x0005 or Ox05.

Elements semantic
A more detailed description of the column headers can be found in the Specification Notes.

Element Name - The full name of the described element.

L - Level - The level within an EBML tree that the element may occur at. + is for a recursive level (can be its own child).
EBML ID - The Element ID display ed as octets.

Ma - Mandatory - This element is mandatory in the file.

Mu - Multiple - The element may appear multiple times within its parent element,

Rng - Range - Valid range of values to store in the element.

Default - The default value of the element.

T - Element Ty pe - The form of data the element confains. m: Master, u: unsigned int, i: signed integer, s: string, 8: UTF-8 string, b:
binary, f: float, d: date

1 - The element is contained in Matroska version 1.

2 - The element is contained in Matroska version 2.

W - All elements available for use in WebM.

Description - A short description of the element's purpose.

Hement Name L EBMLID

EBML Header

Set the EBML characteristics of
EBML 0 [1A}{45][DF][A3] * * - - m the data to follow. Each EBML
document has to start with this.

The version of EBML parser used

‘ EBMLVersion 1 [42][86] - - 1 u to create the file.
The minimum EBML version a
EBMLReadVersion 1 [42][F7] * - - 1 u parser has to support to read this

Tile.

I s TANTNENAT IO Mlattans [ s rmrreer smantwnclbn amnltandhminnl/nmannfiadaw Tt
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The maximum length of the IDs
EBMtMaxiDLength 1 [42)[F2] * - - 4 u you'll find in this file (4 or less in
Matroska).
The maximum length of the sizes
you'll find in this file (8 or less in
Matroska). This does not override
the element size indicated at the
EBMLMaxSizel.ength 1 [42)[F3] * - - 8 u beginning of an element. Elements
that have an indicated size which
is larger than what is allowed by
EBMLMaxSizeLength shall be
considered inv alid.

A string that describes the type of
document that follows this EBML

x - -
DacType 1 e matroska 2 header. 'matroska’ in our case or
‘webm' for webm files.
. The version of DocTy pe interpreter
y * - -
DocTy peversicn 1 e ! 4 used to create the file.
The minimum DocTy pe version an
DocTypeReadVersion 1 [42]85) * - - 1 u interpreter has to support to read

this file.

Global elements (used everywhere in the format)

The CRC is computed on all the
data of the Master element i's in,
regardless of its position. it's
recommended to put the CRC
value at the beggining of the
Master element for easier reading.
All level 1 elements should include
a CRC-32.

Used to void damaged data, to
avoid unexpected behav lors when
) i e using damaged data. The content
/i - - - -
void T+ [EC) . b is discarded. Also used to reserve
space in a sub-element for later
use.

CRC-32 1+ [BF] - - - - Lot

signature

o . v Contain signature of some
SignatureSiot 1+ [1BIS3Nse|(67] - - ° n {coming) elements in the stream.

Signature algorithm used (1=RSA,

2=glliptic).

Hash algorithm used (1=SHA1-160,

2=MD5).

The public key to use with the

SignaturePublicKey 2+ [TE]J[A5] - - - - b algorithm (in the case of a
PKi-based signature).

SignatureAlgo 2+ [7E)[8A] - - - - Y

SignatureHash 2+ [TE}[9A] - - - - u

signature 2+ [7E1BS) 3 R B : b ;’fgzsignature of the data (until a

Contains elements that will be

SignatureElements 2+ [TEI58] " h - - m used to compute the signature.

A list consists of a number of
consecutive elements that
represent one case where data is
used in signature. Ex:

g Cluster|Block|BlockAdditional
means that the BlockAdditional of
all Blocks in all Clusters is used
for encry ption.

SignatureElementList 3+ [7E)[7B] N M - -

i3

y . An element |D whose data will be
SignedElement A+ [esi2] ; i ) 2 used to compute the signature.

end of signature

BHement Name L EBMLID Default T 1 2 W Description
Segment

This element contains all other
Segment 0 [8ls3EoET - - _ R mor e top-level (level 1) elements.

Typlcaily a Matroska file is
composed of 1segment.

‘S;Meta Seek Information

SeekHead 1 [14DIOBI74] - " _ R morox e Contains the position of other level

1 elements.

. . . e i Contains a single seek entry to an

Seek 2 [4DIB8] y ) o EBML element.
~ The binary 1D comesponding to the

| . . _ _ PR
SeekiD 3 [53](AB] b element name.
The position of the element in the
¢ 'SeekPosition 3 [53][AC] * - - - u o7 segment in octets (0 = first level 1
z elemert).
IBNSDOCID: <XP 55246008A 1 > TONTNANAT1 2N [httne /xxrany matraclra ara/tachnical/enace/indavy html
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;Segment Information

Contains miscellaneous general

Info 1 [15]{49]]AQ][66] * * - - m * information and statistics on the
' file.
A randomly generated unigue ID to
SegmentUID 2 [73][A4] - - notQd - b identify the curent segment

between many others (128 bits).
A filename corresponding to this

i . . _ N P
SegmentFilename 2 [73]{84] 8 segment.

A unique 1D to identify the
PrevUID 2 [3C][BY)23] - - - - b 7 previous chained segment (128

bits).

An escaped fllename.
PrevFilename 2 [3C][83](AB] - - - - 8 corresponding to the previous

segment.

. A unigue [D to identify the next

NextUiD 2 [3E)B9I[23] . B " ° ) chained segment (128 bits).

An escaped filename
NextFilename 2 [3E]{83][BB] - - - - 8 * 7 corresponding to the next

segment.
: A randomly generated unique ID
SegmentFamily 2 [44[44] - * - - b that all segments related to each
other must use (128 bits).
A tuple of corresponding 1D used
ChapterTranslate 2 [eg)[24] - * - - m " by chapter codecs to represent
this segment.
Specify an edition UID on which
this cormrespondance applies. When

it N - * - _ * *
ChapterTranslateEditionUID 3 [69]{FC] u not spesified, it means for all
editions found in the segment.
The chapter codec using this 1D {0:
* N . N x s ;
ChapterTranslateCodec 3 [BqIBr] = Matroska Script, 1: DVD-menu).
The binary value used to represent
- P this segment in the chapter codec
ChapterTransiatelD 3 [6g]Ag] - - N L) data. The format depends on the
ChapProcessCodec!D used.
Timecode scale In nanoseconds
| TimecodeScale 2 pRADNBN ¢ - - 1000000 y =+ -+ » (1.000.000means al timecodes in
{ - the segment are expressed in
milliseconds).
" Duration of the segment (based on
Durat| 4, - - . . e W
uration . 2 [44e9] >0 { TimecodeScale).
Date of the origin of timecaode
N - . R o
DateUTC 2 e g4 (value 0), i.e. production date.
Title 2 [7B][A9] - - - - 8 r - General name of the segment.
o o Muxing application or fibrary
= - - - 8
MuxingApp 2 1DIE0] ‘ (libmatroska-0.4.3").
jti - - = ~ o Writing application ("mkvmerge-
WritingApp 2 [571[41] 8 0.3.3).
. Cluster
) - . « '« + Thelowerlevel elemen:nt cér{fafnlﬁé
Cluster T [FIASIE6I7S] - ° ° o the (monolithic) Block structure.
. . + « . Absolute timecode of the cluster
Timecode 2 En B ) ) 4 (based on TimecodeScale).

The list of tracks that are not used
in that part of the stream. It is

SilentTracks 2 [58][54] - - - - m " " useful when using overlay tracks
on seeking. Then y ou should
decide what track to use.

One of the track number that are
not used from now on in the

SilentTrackNumber 3 [s8][D7] - * - - u o stream. It could change later if not
: specified as silent in a further
Cluster.

Position of the Cluster in the
segment (0 in live broadcast

Position 2 A7 - - - - u o streams). It might help to
resynchronise offset on damaged
streams.

Size of the previous Cluster, in
oot octets. Can be useful for
backward play ing.

Prev Size 2 [AB] - - - -

ic

Similar to Block but without all the
extra inf ormation, mostly used to
SimpleBlock 2 [A3] - * - - b N reduced ov erhead when no extra
feature is needed. (see
SimpieBlock Structure)

ERNSDOCHN: -XP EROARONARA | ~ TANTONLNATNIN Nt s Moot e s U P T

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1757
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Specifications | Matroska 50f14 29-01-2016 11:33

Basic container of information
cantaining a single Block or
BlockVirtual, and inf ormation
specific to that Block/VirtualBlock.

Block containirg the actual data to
be rendered and a timecode

relativ e to the Cluster Timecode.
(see Bleck Structure)

. BlockGroup 2 [A0) - v - - m.s o7

Block 3 A1) . - - - Bt

A Block with no data, It must be
) . stored in the stream &t the place
BlockVirtual 3 1A b the real Block should be in display
order. (see Block Virtual)

Contain additional blocks to
complete the main one. An EBML

BlockAdditions 3 [75][A1) - - - - m parser that has no knowledge of
the Block structure could still see
and use/skip these data.

BlockMore 4 [A6] . . _ N m o Contain the BlockAdditional and

some parameters.
f - * - . . An ID to (dentify the
BlockhadlD s [ rot0 4 BlockAdditional fevel.
BlockAdditionat 5 [A5) o - N . b oo Interpreted by the codec as it

wishes (using the BlockAddID).

The duration of the Block (based
on TimecodeScale). This element
is mandatory when
DefaultDuration is set for the
treck. When not written and with no
DefaultDuration, the value is
assumed to be the difference

BlockDuration 3 [e8] - - - TrackDurationy  * * * between the timecode of this Biock
and the timecode of the next Block
in "display " order {not coding
order). This element can be usefui
at the end of a Track (as there is
not other Block available), or when
there is a break in a track like for
subtitle tracks.

This frame is referenced and has
the specified cache priority. In
cache only a frame of the same or
higher priority can replace this
frame. A value of 0 means the
frame is not ref erenced.

Timecode of another frame used
as a reference (ie: B or P frame).
The timecode is relative to the
block it's attached to.

ReferencePriority 3 [FA] . - - 0 y v

ReferenceBiock 3 [FB] - * - - |

. Relative position of the data that
ReferenceVirtual 3 [FD] - - - - i should be in position of the virtual
block.

The new codec state to use. Data
interpretation Is priv ate to the
CodecState 3 [Ad] - - - - b * codec. This information should
always be referenced by a seek
entry.
Slices 3 [8E] - * - - m ot~ Contains slices description.

Contains extra time information
about the data contained in the
Block. While there are a few files
in the wild with this element. it is
no longer in use and has been
deprecated. Being able to interpret
this element is not required for
play back.

The reverse number of the frame
in the lace (0 is the last frame, 1is
the next to last, etc). While there
« are afewfiles in the wild with this
elemert, it is no longer in use and
: has been deprecated. Being able to
H interpret this element is not
required for play back.

TimeSlice 4 [E§ - * - - m-o

LaceNumber 5 [CC) - - - 0 u o

H The number of the frame to

{ : generate from this lace with this

FrameNumber 5 [CD] - - - 0 u delay (allow you to generate many
frames from the same
Block/Frame).

The ID of the BlockAdditional

BlockAddition!D 5 [CB] - - - 0 o element (0 is the main Block).

The (scaled) delay to apply to the

Delay 5 [CE] - - - 0 . element.

Duration 5 [GF] ~ . : 0 u The (scaled) duration to apply to
the element.

| BNSDOCID: <XP, 55246006A__1_> 100706041303 /httn://www.matroska.org/technical/snecs/index.html
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Encry ptedBlock

6o0l14

[AF] - N

Track
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Similar to SimpleBlock but the data

inside the Block are Transformed -
(encry pt and/or signed). (see
Encry ptedBlock Structure)

Tracks

TrackEntry

TrackNumber

TrackUID

TrackType

FlagEnabled

FlagDefault

FlagFarced

Flaglacing

MinCache

MaxCache

DefaultDuration

TrackTimecodeScale

TrackOffset

MaxBleckAdditionlD
Néme

Language

CodecliD
CodecPrivate
CodecName

Attachmentlink

CodecSettings

CodeclnfoURL

[1€][S4][AE][6B] - "

(AE] . .

b7 N -

[73}{cs] ’ -

[83) ‘ -

[89] ’ -

[g] y -

[55][AA] ’ *

[9C] ' -

[6DI[ET7] ) -

[6D}[F8] - -

(RIE3E - -

[23]{31][4F] * -

[83][7F] - -

[5S)(EE] * -
[53][6E] - -
[22](B5]{9C] - -
(861 - -
163][A2} - -
[25][86](88] - -
{74}]46] - -
[3A11986][97] - -

[38][40][40] - *

not 0

not 0

1-254

0-1

0-1

not 0

>0

not 0

ic

1on

ic

i

i in

H]

Hed

HY)

s> TANTNANAT 202 ttes [ vimerar smatenclra nra/tanhninal/lonanc/findov html
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A top-lev el block of information
with many tracks described.

Describes a track with alt
elements.

The track number as used in the
Block Header (using more than 127
tracks is not encouraged. though
the design allows an uniimited
number).

A unigue D to identify the Track.
This should be kept the same when
making a direct stream copy of
the Track to another file.

A set of track types coded on 8
bits (1: video, 2: audio, 3:
complex, 0x10: logo, Ox11:
subtitle, 0x12: buttons. 0x20:
control).

Set if the track is used. (1 bit)

Set if that track (audio, video or
subs) SHOULD be used if no
language found matches the user
preference. (1 bit)

Set if that track MUST be used
during playback. There can be
many forced track for a kind
{audio, video or subs), the player
should select the one which
fanguage matches the user
preference or the default + forced
track. Overlay MAY happen
between a forced and non-forced
track of the same Kind. (1 bit)
Set if the track may contain
blocks using lacing. (1 bit)

The minimum number of frames a
play er should be able to cache
during playback. If set to 0, the
reference pseudo-cache system is
not used.

The maximum cache size required
to store referenced frames in and
the current frame. 0 means no
cache is needed.

Number of nanoseconds (i.e. not
scaled) per frame.

The scale to apply on this track to
work at normal speed in relation
with other tracks (mostly used to
adjust video speed when the audio
length differs),

A value to add to the Block’s
Timecode. This can be used to
adjust the playback offset of a
track.

The maximum value of
BlockAddID. A value 0 means
there is no BlockAdditions for this
track.

A human-readable track name.
Specifles the language of the track
in the Matroska languages form.
An ID comesponding to the cedec,
see the codec page for more info.
Private data only known to the
codec.

A human-readable string
specifying the codec.

The UID of an attachment that is
used by this codec.

A string describing the encoding
setting used.

A URL to find information about
the codec used.
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BNSDOCID: <XP

55246006A

CodecDownloadURL

CodecDecodeAll

TrackOv erlay

TrackTranslate

Track TranstateEditionUID

TrackTranslateCodec

TrackTranslateTrackiD

video
Video

Flaginterlaced

StereoMode

PixelWwidth

PixelHeight

PixelCropBottom

PixelCropTop

PixelCropleft

PixelCropRight
Display Width

Display Height

Display Unit

AspectRatioTy pe

CalourSpace

GammaValue
FrameRate

end video

audio

Audio

SamplingF requency

OutputSamplingFrequency
Channels

ChannelPositions

BitDepth

end audio

content encoding

ContentEncodings

ContentEncoding

[26](B2][40]

[AA]

[6F][AB]

{86][24]

[66][FC]

[66}(BF]

[66][AS]

[E0]

[9A]

[53)(B8}

[B0]

[BA]

[54][AA)

{54][BB]

(B4JCC]

[5411DD}

(54]{BO]

[54][BA]

(54][82]

[54][B3]

[2E][BS][24]
[2F1[BS5][28]

[23][83]{E3]

[E1)
[B%]

[78](BS]
[9F]

G

[62][64]

[6c1[80]

[62][40]

7 of 14

" - 0-1 1

- * - -

N - 0-1 0

- - 0-3 4}

* - o -

* - ot 0 -

- - - 0

- - - Q

. . . 0

- - - 0

- - not 0 PixelWidth

- - not 0 PixelHeight

- - - 0

- - - 0

- - >0 .

- - >0 -

- - >0 8000.0

_ _ >0 Sampling
Frequency

* - noto 1

- - not0 -

thaliiod
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A URL to download about the
codec used.

The codec can decode potentially
damaged data (1 bit).

Specify that this track is an
overiay track for the Track
specified (in the u-integer). That
means when this track has a gap
(see SilentTracks) the overlay
track should be used instead. The
order of multiple TrackOv erlay
matters, the first one is the one
that should be used. If not found it
should be the second, etc.

The track identification for the
given Chapter Codec.

Specify an edition UID on which
this translation applies. When not
specified, it means for all editions
found in the segment.

The chapter codec using this 1D (O
Matreska Script, 1: DVD-menu).
The binary value used to represent
this track in the chapter codec
data. The format depends on the
ChapProcessCodeci} used.

Video settings.

Set if the video is interaced. (1
bit)

Stereo-3D video mode on 2 bits (0:
mono, 1: right eye, 2: left eye, 3:
both eyes).

Width of the encoded video
frames in pixels.
Height of the encoded video
frames in pixels,

The number of video pixels to
remov e at the bottom of the image
(for HDTV content).

The number of video pixels to
remove at the top of the image.

The number of videc pixels to
remov e on the left of the image.

The number of video pixels to
remov e on the right of the image.
Width of the video frames to
display.

Height of the video frames to
display.

Ty pe of the unit for

Display Width/Height (0: pixels, 1:
centimeters, 2: inches).

Specify the possible modif ications
to the aspect ratic (0: free resizing,
1: keep aspect ratio, 2: fixed).
Same value as in AV (32 bits).
Gamma Value.

Number of frames per second.
Informational only.

Audio settings.

Sampling frequency in Hz

Real output sampling fraquency in
Hz (used for SBR techniques).
Numbers of channels in the track.
Tahte of horizontal angles fcr each
successive channel, see appendix.
Bits per sample, mostly used for
PCM.

Settings for sev eral content
encoding mechanisms like
compressicon or ercry ption.
Bettings for one content ancoding
like compression or encry ption.
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ContentEncodingOrder 5 [50][31]

ContentEncodingScope 5 [50][32]

ContentEncadingTy pe 5 [50}{33]

ContentCompression 5 [50][34]
ContentCompAlgo 6 [42)[54]
ContertCompSettings 6 [42][55]
ContentEncry ption 5 {50][35]
ContentEncAlgo 6 [47][e1]

| ContentEncKey D 6 [47][e2]
ContentSignature 6 [47][e3]

| ContentSigkey 1D 6 [47][e4]

. ContentSigAlgo 6 [47][e5]
ContentSigHashAlgo € [47)[e6]

end content encoding

8of 14
N _ . 0 u
- not0 1 u
N . . 0 u
- - - - m
. R _ 0 u
- - - - m

- - N o u
- b
- - - 0 u

- 0 u

29-01-2016 11:3

Tells when this modification was

used during encoding/muxing -
starting with 0 and counting

upwards. The decoder/demuxer

has to start with the highest order

number it finds and work its way

down. This value has to be unique

over all ContentEncodingOrder

elements in the segment.

A bit field that describes which
elements have been modffied in
this way. Values (big endian) can
be OR'ed. Possible values:

1 - all frame contents,

2 - the track’s priv ate data,

4 - the next ContentEncoding (next
ContentEncodingOrder. Either the
data inside ContentCompression
andfor ContentEncry ption}

A v alue describing what kind of
transformation has been done.
Possible values:

0 - compression,

1 - encry ption

Settings describing the
compression used. Must be
present if the value of
ContentEncodingTy pe is 0 and
absent otherwise. Each block must
be decompressable even if no
previous block is available in order
not to prevent seeking.

The compression algorithm used.
Algorithms that have been
specified so far are:

0 - zlib,

1 - balib,

2 - lzolx

3 - Header Stripping.

Settings that might be needed by
the decompressor. For Header
Stripping (ContentCompAlgo=3),
the by tes that were removed from
the beggining of each frames of
the track.

Bettings describing the encry ption
used. Must be present if the value
of ContentEncodingType is 1 and

absent otherwise.

The encry ption algorithm used. The
value '0' means that the contents
have not been encrypted but only
signed. Predefined values:
1-DES, 2 - 3DES. 3 - Twofish, 4 -
Blowfish, 5 - AES

For public key algorithms this is
the 1D of the public key the the
data was encry pted with.

A cryptographic signature of the
contents.

This is the D of the private key
the data was signed with.

The algorithm used for the
signature. A value of '0' means
that the contents have not been
signed but only encry pted.
Predefined values:

1-RSA

The hash algorithm used for the
signature. A value of '0' means
that the contents have not been
signed but only encry pted,
Predefined values:

1 - SHA1-160

2-MD5

?’Cueing Data

IBNSDOCID: <XP
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A top-lev el element to speed
‘ P seeking access. All entries are
Cues 1 [CIS3IBEIIeE] - 3 ° ) i local to the segment. Should be
mandatory for non "iive" streams.
CuePoint 2 BB . . _ B mor o Contains alf information relative to
: a seek point in the segment.
CueTime 3 (B3] . . ~ ~ u oo Absolute timecode according to the
segment time base.
Contain positions for different
CueTrackPositions 3 [B7] * * - - m " trecks corresponding to the
timecode.
CueTrack 4 F7 . _ noto - oo The track for which a position is
given,
. The position of the Cluster
CueClusterPosit 4 F1 * - - - o
ustlusterrosition Fil 4 containing the required Block.
Number of the Block in the
CueBlockNumbi 4 53][78] - - 0 o
ueblockiumber B3TEl not ! L specified Cluster.
The position of the Codec State
B ~ B . corresponding to this Cue element.
CueCodecState 4 EA 0 E 0 means that the data is taken
from the initial Track Entry.
. M The Clusters containing the
CueReference 4 o8 : n required referenced Blocks.
CueRefTime 5 {96] * - - - u * Timecode of the referenced Block.
- " Position of the Cluster containing
CueRef Cluster 5 4 the referenced Block.
Number of the referenced Block of
CueRefNumber 5 [S3IEF] . i noto 4 Track Xin the specified Cluster.
The position of the Cadec State
CueRef CodecState 5 (e8] 0 u corresponding to this ref erenced
element. 0 means that the datais
taken from the initial Track Entry.
‘Attachment
Attachments 1 [19][41}[A4][68] - - - - m * Contain attached files.
AttachedFile 2 [61][A7] * * - - m " An attached file.
" . N A human-friendly name for the
FileDescription 3 [46l[7E] - - L attached flle.
FileName 3 [4g][eE] * - - - a8 * * Filename of the attached file.
FileMimeType 3 [46]{60] * - - - s * MIME ty pe of the file.
FileData 3 [4€]{5C] * - - - 1 The data of the file.
FileUID 3 [46I[AE] N - moto - uor Urique 1D representing the file, as
random as possible.
A binary value that a track/codec
FileReferral 3 [46][75] - - = - b can refer to when the attachment
is needed.
Chapters
A system to defire basic menus
R and partition data. For more
Chapters T NI N i detailed information, look at the
Chapters Explanation.
o . ” . . Contains all information about &
¢ “EditionEntry 2 [49)[BY} - - m segment edition.
- . A unique ID to identify the edition.
EditionlJ1D 3 MsEe] not 0 4 It's useful for tagging an edition.
If an edition is hidden (1), it should
- . * PO not be available to the user
EditionFlagHidden 3 [45][BD] 01 0 u interface (but stil to Control
Tracks). (1 bit)
If aflag is set (1) the edition
EditionFlagDef ault 3 [45][DB] * - 0-1 0 vt should be used as the default one.
(1 bit)
Specify if the chapters can be
- defined multiple times and the
- - R s x
EditionF lagOrdered 3 [48][0D] 01 0 . order to play them is enforced. (1
bit)
Contains the atom information to
ChapterAtom 3+ [B6) * * - - m * 7 use as the chapter atom (apply to
all tracks ).
‘, . A unique 1D to identify the
ChapterUID 4+ [73][C4] not0 - u Chapter.
ChanterTimeStart 4+ [91] . R N ~ u ot Timecode of the start of Chapter
pert (not scaled).
. Timecode of the end of Chapter
ChapterTimeEnd 4 192 3 ) B ” 4 {timecade excluded, not scaled).

[BNSDOCID: <XP 55246006A__1> [ 0070604 1303 /http://www.matroska.org/technical/snecs/index.html
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If a chapter is hidden (1), it should
not be available to the user s

ChapterFlagHidden 4 o8] ’ o1 0 4 interface (but stiil to Control
Tracks). {1 bit)
Specify wether the chapter is
enabled. It can be enabled/disabled
ChapterFlagEnabled 4+ [45][98] i - o1 1 u v by a Control Track. When

disabled, the movie should skip all
the content between the TimeStart
and TimeEnd of this chapter. (1 bit)

! A segment to play in place of this
chapter. Edition
ChapterSegmentUID 4+ [BE][67] , - - >0 - b * = ChapterSegmentEditionU1D should
be used for this segment,
otherwise no edition is used.

The edition to play from the
ChapterSegmentEditionU|D 4+ [6E][BC] - - notQ - b v * segment linked in
ChapterSegmentUID.

Specify the physical equivalent of
. ) this ChapterAtom like "DVD" (60)
R _ - R P
ChapterPhy sicalEquiv 4+ [63][C3] i R or “SIDE" (50), see complate list of
valies.

List of tracks on which the chapter
ChapterTrack 4+ [8F] - - - - m * ¢ applies. If this element is not
present, all tracks apply
UID of the Track to apply this
chapter too. In the absense of a
. 3 control track, choosing this chapter
: . . will select the listed Tracks and
ChapterTrackNumber 5+ [89] * . rotd - k3 deselect unlisted tracks. Absense
of this element indicates that the
Chapter should be applied to any
currently used Tracks.

N Contains all possible strings to use
. - - * *
ChapterDisplay 4+ 180 : o for the chapter display.
. X . ' b e w Contains the string to use as the
ChapString 5+ 1891 - 8 chapter atom.

. The languages corresponding to
ChaplLanguage 5+ {43](7C] * M - eng s v the string, in the bicliographic
1S0-639-2 form.

! The cauntries corresponding to the

ChapCountry 5+ [43][7E] - - - - s " string, same 2 octets as in Internet
domains.
Contains all the commands

ChapProcess 4+ [69][44] - - m associated to the Atom.

Contains the type of the codec
used for the processing. A value
of 0 means native Matroska
ChapProcessCodeclD 5+ [69]{55] * - - 0 u * * processing (to be defined), a value
of 1 means the DVD command set
is used. More codec 1Ds can be
added later.
Some optional data attached to the
: . » ChapProcessCodeclD information.
ChapProcessPrivate 5+ [45][00] . - - ° b For ChapProcessCodeclD = 1, it is
the "DVD level equiv alent.

Contains all the commands

" . . . . P
ChapProcessCommand 5+ [69)[11] m associated to the Atom.
Defines when the process
command should be handied (0:
ChapProcessTime 6+ [69][22] * - - - u during the whole chapter, 1: before

starting playback, 2: after
- play back of the chapter).

Contains the command

information. The data should be

interpreted depending on the
ChapProcessData 6+ [69}{33] * - - - b ChapProcessCodeciD value. For
ChapProcessCodeciD = 1, the
data correspond to the binary DVD
cell prefpost commands.

Element containing elements
1 [12][54][C3][67] ~ - - - m * " specific to Tracks/Chapters. A list
of valid tags can be found here.

Element containing elements

Tag 2 (3] - ) m specific to Tracks/Chapters.
Contain all UIDs where the
Targets 3 [e3col . B B : Mmoot specified meta data apply. Itis

empty to describe everything in
the segment.

[BNSDOCID: <XP. §5246006A__I_> 100706041303 /httn//wwrw matracka aro/technical/enece/index html
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A number to indicate the logical
TargetTy peValue 4 [68][CA] - - - 50 oot level of the target (see

Target Ty pe).

An informational string that can

be used to display the logical level!
TargetTy pe 4 [63][CA] - - - - s ' " of the target like "ALBUM",
"TRACK", "MOVIE", "CHAPTER®,
etc (see TargetType).
A unique 1D to identify the
Track(s) the tags belong to. If the
velue is 0 at this level, the tags
apply to all tracks in the Segment.

TrackUID 4 [63][C5] - - 0

H-

A unique |D to identify the
EditionEntry (s) the tags belong to.
EditionU 1D 4 [63][CY] - * - 0 u o if the value is O &t this level, the
tags apply to all editions in the
Segment.
A unigue 1D to identify the
Chapter(s) the tags belong to. If
ChapterUID 4 [63][C4] - * - 0 u oo the value is O at this level, the
tags apply to all chapters in the
Segment.
A unique 1D to identify the
Attachment(s) the tags belong to
AttachmentUID ‘4 [83}(C6] - * - 0 u * If the value is O at this level, the
tags apply to alf the attachments
in the Segment.
_— Contains general information abotut
ieT: 3 67][C8 > * - - P
SimpleTag + [67](C8] 1) the target
. . The name of the Tag that is going
TagName 4+ [45][A3] - - 8 10 be stored.
: Specif ies the language of the tag
TaglLanguage 4+ [44][7A] o - - und s specified. in the Matroska
languages form.
Indicaticn to know if this is the

TagDefault 4+ [44}[84] * - 0-1 1 u 7 def ault/original language to use for
the given tag. (1 bit)
TagString A+ [44][87] - - - - 8 * The value of the Tag.

The values of the Tag if it is
binary. Note that this cannct be

TagBinary A+ laaes] : ° } ) s used in the same SimpleTag as
TagString.
Hement Name L EBMLID Ma Mu Rng Default T 1 2 W Description

All top-levels elements (Segment and direct sub-elements) are coded on 4 octets, i.e. class D elements.

Appendix

Language Codes

Language codes can be either the 3 letters bibliographic 180-639-2 form (Jike “fre” for french), or a language code mixed with & country
code for specialities in languages (like fre-ca” for canadian french).

Physical Types

Each level can have diff erent meanings for audio and video. The ORIGINAL_MEDIUM tag can be used to specify a string for
ChapterPhysicalEquiv = 60. Here is the list of possible levels for both audio and video :

ChapterPhys icalEquiv Audio Video ‘Comment
70 SET / PACKAGE SET/ PACKAGE the collection of diff‘erent media
CD/12°/10" 17" TAPE/ DVD / VHS / . .
60 MINIDISC / DAT | ASERDISC the phy sical medium like a CD ora DVD
50 SIDE SIDE V{hen the o‘rigmal medium (LP/DVD) has
different sides
i 40 - LAYER another phy sical level on DVDs
30 SESSION SESSION as found on CDs and DVDs
.20 TRACK - as found on audio CDs
10 INDEX - the first logical level of the side/medium

Block Structure

Size =1 + (1-8) + 4 + (4 + (4)) octets. So from 6 to 21 octets.
Bit 0 is the most significant bit.

. Frames using references should be stored in “coding order", That means the references first and then the frames referencing them. A
consequence is that timecodes may not be consecutive. But a frame with a past timecode must reference a frame already known,
otherwise it's considered bad/veid.

There can be many Blocks in a BlockGroup provided they aif hav e the same timecode. it is used with different parts of a frame with

different priorities.
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Block Header

‘Offset Player Description

Track Number (Track En{xy ) It is coded in EBML like form (1 octet if the value is <0x80, 2 if < 0x4000, etc) (most

4+
Ox00 must significant bits set to increase the range).

Ox01+  must  Timecode (relative to Cluster timecode, signed int16)

iFIags

;Bit Player: 'Description

03 - Resefved, setto O

4 - invisible, the codec should decode this frame but not display it
0x03+ - Lacing
00 : no lacing
5.6 must 01 : Xiph lacing
11 EBML lacing

10 : fixed-size lacing

7 - not used
i:Lace {when lacing bit is set)
0x00 must  Number of frames in the lace-1 (uinfs)
0x01/ must* Lace-coded size of each frame of the lace, except for the last one (multiple uint8). *This is not used with Fixed-size
OxxXX lacing as it is calculated automatically from (total size of lace) / (number of frames in lace).
{possibly) Laced Data
0x00 v musi ‘ Cbﬁéec&ive Iaééd frame‘s‘
Lacing

Lacing is 2 mechanism to save space when storing data. It is ty pically used for small blocks of data (refered to as frames in matroska).
There are 3 types of lacing : the Xiph one inspired by what is found in the Ogg container, the EBML one which is the same with sizes coded
differently and the fixed-size one where the size is not coded. As an example is better than words...

< Let's say you want to store 3 frames of the same track. The first frame is 800 octets long, the second is 500 octets long and the third is
1000 octets long. As these data are small, you can store them in a lace to save space. They will then be solved in the same block as
follows:
Xiph lacing

Block head (with lacing bits set to 01)

Lacing head: Number of frames in the lace -1, i.e. 2 (the 800 and 400 octets one)

Lacing sizes: only the 2 first ones will be coded, 800 gives 255;255;255;35, 500 gives 255;245. The size of the last frame is deduced
from the total size of the Block.

Data in frame 1
Data in frame 2
Data in frame 3

A frame with a size multiple of 255 is coded with a 0 at the end of the size, for example 765 is coded 255;255;255;0.

EBML lacing

In this case the size is not coded as blocks of 255 bytes, but as a difference with the previous size and this size is coded as in EBML. The
first size in the lace is unsigned as in EBML. The others use a range shifting to get a sign on each value :

1HKH HRXK ~ valua ~(2°6-1) te 2761

(i2 0 to 2°7-2 minus 2761, half of the range)
Dlin RREH  HKKH AR - value - (2°13-1) to 27131
D013 XREX RAX MEXK UK RELX ~ value ~(2°20-1} to 2°20-1

D001 JuexX DGIRK MERA RN

KM HHAR - value 27-1) to 2°27-1

0000 Ixxx HEX KNXX ps

HHRE KEHR ~ value - {2°34-1} to 273%-1

D000 0lxxX XRX SOIKR  KERA KKK ZRRX REEX 0G0

A OMNMR HRKK ~ value -{2°41-1) to 2°41-1

OU0U 001K SORHR KEXX  KERK RMAE KKK KHHX  BKAX KEXM KMHX HEXR HREX KAXK - value ~{2748-1) to 2748-1

Block head (with lacing bits set to 11)
Lacing head: Number of frames in the lace -1, L.e. 2 (the 800 and 400 octets one)

Lacing sizes: only the 2 first ones will be coded, 800 gives 0x320 0x4000 = 0x4320, 500 is coded as -300 : - 0x12C + Ox1FFF + 0x4000
=0x5ED3. The size of the last frame is deduced from the total size of the Block.

Data in frame 1
Data in frame 2

Data in frame 3

Fixed-size lacing

In this case only the number of frames in the lace is sav ed, the size of each frame is deduced from the total size of the Block. For
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example, for 3 frames of 800 octets each :

Block head (with lacing bits set to 10)

Lacing head: Number of frames in the lace -1, i.e. 2
Data in frame 1

Data in frame 2

Data in frame 3

Sim pleBlock Structure

The SimpleBleck is very inspired by the Block structure. The main differences are the added Keyframe flag and Discardable flag.
Otherwise everything is the same.

Size = 1+ (1-8) + 4 + (4 + (4)) octets. So from 6 to 21 octets.
Bit 0 is the most significant bit.

Frames using references should be stored in "coding order”. That means the references first and then the frames referencing them. A
consequence is that timecodes may not be consecutive. But a frame with a past timecode must reference a frame already known,
otherwise it's considered badiv ald.

There can be many Blocks in a BlockGroup provided they all have the same timecode. it is used with different parts of a frame with
different priorities.

‘SimpleBlock Header

Offset Playef fDescription

Track Number (Track Entry). It is coded in EBML like form (1 octet if the value is < 0x80. 2 if < 0x4000, etc) (most

0x00+  must
significant bits set to Increase the range).

0x01+ must  Timecode (relative to Cluster timecode, signed int16)

;Flags

Bit Player Description

- Keyframe, set when the Block contains only keyframes

1-3 - Reserved, setto O
0x03+ - 4 - Invisible, the codec should decede this frame but not display it
Lacing
00 : no lacing
5-6 must 01 Xiph lacing
11 : EBML lacing

10 : fixed-size lacing

7 - Discardable, the frames of the Block can be discarced during playing if needed

Lace (when lacing bit is set)

0x00 must  Number of frames in the lace-1 (uint8) ‘

ox01/ must* Lace-coded size of each frame of the lace, except for the last one (multiple uint8). *This is not used with Fixed-size
OxXX lacing as it is calculated automatically from (total size of lace) / (number of frames in lace).

(possibly) Laced Data

0x00 must  Consecutive laced frames

EncryptedBlock Structure

The Encry ptedBlock is very inspired by the SimpleBlock structure. The main diff erences is that the raw data are Transformed. That means
the data after the lacing definition (if present) have been processed before put into the Block. The laced sizes apply on the decoded
(Inverse Transform) data. This size of the Transformed data may not match the size ¢f the initial chunk of data.

