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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 continuous media types pertaining 
to the same end-user presentation are present. In effect, the 
container file represents an RTSP presentation, with each of its 
components being RTSP controlled media streams. Container files are 
a widely used means to 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. It 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 also 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 equal value with date indicating 
immediate expiration of its valididty. 

Client C requests 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 
CSeq: 1 
User-Agent: PhonyClient/1.2 

M->C: RTSP/2.0 200 OK 
CSeq: 1 
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=O 
O=- 2890844256 2890842807 IN IP4 198.51.100.5 
S=RTSP Session 
i=An Example of RTSP Session Usage 
e=adm@example.com 
C=IN IP4 0.0.0.0 
a=control: * 
a=range: npt=0-0:10:34.10 
t=O 0 
m=audio O RTP/AVP 0 
a=control: trackID=l 
m=video O RTP/AVP 26 
a=control: trackID=4 
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C->M: SETUP rtsp://example.com/twister.3gp/trackID=l RTSP/2.0 
CSeq: 2 
User-Agent: PhonyClient/1.2 
Require: play.basic 
Transport: RTP/AVP;unicast;dest_addr=":8000"/":8001" 
Accept-Ranges: NPT, SMPTE, UTC 

M->C: RTSP/2.0 200 OK 
CSeq: 2 
Server: PhonyServer/1.0 
Transport: RTP/AVP;unicast; ssrc=93CB001E; 

dest_addr="192.0.2.53:8000"/"192.0.2.53:8001"; 
src_addr="l98.51.100.5:9000"/"198.51.100.5:90Dl" 

Session: 12345678 
Expires: 24 Jan 1997 15:35:12 GMT 
Date: 23 Jan 1997 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 
CSeq:: 3 
User-Agent: PhonyClient/1.2 
Require: play.basic 
Transport: RTP/AVP;unicast;dest_addr=":8002"/":8003" 
Session: 12345678 
Accept-Ranges: NPT, SMPTE, UTC 

M->C: RTSP/2.0 200 OK 
CSeq: 3 
Server: PhonyServer/1.0 
Transport: RTP/AVP;unicast; ssrc=A813FC13; 

dest_addr="192.0.2.53:8002"/"192.0.2.53:8003"; 
src_addr="l98.51.100.5:9002"/"198.51.100.5:9003"; 

Session: 12345678 
Expires: 24 Jan 1997 15:35:13 GMT 
Date: 23 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 
CSeq: 4 
User-Agent: PhonyClient/1.2 
Range: npt=30-
Seek-Style: RAP 
Session: 12345678 
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M->C: RTSP/2.0 200 OK 
CSeq: 4 
Server: PhonyServer/1.0 
Date: 23 Jan 1997 15:35:14 GMT 
Session: 12345678 
Range: npt=30-623.10 
Seek-Style: RAP 

March 2011 

RTP-Info: url="rtsp://example.com/twister.3gp/trackID=4" 
ssrc=OD12F123:seq=l2345;rtptime=3450012, 

url="rtsp://example.com/twister.3gp/trackID=l" 
ssrc=4F3l2DD8:seq=5432l;rtptime=2876889 

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

M->C: RTSP/2.0 200 OK 
CSeq: 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.corn/twister.3gp/ RTSP/2.0 
CSeq: 6 

User-Agent: PhonyClient/1.2 
Range: npt=34.57-623.10 
Seek-Style: Next 
Session: 12345678 

M->C: RTSP/2.0 200 OK 
CSeq: 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" 

ssrc=OD12F123:seq=l2555;rtptime=6330012, 
url="rtsp://example.com/twister.3gp/trackID=l" 

ssrc=4F3l2DD8:seq=5502l;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 
CSeq: 7 
Server: PhonyServer/1.0 
Date: 23 Jan 1997 15:49:34 GMT 

A.2. Media on Demand using Pipelining 

March 2011 

This example is basically the example above (Appendix A.1), but now 
utilizing pipelining to speed up the setup. It requires only two 
round trip times until the media starts flowing. First of all, the 
session description is retrieved to determine what media resources 
need to be setup. In the second step, one sends the necessary SETUP 
requests and the PLAY request to initiate media delivery. 

Client C requests 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. 

C->M: DESCRIBE rtsp://example.com/twister.3gp RTSP/2.0 
CSeq: 1 
User-Agent: PhonyClient/1.2 

M->C: RTSP/2.0 200 OK 
CSeq: l 
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=O 
O=- 2890844256 2890842807 IN IP4 192.0.2.5 
S=RTSP Session 
i=An Example of RTSP Session Usage 
e=adm@example.com 
C=IN IP4 0.0.0.0 
a=control: * 
a=range: npt=0-0:10:34.10 
t=O 0 
m=audio O RTP/AVP 0 
a=control: trackID=l 
m=video O RTP/AVP 26 
a=control: trackID=4 

C->M: SETUP rtsp://example.com/twister.3gp/trackID=l RTSP/2.0 
CSeq: 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 

March 2011 

C->M: SETUP rtsp://example.com/twister.3gp/trackID=4 RTSP/2.0 
CSeq: 3 
User-Agent: PhonyClient/1.2 
Require: play.basic 
Transport: RTP/AVP;unicast;dest_addr=":8002"/":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=O-
Seek-Style: RAP 
Session: 12345678 
Pipelined-Requests: 7654 

M->C: RTSP/2.0 200 OK 
CSeq: 2 
Server: PhonyServer/1.0 
Transport: RTP/AVP;unicast; 

dest_addr="l92.0.2.53:8000"/"192.0.2.53:8001"; 
src_addr="l98.51.100.5:9000"/"198.51.100.5:9001"; 
ssrc=93CB001E 

Session: 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 
CSeq: 3 
Server: PhonyServer/1.0 
Transport: RTP/AVP;unicast; 

dest_addr="192.0.2.53:8002"/"192.0.2.53:8003; 
src_addr="198.51.100.5:9002"/"198.51.100.5:9003"; 
ssrc=A813FC13 

Session: 12345678 
Expires: 24 Jan 1997 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 
CSeq: 4 
Server: PhonyServer/1.0 
Date: 23 Jan 1997 15:35:14 GMT 
Session: 12345678 
Range: npt=0-623.10 
Seek-Style: RAP 

March 2011 

RTP-Info: url="rtsp://example.com/twister.3gp/trackID=4" 
ssrc=OD12F123:seq=l2345;rtptime=3450012, 

url="rtsp://example.com/twister.3gp/trackID=l" 
ssrc=4F3l2DD8:seq=5432l;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 payload 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. 
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C->W: GET /twister.sdp HTTP/1.1 
Host: www.example.com 
Accept: application/sdp 

W->C: HTTP/1.0 200 OK 
Date: Thu, 23 Jan 1997 15:35:06 GMT 
Content-Type: application/sdp 
Content-Length: 278 
Expires: 23 Jan 1998 15:35:06 GMT 

V=O 
O=- 2890844526 2890842807 IN IP4 198.51.100.5 
s=RTSP Session 
e=adm@example.com 
c=IN IP4 0.0.0.0 
a=range:npt=0-1:49:34 
t=O 0 
m=audio O RTP/AVP 0 
a=control:rtsp://audio.example.com/twister/audio.en 
m=video O RTP/AVP 31 
a=control:rtsp://video.example.com/twister/video 

March 2011 

C->A: SETUP rtsp://audio.example.com/twister/audio.en RTSP/2.0 
CSeq: 1 
User-Agent: PhonyClient/1.2 
Transport: RTP/AVP/UDP;unicast;dest_addr=":3056"/":3057", 

RTP/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; 

dest_addr="192.0.2.53:3056"/"192.0.2.53:3057"; 
src_addr="198.51.100.5:5000"/"198.51.100.5:5001" 

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 
Media-Properties: Random-Access=0.02, Immutable, Unlimited 
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C->V: SETUP rtsp://video.example.com/twister/video RTSP/2.0 
CSeq: 1 
User-Agent: PhonyClient/1.2 
Transport: RTP/AVP/UDP;unicast; 

March 2011 

dest_addr="192.0.2.53:3058"/"192.0.2.53:3059", 
RTP/AVP/TCP;unicast;interleaved=0-1 

Accept-Ranges: NPT, SMPTE, UTC 

V->C: RTSP/2.0 200 OK 
CSeq: 1 
Session: 23456789 
Transport: RTP/AVP/UDP;unicast; 

dest_addr="192.0.2.53:3058"/"192.0.2.53:3059"; 
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 1997 15:35:12 GMT 
Accept-Ranges: NPT, SMPTE 
Media-Properties: Random-Access=l.2, Immutable, Unlimited 

C->V: PLAY rtsp://video.example.com/twister/video RTSP/2.0 
CSeq: 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-Style: First-Prior 
RTP-Info: url="rtsp://video.example.com/twister/video" 

ssrc=Al7E189D:seq=12312232;rtptime=78712811 
Server: PhonyServer/2.0 
Date: 23 Jan 1997 15:35:13 GMT 
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C->A: PLAY rtsp://audio.example.com/twister/audio.en RTSP/2.0 
CSeq: 2 
User-Agent: PhonyClient/1.2 
Session: 12345678 
Range: smpte=0:10:00-

A->C: RTSP/2.0 200 OK 
CSeq: 2 
Session: 12345678 
Range: smpte=0:10:00-1:49:23 
Seek-Style: First-Prior 
RTP-Info: url="rtsp://audio.example.com/twister/audio.en" 

ssrc=3Dl24F01:seq=876655;rtptime=1032181 
Server: PhonyServer/1.0 
Date: 23 Jan 1997 15:35:13 GMT 

C->A: TEARDOWN rtsp://audio.example.com/twister/audio.en RTSP/2.0 
CSeq: 3 
User-Agent: PhonyClient/1.2 
Session: 12345678 

A->C: RTSP/2.0 200 OK 
CSeq: 3 
Server: PhonyServer/1.0 
Date: 23 Jan 1997 15:36:52 GMT 

C->V: TEARDOWN rtsp://video.example.com/twister/video RTSP/2.0 
CSeq: 3 
User-Agent: PhonyClient/1.2 
Session: 23456789 

V->C: RTSP/2.0 200 OK 
CSeq: 3 
Server: PhonyServer/2.0 
Date: 23 Jan 1997 15:36:52 GMT 

Even though the audio and video track are on two different servers 
that may start at slightly different times and may drift with respect 
to 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 also be used to maintain synchronization. 
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A.4. Single Stream Container Files 

Some RTSP servers may treat all files 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->S: DESCRIBE rtsp://foo.example.com/test.wav RTSP/2.0 
Accept: application/x-rtsp-mh, application/sdp 
CSeq: 1 
User-Agent: PhonyClient/1.2 

S->C: RTSP/2.0 200 OK 
CSeq: 1 
Content-base: rtsp://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 1997 17:00:00 GMT 

V=O 
O=- 872653257 872653257 IN IP4 192.0.2.5 
s=mu-law wave file 
i=audio test 
C=IN IP4 0.0.0.0 
t=O 0 
a=control: * 
m=audio O RTP/AVP 0 
a=control:streamid=O 
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C->S: SETUP rtsp://foo.example.com/test.wav/streamid=O RTSP/2.0 
Transport: RTP/AVP/UDP;unicast; 

dest_addr=":6970"/":697l";mode="PLAY" 
CSeq: 2 
User-Agent: PhonyClient/1.2 
Accept-Ranges: NPT, SMPTE, UTC 

S->C: RTSP/2.0 200 OK 
Transport: RTP/AVP/UDP;unicast; 

dest_addr="192.0.2.53:6970"/"192.0.2.53:6971"; 
src_addr="l98.51.100.5:6970"/"198.51.100.5:6971"; 
mode="PLAY";ssrc=EAB98712 

CSeq: 2 
Session: 2034820394 
Expires: 23 Jan 1997 16:00:00 GMT 
Server: PhonyServer/1.0 
Date: 23 Jan 1997 15:35:07 GMT 
Accept-Ranges: NPT 
Media-Properties: Random-Acces=0.5, Immutable, Unlimited 

C->S: PLAY rtsp://foo.example.com/test.wav/ RTSP/2.0 
CSeq: 3 
User-Agent: PhonyClient/1.2 
Session: 2034820394 

S->C: RTSP/2.0 200 OK 
CSeq: 3 
Server: PhonyServer/1.0 
Date: 23 Jan 1997 15:35:08 GMT 
Session: 2034820394 
Range: npt=0-600 
Seek-Style: RAP 
RTP-Info: url="rtsp://foo.example.com/test.wav/streamid=O" 

ssrc=OD12F123:seq=981888;rtptime=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 control, but is less 
than intuitive in the special case where the nurr~er of 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 also required that servers accept implementations 
that use the non-aggregated interpretation and use the individual 
media URI, like this: 
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C->S: PLAY rtsp://example.com/test.wav/streamid=O RTSP/2.0 
CSeq: 3 
User-Agent: PhonyClient/1.2 
Session: 2034820394 

A.5. Live Media Presentation Using Multicast 

March 2011 

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 /sessions.html HTTP/1.1 
Host: www.example.com 

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

<html> 

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

</html> 

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

M->C: RTSP/2.0 200 OK 
CSeq: 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=O 
O=- 2890844526 2890842807 IN IP4 192.0.2.5 
s=RTSP Session 
t=O 0 
m=audio 3456 RTP/AVP 0 
c=IN IP4 233.252.0.54/16 
a=control: rtsp://live.example.com/concert/audio 
a=range:npt=O-
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C->M: SETUP rtsp://live.example.com/concert/audio RTSP/2.0 
CSeq: 2 
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Transport: RTP/AVP;multicast; 
dest_addr="233.252.0.54:3456"/"233.252.0.54:3457";ttl=l6 

Accept-Ranges: NPT, SMPTE, UTC 
User-Agent: PhonyClient/1.2 

M->C: RTSP/2.0 200 OK 
CSeq: 2 
Server: PhonyServer/1.0 
Date: Thu, 23 Jan 1997 15:35:06 GMT 
Transport: RTP/AVP;multicast; 

dest_addr="233.252.0.54:3456"/"233.252.0.54:3457";ttl=l6 
;ssrc=4D12AB92/0DF876A3 

Session: 0456804596 
Accept-Ranges: NPT, UTC 
Media-Properties: No-Seeking, Time-Progressing, Time-Duration=O 

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

M->C: RTSP/2.0 200 OK 
CSeq:: 3 
Server: PhonyServer/1.0 
Date: 23 Jan 1997 15:35:07 GMT 
Session: 0456804596 
Seek-Style: Next 
Range:npt=l256-
RTP-Info: url="rtsp://live.example.com/concert/audio" 

ssrc=OD12F123:seq=1473; rtptime=80000 

A.6. 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 clients request and the included Supported 
header, learns the client supports RTSP 2.0, and also supports the 
playback time scaling feature of RTSP. The server's response 
contains the following feature related information to the client; it 
supports 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->S: OPTIONS rtsp://media.example.com/movie/twister.3gp RTSP/2.0 
CSeq: 1 
Supported: play.basic, play.scale 
User-Agent: PhonyClient/1.2 

S->C: RTSP/2.0 200 OK 
CSeq: 1 
Public: OPTIONS,SETUP,PLAY,PAUSE,TEARDOWN,DESCRIBE,GET_PA.RAMETER 
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 reauest it tells the server that it 
requires support of the play.scale feature for this session by 
including the Require header. 

C->S: SETUP rtsp://media.example.com/twister.3gp/trackID=l RTSP/2.0 
CSeq: 3 
User-Agent: PhonyClient/1.2 
Transport: RTP/AVP/UDP;unicast; 

dest_addr="192.0.2.53:3056tt/"192.0.2.53:3057", 
RTP/AVP/TCP;unicast;interleaved=0-1 

Require: play.scale 
Accept-Ranges: NPT, SMPTE, UTC 
User-Agent: PhonyClient/1.2 

S->C: RTSP/2.0 200 OK 
CSeq: 3 
Session: 12345678 
Transport: RTP/AVP/UDP;unicast; 

dest_addr="l92.0.2.53:3056"/"192.0.2.53:3057"; 
src_addr="l98.51.100.5:5000"/"198.51.100.5:5001" 

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 RTSP 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 uniquely 
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 
specification, the description in the earlier parts take precedence. 

B.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 also needed and is explained 
below. 

NRM: The number of media streams part of this session. 

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

B.3. Abbreviations 

To make the state tables more compact a number of abbreviations are 
used, which are explained below. 
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IFI: IF Implemented. 

md: Media 

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: Session. 

B.4. State Tables 

This section contains 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->S). In some cases 
there exist one or more requisite. The response column tells what 
type of response actions should be performed. Possible actions that 
is requested 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 according to the response 
column. If the request does not meet the requisite, is erroneous 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 to Init. A response code of 304 
results in no state change. However, there exist restrictions to 
when a 3rr response may be used. A 5xx 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 request after a Sxx 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 Sect:ion 10 A, a 100 response must be sent. 

The server will timeout the session after the period of time 
specified 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 equal to the media 
URI or a specified presentation URI. For NRM > 1 the presentation 
URI needs to be other than any of the medias that are part of the 
session. This applies to all states. 

+---------------+-----------------+---------------------------------: 
I Event I Prerequisite I Response 
+---------------+-----------------+---------------------------------+ 

DESCRIBE Needs REDIRECT 3rr, Redirect 

DESCRIBE 200, Session description 

OPTIONS Session ID 200, Reset session timeout 
timer 

OPTIONS 200 

SET PARAMETER Valid parameter 200, change value of parameter 

GET PARAMETER Valid parameter 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 methods do change other 
session related parameters, for example SET_PARAfvlETER which will set 
the parameter(s) specified in its body. Also all of these methods 
that allows Session header will also update the keep-alive timer for 
the session. 

+------------------+----------------+-----------:-------------------: 
I Action I Requisite I New State ! Response 
+------------------+----------------+-----------+-------------------+ 

SETUP Ready NRM=l, RP=O.O 

SETUP Needs Redirect Init 3rr Redirect 

S -> C: REDIRECT No Session hdr Init Terminate all SES 
+------------------+----------------+-----------+-------------------+ 

Table 14: State: Init 

The initial state of the state machine, see Table 14 can only be left 
by processing a correct SETUP request. As seen in the table the two 
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state variables are also set by a correct request. 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 Action I Requisite I New I Response 
I I I State I 
+-------------+------------------------+---------+------------------' 

SETUP New URI Ready NRM +=l 

SETUP 

TEA."R.DOWN 

TEA."R.DOWN 

PLAY 

PLAY 

PLAY 

PLAY 

PAUSE 

SC:REDIRECT 

SC:REDIRECT 

Timeout 

RedP 
reached 

URI Setup prior 

Prs URI, 

md URI,NRM=l 

md URI,NRM>l 

Prs URI, No range 

Prs URI, Range 

md URI, NRM=l, Range 

md URI, NRM=l 

Prs URI 

Terminate-Reason 

No Terminate-Reason 
time parameter 

Ready 

Init 

Init 

Ready 

Play 

Play 

Play 

Play 

Ready 

Ready 

Init 

Init 

Init 

Change transport 
param 

No session hdr, 
NRM = 0 

No Session hdr, 
NRM = 0 

Session hdr, NRM 
-= 1 

Play from 

According 
range 

According 
range 

Play from 

Return pp 

Set RedP 

Session is 
removed 

RP 

to 

to 

RP 

TEARDOWN of 
session 

+-------------+------------------------+---------+------------------. 

Table 15: State: Ready 

In the Ready state, see 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 one more media stream to the session or, if the media 
stream (same URI) already is 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 TE8.RDOWN 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 
is removed. The number of media streams remaining after tearing down 
a media stream determines the new state. 

Schulzrinne, et al. Expires September 10, 2011 [Page 246] 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1539 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



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

+----------------+-----------------------+--------+-----------------+ 
I Action I Requisite I New I Response 

I I I State I 
+----------------·-----------------------+--------+-----------------' 

PAUSE 

End of media 

End of range 

PLAY 

PLAY 

SC:PLAY NOTIFY 

SETUP 

SETUP 

SETUP 

TEA."R.DOWN 

TEA...~DOWN 

TEA."R.DOWN 

SC:REDIRECT 

SC:REDIRECT 

RedP reached 

Timeout 

Prs URI 

All media 

Prs URI, No range 

Prs URI, Range 

New URI 

Setuped URI 

Setuped URI, IFI 

Prs URI 

md URI,NRM=l 

md URI 

Terminate Reason with 
Time parameter 

Ready 

Play 

Play 

Play 

Play 

Play 

Play 

Play 

Play 

Init 

Init 

Play 

Play 

Init 

Init 

Init 

Set RP to 
present point 

Set RP= End of 
media 

Set RP 
range 

End of 

Play from 
present point 

According to 
range 

200 

455 

455 

Change 
transport 
param. 

No session hdr 

No Session hdr, 
NRM=O 

455 

Set RedP 

Session is 
removed 

TEARDOWN of 
session 

Stop Media 
playout 

+---------------- -----------------------+-------- -----------------+ 
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Table 16: State: Play 

The Play state table, see Table 16, contains a number of requests 
that needs a presentation URI (labeled as Prs URI) to work on (i.e., 
the presentation URI has to be used as the Request-URI). This is due 
to the exclusion of non-aggregated stream control 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 has finished playing, the session 
still remain in Play state. An explicit PAUSE request 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 C. 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 [RFC3550]. 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. 

C.1.1. AVP 

The usage of the "RTP Profile for Audio and Video Conferences with 
Minimal Control" [RFC3551J when using RTP for media transport over 
different lower layer transport protocols is defined below in regards 
to RTSP. 

One such case is defined within this document, the use of embedded 
(interleaved) binary data as defined in Secbon. 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. 

C .1. 2. AVP/UDP 

This part describes sending of RTP [RFC3550] over lower transport 
layer UDP [RFC0768] according to the profile "RTP Profile for Audio 
and Video Conferences with Minimal Control" defined in RFC 3::.,~'ll 
[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 messages, in 
accordance with SecU.cn 14, SHOULD NOT be performed when RTSP 
messages are transported over unreliable transport protocols, like 
UDP [RFC0768]. 

The RTP/UDP and RTCP/UDP flows can be established using the Transport 
header's "src_addr", and "dest_addr" parameters. 

In RTSP PLAY mode, the transmission of RTP packets from client to 
server is unspecified. The behavior in regards to such RTP packets 
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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 specification for RTP/AVP/UDP or RTP/AVP/TCP MUST 
contain either: 

* both 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. The 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. 

0 

0 

0 

0 

The RTCP/UDP packets from 
the address and port given 
the "dest_addr" parameter. 
MUST NOT be sent. 

the server to the client MUST be sent to 
by the second address and port pair of 
If no second pair is specified RTCP 

The 
the 
the 
NOT 

The 
the 
the 

RTCP/UDP packets from the client to the server MUST be sent to 
address and port given by the second address and port pair of 
"src addr" parameter. If no second pair is given RTCP MUST 
be sent. 

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

C. 1. 3. AVPF /UDP 

The RTP profile "Extended RTP Profile for RTCP-based Feedback (RTP/ 
AVPF)" [RFC4585] ~,AY be used as RTP profiles in session using RTP. 
All 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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used. In the case of SDP 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 session regarding 
reporting interval and feedback messages to be used. This 
configuration MUST be followed. 

C,1.4. SAVP/UDP 

The RTP profile "The Secure Real-time Transport Protocol (SRTP)" 
[RPC371.l.] is an RTP profile (SAVP) that MAY be used in RTSP sessions 
using RTP. All that is defined for AVP MUST also apply for SAVP. 

The usage of SRTP requires that a security context is established. 
The default key-management unless otherwise signalled shall be MIKEY 
in RSA-R mode as defined in P.ppend.ix C. l. 4, 1, and not according to 
the procedure defined in "Key Management Extensions for Session 
Description Protocol (SDP) and Real Time Streaming Protocol (RTSP)" 
[Rf'C4567] . The reason is that Rf'C 4567 sends the initial MIKEY 
message in SDP, thus both requiring the usage of the DESCRIBE method 
and forcing the server to keep state for client performing DESCRIBE 
in anticipation that they might require 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 also support pipelining of the RTSP 
messages. 

C.l.4,1. MIKEY Key Establishment 

This method for using MIKEY 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 
establishment of the media stream being protected. By using MIKEY'S 
RSA-R mode [RFC4738J the client can be initiator and still allow the 
server 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 specify an 
explicit method far indicating this SRTP cryptographic context 
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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 SF.ALL 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 middle 
also in the MIKEY 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 [RFC4'i'38]. 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. 

5. The MIKEY message from the previous step is base64 [RFC1;6<18] 
encoded and becomes 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 request. 

6. Any proxy encountering the MIKEY parameter SHALL forward it 
without modification. A proxy requiring to understand transport 
specification 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 receiving 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 require 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 outcomes 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 RTSP error response code of 466 "Key Management Error" 
SF.ALL be used. A MIKEY message describing the error MAY be 
included. 

* A transport spec using SRTP and MIKEY is selected and a MIKEY 
response message can be created. The server SHOULD use the 
same certificate for TLS and in MIKEY to enable client to 
bind the two together. If a different certificate is used it 
SP.ALL be included in the MIKEY message. It is RECOMMENDED 
that the envelope key cache type is set to 'Cache' and that a 
single envelope key is reused for all MIKEY messages to the 
client. That message is included in the MIKEY parameter part 
of the single selected transport specification 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 client receives the SETUP response and if the response code 
indicates a successful request 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 establish 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)" [RFCS.1.2 1;,J is an RTP profile (SAVPF) that MAY be used in 

RTSP sessions using RTP. All that is defined for AVP MUST also apply 
for SAVPF. 

The usage of SRTP requires that a cryptographic context is 
established. The default mechanism for establishing that security 
association is to use MIKEY[RFC3830] with RTSP as defined 
11.ppendix C . 1 . ,1 , 1 . 

C,1,6. 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. 

C.1.6.2. RTSP Session keep-alive 

RTCP traffic from the RTSP client to the RTSP server MUST function as 
keep-alive. Which requires an RTSP server supporting RTP to use the 
received RTCP packets as indications that the client desires the 
related RTSP session to be kept alive. 

C.1.6.3. Bit-rate adaption 

RTCP Receiver reports and any additional feedback from the client 
MUST be used adapt the bit-rate used over the transport for all cases 
when RTP is sent over UDP. An RTP sender without reserved resources 
MUST NOT use more than its fair share of the available resources. 
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. 

C.1.6.4. RTP and RTCP Multiplexing 

RTSP can be used to negotiate the usage of RTP and RTCP multiplexing 
as described in [RFC5761J. This allows servers and client to reduce 
the amount of resources required for the session by only requiring 
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 [RFC2663]. 

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 packet 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 session 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 
support RTP and RTCP multiplexing. If indicated or otherwise desired 
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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 if 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 connections using RFC 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 profile may be any of the above 
specified ones; AVP, AVPF, SAVP or SAVPF. 

C.2.1. Interleaved RTP over TCP 

The use of embedded (interleaved) binary data transported on the RTSP 
connection is possible as specified in Sectton 1.4. When using this 
declared corr~ination 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.2.2. RTP over independent TCP 

In this Appendix, we describe the sending of RTP [RFC3550] over lower 
transport layer TCP [RFC0793] according to "Framing Real-time 
Transport Protocol (RTP) and RTP Control Protocol (RTCP) Packets over 
Connection-Oriented Transport" [RFC4571]. This Appendix adapts the 
guidelines for using RTP over TCP within SIP/SDP [RFC4145] 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 specified by the dest_addr parameter. If the client 
wishes to use RTP without RTCP, one port (or one address/port pair) 
is specified by the dest_addr parameter. Ordering rules of dest addr 
ports follow the rules for RTP/AVP/UDP. 

If the client wishes to play the active role in initiating the TCP 
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connection, it MAY set the "setup" parameter (See Section 16.52) on 
the Transport line to be "active", or it M.~Y 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 
to 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 to receive the RTCP stream connection. 

If upon receipt of a non-interleaved RTP/AVP/TCP SETUP request, a 
server decides to accept this requested option, the 2xx reply MUST 
contain a Transport option that specifies RTP/AVP/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 11 actpass 11

} and "passive" (if a client set 
"setup" to "active" or "actpass"). 

If a server sets "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 requested an RTCP connection by 
specifying two dest_addr ports or address/port pairs) 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 
"ssrc" parameter, following the guidance in Sectton 1.6.52. Port 
ordering for src addr follows the rules for RTP/AVP/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 reply 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 TCP 
connections negotiated using SETUP for the session. In case the 
server receives a PLAY request in a session that has not yet 
established all the TCP connections, it MUST respond using the 464 
"Data Transport Not Ready Yet" (S,;:ction 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 over 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 protocol defined in [RFC4571.], not by the framing defined 
for interleaving RTP over the RTSP control connection defined in 
Sect: :i.on 14 . 

A successful PAUSE request for a media being transported over RTP/ 
AVP/TCP pauses the flow of packets over the connections, 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/AVP/TCP URI may be 
arr~iguous 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" if the existing connections are to 
be used). After a 2xx reply for a SETUP request for a new 
connection, parties should close the pre-existing connections, after 
waiting a suitable period for any stray RTP or 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[RFC3830] with 
RTSP as defined Appendix C.1.4.1. 

Below, we rewrite part of the example media on demand example shown 
in Appendix A.1 to use RTP/AVP/TCP non-interleaved: 
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C->M: DESCRIBE rtsp://example.com/twister.3gp RTSP/2.0 
CSeq: 1 
User-Agent: PhonyClient/1.2 

M->C: RTSP/2.0 200 OK 
CSeq: 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 1997 15:35:06 GMT 

V=O 
O=- 2890844256 2890842807 IN IP4 198.51.100.34 
S=RTSP Session 
i=An Example of RTSP Session Usage 
e=adm@example.com 
C=IN IP4 0.0.0.0 
a=control: * 
a=range: npt=0-0:10:34.10 
t=O 0 
m=audio O RTP/AVP 0 
a=control: trackID=l 

March 2011 

C->M: SETUP rtsp://example.com/twister.3gp/trackID=l 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, UTC 
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M->C: RTSP/2.0 200 OK 
CSeq: 2 
Server: PhonyServer/1.0 
Transport: RTP/AVP/TCP;unicast; 

March 2011 

dest_addr=":9"/":9"; 
src_addr="l98.51.100.5:53478"/"198.51.100:54091"; 
setup=passive;connection=new;ssrc=93CB001E 

Session: 12345678 
Expires: 24 Jan 1997 15:35:12 GMT 
Date: 23 Jan 1997 15:35:12 GMT 
Accept-Ranges: NPT 
Media-Properties: Random-Access=0.8, Immutable, Unlimited 

C->M: TCP Connection Establishment x2 

C->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 
CSeq: 4 
Server: PhonyServer/1.0 
Date: 23 Jan 1997 15:35:14 GMT 
Session: 12345678 
Range: npt=30-623.10 
Seek-Style: First-Prior 
RTP-Info: url="rtsp://example.com/twister.3gp/trackID=l" 

ssrc=4F312DD8:seq=5432l;rtptime=2876889 

C.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 [RFC3550j. Two cases occur, the first is when a new PLAY 
request replaces an old ongoing request and the new request results 
in a jump in the media. This should produce in the RTP layer a 
continuous media stream. A client may also directly following a 
completed PLAY request perform a new PLAY request. This will result 
in some gap in the media layer. The below text will look into both 
cases. 

A PLAY request that replaces a ongoing request 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 
frames or similar media dependent structures. 

In cases where jumps 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 continuous. 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 
previous 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 request and 
the new PLAY request. In these cases the RTP sequence nurr~er 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 nuw~er. 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, etc, the rewriting should be a minor issue. 

The goal when handling jumps in media clock time is that the provided 
stream is continuous without gaps in RTP timestamp or sequence 
number. However, when delivery has been halted for some reason the 
RTP timestamp when resuming MUST represent the duration the delivery 
was halted. RTP sequence number MUST generally be the next nuw~er, 
i.e. monotonically increasing modulo 65536. For media resources with 
the properties Time-Progressing and Time-Duration=O.O the server 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 receiver 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 server 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 frequency of 8000 Hz, a 
packetization interval of 100 ms and an initial sequence number and 
timestamp of zero. 

C->S: PLAY rtsp://example.com/fizzle RTSP/2.0 
CSeq: 4 

Session: abcdefgh 
Range: npt=l0-15 
User-Agent: PhonyClient/1.2 

8->C: RTSP/2.0 200 OK 

CSeq: 4 

Session: abcdefgh 
Range: npt=l0-15 
RTP-Info: url="rtsp://example.com/fizzle/audiotrack" 

ssrc=OD12F123:seq=O;rtptime=O 

The ensuing RTP data stream is depicted below: 

s -> C: RTP packet - seq 0, rtptime 0, NPT +- • ~ime 
s -> C: RTP packet - seq 1, rtptime 800, NPT time 

s -> C: RTP packet - seq 49, rtptime 39200, NPT time 

10s 
10.ls 

14.9s 

Upon the completion of the requested delivery the server sends a 
PLAY NOTIFY 
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S->C: PLAY_NOTIFY rtsp://example.com/fizzle RTSP/2.0 
CSeq: 5 
Notify-Reason: end-of-stream 

March 2011 

Request-Status: cseq=4 status=200 reason="OK" 
Range: npt=-15 
RTP-Info:url="rtsp://example.com/fizzle/audiotrack" 

ssrc=OD12F123:seq=49;rtptime=39200 
Session: abcdefgh 

C->S: RTSP/2.0 200 OK 
CSeq: 5 
User-Agent: PhonyClient/1.2 

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

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

8->C: RTSP/2.0 200 OK 
CSeq: 6 
Session: abcdefg 
Range: npt=18-20 
RTP-Info: url="rtsp://example.com/fizzle/audiotrack" 

ssrc=OD12F123:seq=50;rtptime=40100 

The ensuing RTP data stream is depicted below: 

8->C: RTP packet - seq 50, rtptime 40100, NPT time 
8->C: RTP packet - seq 51, rtptime 40900, NPT time 

S->C: RTP packet - seq 69, rtptime 55300, NPT time 

18s 
18.ls 

19.9s 

In this example, first, NPT 10 through 15 is played, then the client 
request the server to skip ahead and play NPT 18 through 20. The 
first segment is presented as RTP packets with sequence numbers 0 
through 49 and timestamp O 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 sequence number space 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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C.4. 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 request was received. The 
duration includes all latency incurred and processing time required 
to complete the request. 

The RTP RFC [RFC3550] 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 [RFC3550], the RTP 
timestamp space needs to 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 continuous 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 ms and an initial sequence number and timestamp of 
zero. 

C->S: PLAY rtsp://example.com/fizzle RTSP/2.0 
CSeq: 4 

Session: abcdefg 
Range: npt=l0-15 
User-Agent: PhonyClient/1.2 

S->C: RTSP/2.0 200 OK 
CSeq: 4 
Session: abcdefg 
Range: npt=l0-15 
RTP-Info: url="rtsp://example.com/fizzle/audiotrack" 

ssrc=OD12F123:seq=O;rtptime=O 

The ensuing RTP data stream is depicted below: 

s -> C: RTP packet - seq 0, rtptime 0, NPT time 
s -> C: RTP packet - seq 1, rtptime 800, NPT time 
s -> C: RTP packet - seq 2' rtptime 1600, NPT time 
s -> C: RTP packet - seq 3' rtptime 2400, NPT time 

The client then sends a PAUSE request: 
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C->S: PAUSE rtsp://example.com/fizzle RTSP/2.0 
CSeq: 5 
Session: abcdefg 
User-Agent: PhonyClient/1.2 

S->C: RTSP/2.0 200 OK 
CSeq: 5 
Session: abcdefg 
Range: npt=l0.4-15 

March 2011 

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

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

S->C: RTSP/2.0 200 OK 
CSeq: 6 
Session: abcdefg 
Range: npt=l0.4-15 
RTP-Info: url="rtsp://example.com/fizzle/audiotrack" 

ssrc=OD12Fl23:seq=4;rtptime=l64400 

The ensuing RTP data stream is depicted below: 

s -> ". ..... RTP packet - seq 4, rtptime 164400, NPT .... "ime 
s -> C: RTP packet - seq 5, rtptime 165200, NPT time 
s -> C: RTP packet - seq 6, rtptime 166000, NPT time 

10.4s 
10.Ss 
10.6s 

First, NPT 10 through 10.3 is played, then a PAUSE is received by the 
server. 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 header to map NPT 
time of a presentation with the RTP timestamp. 

Note: In RFC 2326 [RFC2326], 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 exception 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 needed. 
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C.5. 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 to determine whether incoming RTP packets were sent 
before or after a seek or before or after a PAUSE. 

C.6. Scaling with RTP 

For scaling (see Section 16.44), 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 frame, but NPT 
would increase by 1/15 second for each video frame. 

Note: The above scaling puts requirements 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 
(SecU.cn 16. 43) header provides the first sequence number of the next 
segment. 

C.8. Continuous 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 playout delay adaptation. 

C.9. 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 simultaneously. 

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 
to have ended. Therefore, a client or server MUST NOT send a RTCP 
BYE message until it has finished using a SSRC. 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 subsequent PLAY requests 
even if the PLAY response is late. 

An SSRC collision with the SSRC that transmits media does also have 
consequences, as it will normally force the media sender to change 
its 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 
synchronization 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 SSRC 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. 

C.11. Future 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 or 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 co~~inations of protocol, 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 (Section 22) for information how to register new 
attributes. 
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Appendix D. Use of SDP for RTSP Session Descriptions 

The Session Description Protocol (SDP, [RFC4566]) may be used to 
describe streams or presentations in RTSP. This description is 
typically returned in reply to a DESCRIBE request on an URI from a 
server to a client, 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 simultaneously and a set of alternatives 
(e.g., two audio streams spoken in different languages). The SDP 
extension "Grouping of Media Lines in the Session Description 
Protocol (SDP)" [RFC5888J provides such functionality to some degree. 
Appendix D.4 describes the usage of SDP media line grouping for RTSP. 

D.1. Definitions 

The terms "session-level", "media-level" and other key/attribute 
names and values used in this appendix are to be used as defined in 
SDP[RFC4566]: 

D,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 
used 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 support for aggregated control. The control 
attribute MUST be present on media level unless 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 Seed.on 20. 3. 

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

This attribute MAY contain either relative or absolute URis, 
following the rules and conventions set out in RFC 3986 [RFC3986] 
Implementations MUST look for a base URI in the following order: 

1. the RTSP Content-Base field; 
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2. the 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 2326 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 3986 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 SDPs 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: 
"rtsp://example.com/container.mp4/trackID=2". A relative media level 
URI that resolves in accordance with RFC 3986 [RFC3986] to the above 
given media URI is: "container.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 modify 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=2". 
However, this will also mean that using"*" in the SDP will result in 
control URI including the trailing slash, i.e. 
"rtsp://example.com/container.mp4/". 

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 piece of media inside a container 
file. 

D,1.2. Media Streams 

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 used for reception. The client M.~Y try to 
override the destination port, through the Transport header. The 
servers MAY allow this, the response will indicate if allowed or not. 
If the session is unicast, the port numbers are the ones RECOMMENDED 
by the server to the client, about which receiver ports to use; the 
client MUST still include its receiver 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 co~~ination of transport, profile and lower layer, like RTP/AVP/ 
UDP needs to be defined for how to be used with RTSP. The currently 
defined combinations are defined in Appendix C, further combinations 
MAY be specified. 

Example: 
m=audio O RTP/AVP 31 

D.1.3. Payload Type(s) 

The payload type{s) are specified in the "m=" line. In case the 
payload type is a static payload type from RFC 355'.1 [RFC3551 J, 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 one of 
those specified in RF'C 3551 (Sections 5 and 6), or an MIME type 
registered with IANA, or an experimental encoding as specified in SDP 
(Rf'C 4.%6 [Rf'C4~)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 numbers used may be required to 
consider RTP and RTCP Multiplexing [RFC576J.] if that is to be 
supported by the server. 

D.l.4. Format-Specific Parameters 

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 of the fmtp 
parameters, like for example the "ptime" attribute for most audio 
encodings. 

D.1.5. Directionality of media stream 

The SDP attributes "a=sendrecv", "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 nuwber of RTSP external 
methods, like HTTP, FTP, and email. Based on this the SDP applies to 
how the RTSP client will see the complete session. Thus for media 
streams delivered from the RTSP server to the client would be given 
the "a=recvonly" attribute. 
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The direction attributes are not commonly used in SDPs for RTSP, but 
may occur. "a=recvonly" in a SDP provided to the RTSP client MTJST 
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=sendonly, 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 other entities 
than the RTSP client. 

D,1.6. Range of Presentation 

The "a=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 parameters. 

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. In 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 Section 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-seekable content (see below}. The server M.AY 
override that property in the response to a PLAY request using the 
correct values in the Range header. 

The unit is specified first, followed by the value range. The units 
and their values are as defined in Sect.ion 4. 4, Sect i.cm 4. 5 and 
Section 4.6 and MAY be extended with further formats. A.71.y open ended 
range (start-), i.e. without stop range, is of unspecified duration 
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and MUST be considered as non-seekable 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 Section 20.3. 

Examples: 
a=range:npt=0-34.4368 
a=range:clock=l9971113T211503Z-19971113T220300Z 
Non seekable stream of unknown duration: 
a=range:npt=O-

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 valid, and a start time that is equal to or 
before the time at which the DESCRIBE request was received. It MAY 
also indicate start and stop times of 0, meaning that the session is 
always available. 

For sessions that are of live type, i.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 ended at that time, while 
still not be unnecessary long into the future. 

D.1.8. Connection Information 

In SDP, 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 
specified 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 "IP4", 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 unspecified address according to RFC 4291 [R!:"C429I] . 

D,1.9. Message Body Tag 

The optional "a=mtag" attribute identifies a version of the session 
description. It is opaque to the client. SETUP requests may include 
this identifier in the If-Match field (see Section 16.23) to only 
allow session establishment if this attribute value still corresponds 
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to that of the current description. The attribute value is opaque 
and may contain any character allowed within SDP attribute values. 

ABNF for the attribute is defined in SecU.on 2D. 3. 

Example: 
a=mtag:"158bb3e7c7fd62ce67f12b533f06b83a" 

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. 

D.2. 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=O 
O=- 2890844256 2890842807 IN IP4 192.0.2.56 
s=I came from a web page 
e=adm@example.com 
C=IN IP4 0.0.0.0 
t=O 0 
m=video 8002 RTPiAVP 31 
a=control:rtsp:iiaudio.example.com/movie.aud 
m=audio 8004 RTP/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 
servers audio.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 no 
mechanism to indicate that the client should request more detailed 
media stream information via DESCRIBE. 

D,3. Aggregate 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 
"a=control:" attributes, which are used to specify the stream URis, 
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and a session-level "a=control:" attribute which is used as the 
Request-URI for aggregate control. If the media-level URI is 
relative, it is resolved to absolute URis according to Appendix D.1.1 
above. 

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

CSeq: 1 
User-Agent: PhonyClient/1.2 

M->C: RTSP/2.0 200 OK 
CSeq: 1 
Date: Thu, 23 Jan 1997 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=O 
O=- 2890844256 2890842807 IN IP4 192.0.2.211 
s=I contain 
i=<more info> 
e=adm@example.com 
c=IN IP4 0.0.0.0 
a=control:* 
t=O 0 
m=video 8002 RTP/AVP 31 
a=control:trackID=l 
m=audio 8004 RTP/AVP 3 
a=control:trackID=2 

In this example, the client is recommended to establish a single RTSP 
session to the server, and uses the URis 
rtsp://example.com/movie/trackID=l and 
rtsp://example.com/movie/trackID=2 to set up the video and audio 
streams, respectively. The URI rtsp://example.com/movie/, which is 
resolved from the"*", controls the whole presentation (movie). 

A client is not required to issues SETUP requests for all streams 
within an aggregate object. Servers should allow the client to ask 
for only a subset of the streams. 

D,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 
synchronization or Scalable Video Codec (SVC) [RFC5583]. This 
relationship is expressed on the SDP level by grouping of media 
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lines, as described in [RFC5888] 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 D.3) or if aggregate control is not available 
( see 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 [RFC55B3] be handled 
in RTSP? 

D.5. RTSP external SDP delivery 

There are some considerations that need to be made when the session 
description is delivered to the client outside of RTSP, for example 
via HTTP 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 SDPs distributed 
using other methods. Therefore the publisher of the SDP should take 
care to follow the recommendations about availability in the SDP 
specification [RFC4566]. 
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Appendix E. RTSP Use Cases 

This Appendix describes the most important and considered use cases 
for RTSP. They are listed in descending order of importance in 
regards to ensuring that all necessary functionality is present. 
This specification only fully supports usage of the two first. Also 
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 controlling 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 playback of any of the stored content 
uses RTSP to 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 
functions that RTSP needs to be capable of. 

Presentation Description: Provide initialization information about 
the presentation (content); for example, which media codecs are 
needed for the content. Other information that is important 
includes the nurr~er of media stream the presentation contains, 
the transport protocols used for the media streams, and 
identifiers for these media streams. This information is 
required 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 [RFC2616] 
or email to fetch or receive presentation descriptions like SDP 
[RFC4566] 

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

Control of Transmission: After the necessary media streams have been 
established the client can request 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 the presentation. 

Synchronization: For media transport protocols like RTP [RFC3550J it 
might be beneficial to 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 
accessed at any time during a time period when it is intended 
to 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 (DDoS). 

E.2. Unicast Distribution of Live Content 

This use case is similar to the above on-demand content case (see 
Appendix E.1) the difference is the nature of the content itself. 
Live content is continuously distributed as it becomes available from 
a source; i.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 interested 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 
server 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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Another aspect of live content is that it 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 continuously 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. 

E.3. On-demand Playback using Multicast 

It is possible to use RTSP to request 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. 

E.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 controlled by a single 
participant or leader of the conference. Shared control might be 
possible, but would require further investigation and possibly 
extensions. 

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

This use case is intended to be able to handle the following 
scenario: A conference leader or participant (hereafter called the 
controller) has some pre-stored content on an RTSP server that he 
wants to share with the group. The controller sets up an RTSP 
session at the streaming server for this content and retrieves the 
session description for the content. The destination for the media 
content is set to the shared multicast group or conference focus. 
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When desired by the controller, he/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 environments. 

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 to 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 protocol 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 required on the 
necessary extensions. 

E.5. Live Content using Multicast 

This use case in its simplest form does not require any use of RTSP 
at all; this is what multicast conferences being announced with SAP 
[RFC2974] and SDP are intended to handle. However, in use cases 
where more advanced features like access 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 requests 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 also allows for 
load 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 keep track of 
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each individual receiver of a session, 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 
prior to the session start, the state establishment that 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 Section 13.5) with a suitable extension could 
provide clear benefits. 
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Appendix F. Text format for Parameters 

A resource of type "text/parameters" consists of either 1) a list of 
parameters (for a query) or 2) a list of parameters and associated 
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 UTF-8 text strings. The media type 
registration form is in Sect:i.cm 22. 16. 

There exist a potential interoperability issue for this format. It 
was named in RFC 2326 but never defined, even if used in examples 
that hint at the syntax. This format matches the purpose and its 
syntax supports 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 [RFC5234] grammar for "text/parameters" content is: 

file 
parameter 

*((parameter/ parameter-value) CRLF) 
l*visible-except-colon 

parameter-value parameter *WSP ":" value 
visible-except-colon= %x21-39 / %x3B-7E 
value *(TEXT-UTF8char / WSP) 
TEXT-UTF8char %x21-7E / UTF8-NONASCII 
UTF8-NONASCII 

UTF8-CONT 
WSP 
VCHAR 
CRLF 

I 
I 

I 

I 
I 

%xCO-DF 1UTF8-CONT 
%xEO-EF 2UTF8-CONT 
%xFO-F7 3UTF8-CONT 
%xF8-FB 4UTF8-CONT 
%xFC-FD 5UTF8-CONT 
%x80-BF 

<See H.PC 5231,b Space or 
<See RFC 5234> 
<See RFC 5234> 

VCHAR - "·" 

HTAB 
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Appendix G. Requirements 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 RFC 2326 [RFC2326]. RFC 2326 
define both an URI scheme and some basic functionality for transport 
of 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 
"rtspu". 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: 

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

o The round-trip time can be estimated as in TCP (RFC 1123) 
[RFC.l.123] , with an initial round-trip value of 500 ms. An 

implementation may cache the last RTT measurement as the initial 
value for future connections. 

o 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) [RFC1644], can be beneficial. 

o The Timestamp header (Sect:ion 16.5")_} is used to avoid the 
retransmission ambiguity problem [Stevens98]. 

o The registered default port for RTSP over UDP for the server 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 transport 
using 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: 

o CSeq: See Section 16.19 

o Times tamp: See 8ect:l.on 16, 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 2.326 
[RFC2326]. 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 
RTSP/2.0 in all responses to requests containing RTSP-Version 
RTSP/2.0. If a server receives a RTSP/1.0 request, it MAY respond 
with a RTSP/1.0 response if it chooses to support RFC 2326. If the 
server chooses not to support RFC 2326, it MUST respond with a 505 
(RTSP Version not supported) status code. A server MUST NOT respond 
to a RTSP-Version RTSP/1.0 request with a RTSP-Version RTSP/2.0 
response. 

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.1. Play Request in Play State 

The behavior in the server when a Play is received in Play state has 
changed (Sect:i.cm 13. 4) . In RFC 2326, the new PLAY request would be 
queued until the current Play completed. Any new PLAY request now 
take effect immediately replacing the previous request. 

H.2. Using Persistent Connections 

Some server implementations of RFC 2326 maintain a one-to-one 
relationship between a connection and an RTSP session. Such 
implementations require clients to use a persistent connection 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 
l:Jttp://:ct::;p~ipec.,;:ourceforqe.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. 
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Appendix J. Changes 

This appendix briefly lists the differences between RTSP 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 is not intended to be backwards 
compatible with RTSP 1.0 [RF'C2326] other than the version negotiation 
mechanism. 

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 core; 

o the RECORD and Al>J""NOUNCE 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 RTSP 1.0: 

o RTSP session TEARDOWN from the server to the client; 

o IPv6 support; 

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

o request pipelining for quick session start-up; 

o fully reworked state-machine; 

o RTSP messages now uses URis rather then URLs; 

o incorporated much of related HTTP text ([RFC2616]} 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 
situations; 

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 interaction was 
moved there instead in the part describing RTP. The section also 
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 Al'rn"OUNCE in RTSP 
1.0 not intended for Recording. 

J~2~ Detailed List of Changes 

Compared to RTSP 1.0 (RFC 2326), 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 
Require header. 

Syntax unclarities with the Mode parameter has been resolved. 

Syntax error with 
resolved. 

II ~ n 
! for multicast and unicast has been 

* 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 IPv6 explicit addresses in all address fields has 
been included. 
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* To handle URI definitions that contain";" or 
format has been introduced and is required. 

H n 

March 2011 

a quoted URI 

* Defined IANA registries for the transport headers parameters, 
transport-protocol, profile, lower-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 channel 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. 

* Syntax definition for SSRC has been clarified to require BHEX. 
It has also 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 
"npt=-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 CSeq 
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 Pipelining rules allowing for quick session startup. 
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o The HTTP references has been updated to RFC 2616 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. Known effects on RTSP due to HTTP clarifications: 

* Content-Encoding header can include encoding of type 
"identity". 

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

o A IA...~A section has been included with contains a number of 
registries and their rules. This will allow us to use I~.NA 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 connection unless 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 requirement on the servers to handle non­
persistent connections as this provides fault tolerance. 

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

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

o The following header related changes have been made: 

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

* 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 requirement on CSeq header that the value is increased by 
one for each new RTSP request. A Recommendation to start at 0 
has also been added. 

* Added requirement 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 expanded with a explanation on 
keep alive and which methods to use. SET PARAMETER is now 
recommended to use if 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 response. 

* Clarified that RTP-Info URis that are relative, use the 
Request-URI as base URI. Also clarified that the used URI must 
be the one that was used in the SETUP request. The URis are 
now also required to be quoted. The header also expresses the 
SSRC for the provided RTP timestamp and sequence nuw~er values. 

* Added text that requires the Range to always be present in PLAY 
responses. Clarified what should be sent in case of live 
streams. 

* 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 
R.FC 2326, but could be misinterpreted. 
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* 

* 

* 

* 

* 

* 

* 

ETag has changed name to MTag. 

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

Imported the Public header from HTTP RFC 2068 [RFC2068J 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 [RFC5234] and has been gathered in a separate 
Section 20. 

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

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

* The protocol has been made fully IPv6 capable. 

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

* The CHAR rule has been changed to exclude NULL. 

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

* The use of status code 303 nsee Othertt 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 Required", 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 external description. Only that 
it exist is defined here and some requirements 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 requests 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 consider 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 functionality 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. 

Schulzrinne, et al. Expires September 10, 2011 [Page 292] 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1585 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



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

Appendix K. Acknowledgements 

This memorandum defines RTSP version 2.0 which is a revision of the 
Proposed Standard RTSP version 1.0 which is defined in [RFC2J26]. 
The authors of RFC 2326 are Henning Schulzrinne, Anup Rao, and Robert 
Lanphier. 

Both RTSP version 1.0 and RTSP version 2.0 borrow format and 
descriptions from HTTP/1.1. 

This document has benefited greatly from the comments of all those 
participating in the MMUSIC-WG. In addition to those already 
mentioned, the following individuals have contributed to this 
specification: 

Rahul Agarwal, Jeff Ayars, Milka Boie, Torsten Braun, Brent Browning, 
Bruce Butterfield, Steve Casner, Francisco Cortes, Kelly Djahandari, 
Martin Dunsmuir, Eric Fleischman, Jay Geagan, Andy Grignon, V. 
Guruprasad, Peter Haight, Mark Handley, Brad Hefta-Gaub, Volker Hilt, 
John K. Ho, Go Hori, Philipp Hoschka, Anne Jones, Ingemar Johansson, 
Anders Klemets, Ruth Lang, Stephanie Leif, Jonathan Lennox, Eduardo 
F. Llach, Thomas Marshall, Rob McCool, David Oran, Joerg Ott, Maria 
Papadopouli, Sujal Patel, Ema Patki, Alagu Periyannan, Colin Perkins, 
Igor Plotnikov, Jonathan Sergent, Pinaki Shah, David Singer, Liar 
Sion, Jeff Smith, Alexander Sokolsky, Dale Stammen, John Francis 
Stracke, Maureen Chesire, David Walker, Geetha Srikantan, Stephan 
Wenger, Pekka Pessi, Jae-Hwan Kim, Holger Schmidt, Stephen Farrell, 
Xavier Marjou, Joe Pallas, Martti Mela, Byungjo Yoon and Patrick 
Hoffman, Jinhang Choi. 

K.1. Contributors 

The following people have made written contributions that were 
included in the specification: 

o Tom Marshall contributed text on the usage of 3rr status codes. 

o Thomas Zheng contributed text on the usage of the Range in PLAY 
responses and proposed an earlier version of the PLAY NOTIFY 
method. 

o Sean Sheedy contributed text on the timeout behavior of RTSP 
messages and connections, the 463 status code, and proposed an 
earlier version of the PLAY NOTIFY method. 

o Greg Sherwood proposed an earlier version of the PLAY NOTIFY 
method. 

Schulzrinne, et al. Expires September 10, 2011 [Page 293] 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1586 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



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

o Fredrik Lindholm contributed text about the RTSP security 
framework. 

o John Lazzaro contributed the text for RTP over Independent TCP. 

o Aravind Narasimhan contributed by rewriting Media Transport 
Alternatives (Appendix C) and editorial improvements on a number 
of places in the specification. 

o Torbjorn Einarsson has done some editorial approvements of the 
text. 

Schulzrinne, et al. Expires September 10, 2011 [Page 294] 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1587 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



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

Appendix L. RFC Editor Consideration 

Please replace RFC XXXX with the RFC number this specification 
receives. 
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DVD player, is designed for the affordable 
home theater system. You can enjoy 
commertial DVD-Videos also HDNet® DVD 
titles on your big screen. The front USB 
port enables to play from your portable 
player or HDD, and the ethernet connects 
to your computers. 

The LlnkPlayer can play back Windows 
Media Video® 9 (WMV9), DivX® HD, and 
MPEG2-TS (HD 720p/1080i). HD mode 
allows you to enjoy pictures and movies in 
High-Definition (Video Up to 1080i / Photo 
Up to 2048x1532). 

!1:Utffitffll Download PDF Manual (4538 
Kb) 

[EI,;;"~ Downioad PDF Cataloq (1490 
'd ·' , Kb) 

llillllllll!Kf!·- View FAQ 

ltf@i!'!li'ifll View Ga I lery 

Download ava:i;;l)I,: drivers 

Update Info 11/20/2006 
- Setup Guide / Online 
- Firmware Upciate NEW 
- Beta Software Download 
- Tips/ Hints 
Where to Buy 
·· US/\/ Canada 
Latest Firmware Version 
20-50-061026-04· lOD-234 

Home I Corporate I Products I News I Support I Contact I Unks Copyright© 2003 I-0 DATA DEVICE USA, INC. Al! Rights Reserved. 

1 of 1 http://www.iodata.com/usa/products/products.php?cat=HNP&sc=•A VEL&pid=AVLP2/DVDLA 5/4/2007 11 :58 AM 

&ts=2&tsc 
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Xbox.com I System Use - Windows Media Center Extender for Xbox Page 1 of 2 

Windows Media Center Extender for Xbox 
Original Xbmc System Use 

Consoie 

View the Dashboard on tiDTV 

Listen in Surround Sound 

Extend Your Warranty 

Windows Media Center extender for 

Xbox 

Troubleshooting Your Hardware 

Trou,~!eshooting Network Conriectivity 

Power Cord Replacement 

Xbox live Features 

Account Management 

Resources 

Related Links 

• Set Up Your System 

• Guide to Home Networking 

• Jom Xbox Live 

Product Information 

Xbox Windows Media Centet Extender 

Manufacturer: 
Microsoft 

Related Links 

<!I> Hardware Manu3!s 

111 Product \Neb Site 

• Xbox Support 

Category: 
Accessories 

Console: 
Xbox 

$79.99 

111> Xbox Wireless Network 

Windows Media Center Extender for Xb 

Bring your Media Center PC experience to your Xbox@ and turn it 
u!t:mate entertainment center with the Windows@ Media Center E 

Xbox! Enjoy digital music, photos, videos, and TV shows on televi 
throughout your home. 

With a wired or wireless connection to the Media Center PC (sold 
the Xbox console now ailows you to enjoy the digital entertainme 
your PC when and how you want. The included remote 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 entertair 
revolution! A whole new world for your Xbox awaits,,. 

• Watch and record television shows. 

• Enjoy a free integrated TV Program Guide with no fees. 

• Access your Media Center PC's digital media library music, vid 
pictures. 

• Stay connected with instant messaiJin\J and Xbox Live®. 

• Watch DVD movies. 

• Listen to FM and Internet radio. 

Entertain Yourself 
Turn your Xbox into the ultimate entertalnment center, Enjoy all 1 

music, photos, videos and TV shows stored on your Media Center 
convenience of your Xbox console. Extend the experience througr 
add-on services that offer music and video on demand, news, an, 
information. 

Take It Anywhere in the Home 
Use the built-in Ethernet network support of your Xbox or optiona 
wireless hardware (sold separateiy) to bring the Media Center exr • 
t€levisions all over your house. Just connect the XtJox console to I 

network, run the set-up software on the host tlJedia Center PC, gr 
control, and you're in business. 

Keep in Touch 
Never rniss an Xbox game invitation, thanks to built-in XboxLive J 

support. Send and receive Xbox Livegame invitations while watch 
listening to Internet radio. Keep in touch with family with instant 
Windows® Messenger. 

Enjoy DVD Movie Playback 
The included remote control also supports DVD movie piayback tr 
Xbox console. Enjoy a night at the movies .,. through your Xbox! 

Screen shots 

http://www.xbox.corn/ en-US/ supp01t/s ysternuse/xbox/ console/medi acenterextender.htm 5/9/2007 
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http://www.xbox.com/en-US/support/systemuse/xbox/consoie/mediacenterextender.htm 5/9/2007 
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Windows" XP Media Center Edition 2005 

Experience more entertainment 

OWindowsXP 
Media Center Edition 2005. 
Th~ h:sct Wlndowi £vi(fr Oeil;n$d for th• HM1'111t. 
bptti~t~!t morn of th~ photos, l:Tu.liSJ~. rnlil11i~, 
m;:;i;J!j!$ ruid game~ yw wllnt thr<Xlgh-out :y1i:.i.1r homec 
with keyb.:-.1.:m:i <1i11d mO'l1St> 0( ,l rl!!mo~ ,r.onctl'OI. • 

Completit illl!'ld £i111t)I !:ntitrt•lomtnt, 
fn:i<>Y ~I of yovr oigit;;I ~r.tl!lrt~nrn~r.t <111! 1n on~ pl;!~, 

More Con=tmt Th~ wldest ran,ge oi WE!)'~ to 
e-xperieni::e yo;;r oigital ,:mwit,,inlfl'1e,1t arr.;.1,.md the 
home an,d cm th,e, gr.i wrt!\ Me,dia (ef1t;;,; &tender,, 
1-~1biq Moora C'1ntw.~ .ioo roor!>. 

l'\lll;lffMwli:, .. 
~~t\'l' (n\!$1{.l!l~whaj;l, .. 
!l\li!'l'fll/llr/-'ya,tll'W~)',·~~th,i; 
mrnfll!t'l1<-~1t.nf Jill:l'~.p; .. ntl 
~t;<?'./!S e:~flll:1 mu~ Ji'.'ii!ivi(~ 
· ~ll.JI ir,;m!~ mt;1$i, ~,:;, a wi~ 
tail~ m {fey,;lr~ Qvki;1y 411\1.'1 . 
~Jflro,m ~\lt'l3'VC!lil\lt$'.!0Cl1 .·. 

More Tl,( a11~ Mo,;!$ •.. 
P,lH.!11:l' ~rid (l;('.i;>t~ Ir~ n,.~ 
lii.K.k up ~r fa'@rm.< . . 
~1, lri Dl/11 !:)i,;ily fioo . 
~l-0 ret:t.m.1 <If~ ~y 
wfU> 11M t4W Mi)'}~ f!l'ldw. 
\"h!di DVO~·l!!n<d 
ai<:O'll,.l;~•OO'~M 
from onliM .:s<!!1,'Xl!l'I. · 

. flJfor~M~~ 
AM«!i.11 Cer1t~,oc~~ il 
~~ liq. ~IO!'i(u,d: ~llli(!i )'00!!' 
dlgiW,n~~ Us.e lt.ri. •· 

. ~i~-io t~ fo cm~ ptw1i::,· 
~00'"(;$,~k/t'~\'$!i<'d 
h>ome ·~. '.fhtn :ih~ y,o,ir 
s1111allioos on CD, DVD ill'id th<!! 
W<P.l!l for ~Oflt1 to a*1Y. 

i.'.ll,'.lt)li;:.IAr.11".itift~~AA;~~~ t.$1'.l~\l'lt~~!ll?t~.A!N:~ 
~ij~tl<,1\';1-*~J(i~,S:M!?~{ir~~~flt'~~-l;)-'~VM~$l!t 

O ·K~Y Features. 
•· 'Af!-l~~t.>llioo cf your ~·ll'lo;sk.lV ~~·· . 

·• Wv~~Y.~~~kiV«in411l~fQr 
H.Dl\l" ~ )IOl.l . .Ile-) · 

, l.l<.<m~ m,,;is:k,,\'ld~~Nt,:') DVD 
.• ~rii:00:, 1~,mhii~Mkl · · 

ml!'e)/1'.lffldi!;il1lial~, 
• ~-0p,eratiooWMfl 

V.~,l!Cf>CfflQl,~·<)I" 
~lre~.ton,tt,:i!." 

• !'w.A-rd ~I~~~ JV t~ 
~Jhll llilr.)l!I t111111! with your * 

. ~1.1119 ,ab!& « »tel!i!e ~lJ~ 
j.J&i!F'.in l:!~l1;~ogriimrr,fR9 
. !>1,~*"' M<.i: MQ\li,!; i:iooiir 'llrilh. 

M ro®ifi!y f- . \ 
• ll'{'fld~ M!l(ll&'! i'11!y"1' 1(l 
• Wind~ ~.Miik,er t,l wfthDVD;.~mlng . 
, . Eri.if.l:I' iiltyi:;,ur digit&! 'll'Yl,,lftmir<m"1rlil: ·10 ~cy .ro,o,in iii ~ 
, noow with Mookl Cenl:l!r £:.'tMi:l.ir devi.ceis 
, .F;J!l f~ii1"'' ,mif<';,;?1lm1i~ y,.;u ~~11 ,,..;;,n 

Wu'!(!~:<;~ ·· . ·· 

Windom XV Misc..-. Cmt« 
!:ditioo l0!)5 ,~ ;;w;illillble 
~itll§taifr..doo!M!W 
K~ Prodti<:t ,11~1!.iibi!ity 
mll)''Xl<il" ll:l' g~ny 
,wd rr..mwl,1,durw: 
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Home > Learn > Serving Media Content > Adaptive Streaming Comparison 

Adaptive Streaming Comparison 

Published on January 28, 2010 by chriskno 

Updated on November 18, 2010 by chriskno 

Tags: Adaptive Adobe 8QQ!.§ Dynamic 
Streaming Flash HTTP 115 Microsoft Smooth Streaming 

115 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 115 Media Services (http://www.iis.net/media), 115 Smooth Streaming delivers up to true HD (1080p) video 

experiences that increase user engagement times. With integrated media delivery in 115 (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. 

115 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, 115 Smooth Streaming provides built-in sophisticated stream-switching, full DVR 

controls, and support for multiple camera angles. In addition, 115 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 115 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 

Free downloadl $4500~ Cost of Web server~ 

(htti;i:Wearn.iis.netiCon (http: //learn.iis.net/ (http://learn.iis.net/ 
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trol Panell'.themes.O isl'.#1 Control Pa nelLthemes Control Pa nelLthemes 
Cost per 

} + $469 for OS~ LiisL#3) + OS cost~ LiisL#S) + 
Streaming Server 

(httg: LL learn. iis. net'.'. (httg: LL learn. iis. net'.'. segmenter OS~ 
Control Pa nelLthemes Control Pa nelLthemes (httg: LLlearn. iis.ne:tL 

LiisL#2) LiisL#4) Control Pa nelLthemes 
LiisL#6) 

On-demand & , .. l ~.-,/ i 
Live Streaming ·, ~l,; 

Live Streaming 
DVR~ 
(httg: LL learn. iis. net'.'. ' ,it Pause & Seek 
gage.asgx/792Ladag ·, 
tive-strea ming-
comgarisonL#7) 

Streaming 
HTTP RTMP HTTP 

Protocol 

Scalability via 
I 

HTTP Edge ,~ .. ,~ ... ,/ 
·l ~l 

Caches 

Stateless Server 
Connection~ 
(httg: LL learn. iis. net'.'. ,l·' J 

gage.asgx/792Ladag 
,i~t,;, 

·,~ .... 

tive-strea ming-
comgarisonL#8) 

Silverlight, Xbox 
360, other Smooth 

Streaming-

Supported 
compatible players, iPhone OS 3.0, 

Platforms and iPhone OS 3.0~ Flash Player 10, AIR devices running 
(httg: LL learn. iis. net'.'. QuickTime X 
gage.asox/792Ladag 

tive-strea ming-
comgarisonL#9) 

None10 

DRM Support for (httg: LLlea rn. iis. net'.'. 

Live, VOD 
PlayReady gage.asox/792Ladag None 

tive-streaming-
comgarisonL#lO) 

DRM ASP & 
EncoderISV .. ,.,/ ... 
Support 

Interoperable 
DRM (DECE 
Approved).:: 

~·/ (httg: LL learn. iis. net'.'. 
gage.asgx/792Ladag 
tive-strea ming-
comgarisonL #11) 
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Real-time Client 
"\./\2 

and Server 
(httg: LL learn. iis. ne:tL 

Logging 
gage.asox/792Ladag 

tive-strea ming-
comgarisonL#12) 

Programmable 
~l ~·,/ Client Side ~{,~ 

Switching Logic 

Live In-Stream Ad .. ,,// 
Integration 

Built-in Analytics ' ,./~~ 
Framework ', 

Delivery to Mobile ~i l 
Devices ~~./ ~t 

Native 64-bit 
~·/ ~·i 

Server Support ~t 

Media Container 
MPEG 4 - Part 12 MPEG 4 - Part 12 

MPEG-2 TS 
(Fragmented MP4) (MP4), FLV 

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) 

Supported Audio Codec Agnostic 
MP3, HE-AAC, AAC-

Codecs 
( currently supports AAC, MP3 

LC 
WMA &AAC) 

Maximum Bit Rate No limit No limit 1.6 Mbps 

Default Fragment 
2 seconds n/a 10 seconds Length 

30 seconds13 

End-To-End As low as 1.5 (httg: LL learn. iis.ne:tL 

Latency 
seconds 6 seconds gage.asQ2S.L792Ladag 

( configurable) tive-strea ming-
comgarisonL#13) 

File Type on 
Contiguous Contiguous Fragmented Server 

Client 
Microsoft . NET 

Programming 
Framework 

Adobe ActionScript Objective-C 
Platform 

Footnotes ... 

I 115 Smooth Streaming is part of the free 
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115 Media Services 
Ql (httg:LLwww.iis.ne:tLmedia) download for 

Windows Server 2008 and Windows Server 
2008 R2 . 

Runs on any edition of Windows Server® 

Q2 
2008 or Windows Server 2008 R2 including 
Windows® Web Server, which has a list 
price of $469. 

Assumes use of Adobe Flash Media 
Q3 Interactive Server to support Pause, Seek, 

Authentication, and higher scalability 

Requires Windows Server 2003 SP2, 

Q4 
Windows Server 2008, Red Hat® 
Enterprise Linux® 4, or Red Hat Enterprise 
Linux 5.2. 

Runs on any Web server. Also requires the 
QS 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 

Q7 
Forward (e.g., 2x, Sx playback speeds), 
Fast Rewind, Go To Live, Instant Replay, 
and Slow Motion. 

A stateless (non-persistent) connection 

Q8 
between server and client increases 
scalability and allows seamless failover or 
rollover between load-balanced servers. 

Support for adaptive streaming to the Apple 
iPhone from 115 Media Services 4 was 
announced 

Q9 (httg: LL biogs. iis. netLchrisknoLa rchiveL2009L 
12L01Lfags-on-using-iis-smooth-streaming-
with-the-aggle-ighone.asgx) on October 
18th, 2009. 

Future support was announced 
(httg: LLwww .adobe.comLgroductsLflashmed 

QlO 
iastreamingLsistemregsL) Sept. 10, 2009. 
Proposed availability is Hl CYlO for delivery 
to a future version of Adobe® Flash® 
Player and Adobe AIR™. 

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

Real-time logging for Silverlight applications 

Q12 
using the 115 Advanced Logging 
(httg:LLwww.iis.ne:tLAdvancedLogging) 
extension. 

Encoded live streams are processed by the 

013 Apple stream segmenter. This intermediate 
step results in increased latency for live 
delivery. 
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Products f Sendi.:QS 
O!scm,s!i!cl 

Best Practices For Multi-Device Transcoding I Knov.1edge Center 

View current 

First Supported Kalima 
v~rnion: 

Today i.~dtXJ /~s e-..~~:'')''\-'-:'t·s~~:~~. E,~:r-y· :3/)e Ew~:')'· d~Y; .. ~Ci3. E,~:y:.vh*ff: ')"DU h:n-i ,.~d*~) is. s~re:.:1rr:ln~1- Gf~nsume:· &y~~s are b&H\~~· 
in:~1ni.::ti t~~an 0'.·~~r. i.:!X~)f:tt1nf) hl:Jh0r ~ifW nl9n~r q:Jiility •i .. •itf~ fa~bt~r ~nd fa~~~t~r sf::-,~r:i.::. 

G:..)nt~;:nt ls k:n~) and n,) ont: ".-\<:_):1tf~ U:i.::k :::rJnt0nt \::t~frupted b~3C23ti:~-:s of \~d~-;:0 buff0rh:~1, sk1pp~Jti fr::~~"fif:-& fJr '::ht: dr-:s;.:::,di.::d 
cr&s.h~~d play~~·. 

The R:lk-:'l,:ing d\..-:ct:n:~}nt det~:i!s Hit~ (~:...m~:-:-it B:~}fat Pr~:K~~Jci.::s Rx ~·~:..im-t)\~;,,h..;i.:: Trf1n~~co:..~h-:~} E.:~:ch ~::~~ct:~...1n i,vm d~~t,-11; U:i.:: 
:":::::::r.-:nrni.::r~di.:Xi fm~>:YJin9 s-::ttfng$ Bnd ff:-&f3tutionr~ for thf~ c;..:rr~:r:t Bn-:::.y fi fj~;,,.k;~:s ;:3tr;n(~ ,.-.. .. ;t~1 ;..:s.:::- :.":::':.Sf:& r~nd ba:.;kgfr-::sJnd 
:nR):-:-m~~J,1n. 

T:"m c~~;~lit~n~1e of st:~3a,rnln~1 '\.iiJ~3-J :~~ to ~nd the r:~1ht b;~;.:~nce b~)t...,·~:~·m t}/ti';~ie ~md resolutk.:n ~ff: It r~:k:::h}fa ~3...": ~:n ~:nrJ :..r~er's 
f~~;nn0,~Uo:--: &pf~f~d ;~nd sy&t~~rn abWiy, Tt;-r~r.:::- arf2 !f3: to:.: mr~ny \·~3:ir~bl~ sthat could lnb::rrupi pl~:v-ba:::k ff~: us tf3 r~ccou~:t ft)f 

ihi.::n: .:~B. ;~t li.::~:.st -=~~3, r:f thf: tlnw: :.:f HH$ ,{..-:·:tin1~. H~~i'~ is ~~ s~~ori nst f.tf 1x~t0nu~:.i st:~;;.:~n1 kiW;1~1 v.:~r\;~b\0;3,'. 

Th~:~}~j ;~r& just the n:f;:~3 t-:b\-~fh~H ,-t-xl~it~i~:~} tt-: co::s-::.1H: ;~nd Hit~UfJh ~\.~j cgn not c•Jntro: n;Brn ~:n \:-.:-B e~:n ta~F3 st~:ps- t-J &'..,t)/d 
or- &GG:.::.int fi n:.ost ti th~:n:. 

cr~r:ti:-nt ~rJws t(: ,~:: t:nd u~3.0ts sy~~t~;;rn h: ~i str:2:,~n: ri d.:~t,~ :·flt~r;~1 \/~\\;; ,~ :iv:~r r:-:is):"it ~rJw ~-r)m ,~ n·h·)unt&:n t1:-$iHi..t:1r to :~ 
~3mt~U h)'..,vn. Ail conh::nt ih:::.t Is ,.,,~~':\.-'..··~3d on t~~t3 lni~:n1~:t Jrn3Ji:J~3 t~n applic::)t1:::m lE3 cons1d\'.:x~:~ E3H~:affiing ~~0nt\'.::nt Thl2s 
doG:.:rn~inl k:-...;us&s on ~st~~:&r:-il:lf3 i.-1d~r~. 
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:]f3r~~ is '1:3e;::.n1:\.':~Ss '1 • VVh~~n ~tt:3pti,~~ !s don'3 co:1~3ctiy th&:-f~ t3n..-.1uld b\.':~ ntJ inten1~pt:tm of pi;~yb::1ck. 

lf f~ i.::3{~r~f3 conn&:.:-;t:Dn fJ:opp&:..i frn:n ow3: ~~.t~ :\:1bp::: tr~ f~£3Y ·H.K1G kbpf~ t.h0 \~ffo~\.1 pl::1y&r >;,.;,,•:..:uki s>;,,;,.•\k:h. ;~~V:':.:n s&&r-nlt~Sf~ly', 
fr.:.v1~ H;e 2t~·12 bit :~~t.0 :..i(N•/n tr.• th0 ; t)Gt1. Oft~n th~:- play-Br is d~:-tlg:1"titj it~ st~~:t. 0:1 t~~~.3 k1;.-'i.,.'ti-'t~t poss:b:\.':~ t;lt ~B\\.':~ &r.• th~t 
pl~ytx~:..':k t;t;~ris trnn10dl.:::.t~:y, So f:.x thl\3 ~:xarr1p:~~3 t.h~1 BOO ;~bpr3 slff3.mr~ ff:i~1ht b~ s~::~~d t~P· fa~t ;::.nd U·it3n m3 iht~ pl23y'i3r 
:·'t~~illiJw ;.h~t th~3 user L~in ht~:~die a tiiffi't:ir blt:~it't:i h v-..·•Juki th&:1 ~i\·•.l:tc:~ U:J 

.-'\n .:\dap,t1,~~ S0t :s ii :Jl3GkB~)\.':! :..1f tn3nscod0s fGf th\'.:: &iifn'-3 "'~f~f:D 1ht:::.t sp23n rr:u:t:p:\.':: hlt n3t\.'::s iind ;3r~~ rnt3arn to ~n:..i a 
b::1::~nG& b"t3t\\''f~'t3n ,~onn0Gtbn f~p~3:\~d ::1rKi :'i3-f3Qlutk:n. 