The other difference is that the number of frames in the lace are not saved if "no lacing" is specified (bits 5 and 6 set to 0).
The Transformation is specified by a TransformlD in the Block {must be the same for all frames within the Encry ptedBlock).
Size =1+ (1-8) + 4 + (4 + (4)) octets. So from 6 to 21 octets.

Bit 0 is the most significant bit.

: Frames using references should be stored in “coding order". That means the references first and then the frames referencing them. A
: consequence is that timecedes may not be consecutive. But a frame with a past timecode must reference a frame already known,
othervise it's considered bad/v oid.

There can bte many Blocks in a BlockGroup provided they all hav e the same timecode. It is used with different parts of a frame with
different priorities.

EncryptedBlock Header

Offset Player Description

Track Number (Track Entry). It is coded in EBML like form {1 octet if the value is < 0x80, 2 if < 0x4000, etc) (most
significant bits set to increase the range).

0x00+ must
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0x01+ must  Timecode (relative to Cluster timecode, signed int16)

?,Flags

;;Bit:‘PIayer Description

0o - Keyframe, set when the Block contains only keyframes
13 - ReseNed, setto 0
0x03+ _ 4 - Invisible, the codec should decode this frame but not display it
Lacing
00 : no lecing
56 must 01 : Xiph lacing

11 : EBML lacing
' 10 : fixed-size lacing

7 - Discardable, the frames of the Block can be discarded during playing if needed

Lace (when lacing bit is set)

0x00 must”  Number of frames in the lace-1 (uint8) *Only available if bit 5 or bit 6 of the Encry ptedBlock flag is set to one.

0x01/ . Lace-coded size of each frame of the lace, except for the last one (multiple uint8). *This is not used with Fixed-size
must B . N . .
OxXX o _lacing as it is calculated automatically from (total size of lace) ! (number of frames in lace).

(possibly) Laced Data

0x00 ‘must  TransformID (EBML coded integer v alue). Value 0 = Null Transform
0x01+ - must  Consecutive laced frames
Virtual Block

The data in matroska is stored in coding order. But that means if you seek to a particular point and a frame has been referenced far away,
you won't know while playing and you might miss this frame (true for independent frames and overlapping of dependent frames). So the
idea is to have a placeholder for the original frame in the timecode (display ) order.

The structure is a scaled down version of the normal Block.

: Virtual Block Header

OffsetiPlaye r:’Descr iption

0x00+  must Track Number (Track Entry). It is coded in EBML fike form (1 octet if the value Is < 0x80, 2 if < 0x4000, etc) (most
; significant bits set to increase the range).

*O0x01+  must  Timecode (relative to Cluster timecode, signed int16)

;Flags

0x03+ -

‘ Bit Player Description

7-0 - Res‘e‘rved, éet to 0

Copyright ® 2005 - 2010 CoreCodec, inc. All Rights Reserved
Matroska, MKV, and the Matroska logos are either rademarks or registered trademarks of CoreCodec, Inc.
XHTML & CSS Valid.
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The examination is being carried out on the following application documents

Description, Pages

1-17 as published

Claims, Numbers

1-15 filed with entry into the regional phase before the EPO

Drawings, Sheets

1/8-8/8 as published

Reference is made to the following documents; the numbering will be adhered to in
the rest of the procedure.

D1 EP 0 936 812 A1 (CANAL PLUS SA [FR]) 18 August 1999 (1999-08-18)

D2 WO 01/65762 A2 (TIVO INC [US]; PLATT DAVID C [US]; GOODMAN
ANDREW [US]; ZENCHELSKY DAN) 7 September 2001 (2001-09-07)

D3 US 2007/192810 A1 (PRITCHETT THADDEUS C [US] ET AL) 16 August
2007 (2007-08-16)

1 Independent Claims : Objections under Article 52(1) EPC and Article 54
EPC, lack of novelty

The subject-matter of independent claims 1 and 13 is not novel within the
meaning of Article 54 EPC and the requirements of Article 52(1) EPC are
therefore not met.

1.1 Concerning claim 1, document D1 discloses (the references in parentheses
applying to this document):

o A method of playing back encrypted video on a playback device, where at
least partially encrypted video data 22 is contained within a container file
20 and can be used to create an elementary bitstream 30 using
cryptographic information 32, which can be used to decrypt the at least
partially encrypted video data 22, the method comprising: (Fig. 3
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shows a general overview of a system for transmission
and reception of encrypted video data. The high level
functioning of the playback of such a system is
described in §0073 )

o

obtaining the cryptographic information 32; (50134, line 1-3
details that the control word is extracted by the sim
card)

o

extracting the at least partially encrypted video data 22 from the container
file to create an elementary bitstream 30; (80134, line 7-10, a
data stream is created using the scrambled video data
and the re-encrypted ECM)

o

the method characterized by: enciphering the cryptographic information
32; (80134, line 6-8 the Control Word is encrypted)

o

inserting the cryptographic information 32 in the elementary bitstream 30;
(§0134, line 7-10, the previously encrypted Control
Word CW is encapsulated in an ECM and inserted in the
data stream with the still scrambled video data.
§00135 further mentions that the encryption key used
to wrap the CW is also encrypted, encapsulated in an
EMM and added in the header of the bitstream)

o

providing the elementary bitstream 30 to a video decoder 20; (s0136,
line 9, the bitstream is descrambled and played)

o

extracting the cryptographic information 32 from the elementary bitstream
30 at the video decoder 20; (§0136, line 1-4, the encrypted
EMM is extracted from the start of the previously
created bitstream)

o

deciphering the cryptographic information 32; (80136, line 4-8,
the extracted EMM is used to decrypt the ECM contained
in the bitstream)

o

decrypting the elementary bitstream with the cryptographic information;
and (80136, line 8-9, the CW decrypted from the ECM is
used to decrypt the video content)

o

decoding the elementary bitstream for rendering on a display device
using the video decoder. (§0136, line 9, the bitstream is
played)
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1.2 The objections raised for claim 1 also apply to the corresponding system of
claim 13. More precisely, document D1 discloses:

o A system for playback of encrypted video, where at least partially
encrypted video data 22 is contained within a container file and can be
used to create an elementary bitstream 30 using cryptographic
information 32, which can be used to decrypt the at least partially
encrypted video data 22, comprising a demultiplexer and a video decoder
20; the system characterized by: (Fig. 3 shows a general
overview of a system for transmission and reception of
encrypted video data. The high level functioning of
the playback of such a system is described in $0073
where both a demultiplexer and a decoder are
mentioned)

o

the demultiplexer being configured to extract the at least partially
encrypted video data 22 from the container file to create an elementary
bitstream 30; (§0134, line 7-10, a data stream is created
using the still scrambled video data and the re-
encrypted ECM)

o

the video decoder being configured to decrypt the elementary bitstream
30 using the cryptographic information 32 and (§0136, line 8-9,
the CW decrypted from the ECM is used to decrypt the
video content)

o decode the elementary bitstream 30 for rendering on a display device;
wherein (§0136, line 9, the bitstream is played)

o

the demultiplexer is configured to encipher the cryptographic information
32 and (80134, line 6-8 the Control Word is encrypted)

o

insert the enciphered cryptographic information in the elementary
bitstream 30; and wherein (§0134, line 7-10, the previously
encrypted Control Word CW is encapsulated in an ECM
and inserted in the data stream with the still
scrambled video data. §00135 further mentions that the
encryption key used to wrap the CW is also encrypted,
encapsulated in an EMM and added in the header of the
bitstream)

EPO Form 1703 01.¢1TRI

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1772
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Datum Blatt Anmelde-Nr:
Date cf Form 1507 Sheet 4 ApplicationNo: 10 834 935.8
Date Feuille Demande n®:

o the video decoder 20 is configured to extract enciphered cryptographic
information from an elementary bitstream 30 and (s0136, line 1-4,
the encrypted EMM is extracted from the start of the
previously created bitstream)

o to decipher the cryptographic information 32. (§0136, line 4-8, the
extracted EMM is used to decrypt the ECM contained in
the bitstream)

1.3 For the sake of completeness, it should be noted that:

1.3.1 D2 also discloses an encryption system where the encrypted transport stream
transmitted by a headend is encrypted a second time in the receiver before
being passed through memories or processors to avoid potential attack (page
3, line 15-25 and page 5, line 18-24). The stream can be partially encrypted
and contains various informations and pointers to access the content (page 3,
line 35-38). The encryption keys can be embedded in the stream (page 6, line
17-19) to be used prior 1o display to decrypt the two layers of encryption (page
7, line 17-19).

1.4 D3 also discloses a tuner device which receives content and works in
collaboration with a controller device to manage access to the received
content using DRM licenses and keys (Fig. 2, §0020 line 10-14, §0023 line
3-7). The media content received is a bitstream with headers containing
various required information (§0021, line 1-7 and §0031, line 13-15) and the
DRM keys can be added to this stream as inline data to be communicated to
the controller (§0026, line 1-3). The media content, which can be partially
encrypted, and the DRM keys can be further encrypted using an AES
encryptor present in the tuner (§0032, line 16-21, §0018 line 1-2, §0026, line
6-10). The AES encryption used can be time varying to prevent repetition of
encrypted data (§0018, line 5-14). The reverse decryption can be used to
enable decoding and playing back the content (§0040 line 3-6, §0041line 1-7).

2 Dependent claims, lack of novelty

2.1 Dependent claims 2-12 and 14-15 do not appear to contain any additional
features which, in combination with the features of any claim to which they
refer, meet the requirements of the EPC with respect to novelty.
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2.2 Claim 2 discloses that the cryptographic information is obtained from the
container file. This can be readily contemplated in D1 where the bitstream N
at the bottom of Fig. 3 shows the ECM in a container with (among others)
Video data. The same ECM is received and re-encrypted in the decoder side
as mentioned in §0134-§0136 of D1 (cf. detailed citations in section 1 above).

23 D1 further discloses in §0132 that (the EMM and) the ECM contains
information necessary to check if the viewer have the required right to access
the program and if so, to obtain the Control Word from the ECM. As such the
cryptographic information comprises key information and information
concerning the encrypted video data. Claim 3 is thus not novel.

2.4 The ECM of D1 are mentioned to change on average every 10 seconds in line
1-3 of §0074. This ECM, which refers to a restricted block of video frames, is
then used to obtain the CW associated with a particular section of the
scrambled content in §01386, line 5-8. Claim 4, which mentions that the
information is a reference to a block of encrypted data, is thus not novel.

25 The EMM and ECM inserted in the stream in D1 are inserted in headers and
§0136, line 1-3 further mentions that the header containing the EMM is at the
start or the file. The cryptographic information is thus delimited by an identifier
and inserted before the encrypted video data as claimed in claim 5.

2.6 The extraction of the information using the identifier claimed in claim 6 is also
disclosed in §0136, line 1-5 where the EMM are extracted from the headers.

2.7 As mentioned in section 2.4 above, the ECM are used to obtain the CW
associated with a particular section of the scrambled content which can then
be descrambled and played (§01386, line 5-9). Claim 7 is thus not novel.

2.8 As mentioned in section 2.4 above, the ECM are inserted in the stream and
change every 10 seconds. This implies that the insertion in different locations
of different key information disclosed in claim 8 is not novel.

2.9 Claim 9 discloses that the encrypted video data contains frames of encoded
video which are encrypted. This can be readily contemplated in §0073, line
1-3 where the digital data, in this case MPEG-2 stream of compressed video
(§0047, line 3-6), are scrambled by control word CW.

2.10 Claim 10 mentions that the enciphering and deciphering are synchronised to
avoid the cryptographic information being recoverable after a given time
period. A similar method is disclosed in D1 §0133, line 3-5 where a session
key is used to protect the CW. It is also mentioned in §01086, line 10-12 that
such a session key may be changed periodically. As such claim 10 is not
novel.
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2.11 D1 further mentions in §0125, line 4-6 that the session key mentioned in 2.10
is taken from any one of a number of such keys stored for this purpose in the
system manager zone. As such it is considered that these key form a
sequence of keys. The sequence of scrambling processes disclosed in claim
11 is thus not novel.

2.12 D1 mentions in §0126, line 3-6 that the same session key required for the
decryption is also present in the sim card. As such the inverse scrambling
sequence can be decoded and claim 12 is not novel.

2.13 The arguments detailed in 2.2 and 2.3 above for claims 2 and 3 apply
respectively to the system of claims 14 and 15. As such claims 14 and 15
are not novel.

3 To the procedure

3.1 It is not clear what inventive contribution has been made to the art by the
present application. However, if the applicants can identify such a contribution
and wish to continue with the present application, they are invited to file a new
set of claims directed towards such matter with suitable supporting
arguments.

3.2 When revising the application, the applicants should also meet the following
points:

(a) new independent claims which set out clearly and concisely the inventive
contribution should be presented in a number which satisfies the requirement
of Rule 43(2) EPC;

(b) the new claims should be divided in the appropriate two-part form, with a
first portion correctly reflecting the nearest prior art disclosed by document D1
(Rule 43(1)(a) and (b) EPC);

(d) to meet the requirements of Rule 42(1)(b) EPC, document D1 should be
identified in the description and the relevant background art disclosed therein
should be briefly discussed;

(f) the spirit and scope clause on page 17 §0073 should be deleted (see the
Guidelines for Examination, F-1V 4.4).

(9) The “incorporation by reference” close page 8 §0048 is not foreseen in the
EPC. This statement implies that the scope of the application documents
extend beyond that which was originally filed. The statement should therefore
be removed in accordance with the Guidelines for Examination, F-III, 8.
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3.3 The applicants are welcome to provide amended claims where added material
is shown in underlined type and deleted material is shown in strike-euttype.
An additional "clean" version should then also be provided to facilitate any
potential office-internal scanning/OCR and printing process.

3.4 In order to meet the requirements of Rule 137(4) EPC and to facilitate the
examination of the conformity of the amended application with the
requirements of Article 123(2) EPC, the applicants are requested to clearly
identify the amendments carried out, irrespective of whether they concern
amendments by addition, replacement or deletion, and to indicate the
passages of the application as filed on which these amendments are based.
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Supported Media Formats

This document describes the media codec, container, and networlk
pretocol support provided by the Android platform.

N , i INTHIS DOCUMENT
As an application developer, you are free to make use of any media o
codec that is available on any Android-powered device, including Network Protocols
those provided by the Android platform and those that are device- Lore Media Formats
specific. However, it is a best practice to use media encoding profiles Video Encoding

that are device-agnostic. Recomenendations

Network Protocols

Muitimediz and Camera
The following nelwork protocols are supported for audio and video

playback:
| KEY CLASSES

s RTSP (RTP, SDP) P
s HTTP/HTTPS progressive streaming Mediafiayer
= HTTP/HTTPS live streaming draft protocol; MediaRecorder i
o MPEG-2 TS media files only SO O O OO OO
o Pratocol version 3 (Android 4.0 and above)
o Protocol version 2 (Android 3.x)
o Not supported before Android 3.0

§ Note: HTTPS is not supported before Android 3.1,

Core Media Formats

The table below describes the media format support built into the Android platform. Note that any given mobile
device may provide support for additional formats or file types not listed in the table.

Note: Media codecs that are not guaranteed to be availabie on all Android platform versions are accordingly
noted in parentheses—for exampie "(Android 3.04)".

SLLSISAAY,

-3
&

s
53

"

Supported File

T Format / Encod Decod Detail T 7 Contal
" K
vp Codec nooder ecoder ails ype(s) / Container
Formats
AACLC s . Suppoit for
mono/stereo/5.0/5.1
content with
HE-AACVE . standard sampling
(AAC+) {Android 4.1+) . rates from 8 t0 48 - 3GPP (3gp)
kHz. « MPEG-4 (mp4, .m4a)
+ ADTSraw AAC (aac,
N ; decode in Android
buppﬂi”t o/r 3.1+, encodein
HE-AACVZ stereo/5.0/5.1 Android 4.6+, ADIF
\ content with _ N
{enhanced . randard . not supported)
ndar Y
AACH) SAnAaTe SamPNG ., MpEGTS (18, not
: rates from 8 to 48 . L
) seekable, Android
kHz. 3.04)
S it for
AAC ELD Hpport far
. maono/steren content
(enhanced . .

developer.android.convg uide/appendixmedia-formats.html
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low delay (Android 4.14)

A,“\C)

AMR-NE .

AMR-WB -
Audio

FLAC

MP3

MiDi

Yorbis

PCM/WAVE .

{Android 4.1+}

JPEG °

GiF

PNG .
Image gasp

WebP {(Android 4.0+)

H.263 .

developer.android.convg uide/appendixmedia-formats.html
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(android 4.14) with Sfanuam
sampling rates from
16 to 48 kHz
47510 12.2 kbps
sampled @ 8kHz
9 rates from 6.60

° kbit/s to 23.85 kbit/s
sampled @ 16kHz
Mono/Stereo (no
multichannei).
Sample rates up to
48 kiHz {(butup to
4.1 kHz is

recommended on
devices with 44.1
iHz output, as the
48 to 44.1 iHz
downsampler does

notinclude 3 fow-
pass filter). 16-bit
recommended; ne
dither appiied for 24-
bit.

Mono/Steren 8-
320Kbps constant
{CBR) or variable bit-
rate (VBR}

MIDI Type G and 1.
DLS Version ¥ and 2.
XMF and Maobile
XMF. Support for
ringtone formats
RTTTL/RTX, OTA,
and iMelody

8- and 16-bit linear
PCM (rates up o
fimit of hardware).

® Sampling rates for
raw PCM recordings
at 8000, 16000 and
44100 Hz.

. Base+progressive

{(Android 4.0+)

Netflix, Inc. and Hulu, LLC -

3GPP {3gp}

3GPP (3gp}

FLAC (ftac) only

MP3 ((mp3)}

» Type G and ¥ {mid,
i, .mxmf)

« RTTTL/RTX (tttl,
)

» OTA (ota)

- iMelody (iry)

* 0gg (.0gg)

« Matroska (mky,
Android 4.0+)

WAVE {.wav)

JPES (jpg}
GIF (.gif)
PNG {png}

BMP {bmgp)
WehP (webp)
* 3GPP (3gp)

* MPEG-4 {mp4)

» 3GPP { 3am)

2/3

Ex. 1002, Page 1778

IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



11/27113 Supported Media Formats | Android Dewelopers

s MPEG-4 (mp4}
; : : ) o MPEG-TS (ts, AAC
H.264 AVC ° Baseline Profile (3P} o
. (Android 3.0+) audic only, not
Vides e -

seekable, Android
3.0+

MPEG-4 8P . 3GPP {3gp)

. . Streamabie only in « WebM {webm)

VEg ) ) ) Android 4.0 and + Matroska {mkv,
{Android 4.3+} {Android 2.3.3+) N
above Android 4.0+

Video Encoding Recommendations

Table 2, below, lists examples of video encoding profiles and parameters that the Android media framework
supports for playback in the H.264 Baseline Profile codec. While table 3 lists examples that the framework
supports for playback in the VP8 media codec.

in addition to these encoding parameter recommendations, a device's available video recording profiles can be
used as a proxy for media playbaci capabilities. These profiles can be inspected using the CancorderProfile
(/reference/android/media/CamcorderProfile html) CEBSS, which is available since AP leve! 8.

Takis F Dyamlas of o st ad virdans ar
Fable 2 K ORe =

sters for the H.264 8

SD (Low quality) SD (High quality) HD 720p (N/A on alf devices)
Video resolution 176 x 144 px 480 % 360 px 1280 x 720 px

Video framerate 12 fps 30fps 301ps
Video bitrate 56 Kbps 500 Kbps 2 Mbps
Audio codec AAC-LC AAC-LC AAG-LC

Audio channels 1 (mono} 2 (stereo) 2 (stereo})

Audio bitrate 24 Kbps

3D (Low HD 720p (N/A on all HD 1080p (N/A on all
quality) quality) devices) devices)
Video resolution 320 x 180 px 540 x 360 px 1280x 720 px 1920 x 1080 px
Videoframe o 1o 30 fps 30 fos 30 fps
rate
Video bitrate 800 Kbps 2 Mbps 4 Mbps 10 Mbps

For video content that is streamed over HTTP or RTSP, there are additional requirements:

s [For 3GPP and MPEG-4 confainers, the meov atom must precede any mdat atoms, but must succeed the foyvp
atom.

s For 3GPP, MPEG-4, and WebM containers, audio and video samples corresponding to the same time offset may
be no maore than 500 KB apart. To minimize this audio/video drift, consider interleaving audio and video in
smalier chunk sizes.

developer.android.convg uide/appendixmedia-formats.html 33
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Copyright notice

This 150 document is a Draft international Standard and is copyrighi-protected by 180, Except as permitiad
under the applicable laws of the user's country, nafther this 130 draft nor any sxiract from it may be
raprociuced, stored in a relieval system or transmified in any form or by any means, slecironic,
photcopying, recording or othenwise, without! prioy written permission being secured.

Requests for permission 1o reproduce should be addrsssed to either 180 at the addresa below or 180
member body in the couniry of the requester.

IS copyright office

Case posiale 58 = OH1211 Ganeva 20
Yol + 41522748 01 1

Fax + 412274808 47

E-mail copyright@isn.org

Web www.iso.org

Haproduction may be subject {0 royalty payments or a kcensing agresemant.

YVigiators may be prosecuted.

§ EHSOARS 2008 — All rights reserved
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Foreword

Technicai Corrigendum 1 o IBOAEC 14488-12:2004 was prepared by Joint Technical Commitles
ISOAEC JTC 1, Information Technology, Subcommitive SC 28, Coding of Audio, Piohws, Multimsdia and
Hypermadia Information.

DISCAES 2008 -~ Al rights ressrved g

ANSDOMD: KB B00181E8A
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IBOAED 144586-18:2004/Cor. 1 2008(8)

information technology — Coding of audio-visual objects —
Part 18: Font compression and streaming, TECHNICAL
CORRIGENDUM 1

in Subclavss 4.2.4. 7 "Triplet encoding of X and ¥ Coordinates”, replace the first weniy finas of the "Table § ~
Coordinate Encoding Tabla” with the ollowing:

N B ) N ¢ ’ TFN

i ES W 8 N/A A
i ~
-
£ +
3
& +
a5
o

>
[

in subclause 881 "Overview”, raplace the text of the firs paragraph

3 unit conveys data for ong single font, or & subset thersol. Two access unit formals are :;pccn‘ wed,
ha DecoderSpeaificino for the font data atream {ses subclause 5.4). O"Ey ang of these a
seted for a given font data stream.

A fort data accss
disotiminated by i
formats can be g8

with the following texi:

A font data aceess unlt conveys data for one single font, or 2 subsal theree!. Fonis may suppor! & wide variety of different
languagss and may have a large number of glyphs, While there are soma fonts that support, for example, full Lalin
character set, there are other fonts that support only Englsh alphabet, which can bs considersd a subsst of Laiin
characters.

Wian a font is ussd for text rendaring, onfy = imited number of glyphs can be wilized, and the transmission of the whele
font may nof be necsssary. In order to reduce the amount of dala seni, and to improve ihe efficiency of the font data
sireams, fonis can be reduced in size (subsetted) by keeping only thase glypbs that are Wilized in & partioular text
fragment, and the addiional required general font information. Therefors, the font subsets ars complete, seif-sufficisnt and
fully funciional fonts conlaining a limited number of glyphs. A forg subset shall be conformant to the FontFormat
spacifiad In the header of the access unit Whan the vaiue of fontPormat is Ox01, Ox02 or Gx{3, the content of

@ ISCASC 2008 — Al rights reserved i
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fontRata shal be conformant o Opentype specification, containing, al least, all required tsbles specifiad by the
OpanType spacification.

Twe ancess unif formals are specifid, discriminatad by the DecoderSpacificinio for the font data stream {ses subclause
5.4}, Only ong of these acosss unkt formats can be selected for a given font data stream,

fn subclause .27 "Ovarview", replace he faxt of Hhe second and third paragraphs:

The bhasic access unit format permits o convey font dala withouwt any header Information, T?e
SpecificInfo provides t"ﬂ antification of the font and, possibly, w; subget theraof that |
sonveysd, The aontast of uLib\:G(} it basic access unifs in such a font data sirearn shall repiace the font or
font subset data of previous basic a""ShE units.

@

The gnhanced sccess unit format provides a self-contained format where an agesss unil header containg all
necessary information about the font data conwveyved In this accsss unil.

with the foffowing text:

The basic access unit format permils o comwey foni data ws’thsqt any hsader information. The
Decodery j\ecific“r.’“u provides the ‘:fe.wtzﬁcms'm af the ‘am a possibly, the subsst thereof that is
crveyed. The content of subseguent bagic acvess units in sue 3011 data s:tieam shall replace the font or

&

font subset data of pravious basic access urils with the same £ mt::mne and font Subset 1D (f appicabie).
T
f

ha enhancad aooess unil format provi ides a salf-contained format whers an access unit header contains all
necessary information about the font data convayed in Liﬁes aocasa unil. The conterd of subsequsnt enhanced
accass unit replaces or (‘.(‘m;\k’ﬁ“‘% s thie font or font subset of the pravious basie or snhanced actess unit
with the same fontName and fontSubsetin, based on the 'ontSub&etE‘.xtansvw‘k lag, as dascribed in
subclauss 5.2.3.This functionality allows incremental updates of fort date and sfficient fond streaming
imylcsm»ﬂ*“srmn

i subclause 5.2.3 "Semantics’, repiace the cirrent desoription of

fontSubsetExtensionflag ~ ¥ set 10 one indicates that the font data v this access unil is an exdension of
the praviou E sy zent font subssl with the same fontNams and fon 1D, Qtharwise the font subset
replaces any pravious ford subset with the same fontName and font Subset D,

with the foffowing text:

fontSubzetExtensionFlag ~ I sef, indicates that the font data in this accsas unit is an axtansion of the
previgusly sent font subset with the same foniName sm:‘ f{m‘t:\.ubse 1. The data presanted in the current
acosss unit exisnds the praviously sent font subset data, Le. anewfont s betp ovides addiffonal glyphs that
‘r}mpa\,mn:‘* pravinusly zsent font subset with the same font name and ‘m‘* ubsal 1D, These two sUbsets can

har be merged in the decoder, or can be used concurently as iwo Em‘e; ant font subsets of the same
m.gmﬁ& Q. §* ‘ont SubsetBxtensionflag is nol sel, the font subsel replaces any pravious fond subsst
with the same fontName and FontSubsetib

< S ISQART 2008 - All vighis reserved
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in Armex A "Paferd Stalernents”, replace the lalie containing company names with the foffowing:

@ {SCAEC ROOE ~ &l rights reserved

_BOEINBA_ >

Company

Apple Computer

Microsoft Corporation

Monctype Imaging Inc.
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Copyright notice

This IS0 docunant is a Draft international Standard and s copyright-protected by 18O, Excapt as permitted
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Foreword

B0 (the International Organization for Standardization} is & worldwide federation of national standards bodies
{130 member bodies). The work of preparing Infernational Stardards is normally carded out through 180
tachnical committees. Each member body interested in a subjest for which a technicgl committse has baen
established has the righi {0 be represented on that commiltes. Intemational organizations, governmenial and
non-govaernmental, in lialson with 180, also take part In the work. 18O collaborates clossly with the
international Electrotachnical Commission (EC) on all matters of elecirotschnical standardiization.
infernational Standards are draftad in accordance with the rules given in the ISTAEC Dirsctives, Part 2.

The main task of technical committess is i prepare International Standards, Draft international Standards
adopded by the technical commiltsss arg circuiated o the memiber bodies for voling, Fublication as an
international Standard requires approval by at least 75 % of the mamber bodias oasting avote.

Attention Is drawn 1o the possibility that some of the slemenis of this document may be the subjest of patent
rights. 180 shall not be held responsibia for identifving any or ali such patant rights.

ISCEC 1440618 was preparad by Joint Tachnical Commiles ISCIEC JTC 1, information Technology,
Subcommitias 80 29, Coding of Audic, Ficturs, Muliimedia and Hypsemedia Information.

ISOAED 14488 consists of the Tollowing parts, under the genaral ttie Information technofogy - Coding of
avdio-visual objects:

we Pari 1: Sysfems

------ Fart 2 Visual

- Fart 3 Audio

~  Part 4: Conformance testing

—  Part & Reference software

------ Fart & Delivery Multimedia integration Framswork (DMIF)
e Pari 70 Cptimized software for MPEG-4 visual tools

e Paet & Carriage of ISOAEC 14495 content over IF networks
~ Parf §: Reference hardware desoription

- Part 1 Advanced video coding

~  Fart 11 Scene descriplion and gpplication engine

----- Part 12: 180 base media fle format

—  Part 12 Imtelisctual Property Management and Protection (IPME) exientions
e Part 14 MPE fis format

— Rart 15 Advanced Video Coding (AVC) He format

&
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—  Fari 18 Animation framework extension (AFX])
e Papt 17: Sireaming text format
—  Part 18: Foni compression and streaming

-  Part 18 Synthesized fexture siream
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introduction

ISOAEC 14488 specifies a system for the communication of interactive audic-visual scenes. The spacifioation includes the

following elemenis:

1. ihe coded representation of natural or synthetic, wo-dimensional (20 or three-dimensional (3D) ohiects
that can be manifested auditly and/or visually {audio-visual ebjects] (specifiad in part 1.2 and 3 of ISOAED
14488);

P

the coded represantation of the spatic-ternporal positioning of audiowvisual objects as well as theiy
pehaviour i responss to intsraction (scene dasoription, spacifisd in pard 11 of ISOAEC 14488);

3. ithe coded representation of information related o the managemant of data streams {synchronization,
identification, description and asscciation of stream content, specified In part 11 of ISOAED 144886);

4. ageneric interface to tha data stream delivery laver funciionaiily {specifiad in part 8 of ISGIEC 14488);

5. an applicaiion engire for programmatic control of the player: format, delbvery of downloadabls Java byle
code as well as its execution ecycle and behaviour through APs (spacified in part 11 of IBO/ET 14408);
and

8. a file format fo contaln the media information of an IBOAEC 144586 presentation in a Hexible, extensible
formatl o faciitate interchange, managament, sditing, and presentation of the madia.

The Infgrmation reprasentation, specifiad in ISGAEC 144881 and in 1ISOAEC 14486-11, dasoribes the maans
10 creste an interaciive audic-visual scene in terms of coded audio-visual information and associated scene
gescription information. The encoded content s pressented o a terminal as the collection of slementary

s Elemantary streams coniain the coded reprassntation of elther audio or visual dala or scene
deaoription information or user interaction data. Blemsnlary streams may as well themssives convey
information 1o idenilfy streams, © describe logicat dependancias hetween streams, or 10 describe information
refated 1o the content of the streams. Each slementary atream containg only one typs of data.

Elementary streams are decoded using thalr respeciive stream-specific decoders. The audio-visual obiscis
arg composad according 10 the scens descripiion information and prasented by the terminal's presentation
davice{a)l. All these processes are synchronized according to the systems decodsr modsl (SDM) using the
gynehronization information providad at the synchironization layer.

Thie scena description stream identifias different types of oblacts, such as audio, visual, 8D and 30 graphics,
etc. that dafine a scene composition of the sontent. Among these obiecis, the essential pant of almost any
muflimedia presentation s fext ohiscis thal ars created utilizing specific custom fonis. Fomd scolection
determings 1he appearance of & texd in mulimadia content and i{'s the most critical factor that assures text
iegibility and readabiiity. It also plays oritical role inthe ovarall scens compoesiiion sinoe the metric propeoriies
of a font are used for textual parts of multimedia content fayoul. Many thousands of fonts ars available today
for use in content creation and in order {0 assure correct appearance and layout of & content the font data
have 1o be included {embeaddad) with the text objects as part of the mullimedia presentation

Font data compression and streaming ¥ ,,,hmingy pmse misd in this document provide sfficient mechanism o
ambad font data in MPEG-4 enooded prasantaiions

G ISOAES 2004 — A rights reserved wif
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information technology — Coding of audio-visual objects ~
Part 18: Font compression and streaming

1 SBecops

This part of ISOAEC 14496 specifies functionsiities for the communication of fent data as part of the MPEG-4 encaded
audic-visuat pressniation. Mors specifically, it defines:

1. Fant iormal represantation that is willized for font data encoding (OpenTyps),
2. Font comprassion tachnology for TrueType and OpenTyps fonts with TrueTvpe outlines; and

3. The codad reprasantation of information in font data streams.

2  HNormalive References

The following normative deocuments contain provisions, which, through reference in this texd, constilute
provisions of this part of IBOMED 14498, For dated references, subssquent amendmenis 10, of ravisions of,
ary of these publications o not apply. However, partiss 1o agresmaernts based on this pan of ISGAEC 14488
are sncouragad io investigate the possibiiity of applyving the mast recant sdiions of the normative documents
indicated balow. For undated references, the iatest sdiion of the normative document referred 1o appliss.
Membars of 180 and 120 maintain registars of currenily valid International Standards.

ISONES 144881, Information technology — Coding of audio-visual obiects — Sysiems

ISOAEC 14488-11, information technology ~ Coding of audio-visual objecls — Scene description and
apuliication enging

The Opentype  Spscification - avallable  on the  Miorosoft  Typography  websits  at
<http/fwww.micreseft. comftypography/oispes/defauithtmy  or the Adobs Solutions Network websits at
<httpd/pariners. adebe.corm/asn/ienhityps/opentypadindex jsp>

3 Font Dals Format

in order o guarantes the original appearance of the content, to preserve corporale branding and dentity in streaming
multimedia presentations and to provide support for all languages, MPEG-4 supports texi rendering viilizing rich formatting
capabiiities and custom fonts,

MPEG-4 adopts OpenType®, version 1.4, as its fond data format for the purposes of uniform font data transmission and
pradiciable text rendering. OpenType has smerged as the font solution for high-quality texd processing, mulimedia
appdications and cross piatform internel document portabiity. Opentyps is a full-featured font format that enables the
highest quality of text rendering on low-resolution displays, advanced typographic features and international character
support. itis fully compatible with the axisting and widely zdopted TrueType™ fonta,

MPEG-4 raguiras fonis to contain & Unicode charaster map (omap’ table,

DISOAED 2004 ~~ Al rights reserved 1
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4 Font Compreasion Technology

4.1 Overview

Transmission of the font data through bandwidih-limited channe!s reguires efficient compression chnigues
be gppiied that allow reducing font data size without sacrificing quality of text randering and advancsd
wrograpnic features supporied by the font. MPEG-4 adopts MicroType® Sxpress” 2.0 font compraasion
wwohnoiogy, which aflows tossiees compression of OpsnType fonts with TrusType outiines and provides the
capability to render the text without decompressing the whole font, which significantly reduces memory
raguirements, The spaecification of this comprassion mechanism is prasantad below,

4.2 Compressed Font Formal Specification

421 Introduction

This part of the documernt desoribes the compressad font format that is designed for compact binary
repre%ﬂn*atiar { lossiess-comprassed TrueType and (‘pﬁr‘T\f e with TruaType outlines fonts {TTF) and :mt
collections {77 '3‘, This font compwession sehnology for CpenType TrueType fonis is designed to minimiz

memory usags for font data storage in FERCUTTe mr‘mram&, environmants, where both ROM and u’-‘\M
mamory savings are oritical, and bulld e agll font files without sacrificing the qualily, features and
capabiiities of TrueType and OpenType fon

The compressad font format provides random acosss capabii
i rander glyohs diveclly from the compressed fort tabies ﬁ'-t*mut decomprassing the whols font while
maintaining the highest charactsr guaiity. The saelection and number of compressed tables in & fant fils may
differ from one font 1 another. Any numbsr of tables can ba f‘memeweu i the same font mo';“ "n’ﬂv ong o
ail}, which aliows application developers 10 optimizae “memory savings - parformance of font rendsring engine”
frade-off,

ey inte the font data and allows font rasierizer

Compresaion algonth ap;:siiw*d to font iables, taks a@varta@e of adhvanced knowledge of OpenType font
tables a:w:.ut,mrs and mowzir. of data \iu*‘ TrueT) ¥pe iristructions, glvph data, eio). Separation of these
obiects into groups with dli st;m“iv different statistical distibutions aliows smploying a number of compression
technicues, which results in producing most compact lossiess- mmm&a%' data. These tachniques are
espucially sifective whan ‘ompaewxm s of the giyph data {givl tabis), which is typically the bigges! tabls in the
TTF fils. The details of the glyph data comprassion are described in subclauss 4.2.4 of this specification,

422 DataTypes

The cormprassed font format follows the same SFNT structure {usad in both TrueType and OpsnTyps) that
provides 8 “wiappsr® for a collection of tables In @ general and extensibls maenner. Rasterizers use &
mmw atfon of tables contained in the font 10 randay g:vm outtinas. In order 10 simplify the process of
raversing the tabizs in a foni the beginning of sach abis is aligned on the 4-byle boundary and each table
dats s padded with zaros.