In en .. :~::· ~)i' i-\d~3pih~f t1tf~~~3n1in~1 tf.' p~\1\·~dff th0 :...:pt::nBI ;,,i~:\,v\n~1 ~=x~:~::·:e:-it.:~:;. ,~i: th~: ~~tr0,~n:s i:-i th0 ,o!\d,:::.pth.-;~ Stj :r::..~st bG in 
so:-r:t3 I3ll(~nn1~~nt. Typ/G;.~i;·y, kx D\'.::sktt}p I3nd t~0t Eiox app,ll:..':atbr-~s. th:s ffit323n:3 th::)t th0 ~°1"::)ffit3 rt:::.h::s) ~0y t-::1:--r~t3 lnf0rvaiss 
(GOfJ siJ:f~J. ,:::.udi:..1 Sf~mpl~3: n.:::.t&&, ;3nd s:..: f3n :::hrn.:ld b& ~h\~ sani'ti with::: a r::-..~t. Tl'~is ls :~o t:w~ ;3s th't3 p!aye;· S\~.-:~Gh&s 
~'3l\·'.-'€3~3n bit fat'3B ::1 &fnot11h; &'t2f3rnl'8BB S\.\.'llch :s act~i"t:,~~d '-'~·lthout an~: blli:0rin~1, fitBlt0:-ln~1 or not:c~1::1t;ifi 23;Jd!t1 pops, 

·rs---;if; i:; not §.)!!:..:w::::d1 ho~·,&)\.~~r1 -:.~·i-::_~n k)t..kln~1 2~t ::·Kiapt:,~: s~:tss fr;r n-::..)b!l~:. \:Vl'lf~n us\'.:-::-s 23f0 ;.,~f:'f/:n~1 t::-..ntt3ni on 2~ mob:10 
:..i0\·~t:e ~-h01·' may· b0 n:f.--~~n~1 in b~:h,·~:t:n ~,··\t\::t:ss Oi' :._';~:ii ~:.onf~s ;~nd th~:::- si;::rn~i 3h\:nrf~1 rn:::y §lK":tua~.0 \.VliJ.;~!~··. -n:ouf3l'l '-:'..:'f~ 
wlii g~Ji :nt:) thl~3 In m:..)ft3 d0ta:i in tht3 n1obi!e s::::tti::;n 9'3ner::1lly h::::cauE3~3 of this ,,;:.~~~::1b:\.':: )h1U w::1r;t you:· bit ?1~t0s to not :..1n!y 
&fHin possibl0 rnor;/l~~ fX!nnGcik:ns t;ut ::1lso b& f;ptln1lzed :br m;3ln~&:n:n~1 t:i"t3 :str~:am --- this ::·)iP)" :110an :~a:d shms dt;-:.;;,,.1: in 
~lt ~-::1t"tif.: :sG that ih.:::~ &nd u~s'8r doH& rn.Ji ha\.~ th&\:· f!K1b/l~3 p!t~y.:::x c:H:3h :.:~nd r~\$'tinf~ag~ tl'mrn fr:.)~T·~ yf;u: contHnt Bnd 
bt~s:n~:ss. Bf:CWJf3f~ ":i fr:\s f3t~ bit r::1tf3ts 90 k!\.':.,''~r thf: r~sokrtk:n 23l&o fjr~\.':t~~:.:1s::::s. ;3:3 d:..:~:s H1.;~ ir:.:1:Y:f: :;::.t~~. Fr::-:rnf: :;~t~-:s R:r 
:"flfi.iil't: mt~y s10 ~ib !Gs.:v 2~s H \~s . .:\s1a:::, \?·.ff: \,.,..:ii S)\.':!t intG this \:1 :nGr0 :..i&ta!l in r.h\:: ~V1t~t.;\lf: ~~&ction. 

E,~:ry de\,k-:H ~-;.;3~s diff~3rent ~3q;_:!rem0ntfi Gun-~:ntl:,-/ for \'V~1;3l H:'t!~/ ld~3Blly ;.•w3rn in a:: ,:\dapth.~ ~~'3t Tl'~!& f)Bn b\.'::corr:t3 
fJ\-B~1"'iheln1in~1 tt; ,,ki&:..: p:(1duc&:~. \3:dlt.ors i~nd n1::1n&~J&:1s ;~r:: ii r.kJ't3~s. in rf:f~nty, rn&~1n :{tJU nGed ffi.f3ny 'i.~~m/Gn:3 ot"y:..:tff ;,,,ki&:..: 
~l~:& ftJf .... ~n\.':: \.~-::i~o to tJt~ pl;..~yt~bie ~croEsEs rnu:t:p:\.':: dfi\)it':es. Tt"~i& iiE:t {:ot~id go a~s high :.:)s 40 dlff'ti~.3nt t:1~rnsGt":·d0s ttmt. n\.':~\.':~d 
k: t;~i':r~ p:~ .... ':~: ht:-~v~='-·~3r d:..: not p~:-:k\ yo~J d\.1 n:..:t rli3r~d i:..: ut~f~ .::=.ii 40 ir y:..:tff b;xi~1~-:i 1 t3k1r-~1~1:::: con:s/di3r~tk:ns 2md t.:rn~: do p,)t. 

pf::"P~I;. It "{ou L~in con:p:1)m\~3,3,. but understiind the.t tho:s-s v;:3:\f~b\~3:s \•W3 dl~ct.:SS\.':'::..i in the ~rst HBctk1n o~,; tl'1lt· dt.1-..~:...in~\.':~nt 
:?1;::.y b&f:t1r:·3f3 ;::. ~'~ctt:r Bnd c&t:sf~ pG-Gr pl&yb::1ck. in ::1 !&tf3f \Section:,'.-'\'.:: :.~iii diBcuss spf3c:~:..; d~3,·k~\.':= grrn3r;:~ ~nd t:]f3 \~etU::~J& 
;~nd :..~sf~ t:af3{3~~ ~-:pplk~~:bl.:::: to -3:~ch. 

t~ek.1r\.':: -,.-~.-0 c-~m di,~: :ntL~ th\:-: spf:t.:lfa': d"t~\~C\:": s1:·oup"ts ,~n:...~ tl'i't3if lnt\:-:nd\.':::..i S't3ttln~1s it l& im~x1:tant to und't:m;.:~n:...~ tl'i't3 G~'3,\:":t~t:~)ls 
of fr::1::s:..-:odln~J. ':"his s&:..-:ttr.,n ,,.·n: d&taH :n0 :~1:..:st cGn1n:r~nty Ll!:3~d s&tt:ngr3 In this p:tJ{~0BB :-~1nr)tnf) f:..-.1rn GOP s:;:\.':: (of i .. 
Ft~im~~ lni~:1\13;} h..: f\~!::-ok:tions ~ind ff~~rnt: :·atG{~ &t::..: ~~o on 

Let's &ti~rt \.\.·hh tfmt word 11 trB;-~sct:d\::sf. .A co:-ttJ·~il\: fon:·1iitt.:.:~d \.~tjtJ<::: rnast"tif wH: NCH s-t~.3I3m on t.h~ inte:":;et. ..=:,nd mu~~t. b~: 
con;..~:(:'~3ij_ tx tr;~nsGo:..i::::d, in ,1:--:..i::x t\.1 b~: >;,~'~l.:\•Y3d. / .. \ h·:.1::st..odf3 i:s n-:a:..'.lf~ ffi;m ttiktn9 i3:~ ~1nG:..:ti:::)d p/~3f;.;~ \.1i \.~df3t3 ;::.nd tl'k~3n 
"~.:.1ni-"t:nJn~1 It :ntr.- f..1n0 tx m-Jre :l&b\•iy ~)nd m-:.1;"0 compr~~SS\.':'::..i &~ret~ms th;~t can r~1-sn b\.':: plii)"'t3d In & p:~)y&:- .-_1n & computer r.-: 
n:t:bH& t~f3;..,k~\'.:= d::::ptmdin~ on thf3 :30tt:n~1s snd rn\.'::tht~tm ms:.:~d. 

l-\ ~:\~,::1r :,vi:sh~:s to t.::1:-:.~: 2s pief;;~ "1i ':.,~df3tJ r3h\.1t in ·H~:J(: x -:ogo ;3:~d mt:ke i: p:.:~y::-:b:~: in 2m ;3d.:~pth.'f3 p!;3ye;· :..:n ~he ::~h:rneL in 
:..:::-J"t:;r to dtJ ;,hi~ t:lt: t\·iBSt\.':::· v:tit::..:, v,l:ik':l'l iH oft~ hii)h r~ua!ity· ;~t iGSO In resdutit::1, rn:...:st t.~'t3 ,-:.nn\."titted tf; f~t 1\:-:e.st 3 or mr.-:-~3 
dHY::::ff3fH b:b~1tf3S-3 th:.)t f)1i3.}•' \'.::V~3n SG:.:)l\.':! r:t.,\'.-'~1 !n fi3(3dt:t.:on. 
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ADAPTIVE en RATES 

19.20 X 1080 @ 4000 kbps 

12.80 X 720 @ 2500 kbps 

848 X 480 @ ,SQQ kbps 

c-..xr:r~:13s:3{~d bli :-;~res Ti·iouti~ fr:~ fo:1t (With~: ::st is :.~ iH~~rt,cH)80 r~:sr~iut:rJn the bit :;~te is r~nly 4fXK~ ~bps1 :n:.:ch k)wer 
H~~in ih.:.:) Ot\0(::) kbps (rJr t~O :\·n.~p:3} strf~i~rn .. Tf~fi n-sx\ H1:•3,s blt:1itt.~~3 U)-::~t ar-B p:i1dur.:t.~ci sr;-::·:k~ do\.~·r~ ~'h)m \h.:.:1 if::BO resolt~Ut1:1 
t{! 720 ::1nd th~):': 4go ". n'l~kin~1 tnit3 \•hit:r~ p:ayBblf~ R1t a ~,•ld& :ant~'~ o~~ ust:ff~ ;3.nd :..;r:r:nr~ctit3n:3 

D:-~:ff:::H m~:t~i(;ds c&n bf~ u:3f3d tt1 ::;~:'lsGt::..~~: ,~deo tfiB: \r1;:d~i f~W~li:y ~\1r t::nR .. .:\n E:~i'XXier f;ijfl Ghoos& b~it'>\''t':~~n Bt i&Bst 3 
drn"0r.:.:::-1t ~3ncod!n~: :1:fitnnds that '3if~3(:l b:t r,m0 ::1nd p1ct1Jr0 q:..~~1::ty: 

.-'\s t.h~ n&:·n~~ :s;Jg~:.:::~sts tnl~s n~eH;od ,,vn: encodt3 -s-Bch f:'-£im~3 of '·,..-:t~Bo '--'i.-'Ht~ th.::~ s~im~J blt:':.::1t~~-. no n-wti,s,r ~~·h::~t ~;1H nBpp0nln~1 
:n thf: f:Bm-:::1 :..)f ,,-t:ft is ci1::1n~;ln~; fron1 i~'::-:.n:e to n<-:.rrie. Enf>:").:j,s,,:s d:..)nf: :n th:r~ n:f:tno,j ofa::n hih\'.:1 k)w.:::~:· \{B;J;~j qt~::-:.ll~y but 
&lso h)\'\'·.:::::· ~:.:::: tlztifi. Thls ffitit~1'-·Nj is &lso tt1-3 k~st.::::st in t~r:-n:) of t:':.::)ntcotJt3 tirne. 

/·\ n.::::-'.-vE ,x~1ar1\zi~t1on rn&}' c~!os:s~ to ~~ncs-d~ CBR so tnBt H:~~ ;.,~d.::::o ls ouipuUiW q:J;.z::Kl~: .:::x~o:..~gf~ t'-.1 rnakfi a n,s,v·..-~s d.:::~::)dnn.::::-, 
·nr:H~ f,ot thern :r~ n:r~:13 /mp:...xt~~nt U:an ,·~d.::::-:...:- qtmnt~/. :f t.11~:y c-hOfJrsr~ C.f:H~ {:..)f ,~\~::-: -~~-P~~fsfs VlH~.) they m::1y fflB:H~ fr:~: 
-d~dE!'-.1n to fins.:o-d~ it ~it ~3 n:ed::..~rri r~solt~Uo:: (s-:3~: 4BO} ~~r. ::-:. :-nir~-lti,1\'.::l bit :~3t~ (tay ·1200 s..t~pt} ~:...1 tfiat th.:::~,·· c~~n ;r:::-:.int~::: 
:son:f~ lf3;..::_:: t'~f ~~rs;.:;~! q:..i::1::ty. 

\.k:llk.::::- C(~nst~ffl:, \/Br~;~bi'!~ Bit HBi0 adjusts ih.:::~ ar-no~..:nt. of hit& ;3:3E/§n'!~d to a fr::1n:& d~3p~nd/n~: on \·•::h::1t ~h0 .::::-n:..-:oas: 
b-sl\\~;.~:& !~~ ~-:;3.pp~r:ln~1 :n H1\~ fr,~n:f~. Thl;3 n:::::~in~~ th~ bit fi~:.~ ~tK';h..~at~3S ,1\.·er tin::::: 1 f?Jing t.1'..·'tif th:::: ~i,~~':::.s)e \,··hf1n i~ t."::...":n:p:::::x 
':1':.::1ff!t3 ;~3 0nco:..int~3f'3d .. Ho,;-,..· fa3r &bO\'\S th:::: a,.::_::~1gr:. bl~ :':.::1tr: 1ss Q0ten1H~Bd by s::::ttlng U:-::: h,·~23.?Z B1t n:1h: appR~p:·:&ts-ly. 
(disf;u:3:~0d in & lf3t~~~· s&ct:on) 

'fhl:s ls Hl~3 rn:..:st :'!~c,::-::mendr~,j n:::::tfk'"3fJ f.:Jr h~3nB{~od:n~: \•',:h0n pi:..;tuN"3 q:..::::nty Is 1fflfK~:t::-:.nt Uk0 \/f:H~. ~~,P~s& BilfJ~"-·'S tnr~ b:t 
:'.£ittJ k: \::crl:iaS-B k-:r c(;rnpit~Jt Sf;~:::es (~3-'.3~-' \':":. ra1ny ~c~1n\:: wt-:.:::x:::: l:A~::-y· ~·~~n1-t=: is a:tr\:::-:::xit} .. Unl1~\'J sh'-£ilgfft \/[:ff\ 2 .. P\':":.SS r~ot~~3 
23 lHtl0 n:t)ff3 ,.-..:r;:;~. lt t.lOf3f~ ;~ ~'irst p23t~t3 ;~t thf3 0ncod& ttE3t c:~:;:f:~3:s 3. :0~1 fi:.::::, Tfm:" fi:f~ if~ t.h.:::x~ u&t3d on ::1 &f3COnfJ p&ss to 
\rnpn .. :\-:3 qt:~:.nt~.· on d/ffic:Jlt ~3t~-Bnes. Tf;!& r0~tdts ::1 ii hlgher p:ctu:•3 qt.::::.nts-· {fairly ~3\gn\~r.:w·H. G:...1rnpar•3d to ·:-P~i&S} t~~-=d ;,:~ 
n:ore cons:st&::t rsh~:affi '--'i.·'lth ff3~,N&f d;3t::1:'h\t :Bt.:::~ sp!kf:&. 

B::1nr~'.-v:dfr: ffif3FS t:..:- tni~ ,:3.:-:::..~unt .:)f d::1t& H~;~t. ::1 USf3f :-::&y fJi3 ;~b:0 tt) F~(:01\~: f3nfHor trmT~n:lt. O:li3n ~his is t:~ou~:h~ In ti3:rns 
-:::f Klls::~lts pe:~ ~~·J-:::z.1nd ~::d 1~i :s~pt=:J<:.tt:t~ 1n10 b:...)H; ~,;p;0_;Jd \':":.::d r~o~~ ... ::lo~id at..11nt:-/. ln\.:::::·nt:t Her;.,~ce Pt\1\.·~-J~rs tf:nd t:...1 C~ip th'!1s.:.:1 
d:;1tt~ r;3t..:::1s :..if~Pf3ndint~ ":n tht3 p);3n ~h~1t th~ t!St:r h;:t~ pt!ff .. hat3i3'j wni:·~n p:~:st:n·w ;~ :..;h~1!l.:.::n~;t: to :..."::...1ntf~:"3': '-;:~:::1torrs ,:~s tht3y hy 
to n1~1et th•3 n~-:::1:...is of a bn)~:.:...i :"f3ns10 of us.t:m ··N~it) ht~\~: ;3 \·'H:"if3d ;"&ns1:::: of b;3nd,>\-'ldth~~ 

NC1TE: .. ~\cs.xxdlng io (":;lHGD'E~ n3port h,·1ob::.:::: cs..1:1n0ctk]n-s :n ;h~t U.'S. curr.:.::nUy -::.:~~ ai i .ot:;8 kbp:'3 ~:.nd 
t;y :~:0·1 .. t sh,1uld t~~3, pf~r ;h::fif fo~·.:::1G23'$t, 290;? kt~p'$ . 

.... \ .... :..~. t;t:s.tom~;, n-if3y· on:y ha\.~~ :~ :..;t)::nf~Gtion :~s b\,'i.' ::1s f~:ound ~~ ~-i..-~:;~xs or1 :f :h,~y Gt:-uk: m1b:·d ;~ bettf3f p:;3.:\ up to fiG 
t\·ibps ... thBt1Es ;..::.n :nc:·firj1t;!y \'-·id& t13nge of ~10sH!t•lH csnnect:ons f~x ;.,;,,t;\r:~; ;o ::1ccrmr;t ;..::.nd ~XBE;Bnls a c~!alifinf?3. On onfi 
h::1nd ~~ fX~ntent f~:,~.:~~:..x ~,·::1ntf~ t.hel;· nu~3f~t:s it:- ~3Kpi3r~,~n,;e th~3 hiti':,~r~~ le\.~~i ,;f qt~::1::ty 1 f;ut :...x-: H~i3 ofr:~r :mnd U:t:t g:..:-sst may 
s:n:ply not b~: c2~p£3bitJ :...1f h\':-:.::dfo:s1 t~~£3l qt~a:ity. ~1o £3 bBl::3.nt":.:.:\ :'/fit B.i1\':":.l~\ rrn.i~t be r.:rJrn3k~-Br~d. 
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..-\ f~:t:1it•~ IB -:~ fnf3i~fs'.iti.:)n1~:nt t"":1° dt::":.t~i spi~-Bd t::":.c:1~:~~ i~ ni.:)t\.'c.-orX.. 1 oft.-sn in ~.ziior:ltB pi.:'}:· t~~~-:;.:.1nd t):· ~~bPB (i ono t:1t:S pi.:):· ~~f~\>:.1~K~), 
"fhls f:tff~H;;~r ,;,:ffi3ia~0t~ v:.:Hh p,:t~3:H"i!3i b;~t~d;,,vid~h li.:1i/f3l~" H1~i 2£ L:!30r rn23y 0xpi.:1di.::n,-:t: anij :s.h,x~ki bt~ in b;~i;~n,~i.:1 tr; ~hi.:: 
:·f~Hl'.)ut\on of t:1H ~~tn .. =:~::·fi. 

/·\ h~)usf:f~r.•lr~ •i .. •tirfs d.:itE~ pl;1n is nr:1\tf:d tz.1 ~~ :\·~tJp~s r:~":.n nr.•t h;..~.r·:dl0 ~ t,iH ;~te t~]~3i pe.:ikt tz.1 O",:>"f~~- 2~~0D ktJpfs. '(.:.1u :·t~.:iy think 
H1;3t, b::::t25ut~'!3 t.hi.:::r d23t;3 p:_;~n s:.:~y$ ~h0y ,-::.:~n n;3n,il0 :.:p to ·:~K~OO kbf~& (t.h:;1i':s. ~1 t\.-~~;p!~ ::": kHoblisf ~h.;~~ t~]'!3Y V'i.•Y}i.l:d b0 ~bli.:: to 
;.me :.-:-:11 of t~;~~r b&n:.~\.vidfr: Rx ~itn .. ~::-:rf1::1;1. The~~: ~i c-:.1up:.s rl :1:aHt~n~~ -..~.·h~~ this :s:: 't H;~j ~gs-:2:. r:·irnt ·-- w·; ;~\·'ttrf;g,.3 :.~::-:t& =~~t~ t"l 
::-:n)und ::i~~OO khf~& n:;~y sp,ik::: :G ::~t !:::::-~&: :~O';,f~ Bnd ::-:t :i:?H3B up ttJ ;~nd :::\~n o-:,.~3r t~ff;.~ of tf:::: ~3,.::.-:::-::1f~f3 Bt vBrious pri-int& in U~:_: 
\~d'.3'...1 st:·t:w·~~ :-: th~: t:Dnt-snt cr~~.:1tt1r :·i~it~ tn:::nscc•dt~rJ u~:n~1 \ . ._:~r;;~bk~ bit :1~t,.3. \.1-'hk~h is f~ t:DP~n1:.:n :n~~thod. s~x:ondly -- fr:~: 
:J2;~r :-r:;:~y n;3\1::: 23 CPU th::1t ~~r3nnot t2~:FJ :..=:.d\,·a:n;s~1-=: :.:f Hlt3 0nU:~: 3 ;\·~bps 1 t3f;p~z:ir3ily if oth-:::- p:o~:r::-::-r:& ar~: atth.~ :n thf3 
b:.~ck~):1):.H~ft This co:.Jld b~~ b0t";;2:t:s~) l'h0y h~\~ ::1n :.):d~):· ~3.}~:3,\1.::r:-1 .:3nd h::1\.-;~ 1··0t tfJ b0 ;2:b!i.:: to tip~1r:::d~). 

/.\ ·:::i T ~ ... L:.:':f:::~i:?: N~:):~ t\~~~~~~ ~~~·t~~t=--::~~t t~~·ts:;.::~~~~~~ ~h~~ :;~~::::~.}~:tr ~~~:_:.i:~-c~k~~~ ~~r:<~~ ~~~n~~i:~?~ %t:~~~~ v~~:: .. ~ 
~.;:~:~1{~r-~~~-

~:-:.}~.;,:~:::: :x.-;:_ ... ':~;· 
:::~:::-:f:-s t.::~ "::{} 

24 
:-~~"}:~:::-:.:---:: ~~~ ... ~~~ ~:~:~~'.' 

: :-:::~~:::::::~·;:~~:~ x~~.:~'-~ 
~:~,~ .... -~~.~ .. :~ -- .:.!~ -....::.~·~-.. .. -

~i:..«~-x~-!-,,~,,~-. 

~;-:.:::::N~::1xr .. ~~, 
~:::::?t::s : ... ~' :\') 

·~;.~;~~~-~::xt:~~}-..::=:~'.°»·~:%~ 
r~t:-:'.:~~-·:j.:{,....::·~::;:x:::::x*::: 
·:-:~:::.x ~-.~;:::,XS:~~::.-:.. ~ ... -::,:.: 

~:;,:=~~ ~ ~:~:.»"):~:.:,:~:::.:~-:s: 
~--=~::::::·~·~::,.;;: X~\'.-.$. 

~-:~·:.-:X:-":::-::~ .. ::.s..~~x.:.·~:~:-.-:~,:',\':} 
:::~;:;.~:.·:.-.-.:--~ ~:::«~:~:~:-..-;:~·.;.:: 

:::X..:.~:-..">;.:,~}:~.::,:.~::,:,x_-:.:: 

~-:t:-'~:.::~~:::-.-~::::::-~ ~~:.".~:-:, 
«~:,:,.-.;, «-;:-: :-::~::{_;:-:;:::;:-,..::,::~-» 
-:.'-k::..< ••• :·::X·.".".-:,.-.•:::'.x.::: •• :,.;::. 

:f;s~~~:. 

:.'.;f.:-.~ .. -..:::::::_;~~;:~~:::. 
::;-~::;:~'}:~ ~.,::- ~'~ 

~·.:::::~:x:~:Y.·:*:,.:.,.'}~~~:::· ::i:::::: 
·::.-::;::~ ~~:~··:-{:-»~:-::::.~,'» 
~:.:~X~-·~~~; ... "-:-'i•t:~ :f:-~~x 
,:-;,-.~ ,;§~;, .. ~~::,:.:-;'.~~~~-

;f yoti :..=:.~--=: u&tn~] .,·\k;:3:r;Bi HD HT~P ~)h~:&m:n(~ b/i :-::1tt3 splk'=~s &ff3 ;r3f3:3 of ::":.n !s&ut3 BB :t t~&f3$ dir3ni skis:: t;:~cnmt~ ;::,li~:}.fi/)::g 
kw::: ~i:s)~liH ihtf:$:h·)ld -~· hr~\-v.s;.:~x ;; n0it,v;Jrk. cc•nditif1rn3, ~\.~)::3,0n Hh·}s~~ sp:K0s :·fi~~y ;3,t::; pri.::si:nt ;~ pit)~.>lf:ff~ . 

.. \ ~~c:u~ehoki of fo:.ff shz~:~:s u~~3 s&n:f: \,•it"&k-::-S-$ int,.3~1-:et t:onrK~Gtk:t-: b:.~t h;~s many d-B\·~Gf:t~ u~~\ng th~:t n,3:twt~rK ~:ii ~-:t rh-s 
s::-:n:s i/rn'=1. tt !f3 0nU:~:ly pr~1f3i:;:t3 H-:::-:t t:)is on0 h:.)t~&f3~]old .:.11 k1ut c:..1utd :1B\~1 a faih0t ustn~] ih0 :ntf:fnf3i on his :ap?op, & 
::·h·i.h.sr u$:nq .:3n :p:~fJn\~ si:'fJ~Hning P.:3n.J'...1;~":.: f.~rn~ ,~hid :.!n ~~n .Xbt1x ~":.nd _:3n.:.1th1.::r str"0t~n:k:s) ~~ nK":\-~fJ in thi.:: lh-~nr~ R':t":n": f.~n 
?h0ir HD t0l-:S\·~sk:n Uf3:n~ ;.~ s-::t :cp box n ;3;; vn th::::- f3am-=~ wjr0!0ss :.-::..)nn~3c?lvnl l.'=:fs hop:::: thI3t H~r: 1\ld ,.i .. -;:3:z:hln~: th~ mo\,h: 
:n th& ::\~r~g n."::.":m iB :...:sln~1 &:.':~p:i,~ st:~~,;3n"::~1~1 -:.,v:t.h & -,.,lld0 :13nf?~ or' bit :at0si 

·111~3 .::':,'..-t3:i39'=~ t":li :al'=~ k1:· \{~j0.:.1 sh:..)t~k1 co:n:-~:df~ \o',.-·:H1 th-:: t;:~:g'=~t b::-~nfh\•ldth of}~":-=~ i.::f:d u:3~~r ~-:nt1 f~:1m.:h:j b-=1 in t.,2~t2~nc!~ ,,:v:t~-; t.h~: 
~':.:::st1lut:on} 

(h~f;~ ch-:-:ng\:-:g a ~.1lt :-::1tt~ alsn~ ls not fSBf;1c1t~n~ fer d~&li:-:g \~·:th tJf5rnJ.:vldtl'~ 1:rnltt~Uons 2ind lEs not f~Sf>:.1m:1-:8-fWt~-d. it is &th~sed 
U-:;2:t :ow b:t:Bt.es ::-ds.o fSf;ali3 dO';_.Vr~ :n :~1St):ut:on :3\.1 th::-it t.h-:2: &nd t::3,~r· h::-:s a ~1otxi hfilf:nct3 b0biv,~0n :n-:~g::-:~ ar~d pl::11:b~1:.:k 
q,5:25::.:·y, 

lt ls no; -:-:d\~f;a~lB to &fi:1rj a ~1-:ot.s::0 smart pf:ont3 u1'=x a ·~O~JG :~:&Gh.~t1on ;3t a k;\\,i h:tra;'=1 of t)Gi.1kt;pEs not r;:;!y b~3c~:::...:s:_1 Hm 
irnf~,(_{l'~ qu~-:i:~y :.~·ill b0 t~n'.-v::1\:.";hfib:::-:: m.:t. ~-:ls:..) bt3t;m.::~,~ fr:& f3nfJ :..:ser: ?hou~1h fib:::-:: ?.:.1 h~-:n:.il& SO;) f,;bps_. doi3B not r.,fJf~f3i~:"~3 ~1 
fs~:B\-::n-: tlK{\ :..:.:in \.>:::n1f{.:~t.:it.•ly ~V~?Kil-s 1oao ::::&& of r0st1lut:t)::. Potern.;I3lly B:..:r:h ii uf~~3r \-v.:.-1:...dd h-:":.\~3 th-::::- pliiyt~-r r:r:::sfi or-:~t 
ih:::: :f~2m;- ::1 ':.,i3r~· ~X):..):~ p);3yb.:::.,~k ::::xpt3:i!~n,;'=~ :f ih:::y ;-ri'=~d h) .,.,.,&tc:-; th::-:t ·1 O~fJp ;.,k.lf~O on ::1 Sfnar~ ~)hf~nt3 ... .:.\ddi1"if.1n;::,ll) .. k~,.-...· 
bit:ar.-ss t-:-:t hirJ; n._=:sdt:t:o:1s. ~ih'J~v i~~r~1'3r :..i:;1:ta: ~in.\:::k{cts/t~:~t1~ss -..·~.-hid: m~~k'.3 th\":: :::-mq,3 k.1t1k. u::dt:t}i:abi~.3. i\t st:ch lfr~"· 
:;i:n~l~:s it !f3 b'=~u~r to r:::c.iucf3 th~: ff3f3t3iLifk1n so t:]af th~ :-sstdtln~1 -:,.~df3\.1 :r; co:-r:p:,3m;'=~d 0r::.)ug:] to h&\~~ ::1 s:nrm ~!::: rn.?.:f3, ::1nd 
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A ~·~Rx Blt r~Bt~: s1c•,~n:s HK~ c~:H\n~1 th:.:~t ~1 \·~~fit~b!t~ blt t"t~t~~ rn:::)· :1~~~,j1 t-1nr: ~lit)U!tJ b~ \·Vlthln b:::1::-:nc~~ of th~ :::\~~n .. -1~3& ;.:ind th~ 
t::~ff~f~t COf:fH::tt:fJ(l/(i0', .. k':f:. ;\:i::"tx t:ut ff~t'i:333 d~..) f~Gt 0ff~~(:i Pn)i)ft';&&h,~ t)(1\'\"'f'lit1>:~d ;..:;nd S:..)fnr~ B'=":~\~f~f~2~ ;;~0 .,t\f\i]n;:::: h::~\":: S0ff:f: 

t.,u::t In n.:n(;tk:namy t~~at ::rn:t t~m Impact (.tf bit ~'B.t6 splkB~3 ~n:~t b0:ng saki: nri. ~\·'i3-n ... ('m~ us~):S Aki~m~~; ;~nd r::•~\:~1t~):ss:!,~ 
-~u,"\•dk.,~~t~ ;,~ ? .ot: \.,,.1t.-.. ~ ;J,2:)..,; :u? &\.. ,2d)1~:n~1 .. \.•~ ~~-~~?) ~1.:::x b:t r)..,t'=:s ....... ~ .. ~-2:d~;)..;;;). ~1~a:-..:..-.. .;1,2: .... 1::~,. .. -t., 0;H~:h; . .)~ ~~Bi;d0;,2: \,..0,:1~.·,: .... a .... ~~ 
stff.-~~:ning :~ppllc::1tk1ns..) 

Indus.ii)'· ~::~.;~nd*.rd$ ~::a,:,/ yot: $~h·1uh·.1 :..,;;~k':ul;~ie t~m: :\-i*.x t.i:t ):~ii.:": t.iy ~.:~l·d~1~1 u·iii A\~~'*-~)0 and ;~ddln~1 t~0%,. lt !$ )e:...;:...1n::-:-li3.r~ded 
t:.1 :edl:C\'.:": th1s ~3,~;n t~..1 ~~t}};~ in on..l~:r ;o c:·Hiit~3 ;_:::, trul'.'/ -:::-:::nsist0::t E3;n=:a:yi b'.Jl still tak1r1r1 ~3d\~1nt.w1e 01· a \t:::,~it:::,bl\'.:: h:t :;3\\'.::. 

If~~ t:anr;cod~:d st:0;sn: h;:~& Bn .. t\,~::-;:~~]f~ of s~~y i.400 l)bps ht~t :;p;;-.;0s ::~t ~?{KK) kb~:s. t:'mi :Js.~:r n1;,,:::,y ~::<pf3:1r~n-:::0 o::~: uf :n0 
ilk".:,~: r~f::~·.:H11t:::,nt";~: :s$:.~fiS. -;his:$ t3:spe:...;;;3\!~/ hi~f: if u~eir b~":nt"h,vkiU: c~H~ :...1;~;-::" su~1~:t1:·t b0h:-_.·e0n ·1oon \..;bps ~":nt~ 20:)0 kbps .. 
-,.~.,-hk:h 1s highly n;..;ely f,)r rr:any l:S\'.:XS \$ .. •h:..1's :~~P's c"1p fh-:-::lr data pl~3n:3 .. This ~\)·ot~ld mf3;3n th"1t '1Vhr:n th\'.:: st:f3Bm splk~:a k1 
~:t1GG it is ,.,.1u\ski0 Hli3 U:r~:shold th:3i Hli3 user c~~n h;3:~dle and they v:.:H: ~E3\~! ~~ p(-:o:· pl~yb~iG~ exp0:i0ncf~ ... \:so -- P2:n:f~mb,~~· 
H~fi ~3l3~iler 0.x~irnpiEs of that fa~rniiy of f:our al: uH1r1~~ ih.::::lr dfh~ces on tne s~:n:H >/,.•i:~:18-&H ne\1.,rGrKt 

~!li fi~~~1:~ sht1uki ~;,~ .8.~ l~:ast 400 kbps i~p:3r~ In 2~n ;::,:..,t::1.pih~~ r;~~ :\x ~h~ n:k: ::3r~g~ k~ ~):~1~1 )~1n~1~: en:->:·;,j~)1$. T!"it: :o~,~:r ,~rn.~,1d.::::s 
"-~;~n b\':: rJr;f}t3) tos1&tf;t3:r &nti &f;c,u!d sc&le tio~vn ln :"ti~ioiutk-:n Thf: ts.:vt• ~~·3ttln~1si bit ':'t-:":tH E;nd t~:s:..1:utlr;n, Bhrn.:ki :.:~h,vt~ys hf: in 
::1llt:n~~::.::nt per lndt:st:y pr:.:1r:.t:ct3. 

·q":~11-* '$ H(': '":~~t-..: 'k' G'~;,:.-:.e .,. ;('\;'./ bh ... r,-:.e "'w, ';;'')G -··,yj ,..,;g""W' ,·..-s;;,-..i, .,:,,_...R ,':_y ·~~'\-'t) :''hl'"t:'.')' :·o·'.-'(':""'{ ·-· fo:rt in~::1.~10 qu~~my \'\-'fJU:d 
b& ,~~)· prJor :::s tf~f3 i~-.1~s ~..)f df:tmi ~$.rO:J:d fJEs~.:::n-:.:.:: too gr.:.:::::t ff.•r ;.,~ s1~)od ,~.::::\·'.:·mri exp.:.:::i~:::cf: E~n·::i s.:.::ct1::dly fJES~l:Ris0 ::: lo•t~·.:.:::· 
t;lt:;~J.:::: friay l1~1 b~:i,:~J ct3n:~un-:~d by ;3 :~:t1bil~ dt3,.~,~~1 tf123t ,~~:~ nr~t h;:1.nd:~ a ht9h :"0:3,1::..,tkx-:, F,1t f~s.:23:r1pl~ .. 25 :~G~3 tPh,:n:.:: 
,~;~n not ~::n~:::1m 7~:?0 or filf~fif3) ,~:solution '....k~.:.::o '.<\·iH:out tR':-;.ing Hl~~ de1.,~c&s- W·/~::\~1m and Gt~t:slt~~1 f.'{JL-r p~1r:\:rn·ian,~e. C.:..-:nt\'::nt 
G:'f:::1t:-3n3 'i.•VBn\ trJ r~):3ch tf3~3 lBr~:\'.:1st pot3:3l~3l!3 ;3ud:enc& .. i: IB a:\·vayr3 lrnpt)ft;3nt tfj conr3/,jer h&r:.k~,-::1r1.'.ls ,x-:rnpaUb!llt~/ wh&n 
:..~fffaiqninq ;1d:~pUvt~ :Bets. f-..-1:...1~~1 t"HGE3nt d.:.::":,it:~35, rn~:y ~;a,~: rnGre k-1Ut:..~dfi, .:::-:sp&t":l~:111,' t:\'::'.<v~1r .4G and 1-~:.bl&t$ ~iu,j1 t.":.S t~if3 \P~id 
~?. l .. :::tf!f m this tic-turn0nt ~v\'.:: ~vi:: r!Gt~::i potf!ntii3: i3d;~pth.,~i :~0ts Rx ,,-::::-k1tm tJ~J,·k":s:::s. 

N(JTE: L~)\·":.·~3r bltrBte~; ;::.r!3 Ncrr n:~:f~nt :,) luok p~3n\3ct, T::~31·" ~:0 only :n5:3:&nt ta k'::iSp t~H3 .s:~1n;~l fro:n 
b.::::mg i::t~3:y:..~pt':X~ ;::.::d ta n):n::-n:i.-.:::: the risk af tf:~3 p:2~;,··'::f c;-2~:3hi::fl Th~ h-..:p':: i.s :h~~t thf3:~,3 lo~,~:r 
bitf~3tef3 or:l~i ~3Ppi3~): bd'::11~/ "''~::lf: tht3 u.stE'S t3;~:-:rh·1 .. ~dth fluctt~23~.::::$~. t~~3~: th~: n~obt!f: r~~:tttan fnr ur~~: 
G;:1.se$; \-':.it)'::n~ t~1lB 1:3 .::::s.:e:npl:fl~:d. 

The t'ft&L•h1tion .:..-:'i e. 'l.id~3-:_-: 1~ r::HafHJred lr: tfm he\1ht :n pi:<f:ls- ... ~ rx-:nt0nt G)e;~ttx couid us0 ;.-1::y )e~olutlrn: s-fl~i ~;,··Hnt~3d 
howe;,.r~: th:_:rf: ~3~B :ndusb·y B\~1ndards i.o r::..~n&tc~t3:. 

Tn)~) Hlgn D!~~n:t:on. HD,. :$:: ,j~)fin,~Q ~1s ·H180 iinf~:3 ,11 htxl:.:~t~:"rt:3i pr,,)~)ff:&$::l\~1 ff:&o:ution. ·:r::nk of 1··,x:t te:t:\~r3/:...1n :..:::,s 2~ :~,~ri~:s. 
-Ji \·'ftr:l ~n-::::ll lh-:0s ... thes0 lh":\'.::S: :1iE;i.ze up tfit3. ;~ne.~:.:.:: of r.•nt3: fn_~n:0 ~ind gr~: s-:\Eirm~3d ont:..1 the sc:·Hfifi in c•ti\':::-. \..":n~1 lh-:0 
pn.:~Jf!3:"3:3ing a~'t&r ~he othf~: ... '-\nGth:_1r w~1y t:-3 /rna~:ln:_: it :& to t&kt3 B pa:nt:n~1 8nd -:::ut it :n:i} ·~OHG t~]m :3h~ps t~]af ~1:'f: ·: pixel 
tan (,~xy ~irnt~ii} ~1n:..~ ~~1en r~:~ifabf~P1ble H::..-:.-$fi f~t:ips c-:-lfi ;1t ~: tln-1~3 :n thf:: o,der H;f~~· wrn.:ifJ ;~pp-:::1~:r r~oinf) 'irt-:m t~;~3 it:p of t~1e 
fram\'.:: t:..1 ~t~'=: b:..1tt:-;m -~his fD:n~ of Hl~:h D0t1ni~i:-;n :s :1:f::x:t~d to;:~& ·tOt50p ... wh~:ff3 th\'.:: 'p: sta::f~& ff}: p~\:~Jff~$f;;,{:: ~nt'.l ;$ 
;,jenii'i\Gd by t~~i3: HD iic:on1~rn. T~~i3: hl~:h0si :'i3:s:...1;,.;:.::...1n ~:t~$:t.-lf!' fc•: :n:.0n:f:t ~~:x~:~1n-~in~ is ·H1~':G x ·H)BO. t::- ·:t)~lOp. 

bf'.~~idC;:"::tt ~~x:d &lung \~~th 7.2Dp ::t ~h\'.:: nm:':~ con1n-:t"H\ :·nod~:n: brO?$dC~~st fonn~~t -~ OSOi is not t~~~~d k~.­
;,,-:-..-~~,,·,p\ :t~, .::::::~ ~r-~·'~1 · 
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in ::1d:..":\b.)n :o ·1 GHG~: f~nf.i ·1 Ot1rn th~i:~~ ::::. ::1lsr~ ~ }20p ~~s.:..)lut:o:L Thls ff~&f;:~HIG:~ l!3 t:s0f~ t~: bn .. :a:..":f:&&t i.0le\.~&:1.x1 and 
sorr:£3tlrnes; ln:..i£;p£3ndent t:ln):::i~k1ng Bnd hofn£3 ,,kieo. ;~ Is of:& l~)~\'\'.:X ~3:sol;jJon than ll'H ~lg bn)tf:t;f ·10~30 ~~·hlch n-w~;:f:s It 

T:"1:t ~sn':al:e~ \ . ..-~rsk:n t:f H\i~ t)eiin,ti(~n ca:: t(.,f"i'~e:Jm~:s t,.:3 .:~:i<~rr~~<J t-...1 \~··•th thi:- l(.•'Nt':t" ,·:~3.~se ac:1):1)"F\ hd. Thi~s l·s. by l'he \~:;},'-/. 
nni t:1Jt3 high d0~1n1Uon, H:~1h :..-ff:~n:tl:..-:-n :nust b-£! Bl 1'=::::st ~~A·itH th.::-: n::sG!u~1on cf t;r;3.ndt=:.tli D'=:~'inlUon Video; ~~:h1ch :s 
-...xxr:~:ns~3d of t~2t~ lin0s. of :e,sol:..rtlon. 