\faQi mb- ox have version numbers, and the version number for the entive font i3 contained in the Table
(i H ation uses the same dala lypes that are usad In the UpenType

The comprassed font format ap
e ;aoaiwr‘., For all detalls on data types and varsion number formal please sae the OpanType font fils
specification.

423 Compressed Font Fornat
4231 The Comprassed Font Header
he comprassed font § §e format s the same as an Dpesﬂ'vp; font fils, which always begins with the Offsst

The o
Table followad by the Table Directory entries, i thafontfileis ¥ 'i"u file, the offset 10 ean h Taide Directory is
definad in TTC %«ieaﬂai if the font fils containg only one ford, the Offest Table will begin at byt e 0 of the fle.

& D ISCARD 2004 — Al rights reserved
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For details about an GpenType font Table directory and TTC header structure please ses "Organization of an
OpanTyps Fort” in the OpenType font flle spacification.

4.2.3.2 OpenType Tables

The CGpenType font file spacification defines the sst of required taldes to be used In an OpenTyoe font with
TrusType cutlines. Whan this font compression mechanism s used with QpanType fonts with TrueType
sutlines, the ACT3 additional table deacribed in the inllowdng section is required. The tag describing this table
is ‘actd

Other tables may be defined but are not raquired. CpanType fonts may alse contain bitmaps of ghyphs, in
addition (o oullines, as wall ag other optional tables that support verticat layout and advanced typographis
features. For a compiste list of OpenType fort tebles, thelr definiions and data structures ses The OpenType
font file specification,

4.2.3.3 ACTS Table Structurs

The ‘ACTE 1able definss the mapping of all tables, present in the font, 10 the collection of comprassed and
uncompressed blocks of data in a font file. Since the hersln comgprassed font file format aliows a mixture of
hoth compressad and uncomprassed data blocks o be present in the g, the mapping of the data biocks
ralative to the original OpenType TrueType table struciure will be as follows:
»  afl consecutive uncompressed tables of the origingt font file will be refersnced as a contiguous black
of uncomprassed data by a single eniry in the ACTS tabis;
«  each compraessad table of the original font fils will ba referenced as a block of sompressed data by a
single anty in the ACTS fable.

NOTE: Ths 'act3’ table is required 10 s present in the comprassed font CpanType Tabls Directory. |
the font fils is TrueType collection, than the table will only be part of the first font Table Dirsctory and
wili contain mapping information for all fonts in TrueType Collsction font file.

Tabie 1 -~ ‘actd table syntax

Data Type  Synitax Degoription and Comments

% ACTI Table Headex®/

USHORT Tablelength Langth of the 'act8 table padded o 4-
byta boundary
ULONG CompFontSize Size of the compressed font file

DLONG Uncomp¥ontsize Criginal size of the uncomprazsed font
fite after GTF compression was applied
o glyph data.

OLONG GiyfStart Offsst io the stan of compreased ‘glyf’
table in uncompressad font Hig
ULONG GlyfEnd Offset 1o the position immediatsly

following the end of comprassed ‘giyf’
table in uncompressad font fiig
USHORT fumkntries Murmbar of diferam
compressad/uncompressed data
:ks in the font file

/% BOT3 Tahle Entrias®/

for {i=0; i<oumBntrias; i++)

{

ULONG BlockStart Cifset o the start of uncompressed
data blogk in original fort file

ULONG BiockLanghh Lengih of uncompressed data block in
original font file

OLONG CompBlockStart Cffsat o the start of datg blockin the
comprassad font file

U3HORT IsCompressad Flag indicating whether dlook is
comprassed (non-zero § block is

@ IBOAES 2004 — Alf rights reserved 3
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comprassed, INTERVAL =
sComprassed )

4234 Structure of Compressed Block

Each compressad table in the orginal OpenType TruaType font or font coliection #ls is repraganted by the
singls bock of data in the ACT3S fable. The dala is lossleasly compresssd using canonical Hutfman oodes,
Whan the table is compressed, an additional sal of date is ganerated in order to anable the decoder perform
random access inlo compressed data stream and selectively decompress only thoss chunks of data that ars
raguestad by the font rendaring engine.

Random access iy the compressad datasst iz achleved by providing addifondl information on the
corresponding positdons of the start of Huffman codeword in the comprassed date stream (itmarks) and the
start of a ioken in the uncompressed data. This relationship is sswablished through pradefined intsrvals
between referance points in the crigingl deta,

The siza of the Interval batween refersncs points affects both the compression efficiancy of the sncader (a
smafier interval would require more data be added o the oulput comprasssd data stream) and foni rendering
performance {a bigasr interval would require font enging o decompress largsr dataset in order {0 read the
requestad data). Tharsfore, a careful consideration should be given 1o selection of the interval between
random acoess enwy poimts. The analysis of the TruaType features, thelr sizes and empirical rendsering
pericrmance rasulls for Latln fonts showed that the optimal placemant of referance points is achisved at the
INTERVAL = 128 bytes.

The biock of compresssd data has BALS {ag and consiats of the following data segments:

The diclionary of tokens whish were defined by the encodar;

Dafinttion of the cancenical Huffran sodas;

Locations of the random acesss pointers 10 the compressed bitstream and original data;
Compressad data bitstream.

e & ® @

Table 8 ~ RACS block format

“Data Type  Syntax Description and Dommaents

T URACY Biook Headey v
TAS RAChay Comprassed data 1D string: 'RIANCS
{OxB24 14305
Size of the comprassed data
Crigingd size of the uncompressad

T ULONG Mumber of tokens in the dictionary.

BYTE Areay of fength for each {oken in the
dictionary {n byies}.

BYTE th Length of the inkenOifestfrom the
vaginning of the tokenSiring aray o
the start of the token {n bytes)

1f fa Tokens are non-ovariappl

{ tokenCiiset inlo the tok i
be inferrad from the array of
okantengin

ULONG Length of the i

BYTE Dictionary of the

i We have overlapping tokens, offsats
{ infe the tokenString arg i
gpecified in the foken(f

BYTE Array of offsets for sach token in the
tokenBuing. Each slement of the

4 G ISOARD 2004 - Al rights reservad
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HE"&y‘ is offzetlangth bytes fong.
Langth of the tokenSuing in bytss.
D'“"“ mary of the tokens.

,-"* Cannnical Huffman Codes * 4

BYTE HUGT Ouns Number of Mufiman cods length
groups {can be from 110 32)

BYTE Array of cods fength in each Huffman
group.

GLONG &rray of the first oode in sach

Huffman group.
Array of the last corde in sach
Huftman group.

¥ Raocdom Aocess Pointars ¥/

ULONG numintervais Number of INTERVAL byts intervais
in the uncomipreasad sowos data
LORS itMarks [numintervals) SBit offset f0 the stan of the nearest

at¥ fi‘”far; codeword from the
ing of oo mpy esaad data blook
COITEaE! mdmra to 0™ intarval,

RYTE deitabyvies [numlniervals] Offset o the start of the naarast
Huffman tokar from the beginning of
uneompressed scurce data =
BNTE;IWAL N~ daltaBviesin

FLONG itStringDifaet 2it offset to the start of the
comprassed bitStingl] from the
beginning of the comprasaed data
bigck,

Comprassed data bitsiream.

)
)
-3
e}

4.2.4 Giyph Data Compression

4244  Cverview

The 'ghyf’ table contains all the information about simple and composite givpbs in OpenTyps TrusType font
Simple givphs are recordad as g oolisction of data ssgments representing number of cortowrs, bounding box,
TTF instructions for glyph scaling and arrays of date point coordingies. f composite charagiers ars presant,

they contain the amay of simple glveh indaxes along with the scaling information and TTF instrustions for ghe
composie givph. These datassis have distingtly different statistical distributions of valuss and, sometimas,
significant levsls of redundancy. The use of inisrnal dependencies of ghyph data segments and knowladge of
TruaTyps rasterizer behaviour allows the application of addiional compreasion algorithms to reduce quph
data set without any affect on the hnctionality of glyph rendering and the cutput guality of TrueType rasierizar.

4242 Additional Data Types

TrurTvp”- (SENT] file farmat often uses USHORT and SHORT data types o provides enough siorage space
for numarical desia Howsver, in the majorily of cases the siored numbeyr is rather small and can be recorded
within one byte. In order o reducs storage sizs for TTF alyph lata whils kesping fyte aignmant of data
racords we introducs 283USHORT and 2538HORT data type that racords the numerical Yalus as follow:

Table 3 - 258USHORT Data Type

“Data Type | Syntax Description and Commants
RYTE Code ' Valus = Code; /[0, 2551/
if {Code == 255)
BYTE Valuel Yalue = 253 « Valued, / [Z53..508] */

HIROGD <X
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c:ls,s n {(Coda == 254}
BYTE Value = 508 + Valust; /~ {5308.781] %
w25

Vatoe /10, B5835]

Table 4 ~ 2558HORY Data Typs

Dasoriplion and Comments

v

Code; & 551
< 230) {1} Vmue f‘od@,f, 0,.249] 4
:wode s 2500 FpS 1 o

Yalus = (BHC ‘P W-{Valust + 1)
fmm data code. Codes 251 and 252
are reserved for "Hop Codes”, see

bf’iow and subclause 4243 a‘oz

dotails.
SHORT Valug Yalue, /7 [-32768.327671 Y
else 1Y {Code »= 254}
Valuel Value = Value1+258°(255-Cade)+25¢;
else if Value = Valuel+2h8"(R55-Code}+250;
{Code==251 ||
i ) Rasarved Moplode values,

4243 Giyph Records

42431 Overview

Ciyph records ars tocated in thae ‘glyf table of OpenTyps font, Glyphs are recorded as a set of bounding box
vatues, TrueType instructions, flags and cutline dala points. The givph record size can be reduced with no
effact on the mq!sty of the aiypn rendering. This comprassed font format converts simple TTF glyph table
records 10 losstess Compact Table Format (CTF).

42432 Bounding Box

In most cases, the bounding box information can be computad from the data point soordinates and, thergiore,
pounding box information may be omittad in glvph record,

4.2.4.33% Conlour End Points

TrueType givphs store actual numbers of tha end pa}ém for each contour. OTF stores the number of points in
each coniowr instead, whish is typleally iess then 255, Translation io the sndpoint number is simply the
curnulative sum of point count in all preceding confowrs

42.4.3.4 InstrucHons

TrueType giygchs coniain instructions tor glyph sealing. Glyph programs typically stan with a burst of various
PUSH instructions 1o initialize the stack for a TrueTvpe instructions belonging to that givph. TrusTyps mrovides
four cifferent types of PUSH instrustions that o 2CCURY 18 differant opeodes. In ordsr to optimize data siorage

size, the CTF format stores only data fo be pushed onlo the stack. The transiation process back to TTF
generates & new sequence of optimized TrusType FUSH instructions that results in the identical functionality
of givph program.

The storage format of the inital push data uillizes addditional Hop Codss that makes use of the specific data
patterns observed in TrueTyps data. | capliaizes on a specific distribution ¢f the data that a traditional
comprassion echnologies do not take advantage of. A typioal TrusType data sequence containg value stream
that has the same value repeating periodically amonyg other valuss, a.g. &, x1, A X2, A, X3, etc. Eachvalus is

8 SSQAES 2004 ~ Al rights ressrved
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of type SHORT and occupiss 2 byles of storage. An additional set of Hop Codes allows the reduction of the
datasel size by applying ths following transiormation:
« &, xt, A, x2, A wensieted o0 A, x1, HopSQods, x2. Hop3Cods = 0xFBY;
« A xt, & 22, A, %3, A~ transiated to A, ¥, HopdQode, w2, x3, (HopdCaode = uFCYL
42435 Glyph Program Table
The following table describes the ghvph program in CTF format:

Tabie § ~ Giyph Program Table

Data Type  Syniax Description and Commenis

Number of data items in the push dala
stream.

Sze sampls C funclion for HopOodes
DIonassing.

55USHORY  codeSize Glyph program ramaining cods size.
BYTE instrustions [codelize] Remaining TrusType ingirustions.

he used o ra

Data Type  Syniax Dosoription and Commenty

RSO X
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SHORT

Number of contours in the glyph, also
used as a flag.
vs < 0} i numConiours == -1, the glyph is
aomposita glypi*
Mintmum X value for coordinate data
Mirgmun Y value for eoordinats data
m X valug for coordinate data
m Y walue for coondinate data

/% Composite 0%
Table */

}o@lse |
if {numlontours == (x7FFF) This is & flag, read naw valus and
{ pounding box information helow.
aunContours Actial rumber of *mtm rs in the glyph.

fMinimum X valug for coordingie data
Mirimum Y valus for c:m“ fnate data
Maxdmium X value for co
fMaximum Y value for coordinale

.s& Boundding box irformation omitied and
} should be computed from the ghyph
data onordinales.

PR Gimpie OFF Olyph Tabde L mmmmmmmmmmmmmmmmmmmmmes
*/

4245  Simple OTF Glyph Data

A gimpla ;giy;ai" defines all the confowrs and points that are used 0 create the glyph gutling, Each poim' is
prasantad in a (flag, xCoordin yOoordinate) Vgl that is stored with the variable :wr‘gm encading
CONSIMING 2 10 & Dytes per triplet. The fag vaius s slways stored in the fivet byis of tiplet and defines the
format and properties of the point goordinates.

Thi most significant bit of the fiag sr‘dwa&\\ whether the point s on- or off-curve point. The ¢ maén g 7 hits
s yaify "“% p@mﬂie combinations which define data format ans:i valus for X and Y coordinates of 8 point and
1 of the following ;\m;,emas

her of bytes used for this iriplst {ty“e count);

bits used for describing X coordinate value (X bits);

TC‘L’%: nus‘-"‘
Numbey

&
® &
e Number of bits for desaribing Y eoordinate value {Y hits);

s An advitional amount 1D be addad i X coordinate value {deita X},
® 1

B

®

An addifonal amount to be addsd o Y coordinate value {Jelta ¥},
The sign of X coordinate value (X signy;
The sign of Y coordinate value {VY signl.

Each of the 128 combinations idemify a8 uniqus set of thsas saven properfies which have bosn assigned after
careful consideration has been given 10 the typical statist L al distribution of data found in TrueType fies. As a
result, the datasst size in OTF format i significently reduced comparsd 10 the native 'u&yp& ormat,
Howavar, the date is left byts aligned so that an Hulfman entropy coder can be sasily applied on the sasond
slage,

Uniike the native TrusType formats that aliows Xoand Y coordinaies values be defined either in relative or
sheolute values, the CTF format always defings X and Y coordinaiss as relative values o the provious point,
The first point is relative to {0,0). The informat sm on dats formats of xCpordinates]] and yCoordinates]] of
:;‘g: b cata can be found in the subtlause 4.2.4.7 of this spacification. This table destribas simple glyph data
in GTF format.

pits

Tahils ¥ ~ Simpls OTF Glyph Table

Data Type  Synlax Dasoription and Comments

£¥% Dats wf

8 GISOAEC 2004 — All rights resarved
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contourPoints [numContours] Nbﬁbmro*ﬁanEFQadﬂ contour,
sa.mxstﬁ"ve sum should be ca.[ wtated

ci > total number of paints.

A &Y w;t flags for sac h coordlinate i
giveh outline.

Array of X coordinaiss for glyph oculline
poirds,

Array of Y coordinatas for glyph outiing
points.

Field

T

4248  Composite OTF Glypk Data

Thiz table describes composite glyph data in OTF formal

Table & ~ Composite OTF Glyph Tablke

Data Type  Syntax Desoription and Commaents

7% Data ¥/

g | £ ior all giy iy compaonents ¥
flags Fiaas for each componant in somposit
glyph.

Sea “giv” table specification for maors
information.

4247  Triplet Encoding of ¥ and Y Coondinates

The following table presents information on Triplet Encoding {flagll, xCoordinmies]], yOoordinates]]) of simple
ghvih outline points.

Plaase note ~ "Byte Count” Held reflects 1otal size of the tplet, indluding 'flags’

Tabile & - Coordinate Encoding Table

index Byte Cout X bits Y bits Delta X Pelta ¥ Xsign Y sign
) o N/A i TNAR
&
4 +
8 +
?
a +
@ IROAES P04 — AN rights ressrved 2]
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Sl Byte Count X bits Y bits Uslta X Delta ¥ Xalgn Y sign

The coordinste valuss of simple givph outline poirts are oaloulated as follows:

e

§ Font Data Stream

5.1 Structure of the Font Date Stream

Font data streams are sireams of streamType Fcﬂmﬂah‘str-:a“n GG {see ISOAED 1448841, Table 7), kisntifled by a
specific obiactTypeindioation 0308 {ses ISOAES 144861, Table 8). A font data slrsam consists of one or more ancess

unis with fort data

£.2 Access Unit Delinition

521 Qverview

ont date acscess unit corwveys data for one single font, or a subset thereof, Two @ o
iminated E}
can be s

3 unit formats ave specified,
the EDQ\:nr\smpwei‘ic‘ﬁfo for the foni data siream {see subciause §.4). Only one of these access unit
slacted for & glven font data stream.

The bazic meopss unil formal parmits to convey font data without any header information. The DecoderSpecificinfo
provides the identification of the font and, possibly, the subsst thereo! that is conveyad. The content of subasguent basie
aconss units in such & font data stream shall rephacs the font or jont subset dala of previous basic access units.

The snhanced access unit format provides & selfcontained format where an access unit header containg all necessary
information ashout the font data conveyed in this acoess unit.

Acoess units in font dads sireams shall be tabelled and time-stampad by sultabie means, *his shall be done via the related
flags and the composition tima stamps, respectively, in the SBL packet header {see i );Ei Go14488-1, 10.2.4) Th
camposition tima indicates the point in time al which a font data accass unit becomes valid, Le., when the am'mc.--:ﬂ-ﬁ font
information besomes avallabie for font rendssing. Decoding and composition ime for a font uata access whit shall always
have the same valug,

&

fr

nFlag sef to O the

wvae fontSubsetExtensic
for this access unit. QOtherwise, the

or alf basic ascess units and these snhanced zoosss unils that b 3
N2 der shall be sst to 1

randomie iag in the SL packst header
randomio 1 shall ba sat to Q.

2 BISCARC 2004 — Al rights reserved
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2.3 Semantics

fontPormat —indicates the format of the gcosss unit as foliows,

Tabie 18 ~ fontFormat values for EnhancedAcceasiinit

fontFormat | Access unit content

(x00 Forbidden

{x{H OpanType with TrueType outlines
{uricompressed)

{02 OpsnType with Trugiype outliines

compressed using the comprassion
mschanism described i subciauze
4.2

GxD3 OpenTyps CFF

(04 - Ox3F 18O resenvad

Ox40 — 7k ser private

storeFont - if sat to "1, the tarminal shall atore the font information confained within the access unit ad feast untl the
end of the current gession. Othanwize, the fent information becomes unavailable ze soon as the font data stream becomes

unavailable
NOTE ~ Detafls of persistent storags are bayond the scope of this spesiication.

fontHamelength — specifies the length in charatters of the Fontvama feld

= -3 Unicode (IS0AEC 10848-1) enccded string that indioates the name of the font.

fontSubsetIn — specifles a numercal 1D for 2 subseat of the font conveyed in this access upit if fontSubsetIn
enuals 8200, the accass unit contains the complete font data. The value of 0¢7F shall not be used.

fontiubsetBxtensionflay — I 38t {o one indicates that the forg dala in this scosse unit 5 an axtension of the
pravicusly sent font subset with the same fontName and fontsubserIR, Otherwise the fond subsel replacses any
oravicus font subset with the same fontlame and fontSubsetID.

fortspeninfolengtl - defines the lengh in bytes of the fontspecinfo fiskd
font3pecinfo —is an opagque contaliner with information for a specific font handler,

forthats — conaing the font data in the specified FontPormat.

5.3 Time Base for Font Data Streams

The time base assockated with a font data stream shall be indivated by sultable means. This shall be done by the use of
ohject clock refarence Hme stampe in the 8L packet headers (see ISOAEC 144881, 10.2.4) for this stream or by indicating
the slemantary stream rom which this font data stream inherits the fime base {ses ISOAEC 14456-1, 10.2.3). All time
siamips in the Si-packetized font data strearm refer o this Hme base,

SHISOAES 2004 - Al righis reserved 13

NEBDCE <XP AO0IBIA__L»

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1808
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



ISCHIEC FDIS 14488-18:2004{E} s

54.2 Semantics

forntFormat —~indicates the format of the access unit as follows.

Tabie 11 ~ fontForme

values for FontDatalecoderConiiguration

fontFormat | Accsas unil content

OxC0 anhanced aocess unit format

x4 Opantyne with TrusType ouilines
{uncompressad)

D2 Opantype with TrusType outlines

compreasad using the comprassion
machanism desoribed in seclion 4.2

0x03 CpanTyps GFF
04 - Ox3F 1180 resenvad
x4l - 078 | User privale

A fontPormat of 00 indicates the use of the enhanced access unit format for this stream, In this format, al information
about the font data is c:smveyed within each access unit.

storeFont - f astto 1", the terminal shall store the font information sontained within the access unit at keast untll the
end of the current sassion. Otherwisa, the font information becomes unavaitable 22 scon o the font data siream beoomes
unavailabie,

NQOYE — Datalls of persistant storage ars bevond the scope of this spacification.

fontNamelLength — specifies the length in characters of the fontiiame fiaid

ooy

Fontane —a Unicode (ISOMNEC 10846-1) encoded siring that indicates the name of the font

Fontliy LID - spaci?‘es a numerical 1D for a subset of the font conveyad in this access unit
ontaing the complete font data, The vaiue of Ox7F shall not be used.

fontipecinfolengt } s the lengti in §~3e°s=¢ of the font

i
1]
1
n
o
l
ﬁl
3
<
kol
&
2
&
@
O
=
by
1
7
=
<X
4
2
=
5
=,
&
”év
o
ES

fonuSpec

8.8 Accessing the Font Data

ancedfontAccessUnit of 2 FontDatabtream oan be
ichenitifind by @ number of dnfaaev atiributes. One common identifler for fonits i3 a? 1@ font hame. §E aver, & font can be
presentad either as a whnle font, o as an arbitrary subsal of an original fonl. In both casss the font na mie Y will be the same
whila the actusl font data included In access unll may wary, In order (o sxplicitly identify a fort {or & subset theracf}, the
foliowing syriax shall be used as the font name:

A font presented in elther BasicFontdecssalinic OF B

O <odnd>l [ FAI0:<Eaidsy ], whare :

wos .
"wHontNaney

~ <fontWame> & a Uninode snooded siring that indicates the name of the ford, as conveyed by fontRanme field in
i ; Unit of Enhancadfontisc Unit of associated font data stream;

» of the associated font data streamy;

<gdics i3 the numenc value of the objectDesariptor]

-~ <fsid> i3 the numerie value of the requested font {or & i‘{*‘ t subsat) as conveyad by fontsub
REEE ;i FontiAcnessinlt of associated font datla siream.

2sslnlt OF Enhancs

Qlis lu ¢ would indisats that & font data presanied in the

16 and is conveysd by the FonticoessUnit with

For example, a fmnt?\iam% R
font data abream assec

14 @ IBOAEC 2004 — Al righils reserved
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1S
2110 = 11 shalf be usad, or, if font dalta siream is not prasent, a font "Times Hew Romen" shall be used for
ket rendering, I available in the MPEG-4 erminal
§ Text Profiles and Levels
8.1 Bimple Text Profile and Loevels
§.1.1  Application avea
Propused structurs of the Simple profile is designed to satisfy the needs of the majority of languages that do nol require
support for complex script procssaing and advanced fypographic faatures, it's alse aimed to minimize the implementation
complaxity of the ferminals, imiting font rendering capabiities to forts with TrueType nutlines only. These iimitations sliow
using all existing TrueType fonts and CpenTyps fonts with TrueType outiines containing the set of required tables only
and ambeddad bitmapa. The functionality of the Simple profie can be implemeniad ulilizing praviously defined Text and
FontBiyie BIFS nodes and does not require the use of new XFontStyle node {see ISTAEC 14498-11 for details),
§.1.2 Listof toola/functionalities
The Simple Text Profile represents the collection of tools that are reguired o guarantee the predictable and faithiul
raproduction of text obiects utlizing TrueType fonts and simple languags aoripls {a.g. Weastern Turopsan and some Asian
languages). The profile also provides tools for fent comprassion and straaming.
§.1.3 Comparison with sxisting profiles
The Simple Text Profile is the lowest level profile defined for text support. 1t reguires support for randesing of fonts with
TrusTypes oullings, which is available on the majorily of schiware platferms and operations systams,
§.1.4 Shople Text Profile @ Level 1 Definition
¢ Suppor for resident fonts;
s Rendering of OpenType forts with TrusType outlines {only required fables defined in the UpenTyps
specification and embedded bitmaps are supporied),
§.1.8 Simple Text Profile @ Lave! 2 Definition
& Support for reaident fonts,
»  Rendering of QpenType fords with TrueType outfines {only reguired {ables defined in the OpenType
spacification and embedkdad Ditrmaps are supported);
s Streaming of uncompressad fonts ordy.
§.1.8 Shmple Text Profile @ Level 3 Definition
s Support for resident fonts;
» ncering of OpenType fonts with TrueType outlines {only required tables defined in the OpenType
apacification and embadded bitmaps are suppored);
s Streaming of compressed and uncumpressed fonts,
S ISOAES 2004 — Al rights ressrved 15
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§.2 Advanced Simple Text Profile and Levels
21 Application area

Proposed strusture of the Advanced Simpde Text Profile is designad to satisfy the neads of thoge languagss that siher
ragire of would beneflt from the support for advanced typographic features {e.g. sivilstic alternatives and histaiead forms
in Latin fanguages, support for both lewecase and smalt cap characiers, support for ligatures and givph subatiiution and
positicning, sic.). s also aimed fo reducs the implemeriation complaxity of the lenminals, limiting ford rendering
capabilities to suppart TruaType cutlines only. This limitation allows using all existing TrueType fonts and OpanType fonts
with TrueType outlines.

§.22 Ustof tools/functionalities

The Advansed Simple Text Profile represents the collsction of tools that are required to guarantes the predictable and
faithful reproduction of text obiects ullizing Opentype fonts with TrueType cullines and complsx language sotipls {s.g.
Arabic and indic soripia, as wall as many other language soripte). The profile also provides tools for font compression and
streaming.

£.23 Comparison with sxisting profifes

The Advanced Simple Profile extends the Simpla Text Frofile by adding the capability to suppot adhvanced text layowt and
advanced typographic features {e.g. bi-directional text rendering, ligatures, glyph substitution and positioning, e}

e

824 Sdvancad Simple Text Protiles @ Level 1 Definition

«  Support for resident fonts;
*  Rendering of OpenType fonts with TrusTyps outlines;

s Support for OpenType Layout and advanced features.

§.25 Advanced Simpls Text Profils @ Level 2 Definition

¢ Bupped for resident fonls;
s Rendering of OpenType fords with TrueType owlines;
»  Support for OpenTyps Layout and advanced features;

¢ Straaming of uncompressed fonds only.

§.28 Advanced Simple Text Profils @ Level 3 Definition

s Support for resident Tonts;
»  Rendering of OpenType fonts with TrusTyps outlines;
= Support for OpenTyps Layout and advanosd features;

s Stragming of compressad and uncomprassad fonts,

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1811
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£.3 Main Texi Profile and Levels
8.3.1 Application area

Proposed structure of tie Main Text Profile is designed to satisly the neads of those languages that elther require or would
henefit from the support for advanced typographic features. it also alfiows using ali existing TrueType fonts and Openlype
fonts with boih TrueType and GFF outlines.

$.3.2  List of ioolsfiunciionalities

The Main Text Profile represants the colisction of tools that are required 1 guarantes the predictsnle and faithfd
reproduction of ekt objects utifizing OpenType fonts with either TrueType or OFF outlines and complex language scripts
{a.q. Aragic and Indic soripts, as wel as many other language sorints). The profile sdes provides waols for font comprassion
and gtrezming.

£.3.3 Comparison with sxisting profiles

The Main Text Profile edands the Advanced Simple Text Profile by adding the capability to render OpenType fonts with
CFFType 1 outiines with Rl support for advanced text layout and advanced typographic features {s.g. bi-directional text
rendering, ligatures, givph substitition and positioning, st}

8.3.4 Main Text Frofiie @ Level 1 Definition

s Supporn for resident fonts;
¢ Randering of OpenType fonts with TrusTypse and CFF autiines;

s Support for Dpentype Lavout and sdvanced features,

£.3.5 BMain Texi Profile @ Level 2 Definition

»  Buppot for resident fonts;
¢ Rendering of OpenType fonts with TrueType and COFF outlines;
s Support for OpenType Layaut and advanced features,

»  Sireaming of uncompresaed fonts only.

£.3.8 Main Text Profile @ Lovel 3 Definition

s Support for resident forts;
= Rendering of OpenType fonts with TruaType and CFF outlines;
s Sugpot for OpenType Layout and advanced features;

s Streaming of comprassad and uncomipressend fonts.

f»OpenType is a registerad trademark of Micrasolt Sorporation.
" TrueTyps is a raderark of Apple Computer Incorporated.
* MicroTyps is & registered trademark of Agfa Monotyps Corporation.
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Transcoding Best Practices

From movideo

Below outlines movideo's recommendation for video ingestion mto movideo.

movideo stores a Mezzanine File in the system for transcoding when required. This Mezzanine File is also used for
thumbnail image generation.

Contents

® | Recommended Ingestion/Mezzanine File Format

= 2 Recommended Output Streaming Formats
= 2.1 169 Format recommended for Adobe Flash Streaming
= 22 4:3 Format recommended for Adobe Flash Streaming
= 23 169 Format recommended for Apple 1OS Streaming - 1Pad
® 2443 Format recommended for Apple 10S Streammg - iPad
= 2.5 169 Format recommended for Apple 10S Streammg - iPhone
= 26 4:3 Format recommended for Apple i10S Streaming - iPhone
® 2.7 43 Format recommended for Android Phone Streaming
= 28169 Format recommended for Android Phone Streaming
= 2.9 Notes

Recommended Ingestion/Mezzanine File Format

= Container: MP4

= Video Type: H 264

= Size/Ratio: 1920x1080 (16:9) 1440 x 1080 (4:3)

= Video Bitrate: 4096kbps (low motion e.g. news desk reporter) or 6144kbps (high motion e.g. sport)
= Key Frame Interval: mmmum every 6 seconds

= Audio Type: AAC

= Audio Sample Frequency: 44.1kHz

= Audio Bite Rate: 192kbps

Recommended Output Streaming Formats

movideo uses Adobes Dynamic Streammg to deliver content to its Flash Player and Apples HTTP Live Streaming
for deliver to 10S devices.

Both these technologies utilize adaptive bitrates by detecting a user's bandwidth and CPU capacity i real time and

code.movideo.com/Transcoding_Best Practices 1/5
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Transcoding Best Practices - movideo

adjusting the quality of a video stream accordingly. This use of adaptive bitrates requires multiple encoded files at

various bitrates.

Below outlines the various encoding format recommendations for adaptive bitrate streaming from movideo.

16:9 Format recommended for Adobe Flash Streaming

Name Width Height lg:lr(:li:)e l;;i(:z:e Bitrate Type Rate
igg%pb;):ﬁ(izgﬁg)' 1920 1080 192 3,072 3264 MP4 2997
ggiﬁjﬁlﬁ:ﬁ? o) 1280 720 192 2048 2240 MP4 2997
Tigigﬁfﬁgﬁ S(Yéfi;)o 854 480 128 819 947  MP4 2997
?ggi{)gﬁiﬁg S(‘l'?e;)" 640 360 128 512 640 MP4 2997
zj%pbi)fiﬁgpazgeo' 428 240 64 256 320 MP4 2997

4:3 Format recommended for Adobe Flash Streaming

Total Mime Frame

29.97

29.97

29.97

29.97

29.97

Name Width Height ﬁi:f:& I:;i(::::e Bitrate Type Rate
giipbéji?gﬁ;‘)" 1440 1080 192 3,072 3264 MP4
ggi@ﬁﬁf&ﬁ?{ 960 720 192 2048 2240 MP4
Ting{)sSO iﬁg S(X?)eo' 640 480 128 819 947  MP4
Do Ay 40 360 18 512 60 P
zjl()(pb]-psz iﬁﬁpézideo 320 240 64 256 320 MP4

16:9 Format recommended for Apple iOS Streaming - iPad

Name Width Height udio  Video
iPad WiFi- 169
1 240kbps 640 360 40 1.200
iPad WiFi- 16:9 640 360 40 800

code.movideo.com/Transcoding_Best Practices

Total Mime Frame Key Frame
Bitrate Bitrate Bitrate Type

1,240 MP4

840 MP4

Rate

29.97

29.97

Total Mime Frame Key Frame
Interval

90

90

90

90

90

Key Frame
Interval

90

90

90

90

90

Interval

90

90

H.264
Profile

BASELINE

BASELINE

BASELINE

BASELINE

BASELINE

H.264
Profile

BASELINE

BASELINE

BASELINE

BASELINE

BASELINE

H.264
Profile

MAIN

MAIN

2/5
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840kbps
iPad WiFi- 169
640kbps
iPad Cell - 16:9
440kbps

1Pad Cell Low - 16:9
240kbps
1Pad Cell Low - 16:9
140kbps

1Pad Cell Very Low -
16:9 64kbps

4:3 Format recommended for Apple iOS Streaming - iPad

Name
1Pad WiF1- 43
1240kbps
1Pad WiF1- 43
840kbps
1Pad WiF1- 43
640kbps
1Pad Cell - 43
440kbps

1Pad Cell Low - 43
240kbps
1Pad Cell Low - 43
140kbps

1Pad Cell Very Low -
43 64kbps

640 360

400 224

400 224

400 224

400 224

Width Height

640 480
640 480
640 480
400 300
400 300
400 300

400 300

40

40

40

40

40

Audio  Video

Bitrate Bitrate Bitrate
40 1,200

40 800

40 600

40 400

40 200

40 110

40 24

Transcoding Best Practices - movideo

600

400

200

110

24

640

440

240

150

64

Total

1,240

840

640

440

240

150

64

MP4

MP4

MP4

MP4

MP4

Mime Frame

Type
MP4

MP4

MP4

MP4

MP4

MP4

MP4

29.97

29.97

15

10

10

Rate

29.97

29.97

29.97

29.97

15

10

10

16:9 Format recommended for Apple iOS Streaming - iPhone

Name
1Phone WiFi- 169
640kbps
1Phone WiFi- 169
440kbps

1Phone Cell Low - 169 400 224

240kbps

Width Height **"4i°

400 224 40

400 224 40
40

code.movideo.com/Transcoding_Best Practices

600

400

200

Video
Bitrate Bitrate Bitrate Type

Total

640

440

240

Mime Frame
Rate

MP4

MP4

MP4

29.97

29.97

15

90

90

45

30

30

Key Frame
Interval

90

90

90

90

45

30

30

Key Frame
Interval

90

90

45

BASELINE

BASELINE

BASELINE

BASELINE

BASELINE

H.264
Profile

MAIN

MAIN

BASELINE

BASELINE

BASELINE

BASELINE

BASELINE

H.264
Profile

BASELINE

BASELINE

BASELINE

3/5

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1819
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



127113
iPhone Cell Low - 169 400 224 40
140kbps
1Phone Cell Very Low

- 16:9 64kbps 400 224 40

Transcoding Best Practices - movideo

110

24

150

64

MP4

MP4

10

10

4:3 Format recommended for Apple iOS Streaming - iPhone

Audio

Name Width Height

1Phone WiFi- 43

640kbps 0S4
s A0 00
Lo 00 00 40
" o

4:3 Format recommended for Android Phone Streaming

Audi
Name Width Height ‘Ui
SD High Qualtty - -
43 500kbps 512 384 128
SD Mid Quality -
384 288 48
43 300kbps
SD Low Quality -
43 80kbps 256193 24

16:9 Format recommended for Android Phone Streaming

Name Width Height ‘udio  Video
SD High Quality -
169 500kbps 512 288 128 372
SD Mid Quality -
16 300kbps 384 216 48 252
SD Low Quality -
169 80kbps 256 144 24 56

code.movideo.com/Transcoding_Best Practices

Video
Bitrate Bitrate Bitrate

600

400

200

110

24

Video
Bitrate Bitrate Bitrate

372

252

56

Total

640

440

240

150

64

Total

500

300

70

Total
Bitrate Bitrate Bitrate

500

300

70

Mime Frame

Type Rate
MP4 2997
MP4 2997
MP4 15
MP4 10
MP4 10

Mime Frame
Type

MP4

MP4

MP4

Mime Frame
Type

MP4

MP4

MP4

Rate

29.97

2997

12

Rate

29.97

29.97

12

30

30

Key Frame
Interval

90

90

45

30

30

Key Frame
Interval

90

90

10

Key Frame
Interval

90

90

10

BASELINE

BASELINE

H.264
Profile

BASELINE

BASELINE

BASELINE

BASELINE

BASELINE

H.264
Profile

BASELINE

BASELINE

BASELINE

H.264
Profile

BASELINE

BASELINE

BASELINE
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11/27113 Transcoding Best Practices - movideo

Notes

= All Bitrates are shown as kilobits per second (kbit/s, kb/s, or kbps). kbps is a unit of data transfer rate equal
to 1000 bits per second or 125 bytes per second.

= Key Frame Intervals are shown m number of frames. For more mformation see: Key Frame Interval (I-
frame)

» The Reason for mcluding a 64kbps encode with 10S is only if a submission to the Apple store is required.
Any Application that streams video to a cellular network must use HTTP Live Streaming for any stream that
1s longer than 10 mmutes. In addition, applications using HTTP Live Streaming over the cellular network
must nclude a low quality stream of no more than 64kbps for your app to fall back to when network
conditions demand it. For up to date mformation on submissions to the Apple store please see: Apples App
Store Tips (http://developer.apple.com/news/ios/appstoretips/)

»  For further reading on the subject of H.264 encoding please read the great paper by Adobe's Kush
Amerasinghe H.264 For the rest of us (http://code.movideo.com/mages/a/ac/H264 prmer.pdf)

= For H.264 encoding for Adobe Flash delivery to Android devices please read the paper by Adobe's Maxim
Levkov Mobile Encoding Guidelines for Android (http://code. movideo.com/mages/e/ea/Mobile-encoding-
android-v2_7.pdf)

®  Googles Video Encoding Recommendations for Android
(http://developer.android. com/guide/appendix/media-formats. html)

= Video Encoding Cookbook and Profile Guidelines for the Adobe Flash Platform
(http//www.eventsadobe.com/cookbook/)

Retrieved from "http://code. movideo.com/Transcoding Best Practices"

®  Privacy policy
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Using HTTP Live Streaming

Download the Tools

There are several tools available that can help you set up an HTTP Live Streaming service. The
tools include a media stream segmenter, a media file segmenter, a stream validator, an id3 tag
generator, and a variant playlist generator.

The tools are frequently updated, so you should download the current version of the HTTP Live
Streaming Tools from the Apple Developer website. You can access them if you are a member of
the iOS Developer Program. One way to navigate to the tools is to log onto developer.apple.com,
then use the search feature.

Medla Stream Segmenter

The m sty eans ntey command-line tool takes an MPEG-2 transport stream as an input
and produces a series of equal length files from it, suitable for use in HTTP Live Streaming. It can
also generate index files (also known as playlists), encrypt the media, produce encryption keys,
optimize the files by reducing overhead, and create the necessary files for automatically
generatlng muItlpIe stream alternates. For detalls verify you have installed the tools, and type :=

The usage example captures a live stream from the network at address = L.5:20162 and
creates media segment files and index files from it. The index files contain a I|st of the current

three media segment files (~s %). The media segment files are deleted after use (~©). The index
files and media segment files are stored in the directory

Media F|Ie Segmenter

The meciafiles ¢ ¥ command-line tool takes an encoded media file as an input, wraps it
in an MPEG- 2 transport stream, and produces a series of equal-length files from it, suitable for
use in HTTP Live Streaming. The media file segmenter can also produce index files (playlists) and
decryption keys. The file segmenter behaves very much like the stream segmenter, but it works on
existing files instead of streams coming from an encoder. For details, type =

madiaf:lesagmantar from the terminal window.

Medla Stream Valldator

The » streanvalidator command-line tool examines the index files, stream alternates, and
medla segment flles oh a server and tests to determme Whether they will work with HTTP Live
Streaming clients. For details, type man mediazstreanvalidator from the terminal window.

Varlant PIayllst Creator

The va corazitor command-line tool creates a master index file, or playlist, listing
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the index files for alternate streams at different b|t rates, using the output of the
% : nter must be invoked with the ~ SN
argument to produce the reqwred output for the variant playllst creator. For
. Listoersator from the terminal window.

adiatiiasar

[IECIO N SR Y A

PEIRTRAR S S

details, type

Metadata Tag Generator

The i« nerator command-line tool generates ID3 metadata tags. These tags can either be
written to a file or |nserted into outgoing stream segments. For details, see “Adding Timed
Metadata.”

Session Types

The HTTP Live Streaming protocol supports two types of sessions: events (live broadcasts) and
video on demand (VOD).

VOD Sessions

For VOD sessions, media files are available representing the entire duration of the presentation.
The index file is static and contains a complete list of all files created since the beginning of the
presentation. This kind of session allows the client full access to the entire program.

VOD can also be used to deliver “canned” media. HTTP Live Streaming offers advantages over
progressive download for VOD, such as support for media encryption and dynamic switching
between streams of different data rates in response to changing connection speeds. (QuickTime
also supports multiple-data-rate movies using progressive download, but QuickTime movies do
hot support dynamically switching between data rates in mid-movie.)

Live Sessions

Live sessions (events) can be presented as a complete record of an event, or as a sliding window
with a limited time range the user can seek within.

For live sessions, as hew media files are created and made available, the index file is updated. The
new index file lists the new media files. Older media files can be removed from the index and
discarded, presenting a moving window into a continuous stream—this type of session is suitable
for continuous broadcasts. Alternatively, the index can simply add new media files to the existing
list—this type of session can be easily converted to VOD after the event completes.

It is possible to create a live broadcast of an event that is instantly available for video on demand.
To convert a live broadcast to VOD, do not remove the oId medla files from the server or delete
their URLs from the index file; instead, add an #EXT-X~ 157 tag to the index when the event
ends. This allows clients to join the broadcast Iate and still see the entire event. It also allows an
event to be archived for rebroadcast with no additional time or effort.

If your playllst contains an EXT-X-PLAY ¥¥E tag, you should also change the value from

iT to %

Content Protection

Media files containing stream segments may be individually encrypted. When encryption is
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employed, references to the corresponding key files appear in the index file so that the client can
retrieve the keys for decryption.

When a key file is listed in the index file, the key file contains a cipher key that must be used to
decrypt subsequent media files listed in the index file. Currently HTTP Live Streaming supports
AES-128 encryption using 16-octet keys. The format of the key file is a packed array of these 16
octets in binary format.

The media stream segmenter available from Apple provides encryption and supports three modes
for configuring encryption.

The first mode allows you to specify a path to an existing key file on disk. In this mode the
segmenter inserts the URL of the existing key file in the index file. It encrypts all media files using
this key.

The second mode instructs the segmenter to generate a random key file, save it in a specified
location, and reference it in the index file. All media files are encrypted using this randomly
generated key.

The third mode instructs the segmenter to generate a new random key file every n media
segments, save it in a specified location, and reference it in the index file. This mode is referred to
as key rotation. Each group of s files is encrypted using a different key.

Note: All media files may be encrypted using the same key, or new keys may be required at
intervals. The theoretical limit is one key per media file, but because each media key adds a file
request and transfer to the overhead for presenting the subsequent media segments, changing
to a new key periodically is less likely to impact system performance than changing keys for
each segment.

You can serve key files using either HTTP or HTTPS. You may also choose to protect the delivery of
the key files using your own session-based authentication scheme. For details, see “Serving Key
Files Securely Over HTTPS.”

Key files require an initialization vector (IV) to decode encrypted media. The IVs can be changed
periodically, just as the keys can.

Caching and Delivery Protocols

HTTPS is commonly used to deliver key files. It may also be used to deliver the media segment
files and index files, but this is not recommended when scalability is important, since HTTPS
requests often bypass web server caches, causing all content requests to be routed through your
server and defeating the purpose of edge network distribution systems.

For this very reason, however, it is important to make sure that any content delivery network you
use understands that the .¥3U2 index files are not to be cached for longer than one media
segment duration for live broadcasts, where the index file is changing dynamically.

Stream Alternates

A master index file may reference alternate streams of content. References can be used to support
delivery of multiple streams of the same content with varying quality levels for different
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bandwidths or devices. HTTP Live Streaming supports switching between streams dynamically if
the available bandwidth changes. The client software uses heuristics to determine appropriate
times to switch between the alternates. Currently, these heuristics are based on recent trends in
measured network throughput.

The master index file points to alternate streams of media by including a specially tagged list of
other index files, as illustrated in Figure 2-1

Figure 2-1 Stream alternates

Both the master index file and the alternate index files are in .»3uU% playlist format. The master

index file is downloaded only once, but for live broadcasts the alternate index files are reloaded
periodically. The first alternate listed in the master index file is the first stream used—after that,
the client chooses among the alternates by available bandwidth.

Note that the client may choose to change to an alternate stream at any time, such as when a
mobile device enters or leaves a WiFi hotspot. All alternates should use identical audio to allow
smooth transitions among streams.

- ¢ tool and
‘e tool

You can create a set of stream alternates by usmg the v i
specifying the - rariant-playiist option for elther the
or them v tool (see Download the Tools” for details).

When using stream alternates, it is important to bear the following considerations in mind:

* The first entry in the variant playlist is played when a user joins the stream and is used as part
of a test to determine which stream is most appropriate. The order of the other entries is
irrelevant.

* Where possible, encode enough variants to provide the best quality stream across a wide range
of connection speeds. For example, encode variants at 150 kbps, 350 kbps, 550 kbps, 900
kbps, 1500 kbps.

® When possible, use relative path names in variant playlists and in the individual .
files

8 playlist

® The video aspect ratio on alternate streams must be exactly the same, but alternates can have
different pixel dimensions, as long as they have the same aspect ratio. For example, two stream
alternates with the same 4:3 aspect ratio could have dimensions of 400 x 300 and 800 x 600.
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® The BESOLUTION field in the £
an appropriate stream.

2~ INY should be included to help the client choose

® If you are an iOS app developer, you can query the user’s device to determine whether the initial
connection is cellular or WiFi and choose an appropriate master index file.

To ensure the user has a good experience when the stream is first played, regardless of the
initial network connection, you should have more than one master index file consisting of the
same alternate index files but with a different first stream.

A 150k stream for the cellular variant playlist is recommended.

A 240k or 440k stream for the Wi-Fi variant playlist is recommended.

Note: For details on how to query an iOS-based device for its network connection type, see
the following sample code: Reachability.

®* When you specify the bitrates for stream variants, it is important that the & H attribute
closely match the actual bandwidth required by a given stream. If the actual bandwidth
requirement is substantially different than the 2t i attribute, automatic switching of
streams may nhot operate smoothly or even correctly.

Video Over Cellular Networks

When you send video to a mobile device such as iPhone or iPad, the client’s Internet connection
may move to or from a cellular network at any time.

HTTP Live Streaming allows the client to choose among stream alternates dynamically as the
network bandwidth changes, providing the best stream as the device moves between cellular and
WiFi connections, for example, or between 3G and EDGE connections. This is a significant
advantage over progressive download.

It is strongly recommended that you use HTTP Live Streaming to deliver video to all cellular-
capable devices, even for video on demand, so that your viewers have the best experience possible
under changing conditions.

In addition, you should provide cellular-capable clients an alternate stream at 64 Kbps or less for
slower data connections. If you cannot provide video of acceptable quality at 64 Kbps or lower,
you should provide an audio-only stream, or audio with a still image.

A good choice for pixel dimensions when targeting cellular network connections is 400 x 224 for
16:9 content and 400 x 300 for 4:3 content (see “Preparing Media for Delivery to iOS-Based
Devices”).

Requirements for Apps

Warning: iOS apps submitted for distribution in the App Store must conform to these
requirements.

If your app delivers video over cellular networks, and the video exceeds either 10 minutes duration
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or 5 MB of data in a five minute period, you are required to use HTTP Live Streaming. (Progressive
download may be used for smaller clips.)

If your app uses HTTP Live Streaming over cellular networks, you are required to provide at least
one stream at 64 Kbps or lower bandwidth (the low-bandwidth stream may be audio-only or audio
with a still image).

These requirements apply to iOS apps submitted for distribution in the App Store for use on Apple
products. Non-compliant apps may be rejected or removed, at the discretion of Apple.

Redundant Streams

If your playlist contains alternate streams, they can not only operate as bandwidth or device
alternates, but as failure fallbacks. Starting with iOS 3.1, if the client is unable to reload the index
file for a stream (due to a 404 error, for example), the client attempts to switch to an alternate
stream.

In the event of an index load failure on one stream, the client chooses the highest bandwidth
alternate stream that the network connection supports. If there are multiple alternates at the same
bandwidth, the client chooses among them in the order listed in the playlist.

You can use this feature to provide redundant streams that will allow media to reach clients even
in the event of severe local failures, such as a server crashing or a content distributor node going
down.

To support redundant streams, create a stream—or multiple alternate bandwidth streams—and
generate a playlist file as you normally would. Then create a parallel stream, or set of streams, on
a separate server or content distribution service. Add the list of backup streams to the playlist file,
so that the backup stream at each bandwidth is listed after the primary stream. For example, if the
primary stream comes from server ALPHA, and the backup stream is on server BETA, your playlist
file might look something like this:

Note that the backup streams are intermixed with the primary streams in the playlist, with the
backup at each bandwidth listed after the primary for that bandwidth.

You are not limited to a single backup stream set. In the example above, ALPHA and BETA could be
followed by GAMMA, for instance. Similarly, you need not provide a complete parallel set of
streams. You could provide a single low-bandwidth stream on a backup server, for example.
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Adding Timed Metadata

You can add various kinds of metadata to media stream segments. For example, you can add the
album art, artist’s name, and song title to an audio stream. As another example, you could add the
current batter’s name and statistics to video of a baseball game.

If an audio-only stream includes an image as metadata, the Apple client software automatically
displays it. Currently, the only metadata that is automatically displayed by the Apple-supplied
client software is a still image accompanying an audio-only stream.

If you are wrltlng your own client software, however, using elther M
AVElayeritam, you can access streamed metadata using the t

i pro pe rty

If you are writing your own segmenter, you can read about the stream format for timed metadata
information in 7/mea Metaaata ior HTTF Live Streaming.

If you are using Apple’s tools, you can add timed metadata by specifying a metadata file in the ¥
command line option to either the stream segmenter or the file segmenter. The specified metadata
source can be a file in ID3 format or an image file (JPEG or PNG). Metadata specified this way is
automatically inserted into every media segment.

This is called timed metadata because it is inserted into a media stream at a given time offset.
Timed metadata can optionally be inserted into all segments after a given time.

To add timed metadata to a live stream, use the i o tool, with its output set to the

stream segmenter. The tool generates ID3 metadata and passes it the stream segmenter for
inclusion in the outbound stream.

The tag generator can be run from a shell script, for example, to insert metadata at the desired
time, or at desired intervals. New timed metadata automatically replaces any existing metadata.

Once metadata has been inserted into a media segment, it is persistent. If a live broadcast is re-
purposed as video on demand, for example, it retains any metadata inserted during the original
broadcast.

Adding timed metadata to a stream created using the file segmenter is slightly more complicated.

1. Flrst generate the metadata samples. You can generate ID3 metadata using the
<1t command-line tool, with the output set to file.

2. Next, create a metadata macro file—a text file in which each line contains the time to
insert the metadata, the type of metadata, and the path and filename of a metadata file.

For example, the following metadata macro file would insert a picture at 1.2 seconds into
the stream, then an ID3 tag at 10 seconds:

Fa LT
LA

3. Finally, specify the metadata macro file by nhame when you invoke the media file segmenter,
using the -} command line option.

For addltlonal details, see the man pages for wmeci
and S e e

Adding Closed Captions
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HTTP Live Streaming supports closed captions within streams. If you are using the stream
segmenter, you need to add CEA-608 closed captions to the MPEG-2 transport stream (in the main
video elementary stream) as specified in ATSC A/72. If you are using the file segmenter, you
should encapsulate your media in a QuickTime movie file and add a closed captions track
(*<icn ). If you are writing an app, the AVFoundation framework supports playback of closed
captions.

Live streaming also supports multiple subtitle and closed caption tracks in Web Video Text Tracks
WebVTT) format. The sample in Listing 2-1 shows two closed captions tracks in a master playlist.

Listing 2-1 Master playlist with multiple closed captions tracks

In the encoding process, the WebVTT files are broken into segments just as audio and video
media. The resulting media playlist includes segment durations to sync text with the correct point
in the associated video.

Advanced features of live streaming subtitles and closed captions include semantic metadata, CSS
styling, and simple animation.

For more information on implementation of WebVTT is available in WWDC 2672. What s New in
HTTF Live Streaming and WebVTT: The Web Video Text Tracks Format specification.

Preparing Media for Delivery to i05-Based Devices

The recommended encoder settings for streams used with iOS-based devices are shown in the
following four tables. For live streams, these settings should be available from your hardware or
software encoder. If you are re-encoding from a master file for video on demand, you can use a
video editing tool such as Compressor.

File format for the file segmenter can be a QuickTime movie, MPEG-4 video, or MP3 audio, using
the specified encoding.

Stream format for the stream segmenter must be MPEG elementary audio and video streams,
wrapped in an MPEG-2 transport stream, and using the following encoding. The “Audio
Technologies” in 1CS Technoiogy Gverview and “Video Technologies” in 1GS 7Technoiogy Gverview
list supported compression formats.

* Encode video using H.264 compression
® H.264 Baseline 3.0: All devices
& H.264 Baseline 3.1: iPhone 3G and later, and iPod touch 2nd generation and later.
& H.264 Main profile 3.1: iPad (all versions), Apple TV 2 and later, and iPhone 4 and later.
B H.264 Main Profile 4.0: Apple TV 3 and later, iPad 2 and later, and iPhone 4S and later
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® H.264 High Profile 4.0: Apple TV 3 and later, iPad 2 and later, and iPhone 4S and later.

® H.264 High Profile 4.1:

iPad 2 and later and iPhone 4S and later.

* A frame rate of 10 fps is recommended for video streams under 200 kbps. For video streams
under 300 kbps, a frame rate of 12 to 15 fps is recommended. For all other streams, a frame
rate of 29.97 is recommended.

® Encode audio as either of the following:

% HE-AAC or AAC-LC, stereo

® MP3 (MPEG-1 Audio Layer 3), stereo

® Optionally include an AC-3 audio track for Apple TV (or AirPlay to an Apple TV) when used with
a surround sound receiver or TV that supports AC-3 input.

¢ A minimum audio sample rate of 22.05 kHz and audio bit rate of 40 kbps is recommended in all
cases, and higher sampling rates and bit rates are strongly encouraged when streaming over

Wi-Fi.

Table 2-1 Baseline profile encoder settmgs 16:9 aspect ratio

Cellular 400 x 224 64 kbps audio only none
Cellular 400 x 224 150 kbps 110 kbps 30
Cellular 400 x 224 240 kbps 200 kbps 45
Cellular 400 x 224 440 kbps 400 kbps | 90
WiFi 640 x 360 640 kbps 600 kbps 90

Table 2-2 Baseline profile encoder settings, 4:3 aspect ratio

i Cellular

¢ audio only

400 x 300 64 kbps none
Cellular 400 x 300 150 kbps 110 kbps 30
- Cellular 400 x 300 240 kbps 200 kbps 45
| Cellular 400 x 300 440 kbps 400 kbps | 90
- WiFi 640 x 480 640 kbps 600 kbps i 90

Table 2-3 Addltlonal main proflle encoder settmgs 16:9 aspect ratio
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WiFi 640 x 360 1240 kbps § 1200 kbps §{ 90

WiFi 960 x 540 1840 kbps | 1800 kbps : 90

WiFi 1280 x 720 2540 kbps | 1500 kbps { 90 .
WiFi 1280 x 720 4540 kbps { 4500 kbps | 90

WiFi 640 x 480 1240 kbps | 1200 kbps { 90
Wi 960 x 720 1840 kbps | 1800 kbps = 90 _
| WiFi 960 x 720 | 2540 kbps | 2500 kbps | 90
WiFi 1280 x 960 | 4540 kbps = 4500 kbps | 90 :

. WiFi 1920 x 1080 | 12000 kbps | 11000 kbps | 90
| WiFi 1920 x 1080 | 25000 kbps | 24000 kbps | 90
| WiFi 1920 x 1080 | 40000 kbps : 39000 kbps | 90

Sample Streams

There are a series of HTTP streams available for testing on Apple’s developer site. These examples
show proper formatting of HTML to embed streams, .»3u¢ files to index the streams, and . ==
media segment files. The streams can be accessed from the HTTP Live Streaming Resources.

Copyright © 2014 Apple Inc. All Rights Reserved. Tertrs of Use | Privacy Policy | Updated: 2014-02-11
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IFO file

lof6

http://dvd.sourceforge.net/dvdinfo/ifo.html

Video Manager and Video Title Set IFO file headers

[oﬂ'setk] — | NG TG Comre ] T — ] e
10000 12 |[DVDVIDEO-VMG ; VMG Files [DVDVIDEO-VTS

] 000C I4 2}11ast sector of VMG set (last sector of BUP) 1100000000 Video ts.ifo Ilast sector of title set (last sector of BUP)

l 001C é14 iilast sector of IFO 1|(001C)-> _ Ilast sector of [FO

} 0020 l2 |version pumber |/(00C0)-> Video ts.vob ’VCI‘SIOH number

0022 |4 VMG_categ(_)ry . VTS category O=unspecified, 1=Karaoke

byte 1=prohibited region mask |1 - Video_ts.bup

{ 0026 12_ m:{number of volumes - E (000C)-> ‘
[0028 2 [volume number | VTS Files f

[002A[1  [sidelD e x 0.ifo 00000000 |

|003E ip) inumber of tltle sets | VRSO 0010y i
10040 32 [Provider ID i xe owep@CO)
10060 [8 |VMG POS — - |
[0080 [+ end byte address of VMGL_MAT || Vis_xx_Lvebl<(00C4) |[end byte address of VIS MAT

|start address of FP_PGC )

0084 |4 \(First Play qugg—*—wam chain) Vts_xx 9.vob
l00C0~]4 ?(start sector of Menu VOB IVts xx 0.bup <-(000C) lgtgyt sector of Menu Vob

00C4 14 Ef:gg (I)) F gﬁ:ﬁ;o I SRPI - start sector of Title Vob

00CS 14 sector pointer to VMGM PGCI UT sector pointer to VIS PTT SRPT

o (Menu Program Chain table) [(table of Titles and Chapters)
| 00CC 14 sector pointer to YMG_PTL_MAIT sector pointer to VIS PGCI

T (Parental Management masks) (Title Program Chain table)

00D0 |4 Isector pointer to VMG_VTS_ATRT sector pointer to VISM PGCI UT

s (copies of VTS audio/sub-picture attributes) (Menu Program Chain table)

00D4 |4 sector pointer to VMG _TXTDT MG sector pointer to VIS TMAPTI

(text data) (time map)

8/22/2009 4:57 PM
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00DS 14 sector pointer to VMGM_C_ADT sector pointer tov VISM_C ADT

] (menu cell address table) A (menu cell address table) -

00D C‘ 4 Isector pointer to VMGM_VOBU ADMAP sector pointer to VISM_VOBU_ADMAP
| (menu VOBU address map) (menu VOBU address map)

sector pointer to VIS C ADT
700E0 4 (title seljt cell address table)
00E4 ; 4 septor pointer to VIS VOBU ADMAP
(title set VOBU address map)

10100 2 |lvideo attributes of VMGM_VOBS video attributes of VISM_VOBS

0102 2 jnumber of audio streams in VMGM_VOBS jnumber of audio streams in VISM_VOBS
(0104 [8*8 [audio attributes of VMGM_VOBS laudio attributes of VISM_VOBS

lo144 [16 | |

1 0154 l2 number of subpicture streams in VMGM_VOBS number of subpicture streams in VISM_VOBS
| Qorl) Qorl) )

£0156I6 ;!subpicture attributes of VMGM_VOBS Wi !subpicture attributes of VISM_VOBS
§015A;164 l reserved - i reserved

(02002 | \video attributes of VIS VOBS

’IWO’ZOZ 12 [ inumber of audio streams in VTS_VOBS

0204 [8*8 | | laudio attributes of VTS_VOBS

oas 16| —

10254!2 ,‘ - |number of subpicture streams in VIS _VOBS
|0256 32%6] 5 'subpicture attributes of VIS_VOBS

el | — |

50 mulichanmel exiension

l3p8| | | B

Version Number

byte 7 6 5 4 | 3 | 2 1 0
0 - B reserved, shouldbe 0
20f6 8/22/2009 4:57 PM
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1 Major version number Minor version number
Video Attributes
byte 7 6 5 | 4 |3 2 1 0
Coding mode Standard gipzcg Automatic Automatic
0 0 =Mpeg-1 0=NTSC 19— res'erve d Pan/Scan Letterbox
1 = Mpeg-2 1=PAL ’ 3=169 1 = disallowed |1 = disallowed
Resolution NTSC (PAL) _
CC for line 21 |CC for line 21 |0 = 720x480 (720x576) || _ o qooe g:{andard
1 |field 1 in GOP |field 2 in GOP |1 = 704x480 (704x576) | = Letterboxed Unknown 0 = camera
(NTSC only) {(NTSC only) 12 =352x480 (352x576) 1 = film
: 3 =352x240 (352x288)
Audio Attributes
byte 7 6 5 4 3 2 1 0
. Application mode
Coding mode . Language type pfj .
0| 0AC3 1977 2Mpeg-1 3 Mpeg-2ext M—%@‘M . | 0=unspecified 0 l_r‘_‘rlf'pecfed
ALPCM 5722 6DTS 7722 CHICHSIOR PIESEI | 1 = per bytes 2&3 g
= surround
Quantization/DRC
If Coding mode=2,3
0=No DRC Sample rate
1 1 =DRC A

If Coding mode=4

0 =16bps 1 = 20bps 2 = 24bps,
(DRC = dynamic range control)

0 = 48Kbps

channels-1

1%%character of language code

2nd

character of language code

reserved for language

code extension

http://dvd.sourceforge.net/dvdinfo/ifo.html
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code extension, 0 = unspecified, 1 = normal, 2 = for visually impaired, 3 = director's comments,

5 4 = alternate director's comments - see SPRM #17
6
Application information
karaoke mode
Channel assignments
0= 1+1 (not valid), 1 = 1/0 (not valid), . _
0 2=2/0LR,3=3/0LMR, Karaoke version [ ! (0750l
7 4=2/1LRV1,5=3/1LMR,VI, P ue
6=2/2LRV1V2,7=32LMRV1V2
surround mode
1 = suitable for
reserved Dolby surround reserved
decoding
MultiChannel Extension - Karaoke mode
byte ,
(hex) 7161514 3 2 1 0
00 reserved A(?HO Guide Melody
exists
01 reserved AQHl Guide Melody
. eX1sts
ACH2 Guide Vocal 1 |ACH2 Guide Vocal 2 |ACH2 Guide Melody 1 |ACH2 Guide Melody 2
02 reserved| . . . )
eXi1sts exists exists exists
ACH3 Guide Vocal 1 |ACH3 Guide Vocal 2 |ACH3 Guide Melody A |ACH3 Sound Effect A
03 reserved| ; ) )
exists exists exists exists
ACH4 Guide Vocal 1 JACH4 Guide Vocal 2 |ACH4 Guide Melody B |ACH4 Sound Effect B
04 |reserved| . . ) )
exists exists exists exists
05-17
Subpicture Attributes
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byte 7 6 E 432 1 1 0
Coding mode Lingu age t.yp ©
0 0 = 2-bit rle 0 = unspecified
! 1 = per bytes 2&3
1 ;
2 15%character of language code
3 2" character of language code
4 reserved for language code extension
5  |code extension - see SPRM #19
VMGM_C_ADT
VISM_C_ADT
VTS _C_ADT

This table contains pointers to all the cells in the menu or title set.
offset, 0 1 12[3] 4 | 5 | 6 | 7
0 mnumber of VOB IDslreserved|end address (last byte of last entry)
8... |12-byte entries

each entry

iOﬂ‘set’@gl Contents

| 0 2 [vOBidn |
[ 2 |t [CELLidn
[ 3 |
| W4M 4 ';g]§:cg;tmg sector within VOBi
| 8 [ﬁl—lendmg sector within VOB

VMGM_VOBU_ADMAP
VISM_VOBU_ADMAP
VTS_VOBU_ADMAP

This table contains pointers to all the VOBUs in the menu or title set.
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ofsetf 0 | 1 | 2 | 3
0 lend address (last byte of last entry)
4 istarting sector within VOB of first VOBU
8. possible additional entries

S

-EEIDVD-Video home

6 0f6 8/22/2009 4:57 PM
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DVD File/Folder structure
Video file comparison
More info

DVD stands for Digital Versatile/Video Disc, DVDR stands for DVD Recordable and DVDRW for DVD ReWriteable. If you're familiar with
regular audio/music CDs or regular DVD-Video discs, then you will know what a recordable DVD looks like. A recordable DVD stores up
to 2 hours of very good quality DVD-Video, including several audio tracks in formats like stereo, Dolby Digital or DTS and also advanced
menu systems, subtitles and still pictures that can be played by many standalone DVD Players and most computer DVD-ROMs. If you
choose to lower the video quality it is possible to store several hours video on a recordable DVD using low bitrates and low resolution
with video quality more like VHS, SVHS, SVCD, CVD or VCD. It is also possible to have up to 4.37* GB ordinary data or mix DVD-Video
and data on a recordable DVD that can be played by most computer DVD-ROMs.

There are three competing DVD Recording standards, DVD-R/DVD-RW and DVD+R/DVD+RW have pretty similiar features and are
compatible with many standalone DVD Players and most DVD-ROMs while DVD-RAM has less DVD Player and DVD-ROM compatibility
but better recording features.

DVD-R and DVD-RW

DVD-R was the first DVD recording format released that was compatible with standalone DVD Players.

DVD-R is a non-rewriteable format and it is compatible with about 93%. of all DVD Players and most DVD-ROMs.

DVD-RW is a rewriteable format and it is compatible with about 80% of all DVD Players and most DVD-ROMs.

DVD-R and DVD-RW supports single side 4.37 computer GB* DVDs(called DVD-5) and double sided 8.75 computer GB* DVDs(called
DVD-10).

These formats are supported by DVDForum.

DVD+R and DVD+RW

DVD+R is a non-rewritable format and it is compatible with about 89% of all DVD Players and most DVD-ROMs.

DVD+RW is a rewritable format and is compatible with about 79% of all DVD Players and most DVD-ROMs.

DVD+R and DVD+RW supports single side 4.37 computer GB* DVDs(called DVD-5) and double side 8.75 computer GB* DVDs(called
DVD-10).

These formats are supported by the DVD+RW Alliance.

DVD+R DL
DVD+R DL or called DVD+RS is a Dual Layer writeable DVD+R. The dual layered discs can hold 7.95 computer GB* (called DVD-9) and
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dual layered double sides 15.9* computer GB (called dvd-18).

DVD-R DL

DVD-R DL or called DVD-R9 is a Dual Layer writeable DVD-R. The dual [ayered discs can hold 7.95 computer GB* (called DVD-9) and
dual layered double sides 15.9* computer GB (called dvd-18).

DVD-RAM

DVD-RAM has the best recording features but it is not compatible with most DVD-ROM drives and DVD-Video players. Think more of it
as a removable hard disk. DVD-RAM is usually used in some DVD Recorders.

This format is supported by DVDForum.

Read our DVD Writers and Recorders list and read also our DVD Players Compatibility list to see what types your standalone DVD Player
supports. You find more detailed comparisons between the formats in the more info section here.

{DVD Sizes

The DVD sizes can be a bit confusing. There are basicly 4 different DVD Sizes,

DVD-5, holds around 4 700 000 000 bytes and that is 4.37 computer GB where 1 kbyte is 1024 bytes* . DVD+R/DVD+RW and
DVD-R/DVD-RW supports this format. Also called Single Sided Single Layered. This is the most common DVD Media, often called
4.7 GB Media.

DVD-10, holds around 9 400 000 000 bytes and that is 8.75 computer GB. DVD+R/DVD+RW and DVD-R/DVD-RW supports this
format. Also called Double Sided Single Layered.

DVD-9, holds around 8 540 000 000 bytes and that is 7.95 computer GB. DVD+R supports this format. Also called Single Sided Dual
Layered. This media is called DVD-R9, DVD-R DL, DVD+R9, DVD+R DL or 8.5 GB Media.

DVD-18, holds around 17 080 000 000 bytes and that is 15.9 computer GB. DVD+R supports this format. Also called Double Sided
Dual Layered.

* In the computer world is 1 KB data = 1024 bytes so 4 700 000 000 bytes / 1024 = 4 589 843KB / 1024 = 4482MB / 1024 = 4.37GB.
See section 3.3 in the DVDDemystified FAQ here.

DVD+R/DVD+RW/DVD+R DL and DVD-R/DVD-RW exact sizes
DVD-R/DVD-RW = 4 706 074 624 bytes ( 4488 MB )
DVD+R/DVD+RW = 4 700 372 992 bytes ( 4482 MB )

DVD+R DL = 8 547 993 600 bytes ( 8152 MB )

‘DVD Write and read speeds

Single Layer(4.7GB) write speeds
1x (CLV) = about 58 minutes

8/22/2009 4:48 PM
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2x (CLV) = about 29 minutes

2.4x (CLV) = about 24 minutes

4x (CLV) = about 14.5 minutes

6x (CLV/ZCLV) = about 10-12 minutes

8x (PCAV/ZCLV) = about 8-10 minutes
12x (PCAV/ZCLV) = about 6.5-7.5 minutes
16x (CAV/ZCLV) = about 6-7 minutes

Dual/Double Layer(8.5GB) write speeds
1x CLV = about 105 minutes

2.4x CLV = about 44 minutes

4x CLV = about 27 minutes

Single Layer (4.7GB) read speeds

1x read speed is 1.321MB/s = ~56 minutes

6x CAV (avg. ~4x) read speed is max 7.93MB/s = ~14 minutes
8x CAV (avg. ~6X) read speed is max 10.57MB/s = ~10 minutes
12x CAV (avg. ~8x) read speed is max 15.85MB/s = ~7 minutes
16x CAV (avg. ~12x) read speed is max 21.13MB/s = ~5 minutes

* write speed time and read speed time is not the same because writing requires some extra steps and also does the faster writing
above 6x usually use lower write speeds for some parts of the dvd. 4x DVD speed = 36x CD speed. See section 4.2 in the
DVDDemystified FAQ here.

'vOther non-standard special DVD formats:

DVD-VCD
is basicly a VCD authored on a DVD. DVD supports the VCD resolution but the audio has to be resampled to 48 khz. If the audio is
resampled to 48 khz it is standard DVD-Video. Read more here how to make a such.

DVD-SVCD
is basicly a SVCD authored on a DVD. DVD do not supports the SVCD resolution but it may anyway work and the audio has to be
resampled to 48 khz like the DVD-VCD. Read more here how to make a such and download a DVD Sample including a DVD-SVCD here.

DVD-MP3
is MP3s burned on a DVD but very few MP3 capable standalone DVD Players supports it because most Players verify DVD as DVD-Video
only. Check our DVD Players list for compatibility.

DVD-ISO
is MPEG ,MPG, VOB files burned on a DVD without any DVD Authoring(making the vob,ifo files) but very few standalone DVD Players
supports it because most Players verify DVD as DVD-Video only. Check our DVD Players list for compatibility.

What is miniDVD / ¢DVD then?
Read here on the miniDVD/cDVD page.
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DVD Samples, DVD-SVCD Samples

DVD Trailers, Dolby Digital, DTS, THX Trailers and some other DVD VOB Trailers
To play the DVD Trailers on your computer use WinDVD and just open the VOB file.

If you would like to burn the VOB Trailers on a DVD you can use Tmpgenc DVD Author, add the vob files and burn.

DVD-SVCD Samples, NTSC and PAL DVD-SVCD samples.

A'Technical Info for DVD-Video

PAL

Video:

Up to 9.8 Mbps* (9800 kbps*) MPEG2 video

Up to 1.856 Mbps (1856 kbps) MPEG1 video

720 x 576 pixels MPEG2 (Called Full-D1)

704 x 576 pixels MPEG2

352 x 576 pixels MPEG2 (Called Half-D1, same as the CVD Standard)
352 x 288 pixels MPEG2

352 x 288 pixels MPEG1 (Same as the VCD Standard)

25 fps*

16:9 Anamorphic (only supported by 720x576)

Audio:
48000 Hz
32 - 1536 kbps

Up to 8 audio tracks containing Dolby Digital, DTS, PCM(uncompressed audio), MPEG-1 Layer2. One audio track must have MPEG-1,
DD or PCM Audio.

Extras:
Motion menus, still pictures, up to 32 selectable subtitles, seamless branching for multiple storylines, 9 camera angles. And also
additional DVD-ROM / data files that only can be read by computer DVD drives.