The ~::13f;uFs,:r tfJ :.h0 Hlgh DGflni)ion T0!0\.~$:on n\2:G,i0r: tc• c;3n)· a sign;3i ,1vi:a: ;3 frt:qu~):h·;y \'\•·a,-:..:~.~~ tr-:3nsn::tt~3:rj ihrt):.~qt~ :.h0 
a:,- ~:'J'""1 -:,.,~._ ... ,.;pa\:- \o -.1s•tm-1r·3e. Tf:ls rn'3\hod fBq;_:;red bunc;~ln}J a~~ ~h.::~ ,,..-:c;::30 ;3nd a:..~:..il:..;o ~fif:..1ITnt~Uon :::to ;h;B s:gnal s:..) ~h;..~\ 
':-~·h0n :-t rG:~ch0:..i f~ te:G\~s.k1:: Si3-t :t -:,.v:~s :..:&codi3rJ pr:..~r~&:-:y. S:;3nd:3:ti D01~n:~:or~ t~~:~~-:.~:3lon 1s u:3Gd an :nti3-r~a,cG n:~~HFJd i:..~ 
d-8;;,~x tnlEs B;gnBI ... rr1::si3n;ng odd lines \~·h0-:-~~- :sc;..~nn.::::d r.-nt~ the t::si::s,~slon scr::s~Jn f:on~'1\'~irj ih.:::x~ by the .::::v~Jn nn0B .. Tf~ls ~$.i&S 

-.,c:..;:..1rripl1shed by ha\.~nt{ o:,.:::: :~'2ffnf:: of \,~deo \.'!On1~1ti&f:d of t:..-vfJ f~f3:ifJB ... n.:::::d .,:.-\ , .. vrn)!fJ \.°;Ontt:ln t~~0 ,xid sci~n !inf:'.:3 -.,nd :1:-:ld B 
tf~t3 '3\~1:'l n ct-:rnb:::ed, 0r 1nt:::::W~)'.3:~J. th::::y pr0s0nt::::d ;:3 \.;t:r-nplet::3~j 1n1B.~!\'.::. E'.-::"!Ch frarn0 of \~ci•J\.1 f;t:::t~~lfl~3~l ~}~'.t1 Un0s of 
t]or~;:ont-.,: ff3&olu~i:·Jn. "fhls s:;3nd;~:ti ::1lsr~ is ?~~:1"':::::r.l lo -.,s N"ft~C "-"'-·~':k-:h :s th0 North ,-'\ff:f~ncan b:t:atit.t~s~ stanti::1:d \h-.,t &'!::f 
the tt:ltt,~~k1n fr-::"!n·1~3 n.~t~:1 at the- tii'~~-8. to 29 .~17 -~·Hm~J~ p\'.:X ~~~3:c-.1nd Th:s lfa in ,~'-1n\:1i~:t \o tti::3: Et~fQ:J'8t~~\ (;f P.:\L1 tn-8\h:..xt 
;;,,h;·~h us~-..s t):):o:; i,..-·p..-3 o~· '"'::::-..&··,:d"fw ·.::.t ·~:~ fr·rr0s p,:-•r B0co·':..', 

:~ ls lrript;:t.-.,nt to :.::,d:-:r~"t.:3n\J this f~1s.ttJ:}l i.'Vh\;~n d:-:f:lin~1 wifr: ffh";fJ\~n, :..:i~1it2~: f3f3li\~;)· 2~$ n~;~:,1,· u&em, -.:sp,1:::rjt:Hy 2~-t ti,-.: 
S\t:t:k: Lt:,~:, m~~:l need to h;3ndl0 old ~\X)°t~~iJf3 th-::"!t \"\·~!S· cr'8t~t~x1 ·f:..x ;~n;..~k1~3ue s"t~~nci;~~ti t1&f:nit:on ~}lfjnai~~ ;~nd \,.._.,;ii n•J'8d t:..) t)B 
ctJn\{::r:~::~J i\ s:..) :n;.::.t :t Ci:3n b'=~ sh"Y3i3rned, 

~;tt=:.nd::)ff~ D1::1f::::t:on ls f;fi;: ti:3ed fo:· k:tr:::1;'=:t s.t:'31.::.m:n~1 ~& ::'& f5:11;s,li~r t:i~ s:;:':.:-:s zsnr.i :;imp:'=::· ff~f5tJl:Jlicn oR.-.:r: m'3ets tflf:'. li~1ht 
t.-i3l~3:h.A3: f\Jt :-:t:d t.•S~3:r~ h) h.:~i..~: ii p\J;~:u-, .. ~) pi~iyb.:~,;:.z exr~:::~:·i~inf;~3:. ~~t:~nd,~r-d D1:::fo:li:on -~x ~~t:1:a::·)inij !~3 ~1,1\ H~~3: ,~&n:1::: ~is 
~?ut=:.dcast ~31;..~nda:1..i ci~3f1n1t1on ··· th:..1Uf)~~ qu;_::~Jllt~t:\,'Bly 1h.-.:y ffi::3}' lcok sin:lla:-. Ftx lfit~3n1.-.:t SbY:arn;ng t=:. :..-::..)fn:non sti:~nciBrd 
d0~-... ;~:0'" ff \s\··r· .~;,·m ;"' /~t~G ~~-.-·,gn:-ssi\:-,"' ;;~1"'"' o'\ ''::-'Sc:, .. ~·.·;n, t,,,43:-..~,. 

b·Vh.:::::) tlt~t-Bn-:~::):nsJ wi:-."!t f-3:St":l'-.:U:..:n ,:md/or fr-:!:)·itf ~sl~.::•J tt) u~iti- lt 1-s ir:~pr;rtI3.nt tr.\ ;~00p tf:o~ie ,i;rn0ns:o:)s tll\~:S;r:;,3 by Ht Th;s 
:s :J{3:\;;~:.:s.:::: 1:::nr .. f>df::n3 dh,~d~~3 th.::: :n:2~9~~3 int,, H~ .;;: ·: ~~ pix.:::: n:2~c:o b:,1....,::-:.s. ff§:_;: r3,,n,-.: fi:'.i3:3,,n ~i~ i~ ni;t -., r~ot:t;::>lt3 iJi,-~stx §:.,: 
1•,,u it :s ~il&c. d·zt~y to u~s-B t1 tt;c.uyh s:..x::,: io~i~3 :n qt:-::"!lit':l :-n~~}·' o:..x:u:·. 

lt lt f3.:.:;~s~· to f?3:t r.::::so:t~t:r.~n .:.:;nd tilmentl(;n (:•:.-:nf,.n3~-:d .~~ p:;m;..~r:;y b.::::c;.:i:.m::~ th0y of!:tin r0f~-:r to th0 s;.:imfJ thlns1. \-~o':.-v~-:\-~3:' 
R&s:.;oh:t:rm ?~f-.::xs to th.::: arriount :..:t tit~tan fh0 ::,1a~Jf~ ~1B:3 &nd Cfa,,&r-:s.bn only ;--:_ii:::'S :~; th0 Asp~x-:t R::1tin ~i \h-.,t :mB~~0 t~oth 
;~;"t=: m::~a~-3U?t-K~ :n VVilitt: ~.:;nd H~3itJh\. 

Ri~,!\•"'\i;~:cr'-3 S~'Ol':;.i ,!\•'T\..:~ :,·.-;.::ct,7't1:''SJ ~f' t~'.:::) ").:~..:'fr::~,-~ d0\V'..:~ ::r'd b't·--:~t•~. :t :s ~~d,~St:)b:.:::: tc. ?K1\ t:)' tt: st:i:ili: ,~d.::::t: :.~p b:Ji t1~t~~~3?" 
p:'l:::st:nt ;t ::, thf3 r);-i~:in.:~1 :"':::::sr~luUrm r)f ~h-.: ffl.:~f,t-:::1:\ ~k .. 2~nn~1 up ~vm :t::m.:!t :n nt1t:r.B23fJlf3 d0~1:;:1:..if:Hrm in p;,'!~rn'l::: qu.:3iHy. 
Lik&'b\•!B,~: is :t un;~-J\.~sat;:e t0 try to f~i -::"! :arfl3:r :..~h11\":::1s-::..1n (Rk..:.:i. f:;3rn~: s-:~~:) ,,nto ii dff,k:.:::: th;~;. h-.~s i:3 ~srn&ii0r :1i~ioiutJ0n 
{i.0 h~)"infJ \o ~t 8 ·t(:~JO HD irnBg.-.~ ontrJ Bn :P:]tJrH~ that ~~Bn only h::1nd:t3 ~;~JO -.,nd b$3low) 

An Asp&:..;t R~:t:c, if~ ;r~\J;{;;~~0d b~/ Pot.-.1iln~1 HF~ ;·0:~1tbnsh:r~ :;i~t.~v~3i3r~ fr:0 wkiih .finiJ h0:~1hi in .f3 nurn&tie~:l ,~1k:0 sur:-h a:~ ·1 :K1 
·· nt:;;v 1~~~1 is f$f;of\h-::)t)d ~intj m.::::-.!::s trn3t Rx fA~::· ·: ;.m;i t:f hi:lsJfit ih.:.:::-...1 It ·: :~:~ :..~:::tt of wldt~~- 'fh.:::: t:Of~-.::::..";t "'~'-.)}' of ntJtt{t!;-'i1 
1~K1 wt:t~ld Df~ ·t.~~]:~ r>r -~.:Kh:.·l. 
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th'=~ -:.~·kith by the h.:::if~ht ·17B ls ::1ctu;:1lly ·:. 73 lo ·1 ::t~s B rBtio of th;~t s,.'\"id:h to hf3lght. .. ; ~1~::so!uHon f)f 

s . .:.1U:.:.·480 usln~1 this forfrn.ih::. 1 fo:· ~::x.~fnp!~::; corr:e~; to -~. 7f~~3 :.:~r fO:..~nd~:f3 up, ·:. 7B ... tn~:..~:tlon r3n.]ps tt·F=~ 
d~},~1n:ai and s.o :his is .sin-lply (:a\l~d i 7~t /~s yot.~ ca!~)tdat~},i yot.ff t·~3soh.Jtlont ~1J}0p th(s fo:·n~td:&. and 
t~1~~ n~::-:)d t-..) h~\l~3 t::~3 r~3so!utl~):1t; b0 dlv!slb:0 t?{ i 6 in :nln,i (~~ p~·~3v!o:.J~;1y dlscut;~;~3,i). 

TS"H3 k~~-:l to \·ki&:..) fmf~~),j/ng ls thf~ Ll:3G o~~ G:..)fYip:Gsskx~ ... tm.zin§ ::1 l::1rfm :Bsoi:.ilon !rn;:3gf3 ;.~s :t :nig~1f ::1pp&~f .._1n ~~tkn:n fil::1 o:· 
HD \~dGo ~t::...: :m~k\ng ii -.,.i~~,~~~t,:e ~;y ,~ h:..):.'fh:~ :x~&r. T~1(K:~1h bit :Btes ::-:n1.~ re{~t":iufo ... ::~s de• n1:...:ch (i n1~~ 'iNfJ:;.z ti.) t-:re;3i:::: ~~ 

bal::)fK':t:~ ,,i'=:~~·ing '=1xp-:::rit:ntt3 ~h'=1:~: a:» ,1U:tx f-:3~t,:;-s t~1at a:so :::un:ri)}:...:i::: to t.hl:s c1.:mpr'=:B:sion. ·:r~t3 most ""~t::)1 of t~~t3E3~3 IB 
th~3 l~·F:13me lnt~::-v:31. s1.)(fm:tln1&s ff3~Hf\.~d to a:3 fr:~: ;<.-2:y r.:):..:::.m& in:~3;-\~i: (Jf fr:~: ::')&tant:3n:2::..:us D~:c1.)dfH ~~t3fr~3:Bh {lD}t;. ,.(\il 
refBr tG ~3ESBent::::l!y tf~fi tsBn1'=: thinfJ ·· th& rmBd fer a ~3fB::enc'=: f:~im~3 fn..xn \Vhk:h gut3ts:s~B ca:1 t;t3 n1t:::.d0- 2itJDW tht: 
subs&qut~:H fr::1n--:&s. E,~:)· ·~~i:nG ot \.~di3G oi ::1 ffififS)G;· r~ncf3 t.n.::r:s.cr~df3d /:s not fully :'i3p:Gs&ntt:d. 

~GROUPOFPJCTIJRES~ 
0 • 

"•••,•,".-':-':-'.•,•,•,•,•,•,•,•,•,•,•,•,•,•,•,•,•,•,•,•,•,•,•,••••.•••,•••••••••••••••••••••••••••••••,•,•,•••,••,•••••••••••••••••••••••••••••••,•,•,•,•••••••••••••••••••••••••••••••••••.••,•,•,•••••••••••••••••••••••:-.,,,, ....... . ..... --
E,~i)· ~h·irx~\"J:~~· hf~s t~1G ::-:bH:iy to (~;~;i ,1ui. :"ic•-..\"· ~::· ap;1:t k~:y fr;~rn~:s 2if~~ c:~::::t~fd -- this :s r:~f~~n~x: ~D .:~s t:·m i<.~:y Fr:::n·iH 
:ntt::"\,:::.: ::)lso knrN...-n 23$ th'=: H:.·:1~n:t: h:tr~:\~1L n1'=: '1i"::~ff~r~:; in b-:::h\··'=:'=::; ~<'=:-:.-· f:'.:-:s:n»r; ::):::: cmtt2f'.l P-Fr::)n:f3$ (pn:::..ik~th.~ :..1(Kit:a 
f.,:cture} &nd f:1--t):..:::.n:~)& (b:~{ik~:ct:tx1iil:y pi0d:(;fr,.•~)) r.:• kam~):s n1ak0 fi ijU\~w~ as :t~ -:-.ma~. ihe pk3tm2: k:oks ::k~) b~3~~ed oi: 
;hos'=: ~'\t=ry Fn3n:'=:s. f3 ~··arn'=:B a:Y: Btidhlcnt::~J :~;f-:::rf:ncf3 fn.:::.m1.::s thr.:::t h1.:1lp mHJ?U',3f2 1h'=: q:J::1::ty of P-Fr:::mf:s ;3nd thfi o,~::-fiil 
:ook :..:t Hh·3 3~r~:&::·t 

lde;3; K~~y h·ame inti.:::"\·:..::.:·~ sh:..)u::..i t~~~ beh,veen ~: ~ind 4 s:::x::..)nd:s. i\:i1.::::-:n:n~) 1 frJr ,.":. ~':~t~)7 f~1-~ pl:::x:1.:: (.-f ,~d~'K\ t~10 k::::y ·fr·-afne~~ 
sh:..::..il:..i tJf:: b0tw00n i~O fra:?10:s a:::..i ·: ~:·::: fr:::rnf:&. 

B~·~:ff~t'i"F~ us::1~1& st)f3Uid b'=: fa~:lt:::f~ to 1 to :::• :~:t~:ff~ncf3 fn~n:&s ·· §dn~1 0\.~3r ~~ ff3ff~:~::nG~1 ':i"::1rnf3f~ rn:::v t".23Uf~~:: poor pt2~y:;ad-; o:: 
s~):n~3 pi:~~:~:rs (Qu/ck;Jrn0 Rx f3.~;1rnp!~:). Ho-..1-·~:\-'f3), ii\·ou ar:3 confa..i~:nt t~1;1t )'Otff •x~ers -.."·::; be us:n~) playf3rn th~it ::-;,,ipprni. B­
Fr:::ms ~Jecodln~1 y:..):..~ c~3n :nc:~:&&f: th'=1s'=: FJ. .. F:~3rn0s tf3 in~~:~1::1s'=: p!ctu:e q:..1::1::ty. \.k:asmh.:::.nd t~lo:J,gn th&t yt1;..: ~vin t3f3 
\n(;~~~::-:si::~3 fil:::: &1:.-":.f: \\'·h::..-:h frn3l s.k~\·V rk~\.vn k1ar: t:::-~~Js ,:::.nr~ C~i:..~:SiJ Bt1rn1.:: t•t~ffi}:·/nfi, 

Kf:y Fn.-:1n-1f3~; ,~r~: tWf3iJ k1~· ~"! ,,:..~:i0ty of pu~posi.::s and not ;us-t k~r th& cornpr~:ss:on Df th~: '\.iiJ~3-J. ~fhe-y are :::lso A.:..~:::pt:'.-~ 
~~..,\~!h .. Jl Bnd ~~G'=1k Pdnts ··· an ;~d:::pth..~:: pl;~~ .. ·'=x ~~:::; s\-vi:~;h b:b~1tf3t3 wtlf::n n'=:'=:de-d a~ Kf3Y s:ff3:ners :::nd ~·fh&n $f3f3h:in§ on & 

pl~i~/~:f's time\/n.;~ ·-· H1(.•~::~~ ;~e&k p~)::·1t ;3p~ t:~:-d t,1 : .. r.:·:~:\rn&s. lf t)1i~ Kfif h1HnG !ni:::::\·;31 :s t:..x.- ~;:~10:t t.-:t :;3i:::: &'.<\··lichin9 n-~;~·l 
~v3ppon t:::;r; fr0q:...:'=:nt:y ~~nd if k:o :on~1 a usor':3 pk:::.y'=x rnI3Y c:"::1&~~ if 23 Bv.-·:t~h iB :;::quh13d b'=:ca:..~st: th0 l~s-::x1.:;' b::1:·1ch.,, .. :dth ~-;2323 
dn .. :~~r~~~d. i-\l&o if i3 Kf3}" Ft~~HF~ lnt0:~·;3.: :,~ t:..x~ dGS~3 tt:~1&Hlf3r i';)~3 :~i;:.os lr:1.";ffif3S~3 ;3~1d t~h-3 \'\•'t')fk :10-2:d&f! tfJ dOGt"!f~& :h0 plch:ff3 
't,,v·r~~t.:£3d ..... 0u-..."t·\1 ::\ )~Jc p'a1D~\:..·>:;,. ~J,•:20.\: \ .. :t·. ~3~.,~o,..J)...:..::~ \.1. :..&,i:.:r:~ ,V~\,. n""\i 'i':..., £-.., 1Hn:;.o ba:0w··,.5~•, ..... ::.- .. )~ r·~-=-~3•{~) .. ~ 

consldi3:f:3ik:ns ~~n int.G:;.:ai t.h~1t is ,~ry lon~ n10::1r:s. t~~Bt. ::: u:si3r ;,,vm nf;~ b0 f:bl& :o s0&k ~\·lihin Hlf3 ;,,ki&D )Ji3:t.Wi3i3:~ ~h:..:s.& 
p-:.1ln1s ... c23u~s:n~1 B. po(.-; -Bxp&r:1.::::ce. 

~n-m pia.~::3~· k:~::..~s lnlbfp~;~Uon f:"o:n ;~ \,idf3D ~.x~yioB.d £::,-·our 0ncodHd ,,id~:o a~i~if3n a:·marJ •Jf ~:our ff3;1; tln1~: pl~iyt~~3ck. ~fh:s 
t3;3fff~: sho:..iki bt~ :n b;::.IBnc0 b&h,m&r: ~hG bit :~nG :::nd co:m~::ctkm sp,f:t~d. To c&k::..~!att~ th'=: t~/h~1tt~ f.:h~:~x Si:.:".& 2511 y-o:J n'=10d 
k~ :..io i~~ t:3k:..:~ Hh::' .. \,~:~":S)t"!- t~H ~:...":.ti.:: and :3dd fit i~~i:\~3:. ~~tY}~ s:..-~ H~i5t \ht: )}Uf!in \•VOUld be 1~~tY% t:r..~,, .. ~:::·af?~. 

T~·)i3)0 an~: ~~V'O& ~~nma;-~.· &nc1.xJln;3 moth:..x!& u~30d --· Hh·3s~~ P;-ofHf3fs ;3.iifJ\·V fJi~::13Pt :ow3:~ fJf Go~1:pl&xity in tho \.~fJ~30 stffifim 
Bnd ::::~: uts~3fui. ;; not ft3q;...:lr'=~d; to f;rnJ th:::t tJai25n(:~ b'=:h~·'=:'=:n 1.~Gnrn3(:lk':r: a:1d fi~ret:::.rn. Th'3 thfBt3 ;~3,~::s 23~3: 
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.·'-':.t~iJb.·; :.0n:..":s :°fJ b0 sin:r.,::::~:· t,1 t:·ansrn:t ::::::..: is- 5,/gnrncan~.;y k":'1W3f th~~n a \/:fJ~jfJ l;/t r~~ti3 .. .:..\udlt~ B:: Ha:f;;~:- r::":t:gfj f:orn ~':Okt.ip$ 
u~: to only ~~B.-·{ kbp:s (Rx 6. ·~ i-\udh::: Only} an:..~ ryp/c;:.~/ly us\'.:: ~t.4:1 khz ;)fif second r:-f :~~2 khz fr:;f ;3 sa:-np!r: ?"?..~t\'.:":, 

f3::::low )"Ot~ ~,;_.•iii i~n-d ::~ &r:r:t3f3 of ch::~:-~s G0ta:i;n~1 tf:f: ~0Bt. ~::1~ct;(:0 s::::·Wf:g&. Th::::s-::: a:~J n":::::a:-:t ;~B ~1:..~ki-:::::n::::s, '{o:..~ can rno-:..~J 
irr:rr: :h~~~se settinGS but ~:\~·:..~ys :13mernb:::::- yt~:.: ~ff! H~dn~1 t:..) ach/~3,~: f~ b;3l;3n\.X~ &t:1.': ther-2: &fH potei:ti&l G(Jns~3q:..:enc0s ·ft')f 

V~3?ying fn)ff! recon::TiBn-dBtlons, 

"fh& c~3~3rt.s a&&u:ne .~::tB3 fp:~ ,.-.,.t3:rJ3 i:~ f;~st h:-:!coming th& s~Bnd::~td ft)f rn'=:di::~ :..-;unt·!3nL lf yuu: cont&r:t if~ :~:~3.ffl (~:Jr :~G) fps 
Hii~ \-z01: fr~i:"fli~ \ni.0f"l~~i "'""·~·}uld b.s :..~:: th~it l.:"i/0(-"t~ld PGGd ::::..":it:st:n\~nt fi"t):"fl W:°li3t ;;~ pt1:$iHltGd h::'!t1i. Ft):" i3:.~~~n1p:~:: T:"ii~ KB}•" Ft~iHH~ 
1nf0r ... ~3l for th~; S~)...H1g~\ __ ~!'~f12 at~~:$. ~":t1 fps !s 9~) {,x N"J;..igh!y .. ~ s:-::cond~3} i~· it v~.·t:::.s :::st::3ad :~:~:.~1'? ~1& ?h'=: :nt:-::f'-..~il; ftx four 
S0Ct)t:t":S, l.:\•Y.,~~:d b\~ ·1 ·1 ~). 

A :::~i~~t~~r n;e :nt:::n:..":tid ~): t:~Hifat~o\J/ng :·~ t..:ft:::n :~~;~~n~::...: tt1 :~s ::: :'..-·1~~~:::.::.:~nin0 n:e --· ~i& /~.'$ ;;~n lnt'=:iY:-it~fJ/;;3:}: st8-p i:i tJw~ 
p0:3ipt:..:fh~ction pr-.::..-::-::s&. /~ .. H\~-:: 4k 1JnGoni~Xf:&s:3:rj p:0c~: :..:f '.,/iG0,: :s fax :,10 1::it~):-:: :0 ~)i.,t3n plr~y batk on most r~0rnpuh:ffS ;~nd 
ce:i:~~:n:~i )oo b\1 tr; ~:~:::&cf.'-di3: fr,xn ~3& i) ',/1.:rn.:ld tak~: B :3ubsta::tl~~: i3mo:.mt uf )/m.s t:..) t3\~n :""fh"A~) thi3: ~~ii35 ,~o th~3: ;~:1 
0n:..-:rw::3: ct:::.n pk-:k 1t up a::d comp/0t\'.:~ t~~B t~~1nscodB. 

ki'=:::1liy ths ,,ki~:o rn~3:3i0t &~lould b'=~ ::1t :ne n:::th.~ ~~~sn!uti:..-m ~Jf Bcfr,.,~3 p;~~h.:t~~ .. in Gth~x ~,·':..XfJs ... ff th& -,.~d'=:o has ~3n t:::.sp~~:..-:t 
:-a~/o rd' 17l~ t~~~~n iht: m~~;;t~:r ~~~if)UifJ b.s i781 if the \,{di3:0, ht)\...,,'0\·'fh", v·l~~;; .~:~~~~ t~~i3: rn:::ste: sh,:uki ~~:s,~ ~Ji3: ~:~1t~ '.-.._,.;:.h nt) ~;up10d 
1n n~::i'i:t!ng. 
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.. •:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:~::.. : 
j}~-SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS\~._ ... · 

~~ED 
INTO 
MASTER 

Th~ :::be>\~ is ~::·1 f~.::::f1n1ple of ~i ·:. 7t1 t::~ifat~~~- th~it \.~t-:nt~:ins ~~-40 ~r~t:'-'~3 pk~tt..~:·Hfa · rnt~~inlnq tb..-1t if }ffh~ iDo~~~d :::t ~~~if; \·~titK' 

:·n~&t~~r on zs monitor yrn3 ,.-...·ould B'=~'=~ hlatk nv~th::s :~co;--...i~xi 1 ~Jr bu:Y~f3d, :nto Hlf~ m:::st::::. :f thls rn[3t~t'=~:· -:.~··::~s t:~3nBC{~d:::d 25& 
·~. ?'~ U:'"~s~~ ~;;~~r;~~ rn:::ttf3:S , .. \~·;u!d P2:n:~i::: ~~nfJ takt: a-:-\.:':::y ~-f;m H:t~ i:n~~~:G qu:::m.y t•y '-;,1ns:..m::::9 n-~\.)~':..:: b:t&. ;\·~&ttf3S t~hr::..:lti bt~ 
?"\3Tno\~3d to m~3>:lrnl:.:~ pichffB qu:..:::.Uty an:..~ th~ &cth.~ p1chffB :should bi.:; fB11£3Ct'3d :n th£3 fmat nu\put dffn£nBions. 

'(~J;..: ~Y:ay "-'·ish t~J c~~;&tf3 !3 s:..~~·}·fflt3:3i'!~t Hmf is -:;&si&f fo tff3nf~n~/i t:::- p:3:\n-:x~: :3nd c::1n bs ;JB~d t:::- ~n.::.nsc:.xi:-:: :f3Sf~»r q:.mmy 
$t:G;~rns. T~1/s: -..;h,~rt fJi;;t&n:s i.·v~1~~:. ::: $t~t~~rn,~sh}: :.r~-:nscc•dfi- ,x1:..:ki k.x:k nk.1.::. 

Ka!hirn 
f!i!!<mr 
Nirnm 

Vitl<i!QB!t 
Ri!!t<i! 

Key fh'lflW Fr>UflW;! !"er 
!mimm! l>i'll.:mid 

Sett:n9s. for Dt~::;~ik:p &f}pl:c~tk.•ns: dlfft~r ~·?1.::&tly fr-Jrn t~10::;t~ :..:s~d on tJ~h'!":r d~i,•iC'!":S prlmar~\y b~r;::-::.~se a deBkh)~1 P~I3V bi.:: 
tHJlf3 to h&nr~tt~ a n1off~ :-.::Grnp:'!:x st~t {~f tr::1nscod~3:3 &:b'!::t -:.~·ith & ""''ld&:- ,.:::1ri&ty- ~.::f pot:::nt!::1! &:r'!~::1:11 k:n&m. Tho:.:~):'~ r~f3f~;;Jop 
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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 emoled 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 arejust 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). 

• 1 Multimedia container formats 
• 2 Single coding formats 
• 3 Issues 
• 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 
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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: 

• AIFF (IFF file format, widely used on Mac OS platform) 
• WA V (RIFF file format, widely used on Windows platform) 
• XMF (Extensible Music Format) 

Other containers are exclusive to still images: 

Page 2 of 4 

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

• 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 VI (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 
• DVR-MS ("Microsoft Digital Video Recording", proprietary video container format developed by 

Microsoft based on ASF) 
• IFF (first platform-independent container format) 
• 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) 
• OGM ("Ogg Media", video container for Xiph.org codecs, no longer supported and formally 

discouraged by Xiph.org[l]_) 
• RealMedia ( standard container for RealV ideo 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 sp·ecify 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 example, Multiple-image 
Network Graphics (MNG) 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. 
2. 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-frarnes, 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 

• 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 

• Archive format 
• Metafile 

References 

1. A Xiph.org does not support OGM 
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1 of 1 

DVD - MPeg differences 

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

Restrictions 
• Streams - 1 video, up to 8 audio 
• Coding - MPeg-1 vbr/cbr, MPeg-2 MP@ML or SP@ML vbr/cbr 
• 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) 
• 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) 
• 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.4 70 B or G) or 6 (SMPTE 170 M) 

• Audio sampling rate - 48KHz (MPeg audio only, other audio formats have their own rates) 
• Aspect ratio - either 4:3 or 16:9 
• GOP max 

o MPeg-1 18 frames (NTSC), 15 frames (P AL/SECAM) 
o MPeg-2 36 fields (NTSC), 30 fields (P AL/SECAM) 

note: typical rate is .5 seconds, with one GOP per VOBU 
note: GOP's are NOT optional 

• pack size - fixed at 2048 bytes, system stream level ( one DVD sector) 
• Low delay - not permitted 

Extensions 
• Private stream 1 (Audio and subpictures) 

o sub-stream Ox20 to Ox3f are subpictures 
o sub-stream Ox80 to Ox87 are audio (AC3, DTS, SDDS) 
o sub-stream OxAO to OxA 7 are LPCM audio 

• Private stream 2 (Navigation) - see PCI packet and DSI packet 

I:.,\~~, DVD-Video home 
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DVD subtitles 

As of January 9th, 2001, !he latest version oflhis document can be found here: 
http://sam.zoy.org/docldvd!subtitlesl 

Preamble 

One of !he last t>iings we missed.in DVD decoding under my system was t>ie decoding of subtitles. I found 1 

information on the web or Usenet about them, apart from a few words on them being run-length encoded in the D\! 
FAQ. 

So we decided to reverse-engineer their format ( it's completely legal ir. France, since v.-e did it on interoperabii 
purposes ), and managed to get almost all of it. 

DVD subtitles are hidden in private PS packets ( oxoooooiba ), just like AC3 streams are. 

Within t>ie PS packet, there are PES packets, and like AC3, the header for the ones containing subtitles have 
oxooooo1bct header. As for AC3, where !here's an ID like OxBO+><), there's a sublille ID equal to ox2o+x, where" is~ 
subtii!e ID. There are 32 possible different subtitles on a DVD. 

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

A subtitle packet, after its parts have been collected and appended, looks like this : 

+----------------------------------------------------------+ 
0 2 size 
+----+------------------------:·-----------------·: 
lsizei daca packet control 
+----+------------------------,-----------------. 

a subtitle packec 

.----------------------------------------------------------+ 

size is a 2 bytes word. 

Here is the structure of the data packet : 

·:----------------------------------------------------------+ 
so 

+----+------------------------------------------+ 
I so I da-r.a 
+----+------------------------------------------· 

the data packet 

+----------------------------------------------------------+ 

so, the data packet size, is a 2 bytes word. 

Here's the structure of the control packet : 

+--------------------------------------------------+ 
so size 
+----------+----------+-----+--------------·: 
I ctrl seq I ctrl seq I ... I end ctr.l seq I 
+----------+----------+-----+--------------. 

the control packet 

+--------------------------------------------------+ 
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Here is the structure of a control sequence : 

·----------------------------------------------------------------------------+ 
+---------+---------+---------+·············-:·-···········~·-------+-----:------+ 
I date(2) I next(2) I cmdl(l) : ~zgs1 I cmd2{l) I args2 I ... I Oxff I 
+---------+---------i---------+-------0---------+-------+-----0------+ 

+----------------------------------------------------------------------------+ 
A control sequence starts with a date coded on 2 bytes, then an offset to the next control sequence coded on 2 byte 
!f the offset to the next control sequence equals the offset of the current control sequence, it means we are on the I;; 
control sequence. 

The data in a control sequence after the offset consists of one byte long commands followed by argumer 
depending on the command. The last byte is always Oxff, which is actually a command without arguments telling~ 
reached the end of the control sequence. 

Control sequence commands 

Here are the control sequences I know of. I know there are many more, to control subtitle fading and such things, bi 
didn't find information on them and couldn't reverse-engineer any because I actually didn't find any. 

• oxoo ( force displaying) : 
this command takes no argument and is used to tell the decoder it has to display the subtitle. I suppose son 
other subtitles have commands which tell them to only display subtitles when the user clicks on the mouse, 1 
instance. 

• oxo1 ( start date): 
this command does not need an argument, since there is already a date information in the control sequence 
tells the decoder the delay before it has to display the subtitle ( the decoder already knows the PES paci< 
date from its PTS, the delay is in 100th of a second ). 

• oxo2 ( stop date ) : 
see the explanations for the start date. This command tells the decoder when to stop displaying the subtitle. 

• Ox03'*** (palette) : 
this command has four one nibble-long arguments, giving the palette information. Subtitles are encoded ir 
colours, but the palette is 16 colours-wide. 

• oxo4 • ... ( alpha channel) : 
this command has four one nibble-long arguments, giving the alpha channel information for each colour. 

• oxos•••********* (coordinates): 
this command has four three nibble-long arguments, giving the coordinates of the subtitle 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 subtitle's size 
(X1-x2+1) X (y1-y2+1) 

• Ox06******** ( RLE offsets): 
this command has 2 two-bytes-long arguments, respectively the offset of the first graphic line, and the offset 
the second one in the RLE data ( the graphics are interlaced, so it helps a lot). 

• Oxff ( end command): 
this command has no argument and tells the decoder it reached the end of the command sequence. 

Control packet decoding example 

OOOOOa0c01030231040ff0050002cfD0223eCSOD0604e9ffOD93Da0c02ff 

Let's decode this sample control packet. 

The first control sequence is : 

(0000) (OaOc) (01) (03 0231) (04 OffO, (O,, D002cf00223•:l (06 0D0601e9, iff, 

We can deduce from this that the effect date is zero 100th of a second after the PES packet's time ( o,,oo ) and tt 
the next control sequence will be at offset oaoc. 

Then we learn that the sequence is a display sequence ( 01 ), that colour O is 0, colour 1 is 2, colour 2 is 3, and cola 
3 is 1 ( 03 0231 ), that colours O and 3 are transparent, and colours 2 and 3 are opaque ( M OffO ). Then the 
,,002croo223e sequence tells us that the first column is OxOOO, the last one is Ox2cf, the first line is Ox002, and the I;; 
line is Ox23e. Thus the subtitle's size is Ox2d0 x Ox23d. The 06 000604e9 means that the first encoded image sta1 
at offset Ox006, and the second one starts at Ox04e9. Eventually, the ff stuff tells us we reached the end oftl 
control sequence. 

The second control sequence is : 
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(0093} ,o~Oc} (Oil (ff) 

We can deduce from this that the effect date is 1.47 seconds after the PES packet's time ( oxoo9:; = 147) and tr 
the next control sequence will be at offset oaoc. But since this is precisely offset oaoc, v,1e know it's !he last cont1 
sequence. 

This control sequence just tell us it is a stop display sequence ( o 1 ), and finishes with the ff byte. 

Decoding the graphics 

The graphics are rather easy to decode ( a! least, when you know how to do it}. 

The picture is interlaced, for instance for a 40 lines picture : 

When decoding you should get : 

line O ---------------#---------­
line 2 ------#-------------------
line 38 ------------1------------­
line ------------------#------­
line 3 --------#-----------------
line 39 -------------#------------

line 0 
line 
line 2 

---------------#----------
------------------#-------
------#-------------------

line 3 --------#-----------------
line 38 ------------#------------­
line 39 -------------#------------

!f the display!ng resolution is low, you can choose to only display even iines, for instance. 

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

one byte values Oxf Oxe Oxd Oxc Oxb Oxa Ox9 OxB Ox1 Ox6 Ox5 Ox4 
two by~e values Ox3* Ox2~ OxlA 

3 bytes values OxOf* Oxoe~ OxOd* OxOc* OxOb* OxOaA Ox09* Ox08* Ox07 7 Ox06* Ox05* Ox04* 
4 bytes values Ox03** Ox02** OxOl** OxOOO* 

• stands for any nibble. Once a sequence X of this alphabet has been read, the pixels can be displayed: (X>>2) 
tl-ie number of pixels to display, and (X & Ox3) is the colour of !he pixel. For instance, ox23 means Ox23»2 pixels 
colour Ox23&0x3, which is actualiy 8 pixels of colour 3. 

~oo• has a special meaning : it's a fill line I carriage return command. The decoder should do a carnage return who 
reaching the end of the line, or when encountering tl-iis "000-" sequence. But with this sequence, it should also fill tl 
rest of the line with the appropriate colour (X & Ox3). After a carriage return, the parser should be byte-aligned,: 
one nibble might have to be skipped. 

After a carriage 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 return. 

Misc information 

There is no colour information stored within the subtitle packet, they are defined elsewhere in the IFO file. I will~ 
some information about it here when I have some time. 

I don't know what are the other control sequences. 

Credits 

Thanks to Michel lespinasse <walken at via dot ecp dot fr> for his great help on understanding the RLE stuff. and 1 
all the ideas he had. 

Thanks to mass (David Waite) and taaz (David I. Lehn) from ire at openprojects.net for sending me their subtitles. 

Other contributors include Bob Ives" <bob at rebelact dot com> for pointing a sma!I error. 

Changes 
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• January 1!:iih, :woo: changed "xO" and "x1" to "SO" and "81" to make it !ess confusing. 
• January 16th, 2000: added David Waite's and David L Lehn's name. 
• January 16th, 2000 : added the 'changes' section. 
• January 9th, 2000 : fixed a smaif error in the~()()• 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 ISO and IEC, also take part in the work. In the field of information 
technology, ISO 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 Information technology- Coding of 
audio-visual objects: 

Part 1: Systems 

Part 2: Visual 

Part 3: Audio 

Part 4: Conformance testing 

Part 5: Reference sofware 

Part 6: Delivery Multimedia Integration Framework (DMIF) 

Part 7: Optimized software for MPEG-4 tools 

Part B: Ca"iage of /SOI/EC 14496 contents over IP networks 

Part 9: Reference hardware description 

Part 10: Advanced Video Coding (AVG) 

Part 11: Scene description and application engine 

Part 12: ISO media file format 

Part 13: IPMP extensions 

Part 14: MP4 file format 

Part 15: A VG file format 

Part 16: Animation Framework extension (AFX) 

Part 17: Streaming text format 
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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. 

© ISO/IEC 2004 - All rights reserved 
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DRAFT INTERNATIONAL STANDARD ISO/IEC FCD 14496-17 

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 I International Standard, the following definitions apply. 

3.1 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[j]: 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/IEC 2004 - All rights reserved 1 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1628 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



ISO/IEC FCD 14496-17 

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 TIU 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. 