Total:
Total bitrate including video, audio and subs can be max 10.08 Mbps (10080 kbps)

* Mbps = million bits per second
* kbps = thousand bits per second
* fps = frames per second
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For more technical DVD-Video details read the DVDDemystified DVD FAQ section 3.4

NTSC (NTSC Film)

Video:

Up to 9.8 Mbps* (9800 kbps*) MPEG2 video

Up to 1.856 Mbps (1856 kbps) MPEG1 video

720 x 480 pixels MPEG2 (Called Full-D1)

704 x 480 pixels MPEG2 :

352 x 480 pixels MPEG2 (Called Half-D1, same as the CVD Standard)
352 x 240 pixels MPEG2

352 x 240 pixels MPEG1 (Same as the VCD Standard)

29,97 fps*

23,976 fps with 3:2 pulldown = 29,97 playback fps (NTSC Film, this is only supported by MPEG2 video)

16:9 Anamorphic (only supported by 720x480)

Audio:
48000 Hz
32 - 1536 kbps

Up to 8 audio tracks containing DD (Dolby Digital/AC3), DTS, PCM(uncompressed audio), MPEG-1 Layer2. One audio track must have

DD or PCM Audio.

Extras:

Motion menus, still pictures, up to 32 selectable subtitles, seamless branching for multiple storylines, 9 camera angles. And also
additional DVD-ROM / data files that only can be read by computer DVD drives.

Total:

Total bitrate including video, audio and subs can be max 10.08 Mbps (10080 kbps)

* Mbps = million bits per second
* kbps = thousand bits per second
* fps = frames per second

For more technical DVD-Video details read the DVDDemystified DVD FAQ section 3.4

'DVD File/Folder Structure

Explanation:

. BUP = Backup files of the IFO files.

8/22/2009 4:48 PM
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Folder
AUDIO_TS
VIDEO_TS

Advanced DVD-Video fi

Files
(undefined)
VIDEO_TS.BUP
VIDEO_TS.IFO
VIDEO_TS.VOB
VTS_01_0.BUP
VTS_01_0.IFO
VTS_01_0.vVOB
VTS_01_1.VvOB
VTS_01_2.VOB
VTS_01_3.VOB
VTS_01_4.VvOB
VTS_02_0.BUP
VTS_02_0.IFO
VTS_02_0.VOB
VTS_02_1.VOB
VTS_xx_x.BUP
VTS _xx_x.IFO
VTS_xx_x.VOB
VTS_xx_x.VOB
VTS_99_9.vOB

‘Video File Comparison

Format VCD SVCD

ile specification here

http://www .videohelp.com/dvd

. IFO = The IFO files includes information such as chapters, subtitle tracks and audio tracks.

. VOB = The VOB files contains the actual video,audio,subtitles and menus.

Explanation
DVD Audio

The first video play item, IFO, usally a copyright notice or a menu

The first video play item, VOB

Title Set 01, IFO, usually the main movie

Title Set 01, VOB 0, the menu for this title

Title Set 01, VOB 1, the video for this title

Title Set 01, VOB 2, if larger than 1 GB it will be splitted into several vobs
Title Set 01, VOB 3

Title Set 01, VOB 4, up to 10(0-9) VOB files if necassary

Title Set 02, IFO, usually movie extras
Title Set 02, VOB 0, the menu for this title

Title Set 02, VOB 1, the video for this title

And so on

Up to 99(1-99) titles with max 10(0-9) VOB files each

AVI
HDDVD DivX MoV RM
HDTV XviD Quick- Real- AVI
DVD (WMVHD) Time Media DV

8/22/2009 4:48 PM
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Resolution
NTSC/PAL

Video
Compression

Video bitrate

Audio
Compression

Audio bitrate
Size/min

Min/74min CD

Hours/DVD

Hours/
DualLayerDVD

DVD Player
Compatibility

Computer CPU
Usage

Quality

kbps = thousand bits per second
Mbps = million bits per second

352x240
352x288

MPEG1

1150kbps

MP1

224kbps
10

MB/min
74min
N/A
N/A
Great

Low

Good

480x480
480x576

MPEG2

~2000kbps

MP1

~224kbps
10-20

MB/min
35-60min
N/A

N/A

Good
High

Great*

720x4802
720x5762

MPEG2,
MPEG1

~5000kbps

MP1, MP2,
AC3, DTS,
PCM

~448kbps

30-70
MB/min

10-20min

1-2hrs -
(2-5hrs?2)

2-4hrs
(5-9hrs?)
Excellent

Very High

Excellent*

2 gpproximately resolution, it can be higher or lower
~ approximately bitrate, it can be higher or lower

a DVD with lower video quality, similiar to VCD/SVCD video quality
* the video quality depends on the bitrate and the video resolution, higher bitrate and higher resolution generally means better video
quality but bigger file size

’More Info

General DVD Info

The DVDDemystified DVD FAQ

1920x10802
1280x7202

MPEG2
(WMV-
MPEG4)

~20Mbps
(~8Mbps)

MP1, MP2,
AC3, DTS,
PCM

~448kbps

~150MB/min
(~60MB/min)

~4min
(~10min)

~30min
(~1hrs)

~55min
(~2hrs)
None

Super high

Superb*

WMV
640x4802

MPEG4

~1000kbps

MP3, WMA,
OGG, AAC,
AC3

~128kbps
4-10

MB/min
60-180min
7-18hrs
13-30hrs
Few

Very High

Great*

640x4802

Sorenson,
Cinepak,
MPEG4 ...

~1000kbps

QDesign
Music, MP3

~128kbps

4-20
MB/min

30-180
min
3-18hrs
6-30hrs
None

High

Great*

320x2402

RM

~350kbps

RM

~64kbps

2-5
MB/min

120-300
min
14-35hrs
25-65hrs
None

Low

Decent*

http://www.videohelp.com/dvd

720x480
720x576

DV

25Mbps

DV

~1500kbps

216MB/min

3min

20min

37min

None

High

Excellent
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Comparisons between the difference formats, DVD-R vs DVD+R, DVD+RW vs DVD-RW vs DVD-RAM

What's the difference between the various DVD recordable formats, and what should I buy?

DVDDemystified DVD FAQ comparison
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VOB files

An overview to show the logical structure of VOB files, and help you see where all the pieces fit.

MPEG-2 System Stream

A VOB file is an MPEG-2 system stream. This means that it complies 100% with the MPEG-2 system level
standard, ISO 13818-1. However, VOB files are a very strict subset of the standard. So while all VOB files are
MPEG-2 system streams, not all MPEG-2 system streams comply with the definition for a VOB file.

Pack/sector size

DVD sectors contain 2048 bytes of data, this is also the size of one pack. In MPEG-2 packs are used mainly
to group together elements (such as audio and video) that are to be presented simultaneously, and their size is
variable. The pack header can also contain timing information used for synchronization.

In DVD-Video each sector is one pack. This adds some overhead, but makes random access to the stream
much easier.

Pack contents

Each pack begins with a pack header and contains one or two packets, and no more. The information in one
pack is all of one kind, which may be navigation data (a NAV Pack), video, audio, or subpicture.

The NAYV pack contains the system header and two fixed length packets called Presentation Control
Information (PCI) and Data Search Information (DSI).

The video, audio, and subpicture packs contain only the Packetized Elementary Stream (PES) for the content,
and, if needed, a padding packet.

Non-standard stuff

The MPEG-2 system fortunately left provisions for non-standard data in the form of private streams. There
are two private stream types, only one has timing information in the form of Presentation Time Stamps (PTS)
and Decoder Time Stamps (DTS). The actual content of a private stream is determined by the application, in
our case, DVD-Video.

Private Stream 1 is the one that has the timing information, and so DVD-Video uses this stream for
subpictures and all the additional audio systems (AC3, DTS, LPCM, etc) which are not MPEG. The actual
content of each private stream packet is determined by the sub-stream number.

The other stream, Private Stream 2, is used for the navigation packets found in the NAV pack.

The VOBU

The next higher logical structure is called the Video OBject Unit, or VOBU. Each VOBU starts with a NAV
pack and contains approximately half a second of the program. The size of the VOBU is determined by the
video coding unit called a Group Of Pictures (GOP). A VOBU will contain one or more complete GOP, as
needed. The last video pack in each VOBU is padded if needed with either a padding stream or stuffing bytes.
Audio and subpictures with DTS values within the same range of values as the video are included in each
VOBU. Audio is not padded until the end of the cell, therefore audio frames can span VOBUs.
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The Cell

Cells are the next higher logical structure, containing any number of whole VOBUs. Their length and
placement is entirely arbitrary and depends on the overall organization of the program (movie). Chapters,
multiple angles, titles, and even how the "prev" and "next" buttons on a remote act all dictate the placement
of cells.

The VOB

The VOB is a collection of one or more cells. An entire title could use just one VOB, but they usually use
more. Sometimes the use is arbitrary, usually along the lines of a new VOB for each chapter, and within the
VOB celis for each scene. This is not a requirement. In fact, there is only one place where seperate VOBs are
required, and that is multiple angles.

Several 1GB files

All the content for one title set (VTS) is contiguous on the DVD, but broken up into 1GB files in the computer
compatible file systems for the convenience of the various operating systems. You can see that there really is
no break by examining the second or later file and looking at the Logical Block Address (LBA), contained in
NAYV packs.

The files are broken up without regard to content, which is why it is difficult to process any file but the first,
since it most likely will not start at a VOBU (start with a NAV pack). The usual split point is at 524,287

sectors (1,048,574 KB, 1,073,739,776 bytes). In hexadecimal this is 7FFFF sectors (219-1), or 3FFFF800
bytes.
¥ IDVD-Video info home Copyright © 2001 - 2009 MPUCoder, all rights reserved.
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What's on a DVD?
What exactly is on a DVD disc? What are VOB, IFO and BUP files? All this will be explained here.
When you access the DVD drive you'll see at least 2 directories:

22.08.2000 03:20 <DIR> AUDIO_TS
22.08.2000 05:53 <DIR> VIDEO_TS

AUDIO_TS is used for DVD Audio and contains the audio files, whereas VIDEO_TS is used to store all data for the movie. There
might be more directories which contain DVD-ROM features for your PC. '

1of5

Now let's have a look at the VIDEO_TS directory:

22.08.2000 05:
22.08.2000 03:
22.08.2000 05:
22.08.2000 05:
22.08.2000 05:
22.08.2000 05:
22.08.2000 05:
22.08.2000 05:
22.08.2000 05:
22.08.2000 05:
22.08.2000 05
22.08.2000 05z
22.08.2000 05:
22.08.2000 05:
22.08.2000 05:
22.08.2000 05:
22.08.2000 05:
22.08.2000 05:
22.08.2000 05:
22.08.2000 05:

53 <DIR> .

20 <DIR> ..

23 12'288 VIDEO_TS.BUP

23 12'288 VIDEO_TS.IFO

23 333'824 VIDEO_TS.VOB

23 59'392 VTS_01_0.BUP

23 59'392 VTS_01_0.IFO

23 8'192 VTS_01_0.VOB

27 1'073'643'520 VTS_01_1.VOB
31 1'073'631'232 VTS_01_2.VOB

132 104785920 VTS_01_3.VOB

32 88'064 VTS_02_0.BUP

32 88'064 VTS_02_0.IFO

32 59'379'712 VTS_02_0.VOB
36 1'073'436'672 VTS_02_1.VOB
40 1'073'549'312 VTS_02_2.VOB
45 1'073'502'208 VTS_02_3.VOB
49 1'073'371'136 VTS_02_4.VOB
53 1'073'555'456 VTS_02_5.VOB
57 810'952'704 VTS_02_6.VOB

As you can see there's 3 types of files on a DVD: .VOB, .IFO and .BUP:
VOBs - Video OBjects

A VOB contains several streams multiplexed together: Video, Audio and Subtitles. Video is MPEG-2, audio can be AC-3, Linear
PCM, Mpeg 2 multichannel or MPEG1 layer2 2 channel audio. AC3 is pretty much the standard and MPEG-2 multichannel can only
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be found on very few discs (one example is "In the line of fire, PAL edition") as this format was initially considered to be the
standard format in Region2 (Europe and Japan) but was later dropped. PCM is mostly found on music DVDs and MP2 on cheaper
productions. PCM is high quality uncompressed audio which takes a lot of space, hence it's not an ideal choice for full length
movies with extras and possibly multiple languages. AC3 streams have a bitrate between 192 and 448kbit/s. 192kbit/s is used for
2 channel sound, and 384-448kbit/s for 5.1channel surround. '

A VOB can contain one main video stream and several multiangle streams, allowing you to switch (as an example) the perspective
during the movie. This feature is mostly used to display storyboards or other extra features during playback. The maximum bitrate
of the video stream is 9.8mbit/s. Together, video and audio stream must be below 10mbit/s at any given moment. It's possible to
have up to 9 different audio streams and you can usually switch the audio stream during playback (this feature can be disabled
during the authoring phase of a DVD). It's also possible to have up to 32 different subtitle streams. Subtitles are 4 color bitmaps
which are overlayed over the video stream, they're usually not encoded into the video stream.

Let's have a closer look at a VOB using our old: favorite vStrip:

Scanning for stream id's, press control-c to quit...

Found OxBF = Private 2 [@LBA 0]

Found VOB-ID: 01/CELL-ID: 01 [@LBA 0]

Encountered encrypted sector, attempting key recovery [@LBA 1]
Deduced key: 0xC00374C61C (2/2 vkey(s))

Found OXEO = Video O [PTS 0:00:00.290 @LBA 1]

Width = 720

Height = 480

Aspect-ratio = [3] 16:9 display

Frame-rate = [4] 29.97 (30000/1001) fps

Found OxBD = Private 1, sub 0x80 [PTS 0:00:00.224 @LBA 99]
Found 0xBD = Private 1, sub 0x81 [PTS 0:00:00.224 @LBA 100]
Found OxBD = Private 1, sub 0x82 [PTS 0:00:00.224 @LBA 101]
Found OxBD = Private 1, sub 0x83 [PTS 0:00:00.224 @LBA 102]
Found OXBE = Padding [@LBA 117]

Found OxBD = Private 1, sub 0x20 [PTS 0:00:00.724 @LBA 169]
Found O0xBD = Private 1, sub 0x21 [PTS 0:00:00.724 @LBA 170]
Found VOB-ID: 02/CELL-ID: 01 [@LBA 378]

As said before there's usually just one video stream and it always has ID OxEQ. PTS is the Program Time Stamp and states when a
certain stream starts with respect to the beginning of the VOB. As you can see the resolution is 720x480 so it's an NTSC DVD. The
frame-rate of 29.97 basically states the same fact. The DAR of the stream is 16:9. Then there's 4 audio streams: 0x80 - 0x83.
Note that these are AC3 streams. All AC3 streams are in stream 0xBD, substreams 0x8x. When there's a DTS stream it usually has
stream id OxBD 0x88 or 0xBD 0x89. PCM streams are also located in stream 0xBD, they have stream IDs 0xAx, from OxAQO up to
0xA9. MP2 audio finally'is located in the stream 0xCx. Here's an example from a PCM and MP2 stream:

Found O0xBD = Private 1, sub OxAO [PTS 0:11:01.479 @LBA 4]
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Found OxCO = Audio O [PTS 0:00:00.440 @LBA 25]
There are also 2 substreams, 0x20 and 0x21. All subtitle streams are located in the OxBD stream as well.
Furthermore there are usually padding streams (OxBE) but they don't concern us.

You might also have noticed the VOB and Cell IDs. A Cell is the smallest unit on a DVD. On a simple DVD this usually represents a
chapter but it gets more complicated in many discs. If you're interested about Cells on a DVD I suggest you start learning how to
use Scenarist, because only then will you truly understand how these works. When it comes to VOB IDs I still haven't found how
they are created exactly and to what kind of structure they correspond. Usually each unit on its own has its own VOB ID, for
instance the main movie and the trailer. In multiangle and seamless branching titles each angle has its own VOB ID.

IFOs - InFOrmation

IFO Files give the player important navigational information, like where a chapter starts, where a certain audio or subtitle stream
is located, etc. This is the reason why it's only possible to rip certain parts of a movie (like a chapter) with a ripper which can read
this files.

Or old friend vStrip can and let's have a glimpse at the output we get when using ifo parsing (sample command line: vStrip
f:\video_ts\vts_02_1.vob -if:\video_ts\vts_02_0.ifo)

Parsing "f:\video_ts\vts_02_0.ifo"...

0. Length: 02:07:15:24 in 15 cell(s).

1. Length: 00:00:01:01 in 1 cell(s).

Scanning for stream id's, press control-c to quit...

As you can see there's 2 PGCs or ProGram Chains in this movie. PGC 0 represents the main movie whereas PGC 1 the studio logo
at the beginning. This structure might be a lot more complicated but usually it's as easy as shown above. Multiangle movies will
give you several PGCs having the same length, and seamless branching movies several PGC with different length. By selecting the
right PGC you can get the right version of the movie. Also.. the PGC corresponds to the Title number being displayed in your
player. Here's just an example (Matrix - follow the white rabbit feature = Title 6 or in other words PGC 5 since the PC starts
counting at 0 internally). ' )

Last but not least IFO files are not encrypted.

BUPs - BackUP
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BUP files are just backup files off the IFOs. As their counterparts they are not encrypted.
Look closer
Now that we know what each filetype is for let's look at the actual example again:

22.08.2000 05:23 12'288 VIDEO_TS.BUP
22.08.2000 05:23 12'288 VIDEO_TS.IFO
22.08.2000 05:23 333'824 VIDEO_TS.VOB
22.08.2000 05:23 59'392 VTS_01_0.BUP
22.08.2000 05:23 59'392 VTS_01_0.IFO
22.08.2000 05:23 8'192 VTS_01_0.VOB
22.08.2000 05:27 1'073'643'520 VTS_01_1.VOB
22.08.2000 05:31 1'073'631'232 VTS_01_2.VOB
22.08.2000 05:32 104'785'920 VTS_01_3.VOB
22.08.2000 05:32 88'064 VIS_02_0.BUP
22.08.2000 05:32 88'064 VTS_02_0.IFO
22.08.2000 05:32 59'379'712 VTIS_02_0.VOB
22.08.2000 05:36 1'073'436'672 VTS_02_1.VOB
22.08.2000 05:40 1'073'549'312 VTS_02_2.VOB
22.08.2000 05:45 1'073'502'208 VTS_02_3.VOB
22.08.2000 05:49 1'073'371'136 VTS_02_4.VOB
22.08.2000 05:53 1'073'555'456 VTS_02_5.VOB
22.08.2000 05:57 810'952'704 VTS_02_6.VOB

The VIDEO_TS.* files represent the first play item. This is an item being set during authoring and is the first thing being played
when the disc is inserted in the player. Usually this is just a copyright notice, but it could also be a menu where to select the
language of the menu, some trailers, etc. The video_ts.vob contains the video and audio data, the video_ts.ifo the navigational
data and video_ts.bup is the backup for video_ts.ifo.

There's 2 more ifo files: vts_01_0.ifo and vts_02_0.ifo. The first 2 numbers in the name tell the title number. vts_01_* is title 1,
vts_02_* title 2, etc. Obviously there can be 99 titles at the maximum (vts_00_* does not exist). Each title can have 10 VOB files,
whereas the first VOB (vts_XX_0.vob) always contains the menu for that title. Each title has at least 2 VOBs (one for the menu
and one for the main feature) and exactly one ifo and bup file.

In our case title 1 contains the behind the scenes featurette and has its own menu. Title 2 contains the main movie, also with its
own menu.

As you can see the maximum size of a VOB file is 1GB. In fact the files must be smaller than or exactly one GB
(1024x1024x1024Bytes), but there are certain which aren't and these can't be played on a PC.
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Now the last question: how to iocate the main movie on a disc? The largest .ifo file will give you the title number and then you
need all the VOB files except for the menu VOB (unless you want the menu as weil, of course). Most Rippers (if they don't do ifo
parsing) proceed according to this rule to select the main movie and the ifo to be copied.

Inside a VOB

DVD video content is broken into tities (movies or albums) and parts of tities (chapters or songs). Titles are made up of cells linked
together by one or more Program Chains (PGCs). A ceii is the smallest video unit on a DVD. Often a cell is equal to a chapter but
not always. Cells are sometimes grouped together using VOB IDs. Examples are Warner Brothers movies where the main movie
has one VOB ID on one layer and another one on another layer, muitiangle movies (at the branching points each angle gets its
own VOB ID, and then when they get back together we have the next VOB ID, etc., and seamiess branching movies - where we
have different VOB IDs for the different parts of movies that are selected to play when selecting a certain playback option).

This document was last updated on October 9, 2003
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3 forg utilized by & fontrendaring engine 1o rander fexd from g ssdacted subtitle
straant; downinading at lsast one font file when the font & not prasent on the

playback devics; requesting and bulfaring al least a portion of the selscted
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subtite sirsar; decoding the buffered portions of vidso uging a decoder on the
olayback davise; rendering the portions of the subiid fe stream corrasponding to
the buffered portion of video using & fontrendering engine configured by the at

ast one downinaded fontiile; and performing synahronized pdayback of the

secodad vidso and rendersd suliittes using the playback devins

Olndn Refections ~ 35 USC § 112
18, Useof the word "masns” {or "step for’} in & claim with functional langu AOS

oraates 8 rabuttable presurmphion that the claim slement (3 1o be vreatad in
accordanse with 35 US.GC. § 1123(1) {pre-AlA 38 UB.C. 112, sixth paragraph).
The presumplion that § 11200 {pre-AlA § 112, sixdh paragraph) is invoked is.
rebutted when the Ringtion is recitad with sufficient struchure, matesigl, or agis
within thee claim Reslf I antirely perform the recited funclion.
Absence of the word “means” {or "step for'™t in & claim wreates a rebullabls
presurmption that the clalny glement i notin be tragled i acsordance with 35
WS § H2{ {pore-AA 5 ULE.0. 112, sisth paragraph). The prasumpstion that
§ 1120 (rre-AlA § 112, sixth pacagraph) s not nvoked is rebutied when the
clatm elermant recitas furnction bl falls to recite sufficlently definiis structurg,
materis! or acts o perferm that funclinm
Oisirn slemants in this spplication that use the word “masns” {or “step for'}y are
presumsd 1o invoke § T12(1) except as atherwise Indicated i an Office aion.

Simitacly, clabm slgments that do not uss the ward “means” {or "step ' are
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oresumed not to invoke § 112 except ax mhenwise indicated inan Office
otign.
Limitation of the claim 18 recitels) s provessor configure by are being reated in
agcordance with 112011 A processee corfiguren by a snurne encoting application
dors not have support whether the protessiy 13 a gennal DUTRORE PINCSSR0! OF
niyoprosassor ar software or tha combination of the bardwars g software {see
applicant's specification paragraphs 23, §0, Because the daim 18 does not have

support in the specification tharefore, therg s 112{0 indefinitoness:

130 Tha follwing 8
'm CONCLLSIO

Ay

i

o
{
!

Wﬂ%‘?i\--

bimat mhatter wh “*1 Me a;:pl mn* mg *d,m his mm i

14, Regarding olaim 18, the phrase “a progessar configure by renders the olaim
ndedingte because s unclesr whethsr the imitationiz! following the phrage arg

part of the claimad fvention. See MPEP § 2173.08d).

Claim Rejections < 35 USC § 101

15 AR UBG 101 ragds as follsws:

A Lroress, maching, manulacturs,
carmpoaition ot n thar, o W and us ms smpm\uamem tharsof, may abialn o patend
sharsfor, subfect 1o the sonditions and requirsments of this U

Clalm 18 is rejected under 35 LA 10T bacause the daimad rvertion is

dirertsd to noregiatutory subject matier, as it does not fall under any of the
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statuiory classes of nventions, Claim 18, for sxampls, raciels) A sowres
ancadar configure 1., & procassy corfigure by L. bl these components,

conrding 1o paragraph [ROS0] of the of Applicant's specification, are diracted

o

23,‘3

towards soflware/programs. Tharefore, siing the speaification soplicilly stales the
satree encoder is 8 servar. Therefors, olaim 18 doss not &l under the statutory

clagsss of tnvandinn st fonth Gocording W MPERZTT

Claim Rejections - 35 USC § 103
This fodleaving 18 2 quotation of pre-AlA 35 U.S.C 103} which feems the basis

for all obvicusnass refections sef forth it this Office action:

{a} A patent ros
an aetforthin g
b paterded mrm

ritfealy disc
i’éjs“i_‘t ¥
v’,{m«

f veatier partaing Paten
enfinn was mads,

Tha factuad Inquirias set farth in Graham v John Deere Co., 383 1.5, 1, 148
<

USPG 458 (1088], that arx applied for establishing & background fov detarmining

obwitusness uodder pre-AlA 35 LSO, 108(a) ars sumpmarizad ag nlows:

pera

. Determining the scope and contents of the prior art.

3

Asceriaining the differences between the prior art and the claims abissus.

3. Rasolving the lovel of ordinary skill in tha pertinent art.
4. Considering ubjentive evidanoe prasent it the apphaation indicating
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18 Olaims 111, ancd 1518 are refectes under pre-&1A 35 LLS.C. 108 as being
utipatentable over Zoest af ol harsalter Fosst (US Rublication Mo 20050207448
A1) i viow of Eerenberg st al hersatisr Eerenbarg {US Publication Mo

200FC2ITHE3 A1) and further in viaw of Hamilton {Fatent No 5,404,438},

Regarding Olaim 1, Zoest discloss o method of sno %mq sowdroe medda inctuding
al lmast one sublitie rack as @ plurality of allsmative video sreams and at least
ore sublile streain using a sourse encoder, the methad comprising: selecting a
gortion of the sowree madia using the sourne snsader {(Pavagraph [0004]
rutirnedia les and system fur generating, distibuting. decoding and encoding
video trackal

transcoding the selected porion of the source maedia into g plurality of alternative
portions of encoded video using the source ancndsr {paragraph [0257) the video

sourss sqwed and then encoded Using o vidsa encoder and paragraph [DRBR

Ssnnnd,

vatious sncaders, decoadars and transoodsr, the soltware tsed to perfor the

snagding, decoding and transeoding and paragraph {*3 &) viden decoder gnd
video sngoder), whers sach alimrnative porfion is ancoded using a diferent set of
ercoding parameters (parsgraph [0445] & one pass rate control teehriques
oommencsk by itializing he encoder with g desired bt rats, the video Trame

J

vate and varigly of other prameters (Le. encoding parametars)),

writing sach of the alternative portions of encoded vides 10 & separate container

file using the source encoder {paragraph [D2E2] mets data statament e writlen

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1863
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Application/Control Number: 13/224,288 Page 11
Art Unit: 2488

irto an XML configuration file (Le. container Hles) paragrapt {04277 encods fles
iy ancordanee with MPEG-4 atardardy;
wiriling 4 subtitie stream seqinent from each subtitls rack {ahetrast multimsdia
filas can contain mulliple video tracks. multiple audio tracks, mulliple sublitte:
cata that can be used to ganerate & menl interfacs o acoess the content of the
file and meta data and parsgraphs [DUSEHO0ATY, [0044] and paragragh [R50
carresponding 1o the zelectedt puntion of the sourse medis 1o 8 separals
cornsingr e using the sourss encoder {paragraph {0030 XML datg, the dais
types indicates the typa of the valus information and the language sontaing
information identifying 2 specific language, and paragraph [0149] an AV fils and
the AV format and parsgraph [0183] media in compliant AV Ble formst sng
paragraph [0181] singte suptitle track and two. subtitle track containg gloksi
rformation for the entirs fle such ag the numbsacstresm within the file and witith

and height of the vides corgained in the mulimedia fle); and

Although Sosat doss not explicitly discloss commancas with an intra frame &t the
start of & closed group of piclures {GOR) Howsver Bgrenbery dizcioses a dightal
videw information pronessing, reprodugtion, and recording basad on the MPEG
standands W reltigve intrs encoded plotue and o generate intsy encoded pinture
and encotisd ploture campising groups of pictures (Le. commences with an intra
frame) {see paragraphs {00011, [JO0H1HD0T3]L I would have been obvious o

ang of the ordinary skl i the 2t iy modify the mathod By mulimedia files

generation, distribution, decoding, and encoding of Zoest to orocess the viden
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signal as fsught by Bergnberg. The motivaliondsuggestion woid have besrvto
areade and decode video and audio tack with e video information {multimedia

files) using the MPEG standards {(Berenberg: paragraphs [0003], 1001 1100181

Zoest snd Barenberg do not explicitly disclose associating g font fils with &l least
one of this container filas containing subtitla siresm segments. Howsver Harmilion
tiscloses method and apparatus employs fort matrios data related o fong
bitmaps for characters of 2 desing font (Abstract and Col3 fines 23 o Cold linas
85 and Col. ¢ fing 10 the bitmap font fles provides bitmaps of comprassed capits!
lettors and Col15 ines 1-18), It would have bean obvious o ona of the rdinary
skill in the ant to modify the method Zosst and Eerenberg 1o compress campasha
characiers and decompress for gisplay on computer display sysiems as taught
by Hermiiten, The motivation/suggastion would have been iy compress ang
GRCOMPrEss composite charactars and o display on the computer display
systam having o characar height rastristion (Hamiiton: Col.3 fine 83 1o Ool. 4

Hnes 55

The Applicant is reminded that the preambls is generally not accorded any
‘patentable waight whers it mevaly revites the purposs of a process o the
intendad uge of a structure, and where the body of the claim does not depsnd oo
the preambds for completenass bul, nstead, tha process steps oF strudtural
firmitations are able to stand alone. See In ra Hirac, 835 F.2d 67, 190 USFQ 15
(CORA 1978) and Kropa v, Flobie, 187 F.2d 150, 152, 58 USPO 478, 481 (SCPA

18515,
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Regarding Claim 2, Zoest and Berenbarg discloss tha method of claim 1. Zoest
and BEerenberg do not explisitly disclose further sompriging compressing the font
file. However Harnilion disclosss a compubsy methad 1o comprass and
decampress bit map font charasters (Col3 ineg 23-38 and Col 4 lines 5-28. it
wanild fave bean obvists 1o ong of the ordinary skill in the srtio modify the
mathod Josst and Eerenberg o comprass composite charasters snd
decompress for display on computer display systems as teught by Hamiltan. The
motivatieysuggestion wauid have bean o comprass and decomprass composite
charasiers and o display on the compulsr display aysten having no charactar

height rastriction (Hamilton: Col3 line 23 1o ol 4 ines 55}

Regandng Claim 3, Jeest and Berenbeeg discloss the method of olaim 1. Joest
and Eerenberg do not sxplicitly disslose further comprising reducing the size of
the ford file by subseting the ford file, where the subsetiad font fils oludes alfof
the charactars within the subtitls straam segments within the container file with
whinh ihe ford fle & assogiated. Howsver Hamilton dhatlosas a compiiter mathod
1y compress and decompress bt map font charasters {Col3 lineg 23-36 and

Cold linas 529, Col 8 lines 4367 In the font matios file 28 sgoh charsgters is

defingd), Kwould have baen bbvious i ane of the ordinary skill iy the at in

miodify e mathod Zoest and Exverbarg to comprass compogite ocharasdses and

acomprass for dizplay on computsr display systams g laught by Hamiiton, Tha
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rotivatico/suggestion would have been to comprass and decompress gomgposite
characters and o display on the compulsy display systen having no character

hetght ragiiction (Hamilton: Col.3 line 23 1o Col. 4 lines 8510

%3

Reganding Olaim 4, Scest and Eevenbaeg discloss the method of olaim Y. Zoest
it g pluradity of font fles, whars at least ons of the font flles includes charsoters
leplayed during a subtitle siresm segment. Howaver Hamilton discloses &
computar method {o compress and desomprass DIt map font characters and files
are used by the spplication 10 o detsrmined how charanters will be sizsd when
they are printed and the font metrics file of & font is divided into thres section
whinh containg charactars metrics data {(Col.3 lines 23-38 and Col.4 lines 5-28,
Col8 ineg 35-67 font matrios fles 28 provide data and how characters will be
rendared and i the ford metrics fle 28 each characters is definad). I would have
been shvious o one of the ordinary skil in the arl to mogify the method Zoest
and Eeranberg iy compress composits characters and decompress for display

on computsy cisplay systems as laught by Hamilton. The mothvation/suggastion

would have baen o compress and decompress compusite characters and 1o

{Mamilton: Col.3 line 23 fo Col. 4 lines &8}

Ragacding Claim 8, Joast disclore the mathad of claim 4, sovresponding 19
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ciffsrent subtitle stream segments (paragraph [1534] genevating video chunks

and segmenting video into chunks 1o N paragraph DRSS

Zoest does 1ot axplicity disclose wherain braaking the forg file frag 3 plurality of

font files comprises genarating font files, Howaver Hamilton disclosses g computer
mathod i compress and denompress 1t map font chavacters and fles are used

by the application 10 1 determined how characiors will b sized when they are
srinted and the Tont metrics e of g font iz dvided Into thrse section which

£

coritsing characters melrics data {Col 2 ines 2336 and Cold lines 524, Cols
fines 35-87 font matrics files 28 provide data and how characters will be rendered
and inthe font metrics e 2% agch characiers is defined). It would have been
obrdious to-one of the ordingry skill in the et to modity the method Josst o
sompress nemposts characters and decompress for dispday on compiter display
systems as taught by Hamilton. The motivalitn/suggestion would havws bean to
compress and decompress compasits characters and 1o display o the cormputsy
chisplay system having no charaster haight restriction {(Hamiftor: Cold fine 231

Oo 8 Hirss BE)

Raganding Claim 8, Zoast discioge the mathod of claim B, wherain fs azsemblsg
38 atfachments to & single contaings e (parsgraphs [OE88] mulimedia files that
combines viden, audin s subliles cary raquires selaction of @ papticular autio
track, vides track and subtitle Irack and paragraph [0284] combining the KL

cordiguration file and AV filse).
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oust doss not expliclly discloss the plurality of font files, Howsver Hamilion

Tad

4

discloges & somputar method It compress and decompress bit map font
chargoters and the zoftware progrsm running on g iﬁﬁgih procassor which
process the convarsion of the bithaps eally 10 8 desire computar display
systam have no restrictions {Onl.3 lings 23-38 and Oob Hoes 589, Gol6 linss
S3-87 iy the font medrics file 28 sach characters iz defined Gl 14 lines 88 o Qul.
15 Hires 171 it would have beert obvious 1o one of the ordinary skill iy the artio
modify the mathod doest and Exrenbarg to comprass compuasite characters and
decomprass foe display o compuisr display systems as laught by Hamilton, Tha
motivation/auggestion would bave been o compress snd decompress sompasits
sharacters and o display on the computer display system having no characisr

helght restriction (Hamifinn: Onl3 line 23 to Col. 4 lines 55).

Hegarding Claim 7, Zoast digcloze the methad of olaim 8, Zosst does not
axplicifly dizcloze wherain starting and ending timecodes are used to idicate &
time pariad over which each font file is used for rendering subtitles, Howeaver
Hamilton disdoses & computer method o sumpress and desumpress bit map
font characiers and the softwars program running on a digital procegeorwhich
process the conversion of the bitmiaps locally to & desire computer display

systery have no restictions s that data rerders the chavachy on & soresn
fisplay (Gol3 lines 23-38 and Col 4 nes 528, Col.8 ineg 43-87 in the fort

rasstrios file 28 sach charactsrs is defined Col 14 Hineg 59 to Col 15 Hines 17 and
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ol 8 ines 14-32 the composite character ... and how deta rendears the
character, sea Fig. 8, Fig. 8 and Fig. 10 for rendering of the charactsy oa g
sereen dizplayl bwould have been obvious to one of the ordinary skill in the ant
to modify tha method Josst and Beranberg o compess aomposits characters
and decompress for disglay on computer display syslams as taught by Hamsitton,
Tha molivation/zuggsaton woukd have baern o comnpress and desompress
cormposite characters and to display on the computer display system having no

sharacter height restriction {Mamiton: Col 3 fing 23 o Col. 4 lines 85,

Regarding Claim 8, Zoest discloss the method of daim & Zoest does nat
sxplicitly disclose furthgr comprising genersting o union font file using the
plurglity of fort fles that includes characters that appear in al laast wo of the
alurality of font files and subseiting the plurality of font filss o remove the
ohargoters that gra in the wion fort file. Howsvey Hamiton dissloses ) compulsr
method to compress and decompress bit msp font charscters and the soltwars
program running on a digital processor which procass the conversion of the
Ditmaps lotally v a desios compasder dispday system have no reglvictions andHihat
data renders the charactsr on 8 saresn display and the food metrics Bls of g font
s gitvided into thrae sections ... and the festendry in that ing iz the oods for the
characier, the code used in thi illustration s the International Standards
Qrganization 1ISQ Latin 1 encoding schame (Cob.3 fines 23-38 and Col4 fines &-

28, Cold fineg 43-87 i the font miglrics filg 28 each charactsrs is dalined and
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Onl 7 lines 1-14 and Col 14 ines 59 1o Dol 18 lnes 17 and Sol. 8 fnes 14-32
the composite charactar | and how data renders the chavacter, sea Fig, €, Fig.
& angd Fig. 10 for rendering of the character an g soraen display) it would have
beort ohvious 1 one of the srdinary skill in the art to modify the methad of Zoest
and Eersnberg iy compress somposite characters and decompress for display
on comipulyr display aystems as ughi by Mamilfon, The motivation/suggestion
wauld have been 1o camprass and decomprass somposite characters and i
dheplay on the computr display system having no character haight restriction

{Hamiltor: Col 3 fine 23 to Col. 4 tines 35},

Regarding Slaim 8, Zoest as modified tisclose the method of olaim &, further
comprising subselting each font file s that chavanters usad in a pravious sublitis
stream segments are removid from the font e (Hamilton: Col % fines 38-81

sommand screen display of text and Col 9 lings 4- 18},

Hegarding Claim 10, Josst discloses the methad of claim 1, whareln the saleciad
gertions of souccs media are selented based upun thedr duration (paragraph
[6,243 the valug “duratian” specified the tima at the starting and ending point of

the sublittel

Regarding 11, Zoest disclose the methad of olaim 10, whersin the selentad

oortions of souros media sach have a duralion of o seconds (paragraph [02438]
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for iming}.