,-----------------------------
' • --1 1----- ]. 3GPP domain : 
I ! Text Samples I I Sample Descriptions I 
I L ............................................... J L. ... ~............... ....................... I 

I I 
I I 

,--------
' Partitioning using 
1 TTUs (Timed Text Units) 
I Into Text Access Units 

---------, MPEG domain 

1 r ........................ w .... , ....... •w. · .• • ....... : • .......... · ........................ ! 1 .,r ......... , ......... ,: .. : ...... : ........ .-1 
1 r Text Access Units t,,,----1'"""1 Re-partitiomng l 
I I I ' 

I Ton I 
I I 

s~!~ - - - - - - - - _ 1 l----------

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

4.1 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. 
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Sample Descriptions 

Text Samples 

......... 
Each Text Sample ',, 

'', associated to one SD '', ', 'a\W 
(/:xi siring [· =: ::~:~ · 1 

Structure of each Text Sample 

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 TTUU). 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 TTUU]. The following 
TTU types are defined: 

• TTU[O]; this TTU type is reserved for future use; 

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

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

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

• TTU[4]; this TTU type is capable of carrying a non-first text modifier fragment from a text sample; 

• TTU[5]; this TTU type is capable of carrying one complete sample description; 
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• TTU[6] and TTU[7]; these TIU 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- Small Text Sample, not 
tlon requiring fragmentation Large Text Sample requiring fragmentation 

• ( text strin? [, ~~~~;;!,I text string 
I \ \ , ~=-~, ~===~s=':l, ~~#~~~=~,==~ modifiers 

I \ \ , ,,. ' , ,,, \\ ' 
I \ ', ,," I ', ,' ,'1 \\ ', 
I ) , ,, I ',- .,.,"' ,,, \\ ', 

tmmQr~n1 1:1mQm:1 l:lfw.l?.1:1 ... 111wt?.1f lmmvr~t;l 1:~t#1] ... 
' ' ' 

I 
I 
I 

I ' ' / ' / 
' ' ' 

I 

' ' Contains Contains 
complete 
sample 

Contains Contains Contains 
sample 
description 

text string 
fragment 

first modifier 
fragment 

non-first 
modifier 
fragment 

.-------------------------------------------------------------------
: Text Access Units : 
I 
I r==,::::;:;:;.;::;;:::;.;::;;:::;;;;,::=::1 I 