Regarding Dlaim 18, Zosst disclose the method of clalm 1, further comprising

s that identifies sach of the container files containing
the alternative porlions of encoded viden and identifies the cortainer fles that
nelude the at loast one subiiths draam {paragraph [U181] & muliimedia fles and.

3

paragraph [0248] the 'ldxl’ chunk 44 is optional churk that can be used o indax

the ‘tate’ and parsgraph [03821L
Regarding Claim 18, Zoast discloze the method of claint 1, wherein the font le
associated with the at least one of the comtainer fles containing sublitls stream
sagments s altached o the containgr e {paragraph [D8A7]-0A3Y] generating

subtitie} and the cortainer file includes 2 separate elemant contaming metadats

dascribing (paragraph [DES4] meta dala included within the mulimedia files),

Foest does not expliclly disclose the fant file, Howsver Hamilton discloses
mathod and apparatus amploys font metries data related to font bitmaps ke
characters of g degire font {(Abstract and Col.3 fines 23 & Dol lines 58 angd Ool
9 ling 10 the bitmap font fles provides bitmaps of comprassed capital fstiers and
Dol18 lines 1-18) Hwould have been sbvious o one of the ordinary shillin the
st i modify the mathod Foest and Farenbarg to comprass composite charachys
and decomprass Tor display on cormpuis display systems a8 taught Dy Hamilton,

The motivalion/suggestion would havs bean fo comprass and decompraas
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composiie characters and to display o the computer display systam having no

character helght restriction (Mamiitare Col 3 ine 23 1 Col. 4 fines 58}

Regarding Claim 17, Seest disclosa the methad of glalin 18 wharein the
metadaty indludes the location (paragraph [0078] multimedia files includes meta:
data and pacageapt [DEBL

Fosat doss not explicitly discioss the font file within the container file and
information describing the fle, Mowever Hamilion discloses methad and
apparatus employs font matrics data relstad o font bitmaps for characters of &
desire font (Abstract arsd Col.3 ines 23 1 Cold lines 8% and Cal. 8 line {0 the
Ditrnsp ford fles provides bitmaps of compressed capital letters and Ool. 15 tines
118} I woukd have bear obvious to one of the ordinary skill in the artto modify
the methad Zoast and Bersnbarg o sompress oomptsils sharacters and
decompress for display on computar display systema as taught by Hamilton. The
mghivation/suggestion wauld have been to compress and decompress compasite
characters and to display on the computer display systam having n character

height restriction {Hamilion: ToL3 line 23 1o Qoll 4 Hinex B8)

Ragarding Dlaim 18, o sturce encoder of olaim 18 implemanted iy porform the.
& 8 P {

msthod of glaim 1.
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Fosst further disclosss, @ processty configured by a sourts encading applieation
s selact-a portion of the sourcs media (paragraph [U144] a system for sncading,
distribution and decoding insludes & computing devios, and cladm 11, paragraph
{0288] the entire system can be iImplamented on a computer using software and
conmectsd to & storage devios such as hard drive and paragraph [0285] &
oomputaris configursd (o parse information Fromeihe XML configuration e and
the antire encoding system can be implamented using 3 computer configurad o
gorform the various funclions parspraeh (02887 and paragraph D301 the
orpcessing operations).

The Apploant is reminded that the preanble iz generally not accarded any
pateniable waight wherg it meraly recites the purpose of g process orthe
intended uge of a struciure  and whare tha body of the claim doas not depand ma
the preamble for complelenass bul, ingtead, the process slaps or siructural

Hmitations are able o stand glone. Deain re Niran, 538 F.2d 67,180 USRQ 8

{COPA 1878 and Krops v Fobde, 187 F2d 150, 152, 88 USPQ 478, 481 {ZCPA
U5

18, Olsims 1314 are rejected under pre-AIA B US.0 D3{a) a8 being unpatentable
aver Zoast ef gl hersafter Zosst (US Publication No 200R/GR207442 AY) in visw of

Egrenberg et al heraalter Barenbarg (US Publication No 20030231863 Al and
Hamiflon (Fatent No §404,436) and further v view of Krowles ot at hereafler

Knowles {(US 50070180185 AL
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Regarding Claim 12, Feest, Berenberg arsd Hamilton dissloss the method of
claim 1 except whereln the sontaing fles contalidng the altermative streams and

the sublitle stregms arg Extonsible Bingry Markup Language (EBML) containgr

files. However Knowles discloses a mathod for synohvonizing mobils intemat
browser with proxy server and the dita protoosd set simitar iy HTTR, XML and
Rinary Extansible Markup language for sncoded duoiment {paragraphs [DO0RL
(00200022 00 Ri}} it would have baen obvicus by ons of the orgirary siaitin
the art 1o modify the methad Zoast, Exrenbarg and Hamilton o synohronizing
and transmitting from the browser fe the sarver {or secure communioation
betwaen prosy server and interne! browser as taught by Snowles. The
mgtivation/suggestion wauid have been for 8 secure communtication hetwasn
proxy server and the internet rowser (Kriowhas: paragraph [0S, [0HTEMOD14

T ESGIN
¥ R

Regarding Claim 18, Joast as modifiad gisclose the methad-of olaim 12, wherein:

the sderment of the EBML container fils i which saoh alternative portion of
aosaded video s written ik a Cluster slement and sach Cluster slement to whiah
sach of the allsrmative porhions of sncoded vides 8 wiltlen is aeaigned ths sams
tme sodds (Knowles: paragraph [0034] the siate dalg includes the URL of an

HTML page ... can compares the time stamps/expiration information, [0045).

Regarding Claim 14, Zoest as modifiad discloss the rsthodd of claim 12, wherein
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thes slement of the BEBML container fils to which the subtile stream segmentis
written fs a Clustar alement comtaining the same Hme code ag the Dluster
stemants o which the alternative portions of encadad video ars wiitlen (Knowles:

paragraphs [00R010022], [D0A0H0034]).

*References oiled, not replied upon

The pricy ait made of record and not refisd tpon s considersd partinarnt o
apphicants disclosure. Below the Bst of the references ares

1.0 US 20080182818 Al = {see at loast absiract and detatied

desoription of the invention)

3, S 8,321,556 Bt ~ {ges at least abstract).
E N US 8,458,380 BR — {sue of least abstrast).
8. LS R 288,238 RE ~ {ses af leaat abatract for genersting and

displaying fexiual information for 2 mullimedia files)

Sonchsion

THIS ACTION IS MADE FINAL. Applicant is reminded of the exdansion of tims

poliny as set fmth in 37 CFR 11380
A shoteried statutory peiad for raeply o this Bnal action is set e expirs THREE

MONTHS from the mailing date of this action, In the event g first reply iz filed
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within TWO MONTHS of the malling date of this Tinal action and the schigory
aotion is rod mailed untl after the and of the THREE-MONTH shortened statutory
pariod, then the shortened stalutory periad will sxpire on the date the advisory
action is mallad, and any sxtension fea pursuant fo 37 OFR 1138} will be
caleulated from the mailing dats of the advisory action, In no avent, hawsaver, will
thay statutory peviad for raphy axpivg tater than SIX MONTHS from the maling
date of this fival aotion.
Any inquiry conosming this communication or esrlier communinations from the
sxamingr should be dirsclad to SHAN ELAH whore telephone number ix
(R715270-1442, The sxamingr can normally bs reached on Monday o Fridg
730 AM o B0 PM(ESTY
f attempts to regch the examiner by inlephong ars unsucesssiul, the sxamings's
supervigor, Mehrdad Dastour can be reachad on (57112727418, The fax
shone nurmber for the organization whare this appiication or procesding is

gosigred & §71-273-8300.
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information regarding the siatus of an application may be ablained fromthe
Fatent Application Information Retrieval (PAIR) system. Status Inforraation for

published applications may be abtained from sither Frivate FAIR or Public PAIR.

inforrmation for unpublished appiications is avallable through Frivate PAIR
cnly. For move information about the PAIR system, see hitp:fipsir-
girsrluspto.gov. Bhould you have questions on atess (o-ihe Private PAIR
gystem, contact the Blackronic Business Center (BERC) at 8658-21 70197 {toh:
fraey. I vou wondd ke assistance fram g USPTG Qustomer ervics

Representative or sceess to the aulomated infoemation system, call 800-786-

2199 (IN USA OR CANADA] or 571-272-1000,

GHAN ELAMY
Examires, &t Unit 2488

FANDY RAQY
Primary Sxaminer, At Urgt 2488
May 14, 2014
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DETAILED ACTION
1. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

Claim Rejections - 35 USC § 102
2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this saction made in this Office action:

A person shall be entitied to a patent unless —

{a)(1) the claimad invention was patented, described in a printed publication, or in public use,
on sale or otherwise available to the pubiic before the efiective filing date of the claimed
invention.

3. Claims 1, 4-10, 13-16, 19 and 22-23 are rejected under 35 U.S.C. 102(a){1) as
being unpatentable over MclLaren et al. {6,064,794)

Claim 1, Mclaren discloses a method of video playback with trick play (Fig. 3
and Col. 2, lineg 12-15; Fig. 5 and Col. 2, lines 18-21 > A method for selecting
between normal or trick play reproduction speed.), comprising:

downloading (Col. 7, lines 31-33) over a communication network (Fig. 4,
el. 511 and 551), files of encoded video including interspersed key frames (Col.

7, lines 33-37 < number of trick play speed, look-up tables);

playing back video from the downloaded files {Fig. 5, el. 275 and Col. 7,

lines 54-84),

crealing a trick play index based on the downloaded files indicating

network locations of the key frames (Col. 4, lines 17-22 -» look-up tables may
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be employed which list the file byle offsetls for each GOP in each play
speed stream); and
receiving a trick play request (Col. 6, lines 54-59 - commands may
include, program manipulation or “trick-play” features) and, in response
thereto,
downloading the key frames from the indicated network locations
(Fig. 5, sf. 550 and Col. 8, lines 10-11), and
playing back video from the downloaded key frames (Fig. 5, el. 600

and Col. §, lines 12-14).

Claim 4, the method of claim 2, MclLaren discloses wherein:
the playing back video from the downloaded files includes
decoding the non-key frames and the key frames in the
downloaded files o recover the video encoded therein (Col. 1, “decoding
the reproduced signals for display of the selected program at the
selected new reproduction speed.”), and
presenting the recovered video (Col. 1, “decoding the
reproduced signals for display of the selecied program at the
selected new reproduction speed.”); and
the playing back video from the downloaded key frames includes
decoding the downloaded key frames [0 recover the video encoded

therein (Col. 8, "However these tables must be recovered from the
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disk and be stored in an active memory prior 1o program replay in
order io facilifate "rick-play” reproduction.”), and

presenting the recovered video (Col. 8, “During "trick-play”
reproduction the disk replay transducer jumps successively hetween
| frames in a sequence derived from the jump-to tables. For example,
at seven times forward speed the transducer is direcled to jump
“over” seven intervening ! frames and reproduce only the eighth |

frame.”).

Claim 5, the method of claim 1, Mclaren discloses further comprising:

prior 1o the downloading the files, receiving a playlist from the network, the
playlist listing network addresses where the files are accessible (Col. 4, “look-up
tables, or LUTs may be emploved which list the file byte offsels for each
GOP in each play speed stream.”),

wherein the downloading the files includes downloading the files from the
network addressas listed in the playlist (Col. 7, lines 11-13 and Col. 8, lines 35-

44).

Ciaim 6, the method of claim 1, McLaren discloses wherein the creating the
trick play index includes, for each downloaded file (Col. 3, lines 45-46 “Determine the

current byle offset, and hence the current frame in the current file.”):
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determining an offsel from a beginning of the file where a key frame in the
file begins (Col. 3, lines 49-52 “Step 2 is complicated by the fact that, for
MPEG streams, the entry points into a new stream are limited to those
points where a sequence.sub.-- header exists, which is typically atan |
frame at the beginning of a group of pictures (GOP)L™),

determining a size of the key frame {Col. 3, lines 31-36 “Each trick-play
and normal-play streams should comprise relatively uniform, short group
of pictures (GOP) having a size of, for example, half a second. This GOP
size yields a worst case visual continuity error of 0.25 seconds, L.e. time o
reach the nearest! frame entry point when switching between bit
streams.”); and

storing, in the index (Col. 1, lines 58-60, 66-67 and Col. 2, lines 1-5), the
offset and the size of the key frame,

wherein the network address of the file and the offset of the key frame
together represent one of the indicated network locations (Fig. 5, el. 375 and
Col. 7, lines 54-84 ~» the new GOP is calculated from firstly reading the

current offset address and locate GOP current offset {able).

Claim 7, the method of claim 1, McLaren discloses wherein:
the downioaded files, and correspondingly the key frames interspersed
therein, are associated with successive time codes (Col. 6, lines 10-20 and 31-

35 -» “For example, a user may, in the interest of continuity of
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entertainment, opt to always join the new image stream 1/2 or 1 second
prior to the departure point in the first stream, in this way "program” image
continuity may be sustained.”);

the playing back video from the downloaded files includes playing back
the video in g forward direclion of increasing time codes (Col. 2, lines 50-51);
and

the playing back in response to the trick play request includes playing
back the downloaded key frames in a rewind direction of decreasing time codes

(Col. 2, lines 51-52).

Ciaim 8, the method of claim 7, MclLaren discloses further comprising:

recaiving a subsequent trick play request and, in response thereto (Col. 8,
lines 27-32 = A further test is performed is user desires a new program,
therefore, a subsequent trick play is requested.),

downloading further key frames from their indicated network addresses
{Fig. 5, el. 850 and Col. 8, lines 10-11); and

playing back video from the downloaded further key frames in the forward

direction of increasing time codes (Col. 2, lines 50-51).

Claim 9, the method of claim 1, MclLaren discloses further comprising:
between the creating and the receiving, uploading the Irick play index o a

network address (Col. 5, lines 55-67 “To initiate switching belween streams
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the current GOP is determined from the current file offset by searching
through the current play speed look-up table o find the GOP start point
which corresponds to the current file offset (see Table 2). Once the current
GOP is known, the new GOP, gop.sub.~ new, may be caicuiated from the
old GOP, gop.sub.~— old, using equations 1 and 2, and the following
parameters, speed.sub.-— new, speed.sub.~ old, gop.sub.- size and
first.sub.~ gop.sub.- size;”); and

between the receiving and the downloading the key frames, downloading
the trick play index from its network address (Col. 6, lines 1-8 “Having
calculated the new GOP, the look-up table appropriate {o the new speed is
searched 1o find the file offset which corresponds to the new GOP. The new
siream may then be played starling at this new offset point. The relative
simplicity of this sysiem resuils in efficient switching betwesn different
streams. However, this method is based on real time calculation of the new
GOP with the assumption that the streams contain GOPs which produce

constant numbers of displayed frames {denoted by gop.sub.- size).”).

Claim 10, an apparatus is analyzed with respect to claim 1.

Claim 13, the apparatus of claim 10 is analyzed with respect to claim 5.
Claim 14, the apparatus of claim 10 is analyzed with respect to claim 6.
Claim 15, the apparatus of claim 10 is analyzed with respect to claim 7.

Claim 16, the apparatus of claim 10 is analyzed with respect to claim 8.
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Claim 19, a non-transitory computer readable medium is analyzed with
respect to claim 1.

Ciaim 22, the computer program product of claim 19 is analyzed with
respect to claim 5.

Claim 23, the compuler program product of claim 18 is analyzed with

respect o claim 8.

Claim Rejections - 35 USC § 103
4. The following is a quotation of 35 U.5.C. 103 which forms the basis for all

obvicusness rejections set forth in this Office action:

A patent for & claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102 of this title, if the differences
between the claimed invention and the prior art are such that the claimed invention as a whole
would have baen obvious before the effective filing date of the claimed invention to a person
having ordinary skill in the ari to which the claimed invention pertains. Patentability shall not
be negated by the manner in which the invention was made.

5, Claims 2-3, 11-12 and 20-21 are rejected under 35 U.5.C. 103 as being
unpatentable over McLaren et al. (6,064,794) in view of Kelly et al. (US 2001/0036355)

Claim 2, the method of claim 1, Mclaren discloses wherein the encoded video
comprises successive encodad video frames (Col. 8, “These look up tables may
contain | frame track addresses which enable the disk replay transducer to jump
successively between | frames in order 1o generate the desired "irick-play”™
reproduction speed.”),

Mclaren does not disclose non-key framaes each encoded based on one or
more other video frames of the encoded video; and the key frames interspersed amony

the non-key frames, each of the key frames encoded independent of other video frames
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of the encoded video, and thereby capable of being decoded independent of the other
video frames.

Kelly discloses wherein the encoded video comprises successive encoded
video frames, including:

non-key frames each encoded based on one or more other video frames
of the encoded video (Par. [8021], “a number of frames which are infra-coded
without reference to any other frame of the sequence”); and

the key frames interspersed among the non-key frames, each of the key
frames encoded independent of other video frames of the encoded video, and
thereby capable of being decoded independent of the other video frames (Par.

(00211, “number of frames which are inter-coded with reference to at least

one further frame of the sequence”).

Therefore it would have been obvious 1o one of ordinary skill in the art at the time
the invention was made to modify MclLaren’s method by offering trick mode has to
select only those certain "I" or "Intra” frames which are independent for display, and
requires analysis of the digital stream either at the time of playback or in advance, as
taughi by Kelly, in order to yield a predictable result such as to decoded independently

(Kelly: Par. [0021] and [0068]).

Claim 3, the method of claim 2, MclLaren in view of Kelly discloses wherein

the key frames include intra-coded I-frames (Kelly: Par. [0069], “Therefore a group of

w!i!v

pictures GOP will typically comprise: an intra-coded 1" frame, which is coded

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1888
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Application/Control Number: 13/905,804 Page 10
Art Unit: 2423

without reference to other pictures;”) and the non-key frames include inter-coded P-
frames (Kelly: Par. [0068], “two or three "P” {predictive) coded pictures which are

coded using motion vectors based on a preceding | frame”) .

Claim 11, the apparatus of claim 10 is analyzed with respect to claim 2.

Claim 12, the apparatus of claim 10 is analyzed with respect to claim 3.

Ciaim 29, the computer program product of claim 19 is analyzed with
respect to claim 2.

Claim 21, the computer program product of claim 19 is analyzed with

respect to claim 3.

8. Claims 17-18 and 24-25 are rejected under 35 U.5.C. 103 as being unpatentable
over MclLaren et al. (6,064,794) in view of Nelson (US 2007/0178833)
Claim 17, the apparatus of claim 10, Mclaren discloses further comprising:
a communication system {o communicate with the communication network
(Fig. 4 and Col. 6, “A system employing the various inventive digital video
source selection methods is depicted in FIG. 4.7);
a user interface system (Fig. 4, el. 500 and Col. 6, “An interface unit
500, provides a control communication stream 551 belween the user's
apparatus and a digital video source 10. interface unit 500 aiso decodes a
compressed digital video signal 511, derived from source 10 {o produce

audio and video signals which are coupled to display device 1000.”).
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Mclaren does not disclose housing.

Melson discloses g housing to house the processor system, the communication
system, and the user the interface system (Fig. 1, el. 11 and Par. [0043], “Typically,
phone 10 also includes an audio interface including a microphone and a speaker,
radio transceiver circuitry, an anlenna, a batiery, and a microprocessor system
including associated sofitware and data memory for radio communication, all
contained within housing 11.).

Therefore it would have been obvious to one of ordinary skill in the art at the time
the invention was made to modify MclLaren's apparatus by having housing, as taught by
Nelson, in order to vield a predictable result such as to improve the appearance of a

mobile phone.

Claim 18, the apparatus of claim 17, Mclaren in view of Nelson discloses
wherein:
the communication system includes a wireless communication system
{(Nelson: Par. [0043], “FIG. 1 illustrates a wireless communications device in
the form of a mobile phone 10.7); and
the housing includes a mobile hand-held housing 1o house the processor
system, the communication system, the user interface system, and a battery

{(Nelson: Fig. 1, el. 11 and Par. [0043]).
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Claim 24, the computer program product of claim 19 is analyzed with
respect to claim 17.
Ciaim 25, the computer program product of claim 19 is analyzed with

respect to claim 18.

Conclusion

7. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JEN-SHI HUANG whose telephone number is (§71)272-
3872. The examiner can normally be reached on Monday - Friday, alt Friday, 8:00am 1o
5:30pm EST.

if attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Benjamin Bruckart can be reached on (571) 272-3982. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.
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information regarding the status of an application may be oblained from the
Patent Application Information Retrieval {PAIR) system. Status information for
published applications may be oblained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see hitp:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Elecironic
Business Center {EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

1.
Examiner, Art Unit 2423
MARK D FEATHERSTONE/

Primary Examiner, Art Unit 2423
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ABSTRACT

Adaptive {video) streaming over HTTP is gradually being
adopted, as it offers significant advantages in terrus of both
user-perceived quality and resource utilization for content
and network service providers. In this paper, we focus
on the rate-adaptation mechanisms of adaptive streaming
and experimentally evaluate twe ial playe
{Smooth Streaming, Netflix} and one open source player
(OSMF). Our experiments cover three important operating
conditions. First, how does an adaptive video player react
to either persistent or short-term changes jo the underlying
network available bandwidth? Can the player quickly
converge to the maximum sustainable bitrate? Second,
what happens when two adaptive video players compete for
available bandwidth in the bottleneck link? Can they share
the resources in a stable and fair manner? And third, how
does adaptive streaming perform with live coutent? Is the
player able to sustain a short playback delay? We identify
raajor differences between the three players, sud significant
inefficiencies in each of them.

Categories and Subject Descriptors

C.4 (Computer Systems Organization|: Performance of
Systems

General Terms

Performance, Measurement, Algorithms

Keywords

Fxperimental evaluation, adaptive
rate-adaptation algovithm, video streaming over HFTP

streaming,

1. INTRODUCTION
Video
applicatior
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of packet video have been thought of as demanding
applications that would never work satisfactorily over
best-effort IP networks. That pessimistic view actually
led to the creation of novel network architect:
(oS mechanisms, which were not deployed in s large-scale,
though. FEventually, over the last three to four years
video-based applications, and video streaming in particular,
have become utterly popular generating rore than
of the aggrepate Internet traflic. Perhaps, surp

es and

specialized support from the network., This has become
possible through the gradual development of highly efficient
video compression methods, the penetration of broadband

¢ logies, and the development of adaptive video

at can compensate for the unpredictability of the
underlying network through sophisticated rate-sdaptation,

k bulfering

playba g, and error recovery and coucealbent
methods.

Another conventional wisdom has been that video
streaming would never work well over TCP, due to the
throughput variations caused by TCP’s congestion control
and the potentially large retransmi s. As a
consequence, most of the earlier video streaming research
has assumed that the underlying transport protocol is UDP
(or RTP over UDP), which con bly simplifies the
design and modeling of adaptive s applications.
fu practice, bowever, two points becan e in the last
few years. First, TCP’s coungestion contrel mechanisms
and reliability requirernent do not necessarily hurt the
performance of video streaming, especially if the video player
is able to adapt to large throughput variations. Second, the
use of TCP, and of HTTP over TCFP in particular, greatly
sitaplifies the traversal of firewalls and NATSs,

The frst wave of HTTP-based video streaming
applications used the simiple progressive download method,
in which a TCP counection simply transfers the eatire
movie file as quickly as possible. The shorteomings of that
approach are many, however. One major issue is that all
clients receive the same encoding of the video, despite the
large variations in the underlying available bandwidth both
across different clients and across time for the same client.
This hag recently led te the development of a new wave
of HI'TP-hased streaming applications that we refer to as
i ming over HTTP (For a general overview of

g protocols and adapiive streaming, refer
Several receut players, such as Microsoft’s Smooth

ion del:

e cle
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Streaming, Adobe OSMF, as well as the players developed
or used by Netflix, Move Networks and others, use this
approach. In adaptive streaming, the server maintains
ple profiles of the same video, encoded in different
es ‘\nd ouahfy ey ] h,,'q the video objec
f*rvmmms' 2 few seconds E-:)t
Em,, 2t di
1;en, dependm:_ on the und ing net\v(wlf
r'onditiom Notice that it is the player that decides what
bitrate to request for any fragment, improving server-side
sealability.  Another benefit of this approach is that the
player can conirol its playback buifer size by dynamically
adjusting the rate at which new fragments are request
Adaptive streaming over HTTP is a new technology. It
is not yet clear whether the existing commercial players
perform well, especially under dynamic network conditions.
Further, the complex jnteractions between TCP’s congestion
control and the application’s ra aptation mechanisms
create a “Pﬂ‘ted (%)Lib]e feedback --)(vp“ - L}e d '*1a*n=cs of

and ham tu gleumt, Ag a ‘.bt ‘:tep tuwams Jndumanding
and improving such video streaming mechanisms, this paper
expertmentally evaluates two commercial a
p.hymw over I, P {Microsoft’s Smeoth Streami
v used by Netflix) and one open source player {Adobe
OSM ). Our experiments cover three important operating
conditions. First, how does an adaptive video player react
to either pex_stenb or short-term changes in the underlying

network available bandwidth? Can the player quickly
converge to the maximum sustainable bitrate? Second.

what happens when two adaptive video players compete for
available bandwidth in the bottleneck link? Can they share
that resouree in a stab 3

does adaptive s
g\laycx 1&)19 to st

perform with live content? Is the
a3 sh(u playback delay? We ideuntify
een the three players, and significant
Chem.

H#Hciencies in each «

1.1 Related Work

Even though there is extensive previous work on
rate-adaptive video streaming over UDP, transport of
rate-adaptive video streaming over TCP, and HTTP
in particular, presents unique challenges and has not
heen died in depth in the past. A good overview
of multi-bitrate video stresming over HTTP was given
by Zambelli [17], focusing on Microsoft’s 18 Smooth
Streaming.  Adobe has provided an overview of HITP
Dyuamic Strearuing on the Adobe Flash platform {1]. Ci
et al. (3] experimentally investigated the performance of
the Akamai HD Network for Dynamic Streaming for Flash
over HT'TP. They studied how the player reacted to abrupt
changes in the available bandwidth and how it shared the
network bottleneck with a greedy TCF fow. Kuschnig e
al. [9] evaluated sud compared three serve —Side rate-cont (]
algorithms for adaptive TCP streswming of H.264/SVC
video. The same authors have prope receiver:
transport yuechanism that uses multiple HT'TP streams and
different pricrities for certain parts of the media strewu
{10]. The end-result is to reduce throughput fuctuations,
and thus, improve video streaming over TCP. Tullimas et
al. {13} also proposed a receiver-driven TCP- b‘\ ed method
fm wd streaming over the Internet, called MultiTCOP,
against ‘hort—teim bandwidth

f

5

fluctuations and controlling the sending rate bv using
multiple TCP connections.  Hsiao et al. | ed
a method called Receiver-based D y Control ( RDC) to
{ generation at the
. Wang et al
d disere to investiq
the pexiwmzamze of TCP for both live and stor nedm
streami Their models provide guidel
the circumstances under which TCP sireaming leas
satisfactory performance. For instance, they show that TCP
provides good streaming performance when the achievable
TCP throughput is roughly twice the media bitrate, with
only a few seconds of startup delay. Geel et al. [7] showed
that the latency at the application layer, which cecurs ag a
result of thr ot-oLp it-optimized TCP muplementations, could
ally tuping TCP's send buf

R
be minimized by dypam .
They de e buffer-size tuning technigue

1

avoid (tor\gmtion by delaying TCP

eloped an adap
that aimed at reducing this latency. Feng et. al [5
proposed and evaluated a priority-based Le(thr‘ique for Lhe
delivery of compressed prerecorded video stres
best-effort networks. This technique uses a
priority queune in conjunction with a dr—‘livery window to
sniooth the videe frame vate, while allowi o adapt to
changing network 1 Prangl et al. | propose
and evaliated a TCP-based perceptual (JoS memvemeti
mechanism. Their approach i hased on media content
adaptation (transcoding), applied at the application layer
at the server. Deshpande [4] proposed an approach that
aliowed the player to employ single or multiple concurrent
HTTP connections to receive streaming media and switch
between the connections dynarmically.

1.2 Paper Qutline

To Section 2, we desc

e our experimuental appro
varous tests we for each player, and the yuetrics we
focus on. Sections 3, 4 and b focus on the Smooth Streaming,
Netflix, and OSMF players, respectively. Secti 6 focuses
on the competition effects that take place when two adaptive
players share the same bottleneck. Section 7 focuses on live
video using the Smooth Streaming player. We summarize
what we learn for esch player and conclude the paper in
Section 3.

2. METHQDOLOGY AND METRICS

In this sectic
methodology and deseribe the metrics we focus on. The
host that ruus the various video players also runs a packet
sniffer {Wireshark [12]) and a network erculator {DummyNet
41). Wireshark allows us to capture and analyze offlite the
traffic from and to the HTTP server. DummyNet allows us
to control the downstream available bandwidih {also referred
to as avail-bw) that our host can receive. That host is
connected to the Georgia Tech campus network through a
Fast Etherpet interface. When we do not limii the avail-bw
using DummyNet, video players always select t
rate streams; thus, when DummyNet Hmits the :
relatively iow bitrases (1-5 Mbps) sxpect that it is also
the downst i path’s end-to-end bottleneck.

In the following, we study various throughput-related
metrics:

The gvail-bw refers to the bitrate of the bottleneck ‘
we ernulate using DummyNet. The TCP connections that
tranafer video and audio streams cannot exceed {collectively)

re an overview of our experimental
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that bitrate at any point in time.

2. The 2-sec connection throughpul refers to the download
throughput of a TCP connection that carries video or audio
traffic, measured over the last two secouds.

3. The running average of a coi
to a runuing average of the 2 throug
reeasurerne I A{t;} is the 2-sec conpection 1"='n'ou~'hpw in
the i"th time joterval, the running average of the connection
throughput is:

throughput v

oY

Al — SA(H )+ (1 —=8A{) 1>
e Alta) i=0

In the experiments, we use § = (.8.
4. The f(audio or ndeo) fragment throughput refers

to the
wroughput fm a particular fragment, i.e., the size
ent divided by the corresponding download
if 5 ﬁ's.ﬁtr‘ent i" downloaded in every

dow nload

WO 8eo!
than th SEC COTINEC o same t,me
interval (because the ((~nne<h(m can bsi idle during part
of that time interval). As will be shown later, some video
players estimate the avail-bw using fragment throughput
reasurernents,

We also estimate the playback buffer size at the player
{measured in seconds), separately for audio and video.
»‘w can accurately estinuate the p},ava:ack butfer size for
& timestamp (an offset value that
indicates the location of the fragment in the stream) in
their BTTP fragno quests. Suppose that two successive,
say video, reques ,s are sent at t"mﬁ; f1

o (F e do)
1,) ry < ia)

with timestamps £, and &y (t; < bz/, respectively (all times
measured in seconds). The playback buffer duration in
seconds for video at time ¥ can be then estimated as:

wher T denotes the maximum of @ and 0. This method
Wnrks y because, as will he clear in the bllowing

ctions, the player requesis are not pipelined: a request {or

a new fragment is sent only after the previous {ragruent has
been fully received.

We test each player under the same set of avail-bw
ms. Jn the first round of test

conditions and variati
examine the behavior of a player wh
Hmited by DumuuyNet; this ‘“’bhm-
observe the player’s start-up and steady-state bebavior -
in the same experiments we alsc observe what happens

, We

the avsil-bw is not
test allows us to

when the aser skips to a future point in the video clip.
It the second round of tests, we apply persistent avail-bw
variations {both increases and decreases) that last for tens
of seconds. Such variations are common in praciice whcn

1

> path’s botileneck varies s
o mri mg or departing traffic from other
1 player should react to such variations by de
increasing t,w requested bitrate. In the third round ests,
we apply positive and vegative spikes in the path’s avail-bw
that last for just few seconds - such variations are cominon
in 802.11 WLANSs for instance. For such short-term drops,
the p t requested

should be able to maintain a constant
g its playback buffer. For short-term avail-bw
increases, the player could be counservative and stay at its

0

current

Home Prex

Ver
file
bitrates and the resolution for each content (among other
information). The manifest file also contains the duration
of every audi
received the wmanifest file, it generstes succes
requests for audio and video
request from the piz
the 1
beginning «
is deter:
in the manifest. The following is an exarnple of a Smooth
Stresming HTTP request.

Ql.aL:LTyL evels (2040000} /Fra;
HTTP/1.1

conne
th
connection is transf
streaming, both connections get the chance to transfer video
fragments. The benelit of such switching is that neither of
the connections would stay idle for a long time, keeping the
server from
connections would maintain a |

opens a new one - this probably happens when the formu
connection provides very low throughput. Also, when the
user jumps to a different point in the stream, the player
aborts the existing TCP connections, if they are not idle, and
opens new connectior
At that point, the contents of the playback buffer are
flushed.

between 0.35 Mbps and 2.75 Mbps and one at
bit 34
Mbps as P, {e.g., Pars)

rate to avoid unnecessary bitrate varviations. Due

to space constraints, we do not show results from all these
experiments for each player; we select only those results that
are more interesti

ng and provide new insight.
were performed on a Windows Vista
on 6.0.6002 laptop with an Intel{R)

All exp

Core(TM)2 Duc P8405 2.26 GHz processor, 3.00 GB
physical memory, and an ATY Radeon Graphics I‘mu,nmr
(0x5C4) with 512 MB dedicated memory.

3. MICROSOFT SMOOTH STREAMING

In the fo"]o xperiments, we use Microsoft Silverlight
v 40505248, In a Sm(:c,uh Streaming manifest

s the server declares the available audio and video

o and video fra

ment.  After the player has
sive HTTP
fragments.  Fach HTTP
rer contaius the name of the content,
Led bi and a timestamp that points io the
the co ,:poi wling fragment. This timests
ed using the per-fragment information provided

S ues

GET (..)/BigBuckBunny720p.ism/
gments (video=400000000)

In this example, the requested bitrate is 2.04 Mbps and

the fragment timestamp is 40 s.

The Smooth Str intaing two TCP

eaming player ma

connections with the server. At any peint in time, one of the
two connections is used for transferring audio and the other
for video fr
piayer switches the audio and video strearus between the two

ments. Under certain condit

ag however, the
s not clear to us when/how the player takes
. although at any point in time one
1g video fragments, over the course of

de:

ling back to slow-start. the two
: con

s a TUP connection

and

S ak

netimes the player

exr

s to request the appropriate fragments.

In the following exp nts we watch a samnple video

clip (“Big Buck Bunny”} provided by Microsoft at the IIS

Web s

http://wew. iis.net/media/experiencesmoothstreaning

The manifest file declares eight video encoding bitrates

o

e {64 Kbps). We represent an encoding bibr

Each video fragment (except the
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last) has the same duration: 7=2 s. The audio fragments
are approximately of the same duration.

3.1 Bebhavior under Unrestricted avail-bw
shows the wvarious throughput metrics,
the video st n, in a typical experiment
without restricting the avail-bw usi
corresponds to the time when the Wireshark capture "1’3}"5"
Note that the player starts from *he lowest encoding bitral
and it quickly, within the first 5-10 seconds, climbs to the
highest encoding bitrate. As the per- fxagn*em tl*to-xghpui
measurements indicate, the highes 3
is significantly lower than the
path. The player upshifts to the }1
from the lowest one in four transitions.

)

In other words, it
seems that the player avoids large jumps in the requested

"ge

bitrate {morve than two successive bitrates) - the goal is
probably to avoid annoying the user with sudden quality
transitions, providing a dypamic but smooth watching
experience.

Smooth Streaming Player, Section 3.1

T T
o Fragment Throughput
X T . M Agerage Throughgul
x Requested Bitrate
x
R N
10 E
@
Q
o
=
1L J
0.1 . L

0 40 80 120 160 200 240
Time (Seconds)

Figure 1: Per-fragment throughput, average
TCP throughput and the reguested bhitrate for
video traffic under unrestricted avail-bw counditions.
Playback starts at arcund t=5 s, alimost 2 s after the
user clicked PrLavy.

Another important observation is that during the initial
time period, the player asks for video fr g nts nrch more
requently than once every 7 secouds. Further analysis of
the per-fr § erarrivals and downlead times shows
that the player operates in one of two states: Buffering
and Steady-State. In the former, the player requests a new
fragment as soon as t}e previous ﬁapm\ nt was d(:wnioaﬁed.
Note that the player does nol use HTTP pipelining - it
does not rques( a fxo;bn*ent if the previous fragment has
not been fit In Steady-State, on the other
hand, the player by uests a new fragment either T seconds
after the previous fragment was requested t took less
than 7T secon cad that fragm of as Sool
as the previous fragment was received rwise).  In
other words, in the Buffering state the ;]Pv)l alms to
ruaximize its fragment request rate so that it can buid
up a target pla vbu(*lf buffer as soon as possible.  In
Steady-Stat aims to maintain & constant
agment every 7 seconds
corresponds to 7 seconds of

vV T eived

Smooth Streaming Player, Section 3.1

64 b " Fragment Requesi Tnterarrival Time
ragment Download Time

Seconds

0.03125
0.015625

0 40 80 120 160 200 240
Time (Seconds)

Figure 2: Interarvival aud download times of video
fragments uvnder uunrestricted avail-bw conditious.
Each fragiment is two seconds long.

content).  We estimat
size, as described in
The time it tafke«‘ to
avail-bw -
to m‘ﬁunml

video playback buffer
:,txon 2 to be about 30 seconds.
each Steady-State depends on the
the avail-bw increases, it takes less time
e the 30 econ(* playback buffer. We haw
d that the player does not sacrifice
il up its

ation is

e->

,myback bl]ffm sooner. Another jute
that the player does not request a video bitrate w

dution (as declared at the ma
olution of the display window.

se frame
1an the

ifest file) is large

3.2 Behavior of the Audio Stream
Audio fragment
fragmeunts, at le

s are of the same durati
st in the movies we
Hver andio fragments are mu
than video fragments, the Smooth Streaming player does
not attempt te accumulate a larger audio playback huffer
than the corresponding video buffer (around 30 8). Also,
when thﬂ avail-bw drops, the player does not try to request

agments more {requently than video fragmenis (it
Overall, it appears that the Smooth
eep the audio and video
as much in sync a3 possible.

o).
carning plaw—" tie
stream download pro

3.3 Behavior
Variations
In this section, we summarize a number of experiments
in which the avail-bw goes through {our significant and
persistent transitions, as shown in Figure 3. First, note that,
as expected, the per-fragment -hwmhpu- is never higher
than the avail-bw. Instead, the per-fragment throughput
tracks quite well the avail-bw variations for most of the
time; part of the avail-bw rer, is consuined by sudio
T more imp tly, TCP throughput can vary
pificantly after packet loss events.
We next focus on the requested video bitrate as the
avail-bw changes. Initially, the avail-bw is 5 Mbps and the
player requests the Ps o4 profile because it is constrained by
the resolution of the (11spl%/ window (if we were watching
the video in full-screen mode, the player would request the
highest P 75 profile}. The playback buffer (shown in Figure

4
O
@
9]
13}
o

3]

under Persistent avail-bw
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Smooth Streaming Player, Section 3.3

i«
.
e S 1
.
3+ . -
X
» .
Q
o
=
2L 4
1k 4

0 40 80 120 160 200 240 280 320 360 400 440 480 520 560
Time (Seconds)

Figure 3: Per-fragment throughput, average TCP
throughput and the requested bitrate for the
video traffic under persistent avail-bw variations.
Playback starts at around t=180 s, almost 3 s after
the user clicked Pray.

Smooth Streaming Player, Section 3.3
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Video Playback Buffer Size -------
0 f | vailable Bandwidth o
0 40 80 120 160 200 240 280 320 360 400 440 480 520 560

Time (Seconds)

Figure 4: Video playback buifer size in seconds
under persistent avail-bw variations.

4) has reached its 30 s
Steady-3tate

At time t==73 8, the avail-bw is dropped to 2 Mbps - thai
is not suflicient k;r the 504 encoding because we also n
some capacity for the audio traffic and for various hea
overheads. The player reacts by switching to the vext lower

target by t=40 s and the player is in

Q. =

an

profile (P 52) but after some significant delay (almost 25
seconds). During that time peri the playback buffer

has decreased by only 3 seconds {the decrease is not large
because the avail-bw is just barely less than the cumulative
requested traffic). The large resction delay indicates that
the player does not react to avail-bw changes based on the
latest per-fragment throughput measurenuents. Instead, it
averages those p gment measurements over a lon
time peraod so that it acts based on a smoother estimate
of the avail variations. The playback buffer size returns
to its 30 s target afler the player has switched to the P52
profile.

The avail-bw increas
an appropriate incress

.

2

Again, the switching de indicates that the Smooth
Strea; rrm;: pldve‘ 15, conservative, pxeif‘xu 1 tn (:SEF’IL:NLE

cmmh ) m,stead of aatm;; oppurt\;mst
atest fragment throughp ut nieasure
e avail-bw decrease at =303 s is even larger (from

Mbps te 1 Mbps) and 1;};9 player reacts by adjvsting
the requested bitrate in four tramsitions. The requested

'(:(J 1y bam,u, on

21

bitrates are not always successive. After those transitions,
the request bitrate converges o an appropriate value P
much less than the avail-bw. It is interesting that the play
cnu"d have setiled at the next higher bitrate (Fo.zq4) - in that
Fow (1

ase, the aggregate throughput (including the audi
would be 0.94 Mbps. That is too close to tbP ave
Mbps), however. This implies that Smooth Strea
conservative: it prefers to maintain a safety margin between
the avail-bw and its requested bitrate. We think that this
is wise, given that the video bitrate can vary significantly
aI(“\.U‘d its nomenal encoding value due to the variable bi
(VBR) nature of video compression.

Another interesting observation is that the player avoids
large transitions in the requested bitrate - such guality
transitions can be annoying to the viewer. Also, the upward
trapsitions are faster than the downward transitious -
however, it can take several teus of seconds until the player
has switched to the highest sustainable hitrate.

3.4 Behavior
Variations
In this section, we summarize a number of experiments
in which the avail-bw goes through positive or negative
ds as shown in Figures 5

under Short-ferm  avail-bw

“gpikes” that last for onl fc W Sec
and 7. The spikes rds, s and 16 s, fsp(‘(twr‘lv
Such short-term um‘] h‘v variations are mn'
ecially in 802.11 WLAN netwo t a geod
adaptive player should be able to comg such spikes
using its playback buffer, without causing short-term rate
adaptations that can be annoying to the user.

Smooth Streaming Player, Section 3.4, First Expenment

100 ——— —
Available] Bandwuﬂh
Average Throughput -------

Requested Bitrate

Mbps

0.1

0 40 80 120 160 200 240 280 320 360 400 440 480 520 560
Time (Seconds)

Pigure 5: Average TCP throughput and the
requested bitrate for the video traffic under positive
avail-bw spikes. Playback starts at around t=7 s,
almost 4 s after the user clicked Prav.

Here, we
nt

Figure 5 shows the case of positive spikes.
repeat the three spikes twice, each time with a differe
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Smooth Streaming Player, Section 3.4, First Experiment
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0 40 80 120 160 200 240 260 320 360 400 440 480 520 560
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Figure 6: Video playback buffer size in seconds

under positive avail-bw spikes.

increase magnitude. The Smooth Streaming player ignores
the Z-second spikes and the smaller 5-second spike. On the
other hiand, it reacts to the 10-second spikes by increasing
the requesting video bitrate. Unfortunately, it does so too
late (sormetimes after the end of the spike) and for too long
( almost till 40 s after the end of the spike}. During the
time periods that the requested bitrate iz higher than the
avail-bw, the playback buffer size obviously shrinks, making
the player move vulnerable to freeze events (See Figure §).
This experiment confirmsa that the player reacts, not to tt
Jatest fragment download throughput, but to a smoeothed
estimate of those mea ments that can be unrelated to
the current avail-bw conditions.

Pigures 7 and 8 show similar results in the case of negative
spikes. Here, the spikes reduce the avail-bw from 2 Mbps
to 1 Mbps. The player reacts to all three spikes, even the
spike that lasts for only 2 s. Unfortunately, the player reacts
too late and for toe long: it teqaw‘fs a lower hitrate after
the end of each negative spike and it stays at that lower
bitrate long for 40-80 5. During those periods, the user would
vunecessarily experience a lower mdeo cual

Smooth Streaming Player, Section 3.4, Second Experiment

ol 1
15+
@
Q
2 1t ]
05 4
Available Bandwidlh
Average Throughput -------
o ) ) Requested Bitrate

0 40 80 120 160 200 240 280 320 360
Time (Seconds)

Figure T: Average TCP throughput and the
reguested bitrate for the video traffic under negative
avail-bw spikes. Playback starts at around t=9 s,
almost § s after the user clicked Pray.

Smooth Streaming Player, Section 3.4, Second Experiment
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Figure 8: Video playback buffer size in seconds
under negative avail-bw spikes.

4, NETFLIX PLAYER

The Netilix player uses Microsoft’s Silverlight for media
representation, but a different 1c-dte‘c-ddam@t1 on logic. The
Netflix player also maintains two TCP conpections with
the s s these TCP conpections similaddy
with the 5 ng player. As will become cle
however, the Netflix player does not send audio and video
fragment requests at the same pace. Also, the format of
the manifest file and requests are different. Further, most
of the initial communication between the player and server,
including the transfer of the manifest file, is done over SSL.
We dr—y‘rypted the manifest file using a Fir efOA plugin um 1tv
called Tamper Data that accesses the correspond
key in Firefox. Video and audio fragments are
in wmv and wima formats, respectively. An exa
Netflix fragmeunt request follows:

iple of a

GET /sa2/946/1876632946. wnv
[range/2212085~22620587token=1283923056
d6£6112068075f 1fb60ccABeabbBeabbirandon
=1799513140 HTTP/1.1

Netflix vequests do not correspond to a certain time
duration of audio or video. Instead, each request specifies
a vange of bytes ju a particular eucoding profile.  Thus,
we cannot estimate the playback buffer size as described
in Section 2. We can only approximate that buffer size
assuraing that the actual encoding rate {or each fragruent
is equal to the correspondim)‘ nominal bitrate for that
fragment (e.g., a range of 8 Mb at the P gy encoding profile
Cﬁrresponds to 8 seco Lds worth of video) - obviously this is
only an approximation but it gives us a rough estimate of
kel

After *he user ¢ i
by perfor omee FCP transfers, \)b(.‘h:y to measure
the capacity of the underlying pafh Then it starts
buflering audio and video fragments, but without starting
the playback vet. The playback starts either after a certain
mumber of seconds, or when the buffer size reaches a target
point. If th is depleted at some point, the Netflix
player prefers to s the playback, showing s message t

- size
licks the PLAY button, the player starts
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the player is adjusting to a slower connection. The playback
resumes when the buffer size reaches a target point.

In the following eriments we watch the movie “Mary
and Max”. The manifest file provides five video encoding
bitrates betw 500 Kbps and 3.8 Mbps and twe audio
encoding bitrates (64 Kbps snd 128 Khps).

4.1 Behavior under Unrestricted avail-bw

Figure 9 shows the wvarious throughput metrics,
considering only the videc stream, in a typical experimuent
without using DuroroyNet to restrict the avail-bw. The
interarrival of video fragment requests and the download
times for each video fragment shown in Figare 10.
In this experiment, the playback started about 13 s ai
the user chcked Pray. Thc playback delay can be rauch
ling ou t al avail-bw {(even up to few
uring this interval, several security checl
also perfo re the player starts buffering and the
playback be For the first few fragrents, the
slayer starts frone the lowest encoding bit and requests
a nuruber of fragmeunts fmm all the available bitrates. Then,
the player stays at that highest bitrate for the duration of
the experiment.

D

jasiasibes

{3 are

Netflix Player, Section 4.1

100 . . . . .
10 F ]
@
Q
o
=]
T 4
Fragment Through put
Average Throughput
01 L L ) Requested Bitrate
"o 60 120 180 240 300 360
Time (secs)
Figure U: Per-fragment throughput, average

TCP throughput and the reguested bhitrate for
video traffic under unrestricted avail-bw conditiouns.
Playvback starts at around t==24 s, almost 16 s after
the user clicked PraAv,

During the f t=75 s, the
player is clearly in the Buffering state: it requests a new
video fragment right after the previous fragment has been
downloaded. The achieved TC I‘ h(oughpw in this path is
about 30 Mbps, all §
a large playback buffer.
piayback buffer at the end of 1h< Bz‘f ing state (,:
ab about 300 s worth of video - this is an order of
larger than the playback buffer size we observed for Smooth
Streaming.

When the player switches to Steady-State, video
fragments are requested almost every three seconds, with
significant variation, however

t 55 s of streaming, wu
=2}

GW!

Netflix Player. Section 4.1

64 b " Fragment Requesi Tnterarrival Time
ragment Download Time

Seconds

0.03125 F = 4
0.015625 J

0 60 120 180 240 300 360
Time (Seconds)

Figure 18: Interarrival and download times of video
fragments under unrestricted avail-bw counditions.

4.2 Behavior of the Audio Stream

Audio Bragments in the Netflix player ficantly
larger than the ones in Smooth Streaming. Specifically,
an audio fragment is typically 30 s long. Thus, after the
player has reached Steady-State, a new audio fragment
is requested every 30 s. Further, it appears that this
player does not attemupt to keep the audic and video stream
download processes in it can be that the sudio
playback buife e i ificantly isrger then the video

playback buffer size.

4.3 Behavior
Variations

Figure 11 shows the various throughput-related metrics
in the case of persistent avail-bw variations. As in the
experiment with unrestricted avail-bw, the player first
requests few fragments at all possible encodings. Within
the first 40 s it converges to the bighest sustainable bitra
(F1 50} for that avail-bw {2 Mbps). It should be voted that
in thig experiment the player e leaves the Bu ffnrrxg
state { bf sed on analysis of the video fragment reques
interarrivals).

V ’ilen the avail-bw drops to 1 Mbps,
reacts within about 20 s, which ir
estimator is based on a smoothed version of the underlying
per-fragment throughput, as opposed io the instantaneous
and latest such measurement. It is interes that the
seected profile at that phase (Pigp) is wot sustainable,
however, because it is exactly equal to the avail-bw ’\son-»
avail-bw is Lunsume-* by aundio traflic and other header
overheads). Thus, the playback buffer size slowly decreases,
forcing the player between 320 and 400 s to occasionally
switch to the next lower bitrate, This nLLe""at ion implies
that the Netfliix player prefers to utilize a certain high bitrate
even when the availbw is insufficient, as long as player
has accumulated more than a certain playback buftfer >
We make the same observation from 450 to 500 s. D:Jring
that mtona] the player switches to a profile (Paeo) that
is much higher than the avail-bw {2 Mbps). The player
an do this, without causing any ‘)mHﬂms, because 1t has
accumulated a sufficiently large playback buffer size at that
point.

In summary, it appears that the Netilix player is more

o
a5
28

under Persistent avail-bw

the player
lies that its avail-bw
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aggressive than Smooth Streaming, trying to deliver the
highest possible encoding rate even when the latter is more
than the avail-bw, as long as the playback buffer size is
sufficiently large.

Netflix Player, Section 4.3

°f Available Bandwidth q
Average Throughput -------
Requested Bitrate

Mbps

0 40 80 120 160 200 240 280 320 360 400 440 480 520
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Figure 11: Average TCP throughput and the
requested bitrate for the video traffic under
persistent avail-bw variations. Playback starts at
around t=20 s, abinost 13 s after the user clicked
Pray.

4.4 Behavior under Short-term avail-bw
Variations

Figure 12 shows how the Netflix player reacts to positive
avail-bw spikes, while Figure 13 shows how it reacts to
negative avail-bw spikes. We cannot compare dire
the results of these ents to the corresponding
experinients with Sniooth Streaming, becsuse the video
encoding profiles are different betwee
two experituents.  As in the ¢
variations, we observe that the Netflix player is rather
aggressive, reacting to large increases in avail-bw even if they
are short-lived. As o;\fiose(i to Smooth Strearning, which
often reacts too late and for too long, Net.f‘m reacts faster,
while the spike is still present, even though the reaction can
still last much longer after the spike.

On the other hand, in the experiment with negative
wail-hw spikes, the Netflixz player does not switch to a lower
hitrate. It prefers to compensate for the lack of avail-bw
using the large playvback buffer size that it bas previously
accumulated.

5. ADOBE OSMF
We have repealed the same set of tests wi*h Adobe’s
sample OSME player, using Flash version 10.1.102.64 with
player version WIN 10.1.102.64 and OSMF lmrax'y version
0. In ﬂ’e following Oxpe,ﬂn\emﬂ we wabch a movie trailer
way”} provi s HD- 1
or Adobe HTTP E’vnam]r Streaming:

a

1
7
{

{
fi

http://wwwns. akamal . com/hdnetwork/demo/flash/zeri/
Mote that the player used in this Web site was not buil¢
specifically to showcase HTTP Dynamic Sh eaming.
The manifest file declare )ht encoding bitrates for
this trailer between 0.25 Mbps and 3.00 Mbps. In this

Netflix Player, Section 4.4, First Experiment
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Figure 12: Average TCP throughput and the
reqguested bitrate for the video traffic under positive
avail-bw spikes. Playback starts at around =20 s,
almost 18 s after the user clicked Pray.

Netflix Player, Section 4.4, Second Experiment
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Figure 13: Average TCP throughput and the
requested bitrate for the video traffic under negative
avail-bw spikes. Playback starts at around t=37 s,
almost 81 s after the user clicked Pray.

player, each server file (F4F format) contains oune se,c;\r‘ent
of the movie. A segment can conisin mwulti i¥:
The duration of each fragment s dete
server.  The HTTP vests that the player generat
include 2 fragreent number instead of a timestamp or a
byte range. An example of an OSMF HTTP request follows:

GET /content/inoutedit-mbr
/inoutedit_h264_30008egl-Fragd HITP/1.1

ested bitrate is shown in the request
(30 tog%ha!' with the requested segment and
tragmem pumbers. The player rnmaintaing one TCP
connection with the ser and veceives all fragments
through this connection. The player might shat down the
connection and open a new one if the user jumps to a
different peoint in the stream and the conneciion is not idle.
According to information provided by the player itself, the
target playback buffer seemns to be less than 10 seconds.
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Figure 14 shows that iaitially the player requests oune OSMFPIavefv15 Section 5

. o 0 6 . ‘ .
fragment at the lowest available profile and then quickly " Available Bandwidfh
limbs t the largest ossible one But., it d ot Frag 'Eeﬂ'eg{‘e’é’“.ﬂ&“e‘ X
climbs to the largest possible one. ut, it does not aiSuegiad Bilais
converge to that prefile and continues switching between 5t . .
S | . P ¥ X
profiles occasionally,.  When avail-bw is dropped to .
2 Mbps at =139 s, the [,iaym fails to couverge to th 4l - X A
igl dinable profile (74 .7). Instead, it keeps switching ) .
between profiles, ofter using the lowest and highest ounes g .1 N * _
o - o
(Pp.as and Ps.00). The user observes several dropped frames = ) .
and freeze events, which is an indication of a depleted , o e X
playback buffer. - X - %/ :
Y%
. SN
1L 4
0 . ‘ , . . . \
0 40 80 120 160 200 240 280 320
OSMF Player v1.0, Section 5 Time (Seconds)
6 : . : . .
Availablé Bandwidfh - N t . .
Fragment Thraughput Figure 15: Per-fragment throughput, the regquested
L + ° . 1
5L Averabe ThiaughpA - | bitrate for the video traffic and average TCP
R S s throughput under persistent avail-bw variations.
. X Playback starts at around t=11 s, almost 4 s after
4k x 4 5
the user clicked Pray.
2 o . ; N
v ‘ 6. TWO COMPETING PLAYERS
2t - ¢ * i E . , ;
M xt Suppose that two adaptive HTTP streami ayers share
Y the same bottleneck. This can happe instance,
L - . 1 when people in the same house watch two di t novi
. s ) o - in that case the shaved bottleneck is probably the
0 . . . L L L . residential broadband ess link., Anocther example of such
0 40 80 120 160 200 240 280 820 T :
Time (Seconds) cornpetition is wher 2e number of users watch the same
live event, say & football game. In that case the shared
Pigure 14: Per-fragment throughput, the reguested bottleneck may be a ge network link. There are many
bitrate for the video traflic and average TCP questions in this context. Can the pmvus share the avail-bw
throughput under persistent avail-bw variations. in a stable manner, without experien: tory bitrate
Playback starts at around t=13 s, almost 3 s after transitions? Can they share the avail-bw in a fair muanner?
the user clicked Pray. How does the number of competing

and fairness? How do different adapt
with each other? And how does a play:

bulk transfers (including progressive video down I(md‘:'r In
this section, we only “touch the surface” of these issues,

We have also conducted the same set of experiments with considering s simple scenario in which two identical players
the latest version of the OSMEFE player obisined from the (Smooth Streaming) compete at a bottleneck in which the

ete
-4 Mbps. ”[}‘f idesa is t

following Web site. aveil-bw varies betwe , i we
ohserve significant proble ven in t , We

http://sourceforge.net/adobe/osmi/ home/ should also expect similar issues in n .
In the following, we present results from two experiments.

Figure 15 shows the various throughput related metrics {t should be voted that such experimuents are fundamentally
in an experirnent with the OSME player version 1.5 under non-reproducible: there is always some stochasticity in the
istent avail-bw variat We see a very similar issue way players share the bottleneck’s avail-bw. However, our

here. The player ruakes si ¢ problematic rate switchings observations, at a qualitative level, are consistent across
and gets into oscillation. several similar experiments.
To summarize, we have observed that the OSMF player Figure 16 shows the avail-bw variations in the first

fails to converge to a susisinable bitrate 0=;p€-(‘~iallv when experiment, together with the requested bitrates from the
the availbw is smaller than or very close to the two players. The second player starts about one minute
available bitrate of the media. Tu it usually ¢ the first one. Until that point first ;“'f\yer' Was
betweer: the lowest and bighe rates.  The the highest profile {7 75). After the second player starts,

bi

rate-adaptation algorithm seems to be tuned for short the two players cou.d have shared the 4 M’bpsa bottleneck hy
variations in the avail-bw. We do not describe here the switching to P 52, however, they do not. Instead, the second

rest of the experiments we performed with it, because they player oscillates between lower profiles. When the avail-bw
simply confirm that the default rate-adaptation algorithm drops to 3 Mbps or 2 Mbps, the oscillations continue for
deployed in the OSMF player does not function properly both players. The only stable period dur X perin

under our test scenarios. is when the avail-bw is limited to 1 Mbps: in that case
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both players switch to the lowest profile Fjy 35 simply because
there is no other bitrate that is sustaina bl' f\n both players.
gly, when the avail-bw increase: 4 Mbps the
two p]f vers start oscillating in a synchronized manuer: when
they both sw i
It seems that both p];w r
time, and they react in
requested bitrate at about the same time.

Two Competing Smooth Streaming Players, Section 6, First Experiment
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Pigore 16: Two Smooth Streaming plavers compete
for avail-bw. The players start the playback at
around t=7 s and t=587 s, respectively.

he previous experiment reveals some interesting points
about Smooth Streaming. First, it seems that the avail-bw
estimation method in that player considers only time periods
in which fragments are actually downloaded - there is
probably no estimation when the p]awx 3 connections
idle. So, it two players X and Y share the same bottleneck,
and Y is idle while X dowaloads some fragments, X
can overestimate the avail-bw. Second, it appears that
the Smooth player does not use randornization in the
rate-adaptation logic. Prr—‘vious studies have shown that a
small degree of rando ion was often sufficient to avoid
synchronization and oscillations [6].

o

Two Competing Smooth Streaming Players, Section 6, Second Experiment
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Figure 17:
for avail-bw.
arcund t=12 &

Two Smooth Streaming players compete
The players start the playback at
s and t=77 s, respectively.

IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)

Figure 17 shows the results for another run. Here, the
Secund player stays at the lowest possible bitrate for about
after it starts streaming, wnile the first player uses
ing avail-bw with the highest sustainable bitvate.
Ih-\ s clearly a very unfair way o
link. It should be noted that this on
to TCP’s well-known unfairness towards -*oxme-,txoi)s w
targe round-tuip thues (RIT). Io this experiment, both
connections have the same RTT. The unfairness here is
not generated by TCOP’s congestion control, 'Dut by the
offered load that each application (video player) 1e
The second player esti es the aval
lower, and it does net even try to in
i If it bad done so, it would likely be able
a higher bitrate foreing the first player to a
cate. It appears, bowever, that the Smooth
> rate-adaptation algorithm does not include such
bandwidth-sharing cbjectives.

J

7. SMOOTH LIVE STREAMING

We are alse interested in the similarities and differences
between live and on-demand adaptive video streaming
What is the playback delay in the case of live streaming
Does the pl tly to avail-bw variations when
it streams Bive content? And how does the player react when
the playback buffer becomes erapty? Does it skip fragments
50 that it maintains a small playback delay, or does it
increase the playback delay aiming to show all fragments?
We explo:hd these questions with the Smooth Streaming
player. In the following experiments, we used the live video
fee d fr()m the Home Shopping Network (HSN) web site:
http://www. hsn. com/hsn~tv_at-4915_xa.aspx?nolnav=1.

Smooth Live Streaming, Section 7
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Figure 18: Per-fragment throughput, the requested
bitrate for the video traffic and average TCP
throughput for live video streaming. Playback starts
at arcund £=20 s.

and the

imated
video playback buffer size ). Hest mportant
difference with on-demand sureamm&; is that the initial
playback buffer size is about 8 s; significantly lower than
the typir‘a’i playback buffer sizes we obselvm in on-dernand
Smooth Streaming sessions. By the way, even though
this piayback delay may sound too large for live content,

e
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Figure 18: Video playback buffer size in seconds for
live video streaming,.

ncte that even cable TV networks usuaally enforce a similax
delay (referred to as “profanity delay”) to avoid broadeasting
inappropriate scenes.

A second inporisnt peint, which is not shown in the
previous graphs but it can be observed by the timestamps
of the HTTP sts, 38 that the player juitially requests
fragments that correspond to about 8 s in the past. This

v, it can start displaying the video without baving to
wait for a long initial playbac : >, what the
user watches then happened at least 8 s ago. As in the
case of on-demand streaming, the uut-al fragment request
rate {while the player is in the Buffering state) is higher,
reqgiesting a new fragment as soon as }e la nnent is
received.

Other than the previous two points, it appears that

m
=3
r:a .
{]0

the Smocth Streaming player does vot react
vaxiat any different with live co t than with

on-demand conte

Note that the persistent Fbw
decreases and increases are followed by similar bitrate
adjustiuents as in Section 3
Another interesting point is what happens when the
playback buffer becomes empty. This happened in this
experiment at around t=360 s, when avail-bw was
ased to 500 Kbps. During that event the playback
nained pra ally emipty for about 40 s. The player
receives some fragments during that period but they
W(mld not increase the playback buffer size by more than
a fragment. The player was late to switch to a sufficiently
IOWPI' bitrate, and so several fragments were requested at
bitrates { P o and Py .go) that were higher than the avail-bw.
The end-result was that those fragments took too long to
download, the buffer became depleted, and the playback
stalled for about 27
1ably, it is tr‘awnablo te 1
the player could skip some f take too long to
download, jum to & later pot ieo streamt. The
Swmoeoth Streaming Buplementation for this particular Web
site does not do so, however. It appears that the player aims
to show every single fra e,rrmm Consequently, the playback
delay can inc crease, g quﬂ more and more behind
the live br v the avail-bw
increased to 5 aack outfer size increased to

comime

unre tncted avail

bifra* whil

at the higl
COns
estity
Lhmu,g,hpht measurements, introducing sigr
in the rate-adaptation logic.
bit
the w
short-

b.
competing Smooth
rate-adaptation logia is not dbl-ﬁ to avoid oscillations, and
it does not aim to reduce unfairness in bandwidth sharing.
The Live Smooth Streaming player behaves similarly, except
that the playback buffer is initially shorter and the player
starts requesting fragments from the recent past.

we
differences in its rate-
aggressive than the latter and aiming to provide the highest
possible video quality, even
bitrate changes. Specifically, the Netflix player accumulates
& very large buffer (up to few minutes), it downloads large
chunks of audio in advance of the video stream, and ii

th : previou

bitrate even af
has been made available so that developers will customize
the code including the rate-adaptation algorithn
Diynamic Strear:
any other experiment here.

of a complex transport p
between these two feedbm)l\ loops {rate-adapiation logic at
the application layer and TCP congestion control at the
transport layer) are not yet und
work, we plan to focus on these issues and design improved
rate-adaptation mechanisms.

almost 27 s, which is comparable to the typical playback
delay of on-demand content using Smooth Streaming.

8. CONCLUSIONS

We ©

ducted an  experimental evaluation of three

adaptive HTTP streaming players, focusing
react to persistent and short-term avail-bw

re, we surmmarize our findings for each player

\de the paper.

mooth Streaming player is

uite effective under
bw as well as unde ni avail-bw
18. 1t quickly converges to the est sustainable
e it accunmlates st the same time a large
)bu(k buffer requesting new fragruents {sequentially}
hest powﬂ le bitrate. This player is rather
bitrate switching decisions. First
-bw by smoothing the per-fragiment
ificant delays
Second, it avoids large
te changes that could be annoying to the viewer. On
rative side, the Smooth Streaming player reacts to
m avail-bw spikes too late and for teo long, causi
sudden drops in the playback buffer or unuvecessary
rate reductior er, ouwr experiments with two
¢ players indicate that the

o
T

CIOY

rative in i
s the av

The Net player is similar to Smooth Streami
for the media representation). Howe
the former showed some truportant
iaptation behavior, becoming more

2

at the expense of additional

s than the avail-bw as

he OSMF p'lzaver often fails to converge to an appropriate

er the avail-bw has stabilized. This play

for HTTF

eir use case. We do not summarize

ve for t

Overall, it is clear that the existing a
eaming players sre still at their
ig still not clear how to d
daptation logic for a coruplex and d
deo streaming) that has to fuuction on top

&/

rotocal (TCP). The interactions

adaptive HTTP

infancy. The techuology

=Y

pphc‘w ot (v

stood well. In future
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S

IPCOM-000008165D

Method for the encoding of a compressed video sequence derived from the
same video sequence compressed at a different bit rate without loss of data

Disclosed is a method for the encoding of a compressed video sequence given the same video
sequence compressed at a different bit rate without loss of data (lossless). Benefits include
improved functionality and improved performance.

Background

Scalable codecs and transcoding are two known methods to provide content at different bit
rates or quality.

Scalable codecs generate bit streams representing individual layers such that enhancement
layers can be combined with the base layer to produce video of higher (spatial, temporal, or
SNR) qualities. Typically, low-resolution data is used for the compression of higher-resolution
data. As a result, the higher resolution stream is coupled with the data of the lower-resolution
stream (the reverse is also possible). The result is a lower coding efficiency when compared to
single-layer encoding. A single layer stream cannot be extracted from the base and enhancement
layers without re-encoding the video (requantization with reduced coding efficiency).

Transcoding takes a single layer video stream and generates from it another single layer
stream but at a lower bit rate to meet storage or bandwidth constraints. This implies that
quantized data is requantized and compared to the direct encoding of the original data at a lower
rate. A loss of 1 dB typically occurs. Transcoders can be as simple as the cascade of a decoder
and encoder. Alternatively, the decoding and encoding process can be integrated by reusing
information, like motion vectors. The processing may be performed in the frequency domain.

General description

The disclosed method enables multiple single-layer bit streams of a video sequence to be
efficiently stored or transmitted using lossless compression of a reference stream. One of the
single layer streams is designated as the reference stream. The other single layer streams are
losslessly encoded with respect to that reference stream to form a differentially encoded stream.
With this approach, given the reference stream and a differentially encoded stream, the
corresponding single layer stream that was obtained by encoding the uncompressed video data
can be reconstructed without loss of data.

The disclosed method applies to applications that require a video sequence at different rates.
This situation occurs in streaming servers for clients with various bandwidth capabilities. A
content provider may also want to provide its content at different rates as a function of the
service a client has paid for or what the content will be used for, such as high quality for editing,
lower quality for preview. The content owner could be a home user who wants high-quality
streams for her digital video clips for archiving and lower-quality streams for posting on the web
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or for viewing on his PDA. Content with different bit rates can also be used in peer-to-peer
services to match the bandwidth between peers or the computing capacity of the peer requesting
the content (content with lower bit rate requires less computation for decoding).

Advantages

The disclosed method provides several advantages, including

e Improved functionality by enabling multiple single-layer bit streams at various bit rates
without loss of data

» Improved performance by the use of single-layer encoding rather than scalable codecs or
transcoding

e Improved use of storage by overlaying the streams rather than storing separate single-
layer streams

Detailed description

The disclosed method is the encoding of a compressed video sequence derived from a
compressed representation of the same video sequence but at a lower or higher quality (a lower
or higher bit rate). This approach can be applied to the lossless encoding of a compressed video
sequence given a compressed representation of the same video data but at a different temporal,
special, or signal-to-noise ratio (SNR) resolution.

For example, a video sequence is encoded at multiple rates or quality levels. The encoding
can be accomplished in a number of ways: using one encoder at different settings, using many
encoders simultaneously, using a system that can simulta | d
rates/quality levels, or any combination of these methods

2

For example, encoded stream 1 and encoded stream 2 are the inputs to
differential encoder, and the output, D stream 2,/ is the data from which encoded stream 2 can
be reconstructed from encoded stream 1 (see Figure 1). The differential encoding can be
applied to any two of the encoded streams, and the reference stream can be any of those two
streams.

The encoder may be integrated with the differential encoder (see Figure 2). The output can
then be limited to one encoded stream, which is the reference stream, and a set of differentially
encoded streams. The encoders are integrated for computational efficiency or a more efficient
hardware implementation.

The differential decoder has two inputs (see Figure 3), a reference stream, and a differential
stream with respect to that reference stream. The output is the target stream, that is, the encoded
stream that was differentially encoded. From differential stream, D stream m,k, and the
reference stream, encoded stream k, the differential decoder builds encoded stream m.

In another implementation (see Figure 4), the output of the decoder is not encoded stream m
but the video sequence that would have been reconstructed from encoded stream m. For an
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application where the video sequence is required bit the encoded stream is not required, a more
computationally or hardware efficient decoder can be built by integrating both decoders.

Spatial domain

In a simple, conceptual implementation, the differential encoder generates the reconstructed
frames of stream £ and m, denoted as fx and fi, (see Figure 5). Their difference is computed and
encoded as the differential stream. The encoding can be accomplished using any lossless
encoding technique. The differential bit stream may include information other than the actual
frame difference. For example, information like motion vectors and quantization values may be
required at the decoder to generate encoded stream m from fn. The differential decoder
reconstructs the target stream, encoded stream_m, from the reference stream,
encoded stream _k, and the differential stream, D stream m,k (see Figure 6).

The video encoder and the differential encoder are separate processes, but both encoding
processes can be integrated. The integration level can be function of the applications for which
they are used and the actual outputs that are needed. For example, the encoding of the sequences
and the differential encoding can be integrated so that no decoding is performed in the
differential encoder because the data the differential encoder uses is generated by the single layer
encoding process.

Transform domain

Standard video codecs process the data in a transformed domain because they result in higher
compression ratios. For example, in MPEG standards, the data (other than motion vector and
stream organization data) is encoded in the DCT domain. Generating the differential data in the
same DCT domain is an alternative that may lead to a more efficient codec. The following
explanation describes how the differential encoder and decoder can be implemented with
quantized coefficient data, in the DCT domain, or any other domain, including the spatial
domain.

The value Z; designates the values of the quantized coefficient levels in the reference stream.
L,, designates the level values of the same quantized coefficients but in the target stream (that is,
the stream to be encoded differentially). First, a prediction of L,, is computed and is noted as Lm.
Next, their difference, noted as D,,, is encoded without loss in the differential bit stream. At the
decoder (see Figure 8), given Ly and D, Ly, can be computed.