! !tT!l~li::fiPl1:1:rni~tl .. or .. ! 11mil1i:mm~t@1;] 1::mmJ~I~1;:H~~~}l::mmJ).r~1 :Wi:ilW.t#1::1 ... j i 
~------------------------------------------------'------------------1 

~~~e TIU(l J ~~~e or more TIU[2], zero or one TIU~;;,'',, 
• optionally one or more • if one TIU]3], then zero or more TIU(41 Note: 
TIU(SJ • TIUs in random order [SJ denotes 

• optionally one or more TIU[S] one TIU(S] 

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[2Js, 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[4Js. 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 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 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 nU[2], nU[3] and nU[4]. The 
following 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, 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 nu starts with an 8 bit nu header; this header carries the type of nu. signals whether characters in the text 
string of the text sample are encoded using UTF-8 or UTF-16, and signals whether the nu header is followed by a field 
that indicates the length (size) of the nu in bytes. This Specification defines some requirements for the presence and 
usage of the nu length field; in addition, transport specific requirements not defined in this Specification may apply. The 
remaining fields after the nu header are nu type specific and described in the following sub-clauses. 

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

• the index of the applicable sample description; and 

• the duration of the text sample. 

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

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

• the index of the applicable sample description; 

• the duration of the text sample; 

• 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; 

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

• the total number of text sample fragments (see clause 4.2.2.2); 

• the sequence number of the fragment contained in this nU[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[S] signaling 
A TTU[5] 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 O 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 Sample 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=O; i<N;i++){ 

TTU [j] () 
} 

4.3.2 TTU[j]O 

TTU[j] () { 
reserved 
UTF_16_flag 
TTU_length_flag 
TTU_type 
if (TTU_data_length_flag==l) { 

TTU data length 16 
{ - -

TTU data [j] {) 
} -

uimsbf 

3 
1 
1 
3 

bslbf 
bslbf 
bslbf 
uimsbf 
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UTF _16_flag - a one bit flag, indicating in TTU[l] and TTU[2] the encoding used for the characters in the text 
string; when set to 'J ', UTF-16 is applied, when set to 'O', 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 - a one bit flag, that indicates, when set to' l ', the presence in this TTU [j J of the 
TTU_data_length field. This field shall be set to 'l' in each TTU[5], and in each TTU(l] that carries an empty text 
sample. 

TTU_ type - a three bit integer that specifies the type ofTTU; the TTU-type field is encoded with a value that is equal 
to the index j in TTULi], according to the following table. 

Table 2 TTU types 

TIU _type value TIU type TIU usage 

0 TTU[O] Reserved for future use 

1 TTU[l] 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[5] 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 [j J () • In a TTU[l], carriage ofan empty text sample is signaled by a 
TTU_data_length value of 6. See clause 4.3.4. 

4.3.3 TTU_data[O]O 

TTU_data [O] () { 
for (i=O; i<N;i++){ 

reserved 

4.3.4 TTU_data[1]0 

TTU_data [1] () { 
sample_index 
sample_duration 
whole text sample() 
} - -

8 
24 

bslbf 

uimsbf 
uimsbf 

sample_index - an 8 bit unsigned integer that specifies the index of the sample description that applies to the text 
sample contained in this TIU. 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 O and 255 are reserved. 

sample_ duration - a 24 bit unsigned 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 26.245 or an extension thereof, specified 
in textConfig (see Clause 7). 
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4.3.5 TTU_data[2]0 

TTU_data[2] (){ 
sample_index 
sample_length 
sample_duration 
total_number_of_sample_fragments 
number_of_this_sample_fragment 
text string fragment() 
} - -

sample_index - See sample_index semantics in clause 4.3.4 

8 
16 
24 
4 
4 

uimsbf 
uimsbf 
uimsbf 
uimsbf 
uimsbf 

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 ITU. 

sample_duration - See sample_duration semantics in clause 4.3.4 

total_number_of_sample_fragments - a 4 bit unsigned integer that specifies for the TextSample of which a 
fragment is carried in this ITU the total number of fragments in which that TextSample is split. 

number_of_this_sample_fragment - a 4 bit unsigned integer that specifies the sequence number of the 
TextSample fragment that is carried in this ITU. 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 I. 

text_string_fragment () - a fragment 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 
number_of_this_sample_fragment 
first modifier box fragment() 
} - - -

4 
4 

uimsbf 
uimsbf 

total_number_of_sample_fragments - See total_number_of_sample_fragments semantics in 
clause 4.3.5. 

number_of_this_sample_fragment - See number_of_this_sample_fragment semantics in clause 
4.3.5. 

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

4.3.7 TTU_data[4]0 

TTU_data [4] () { 
total_number_of_sample_fragments 
number_of_this_sample_fragment 
non first modifier box fragment() } - - - -

8 

4 
4 

uimsbf 
uimsbf 
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total_number_of_sample_fragments - See total_number_of_sample_fragments semantics in 
clause 4.3.5. 

number_of_this_sample_fragment - See number_of_this_sample_fragment semantics in clause 
4.3.5. 

non_first_modifier_box_fragment () - a non-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]0 

TTU_data [5] () { 
sample_index 
sample description() 
} -

8 uimsbf 

sample_index - the index of the sample description that applies to the text sample contained in this TIU. 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 O 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 I 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+l)modl28 and (j+64)modl28, 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+l)modl28 and (i+64)modl28, 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 value i 

Received 
New invalid range New valid range (inclusive) sample_index 

value i in 
(inclusive) 

currently invalid 
range 

1 ~ i ~ 63 (i+ I) - (i+64) 1-i 

(i+65) - (127) 

64~i~ 127 (i+l)-127 (i-63)- i 

1 - (i-64) 

sample_description () - a sample 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). 

© ISO/IEC 2004 - All rights reserved 9 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1636 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



ISO/IEC FCD 14496-17 

4.3.9 TTU_data[6]0 

TTU_data[6] { 
for (i=O; i<N;i++){ 

reserved 

4.3.10 TTU_data[7]() 

TTU_data[7] { 
for (i=O; i<N;i++){ 

reserved 
} 

5. Signaling of a text stream 

8 bslbf 

8 bslbf 

A text stream shall be signaled by a streamType value OxOB and by an objectTypelndication value of Ox08. 

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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Video width 

Video Picture 

Note: Size of Text Box and position within 
J i Text Track determined by parameters 
Ii: i within text stream 
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Horizontai~offset' 

Text Track 

Text Track width 

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: 

• 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 

• whether in-band sample descriptions are applied 

• whether out-of-band sample descriptions are applied 

• whether sample descriptions are carried in the textConfig 

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

7.1 Syntax 

class TextConfig extends DecoderSpecificinfo bit(S) tag=DecSpecificinfoTag { 
bit(B) 3GPPBaseFormat; 
bit(B) MPEGExtendedFormat; 
bit(S) profileLevel; 
bit(24) durationClock; 
bit(l) contains-list-of-compatible-3GPPFormats-flag; 
bit(2) sampleDescriptionFlags; 
bit(l) SampleDescription-carriage-flag; 
bit(l) contains-associated-video-information; 
bit(3) reserved; 
bit(S) layer; 
bit(l6) text-track-width; 
bit(l6) text-track-height; 
if (contains-list-of-compatible-3GPPFormats-flag) 

bit(S) number-of-formats; 
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bit(8) Compatible-3GPPFormat(number-of-formats); 
} 

if (SampleDescription-carriage-flag) { 
bit(8) number-of-SampleDescriptions; 
SampleDescription() (number-of-SampleDescriptions); //as many SampleDescriptions, 
} each carried in a TTU[5], as number-of-SampleDescriptions 

if (contains-associated-video-information) 
bit(l6) video-width; 
bit(l6) video-height; 
bit(l6) horizontal-offset; 
bit(l6) vertical-offset; 
} 

bit(S) 
bit(8) 

remaining-config-length; 
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 setting the contains-list-of-compatible-3GPPFormats-flag. 

Table 4 - 3GPPBaseFormat 

OxOO-OxOF Reserved 

Ox10 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 5 - MPEGExtendedFormat 

OxOO-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 9 for profile and level constraints. 

Table 6 profileLevel 

OxOO-OxOF Reserved 

Ox10 Base profile, base level 

Ox11 - OxFF Reserved 

durationclock - a 24 bit unsigned integer that specifies the frequency in Herz of the clock used to encode the · 
sample-duration field in TTU[1] and TIU[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 bits 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 'O', 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-off set, and vertical-off set 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 'O' 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 ( l - one sample description carried in one TTU[5]. 

video-width - unsigned integer specifying the width of the video picture in pixels 1 

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 
nu 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 t . . 
R kb/s -1 textSamoleBuffer text Decoder I nu 

' 
Tex t stream Decoder 

• I 
in-band-samoleDescriotionBuffer 

I -, I 

I out-of-band-samoleDescriotionBuffer I 
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
sampleDescription Buffer. 

At the input of the HTD, the nu decoder processes each received nu 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 nu decoder at a bitrate R; if the 
textSampleBuffer is full, no bytes enter the nu decoder. The byte in the text stream subsequent to the text sample byte 
that causes the textSampleBuffer to be full does not enter the nu 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 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: 

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

• 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. 

ext 

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 Value 

Bitrate R 10 kb/s 

Size of textSampleBuffer 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_ID 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 service (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 service, including Reuters New Media, Jupiter Communications and CMP 
Publications, IBM infoMarket is a leading provider of content on the Internet. 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. 

Tyco Integrated Security 
tycois.com 

Over 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 service 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 versions 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 Internet as a valuable business medium by which to sell their information, over and over again. 

The IBM infoMarket service 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 services. 
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 service 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 Internet 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 M~ Idea? 
www. patentlybril!iant 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(ii) provides publishing, marketing, and information services 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; 

-- International Services, lnc.(ii) provides international trade leads, language translation services, and international credit 
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reports 

-- Jupiter Communications, LLC(ii) research, consulting, and publishing information emerging consumer online and 
interactiw technologies 

-- M.A.I.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 owr 8,000 publicly traded companies to the 
professional brokerage, institutional research and individual inwstor marketplaces. 

-- Online lnc.(ii) publishes how-to magazines and books aimed at users of online databases, CD-ROMs, multimedia, and 
the Internet 

-- Thunderstone Software(ii) provides intelligent concept searching and retrieval technologies 

-- Vickers Stock Research Corporation, lnc.(ii) provides information on exactly what stocks insiders are buying and 
selling 

IBM 

IBM has been a pioneer in the dewlopment of the Internet. It designed special hardware and software, and provided 
operations support for key networks that make up today's Internet, including the Internet's primary backbone, the 
NSFnet. IBM also helped form Advanced Network & Services (ANS), the organization which had been responsible for 
managing and servicing the NSFnet from its inception until the beginning of 1995. 

IBM offers hardware, software, consulting and services 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 Internet 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 respectiw 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 

ISO (the international Organization for Standardization) and iEC (the International Electrotechnical 
Commission) form the specialized systern for worldwide standardization. National bodies that are members of 
ISO or !EC 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 cornrnittees collaborate in fields of mutual interest. Other international organizations, governmental 
and non-governmental. in liaison with ISO and IEC, also take part in the work. In the field of information 
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1. 

International Standards are drafted in accordance with the ruies given in tiie 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 approvai 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/I EC 14496-17 was prepared by Joint Technical Committee ISO/I EC JTC 1, Information Technology, 
Subcommittee SC 29, Coding of Audio. Picture, Multimedia and J--/ype1media Information. 

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

Part 1: Systems 

Part 2: Visual 

Part 3: Audio 

Part 4: Conformance testing 

Part 5: Reference sof~vare 

Part 6: Delivery Multimeclia Integration Framework (DMJF) 

Part 7: Optimized sot/ware for MPEG-4 toois 

Part 8: Carriage of ISO/iEC ·/4496 contents over IP networks 

Patt 9: Reference hardware description 

Patt -ta.· Advanced Video Coding (A VC) 

Part 11: Scene description and application engine 

Part 12: !SO media file format 

Part 13: !PMP extensions 

Part 14: MP4 file format 

Part 15: A VC file format 

Part 16: Animation Framework extension (AFX) 

Part 17: Streaming text format 
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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. 
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Information technology - Coding of audio-visual objects -
Part 17: Streaming text format 

1. Scope 
This document specifies lSOilEC 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 lnternational Standard are encouraged to investigate Urn 
possibility of applying the most recent edition of the Standards listed below. Members of IEC and ISO maintain 
registers of currently vaiid 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 I international Standard, the following definitions apply. 

3.1 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 1o 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 1o 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[i]: a Timed Text Unit is a syntactical sub-structure of a text access uni1 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. 
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4. Text stream format 
The text stream format defined in this Specification is d,,rived from the, time,d 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 de,fin,,s text samples and sample 
descriptions. This Specification defines how to partition such text samples and sample, descriptions into so--called TTUs, 
Time,d 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. Partiti.oning in TTUs is defined so, that 3GPP extensions are possible, but also extensions defined in 
future, ve,rsions of 1his Specification. See figure 1. 

A text strnam is a concatemation 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 strnam. 

MPEG domain 

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

4.1 Text samples 
Each text sample represents text data and consists of a text string, optionally foiiowe,d by one or morn 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 tl1e text string during the time that 
the te,xt is displayed. such as text colour clianges 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 modifa,rs 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 de,scriptions am 
allowed; to each sample description (SD) an index is assigned and to each text sample the index of the appiicable 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 betweern sample descriptions, text samples, a text string and text modifiers is depicted in figurn 2. 
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Figure 2. Sample Descriptions, Text Samples and their structure 

4.2 Text access units 

!SO/IEC FCD 14496~17 

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 lime witt,oul a text 
sampie being presented, for instance between 1'.'No subtitles, an ''empty" text sample is defined, which is a text sample 
without data. If an "empty" texi sample is immediately preceded by a non-"empty" text sample, then the "empty" te>-i 
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 cany 
the text data across a transport net-Nork. It is therefore expected t~1at 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 scroiiing horizontal 
text at the bottom of the screen, ln which case fragmentation of text samples may be required prior lo 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, TIUs, of several types, each referred to 
as TTU[j]. The fcirrnat of TIUs is defined in this document, as we!! 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 TIUs are defined, one for carriage 
of a complete text sample, three for carrlage of text sample fragments, and one for carriage of a complete sample 
description, whiie 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 TIUIT]. The following 
TTU types are defined: 

e TTU[O]; this HU type is reserv<ed for future use; 

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

s 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 TIU[4]; this TIU type is capable of carrying a non-first texi modifier fragment from a text sample; 

s TTU[S]; this TTU type is capable of carrying one complete sample description; 
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• TTU[6] and TTU[7]; these TTU types are reserved for fuiure 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 frorn 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 
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Small Text Sample, not 
requiring fragmentation Large Text Sample requiring fragmentation 

I 
I 
I 

' ' 

l:l~~~ 

text strina ! modifiers -. 

I 

c:: text str5= f 

I , , I I 

' ~ I I 
I ,. , I I 

Contains Contains Contains Contains Contains 
sample complete 
description sample 

AU: 
• one TTU[lj 
• optionally one or mor,~ 
TTU(Sj 

text string first modifier 
fragment fragment 

AU: 
• one or more TIU12], zern or one TTU[3] 
• if one '1TlJ[3l, then zero or more TTU[4] 
• TTUs in mmfom order 
• optionally one or more ITU[Sj 

non-first 
modifier 
fragment 

Note: 
[Sl denotes 
oneTTU[Sl 

Figure 3. Carriage of Sample Descriptions and Text Samples in TTU[j]s, and construct.ion 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 thei 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 illustrate how to include an empty text sample. 

The ordeir of TTUs within a text access unit is random within some constraints. When text samples are fragmented, it is 
allowed to repeat a fragmernt that is considered more impo1iant than others, and to transmit modifiers prior to text string 
fragments, which may be useful for large text strings. For ordering TTUs wiihin 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 texi 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 appiied when fragmenting text samples for carriage in TTU[2L TTU[3] and TTU[4]. The 
following constraints shall be applied: 

• The first fragment of a text string shaii 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, 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 
wiil 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-·ciauses. 

4.2.2.1 TTU[1] signaling 
A TTU[1] carries a compleite text sample; the TTU header and the HU length field, if present. are followed by fields that 
provide the foiiowing information: 

_,· the index of the applicable sample description; and 

• 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 
va!ue (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 
foiiowed by fields that signal: 

.. the index of the applicable samp!e description; 

• the duration of the text sample; 

• the total length of the original non-fragmented text samp!e; 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 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 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); 

• the sequence number of the fragment contained in this TTU[2] (see clause 4.2.2.2);. 

Note that the index of the applicable samp!e 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 
signa!ed. 
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4.2.2.4 TTU[5] signaling 
A nu[5] carries a sample description. The nu header and the nu 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 O 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 provlde 
sample descriptions out-of-band. See table 1. 

Table 1 Index values for Sample Descriptions. 

f---ln_d_e_x_
0 

v_a_i_u_e_-+--:-:-:-:g-r~-.:-:::_! ____________________________________________________________ l 
-----------------------------·----t--------------------l 

f---1-~-:-~-:_;_:4 __ -i;;~---~ 
-------------------------------------- ------------·-------------~ 

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 
dtlscriptions frorn 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 descrip1ion is 
received with lndex value i not in the valid rangB, then the receiver shall discard each sample descriptlon with an index 
value in the range betvveen (i+1 )mod·128 and (i+64)mod128, inclusive. For example, assume that the valid range is 
bet\/veen 41 amj 104 inc!usive, 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 i 15 to 127 and 1 to 50, 
inclusive, so as to change the valid range to values be1ween 51 and 114. 

4.3 Syntax and Semantics 

4.3.1 Text_access_unit{) 

text_access ___ .un:i.t () { 
for (i=O; i<N;i++){ 

TTTJ [j J () 
} 

4.3.2 TTU[jJ() 

'l"l'U [ j J ( ) { 
rese:r.ved 
UTF_l6 ___ flag 
'J.".L'l:J ____ length ____ fJ.a,;:r 
TTU_type 
if (TTU_data_J.en,;:rth ___ flag==l) { 

TTU_data length 
{ 

TTU_da.ta. [ j ] ( ) 

6 

3 

uimsbf 

bsJ.bf 
bslbf 
bslbf 
uimsbf 
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U'l'F ___ l 6_flag - a one bit flag, indicating in TTU[I] and TTU[2] the encoding used for the characters in the text 
string; when set to' l', TJTF-16 is applied, when set to 'O', 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 ·-· a one bit flag, that indicates, when set to '1', the presence in this 'l"l'U [j J of the 
TTU_data_length field. This field shall be set to' l' in each TTU[5], and in each TTUiJJ that carries an empty text 
sample. 

TTTJ_type ·- a three bit integer that specifies the type ofTTTJ; the TTU-type field is encoded with a value that is equal 
to the indexj in TTU[j], according to the following table. 

Table 2 TTU types 

TTU _ type value ! TTU type TTU usage 
___________________________________ ! _________________________________________ --------------------------------------------------------------------! 
0 ! TTU[OJ Reserved for future use 

I 

I TTU(l] Carriage of complete text sample 
1---------1--1 ________________________ --------------------------------------------------------------------------------------------

2 I TTU[2J 
-------------------------------------+----------·-----+-------------------; 
3 ! TTU[3] 

Carriage of text string fragment 

Carriage of first modifiers fragment 
I f----------+----------+------------------------------------

4 i TTU[41 Carriage of non-first modifiers fragment I 
1--------·-f-l - . . 

5 ! TTU[5] Carriage of a complete sample description I 

6 i TTTJ[ 6] -~~~~:~~-~-~~'.:_:~-~~'.:~-~-~-~------------------------------------------ I 1--7--------+-i -T-.l-,l-J[_7_l-----+-Reserved for future use i 
______________________________________ J_ ___________ · __ J---------------------~----------------~i 

TTTJ_data_length -- an optional 16 bit integer that specifies the total number of bytes of the TTU ___ data_)ength field 
and the immediately following TTTJ_data [ j J () . In a TTU[l], carriage of an empty text sample is signaled by a 
'l''l'U ___ dat:a ___ len~rth value of 6. See clause 4.3.4. 

4.3.3 TTU_data[OJO 

'I"I'U._da ta [ 0 J ( ) { 
for (ic,O; i<l\l;i++){ 

reserved 

4.3.4 TTU_data[1]0 

n·u ___ data [lJ () { 
sample ___ ,index 
sarr\p l E~ ___ dura tion 
wh()l.,c?_,text ___ sampl e () 

8 

8 

bslbf 

uimsbf 
uimsbf 

sample_index - ,m 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 sbali be present in the text stream prior to its use. The sample_index values O and 255 are reserved. 

sample. ___ duration -- a 24 bit unsigned integer that specifies the intended duration of the presentation oftbe text 
sample in this TTU in units of the durationClock, specified in textConfig; see Clause 7. 

,1;hole ___ t:ext: ___ sample () - TextSample, as defined by 3GPP in 3GPP TS 26.245 or an extension thereof, specified 
in textConfig (see Clause 7). 
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4.3.5 TTU_data.[2]0 

'.l".l'U_data [2] () { 
sample_index 
sample_length 
sample_duration 
total_nun1ber_of_sampl e_f ragrnents 
nu.rr~er_of_this_saiuple_frarJrnent 
text ___ string_fragment () 

sample ___ index - See sample_index semantics in clause 4.3.4 

8 
16 
24 
4 
4 

uimsbf 
uimsb£ 
uimsbf 
uirnsbf: 
u:Lmsbf 

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 T'TU. 

sample ___ duration - See sample_duration semantics in elause 4.3.4 

tot~al ___ ri.urr,ber __ of ___ sample __ fragments ··· a 4 bit unsigned integer that specifies for tbe TextSample of which a 
fragment is carried in this TTU the total number of fragments in which that TextSample is split 

number _of ... thi s ___ sample ___ fragment - a 4 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 nurnber N-1, while for each subsequent fragment the sequence number is increased by 1. 

text .... s trinr; __ fragrnent () ··· a fragment 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]0 

TTTJ_data [ 3 J () { 
total_number_of_sarnple ___ fragments 
numJ::.,er_of_this_sample_fra.g:ment 
firs t ___ modifier_box_fra91:nent () 
} 

4 
4 

uimsbf 
uimsbf 

t:otal __ nunmer._of_sample_fragments - See total_ __ number ___ of_ __ sample ___ fragments semantics in 
clause 4.3.5. 

number ___ of ___ t:his ___ sample_fragrnent ·· See nlli'nber_of_th:i.s ____ sample ___ frag:ment semantics in clause 
4.3.5. 

firs t_modi f :ier ___ box ___ f ra<;i-rnent ( ) - 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_data[4]0 

'l"l'U __ da ta [ 4 J () { 
total ___ number_of_sample_fragrnents 
nw11ber_of_this_sample_fragraent 
non ___ first __ _1nodifier_box_fragment () 
'\ 
.I 

8 

4 
4 

uimsbf 
11irnsbf 
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t:otal ___ number ___ of ___ sample ____ fragmen1~1, - See total ___ 11.urnber ____ of. ___ sample ____ fragments semantics in 
clause 4.3.5. 

nw:nber_of_this_sample_fragment ·· See nurober ___ of. ___ t:his ___ sample ___ fragment semantics in clause 
4.3.5. 

non_first_modifier_box_fra_gment () - a non--first fragment of the text modifiers from the TextSamplc~, 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]0 

T'I.'U ___ data[SJ () { 
sample ____ index 8 uimsbf 
sarnplE; ___ c1esc:r.iption () 

sample, __ _:i.ndex - the index of the sample description that applies to the text sample contained in this TTU. The 
sample, __ _:i.ndex 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 O and 255 are rnse~rved. 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 land 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 
saropJ.e ___ :i.ndex values shall be in use for in-band sample descriptions, identified by a range of valid sa_mple_index 
values. When a receiver starts tl-ie de~coding of a te~xt stream, the receiver has no knO\vledge 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~ rnceiver shall define the sarnple ___ index values in 
the range between (j+ l)modl.28 and U+64)modl28, inclusive, invalid and to shall conside~r all other sampJ.e ___ index 
values between 1 and 127 (inclusive) valid. When subsequent sample~ descriptions are received with a sa:mple ___ 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 sa_mple_index values in the range between 
(i+l)mod128 and (i+64)modl28, 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 value i 
~-------~-------------------------·---··--·-···-·----------------------------------------
1 Receh:ed New invalid range New valid range (inclusive) 

~~:_: __ -1--(-in-c-lu_s_i_v_e_)---------1---------------< 

! 1 ~ i ~; 63 (i+l) -- (i+64) 1 ·-- i 

~l-------1---------------------------------- _________________ :_::'.:~-~L::_?~~~-----------------
! 64 ~is 127 (i+!)- 127 (i-63)- i 

l _______ __,c..._ ____ 1_-_(_i-_6_4_) ____ .J..._ __________ ___, 

sample_descript ion () - a sample description for a TextSarnple, 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]0 

TTU_data[6]{ 
for (i=O; i<N;i++)( 

reserv·ed 

4.3.10 TTU_data[7]0 

TTU_data[7]{ 
for (i=O; i<N;i++) ( 

reserv-ed 

5. Signaling of a text stream 

8 bslbf 

8 bslbf 

A text stream shall be signaled by a stream Type value OxOB and by an objecffypelndication value of Ox08. 

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 andior text modifiers. 

The width and the height of the Text Track sha!i 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 speeifies 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 texi 
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 pixei 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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' : Video width i"'!--------------------------------------------------------

r-;-
r ; 

i .l 

''':

r ! 
! j 
if 
If 

Video Picture 

Note: Size .. of Text Box and position within 
T,'Xf: Track determined by parameters 
within text stream 

if 
i: -'i----1--------------------------------------------------------------- --------------­
{ ,..111f,-.....---·--------------------

Hori:wnui!:orrset' Text Track width 

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 mformation 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 

* ciock units used to encode text sample durations 

* whether in-band sample descriptions are applied 

$ whether out-of--band sample descriptions are applied 

* whetr,er sample descriptions are carried in the textConfig 

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

7.1 Syntax 

class rrextConfig extends Decode:r_-specificinfo bit(B) tag=DecSpecificinfoTag 
bit (8) 
bit(8) 
bit(8) 
bit (2,1) 
bit(l) 
bit(2) 
bit(l) 
bit(l) 
bit(3) 
bit(8) 
bit(l6) 
bit (16) 

3GPPBaseFormat; 
MPEGExt:endedFor:mat; 
profileLeve.1; 
durationClock; 
contains --1.i s t.~-of--compa tibl e·-· 3GP PF'orma ts-flag; 
srunpleDe.scriptionFlags; 
SampleDe.script ion-·carri age-flag; 
contains --as socia ted--v:i.deo-informat.ion; 
re.served.; 
layer; 
text·-·track-·width; 
text·-· track-· height; 

if {contai.ns·-·l ist--of-compat.ible-3GPPF'ormat:.s-flag) 
bit(8) number-of-:l;or:mats; 
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bit ( 8) Compat.ible-·3GPPFormat {nurr .. ber·-·of·-·forn1.ats) ; 

if ( SampleDescripti cm·-·carriage-f1ag) { 
bit (8) 11un1ber--of--Sa1upleDescriptions; 
SampleDescript ion (} (nunl1:)er·--of-·SarnpleDescr:i.pt:i.ons) ; / I as many SampleDescriptions 1 

<:~ach c;arried in a T1l1U[SJ, 
if (contains--associated--video--information) 

bit (16) vidE',o--width; 
bit (16) vick,o--height; 
bit(16) horizontal-offset; 
bit(16) vertical-offset; 
} 

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

7.2 Semantics 

as nurnber-of-SampleDescriptions 

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 setting the contains--J.ist·-of·-compatible-3GPPFormats-flag. 

Table 4 - 3GPPBaseFormat 
~----------------------------- ----------------------------------------------------------------------, 

~eN~ i 
Timed Text as specified in 3GPP TS 2ei~z;5-----------------------------------i 

l-----------+-------------------------------------------------------------------------------

1 ______ 9-~-~-~-=-9-~~-~----------- --~:_::~~:-~---·-------------------~ 

OxOO-OxOF 

Ox10 

MPEGExtendedFormat - one byte signaling the MPEG defineid compat!ble extension of the 3GPPBaseFormat applied 
for this stream, coded as specified in table 5. 

Table 5 - MPEGExtendedFormat 
-------------------------------------------------------------

1 OxOO- OxOF 
i----------+-------------------------------------------------------------------------------1 

l------------------9-~-~-~-----------------+--N_o_e_x_t_e_n_si_o_n_a_p_p_l_ie_d_: ----------------

! Ox11 - OxFF 

Reserved 

Reseirved 
~: --------~---------·-----------------------------------------------------------------' 

profileLevel - 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 6 profileLevel 
OxOO - OxOF ------rR;~-~~~~d---------------------------------------- ~ 

~~:::::::::-----0~-1-0 __________________ f"'sase pr_o_fil_e_, t_,a_s_e_l_ev_e_l __________ -__ -___ -___ -___ -___ -___ -___ -___ -__ -___ -___ -___ -____ _ 

Ox11 - OxFF ~-Reserved------------------------------------------ _ 

dura tionCJ.ock ·- a 24 bit unsigned integer that specifies the frequency in Herz of the clock used to eincode the 
.samp1e·-dura.t:ion field in TTU[i] and TTU[2]. A value equal to 1000 signals a 1kHz clock, and that samp1e--duration 
field is encoded in units of 1 msec. Transport systeims should assign time stamps to text access units using the same 
frequency as signaled by durationCJ.ock or an integer multiple thereof. 

cont.ains--J.ist--of-compatible-3GPPFo:rmats-flag - one bit that signals the presence of a list of one or more 
3GPP formats older than the signaled format by 3GPPBaseForrnat, that the text stream is also compatible with. 

sampleDescriptionFlags ·- two bits that signals whether SarnpleDescriptions are provided in-band, out-of-band or 
both, as specified !n table 7. 

12 @ ISOIIEC 2004 ---- All rights resen1ed 
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Table 7 - sampleDescriptionFlags 
~----------------------------------------------------------------------;, 

I Forbidden I 
! No in-band, out-of band only i 

In-band only, no out-of band ----1 

00 

01 

10 
1-----------+-----------------------------------------------------------------------------------------------------1 

Both in-band and out-of band ! 

SampleDescription-carriage--flag ·- one bit that signals the presence of a llst of SampleDescriptions in this 
textConfig. This bit shall be set to 'O', if sampleDescriptionFlags is coded with the vaiue '10'. 

contains--associated-·video--i.nformation - one bit that signals the presence of the video-width, video­
height, horizont.al--offset, and vertical-offset. fields in this TextConfig. If some or a!! 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 L1ser. 
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. 

te:x:t-·track-height -- unsignE,d integer specifying the height of the text track in pixels. 

number--of --forma t.s - unsigned integer specifying the number of immediately following Compatible·- 3GPPForma t 
fields. The value 'O' 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. 

nuniber-of-SampleDescript:ions ·- unsigned integer that specifies the number of immediately following 
SampleDescriptions (). 

sampleDescription () - one sample description carried in one TTU[5]. 

video--w:i.dth ·-- unsigned integer specifying the width of the video picture in pixels 1 

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 

vert.ical--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 

remainj_ng--config-·data--lengt.h - 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 F~, as well as the 
textSampieBuffer size, the in-band-sampleDescriptionBuffer size and the out-of-band-sampieDescriptionBuffer size is 
specified per profile and level; see Clause 9. 

R kb/s 
texfSampJeBuffer text Decoder 

Decoded text 
II>-

Text stream 

TTU 
Decoder 

in-b_and-samoleDescriotionBuffer 

,------~ut-of-band0 sampJeDescription8uffer 

Figure 5 Hypothetical Text Decoder 

In the HTD, each out-of-band sample description utilized by the text stream is provided prior to lts 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 shaii not exceed the specified size of the out-of-band­
samp leDescripti on Buffer. 

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-sampieDescripiionBuffer. 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 TIU decoder at a bitrate F~; if the 
textSampleBuffer is full, no bytes enter the TIU decoder. The byte in the text stream subsequent to the text sample byte 
that causes the textSampieBuffer 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. Underflow of the textSampleBuffer occurs if a text sample has noi {yet} fully 
entered the textSampleBuffer at the instant in time that the text sample ls to be presented. Text streams shaH be 
constructed so, that in the hypothetical text decoder no underflow occurs: 

* The size of each text sample shaii be sma!ier than or equal to the specified size of the textSampieBuffer; 

• Taking the fuiiness of the textSampleBuffer into account, there shall be suffieient 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 siw of the previous text sample is equal to the size of textSamp!eBuffer, 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 b,itween the previous non-empty sample and 
the next non-empty sampie 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 appiicable bitrate R. 

9. Profiles and Levels for text streams 
For text streams this speeification defines only a single profile and a singie level: the base profile and the base leveL Other 
profiie and levels may be.defined in future. The profile and level are signaled in iextConfig, 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 decodlng each text stream that conforms to the 
base prof1ie and the base level. 

14 © ISO/IEC 2004 -All rights reserved 
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Table 8 HTD parameter values for the Base Level 
-------------

HTD Parameter I Value 

Bitrate R ! 10 kb/s 
--------------------------------------------------------------------------------------------+------------------------------------l 
Size of textSampieBuffer I 8192 Byte 

Size of in--band-sarnp!eDescriptionBuffer I 4096 Byte 
-----------------------------------------------

--~!=~-~!--~-~-:~-~::~~-'.:~-~=~-'.::£:'.~-~-==~~:~!'.~~~~_l::~::'._j__4 __ o_96_B_y_·te ______ ~ 

Editorial note: the HTO 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 __ _ID 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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Foreword 

!SO (the International Organization for Standardization} and IEC {the lnternational 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 ISO and IEC, also take part in the work. In the field of information 
technology, ISO and IEC have established a joint technical committee, lSO/!EC JTC 1. 

International Standards are drafted in accordance with the rules glven ln the ISO/lEC Directives, Part 2. 

Tt1e main task of the joint technical committee is to prepare lntematlonal Standards. Draft International 
Standards adopted by the jo!nt technical committee are circulated to national bodies for voting. Publication as 
an lnternatlonal 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 14496-18 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 Information teclinotogy ~ Coding of 
audio~visuaf objects: 

Part 1: Systems 

Part 2: Visual 

Part 3: Audio 

Part 4: Conformance testing 

Part 5: Reference software 

Part 6: Delivery Multimedia integration Framework {DM!F) 

Part 7: Optimized reference software for coding of audio-visual objects 

Part 8: Carriage of iSO/fEC 14496 contents over IP nelworks 

Part 9: Reference hardware description 

Part 10: Advanced Video Coding 

Patt 11.' Scene descripl!on and appffcation engine 

Part 12: ISO base media me format 

Part ·t 3: fnteffectuaf Property Management and Protection (!PMP) extensions 

Part 14: MP4 fife format 

Part 15: Advanced Video Coding (A VG) fife fomia/ 

Part 1 f.i: Animation Framework eXlension (AFX) 
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Part 17: Streaming text format 

Part 18: Font compression and streaming 

Part 19: Synthesized texture .stream 
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Introduction 

ISO/lEC 14496 specifies a system for the communication of interactive audio-visual scenes. The specification 
Includes the following elements: 

1. the coded representation of natural or synthetic, two-dimensional {20) or three-dimensional {30) objects 
that can be manifested audibly and/or visually {audio-visual objects) {specified in part 1,2 and 3 of 
lSO/lEC 14496}; 

2. the coded representation of the spatio-temporal positioning of audio-visual objects as well as their 
behaviour in response to interaction (scene description, specified in part 11 of ISO/IEC 14496): 

3. the coded representation of information related to the management of data streams (synchronization, 
identiflcation, description and association of stream content, specified in part 11 of lSO/!EC 14496); 

4. a generic interface to the data stream delivery layer flmctionality (specified in part 6 of lSOilEC '14496); 

5. an application engine for programmatic control of the player: format, delivery of downloadable Java byte 
code as well as its execution llfecycle and behaviour through APls {specified in part i 1 of 
ISOl!EC 14496): and 

6. a file format to contain the media information of an IS0i1EC 14496 presentation in a flexible. extensible 
format to facilitate interchange, management. editing, and presentation of the media. 

The information representation, specified in lSO/IEC '14496-1 and in ISO/lEC 14496-11. describes the means 
to create an interactive audio-visual scene in terms of coded audio-visual information and associated scene 
description information, The encoded content is presented to a terminal as the collection of elementary 
streams. Elementary streams contain the coded representation of either audio or visual data or scene 
description information or user interaction data. Elementary streams may as well themselves convey 
information to identify streams, to describe logical dependencies between streams, or to describe information 
related to the content of the streams. Each elementary stream contains only one type of data. 

Elementary streams are decoded using their respective stream~speciflc decoders. The audio~visual objects 
are composed according to the scene description information and presented by the terminal's presentation 
device{s). All these processes are synchronized according to the systems decoder model (SOM) using the 
synchronization information provided at the synchronization layer. 

The scene description stream identifies different types of objects, such as audio. visual, 20 and 30 graphics, 
etc. that define a scene composition of the content. Among these objects, the essential part of almost any 
multimedia presentation is text objects that are created utilizing speciflc custom fonts. Font selection 
determines the appearance of a text in multimedia content and it's the most critical factor that assures text 
legibility and readability. It also plays critical role in the overall scene composition since the metric properties 
of a font are used for textual parts of multimedia content layout Many tt1ousands of fonts are available today 
for use in content creation and in order to assure correct appearance and layout of a content the font data 
have to be included (embedded) with tt1e text objects as part of the multimedia presentation, 

Font data compression and streaming technology presented in this document provide efficient mechanism to 
embed font data in MPEG-4 encoded presentations. 
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Information technology - Coding of auciio~visual objects -

Part i 8: 
Font compression and streaming 

1 Scope 

This part of lSO/!EC 14496 specifies functiona!ities for the communication of font data as part of the MPEG-4 
encoded audio-visual presentation, More specifically, it defines: 

1. Font format representation that is utillzed for font data encoding (Open Type); 

2, Font compression technology for TrueType and Open Type fonts with True Type outlines; and 

3. The coded representation of information in font data streams. 

2 Normative references 

The following referenced documents are indispensable for the application of this document For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document {including any amendments) applies. 

ISO/lEC 14496-1, fnfomJation technology~ Coding of audio-visual objects - Part 1: Systems 

ISO/!EC 14496-11, information technology~ Coding of audio-visual objects~ Part 11: Scene description 
and application engine 

The OpenType Specification available on the Microsoft Typography website at 
<http:/Jvt'NW,microsoft.com/typography/otspec/default.htm> or the Adobe Solutions Network website at 
<http://partners.adobe.com/asn/tech/type!opentype/index.jsp> 

3 Font Data Format 

ln order to guarantee the original appearance of the content, to preserve corporate branding and identity in 
streaming multimedia presentations and to provide support for all languages, MPEG-4 supports text rendering 
utilizing rich formatting capabilities and custom fonts. 

MPEG-4 adopts OpenType®1l, version 1.4. as its font data format for the purposes of uniform font data 
transmission and predictable text rendering, OpenType has emerged as the font solution for high-quality text 
processing, multimedia applications and cross platform Internet document portability. OpenType 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. It is fully compatible with the existing and widely 
adopted TrueTyperM2) fonts. 

MPEG-4 requires fonts to contain a Unicode character map ('cmap') table. 

1) Open Type is a registered trademarn of Microsoft Corporntion. 

2) TrweType is a trademark of Apple Computer Incorporated, 

1 
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4 Font Compression Technology 

4. 1 Overview 

Transmission of the font data through bandwidth-limited channels requires efficient compression techniques 
be applied that allow reducing font data size without sacrificing quality of text rendering and advanced 
typographic features supported by the font MPEG-4 adopts MicroType® Express3l 2.0 font compression 
technology, which allows lossless compression of OpenType fonts with TrueType outlines and provides the 
capability to render the text without decompressing the whole font, which significantly reduces memory 
requirements. The specification of this compression mechanism is presented below. 

4.2 Compressed Font Format Specification 

4,2, 1 lntroduction 

This part of the document describes the compressed font format that is designed for compact binary 
representation of lossless-compressed TrueType and OpenType with TrueType outlines fonts (TIF) and font 
collections (TTC). This font compression technology for OpenType TrueType fonts is designed to minimize 
memory usage for font data storage in resource-constrained environments, where both ROM and RAM 
memory savings are critical, and build relatively small font files without sacrificing the quality, features and 
capabilities of TrueType and OpenType fonts. 

The compressed font format provides random access capabilities into the font data and allows font rasterizer 
to render glyphs directly from the compressed font tables without decompressing the whole font while 
maintaining the highest character quality. The selection and number of compressed tables in a font file may 
differ from one font to another. ,t.,ny number of tables can be compressed in the same font (from only one to 
all), which allows application developers to optimize "memory savings - performance of font rendering engine" 
trade-oft 

Compression algorithms, applied to font tables, take advantage of advanced knowledge of OpenType font 
tables structure and meaning of data (text, TrueType instructions, glyph data, etc.). Separation of these 
objects into groups with distinctly different statistical distributions allows employing a number of compression 
techniques. wt1ich results in producing most compact lossless-compressed data. These techniques are 
especially effective when compressing of the glyph data ('glyf table), which is typically the biggest table in the 
TTF file, The details of the glyph data compression are described in subclause 4.2.4 of this specification. 

The compressed font format follows the same SFNT structure (used in both TrueType and OpenType) that 
provides a "wrapper" for a collection of tables in a general and extensible manner. Rasterizers use a 
combination of tables contained in the font to render glyph outlines. In order to simplify the process of 
traversing the tables in a font the beginning of each table is aligned on the 4-byte boundary and each table 
data is padded with zeros. 

tvlost tables have version numbers. and the version number for the entire font is contained in the Table 
Directory. The compressed font format specification uses the same data types that are used in the OpenType 
specification. For al! details on data types and version number format please see the OpenType font file 
specification. 

3) MicrnType is a reg!s1emd traderrn:irn of Agfa Monotype Corporation. 

This info;nmiion ies giwn for ihe convenience of usms of \his !ntemaiion,il Standard and does no1 consti1ute an 
endorsement by ISO/IEC of the prndwc! named. 
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The compressed font file format is the same as an OpenType font file, which always begins with the Offset 
Table followed by the Table Directory entries. If the font file ls TIC file, the offset to each Table Directory is 
defined in TIC Header. If the font file contains only one font, the Offset Table will begin at byte O of the file. 
For details about an Open Type font Table directory and TIC header structure please see "Organization of an 
Open Type Font" in the OpenType font file specification. 

The OpenType font file specification defines the set of required tables to be used in an OpenType font with 
TrueType outlines. When this font compression mechanism is used with OpenType fonts with TrueType 
outlines, the ACT3 additional table described in the following section is required. The tag describing this table 
is ·~ct3'. 

Other tables may be defined but are not required. OpenType fonts may also contain bitmaps of glyphs, in 
addition to ournnes, as well as other optional tables that support vertical layout and advanced typographic 
features. For a complete list of Open Type font tables, their definitions and data structures see The Open Type 
font file specification. 

The 'ACT3' table defines the mapping of al! tables, present in the font, to the collection of compressed and 
uncompressed blocks of data in a font file. Since the herein compressed font file format allows a mixture of 
both compressed and uncompressed data blocks to be present in the file, the mapping of the data blocks 
relative to the original Open Type TrueType table structure will be as follows: 

"' all consecutive uncompressed tables of the original font file will be referenced as a contiguous block 
of uncompressed data by a single entry in the ACT3 table: 

" each compressed table of the original font file will be referenced as a block of compressed data by a 
single entry in the ACT3 table. 

NOTE: The 'act3' table is required to be present in tt1e compressed font OpenTypa Tabla Directory. lf 
the font file is True Type collection. then the table will only be part of the first foni Table Direciory and 
will contain mapping Information for all fonts in Trl!eType Collection font me. 

Syntax 

--------,..-----------------------~··--·······--······················---/* ACT3 Table Header*/ 
~~-~~~~••••••••••••••••~••••••oou••nouuouunounnonnuonnnuuouoooouooooooooo~• 

USHORT 

DLONG 
ULONG 

ULONG 

ULONG 

USHORT 

Ta.bl.eLength 

CnmpFon.tSize 
UnCOr,',pFc-ntS i ze 

GlyfStart 

GlyfEnd 

NumEnt.r.ies 

/* ACT3 Table Entries*/ 
for (i"'G; i<numEntries; i++) 

© !SO/IEC 2GC4 •• Al: rightEi re:Served 

\'' ,-. -.: . 

Length of the 'act3' tabla padded to 4-byte 
boundary 
Size of the compressed font file 
Original size of the uncompressed font me after 
CTF compression was applied to glyph data, 
Offset to the start of compressed 'glyf table in 
uncompressed font file 
Offset to the position immediately following the 
end of compressed 'glyf' table in 
uncompressed font file 
Number of different 
compressed/uncompressed data blocks in the 
foni file 
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Ol.ONG 

ULONG 

ULONG 

USHORT 

BlockStart 

BlockLength 

CompBloc:kStart 

IsCornpressed 

Offset to the start of uncompressed data block 
in original font flle 
Length of uncompressed data block in original 
font file 
Offset to the start of data block in the 
compressed font me 
Flag indicating whether block is compressed 
{non-zem if block is compressed, lNTERVAL::: 
isCompressed ) 

Each compressed table in tt1e original OpenType TrueType font or font collectkm file is represented by the 
single block of data in the ACT3 table, The data is losslessly compressed using canonical Huffman codes. 
When the table is compressed, an additional set of data is generated in order to enable the decoder perform 
random access into compressed data stream and selectively decompress only those chunks of data that are 
requested by the font rendering engine. 

Random access in the compressed dataset is achieved by providing additional information on the 
corresponding positions of the start of Huffman codeword in the compressed data stream (bitmarks) and the 
start of a token in tt1e uncompressed data. This relationship is established through predefined intervals 
between reference points in the original data. 

The size of the interval bet11veen reference points affects both the compression efficiency of the encoder (a 
smaller interval would require more data be added to the output compressed data stream) and font rendering 
performance (a bigger interval would require font engine to decompress larger dataset in order to read the 
requested data}. Therefore, a careful consideration should be given to selection of the interval bet1Neen 
random access entry points. The analysis of the TrueType features, their sizes and empirical rendering 
performance results for Latin fonts showed that the optimal placement of reference points is achieved at the 
INTERVAL"' 128 bytes, 

The block of compressed data has RAC3 tag and consists of the following data segments: 

" The dictionary of tokens which were defined by the encoder; 
" Definition of the canonical Huffman codes; 
" Locations of the random access pointers to the compressed bitstream and original data: 
" Compressed data bitstream. 

Data Type 

TAG 

fJLONG 
ULONG 

Table 2- RAC3 block format 

IlACtag 

ccrnpDataSize 
uncompDataSize 

Compressed data ID string: 'R' 'A' 
'C' 3 (Ox52414303} 
Size of the compressed data 
Original size of the uncompressed 
block of data 

·-··················· .. ····· .. ····! .. _.AAC3 .. Dic_~t-i-o-n-a-ry~-*/ ___________________ _ 
ULONG 

BYTE 

num'l'okens Number of tokens in the dictionary. 
tokenLength[numTokens] 

offset.Length 

if (offsetLenqth ==0) 
{ 

Array of length for each token in the 
dictionary (in bytes). 
Length of the tokenOffset from the 
beginning of the tokenString array to 
the start of the token {in bytes} 
Tokens are non .. overlapping, each 
tokenOffset into the tokenString can 
be inferred from the array of 
tokenLen2thU. 
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fJLONG 
BYTE 

B:crE 

llLONG 
BYTE 

tokenStringSize 
tokenString[tokenStringSize] 
else 

tokHnOffset 
[ 1numTokens•offsetLength)] 

tokenStringSize 
tokenString[tokenStringSize] 

lSO/!EC 1449S-18:2004(E) 

Length of the tokenS!ring in bytes. 
Dictionary of the tokens. 
We have overlapping tokens, offsets 
into the tokenString are explicitly 
specified in the tokenOffsetO. 
Array of offsets for each token in the 
tokenString. Each element of the 
array is offsetlength bytes long. 
Length of the token String In bytes. 
Dictionary of the tokens. 

------ I* Canonical . Huffman .. Coda!.'! .. */··········································-····-·----~~--···---
BYTE 

BYTE 

ULONG 

ULONG 

ULONG 

ULONG 

BYTE 

llLONG 

BYTE 

nuTI:Groups 

code Length [ numGrm;ps J 

firstGroupCode[numGroups] 

lastGroupCode[numGroups] 

numintervals 

bitMarks[numintervals] 

deltaBytes [ni.::r,,Intervalsj 

Bit Str ingOff set 

BitString[compDataSize­
bitStringOffset/8] 

Number of Huffman code length 
groups (can be from 1 to 32) 
Array of code length in each Huffman 
group. 
Array of the first code in each 
Huffman group. 
Array of the last code in each 
Hliffman group. 

Number of INTERVAL byte intervals 
in the uncompressed source data 
Bit offset to the start of the nearest 
Hliffman codeword from the 
beginning of compressed data block 
corresponding to ni~ interval. 
Offset to the start of the nearest 
Huffman token from the beginning of 
uncompressed source data "' 
ll\!TERVAL" n - deltaBytes[nJ 
Bit offset to the start of the 
compressed bitStringO from the 
beginning of the compressed da!a 
block, 
Compressed data bitstream. 

The 'glyf' table contains all the information about simple and composite glyphs In OpenType TrueType font. 
Simple glyphs are recorded as a collection of data segments representing number of contours, bounding box, 
TTF instructions for glyph scaling and arrays of data point coordinates. lf composite characters are present. 
they contain the array of simple glyph indexes along with the scaling information and TTF instructions for the 
composite glyph, These datasets have distinctly different statistical distributions of values and. sometimes, 
significant levels of redundancy. The use of internal dependencies of glyph data segments and knowledge of 
TrueType rasterizer behaviour allows the application of additional compression algorithms to reduce glyph 
data set without any affect on the functionality of glyph rendering and the output quality of True Type rasterizer. 

TrueType {SFNT) file format often uses USHORT and SHORT data types to provide enough storage space 
for numerical da!a. However, in the majority of cases the stored number is rather small and can be recorded 
within one byte. In order to reduce storage size for TTF glyph data while keeping byte alignment of data 
records we introduce 255!JSHORT and 255SHORT data type that records the numerical Value as follow: 
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BYTE Code 

BYTE 

BYTE 

USHORT 

if (Code== 2.55) 
Vahiel 

else if (Code 254) 
Vah,el 

else if (Code 253) 
Value 

Value"' Code;/* [0 .. 255] "/ 

Value ::: 253 + Value1; /* [253 .. 508] "/ 

Value ::: 506 + Va!ue1; 1• [506..761] "/ 

Tabla 4- 2555HORT Data Type 

BYTE 

BYTE 

SHORT 

BYTE 

Code 
if {Code< 250) {) 
else if {Code 250} 

Val.uel 
else if {Code 253) 

Value 
else if (Code>= 254) 

Valuel 
else if 
(Code==251 ; I Code==252) 

{ l 

4.2.4.3.1 Overview 

Code; r [0.255] "! 
Value "' Code;/" [0 .. 249] "/ 
Fllp sign code. 
Value::: {SHORT)(-{Value1 + 1)): 
Word data code. Codes 251 and 252 
are reserved for ·'Hop Codes'', see 
below a11d subclause 4.2.4.3 for 
details. 
Value; r [~32768.,32767] •; 

Value"' Va!ue1 +256"(255~Code}+250; 
Value,. Value1+256"(255~Code)+250; 

Reserved HopCode values; 

Glyph records are located in the 'glyf' table of OpenType font Glyphs are recorded as a set of bounding box 
values, TrueType instructions, flags and outline data points. The glyph record size can be reduced with no 
effect 011 the quality of the glyph rendering. This compressed font format converts simple TTF glyph table 
records to lossless Compact Table Format (CTF). 

111 most cases, the bounding box information ca11 be computed from the data point coordinates and, therefore, 
bounding box information may be omitted in glyph record. 

4.2.4.:U Cor1tour End Points 

TrueType glyphs store actual numbers of the end point for each contour. CTF stores the number of points in 
each contour instead, which is typically less then 255. Translation to the endpoint number is simply the 
cumulative sum of point count i11 all preceding contours. 

TrueType glyphs contain instructions for glyph scaling. Glyph programs typically start with a burst of various 
PUSH instructions to initialize the stack for a True Type instructions belonging to that glyph, True Type provides 
four different types of PUSH l11structio11s that occupy 18 different opcodes. 111 order to optimize data storage 
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size. the CTF format stores only data to be pushed onto the stack. The translation process back to TTF 
generates a new sequence of optimized True Type PUSH instructions that results in the identical functionality 
of glyph program, 

The storage format of the initial push data utilizes additional HopCodes that make use of the specific data 
patterns observed in TrueType data. lt capitalizes on a specific distribution of the data that a traditional 
compression technologies do not take advantage of. A typical True Type data sequence contains value stream 
that has the same value repeating periodically among other values, e.g. A, x1, A, x2, A, x3, etc. Each value is 
of type SHORT and occupies 2 bytes of storage. An :additional set of HopCodes allows the reduction of the 
dataset size by applying the following transformation: 

s A, xi, A, x2, A - translated to: A, x1, Hop3Code, x2. {Hop3Code ;::c OxFB); 
,. A, x1, A, x2, A, x3, A~ translated to A, x1, Hop4Code, x2, x3, (Hop4Code"" OxFC). 

The following table describes the glyph program in CTF format: 

Data Type De!!'lcrlption and Comment!!. 

••»·····················-·-··-·-------------------------------
255USHORT pushCount Nwnber of data items in the push data 

255SHORT pushData[pushCountJ 

255USHORT codeSize 
BYTE instructions[ccdeSizeJ 

4,2,4.:U Translation of HopCodets 

stream. 
See sample C fl!nc!ion for HopCodes 
processing, 
Glyph program remaining code size. 
Remaining TrueType instructions. 

The following C code can be used to translate sequence of HopCodes; 

CHAR '°''input; 
inti; 

BYTE c:::,de; 

SHORT Ai 

SHORT pushCount = Read255UShort(input); 
SHORT *pushData = (SHORT •1 malloc(sizeof(SHOR?} • pushCount); 
for I i = 0; i < pushCount; ) 

code 1.:.: *input; 
if {code== Hop3Code) 

A= pushData[i-21; 
input++; 
pushData[i-<-+J 

/-C/r Hop3Code ~/ 
/•A•/ 

pushData[i++] 
pushData[i-<-+] 

Read2S5Short(input); /* X2 •/ 
A; 

else if (code== Hop4Code 
A= pushData[i-2]; 

/1' A to, I 

input++; / • H,::,p4Code '/ 
pushData[i+~] = A; /*A*/ 
pushData[i++] = Read255Short(input); /• X2 •; 
pushData[i++] = A; /*A•/ 
pushData[i-<-+] = Read255Short(input); /• X3 */ 
pushData[i++J = A; /*A*/ 

else { 
pushData[J.·H] = Read255Short(input); /•Data•; 

7 
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4.2.4.4 CTF Glyph Data 

The following table contains information that describes the glyph data in CTF format. 

Data Type 

SHORT 

SHORT 
SHOR'I' 

SHORT 
SHORT 

SHORT 
SHORT 
SHORT 
SHORT 
SHORT 

numContours 

if { n;.unContours 

xMin 
yMi:n 
xMax 
yMax 
/"' Composite 
Table*/ 
else { 

< 0) 

CTF Glyph 

if ( nuX\'\Contours Ox7FFF) 

(} 

numContou:cs 
xMin 
yMin 
xMax 
yMax 
else 

Number of contours in the glyph, also 
used as a flag. 
!f numContours "'"' -1, the glyph is 
composite glyph. 
Minimum X value for coordir1ate data 
Minimum Y value for coordinate data 
Maximum X value for coordinate data 
Maximum Y value for coordinate data 

This is a flag, read new vall,e ar1d 
bounding box information below. 
Actual number of contours in the glyph. 
Minimum X value for coordinate data 
Minimum Y value for coordinate data 
Maximum X value for coordinate data 
Maximum Y value for coordir1ate data 
Bour1ding box information omitted and 
should be computed from the glyph 
data coordinates. 

/* Simple CTF Glyph Table 
*I -·-····-~------..;,._ __________________________ _ 

A simple glyph defines all the contolffS and points that are used to create the glyph outline. Each point is 
presented in a (flag, xCoordinate. yCoordinate} triplet that is stored with the variable length encoding 
consuming 2 to 5 bytes per triplet. The flag value is always stored in the first byte of triplet and defines the 
format and properties of the point coordinates. 

The most significar1t bit of the flag indicates whether the point is Of1- or off-curve point. The remaining 7 bits 
specify 128 possible combinations which define data format and vall,e for X and Y coordinates of a point and 
specify the combination of the following properties: 

" Total number of bytes Lmed for this triplet {byte colmt}; 
" Number of bits used for describing X coordinate value {X bits}; 
.. Number of bits for describing Y coordinate value (Y bits): 
"' An additional amount to be added to X coordinate value {delta X); 
" An additional amount to be added to Y coordinate value {delta Y): 
" The sign of X coordinate value {X sign); 
" The sign of Y coordinate value {Y sign), 

Each of the 128 combir1atlons identify a ur1ique set of these seven properties which have been assigned after 
careful consideration has been given to the typical statistical distribution of data found in True Type files. As a 
result, the dataset size in CTF format is significantly reduced compared io the native TrueType format. 
However, the data is left byte aligned so that an Huffman entropy coder can be eas!ly applied on the second 
stage. 
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Un!lke the native Tn.mType formats that allows X and Y coordinates values be defined elther ln relative or 
absolute values, tile CTF format always defines X and Y coordinates as relative values to tile previous point. 
Tile first point is relative to {0,0). The information on data formats of xCoon:linatesD and yCoordinatesO of 
glyph data can be found in the subc!ause 4.2.4.7 of this specification. This table describes simple glyph data 
in CTF format 

Table 7 - Simple CTF Glyph Table 

/*Data*/ 
2 55USHORT CGntourPo i.nts [ rmmContGU.t:S J 

BYTE flagsfnumPointsJ 

Variable xCoordi.nat0s[numPoints] 
length 
bit field 
Variable yCoordinates[numPointsJ 
length 
bit field 

/* Glyph Program Table*/ 

4.2.4.6 Composite CTF Glyph Data 

This table describes composite glyph data in CTF format 

Dm,cription and Comments 

Number of points in each contour, 
cumulative sum should be calculated to 
define total number of points. 
Array of flags for each coordinate in 
glyph outline. 
Array of X coordinates for glyph outline 
points. 

Array of Y coordinates for glyph outline 
points. 

Table 3 - Composite CTF Glyph Table 
" ............................................................................................................ -... .................................................................... , ........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................ ~ 

Data Typ~ Syntax Description and Comments 

/* Data */ 
do { 

flags 

(flags & MORE-COMPONENTS); 
if ( flags & WE HAVE INSTR) 

I* Glyph Program Table*/ 

r for all glyph components */ 
Flags for each component in composite 
glyph. 
See ''glyf' table speclfication for more 
information. 

The information on data formats of flagsO, xCoordinatesO and yCoordinatesO of glyph data section can be 
found in the 'glyf table of Open Type font format specification. 

4.2-4-7 Triplet Encoding of X am:l Y Coordinates 

The following table presents information on Triplet Encodlng (flagO, xCoordinatesO, yCoordinatesm of simple 
glyph outline points. 

Please note - ''Byte Count" field reflects total size of tile triplet, including 'flags' 
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, ................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................. ~ 

~nde:K B?tt~J t::·t)unt X b§t~ Y' b~ts fJtiita X fJtiita 'f X si{J~ ~t s~gn 

0 .2 8 
1 

8 

1 (} 0 
11 
12 
13 

15 
16 
\ ., 
J .. ,, 

18 
19 

" ,, D 
0 

51.2 

76B 
768 

1024 

N/A 

N/.A + N./.A 

+ 

+ 

0 N/A 
0 

256 

51? 

768 
+ 

.LU~: 4 
,._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._U,._._._._._._._._._._._._._._._._ ...... ._._._._._ .. ._._._._._ .. ._ .......... ._._ .... ._._._ .... ,u._, ...................... ._._ ........ ._ .. ._._ ................................................ . 

20 2 4 (~ l l ;I. 

23 

27 

29 

31 
32 

35 

1 
1 
1 

17 + 
17 
17 
17 

+ 

49 + 
49 
49 
49 

n-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-,.-,.-..-..-.-.-.-.-..-..-,.-.-.-,.-.-.-..._-.-.-. .. -0-...._-.._._ • ._._._._o._ ................ ._ • ._._ • ._ ... ._ ••• ._ • ._._ ••••• ._ •• ._ •••••• ._ ••••• ._._._._ • ._._._ • ._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._ .......... ._ .... ._._._._ .......... ._._._._._._._._._._._._ .. ._._ .. ._ .... ._._ .... ._ ...... ._ .. ._._. 

36 2 4 {1 J.. ... 1 
37 
38 
39 
40 
41 
42 

4 .4 
45 
46 
47 

50 

l. "l 
17 
T7 

33 
. .., . .,, 
. ..) )-

33 

49 

., 

+ 
+ 

+ 
+ 

+ 
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52 2 •1. 4 33 1 

55 
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1 
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......................................................................................................................................................................................................................................................................................................................................................................................................................................... , 
h1dil&: Byt~ c;{)ta1t X b§t~ ~{ b~t~~ [)(~it~ ){ [)t~~ta 'f X s~~1n 'l ~~~!Jn 

17 
S8 "I ·-~ 
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49 

""'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'""'"'"'"'""'"'"'"'"'"'"'"'"'"'""'""'"""'"'"'"'""'"'""'"'"'"""'"""""""'"""""""'"'""" .................................................................................................................................................................................................................................................................................................................. .. 
6B 2 4 .q -.19 1 +· + 
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76 
77 
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33 

+ 

+ 

+ 
T 
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88 
89 

91 
92 
93 

95 

1 
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+ 

+ 

+ 
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97 
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+ 

+ 
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Index Byte Count )( bits y bits Delta X DelraY X sign 

...... ,....,._.._...,._....._,._.._,..._.._._.._,._,._.._.._,,.,..,..._,..,.,.,..._.._...,.,._,.,.,.,....,.nm••~~""' 

115 257 
1..16 5.1.3 + 
117 513 + 
118 513 
119 513 
120 4 12 12 Q 0 l-

121 ·f 

122 
123 
124 5 16 16 0 (\ 

v l· 

125 + 
126 
127 

The coordinate values of simple glyph outline points are calculated as follows: 

Xc:oord[J.J (SHORT) ((Xsign)*{xCocr.dLnate[i] + DeltaX[index]); 
Ycoord[i] = {SHORT) {{Ysign)*lyCoordinate[i] + DeltaY[index]); 

5, 1 Structure of the Font Data Stream 

Ysign 

+ 

.,. 

-1-

+ 

+ 

+ 

Font data streams are streams of streamType FontDataStream OxOC (see lSO/IEC 14496-1, Table 7), 
identified by a specific objectTypelndication 0>:06 (see ISO/IEC 14496-1, Table 6). A font data stream consists 
of one or more access units with font data. 

5.2. 1 OvervilZ!w 

A font data access Lmit conveys data for one single font, or a subset thereoL Two access unit formats are 
specified, discriminated by the DecoderSpecificlnfo for the font data stream {see subclause ~- Only one of 
these access uni! formats can be selected for a given font data stream, 

The basic access unit format permits to convey font data without any header information. The 
DecoderSpecilklnfo provides !he identification of the fon! and, possibly, the subset thereof that is conveyed. 
The content of subsequent basic access units in Sl,ch a font data stream shall replace the font or font subset 
data of previous basic access units. 

The enhanced access unit format provides a self-contained format where an access unit header contains all 
necessary information abol,i the font data conveyed in this access unit. 

Access units in font data streams shall be labelled and time-stamped by suitable means. This shall be done 
via the related flags and the composition time stamps. respectively, in the SL packet header {see ISO/IEC 
14496-1. i0.2.4). The composition time indicates the point in time at which a font data access unit becomes 
valid, i.e., when the embedded font information becomes available for font rendering, Decoding and 
composition time for a font data access unit shall always have the same value, 

For all basic access units and those enhanced access units that have fontSubsetExtensionFlag set to 
'O' the rar1dorrJ\ccessPointFlag in the SL packet header shall be set to '1' for this access lmit. Othenr,;ise, 
the rando:r:Acce~;sPoi nt F,1.ag shall be set to '(L 
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class BasicfontAccessUnit() 
bit(8) fo;1tOats[sizsOfir1sta11ce]; 

class Enhanr.:edF'o:·1t.AcL:essthT.L t {} 
bit{7} fontF01·ra,3.t/ 
bit{l} stcreFont; 
bit{8} for1tNarr1eLeng:..:h; 
bi:..:. { B} foatNa.me i foA:tN;H0eLen:;1th] ; 
bit{7} fcntSubsetID! 
bit{l} fcntSubeetExtenaicnFlag; 
bi.t{8} fontSpecTnfoLength; 
bit{8} fontSpeclnfo[fontSpecinfoLengthJ; 
bit{8) fontData[sizeOfinstance - fontNameLength - fontSpecinfoLength - 5] 

font Format··· indicates the format of Hie access unit as follows. 

fontF'o=at. Acces$ 1.mlt content 
········-·--···-··----·----
OxOO Forbidden 
0>:01 OpenType w!th TrueType oullines 

{Llncorri pn,,ssed} 
Ox02 OpenType with TrueType ol.ltllnes 

compressed l.lsing tt1e compression 
mechanism described in subclause 

;. .................................. ~L~ ........................................................................ . 
j 0>:03 OpenType CFF 
j Ox04 .... ox:1F lSO reserved 

l .. Ox40 - Ox?F ........ User private·······················-·-·--··_ 

store Font···· If set to '1', lhe !<1:rm!nal st1all s!m,;, tt1e fon! information contained within the access unit at least 
until the end of the current session. Othen.vise, the font information becomes unavailable as soon as the font 
data stream becomes unavailable. 

NOTE - Details of pemislef\l storage are beyof\d the scape of lhis specification. 

fontNameLer:gth - specifies the length in characters of the font:Name field. 

fontNr,me ··· a Unicode {ISO!IEC "10546-i) encoded string Hiat indicates tt1<1: name of the font. 

fontSubsetID - specifies fl numerical ID for a subset of the font conveyed in this access unit If 
fcmt~,ubsetID equals OxOO, !Ile aci;ess unit contains the comple!e fon! data. n1e value of Ox?F shall not be 
used. 

fontSubsetExtensionFlag - if set to one indicates that the font data in this access unit is an extension of 
the previously sent font subset with the sam<:., for;tN2.me and fontSubsetID. O!herwise the font subset 
replaces any previous font subset with the same for:tNam_,, and font Subset ID. 

fontSpecinfoLenqth. ·· defines the length !n bytes oithe fontSpecinfo field. 

fontSpecinfo - is an opaque container with information for a specific font handler. 

fcnt:Data - contains the font data in the specified fontFormat. 
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5,3 Time Base for Font Data Strnams 

The time base associated with a font data stream shall be indicated by suitable means. This shall be done by 
the use of object clock reference time stamps in the SL packet headers (see lSO/IEC 14496-i, 102.4) forthis 
stream or by indicating the elementary stream from which this font data stream inherits the time base (see 
!SO/!EC 14496-i, 102.3). All time stamps in the SL-packetized font data stream rnferto this time base. 

class FontDataDeccderConfiguration extends DecoderSpecificinfo bit{8) 
tag=OecSpecificlnfoTag I 

bit {7) fm1tFormat; 
if lfantFormat != OxOD) 

bit(l) storeFcnt; 
bit(B) fontNameLength; 
bit(BI fontName[fontNameLength]; 
bit(71 fontSubsetID; 
bit(ll reserved~ l; 
bit(6) fontSpec!nfo[sizeOfinscance - fontNameLength - 4]; 

font:Fo:rma,: - indicates the format of the access unit as follows . 

.fontFormat AcceH unit contlmt 
0>:00 enhanced access unit format --~ ........ ~-~~·-·---------------------; 
OxOi OpenType with TrueType outlines 

Ox02 
(uncompressed} 
OpenType with TrueType Ol,tHnes 
compressed using the compression 
mechanism described in subclause 4.2 ------+----------------"=---· 

. .9.~9.~---····-·······-~ OpenType CFF 0>:04 - Ox3F IS~O-re~s~e~rv~e-d-----------; 

User private 
~-----~-~---------~•OWOoooOooOooooooooooo 

Ox40- Ox7F 

A for:t For;;;a t of OxOO indicates the use of the enhanced access unit format for this stream. In this format all 
ififormation about the fofit data is conveyed within each access unit 

store Fent - if set to '1'. the terminal shall store the font information contaified within the access unit at least 
until the end of the current session, Otherwise, the font information becomes unavailable as soon as the font 
data stream becomes unavailable. 

NOTE - Details of persistent storage are beyond the scope of this specification. 

font.NameLength- specifies the length in characters of the font.Name !leld. 

fontName ~ a Unicode (ISO/IEC 10546-1) encoded string that indicates the name of the font 

fontSubsetID - specifies a numerical ID for a subset of the font conveyed in this access unit. If 
font.Subset.ID equals OxOO, the access unit contains the complete font data. The value of Ox7F shall not be 
used. 

for:t.SpecinfoLength - defines the length in bytes of the for,t.Spe::Info field. 

font Spec Info - is an opaque cofitainer with information for a specific font handleL 
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A font presented in either BasicFmit:AccessUni t or Enhanc~:dFont:AccessUnit of a FontDataStream 
can be identified by a number of different attributes. One common ldentitler for fonts is the font name. 
However, a font can be presented either as a whole font. or as an arbitrary subset of an original font. ln both 
cases the font name wm be the same while the actual font data included in access unit may vary. ln order to 
explicitly identify a font (or a subset thereof), the following syntax shall be used as the font name: 

"< fontName> [;OD: <odid>] f; FSID: <f sid>] ",Where: 

.. <fontNa;;;e> is a Unicode encoded string that indicates the name of the font, as conveyed by 
fontName field in either BasicFontAccessUnit or EnhancedFontAccessUnit of associated 
font data stream; 

- <odid> is the numeric value of the obj,:,ct:Descr.iptorID ofthe associated font data stream; 

- <f s id> is the numeric value of the requested font {or a font subset} as conveyed by fontS;Jbsetr D 
within the Basicl"ontAccessUnit or EnhancedFontAccessUni t of associated font data stream. 

For example, a fontName "Times New Roman; OD: 16; FSID: 11" would indicate that a font data 
presented in the font data stream associated with the objectDescripto.rID"' 16 and is conveyed by the 
FontAccessUnit with fcmtSubsetID = 11 shall be used, or, if font data stream :Ls 
not p:r:esc~nt, a font "TimE,s N,~w Roman" shall be used for text rendering, if available in the MPEG-4 
terminal. 

Proposed structure of the Simple profl!e is designed to satisfy the needs of the majority of languages that do 
not require support for complex script processing and advanced typographic features. It's also aimed to 
minimize the implementation complexity of the terminals, limiting font rendering capabllities to fonts with 
TrueType outlines only. These limitations allow using all existing TrueType fonts and OpenType fonts with 
TrneType outlines containing the set of required tables only and embedded bitmaps. The functionality of the 
Simple profile can be implemented utilizing previously defined Text and FontSfyle BIFS nodes and does not 
require the use of new XFontStyle node {see lSO/IEC 14498-11 for details). 

The Simple Text Profile represents the collection of tools that are required to guarantee the predictable and 
faithful reproduction of text objects utilizing TrueType fonts and simple language scripts (e.g. Western 
European and some Asian languages). The profile also provides tools for font compression and streaming. 

The Simple Text Profile ls the lowest level profile defined for text support It requires support for rendefing of 
fonts with True Type outlines, which is available on the majority of software platforms and operations systems. 

6.1.4 Slmpie Text Profile@ level 1 Deflnition 

» Support for resident fonts; 

» Rendering of OpenType fonts with TrueType outlines (only required tables defined in the 
OpenType specification and embedded bitmaps are supported). 
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6.1.5 Simple Text Profile@ Level 2 Definition 

,. Support for resident fonts; 

,. Rendering of OpenType fonts with TrueType outlines {only required tables defined in the 
OpenType specification and embedded bitmaps are supported}; 

,. Streaming of uncompressed fonts only, 

6, 1,6 Simple Text Proflle @ Level 3 Definition 

" Support for resident fonts: 

,. Rendering of OpenType fonts with TrueType outlines (only required tables defined in the 
OpenType specification and embedded bitmaps are supported); 

" Streaming of compressed and uncompressed fonts, 

6,2 Advanced Simple Text Profile and Levels 

it2, 1 Application area 

Proposed structure of the Advanced Simple Text Profile is designed to satisfy the needs of those languages 
that either require or would benefit from the support for advanced typographic features (e.g. stylistic 
alternatives and historical forms in Latin languages, support for both lowercase and small cap characters, 
support for ligatures and glyph substitution and positioning, etc.}. It's also aimed to reduce the implementation 
complexity of the terminals, limiting font rendering capabl!itles to support TrueType outlines only. This 
limitation allows using all existing TrueType fonts and OpenType fonts with True Type outlines, 

itl,2 List of tools/functionalities 

The Advanced Simple Text Profile represents the collection of tools that are required to guarantee the 
predictable and faithful reproduction of text objects utilizing OpenType fonts with TrueType outlines and 
complex language scripts (e.g. Arable and lndic scripts, as well as many other language scripts). The profile 
also provides tools for font compression and streaming. 

6,2,3 Comparison with existing profiles 

The Advanced Simple Profile extends the Simple Text Profile by adding the capability to support advanced 
text layout and advanced typographic features (e,g, bi-dlrecHonal text rendering, ligatures, glyph substitution 
and positioning, etc,) 

6.2,4 Advanced Slmple Text Profile @ Level 1 Definition 

,. Support for resident fonts; 

,. Rendering of Open Type fonts with True Type outlines; 

.. Support for Open Type Layout and advanced features. 

6,2,5 Advanced Simple Text Profile @ Level 2 Definition 

.. Support for resident fonts; 

.. Rendering of OpenType fonts with True Type outlines: 

.. Support for OpenType Layout and advanced features; 

,. Streaming of uncompressed fonts only, 

6,2,6 Advanced Simple Text Profile @ Level 3 Definition 

" Support for resident fonts: 
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.. Rendering of OpenType fonts with True Type outlines; 

~ Support for OpenType Layout and advanced features; 

.. Streaming of compressed and uncompressed fonts. 

6.3 Main Text Profile and Levels 

6.:t 1 Application area 

Proposed structure of the tvlaln Text Profile is designed to satisfy the needs of those languages that either 
require or would benefit from the support for advanced typographic features. lt also allows using all existing 
TrueType fonts and OpenType fonts with bott1 True Type and CFF outlines. 

6.3.2 Lil;t of tools/fa.mcticmalities 

The Main Text Profile represents the collection of tools that are required to guarantee the predictable and 
faithful reproduction of text objects utilizing Open Type fonts with either True Type or CFF outlines and complex 
language scripts (e.g. Arabic and lndic scripts, as well as many other language scripts}, The profile also 
provides tools for font compression and streaming, 

6.3.3 Comparison with existing profiles 

The Main Text Profile extends the Advanced Simple Text Profile by adding the capability to render OpenType 
fonts with CFF!fype 1 outlines with full support for advanced text layout and advanced typographic features 
(e.g. bi-directional text rendering, ligatures, glyph substitution and positioning, etc.) 

6,3,4 Main Text Profile @ level 1 Definition 

" Support for resident fonts; 

.. Rendering of Open Type fonts with TrueType and CFF outlines; 

" Support for OpenType layout and advanced features, 

6.3.5 Main Text Profile@ Level 2 Definition 

" Support for resident fonts; 

" Rendering of OpenType fonts with True Type and CFF outlines; 

" Support for Open Type Layout and advanced features: 

" Streaming of uncompressed fonts only. 

6,3,6 Main Text Profile @ level 3 Definition 

" Support for resident fonts; 

,. Rendering of Open Type fonts with TrueType and CFF outlines; 

" Support for OpenType layout and advanced features; 

" Streamlng of compressed and uncompressed fonts. 
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Annex A 
(informative) 

Patent Statements 

The International Organization for Standardization and the International Electrotechnical Commission (IEC) 
draw attention to the fact that lt is claimed that compliance with this part of lSO/IEC 14496 may involve the 
use of patents. 

ISO and !EC take no position concerning the evidence, validity and scope of these patent rlghts. 

The holders of these patent rights have assured the ISO and !EC that they are willing to negotiate licences 
under reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this 
respect, the statements of the holders of these patents right are registered with lSO and IEC. Information may 
be obtained from the companies listed below. 

Attention is drawn to the possibility that some of the elements of this part of lSO/IEC 14496 may be the 
subject of patent rights other than those identified in this annex. ISO and IEC shall not be held responsible for 
identifying any or all such patent rights . 

..................................................................................................... 1 
Company 

! 
Agfa Monotype Corporation 

Apple Computer, Inc. 
···························---~---·································································-~ 
IBM i 

i 
Microsoit Corporation 
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DVD Drive BuUtmoin Network Media Pia er 
AVLP2/DVDLA High Definition Network Multi AV & DVD Player 

llllll!interface 
Compo!;lte vldec ot!tX"i S~vldec out{S1, S2)X1 

"""""""""""""""""""""""""""""
4

:::~;a~:;:·u~::u~ X2, Op!iJ ;;~~~:· ;~to~ :.si:it:~~u,round Ost{Cnaxialj x 1:::::::::::::::::::::::::::::::::: 
Coofmmlng standards 1008ASE-TX I 10ElASE-T(R,J-45) X 1 

!P address A.vtoiManual seiectabio 

Spec USE! Spec:lflcaticm ve.,,2.0(1--ligh Speed, Fu:1 Speed} 

Cmmector 1 ie:ormactm, USB AT a 
M~Sf:; storage ,ciass 

Supported devices {USB hard dif.lk, USB memory, USB memory card roader.'w'riter} 

FAT 16 , FAT32 

i'ilr\ma( t W~t'd tAN 0:YD co: 1v1;;EG-1·····r····················· ······················· .............. ·.·.·.·.·.·.·.·. 
----------------------i 
----- MPEG-2 -----~ 12Mbps 10Mbpa &Mbps 

MPEG2-TSl1'2 i 

usa :ix; use ti1 --------------------------------------------
10Mbps 3Moos 

DivX® v;oeo : 

Xvi~ i 1.5Mbps 1.5Mbps 1.5Maps 1.5Mbpe 1.5Mbps 

WMV9 BM bps BMbps 4Mbps BM boo 3M Ops 

AVl(DieX® Video, XeiO) 2GB 

A\il 2.0(0iex® HD, XviD)*' 
MPEG 4GB jf the dje;k fomiat is FAT32 or 2 "fB iT the disk fcrm~t t9 NTFS*~ 

WMVS 

AAC 

JPEG 

BMP 
______________ GIF _____________ _ 

PNG 

64K-·192Kbpa 

Up to the sampling rate 

204BX 1532 

64K·-1 i!2Kbps 

Ne!wmk, CD, DVD, 
USB, UHDL 

32K I 44.1 Ki 4~KHz 

Maximum 1800X120QliU 
on CD I D\/D I USB I UHDL 

No!1 awpport on 
CD! DVD i USB i UHDL 

*' t\V: ti:o::- car: bc- p:oysd or,:y wMr, tfiey am inter!c1avcKl :1 el ,,on-:ritorh~avsd f::s :s pi;'J.yC-id, sithei video rn iK1dic w1!1 not bo pielyc1d propsrly. Mak~) suro tbo iils you wo.rit 
tc play it. ir:\srleavod. F-or iriteri':lavir,g cf o. r;:o dul':"'Q tris fi:o creat10r, proco£Jt.3, rnis1 to tl':o i-Js:o screens a,· Mam.mi ci the encoding s.pa!1catiol"! you ars :.n,:ng. 

*2 MPE.G2··TS, AV:2.V. D1vx@ HD DVD, \NW.A Pro wi:: be supprnted by firmware update. r•,e rel':Jase data uf t'le 3llptmrted forr,we.re will be armouncsd on cur wsb. 
*3 Varies in i;,ccorci1'JNX' wit~1 the fcrmat speciticatior, ui" tf'!s disi,;. in whicfl t'le fi!s i:, eaved. 
*:Li. MOY.:IY.oJM rnsoi!Jticm frn pragrese:ve JPE.G is ~280X?20. ::S.:5 Network refers tv w:red L4N corme;:;tion. 
*6 Some~ rr,sO:a May not be p:oybac~" due to a qua!:ty ot rnedia, c:opyrig~t-pmlsctior, and so on 
~u Bas1c.a.:1y t~e "AVsL L1r-K.P:ayer~ car: play DVD-FIOMs aricl DVD-Videot. crsatec or, DVD-A, DVD-RW, DVD+R and DVD+RW media. ~~cte Uiat sorne nie{hi 

may riot be ._::ayed pruperly. Only UDf/lSO Bridge and ISO 9660 me !H.Jp..:ortec. urn= arid Paci,;.etlig~t me riot supported. 
*S App:e PowerMac st1ries ate suppuri.ed, which OS <>.re cu,i1pi;.tib:e 

l§App:ie, Macintosh, Po-..verMaclr.tosh and Mac are ;egisteroo t.-ademarlui of Apple CompLI'l.ar, Inc. ir. t."1e United State$. 
8'DiYX and the DiYX logo ere registered trarismerks of DiYXNetworks, Inc. if! the United States and ether countries. 
&Mlcr08oft. Windows. WindCIY/8 Media Play'"8•, o.r:d P:a)<sForSuffi aro rogist.q,ed mi.demark& of Microsoft Corr,oratior: in !he Unitsd State&. 
«i:niel mid Perit:v~r, ::m~ regjt,tersd trad8mar:<s of !nre! Cotl)Otat:01~ in th~ Unitsd Sta.re-a. 

illlll!DVD Drive 
OVD+Ft .I DVD+HW I DVD-Fi f D\fO-FtW I CD·H f CD-BW 
:il!SoppMeci dis,:.: Si:!9 8~m; i2~m 

"'""""""""""""""""""·«+--------------------------------------------------------------
DVD-Video I GD-HOM / D\ID-ROM I CD-DA/ 
Video-CD I Di•X® HD DVD*' 

Play i Pau:5e I Stop l Forward / Reverse i 
Next ,chapter/ PreviouE chapter 
Sele{..'1 t;t!e ct,ap1er, '!'lme search. 
Rapoat, Slow, Multi angle 
Language, Sub1itie 

Sle,eo PCM I Dolby Digi1al(AC .. s) 

Windows mac:hinea 
Appl,n, PowerMac oeries*8 

Windows XP, Win~ows Ms, 

Wir.dowa 2000 Professlorial, 

GPU: lritsl PsntiumMSOOMHz Ct' ta.star 
Memory : 128MB or over 

Power I Eject I P!ay I Pause I Stop I 
Fcm\"ard i Reverse I Nelft i Previous 

rojectim1s) 

Re.mote control!erX i, AAA batteryX2, 
AV oab!e{composite & f:;ter,o,o), 
LAN cable x 1, Supporl so!t(CD-flOM), 

41l!othar company names and product names mafltionad in this c2tetog m2y be tradamarks or regieterad trademarks af their rsspactive componlea orn::l are hareby acknowledg&d. 

Web Site 

E-Mail 

http://www.iodata.com/usa/ 

info@iodata.com 

J:-0 DATA DEVICE l!SA, JNC6 
@:-0 DAl'Aand 1-0 DATA logo are registered trademarks ol 1-0 OMA DlcVICI,, INC. 
8Actual colorn ot products may dlfior re!ativo to f;lmmg er when pdntad. 
8Th!s proauct is nol jntended for use as medial equ!pment, !"!uc!ear tacmty or e~wpmeril, aerospace 

aqulpment, t~ansportat:on iacmty or equipment, weapon system or ot~~er facmtv m equiptnent that 
effects human l!fe; !..!ndersea relay, space satemte or other facility 01 equipment tiiat requ!res high 
:eve!s of reliabrnty; m ariy component thereof. 

8:nfmmation on thjs catalos js as of November 2004. Product spec!ficat:ons, design and app,carnnce 
mi!iy change without prim !"!otice. 

Japanese Quality Control 

I-0 lJA,TA DEVICE, INC. is a rop m.linuja.r:turer and provider afhfgh-qu.ality r:ompu.ter 
periph.erall and interface pmducu, representing the finest technology Japan o_fj'er1. 

Publicly !fated in Japan, we 're fourul gfoba.l1y with 11 sale.t oJj1ces, over 5000 relail stores, 
and 5 international group cmnprmies. we are. also IS0900.ll14001 certified. 

We ini,;ite you to experience our ability to think beyond convention. 
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KiSS DP-500 

"'" Dr.5DU is based no the gmuod breaking llf'-450 with ,ts D,vX®. XviO. Mpeg 
4, MP3 Ogg Vo.bis reading capabilitie::./.1.n Ethemat 10/100 port has been added 

:1:>li:J+U:T UJ·';f{f.S.'T!Oi'J 

to the player a!ong with a Sigma Designs E.',18550 pmgres.ziva DVD decoder 
chip which enabie any m:er with a 8roadband Ir.terr.at Cor.naction trl stream 
DVD q1ra!ity rnovies diract!y from a Computer. To snhance the ussr's expnrience 
and to take the oost mrt of this r:onnet.iion, tha DP~5DI} ships with tl1e K1SS PCv 
Unk sofrNars which makes poss[bls to rnari any of the supported fi~J format 

The big nsw fo«tt.11B with KiSS DP-50:J is tr;:: etr:mr)Elt GOOilOCtii::11 fotr1d on i?s hack. TI1i:l kiSS Pl:r.,.orr..an bB r:nn;,e.cted tlraugh differer.tways tn ;..ilnw 
;..!I mi Te;..r.;ros ar.ci seivkes tr> n.at lt can be either cormer.tsd diraLi..)' tri the interns! vio a timadbarxl wr.noctitm ur through a ootw'oo: \LAM witl1 c PC 
hu!diny contenU, that ca,1 be mad usirio KiSS PC-Unk 

-----------------------------------------------------------------------
lfl.wY.s to its ethemat conria-i;tic-n, tlie DP-,500 ts ms uc~( player oo tlw martat to pn)o.•idi:: users witl1 a direct c,)<1r>Sctjor, to me Internet. This: int8rnBt 
c:or.r..octioo Bnat.!es: the KiSS DPv;;{lO to play !nrnms} radic. Just se[ei:t tl-Js feet.um on tha P!ayar. and you ,,vir! havs access too few thot1~a1td !c!tliu 

atatioos that can ba ~tffiamed and played oo tho DP-500. 
-----------------------------------------------------------------------------------------

l(>UNcK 
KISS PC..Unk tz a sotrmre that enables tha K1SS DPA:IJG user to pl:'.lyrnusic, st!e pictures and view movies from a PC to t11e DivX L'l)T11)dtib!o DVD pl<1ye1 
thanks 1D ~'lo slJwmElt tOfllOctiiYI fuu1d on the back it, tho p[ayor, KiSS PG-Unk ls a use,rvfriondlv ~oftw3re to fnsta!l on a PC ro.i'onir,g at !s;:ist Windows 
98, it ea~y to ssiact i1i?f media fites en a PC"s tr,HU disk. 

fCMP!ff:(sUi1'i 
KiSS DVD playBrs o!o1y ail OlvX format m-,,xa 3. ti, DivX~ 4 a'ld D.vX19 5. What !Ices this mean for you? It means tliat now, tor ilia first tims, you can 
download ft!H-at1~r1, f~~mutioo viti:t:a~ 1'rnrn the in~cmet that actual!'( !ook and s,Jurod !iifa wha! ycu ip,t fro:11 vour te(evts:!or, or DVD pi aver, Wttr: D~;xs 
,;omprnssion, 'iOU ~n oown:aad and 'h<1tr:h h!!t..quarity 1i·!deo c., your rv. 

:: 1<? f/l<,r V· ,. 
To t~r.kls !1)1g and too t.qr,t\1k:ci sswp probfam. KiSS intrcduces a Rve StBp Ol.!fct. S0t14J to ft DP 5DD model. As ~ocn as th2 ~faver rs. pl!.JggEod-111 fur 1J10 
first time, a cll:<1r arid ~ar hienctl11 gr,;:pt~c ir,rorfaco asks t11e lfii:lr!O ~e[ect its larot;Jt!?.gs. vidsc r ... 'lmeCTin.1, scrasn size, aurlm conr:.ectoo and enter i"t~ 
!P ..:ddross:. Ones Ins ~alection has bsen mada, ths p[ayar is rnadv to be used. 

·-----------------------------
JH\}{fi,;";Mitf: 

K:1SS ls kseri in ke~pir'IQ a ~pocial relation vlfth f!s Gustomi:lG, so, r,-.,.en after a pl;;yar ha.~ h11P,:i1 ~ohi it.~ satw-.r.ire ai1G technology·L"leps mcti.ng. The 
firmware of ths p{aysrkeaps updated i;,.~trr tt1s latest rassorch and devetoixnerit :'.lnd l<iSS is ablB ID ralsaso a fi,1nwarc tJpci<1t1: 0;1 a regLilar tiasr~. This 
latest firmware l~ availob!B from @rweb si•,a i,1 tilB supj)Jrt ssction. 

KiSS DP-500 

10 KIIS Player, 

straight from vour PC to vour DVD player and your 1\1 via a straight fur.vard and 
ussr~friend~f interface. To change your DP~500 exp;Jrl':lnce from exceptional to 
unforgatabls, l(iSS intoducss WsbRadio. P...ccessing tf-ie WebHadio menu on 
vour P!aver wil: provide you with a high numbar ot radio st.atmns, morn than a 
thousand, that can he streamed from too intEmet to your DVD player and your 

Full DVD/MPEG-4/DrvX0 /XviD/ 
CD/MP3/Ogg Vc•bis/CD·RW/ 
DVD-1-/--P,W compatibility 
JPEG PictJre CD viewing 
Prngrnssive Scan Video Out 
ri,oo Search 
Repeat Playback 

CIV),<• --
Titls/chapter select 
Parer.ta! locr, Multi Language, 
Multi Subtitle, Multi /i.ngie 
Remote Cammi 
TV Typa lPAL and NTSC) 
Configuration Setup Menu 
/1.spoct Ratio {4:3 Pan arid Sr.an, 

KiSS DP-500 

TV< io make t:its session comfortable and according to your own tasttl, ones 
registmed, WsbRadio will al!aw you 'W choosa, customirn, add as many radio 
station as yuu wish. The K1SS DP-500 aiso comes cornpiate wrln The standard CD/ 
MP3, Ogg Vortts, DivX®, XviO, GD-RV'/ and DVD+.fi\'V playback. Rogularfit1rM1are 
updates for this product are available on wvt1N.kissvt9etinolow,·.corn. 

4:3 Letter Box and 1 S:9 VIJ!de) 
S.Vidso OutpU! 
Cumnosite Video Output 
Component Output 
Dolby Digital, MPEG Audio Decoding 
Dolby DigitB~1~PEG 5.1 Digital Out 
S/PDIF Outputs 

.o..nalogue stereo 
Ett,emet 10/1DD 
WebRadio 
KiSS PC"Unk 
KiSS PC-Link Softv;are for PC 
Track name sea1ch on audio CDs 
Firmware Upgradable 

~ ~ I ~ fil i . ~ I I _ s i I 1 2 ; a 
B ~ ~ ~ ~ • - . ~ q I I • 

~ ~ g ~ i B ~ i I i ; I ~ ~ I 
5 ~ q ~ C ~ ~ ~ C ~ ~ ~ i ~ ~ 

Ki!iS OP-500 

Offir.1111 Oi",·li r.~rtim~ !)m00,1 • Fil!P c;,,i:.~ 5. Di'I:,:,:, 4. orh'* l t~~ D;,,::;c voo woo r,,;-;,twt m ,:om;,ia~, v,;;1, Di,,X Gt,'tif.-..rl"1 w.hni-...al req,;'r~'.:l ------------------------------------------------------------------
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Matroska Streaming 

There exist rnultfpte ways to stre2rn a content_ The tc-r111 stre:;:.imirfJ trse!f is ver; vague. !t mear::_; n:.::·ading a me stored on a ser;er. E5ut t11e 

server could be very distant or ·,ery c!os:e. The trnnspari system and the protoco! '..!Sed for streaming makes the whoie difference. 

lrt tlie case of fv:iatrosks, th~::re are 111ost(y 2 different kinds of stream: f'le access and livB streaming 

File Access 
F:!e access can 3imply be re,adir1g a file iacated on your computer, but atso accessing rt from an HTlP {web) se,vcr or CiFS (\t\~nc:ow::, 

share) ser,1er. A.ii these protocol are usLmtiy sr,;fe from reacilng enors and seeking in tt.A stream is possihle. On other t.;:_ind 1,,vhen the file ls 

stored fa; or on a sio·R server, seeking can be an expensive operation and should be avoldccl. Tnat's v./hy 'NG set a fovv gu;do!1nes thBt 

vvhen fo!l,JVv'Ed, help reduct:" the m.rnber ot seeKing for regular piay back. and also ~;ave the ploy back start quickly ...... w10ut a lot of data 

needed to ,~:-ad first {HkE< the Cues (i;:dex}. Attachments or Meta Seek of ail tr:e Clusters). 

Metro~kB having~ smr:iil overhead. 1t ls \Atell surted for storing rnus1c!vici2os on f:le seNers v,.11tnout hav!ng a big ,111pact on the tandw!rn:h 

ust)d. it doesn't require to :oad the lr,dex before playing {ti;e rndex can be loaded only when seeking is rl:quested the firnt tlme), so 

play back can start very quiclt1y too. 

live Streaming 
Live streamln;J ls the eq~iv a1ent of TV t<rnad:asting on Hie internet lhere ,;;re 2 f smi!ic~s of servers for th2:t. The RT?!FnSP ones Gnd th-e 

HTTP servers. l'V!t:i:tmsks Is not rneant to be used over RTP. RTP a!roady has tlming and chBnnei rncchanh;ms that vrvutd 'liasted it dOl:b!ed 

in Matroska. On the other l1and livB streaming of Matroska over HTTP (er any ot~1er plain protocol based on TCP! is very possible. 

A live Matros!ta Btream :s different than a me, because it may have no k:101,vr1 enc! (only \\'hen the cii~::nt d1sconnec.ts). For that the 

l O 12171143 l 0/hHp://rnatrnska.urgiledmical/streaming/index.html 
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Matroska :::itreammg I Matroska 2 ot"2 29-01-20] 6 11 :2 

Segment m;st u'5.e :he ~urnrnow~ :~iw (al! 1 s in thG size). The other option ,vou]d be to concatenate Segments with knm,vn siz.es one after the 

other. This solution al!ov,,s a ci-iange of cvdec/1esL1iu1ion bel\.vee;, each seQrnent which .;on be useful in some cases {svvitd1 betv~en 4:3 a;1d 

Ht9 in some TV programs t<Jr example)_ 

The Segment{::) being continu,:,us. certain elements like Meta Seek. Cues. Chapters. Attacl1ments rrust not be used in this ca:'ltext. 

On the p!ayer side, It !s possible to detect tr1at a stream is not seekab!e, if tht=! stream rJnes not have a fv,eta Seek Bst or a Cues !!star rhe 

beglnn;ng of the stream, it should be considered as non seekable. Ever. though it's sti!I theoretical!y posslbie to seek blindly fo,v..,ard in the 