Example of predictors

A very simple predictor (see Figure 9) uses the quantization parameters of the reference
stream. The predictor first generates the quantized coefficient values from the quantized
coefficient levels. The values are then requantized, this time with the quantizer parameters used
for the target stream. The output of the second quantizer is the predicted level values of the
quantized coefficients of the target stream.
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Another predictor that is more complex (see Figure 10) performs additional processing on
the dequantized coefficient values, J, before they are requantized with the target stream
parameters to improve the accuracy of the predicted quantized levels, Lm.

Two examples (see Figurell and Figure 12 ) illustrate the processing that can be done on the
dequantized coefficients values V. In both cases, this processing is targeted to coefficient values
of data representing a displaced frame difference (motion compensated prediction error). In these
figures, F and F,, respectively denote the coefficients of the predicted frame for the reference
stream and the target stream.

The dequantized coefficient values I’k (see Figure 11) are added to the difference between
F¥k, the coefficients of the predicted frame from the reference sequence, and F}, the coefficients
of the predicted frame from the target sequence, to form V.. This operation is done to take into
account that the frame used for prediction is different in both streams. The predicted coefficients
V,, are then quantized to obtain the predicted quantized coefficient levels Z,, as described
previously.

In another example (see Figure 12), the coefficient values of the reconstructed frame of the
reference stream, which we denote as /7, are computed. Algorithms, like post-processing
algorithms (such as deblocking and deringing) can then be applied to F. These algorithms
attenuate the distortion and artifacts caused by the compression. They can contribute to improve
the prediction of the quantized coefficient values of the target stream when the target stream is
encoded at higher quality than the reference stream. The coefficient values of the motion
compensated frame of the target stream, F},, are subtracted from /"4 to generate the predicted
coefficient values, V, followed by the quantization. A similar process can be done for
intra-coded frames. In this example, the addition of F} and the subtraction of F), are removed.

These various predictors can be combined and selectively applied to frames, blocks of data in
a frame, or even single coefficients.

A complete implementation

Several implementations of the disclosed method can be tested. The results presented below
use the predictor of Figure 11 for non-zero coefficients in non-intra predicted blocks of the
reference stream. The simpler predictor of Figure 9 is used for nonzero coefficients in intra-
blocks. Zero coefficients are simply predicted as zero.

The syntax elements needed to correctly decode the differential stream and the entropy

coding of the differential stream are not contained in the method. Any suitable syntax description
and entropy coding can be used with the disclosed method.

Benefits

The disclosed method can be used to efficiently store a video sequence encoded at different
rates. For example, a 352 x 240, 30 fps video sequence may be encoded at 5 different rates from
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750 Kbits/sec to 2 Mbits/sec. The disclosed method saves 30% of storage space when compared
to independently storing the 5 streams (see Figure 13).

This savings in storage comes at the expense of extra computation to reconstruct a stream
that was differentially encoded.

The disclosed method can also be used as an alternative to transcoding. The sequences can be
differentially encoded at the rates that are required. This process uses more storage than
transcoding does, but eventually a stream is generated at the required bit rate with higher quality
(see Figure 14).

The disclosed method can also be used in a streaming scenario in which both the reference
stream and a differential bit stream are simultaneously transmitted. This solution enables a client
with lower bandwidth or computational power to only receive the lower quality signal, while the
client with higher bandwidth and computational power can receive the higher quality signal.

When the reference and differential bit stream are recombined, the single layer stream has the
coding efficiency of the single layer encoder used to generate it. The loss of transcoding does not
occur and neither does the loss incurred by scalable codecs, which couple the encoding of the
base and enhancement layers.
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o Encoder 1 ‘
Differential encoder M"
Video Sequence
L Encoder 2
Encoded_stream_2 Y
D stream n,1
Differential encoder 3=
B Encodern Encoded_stream_n *
Fig. 1
e Encodled stream_1
Multi-rate
Video Sequence ancoder
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Quant. | Bit rate of differential and reference streams Bit rate of
scale (bits/sec) independently
value Ref Q=9 Ref Q=11 Ref Q=13 coded streams
7 1,035,357 1,200 31 1,330,536 1,957,853
9 1,492,394 785,261 926,537 1,492,394
11 670,705 1,119,81 625,793 1,193,814
13 626,852 53615 992,703 992,703
17 435,082 586,10 481,483 741 ,834
Total 4,260,390 4,301,652 4,363,052 6,378,599
bit rate
Savings 33.2% 32.60), 31.6%
Fig. 13
1. One reference stream + | 2. Multiple 3.Transcoding
+ differential streams Single-layer
streams
Storage space | 30% less than 2 Highest Lowest
Quality Lossless Lossless Lossy (~1 dB)
Fig. 14
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Blu-ray Dis¢

From Wikipedia, the free encyclopedia

Blu-ray Dise (also known as Biu-ray or BD) is an optical disc storage Blu-ray Dise
niedium. Its main uses are high-definition video and data storage. The disc has
the same physical dimensions as standard DVDs and CDs.

The name Blu-ray Disc is derived from the blue laser (violet-colored) used to
read and write this type of dise. Because of the beany's shorter wavelength -
{405 nancmetres), substantially more data can be stored on a Blu-ray Disc ﬁ!ﬂu;”@yﬂfgg
than on the DVE format, which uses a red (650 um) laser. A two-layer Blu-
ray Disc can store 50 gigabytes, almost six thnes the capacity of a two-layer
DVD, or ten times that of a single-layer DVD,

Duning the format war over high-definition optical discs, Blu-ray Disc
competed with the HD DVD format. On February 19, 2008, Toshiba—the
main company supporting HD DVD-—announced that it would no longer
develop, manufacture, and market HD DVD players and recorders, 1! leading
almost all other HD DVD companies to follow suit, effectively ending the
format war.

Blu-ray Disc was dcvéioped by the Blu-ray Disc Asscciation, a group

representing makers of consumer electronics, computer bardware, and motion | Media type  High-density optical disc
: i i » L )
pictures. As Df Ocmbur.ZQ, ,,‘O\JS, more than 1010'8111 ray Disc Fitles? have Encoding MPEG-2, H.264/MPEG-4 AVC,
been released in the United States and more than 550 Blu-ray Disc titles have and VC-1
been released in Japan.[3][41[°] There are expected to be over 1300 Blu-ray ]
Disc titles released in the United States by the end of 2008161 Capacity 25 GB (single layer)
50 GB (dual layer)
Contents Read 405 um laser:
) ) mechanism 1x at 36 Mbit/s
s 1 History 2x at 72 Mbit/s

& 1.1 Ongins

& - 1.2 Blu-ray Disc format finalized A% at 144 Mbit's

% 1.3 Launch and sales developments - 6 at 216 Mbit/sH]
w 1.4 Competition from HD DVD 8x at 288 Mbil/s
= 1.5 End of the format war 12% at 432 Mbit/s

s 1.6 Restart of Format War
& 2 Techuical specifications

w 2.1 Laser and OpEiCS Usage Drata storage,

s 2.2 Hard-coating technology

& 2.3 Recording speed

& 3 Software standards
= 3.1 Codecs PlayStation 3 games

Developed by  Blu-ray Disc Association

High-definition video
High-definition audio

e 3.2 Java software support
s 3.3 Region codes -
= 3.4 Digital rights roanagement
4 Player profiles
5 Backward compatibility
6 Ongoing development
7 Varianis
s 7.1 Mim Blo-ray Disc
& 7.2 BDS/BDS Blu-ray Disc
s 7.3 AVCREC
= 7.4 Blu-ray Disc recordable
& & Seealso
s 8.1 Alternative disc technologics
s 9 References
& 10 Exiernal boks
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History

In 1998, commercial HDTV sets began to appear in the consumer market;
however, there was no commonly accepted, inexpensive way to record or play
HD content. In fact, there was no medium with the storage required to
accommodate HD codecs, except JVC's Digital VHS and Sony's BDCAM.[T
Nevertheless, it was well known that using lasers with shorter wavelengths
would enable optical storage with higher density. When Shuji Nakamura = Optical disc authoting
invented practical blue iaser diodes, it was a sensation, although a lengthy = Authoring software

8] 8 Recording technologies

Optical disc authoring

= Optical disc
& Optical disc drive

patent lawsuit delayed commercial introduction.!
& Recording modes

Origins & Packet writing

Philips and Seny started two projects applying the new diodes: UDO (Ultra Optical media types

Density Optical) and DVR Blue (together with Pioneer), a format of ® Laserdisc (LD}, Video Single Disc (VSD)
rewritable discs which would eventually become Blu-ray Disc {(more = Compact Disc (CD): Red Book, CD-ROM,
specifically, BD-RELP] The core techuologies of the formats are essentially CI-R, CD-RW, 5.1 Music Diisc, SACD,
similar. PhotoCD, CD Video (CDV), Video €D
The first DVR Blue prototypes were unveiled at the CEATEC exhibition in (VCD), SVCD, CDAG, CD-Text, CD-ROM
Ostober 2000.H% Becanse the Blu-ray Disc standard places the data recording KA, CD-
layer close to the surface of the disc, early dises were susceptible to ® GD-ROM
contarnination and scratches and had to be enclosed in plastic cartridges for & MiniDisc (MD) (Hi-MD)
protection. In February 2002, the project was officially announced as Blu-ray, v DVD: DVD-R, DVDHR, DVIR-R DL,
(1} and the Blu-ray Disc Association was founded by the nine initial DVDHR DL, DVD-RW, DVDHREW, DVD-
members. RW DL, DVD+RW DL, DVD-RAM, DVD-
The first consumer devices were in stores on April 10, 2003, This device was D

= Ultra Bensity Optical (UDQO)

the Sony BDZ-577; a BD-RE recorder that was made available only in Japan.

The recommended price was 175$3800;112] however, there was no standard for # Universal Media Disc (UMD)

pre-recorded video and no movies were released for this player. The Blu-ray s HD DVD: HD DVD-R, HD DVD-RW

Disc standard was still years away as a newer, more secure DRM system was = Ble-ray Disc (8D): BD-R, BD-RE

needed before Hollywood studios would accept it, not wanting to repeat the = High-Definjtion Versatile Disc (HVD)

failure of the Content Scramble System used on DVDs. & High definition Versatile Multilayer Disc
(HD VMD)

Biu-ray Dise format finalized
Standards

The Blu-ray Disc physical specifications were finished in 2004.831 In January

2 = Rainbow Books
2005, TDK announced that they had developed a hard coating polymer for a File systems
Blu-ray Discs 14 ihe camdg?s, 1o lox?gsr DECesSary, z_vere scrapped. The s 180 9660
BD-ROM specifications were finalized in carly 20061131 AACS LA, a s Jolict
consortium founded in 2004,116] fad been developing the DRM platform that Rock Ride
could be used to securely distribute movies to consumers. However, the final ® ﬂOf ) e
AACS standard was delayed,!! 7] and then delayed & ain when an important = ElTorito o
member of the Blu-ray Disc group voiced concerns. 8 At the request of the = Apple 130 9660 Extensions
initial hardware manufacturers, including Toshiba, Pioneer and Samsung, an ® Universal Disk Format (UDF)
interim standard was published which did not include some features, like » Mount Rainier
4 od cony 2]
managed copy ik Further reading
Lauanch and sales developments ® History of optical storage media

& High definition optical disc format war

The first BD-ROM players were shipped in the middle of June 2006, though
HD DVD players beat them in the race to the market by a few months 201211

The first Blu-ray Disc titles were released on June 20, 2006. The earliest releases used MPEG-2 video compression, the same
ruethod used on DVDs. The fixst releases using the newer VC-1 and AVC codecs were introduced in September 2006.1°21 The
first movies using dual layer discs (50 GB) were introduced in October 2606.123] The first audio-only release was made in March
2008124
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The first mass-market Blu-ray Disc rewritable drive for the PC was the BWU-100A, released
by Sony on July 18, 2006. It recorded both single and dual layer BD-R as well as BD-RE
discs and had a suggested retail price of US$699,

Competition from HD DVD

The DVD Foram {which was chaired by Toshiba) was deeply split over whether te develop
the more expensive blue laser technology or not. In March 2002, the forum voted to approve
a proposal endorsed by Warner Bros. and other motion picture studios that involved
compressing HD content onto dual-layer DVD-9 discs. 251201 1y spite of this decision,
however, the DVD Forum's Steering Committes announced in April that it was pursuing is
own blue-laser high-definition solution. In August, Toshiba and NEC announced their

A blank rewritable Blu-ray DPisc

competing standard Advanced Optical Disc.?7 It was finally adopted by the DVD Forum i (BD-RE}

and repamed HD DVD the next year, 28] after being voted down twice by Bla-ray [Hsc .
Association members, prompting the U.5. Department of Justice to make prelirninary investigations into the situation.[29130]

HD DVD had a head start in the high definition video market and Blu-ray Disc sales were slow at first. The first Blu-ray Disc
player was perceived as expensive and buggy, and there were few titles available. BN This changed when PlayStation 3 launched,
since every PS3 umt also functioned as a Blu-ray Disc player. At CES 2007 Warner proposed Total Hi Def which was a hybrid
disc containing Blu-ray on one side and HD DV on the other but it was never released. By January 2007, Blu-ray discs had
outsold HD DVDs, B2 and during the first three quarters of 2007, 8D cutsold HD DVDs by about two to one. In February 2008,
Toshiba withdrew its support for the HD DVD format, leaving Blu-ray as the vietor.[33]

Some analysts believe that Sony's PlayStation 3 video game consele played an important role in the format war, believing it
acted as a catalyst for Blu-ray Disc, as the PlayStation 3 used a Blu-ray Disc dnve as its primary information storage medium.]
They also credited Sony's more therough and influential marketing campaign.t 3] More recently Twentieth Century Fox has cited
Blu-ray Disc’s adoption of the B>+ anti-copying system as the reason they supported Blu-ray Disc over HD DvD.[#¢!

34]

End of the format war

Tn January 2008, a day before CES 2008, Warner Brothers, the only major studio still releasing movies in both HD DVD and
Blu-ray Disc format, announced it would release only o Blu-ray Disc after May 2008, This effectively included other studios
which came upder the Wamer wimbrella, such as New Line Cinema and HBO, though in Burope HBO distribution partner the
BRC announced it would, while keeping an eye on market forces, continue to release product on both formats. This led to a chain
reaction in the industry, inchuding major U.S, retailers such as Best Buy, Wal-Mart, and Circuit City dropping HD DVD in their
stores. A major European retailer, Woolworths, dropped HD DVD from its inventory. Netflix and Blockbuster — major DVD
rental companies — said they would oo longer carry HD BVDs, Following these new developments, on February 19, 2008,
Toshiba anncunced it would be ending production of HD DVD devices,? 7"} allowing Blu-ray Disc to become the indusiry
standard for high-deunsity optical disks. Universal Studios, the sole major movie studio to back HD DVD since inception, shortly
after Toshiba's announcement, said "while Universal values the close partnership we have shared with Toshiba, it is timoe to tumn
our focus to releasing new and catalog titles on Blu-ray Disc."1%] Paramount Studios, which staricd releasiug movies oxdy in HD
DV format during late 2007, also said it would start releasing in Blu-ray Disc. Both studios announced initial Blu-ray lineups in
May 2008. With this, all ragjor Hollywood studios now support Biu—my.ﬁg]

Former HD DVD supporter Microsoft had stated that they were not pursuing a Blu-ray DHsc drive for the Xbox 360, and would
instead focus on their digital downloads from the Xbox Live Marketplace. ta6]

Blu-ray Disc began making serious strides as soon as the fermat war ended. Nielsen VideoScan sales numbers showed that with
some titles, such as 20th Century Fox's "Hitman,” up to 14% of total disc sales were from Blu-ray, although the average for the
first half of the year was arcund 5%. Shortly after the format war ended, a study by The NPD Group found that awareness of
Blu-ray Disc had reached 60% of U.S. houscholds, with most experts predicting the business will take off in a significant fashion
in the fourth quarter of 2008, when BI} Live software and players--which offer a variety of Web-enabled features, from
downloadable trailers to chat and instant-messaging functions--start hitting the market.

According to Singolos Technologies AG, Blu-ray is being adopted faster than the DVD format was at the sarme period of its
development. This conclusion was made due to the fact that Singulus Technologies has received orders for 21 Blo-ray dual-layer

machines during the first quarter of 2008, while 17 DVD machines of this type were made in the same period in 1997 141l

, Restart of Vormat War
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Royal Digital Media has restarted the Blu-Ray format war by offering a military-strength encryption blu-ray alternative,

"RDM's format wiil transform perceptions of high-definition,” said DreamStream's Chief Development Officer Ulf Dhebel.
percep P
"RDM's system is able fo display the next generation of high-definition: 1920p. With this advanceruent in techunology, true digital

cinema will soon be a widespread reality.”

Diises are to support 100GB of space with curent DVD prices for hardware. Available Q1 2009142],

Technical specifications

Type Physical size | Single layer capacity | Dual layer capacity
Standard disc size|12 cm, single sided |25 GB (23.28 GiB) |50 GB (46.56 GiB)
Mini disc size 8 cm, single sided |7.8 GB (7.26 GiB) 15.6 GB (14.53 GiB)

Laser and optics

Blu-ray Disc uses a "blue” (technically violet} laser operating at a wavelength of 405 nm to read and write data. Conventional
DVDs and CDs use red and near infrared lasers at 65¢ nm and 780 om respectively.

The blue-violet laser’s shorter wavelength makes it possible to store more information on a 12 cm CD/DVD sized disc. The
minimum "spot size" on which 2 laser can be focused is limited by diffraction, and depends on the wavelength of the light and
the numerical aperture of the lens used to focys it. By decreasing the wavelength, increasing the nummerical aperture from 0.60 to
0.85 and making the cover layer thinner to avoid unwanted optical effects, the laser beam can be focused to a smualler spot. This
allows more information 0 be stored in the same area. For Blu-ray Disc, the spot size is 580 nn. 3] In addition to the optical
improveraents, Blu-ray Dhscs feature improvements in data encoding that further increase the capacity. (See Compact Disc for
information on optical discs’ physical structure.) )

Hard-coating technology

Because the Blu-ray Disc data layer is closer to the surface of the disc, compared to the DVD standard, it was at first more
vulnerable to scratches. The first discs were housed in cartridges for protection.

TDK was the first company to develop a working scratch protection coating for Blu-ray Discs. It was named Durabis. In

addition, both Sony and Panasonic's replication methods include proprietary hard-coat technologies. Sony's rewritable media are
spir-coated with a scratch-resistant and antistatic coating. Verbatim's recordable and rewritable Blu-ray Disc discs use their own
proprictary hard-coat technology called ScratchGuard.

%
Recording speed
Data rate |Write time for Bin-ray Bisc {muinutes)
Brive speed - - -
Mbit/s | MB/s Single Layer Dual Layer
1x 36 | 45 90 18¢
ax 72. 9 45 ]
4x 144 | 18 23 45
6% 216 | 27 15 30
8x* 288 1 36 12 23
120 | 432 | 54 3 15

* On August 8, 2008, Japanese electronics company Buffale announced that it will ship the first 8x Blu-ray burners in Japan

starting from September 2008. Moy September 22, 2008, Buffalo announced one internal and one external 8x Blu-ray butners
for the United States, to be released the same month, #3/The following day Sony anunounced the BWU-3008, an internal 8x Blu-
ray burner for the United States. [s6]

** Theoretical
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Software standards

Codecs

Codecs are corapression schemes that store andio and video more efficiently, optimizing for either low space usage or quality per
megabyte. There are both lossy and lossless compression technigues.

The BD-ROM specification mandates certain codec compatibilities for both hardware decoders (players) and the movie-software
{(cantent). For video, all players are required to support MPEG-2, H.264/AVC, and SMPTE VC-1. MPEG-2 is the codec used on
regular DVDs, which allows backwards compatibility, H.264/AVC was developed by MPEG and VCEG as a modem successor
of B.263 . VC-1 is another MPEG-4 derivative codec mostly developed by Microsoft. BD-ROM titles with video must store
video vsing one of the three mandatory codecs. Multiple codecs on a single title are allowed.

The choice of codecs affects the producer's Heensing/royalty costs, as well as the title's maximum runtime, due to differences in
compression efficiency. Discs encaeded in MPEG-2 video typically limit content producers ¢ around two hours of igh-definition
content on a single-layer (25 GB) BD-ROM. The more advanced video codecs (VC-1 and H.264) typically achieve a video
runtime twice that of MPEG-2, with comparable quality,

MPEG-2 was used by many studios, inchuding Paramount Pictures (which initially used the VC-1 codec for HD DVD releases)
for the first series of Bln-ray discs that were lannched throughout 2006. Modern releases are now often encoded in either
H.264/AVC or VC-1, allowing film studios to place all content on one dise, reducing costs and improving ease of use. Using
these codecs will also free many GBs of space for storage of bonus content in HD (1080i/p) as opposed to the SD (480i/p)
typically used for raost titles. Some studios (such as Warner Bros.) have released bonus content on discs encoded in a different
codec than the main feature title; for example the Blu-ray release of Superman Retarns vses V-1 for the feature film and
MPEG-2 for bonws content (presumably because it is simply ported from the DV release).

For andio, BD-ROM plavers are required to support Dolby Digital, DTS, and linear PCM. Players may optionally support Dolby
Digital Plus and DTS-HD High Resolution Audio, as well as lossless formats Dolby TrueHD and DTS-HD Master Audio, BD-
ROM titles must use one of the mandatory schemes for the primary soundirack, A secondary audiotrack, if present, may use any
of the mandatory or optional codecs.

For users recording digital television programiming, the recordable Blu-ray Disc standard's initial data rate of 36 Mbit/s is more
than adequate to record high-definition broadeasts from any source (IPTV, cable/satellite, or terrestrial). BD-Video raovies have
4 maximum data transfer rate of 54 Mbit/s, a maximum AV bitrate of 48 Mbit/s (for both audio and video data), and a maximum
video bitrate of 40 Mbit/s. This compares to HD DVD movies which have a maximum data transfer rate of 36 Mbit/s, a

maximum AV bitrate of 30.24 Mbit/s, and a maximum video bitrate of 29.4 Mbit/s 147}
Java software support

At the 2005 JavaOne trade show, it was announced that Sun Microsystems' Java cross-platform software environment would be
incloded in all Blu-ray Disc players as a mandatory part of the standard. Java is used to implement interactive menus on Blu-ray
Discs, as opposed to the method used on DVD video discs, which uses pre-rendered MPEG segments and selectable subtitle
pictures, which is considerably more primitive and less seamless. Java creator James Gosling, at the conference, suggested that
the inclusion of a Java Virtual Machine as well as network connectivity in some BD devices will allow updates to Blu-ray Discs
via the Internet, adding content such as additional subtitle languages and promotional features that are not included on the disc at
pressing time. This Java Version is called BD-J and 1s a subset of the Globally Executable MHP (GEM) standard. GEM is the
worldwide version of the Multimedia Homg Platform standard.

Region codes

Blu-ray Discs may be encoded with a region code, intended : B - B
to restrict the area of the world in which they can be played,

simnilar in principle to the DVD region codes, although the used geographical regions differ. Blu-ray Disc players sold in a
certain region may only play discs encoded for that region. The purpose of this system is to allow raotion picture studios to
control the various aspects of a refease (inchuding content, date, and in particular price) according to the region. Discs may also
be produced without region coding, so they can be played on all devices. The countries of the major Blu-ray manufacturers
(Japan, Korca, Malaysia} arc in the same region as North America. As of early 2008, about two-thirds of all released discs were

region-free.[4%]
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Major studios have different region coding policies.
Paramount Pictures and Universal Studios have released all
of their titles region free. [SCIIS1] Sony Pictures and Warner
Bros have released most of their titles region free, but titles
released by Warner's New Line division were, initially,
region-coded but subsequently have been released without
being locked. Titles released by other labels on behalf of New
Line are still subject to some region 1ockingv{52][53] Lionsgate
and Walt Disney Pictures have released a mix of titles that
were region free and region coded. 54551 20th Century Fox
has released all but one of their titles region coded %%

In the Blu-ray region coding system, the United States is - ~Regions for Blu-ray. “a“d”i[‘l—w
placed in region A while regions B and C are used for A Fdst Asxa {except Mainland China and Monvoha), So 3tn~_asf (

countrics which . localization delays beforc Asia, North America, South America and their dependencies. |
COUMIICS Wich €an EXPencnce 10caization 4eiays beiote B: Africa, Southwest Asia, Burope (except Russia), Oceania and |

U.S8. titles are officially released. The opposite, though, is their dependencies.
sometimes true and a few new titles such as Harry Potter and C: Central Asia, Fast Asia (Mainiand China and Mongolia only)
the Goblet of Fire and Running Scared were released in Scuth Asia, central Burasia and their dependencies.

certain European countries before the U.5. release.? 7 n
response to the DVD region system, nudti-region and region-
free DVD players became dominant in certain markets; certain Blu-ray player models have been modified to allow for playback

of Blu-ray and DVD discs with any region code 1381

Digital rights mapagement

The Blu-ray Disc format employs several layers of digital rights management, [59[60]

Advanced Access Content System (AACS) isa standard for content distribution and digital
rights management. It is developed by AS Licensing Administrator, LLC (AACS LA), a
consortium that includes Disney, Intel, Microsoft, Matsushita (Panasonic), Warmer Bros., IBM,
Toshiba and Sony.

Since appearing in devices in 2006, several successful attacks have been made on the format.
The first known attack relied on the trusted client problem. In addition, decryption keys have
been extracted from a weakly protected player (WinDVD}. Sicee keys can be revoked in newer
reieases[m}, this is only a teraporary attack and new keys must continually be discovered in
order to decrypt the latest discs. This cat-and-mouse game has gone through several cycles and
as of August 2008 all current decryption keys are available on the Internet.

B was developed hy Cryptography Rescarch Inc. and is based on their concept of Sclf-Protecting Digital Content.!2] BD+ is
effectively a small virtual machine embedded in authorized players. It allows content providers to include executable programs

on Ble-ray [hscs. Such programs can:t%)

= examine the host environment, to see if the player has been tampered with. Every licensed playback device manufacturer
must provide the BDH licensing authority with memory footprints that identify their devices.

w verify that the player's keys have not been changed.

& cxecute native code, pos‘;ibiy to patch an otherwise insecure system.

& iransform the audio and video outpus Parts of the content will not be viewable without letting the BD+-program
unscramble it

If a playback device manufactarer finds that its devices have been hacked, it can potentially release BI>-code that detects and
circumvents the vulnerability. These programs can then be included in all new content releases.

The specifications of the BD+ virtual machine are available only to licensed device manufacturers. A list of licensed adopters is
available from the BD+ website,

The first titles using BIH were released in October 2007. Players from Samsung and LG had problems playing back those titles
until the manufacturers updated their firmware, but this problem was later identified as being related to BD-Java use, not BD+.

[631 B>+ protection was fiilly circumvented with the releass 6.4.0.0 of AnvDVD HD srogran.
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BEB-ROM Mark is a small amount of cryptographic data that is stored separately from normal Blu-ray Disc data. Bit-by-bit
copies that do not replicate the BD-ROM Mark are impossible to decode. A specially licensed picee of hardware is required to
insert the ROM-mark into the media during replication. Through licensing of the special hardware element, the BDA believes
that it can eliminate the possibility of mass producing BD-ROMs without authorization.

Player profiles

The BD-ROM specification defines four Blu-ray Disc player profiles which includes an andio only player profile (BD-Audio)

that does not require video decoding or BD-1.184 ALl three of the video based player profiles (BD-Video) are required to have a
full implementation of BD-J, but with varying levels of hardware support.

BD-Audio BD-Videa :
Feature Grace Period 1] Bonus View [} BE-Live

Profile 3.0 I Profile 1.0 Profile 1.1 Profile 2.0

Built-in persistent memory No 64 KB 64 KB 64 KB

Losal storage capabilityld! No Optional 256 MB 1 GB
Secondary video decoder (PiP) No Optional Mandatory Mandatory
Secondary audio decoderi® No Optional Mandatory Mandatory
Virtual file system No Optional Mandatory Mandatory
Intemet connection capability No Do No Mandatory

~ a This is used for storing audio/video and title updates. It can either be built in memory or removable media, such as a memory card or USE flash
memory.

“ b A secondary audio decoder is typically used for interactive audio and commentary.

~ ¢ Profile 3.0 is a separate audio ondy player profile. As 0f 2008-06-26, only one known Blu-ray record has been released and it has been confirmed to
work on the P§3 185308

A @ Is also known as Initial Standard profile..

~ ¢ Is also known as Final Standard profile.

On Nevember 1, 2007, the Grace Period Profile was superseded by Bonus View as the mindmum profile for new BD-Video

players refeased to the market [} When B tu-ray software authored with interactive features dependent on Bonus View or BD-
Live hardware capabilities are played on Profile 1.0 players they will be able to play the main feature of the disc but some extra

features may not be available or may offer Hmited (:zspabiliay.‘fég}

Except the LG-BH100, the LG-BH200, the PlayStation 3, and the Samsung BD-UP5000, Profile 1.0 players can not be upgraded
to be Bonus View or BD-Live compliant 157 tron7i

Backward compatibility

Though not compulsory, the Bhu-ray Disc Association reconumends that Blu-ray Disc drives should be capable of reading
standard DVDs and CDs for backward compatibﬂity.{m] A few saﬂ}' Bhi-ray Disc players released in 2006 could play DVDs but
g0t CDs (the LG BH100, Pioneer BDP-HD1, and Sony BDP-S 17741751

Ongoing development

Although the Blu-ray Disc specification has been finalized, engineers continue working to

advance the technology. Quad-layer {100 GB) discs have been demonstrated on a drive with

modified optics (TDK version) and standard unaltered optics ("Hitachi used a standard drive.").”‘l’m?] Hitachi stated that such a
disc could be used to store 7 hours of 32 Mbit/s video (HDTV) or 3.5 hours of 64 Mbit/s video {Cinema 4K). Furthermore TDK
announced in August 2006 that they have created a working experimental Blu-ray Disc capable of holding 200 GB of dataona
single side, using 5ix 33 GB data layersiﬂj

Also behind closed doors at CES 2007, Ritek revealed that they had successfully developed a High Definition optical disc
process that extends the disc capacity to 10 layers. That increases the capacity of the discs to 250 GB. However, they noted that

the major obstacle is that current reader and writer technology does not support the additional lavers.[7%!
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JVC has developed a three-layer technology that allows putting both standard-definition DVD
data and HD data on a BIVDVD combo, I successtully commercialized, this would enable the
consumer to purchase a disc which could be played on current DVD players, and reveal its HD

version when plaved on a new BD piayer.{g(}] This hybrid disc does not appear to be ready for
production and no tithes have been announced that would use this disc structure.

In Fanwary 2007, Hitachi showcased a 100 GB Blu-ray Disc, which consists of four layers )
containing 25 GB each.'8!] Unlike TDK and Panasonic's 100 GB discs, they clairo this disc is

readable on standard Blu-ray Disc drives that are currently in circulation, and it is believed that
{82]

a firmware opdate is the only requirement to make it readable to current players and drives.

o N ST 3 . ) 1 e [83] Front of an experimental
As of April, 2008 a joint licensing agreement for Blu-ray Disc has not yet been finalized.)®?} A 200GB rewritable Blu-ray

joint Heensing agreement would make it easier for companies to get a Heense for Blu-ray Disc : Disc
without having to go to each individual company that owns a Bhu-ray Disc patent. For this L B
reason a joint licensing agreerent was eventually made for VD by the DVD6C Licensing

Agcncy.[gd'}

Variants
Mirni Blu-ray Disc

The Mini Ble-ray Disc (also, Mini-BD and Mini Blu-ray) is a compact 8cm (~3in) diameter variant of the Blu-ray Disc that can
store approximately 7.5 GB of data. It is similar in concept to the MiniDVD. Recordable (BD-R) and rewritable (BD-RE)
versions of Mini Blu-ray Disc have been developed specifically for compact camcorders and other compact recording devices.
{851

BDY/BDS Biu-ray Disc

BDY and BDS are lower capacity variants of the Blu-ray Disc that contain Blu-ray compatible video and audic streams contained
on a conventional BVD (650 nm wavelength / red laser) optical disc. Such discs offer the use of the same advanced compression
technologies available to Blu-ray discs (including MPEG-4-AVC/H.264, SMPTE-421M/VC-1 and MPE(G-2) while using lower
cost legacy media. BD9 uses a standard 8152MB DVDS dual-layer disc while BD3 uses a standard 4482MB DVDS single-layer
dise.[86]

BDY9/BDS discs can be authored using home computers for prvate showing using standard DVD=R recorders. AACS digital
rights management is opﬁonal.{gﬂ The BDOY/BDS format was originally proposed by Warner Home Video, as a cost-effective
alternative to reguilar Bhu-ray Discs.®8 It was adopted as part of the BD-ROM basic format, file system, and AV specifications.
BDY/BDS is similar to 3x DVD for HD DVD.

AVCREC
See also: HD REC
AVCREC is an officiall® lower capacity variant of the Blu-ray Disc used for storing Blu-ray Disc compatible content on

conventional DVD discs. It is being promoted for use in camcorders, distribution of short HD broadcast content and other cost-
sensitive distribution needs. It is similar o HD REC for HD DVD.

Note that AVCREC 18 not the same as AVCHD content stored on DV, The latter is a media independent format and is used
presently in tapeless camncorders that record onto DVD and Blu-ray disks, as well as onto SecurcDigital and MemoryStick
memory cards, Playing back AVCHD content on a Blu-ray player may require modification of AVCHD directory structare, but

does not require re-encoding of video files themselves.[%%]

Blu-ray Disc recordable

Blu-ray Dise recordable refers to two optical disc formats that can be recorded with an optical disc recorder. BD-R discs can be
writtent to once, whereas BID-RE can be erased and re-recorded multiple times. The theoretical maximum speed for Blu-ray

Discs is about 12 as the speed of rotation (10,000 rpm) causes too much wobble for the discs to be read property, similar to the
20x and 52x respective maximem speeds of DVDs and CDs.
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Since September 2007, BD-RE was also available 1 the smaller 8 om Mini Blu-ray Disc diameter size [8519H]

On September 18, 2007, Pioneer and Mitsubishi co-developed BD-R LTH ("Low to High" in groove recording), which features
an organic dye recording layer that can be manufactured by modifving existing CD-R and DVD-R production equipment,
significantly reducing manufacturing costs. 92

In February 2008, Taive Yuden, Mitsubishi and Maxell released the first BD-RLTH Discsf?ﬂ and in March 2608, Sony's
PlayStation 3 gained official sppport for BD-R LTH Discs with the 2.20 firaware up(izx.‘;(-:.[94J

Undike the previous releases of 120 mm optical discs (i.e. CDs and DVDs), Blu-ray recorders hit the market almost
simuliansously with Blo-ray's debut (at least in Japan).

See also

Blu-ray Disc authoring ey
Blu-ray Disc Association S s Blu-ray porial
Blu-ray Disc recordable —
Comparison of high definition optical disc formats
PlayStation 3

High definition optical disc format war

List of Blu-ray Disc devices

COptical disc

Alternative dise technologies

HD DVD (primary competitor, now discontinued)

HD VMD/Versatile Multilayer Disc (new low-profiie compstifor)

AVCHD

Digital Multilaver Disk — the successor technology to Fluorescent Mulitlayer Disc

Enhanced Versatile Disc (EVD)

Forward Versatile Disc (FVD) — Taiwanese backed red laser format

Fluorescent Multilayer Disc

Holographic Versatile Disc — standards with 3.9 TB storage are under development

3D optical data storage — a next-generation technology expected to provide TB-capacity discs
Proteig-coated disc

Ultra Density Optical

LS8-R — a "layer selection” technology allowing the stacking of very large numbers of DVD-like data layers in a single
disc.

- ® Professional Disc for BATA (DD or ProDATA)
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86, A "AVREC Format Specifications” (HTML) {in English).

90. ~ "Backing up AVCHD video onto a DVD and playing it back on a Blu-ray player”.
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08-03
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94, ~ P33 firmware update v2.20 available -- added support for LTH BD-R afterdawn.com
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Are MPEG-1, MPEG-2 obsolete? No!

2

- costs are decreasing.

MPEG-1 application area: VCDs

MPEG-2 application area: SVD;&

MPEG-4 application-area: iﬂtemet
Bandwidth is always a limited réSQ;ﬁrce., .

Bandwidth costs are increasing while processor computational

More complex standards like MPEG-4 are required to shift the

burden on processing.
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e
Macroblock

» Texture used by MPEG-4 encoder can be |
classified into Luminance (Y) and sub-

Sampie}d.ﬂhmminame (Cr, Cb) components.

» Texture encoding deals with removing spatial

yeduﬁdaﬂcy;i;p-reséﬁ-ﬁ:in,;,,i‘@minance and
chrominance. | |

« The texture plane *Es;:{(;:!ﬁﬂivided into macroblocks
(6 blocks/ mﬁasmbiacmw Th"e-recis.sndancy is

removed on per block basis.
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