strn·am, if th.;;,, server suppo1ts it. 

In th,o context of a live radio or eve-n "w.b ·rv it should be possible to 11 'iE!g 11 the content that is currently p!eytng The lags level i element 

can be piaGed betv,'E'en Clusters each tim"L~ necessary. !11 that case, the new Tags found rrust rnset the previously encountered tags and 

use tho?. new v a!ues !nstc~ad (be they empty). 

Cop'J('J!j~tf.;2005 ~2010 Ntdrostfa {nor,,t:,rnti1 orgt, Al! R1Qtll$ Reser•1e<l 

.'X"J-fPJL & C5S Valid 

l 3 \SDoc:10: ,_xp_" ______ s52~_seg7,o."_J_> i O l 217 l i 43 JO/http://rna!roska.org/technical/streaming/index.html 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1702 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



J\sge l of 3 

l ~;s;::~~:·t~ 
\.. ,,,,, ................................... ,,,,v,,-.,,, ............................................ ,, ... , ...... , ...... ,, ... ,,,,,,,, ... ,,,,,,,.v,,,,,,,,,,,,,,,,,,, 

Netflix turns on subtitles for PC, Ivfac streaming 

F'~n2,H~':/ r3ddress~~')o ?J!'H3 o~ H1:u ~Jitsu~rni p~1~ p~~\-~1s !3tc\.:t It~ oH-=etv•,:tse 
, .. :i ·s~: 5it~!i8r '\N2~ich !~":sH:mt~t· ~H~P~::c~s, Ns!~t•: iinnotmcect ~~H3 Thurs::t;~y H18t 

~~t, ,,., :rs m !t~:3~ rm:h:~ m1~ suttm~:~i on :~s $:H~~mh:o :nc1.:ies E~nd TV -s~c\-v;;, 

!n & ~~!tHJ pnst ·o,:w:;liB.y fH(~M N~H~~K Cni~~~ P~mj~ci CHih-:.~r Ne~~ H~.mi ~w~n!H.s-C U'Wt ~heHfS ~H1~)" t~ '•::rrWi~Ll 

,~~~rmy'"' :...1f 3t:t:HBsi3 ~3t~·~&n·Hnt{ \~det:~ fm no~,v. h:thff!ff:Q ··rnt~$'i! ~p~sods-s"· \.)~ itm nnn s~&son of ··u~st .. m~H), 
&u:JHHes ~ff? only av;3!WbW 0~1 PC m·1d t-.·i~~t. wan ck-:se{.i taf)n~m; k-:r ~2im~ co:~s~,~~., Bk~~rs~·, and HDTV cil~nts 
du~ in ~~e ta!~ Hcw~v~:·H. Ht.m~ \.)-·~-cte, '\-i,·~ ~:~v~; h~v-e fitl!!f3~iu~l the ~iz(:f~;~:..1k~i1Y. t3i1i3 t:W} iNm be \•,•o:!i:mti ~a :H; t;~ t:~~ 

"'{o:i!l fl~)ij i~e twHt)n :or ~~ubtl~l:;)8 h1 ;hq boH~J?n ngM ccn~et ~3f H1~ sts~zmr::ng N~t~h~ \:VGb cli~1nt l)0tvl0~)t~ ttw 
\\1:U::Hs ~:')d ;w~--~ts~en c~rHsQ!~ 1fm :H3bHt:es ! \~,1s~tJ!s~~ tcr H1i:? ·'L!~sr pH:.')t w~ri~ ~;g, }·t!k":'.:V ~r:::.i t!tJHl1 :;:n:.i 

N~rn:x na~~ been !2;;~~js~g ij;3k :rom d~~f ~r:d tHl~{(ot-i·wEnint: ~:..iWJ('.;~t~s. t(:; n1:."H1H1~ °'·*f H10 ~$Ck n1 mJl1HU$S h1 Ht~ 
'°VV H~Ch h:S~Bn~I~/· :!~!fl~):,1, f:':i3ti1 ff~t:r:nHv 3~~f I~ i-=!g;-=:1,• pt~t;l!c!.-::~d ;-s~N~ sh:.)wing t')t ·;·] ~1~ VV'lt;~H~ G~ O;~,· :~s~ 
Octob~i to c~wo~sie ins~ n1t')~{tts 70th ~nffr~.~rsefV 

::l:.)H~ ''l~uT~b~ ~r:ri Ht~l:J r!2~~~ hfwn ,1tt~;lnQ s~~r~tm~~n •.MUHJ.~3 ~er ftH~n\i ntoons m)w: ~!thou~t: H's ~'\·or:n noHno 
U'!at ~he ~jd*cs ~3n ;nose ~~Hi~~~ ~~e pi;vv~::fsd by ~~:;;rn~\ w;1;;{3 N,s~tix :..:ses i'-:1iut1:;~.-:fn; ~~!h.-.:~r~~g;~~ H~~:nn<:logy 

Hun! Wi'1h:! :~$a Jur;•J ~het !;1* !DiJ!S ~J~ f~"!:"iiliHing opHo:-mi ~~ub:!W~-s h--: S}h .. ~::!lqM ~nd tcf con.1;:..m1er Gli~ChorHcs 
d~f .. ~c~s ~nH:t1 ~s g~m6: Ct)f~s~!~s. i3nd BHJ--r~s· µ!~}'~HS w.;s~·e ··-wsm!< ,,r ~10Nti:--:;~nGn( ~r:fj thet~ ;~ ~crn~ 
iet!~r:~mtw dev~~;~pme:')~ ;~quirt~,t ._. H;..mi pr~miBed tnat St:Mm·ntj NiHfiL--1: ,icteos far Sth~~~~!ig§1~ wouid be r~~dy 
··s::m"H~i~n1e :n 2fJ-1{~.'' s.~1d H irwirn tjr:,~ n~·:; d~~h~~?~:.i {!i' o~ ;; !!m!t~d b~sd~. :.~n~:wsy~ 

:rn 

(t":t~t~itH~ ~.\tHnbt;: \1: \.it~ 

it!pU~~ 

i't~ nn}" ~ ~fN.~ 

b~:vini~ ~Hs p 
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Pleas£: note 
The information provided by this document is provided on an "as is'' basis. No responsibility is assumed 
by Malrox Electronic Systems Ltd. for its use; nor for any infringements of pate!1ls or other rights of third 
parties resulting from its use. No license is granted under any patents or paten! rights or Ma,rox 
Electronic Systems Ltd, 
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1 J) lntroducUon 
Tlw OpenDML Fik Forma, Subcrnnmi1ief i:-- defminr an A 'v'J-comptaible fik form:1, 1b, 
addresses the particular needs of professional video. As such, this docmnem rei11,1;;,. ;,,p--:cific 
proposals to these needs. 

Further work by OpenDML will elaborate on extensions to the Codec and Vidcap 
specifications of Video for Windows to meet the needs of professional video. 

Scope 
This document describes the propos,:,,d forn.at of the OpenDML-compliant A VI extensions, 
spedfica1ly for the Motion-JPEG DJB A VI file_ This form.at is an extension to the AVI M­
JPEG DIB as defined in the JPEG DIB FORMAT technical note from Microsoft. The format is 
based on the lSO 10918 def:med JPEG format. 

1t is assumed. that the reader is fa:mihar with JPEG as defined m the ISO ] 09 l 8 docu meni. For 
additional information on JPEG, see the ISO 10918 lnfonnation technology·· Digital 
compression. and coding of continuous-tone still images: Requirements and guidelines. 

For additional information about the JPEG DID format, se.e Microsoft Multirne'.db Technical 
Note JPEG D!B FORMAT. 

For additional informatkm about RIFF files see the Microsoft Windows Software Development 
.Kit Multimedia Progmmm.er's Guide and Multimedia Programmer's Reference. 

For additional information on hrnta1fab1e crn:npressors and decompressors, see the Video 
Compression/Decompression Drivers technica1 note from Mkrnsoft. 

Portions of the above Microsoft docurnents have been reprinte-..d with permission of M icrnsoft 
Corp. 

OpenDMl Sub-Committee on FUe Format: High Level Goals 
., 1mernperabilily and A VI CompatibHity 

,,. Large File Support 

., Frame and Field Indexing 

., 1ntede£tving Audio with Video 

., Srnm:e and Header 1nfommtion Storage 

., OpenDML File Format Certification Code 

., Microsoft Certification and Com.rmmication 

Version LO 

Version Ll 

November 13, 1995 

December rn, 1995 

First Rekase 

Includes smaU changes from Microsoft 

Scope 

,, 
l 
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2 

1.0 Overview of Profession Video Requirements 

Goal 
Provide interoperability between different hardware and software vendors' Motion JPEG 
codecs. Support Vide.o for Windows A Vl file format for MJPG video, while improving the 
performance of these systems. 

Issues 

AV!: Support Current AV! Format 
The goal is to support interope.rability by standardizing on the AV1 fi.le format for Motion­
JPEG video. This implies a minimum compatibility to support the standard A VI file access 
interface, as well as the vidcap and codecs that are part of Video for Windows. This means 
support of the MJPG DIB specificadon, supporting the RIFF file format as well as the 
standard A VI stream headers, allowing for optional audio interleaving, and supporting one 
storage. of one frame of video per ##de data chunk in the UST 'movi' chunk of the A VI file. 

60 Fields Per Second vs. 30 frames Per Second; or 24 Frames Per 
Second For Film 
Professional Video Applications require the ability to sequence individual fields of the video 
data for certain playback rates and vjdeo effects. For example, in order to do a slow motion 
effect, it is not sufficient to just repeat the frames; the fields must be individually repeated. For 
example, as sequence of fie]ds in a file numbered 123456 ... should be played a! half spee.d as 
11223344 ... rather than 12123434 .... As such, the individual fields should be acce$,;ib!e. AVI 
requires that frames are stored per data chunk. Storing individual fields in e.ach chunk would 
break A VI applications. 

The extended A VI format will allow for access to individna] fields. 1n addition, the format will 
allow for storage of 24 frn:rne based mes, such that me readers can properly convert between 
24 frame-based data storage and 25 or 30 frame PAL and NTSC playback. 

Improved Tombstone and Header Information 
Professional video applications need extended information such as starting timecode and reel 
1D to be contained inside the AVI file. 1·fore advanced information such as the location of 
time.code discontinuities, etc. are also desirable. 

OpenDML AVI File Format Extensions 
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h1troducUon: RIFF Chunk Format 
The A VJ file begms a1> a standard RIFF chunk (ncte that this is a non-standard representation 
that shows the 4-byte size): 

RIFF (size) 'AVI ' o,' 

Standard RIFF AV! form 

t 
L_______ cMi.mk sl,:is 

There is only one RIFF chunk per file. RIFF sub-chunks may be either UST chunks or regular 
sub-ctmnks. The LIST chunk obeys the same structure and may have regular or UST sub­
chu:r:ks; aH other RIFF sub-chunks have just an ID identifier and a size. These regrtlar sub­
chunks may not have sub~chun.ks. 

increased FBe Size Umits (>> 1 GB) 
The current RIFF file fom1at jmplies a maximum chunk s:ize of 4 GB because the size :is stored 
as a 32-bit value. However, limitations to the RIFF parser cooe and MCIA Vl Em.its the file to 
oruy 1 GB. At data rates of 10 MB/s, a 1 GB file will last less than 2 mim1tes. 

Extension for FUe Size > 1 GB 
An AV! file can be extended beyond 1 GB by placing more than one RIFF chunk ln the sarne 
me (whlch is legal), Each RIFF chunk can have a ma,1dmusn size of 1 GR Standard A VI 
applications wm see the first RIFF chunk (RIFF 'A VI") as a standard A VI file, ai1d this chunk 
should be complete, Information that the file is extended over 1 GB should be placed in the 
E,i,:tended AV! header (see below). Subsequel1t RIFF chunks wrn be identified by the A VIX 
(for AV! extended) chMk kt These RlFF 'AVIX' chunks do not need to contain further data. 
it is expected that the A VIX chi.mks only contain UST 'movi' data. All other AV! information 
should be stored rn the first (RIFF 'AV!') chunk so that it is accessible by all applkations. 

lntmduction: RIFF crnmk Farrna 
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RIFF AVI form for files> 1 GB 

1 ~ header hldicaling Extended chunk size L_ presence RIFF AVIX chunks 

Firs! cht..mk {< 1 GB) 

OpenDML AVl File Format Extensions 
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3.0 Frame and Field Indexing 

The A V.l file fonnat specifies an optional 'kl.x 1' chua"k:, which contains a list of the off sets and 
chunk types of every chunk inside the UST 'movi' chunk This list is used to make A V1 
playback and seeks more efficient because the focation of each frame of video can be found 
without scanning through each su b~chunk of the UST 'movi' data. 

Standard ictx"l form 
UST movl chwnl\ data idx1 chunk dl3.ta 

1""1 lll-! 
...... ~ -- -- ' .... .---- ... 

~w-&~tl l 
'HI 

1 ~ 

i 
~ l ! 

. L- '"'"""""""""""------------· !--· 
~ ..._..._..._..._..._..._-.._-.._-...~ • ..._-...-.. v.:.,.~•-.-.,,, ... ,... .................. ...,,..,,., .................. .,...,..._..._..._..._..._..._.~ 

• de1s o! idx1 chuni,, is an 1nd@x 1o eech movi 
su!N;nur:k, indude1> ollsel and length of each chunk 

Allow Field ~nde)(hlg 
In order to support field accurate inde:dng while still retaining A vl compatibility, the video 
data must be stored one frame per ##de 'movi' chunk, while an index must be present tha! 
gives the locations of both fields (ff they exist) within the fraroeo Applications could then use 
field-based codecs to perform field-tm:sed effects (e.g., slow motion, etc.). 

A.How !ncrnmerdai Grnwth of Flies 
The 'idx1' chunk fol.lows the LJST 'movi' chunk in the fik. As such, it must be moved an order 
to insert new darn into the fik ,t;.n inte.r!ea ved frnrne index wou!d be more efficient for the 
purposes of file growth, 

Minimize Disk Seeks 
ln playback, there are several causes of ineffkiency, One is that the index is at foe end of the 
fiJe, reqlliring a large seek when opening the me. The other is that the index itself contains an 
the dr..in.ks inside the 'movi' data, not just those for one AVJ stream. As such, the i.rn:lex mnst. 
be preprocessed so that the location of each frame in the index can be found. 

Introduction: 'idx1' Index Ctiun 
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Proposed Index List 

Overview 
]nstead of u:sing an inde:;. chunk like 'idx 1 ·, a nr,,_ index s1 rnctun' i~ proposed. Tht· imk:-,, ba:-. 
the following main characteristics: 

® The can either be a single index chunk, or a two tiered index, with a super index pointing to 
inte.rleave.<l index segments in the 'movi' data. 

® The index can include locations of the fields within a frame . 

..- The index has no restrictions to 4 GB file size. 

& There is an index per data stream (if necessary). 

The advantages of the index are as follows: 

e The index can contain the locations of the individual fields in each chunk as well as the 
chunk information as a who1e. The 'idx]' chunk only contains indices of the frames. 

& The index segments are interleaved within the 'movi' data, meaning that the file can be 
grown. The 'idx1' chunk is present at the end of the. file. it must be movf'..d for the file to 
grow. 

e The index segment is smaller than an 'k!x 1' chunk, so the amount of data needed to be read 
in order to access a pai1icular fra1ne is Jess. Also, if the index is interleaved before its data 
(i.e., Jess efficient in write), then playback will be more efficient than the 'idx l ' chunk. 

e The index lists are present per stream number(##). As such, the list can be accesses like an 
army, unlike the 'idx1' chunl:, which contains entries for all 'movi' chunks from all 
streams. 

The index is implemented as an index of indexes (optional) and an index of chunks. Both are 
based on a base index form. 

Base Index Form ~indx' 
Thus the actual in1plementation is based on a base index form 'indx': 

struct _aviindex_chunk 

); 

FOURCC fee; 

DWORD cb; 

WORD wLongsPerEntry; 

BYTE blnde:x:SubType; 

BYTE bindexType; 

PWORD nEntr:ieslnUse; 

DWORD dwChunk:rd; 

DWORD dwReserved [3] ; 

II ai~e of each entry in arndex array 

I/ .futu:r.·e ,1se. must be O 

// one of AVt_lNDEX_* codes 

// inde;x of fi:cst umised member in alnde:o: array 

// fee of what is indexed 

II meaning diffen, for t~ach index 

// type/subtype. 

stxuct. _aviindex __ em:.:r:y { 

{l if unused 

DWORD adw[wLongsPerEntry); 

} a:rndex r J; 

OpenDML AVI File Format Extensions 
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The actual size of the entries of the a Index array is emered into wLongsPerEnt:ry, 
Between the cb field and wLongsPerBntry the actual size of the ,nx,:1y is known. The field 
:nEn tr i e i:; I nus e allows a dro.mk lo be allocated ]or:ger t:han tile actual m.smber of used 
elemem" in liw arru). 

The !ypes defined for the blnde.:x:Type and binde:,.;:S-,,.ibtype field are the following: 

! ' , I 

fik 

// 

// when each 1z11t.'I.·y i'!i ..:1J.nde:x 

// ar:ray points to an index ,:hunk 

l ! array 

// when f:ach entry is a.Index is 

AVI Stmidard k1a:fox Chunk 
The .A V1 Standard lmfox dn.m.k coni-ai:ns infon:nadon that indexes A VI franses. 

DWORD cb; 

DWORD 

DWORD dwChi:::rfk1d; 

DWORD dwRese.rxed:3; 

DWORD 

DWORD 

slnde::x[ l 1 

dwffsset, 

// 

/ / all dl<'Offse;:s in al.mi,;,:;; 1>:rray are 

// rdativs to thi!3 

// must be O 

// q,,...gaseOffset + this is absolute fne off.set 

// bit 31 is set if this is NOT a keyframs 

A singh~ standard fodex dmn.k can only index data within a 4 GB region, The dwOf f set. 
field points w the start of the data hself, £lnd noi to the start of the RIFF clmnk for that field, 

Proposed index Us! 
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Standard Index Chunk 

'data of Standard AVI im:!ex chunk is an index to 
each mov! chunk data, Includes offset and length ol chunk. 

The index chunk above is shown in the 'movi' data, but may be found in the strearn header {see 
below). 

AVI field inde.x Chunk 
The A VI Field Index Chunk is the same as the Standard 1ndex Chunk except that it contains 
the locations of each field in the frame. 

typedef struct _avifieldindex_chunk { 

FOURCC fee; 

DWORD cb; 

WORD 

BYTE 

BYTE 

DWORD 

DWORD 

wl..r:mgsPerEntry; 

bindexSub'f)/pe; 

bindexType; 

nEntriesinUse; 

dwChu.nldd; 

QUADWORD qwBaseOffset; 

DWORD dwReserved3; 

struct _avifieldindex_entry 

DWORD 

DWORD 

dwOtfset; 

dwSize; 

// 'ix##' 

II must be 3 (size of each entry in 

II a.Index arrily) 

/ I 1WI_INDEX~_2FIELD 

I I AVI ___ :mnEX~_OF ___ CHlJNKS 

II 
II 'ff#dc' or '##db' 

// offsets in i3Index ilrray ilre relative tc ~his 

// must be o 

// size of all fields 

DWORD 

II (bit 31 set fer NON-keyframes) 

dwOffsetField:Z: II offset to second field 

a.Irn'lex [ l; 

AVJFIELDINDEX, " PAVH'IEL-DINDEX; 

The field wLongsPerEntry is set to 3 because of the addition of the dwOff set Field2 
field in !he array. Thfa is indica!e.d by setting the sub type to AV! _INDEX_ 2FI ELD. 

OpenDML AV! File Format Extensions 
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Fie!d index Chunk 

4 i 4 1 
'---.------.... ..J ... l ~~·--·"""""•J,,' ~ 

' data ot Field Index Ci1mk is a:i lm:!e:< to each movl 
sub-chunk da!a, inch1des offset and ieng!h of ch:.mk, 
as well as offset to Uw Eecond field. 

The index chunk above is sho\vn in the movi data, but rnay he found in the Mrearn header (see 
below). 

AV! Super lnde~ Chunk 
The Super Index Chunk is an index of i:rn:lext'h'> and is always found in the 'indx' chunk of an 
A Vl fikt It is defmed as foJJows: 

FOURCC fee; 

WORD 

BYTE bl:ndexS1.1.bType; / / ffi\.\St be O or .AVI_INDE~:_2FIELD 

BYTE bindexType; // mu1:1t; be .iWX~INDBX_OF_nm:s:;-rn:s 

DWORD nEnt.1;.~ie.srnuse; // numbe:r of entx-ief3 in a:tndex array that 

// are U£;ed. 

DWORD 

r.;t;n;ct .. avisuperinde:s:_imtxy { 

Q'Gh,.'lWORD qwO:f f set; 

DWORD 

// absiolute f.ilr.1 of.:fset., o.tfirnt O i» 

// unused entry"?,' 

The hI nde:xSub1'y;ie is se! to the type of index that the Super Index pofot.s to. If the index 
chunks are Standard Index Chun.ks, then the value sho11ld be 0. ff the index chunks are A Vl 
Field fodex Chunks, then the vah:ie should bt~ AVI_IND.EX_2FIELD, This implies that a 
stream cannot mix Field and Standard Index Chunks. 

Proposed lndex Usi 
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Super index Chunk 

• dala of #itb: chunk is an Index to each mo,,<; 
sub·chunk data, Includes offset and !englh of chunk, 
and possibly the offset to the second field . 
.. data of Super lnde:i,: lndx chunk ls an index to each ##1x 
movi sub-chunk. 

If we use the :/#/pc chunks, then they must be indexe.rl by their own Index List: Paieue changes 
should noi appear in !he same Index List as ##de chunks, since they eliminate the abili1y to 
access an element (frame) directly \.Vithout having to scan the lisL 

index Locations in RIFF File 
Unlike the 'idx 1 ' chunk, a single index is stored per stream in the A \tl file. An 'indx' chunk 
follows the 'st,r chunk i:n the LIST 'strl' chunk of an AVI header. This 'indx' chunk mny 
either be an index of indexes (super index), or may be an index to the chunks direc,ly. ln ahe 

case of video, this means that the dmnk is either a AV1SUPERINDEX or an 
AVIFIELDINDEX/AVISTDINDEX

0 

lf the 'indx' chunk is a standard or field index chunk (Le., not an index of indexe$) then the 
stream has only one index chunk and there is none in the 'movi' data. 

If the 'indx' chunk is a Super Index, then the corresponding i.ridex chunks are marked with 
'ix##' in the ·movi' data. The## is the stream number, the same as for the ##de or ##wb. 
The index chunks can be either standard or field index chunks. 

A file can be e-.. asily grnwn ifil has a standard index in the 'indx' chunk position. The chunk 
can be moved to a new 'ix##' chunk, and a new super index can be inserted inlo the ~!ream 
he.ider ('indx' position). New 'ix##' chunks can be added to grow the file. 

Note the reversal of the '##ix' to 'ix##'. This is fur A VJ backward compatibility. Note that 
lNDEX_JS_DATA strearns remain as '##ix'. 

Here is a sample RIFF file in the format show11 by the RIFF\VALK utility: 

RIFF {7F03B718) 'AVI ' 

LIST (DD0l0B4C) 'hdrl' 

avih (ODOD0038i 

OpenDML AV! File Format Extensions 
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LIST (OO(H),l4EC) '.r;trl' 

st.:.rh (OtH)(H)036) 

I , ,·~ Ct'C ~.,,,;::,c : t-c·· 

vpxp i00000064) 

LIST (DDDDG05B) 'Rtrl' 

st:rh {00000036} 

st:rf {00000012; 

indx {00003Fl'B) 

LIST I0000404C) 'strl' 

strh ( (l(lOOOOJll) 

strf rnooooooo) 
indx {(l0003FF!l) 

LIST { OCIO(Hl(l60) 'oi:l:n1 • 

dmlh {OCIM0054) 

LIST (7F000000) 'movi' 

Olwb HHHl(l:2dFO) 

OOdb (O!Hl30004) 

Olw.b ( OGOOMFll) 

00@ (00030('.HH) 

a•' t:im€! pe&St$e~ 

£)21.x i: OQC03 FFS) 

«- vider..": }).t"t\pert.y h,e~adex 

~ ... timecod~ stre~rn. . 

ix01 ( OD003l?l"l\) 

, . -,,tc . , 

<- part.ia.l video index 

< ~- p?.\t."t.ial :"S.udio index 

idxl (()0030000) 

Proposed !ndex List 
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4.0 interleaving Audio with Video 

issues 

kstedeavkig Rate 
Files for Ed!th1g 
files for Playback 

Single or Wfa.iU!ph:i files for Video and Audio 

Multiple Tracks of Ai..u.iio Storage 

Mono and Stereo Auc:Uc 
Support of multiple streams of data exists in A VL A proposal to recommend that audio be 
strn·e-..d as tv,m mono ,area.ms should be examinecL Not aH appfa:atlom; would be able to play 
this back :in stereo, however. 

Audio / Vldeo Time Stampinij {Sync Point Ust) 
his necessary to add time stamping information to account (and correct) for drift befwo?..en 
audio and video when us:ing hardware that is not able to maintain a perfect synchronization 
between audio and video (via a hardware connection) and when there exists a drift m the 
crystal frequency on audio hardware. 

This. can be accomplishe.d by adding a sync point list into the file. A sync point list identifies 
two samples in different streams that are to be pko.yt?.d at the same time. Thus, drift can be 
corrected by identifying sync poi.nts and if necessary, correcting for the drift during playback 

Notes on Interleaving Audio and Video 
With the exception of AVI files playing off CD-ROM drives, it is not necessary to interleave 
the audio and vide.o into REC cl':n.mks, In fact, with higher video and audio data rates, it is 
probably more efficient to store the audio in large consecutive blocks. As such, the audio can 
be interleaved in large blocks (not necessarily done on a frame basis), 

Audio data chunks :rnay or may not be in integrn] frames, or multiple of frames. The other 
option woukl be a constant number of bytes, In addition, audio may be interleave.cl before or 
after the corresponding video, This. is. just a tradeoff between record and playback 
performance. TypicaHy, saving audio chunks after video in record wlH give better record 
performance, which is important because hard drives tend to be less perf ormant during write 
operations, However, during playback, multiple stre.ains and cnts may be played, reducing the 
drive performance, 
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5.0 Source and Header Information Storage 

The goal is to impkment a standard way to store certain header and tombstone information in 
an A VI file so that other app1icatfons can interpret and use this data. In many cases, the header 
data is not uniformly set between different A V1 files. 

Required iniormaUon 

Mair1 AV! Header (avih) 
Tota! Frame~ 

The dw'l'otalFr.ames fldd indicates the size (number of frames) within fhe fast RIFF 
·AV1' chunk. 

AVi Stream Header (strh} 
Quality information 
A Vl defines the quality of a clip by a DWORD vaiue from O to i 000{), This value seems 
arbitrary. For MJPG files, a standard guality shoukl be defined, The quality can be defined by 
either of these three mode.<;; 

s- constant average data rate 

~ constant Q-tab!e 

"' lossless 

Lossless is not part of the Basefa1e proc,:,.ss. As such it requires the definition of a new Proce.<;s. 
Under baseline, ksssless can be achievetl by setting the Q-tables to umtyl. 

Under constant data rnte, the d<:'A'iired data rate for the file shouM be specified {in kb/s). This, 
plus the number of fields per frame, slsouk! be abk to determine the Q4abies required to 
compress the image. 

1 Wnile a lossless (or pseudo lossless) process can be defined by setting the Q~tables to unity, 
the ISO spf'..cification of lossless JPEG compression is a different process. Lossie.ss encoding 
as defined by ISO does not use DCT transformed data, For a sample to be encoded, a 
predictor is formed from the rec.onstrnc!c?..d values of up to three neighborhood samples. This 
gives a prediction of the of the sample to be encoded, The pre.diction is imbtracted from the 
actual value of the sample and the difference fa losslessly entropy coded using elther Huffman 
or arithmetic coding. As far as forming a type of pseudo kissless compre.ssion from a baseline 
JPEG process with unity Q tables, there fa the potential of some s1ight loss of data during the 
DCT process due to arithmetic precision. PractlcaHy speaking, there is no real m1age quality 
Joss, but the word lossless irnpjjes a guarantee of reconstructing the source image on a bit by 
bit basis. 

15 
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Under constant Q··tab1e, there are two possibilities. Either the absolute Q-tab!es are given (8x8 
matrices) per component (in our case, 2), or a factor which ls used to generate any Q-t.able of a 
standard one. The constant Q-table file would of course have the same tables repeated per 
field. a~ per the f,,,1.JPG DJB ;;per. Thf' advanH!ff' of a ()-fa,1or i~ thf' recluctirn1 nf h,·;1dt·i 
injormallorL Hmveve1, l weaked Q-tabk.-5 would no longer be possible. i 

Scale I Rate 

The scale and rate parameters wm define the correct ratio for different video standards. Known 
ratio values are (rate/scale): 

NTSC 

PAL 
rcFrnme 

30000/100] 

2511 

The on-disk R.ECT coordinates are 16-bit values, The R.ECT structure in NT is a 32-bit 
(LONG) for each coordinate, but the on-disk ones remain 16-bit. 

AV! Stream Format (strf) 
Height 

The MJPG DIB spe.c 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 b:iHeight parameter refers to the raw height of the frame 
(intet'leaved or not). OpenDML codecs that operate in field by field modes will be passed this 
value divided by 2 to get the fieki height 

Extended AVI Header (dmlh) 
typedef struct { 

DWORD dwTota1Frame5; 

} ODMLExtendedAVIHeader, 

Total !Frames 

The dwTotalFrames .field indicates the real size of the AVJ fi1e, Since the same field in the 
Main AVI Header 'avi.h' indicates the size within the first RIFF 'AVJ' chunk 

Video Properties Header {vprp) 
The video properties header idenlifies video signal properties associate.d with a digital video 
stream in an .AV1 file. This header attempts to address two main video properties: 

<S The type of video signal (PAL, NT.SC, etc., as well as the resolution of the video signal), 

* The framing of the compression within a video signal. 

The parameters can be used to uniquely describe a video signaL 

typedef st:ruct 

DWORD 

DWORD 

DWORD 

DWORD 

DWORD 

VideoFo~matToken; 

Video.Standard; 

dwVerticalRefreshRate; 

dwB'!'ot:aJ.lnT; 

dw\lTotallnLines; 

OpenDML AVl File Format Extensions 

BNSDOCID: ~xr-
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DWORD dwF:r:ameABpectRatio; 

DWORG dwFrameWidtblnPixels; 

owmm dw,>remeHeigbtinLines; 

VIOEO_FIELD_DESC FieldXnfo !nbPie1.dPe,:Frz.meJ; 

} VideoPropBeader.; 

Video Format Token 
enum {FOfil1AT_tlN!OIOWN, FORMAT __ _PAL_SQUARE, FORMJ,T_l?AL_CCIR_!S1:n, 

FOll.MAT __ NTSC_SQUARE, FORJl!'.AT_:N'.:'SC_ccrn._601, .. } VIDEO_FORM.AT; 

The fo.rmai token indicates that a kno-wn standard is defined for the following data fields. 
Those fields must be filled, but their value can be e.xpe,:tl?.d w he the defined standant If the 
format is defined as FORl'fAT_UNKNOWN then the fields may contain spedaJ values. Known 
tokens are defined ill the table below: 

Tok I Stem Ref H- v~ Frame F F Pixel 

en. ,,1. dard R~e~·t iota ~t ~;;::t : :: ;s:;~~f 
" e e (derived 

NTS t-s----:,----8.5_8 ____ 5--25-· ---0-;,;0_00 ___ ~4---:-: ___ f_: ___ :_l_6_0:-1Q-.4--
C 
CCl 
R 
601 

C 0003 0 5 0 

NTS 
C 
SQU 
ARE 
PAL 
CCl 
R 
Wl 

PAL 
SQU 
ARE 

NTS 
C 

PAL 

PAL 

Video Standard 

60 

so 

50 

780 525 

864 625 

62.5 

(-4:3) 

(h,;0004 64 48 
0003 0 0 
(4:3) 

0K0004 72 57 (}003 0 6 
(4:3) 

Dx0004 76 '57 
0003 8 6 
(4:3) 

enum { STil.NDAAD ~UNKNOWN' STANDARD_ PAL, STANDhRD _l";'l'SC' STANT)hRD ~ SECJ>.M} 

VIDE(l__ STJ>.o"\f.DAR.D; 

Defines standards such as NTSC, PAL etc. lmphcitly defines vertical refresh rate. 

Vertical Refresh Rate 

l :1 

2]60:230 
4 

l:l 

Used when an unknown standard is specified. Non:naHy, 60 for NTSC, and 50 for PAL 

Required !riformatk.m 
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H~Total in T 

Defines the horizontal total, in T (one luminance sample: pixel) 

V~Tota! in Lines 

Define~ 1hr venical total, .in Jinei,. 

Active Frame Aspect Ratio 

The aspect ratio is stored as a DWORD value with a word each storing the x:y ratio. For 
examp]e, 1 to 1 is OxOOOJOOOL Standard values for television is 4:3 or 16:9. This value can be 
used with the frame width and height to calculate the pixel aspect ratio. 

Active Frame Width ln Pixels 

Defines the active frame width in pixels. The bitmap might digitize a region that is smaller or 
bigger than the active video widlh. 

Active ·Frame Height in Unes 

Defines the frame height in lines. The bitmap might digitize a region that is smai!er or bigger 
than the active video height. 

Number of Fields Per Frnme 

One or two, depending on whether the video is interlaced or progressive. 

Field Framing Information 

The field framing information defines where the compressed image is with respect to the video 
signat The: data is present for each field (and may be different), 

Typedef struct { 

DWOJW CompressedBMHeight; 

DWORD CompressedBMWidth, 

DWORD ValidBMHeight; 

DWORD ValidBMW:idth; 

DWORD Val idBMJtof f set; 

DWORD ValidEMYOffset; 

DWORD VideoXOffsetinT; 

DWORD VideoYValidStartLine; 

VIDEO_FlELP_DESC; 

OpenOML AVI File Format Extensions 
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~ -------------------------------------------------• (,,;:_;• :.~: ;{.: :;,: \,},.":•,;'\/,'..:,.:,' • • • • • nnnuuu,>nnnnnnnnnnn>•~ 

I 

~i ;:;~;:~~ ~-

~--···· Vkt~:::f~Cil1?S~tt~"f -----~~ 
I , 
~~•••••••-n•••••••••n••••-.••••••••••••••••••••••••·-•'"•-••••••••••••'"' ~~-1"t't$!1: ••••••••••••••••••••••••••••••••••••••••••uu•o•n•••••••••••••••••-.-.•••• ........ : 

~ : 

Compressed Bitmap Height and Width 

The compressed bitmap height and width repre$ent the she of the compressed image. Fer 
JPEG, these values are multiples of 8. 

Valid Bitmap Height and Width, X and Y Offset 

The valid bitmap height, width and x and y offsets represent the size of the valid data withiri 
the compressed bitmap, Because padding may be re.qui:n:'<l when compressing, it is not 
guaranteed that all the data ,1vhhin the compressed image is valid. Note that compressing 
blanking is stiU valid. fo the case where aU the compressed bitmap cor:res from the video 
sig11al, then the valid heigh! and width are equal to the compressed height and width, and the 
offsets are 0. 

Valid X0 0ff set !n T 

The VideoXOffsetinT is used to kx:ate the x position of the start of the valid bitmap with 
reference to the video signaL The vahle is a measurement in units of T, which is one 
luml.nance-samphng dock, from the leading e<lge of the horizontal sync pulse (CCIR 624~3). 

Valid Y Start Line 

The VideoYValidStartLine field is use.cl to locate the line that the valid bitmRp starts 

on. This value will be different for each field. (CCIR 624-3), 

A typical value for the Frarning Information for NTSC CCIR 601 would be: 

Vide Co Co Vali Vali Vali 

rn 

Required !n!orrnation 
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0 mpr mpr d d d lid oX y 

Typ esse esse BM BM Blv1 B Offs Valid 
e d d Hei Wid X M er in Start 

Bl\1 Bll-1 ,ehr !h Off, ) '! l ... inf' 
· Nei Wid er Ojj 

ght th set 

Piel 248 no 248 no 0 0 122 20 
d 1 

Piel 248 no 248 no 0 0 122 283 
d J 

Source and Timecode Information 
The following information is use.d to describe time.code and source information inside an A Vl 
file. 

Base Timecode Structure 

AH SMPTE timecode information is stored in the following format: 

typedef union _t.imecnde ( 

struct { 

WORD wFrameRate1 I! D is 30 drop. do we need 

II frame rat.es? 

other 

WORD wFramePract; // fractional frame. full scale is 

:,ONG 1Frarne; 

l, 
int.64 qwA1J., 

TlMECOOE, ~PTlMBCODB; 

drop 

always Ox10000 

This format allows for a frame, and a frame fractional vaJue to be spedfie.d, with the frnme 
rate stored in the low word of the value. As the values are stored, two thnecode$ can he 
compared and subtracted. For drop frame code, no lF'rame values are skipped, :;o a drop 
frame timecode of 1 :00:00;00 would be a lFrame value of 107892. 

Timecode Discontinuity Table (Stream) 'tcdl' 

The following structure defines a timecode discontinuity table. This would be stored us a 
stream itselL The table would either be a table alone in the 'indx' chunk of that stream, or if 
the table. is large, an index to the table could be stored with the table itself stored a~ a ##ix in 
the 'movi' data. 

#define PILM_SEQUBNCE_NONE 0 

#define FILM __ SEQl.JENCE_A1l.BBBCCDDD l 

#define F:l:Ll•l_SEQUENCS _ _AAABECCCDD Z 

II structure of a timecode discont.i:rmity table . .not.e that this fits 

I/ w:i.th:i..n the definition of the st:ructure of an inoe:.: chunk 

II 
typedef st:ruct timecode ___ dl ___ chunk 

OpenDMl AV! File Format Extensions 
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FD1JRCC 

DWORD 

WORD 

cb; 

// '#~ix• 

// si~eof this structure less B 

// must be :.s or more 

DWORD 

D1~0RD 

DWORD 

nEnt.riesI:n:o:;e; 

dwChlmkid; 

dwRern:o:;.."Ved DJ , 

// i..ndex ~).f f ixs-;t unused entry in a:.tnd.ex array 

I I 'tcd1' i timecode discont:i.n1.d t.y 1 irst.) 

st.T.uct ~tii1~eccde~dl~~fitr·v 

QtlJ'illWORD qwTi,~k; 

st:r:uct 

// timecode user data 

// >'llhich fr.-am~ in cclcr sequf!nce DWORD ColorFrame i 4; 

DWORD ColorSequence , 4; 

DWORD ,>i lmi.'rari,e : 5; 

/ / Duretion in f.rmM,s of completce sequence 

J,: // Onto of F!LM_SEQ1JBNCE __ xxx ,Jef.irnes 

// i.'ut.m:·1:~ :.lse ·· set to 0 

J; 

Flil.9'S; 

TCHAR 

a1nde:~ [ } ; 

s2Ree1Id[32J; II source id 

The flags structure can opfamally iipecify color framing, and film pull-dov,'!l information. lf ,ill 
fields are O then no siich optimial information is p:msenL Notice frmt there is no explicit flag for 
drop frame NTSC since that inforn:mtion in already stored in the TJMECODE structure. 

If Co1or8equence is non--zero value, then Co1orFrame contains a frame mn-nber from 0 
to Co1or8equ.ence--1, whkh specifies the co1or framing of the frame specified in ahe 
time-..code structure. 

1f FilmSeguenceType is not FILM_SEQUBNCB_NONB, then PilmFrmne <:cmtains the 
offset .into the pull-down sequem:e coffe.sponding to the frame spe.dfie.d in the tirnecrnle 
structure. For e:,rnrnpk, if FilmFrame is 1 and FilmSequenceType fa 
FILM_SEQUeNCE_AABBBCCDDD then the referenced frame is a BB frame, Again, if 
FilmFrame ls 1 and :FilmSequenceType is FILM_SEQUENCE_AA.AEBCCCDD then 

the referenced frarne. is an .AB frame. 

Timecode Stream 'tfme' 

This strnctme defines a time.code. value for every lick of the timecode stream 

// *t~.Ai..':tu1wa of ~ tirnecr.uje. $t".r.r:~-s.ri1 dB .. t.l~ cl:n .. u1 ... ~ ~ for storing every 

/ / ~vent in a timecod~ stream :r·a.thex t.har.i just. the d.1 sccnt.inui ties 

// 

WORD wLcmgsl?erBnt:ry; (,! im.ist. he 3 

Required Information 
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B'lr'l'R b!ndexSubType; II mmt oo o 
a'Jt'l"!! b!~; I I Avx_x:m:in_:i:s_01.".t'A 

rmoru:i ~:rie1111InUs'1!I>; II iodex of firet unused entry in al~ au:ay 

DWORn dwChucltld; II 'time• (timecode stream) 

DWORO dwRem'!rved [l] ; II future, JmM/t be 0 

•truet _till!&lQcod!St_lS!t:ream_entry { 

TIMECODE timecod.e; // tiumcode 

DWO!m t'h.iOsssr; I I timecode wser data 

struct { 

~ Colorka!m'I 4; I I ffltlc~ fra.mie in color Sll~e 

mroim Col,u:S~e : 4; / / Dur.s.ticn in fr.s.mea of COlSi,Pl@te s~e 

~ FilllllPrmJllle: 5; II Offset into ~C8S 

tmOtW lfil~'fyp<e l; I I One of ir:u.M_~~-~ <.id~ 

tmOtW Reue~ i :u;; / / ll!'utuxe WIIISS - sset to o 
Flags; 

} &Index[ l; 

Mefisw ll!'l:Uil_LOG_lt\mRTZ 

ifdefir.!.e i'l:I..M_LOG_Ji!UtX 

l 

2 

I I 111tructw:."$ of a film trdlml!l!fer log. :Wot$ that thi111 fita 

II within the definition of tm'I structure of an ind!!x chffl:llt 

II 
typedef 81ltruct _film_traiwfer_cllunk { 

}. 

rowcc fee, I I '#ib:' 

mfOM 

RORI).,. 

BYTE 

Bn'lll: 

DWORD 

DWORD 

miroiw 

wI..or.!g~~rE!.'l.try; .·· 
ti:i:oo~. 

hln~; 

nll!:ntr:l.ssslntl'li!@, 

dwehffllltid; 

dwR.esse~ [111 , 

I I lili:&eof this •tructuni l<&#ll!i ti 

II =t be .f. or uicre 
•,,• . ' 

! I IIIIW9t be o 
I I Av:t_zmmx_:rn_mTA 

I I index of first m:i.used entry :l.n 11I~ m:ray 

II •film' (fil~ trl!Ullllfer log~ 

II future, 1mUSt bis o 
1111truct _film_tr~fer_:tus&der { 

DWOM d~; II ffl'.dch type of nm_WG_:xxx file fo~t 

dwHssaderSige; II ~i=e of thia _fil~_trl!8:ll8Sfer_header •tii:uetw:-e 

dwR.ese~[4lt// Puture Wile - !S!@t to O 

I I mroaw dv!JserDef:i.m:dll, II Optil."JMl uaer d.&t.1!. 

} Fil!ll!Seaderz 

I/ BYTE b'i'ra&ruSf~r~ D ; I I The actual -transfer log :begins here 

The size of the Film.Header is given by the dwHeaderSi2:e. This allows for user~ 
additions to the header. which a~ at the em of the FilmHeader. The .A'SCII film 

0N5D0Clil: <XP:. ······~·· ... 2~'?BJH5 ... \ _ _; __ :-. 
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~fer log begin8 ~t.ely ~ ~ FilrnHeader ~o Thiem of~ ASCII~ 
coo oo ~ from too dwlieade~i~e of the~ imd the -cb si:re t'.Jf ~ mm 
structure. The A~Cil data ihoold be paddoo with Nill.J...s" ro the ~t DWORD structure 
size. 

'The csmtenw of~ bT:r&tnS:tferI,og ocmy i!!i byre for byre too ~-of the ASCll mmsfer 
~ file of too type giv~ m the dwtog!'ype &kl.. FOf :oow. two cypeg are Mmoo: 
FILMJ..OO_EVERTZ: the demiled .FTL ftle fommt ~ oo ob~ from 

E.vS::rlz Mkrosysrems. ~ 

3465 Mmnway 

Bur~ OnwioLiM 1A9. ~ 

905n335~3100 

FiLMJ..OO_FLEX: too ~ed FLEX ffl.e f~ cim be ob~ from 

Tm~.ioo, 

11992~Ct 

M~CA93021 

805-529-1155 

Microsoft .. Deflned Tombstone Data 
1k; fulowmg ronlbsrooo dam mm ~ bffll ~ by Microooft: 

Mdi~ AVI mf~ folloWffl$ ~ 'st!i' chunk m the A VI~ UST "Mrr cooa. 
(~A.VI RIFF form, Vwe.ofor W~ SDK}: 

Addi&mat H~ ~ 

After tlw •mr clu.mk, W1m A VI~ ~t have adoo.ti~ ~ oom. Addm~ 
mfon:mdioo ~ mdli® tl~odechum ~ apply ro the whole fm. The folio~~ 
foor~ cl'.m m-e useful in A VI ~:l 

~ ~cbi.mk coom.ms the-S:MFTE ti~ dtoo 
digm1.atioo s~ pomt. The time~ ex~~ a~ 
~ ~ s~ of too fom1HH:MM:SS.FF. ll' 
~~MCI~inAVICAP, tmg cmmkm 
&u~y ffl: mm the MCI 1stm ti.me, 

IDIT ~ toodnmk ~~ too time a Mte~~ 
co~ '11m fum ii& coo~ bl :an ASCll ' of 

ll'ttlo'lo'lo'lo'lo'lo'IU..,,.,lo'I-,..,- ~ 

2 Now toot~ chuw are hu d:mm. Md u mwb. shoru.d be f~ moo 1NFO chunk (sre 
co~thdow)? 
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~~y 26 c~ and oos the f~ ··woo,~ 00 
02:03:5:S 1~\0", The~~~ ~00$,~ oo 
n~ w ~ !>W~ in th.is f~t, 

me ·xsMP' w:mcooe chunk usually cmTe8poo.ds- ro the~~ copied from 
the mt sample of a captured sequence. Use this chunk to nm. the~ ~le to 
the origmal sample. For example, if yoo need to recapture a video ~ yoo can 
use the nmecooe ro reposition the~ ~ and restart ~P• from that 
point. 

. The ·rorr· ti:mecode chunk usmuly corresponds to the time the~ was~ 
1"ms ~ provides a~ to the age of a sample Md creates a~ if a 
stties of sampJe.11 is~ 

The weakness with the aoove section is that the ISMP infommtioo dooo not me~ any.-. 
ID. so theeffuctive ~is~. 

Addirlow mfommnoo. global to RIFF files (from Multimedia File Formats, W~ 3.1 
SJJK): 

BNSDOCK':~ <XP' ..... , ...... 217S:rH>.~ ... } .. > 

The INFO List Chmdt 

The .. INFO" ht is a •tered global form type iliat can mote infonmtion tbm ~s 
identify the cootents of the chunk. This mforma.tioo is useful but does oot ~ die 
way a program mm:prets D file; examples are copyright~ am~. 
An "INFO .. mt is a "UST' chunk with list type ··INFO:~ The folio~ ~le 
~ a sample .. INFO" list cmmk: · 

LIST('INF0' Il!mM(~Two Treea~z) 

ICM'l'{~A picture for the open.iug sereen~z) ) 

An "INFO .. Jmt should oontain.ooly the fotl~_c;:lnmks, New chum •Yoo ... 
defmoo, but an application shoold ignore any chunk it doesn't~ ~ c~ 
llilted below may oo1y appear m an "INFO .. list. Each chl.mk oomm -a zsm. or mill­
~ted t.ex.t strmg. 

Artist. Lists the artist of the orlgmal subject of the file; for ~Ii; 
•'Michaf'hngelo ... 

Commi.sswn.ed. Lists the name of the person or ~iza.tioo that 
commissioned the subject of the file; for example. "Pope Julian ]I/' 

Comments. Prov.ides ~ comments about the file or rtw. subject of 
the~. Jf tlre~mmoot is several sentences Jong,~ each~ with 
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a. period. Do not include oow~line dmraeters, 

ICO Copyright. Reoords the copyright information for the file; for~ 
P "'Copyright Encyclopedia International 1991." If there are multiple 

copyrights, separate them by a 11emk:olon followed by a ~ru::e. 

!CR Creation date. S~ the date the rubjea of ·the file ms created. List 
D dates in year-m:inth-day forrmt., padding ~t ~ 2nd days with 

a zero on the left; for ex.ample,, .. 1553-05.{)3" for MaY3. 1:553. 

ICR Cropped.~~ an image bas been cropped and. if so, how 
P it was cropped; fur example,. .. lower-right corner, .. · 

ID! D~iom. Specifies too size of the original subject of the file; fur 
M ~mpk\ '"'8.:Sin h. 11 in w." 

IDPI Dots P~r.lnch, S~ dots pa:- inch setting of the ~:r.er used to 
proo:ooo the file, sru;:h as .. 300." 

IEN Engineer. Stores the mune of the~ who worked oo the ffle. If 
G there are mtlple ~.~too ni.unoo by a ~loo and a 

b.iank; for example. .. Smith,. John; Adams. Joe:• 

IG.N Gsmre. ~the~ work,. such as .. ~ .... portrait. .. 
R. «still lire. .. etc. 

Ilil£ Keywor.ds. Provides a. list of keywords that refer to the file or subject of 
Y the file. Separate multiple keywords with a oon:uooloo and a blank; for 

a~ampk, "'Seattle; aeri.al view; ~-.. 

ILG Ughtnes$, Describes 1ise c~ in ligb.mesi ~ oo the digmffl 
T required to produce the file. Note that the form.at of this infutmatioo 
~ oo hardvmre used. 

lME Medium. ~bmi the original subjeci: of the file. inch ~ «c~ter 
D imliget .. drawing/' .. lithograph/' and oo on. 

INA Name. Store§ the title of the subject of the file, snch as ~ From 
M Abo~," 

I.PLT Palette Setting. S~ the number of colors requested when wgi.tizmg 
an image. such as .. 256, .. 

IPR Product. Specifies the name of the title too file~ ~ ~ 
D for9 such as "'Encyclopedia of Pacillc Northwest ~y ... 

ISBJ Subject. J)escribes the oonrenu of the file. such M "Atti.al view of 
Sea.We," 

IS.Fr S~re. I~ the name of the software package used to create the 
file., such as ~soft WaveE.dit." · 
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ffiffiS' Sharpr~ss, Is:bltifi~ the~ ka s~~s foc the~ •roo 
t.o p~ tbe file (the fonmt ~ oo. the hru:tl~ ~-

IS:it Sm.tree. Identifies the :mune of the person o:r o:rganizatksn who tmpplied 
C the origiool subject of too me~ for example, "Trey Re.rearch ... 

m.mr Sourc.e Ferm, Idtmtlfi~ ~~~of~ :om~~ W$ 

d~~.ed. ~ ~~ "llliioo. .. "'~per:' "'~p."" ~ oo ~-~ m ni::lt 
~~ythe ~ ~ IMEl}, 

ITC T~cW~hffl. ~ the t~Jmicirul woo ~t=i the iubj®t file; f©lt' 
Ii e~re. "'Smith. Joon:· 
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6 .. 0 Other File Issues 

Contirn.1ation over Mtdtiple File$ 
With restrictions to the~ file foomt and limitations oo the maximum a of disk 
partitions. it may be desirable to implemem a mechamsm that specifies al~~ 
multiple files. It will certamly be desired rlw the dam of ooe stream of video can be~ 
acroos multiple files. For too ~t, this will be e:tm:nal to the A VI file. 

Minimized Time to Open Ales 
lhd 

Simultanem.1s Reading and Writing I Mtlltiple Access 
lbd 

BNSDOC'!D: -.XP ........... 2i793~BA .... l. > 
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1 .. 0 MJPG Motion JPEG DIB Extensions 

Issues 

ISO vs. Non ISO Formats 
For interoperability ~ various hard'\Wre and software coo.oos. it is not ~t that the 
file format bes~ the cootoots of the video dam cJ:runb mJSt bes~ In 
oo:f.er to ~ly with industry s~. the A VI MJPO specification and OMF 2.0 • f~ 
specifications. the standard ISO Motioo JPEG spa::.ifica.tioo is p~ with~~ 
to ~port efficient i~oo of the mterleaved ~ in the fmme. 

Non-ISO for.mats coold be used, provided that they provide the srune outward~ as 
the ISO dam chunk This woold require d.iffermt ~ to decompress and oomp.R'$3 the~ 

8wbit va6 1 O,,,blt YUV 
'11:tm oocumem cw:rootly a~ &-bit 4:2:2 TIN as per the Microooft s~oo. 

Video vs~ Bitmap 
Imies ~ the fact that a bitmap is a pure~~ while video starts with hwf lines; 
Motion JPEG oompresses oo nmltip~ of S J.m.es, so what is too frame at v.idoo t!w is 
~vs.the real :f:mme. 

Soothe ~oo a.f'the Video~~ in~ 5.0. 

Proposed Data Chunk Format 

BNSDOC!f:: <·XP .......... , .• 2~7G31S.-"i .. } .. > 

'The data chunk format is defined as pea- the Microooft JPEG DIB FORMAT T~ N• 
Type 2: Motioo JPEG Dm. 

From the DIB spec: 
Type 2: Motion JPEG 

Moooo JPOO Dms shall acco~ intezd:mnge funmts which satisfy the~~ 
sequential Md progressive syntax .. (ISO 10918 Pm 1. A..noox B. Pam. B.2). A ffl of 
imtl~ of this type with oompatt"ble ~ can be placed in an AVI file to~ a 
motioo sequmce. Frame~ for these oms sbaJl be llimtoo to~~ in Pam 
B.2"2 of the citoo A~ B. 1"hese cypes are SOFO. S0F1. SOF2. S0F3. SOF9. S0F10 
and S0F11. Of the types accoIDIIlOdatoo_ this specificatioo provides imp~ ooly 
for the Baseline Sequmtial DCT (SOFO). 

This om type contains incomplete JPEG data (AhbrevmtroFormat pea- ISO 10918) and is 
not intended for stand-alone single image frame disk files. It may be used within WFF files 
mld other contexts whte it is a~ to: 

a. Decode an image without supplying the associated JPEG Huffmml tables. 
This p~ the oodec has been propecly pre-~ prior to~ 
decooe. 
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b, · Request i;meodec output of compressed image data absent~ Hllff:n:wi' " ; ,1-

'_'.l'ables. 

All motion JPEG aaw.·'Will·use YCbCr encoding. · ,; 

ln an A VI ~ aft JPEG frames 'Will be key frames as this ensures that witbm the A VI ·. 
and Video for Windows an::hltecmre an~ will be directly and i~ · ,, · · ·i ·. 

m.idre8sable. 
' 

For.optirml sire and speed ®ring playback of an A VI file the Hn.ffin!m 4&ti·'used_tiy ·, · ·" '(' 
motioo JPEG will be fixed and defined by this dotmnent, This will ~ the ~vidool 

31 

fr~ of every motion~ smafler and more efficient to play back. Alw rui all' ,. 
~ of motion images use the~ Huffman data and co\ot spru:e it m ~h.~ · ,.. 't.··1 · · 

lilrely that motion datii·can'!)e directly exchangoo without nx:o~ioo. A deflni~ of: · ·· ·· · 
the Huffl'mn data will be-provide:! in MMRE(tH (which is listed at the end ofdns > . . · '. · . ·. · 
~)'as a byte sttmg "Nhich can be c~ ooro the start of a aootioo JPOO· · "· · ' 
image to form a valid mll JPEG-~ 

'MJPGDHTSeg ,z. { ··x~ FF' • DHT l length~ JPEG Huffman ·table . 
parameters j · . · · 

Q-w.ble data is. ~t·and may vary in every frame of a lllOtion sequ~ to~ oontrol ' 
over the bruidwidth ofsequ~ that contain bunlts of~ of varying Jevds of· '. · ' · ·· · ~ 
compkruty. The restart interval used during the compression l)roce§S may alro vaty'for" 
ewty irame, . 

Only tlw mtedeaved form of YCreb ~ n; supporred for motion JPOO data. Titls 
imp~ that ooly one SOS ~twill be present in any~ motion JPEG ml1lge. · 

The follomng applies (again from MS DID spec): 

As in the JPEG DID format the JPEG stream synt.ax is used for the~ dam with the 
following coostrnmts, Too follo'Wing JPEG marm-coa.es· SOI. DR.I. DQT. SOFO. SOS 
and EOI are expected "(mandatory) in the image data chmlk. and the comtndned values 
i!lhown in the example bclow-are mandru:ory for the image data withm the A VI &ream. 

Any~ in the SOFO (fuurie) and SOS (start of scan)~ that are dnp~ hl 
the BI'l'MAPINFOHEADER fur JPEG rrmt be the same, Tbls woold include Sample · 
Precm.oo. m1bmnpling. ~ of oomponents{as implied. by JPEGColorSpaeeID), 
etc. Then~ of tm.es and ~leis p!.'l[' ~ m. the SOFO ~ and the width and 
hclgbt defined in the forimt chunk must match the maw A VI~ width and b.cight · 
valoos. All of these values me ~pootoo to remain the~ for every image data chunk in 
theAVI~ 

Within the mm.ge data chunk two JPEG oogments begmning with the SOI markec and 
ending with the BOI markm _are a'llo\\'ed to accommodate field-moodeawd ~, ~ 
. is an APPO marker im~ty followmg the SOI ~m that coowns mfoomtioo about 
the vhlro image, Specifically. tbi$ allows the identification of the two ficlds that ~ 
an interleaved :frame, This APPO ~ is expected to have the mt 4 bytes following the 
lqah bytes set to the c~ 'A'. 'V", T. '1 ', The next byte indicates which ficld too· ~, 
JPEG data was oompreswfrom and woo expected value of Ox.01 for the Fl'RST JPEG · 
data oogment Md Ox02 for the SBCO~ ~ indkating the FIRST and SECOND 
fields respectivcly, If the stream is riot field interlmved then this value will be OxOO and 
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._. " 

thefe will only be coo JPEp ~. The~ seven bytes are expected to be set. to 
o a wm be ignored by too codec. 

If a codec camwt handle &e interleaved. fields. the codec will use oo.ly the Fm.ST field and 
will replicate the lines as necessary to provide an image that conforms to the image siu 
defmed in fue main A. VI.header, Conversely if a capture system only accesses a smg)e flcld 
of each SOlll're frame oozy a single filM. imlge may be present in a JPEG stteam. '11m 
implies that the smgle field data should be used as the source of both fields by a 
decompressor that wishes ro process- full-inredoooo data, 

And a new proposal: 

BN:~oocm: <XP ............ }ti7~3~clA. __ (_:..~ 

The AP.PO marlrer will. have an. added- use beside the field ~wity and will also ~·­
size of the C1.U're&lt field (entirely. from SOI to EOl). ~ well as any padding requiffld. This 
is to allow applications al1d c~ to avoid bciri,g forced to scan for too secood SOI-001 
pair. The sim :mfommtioo in~ APPO ·~ iioo:s tS(lt incmde any monmtioo aboot a· 
secood fiekl in the ##oo c~ This way. fidds can be copied as integral units without 
having to have ilieoontamed data 'modified-fur the~ Md size of~ 
fields. . 

The byte following the peliu:icy will be~ for future expansion. The~ 8 
bytes of this madre:rwill be med to store two~ values. The first vah:re s~ the 
''length in bytes of the field (entirely; from SOiw EOI) including my padding lfter the EOI 
(which sbook1 be small) and the~ values~ the size of the same field exc~ 
any padding after the EOI. Both s~ value!! will be sto:red in the usual ISO JPEG fashion 
where bytes are stored in decreasing~ with the~ s~t byte being mt. 1'be 
lmgth of this marker was· previously 14 Md fa oow Sf:11: to 16. 

An&~ MJPG fmme witt8 two rntQ~ ~ 

B Rrat ffffid (00! rot ~ 

"' -·· ~-."~.~.(~.1~01.~ .. ., ., -~ 
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MJPEG Ba®~U§1e OCT M YCbCr ms Map 
AB~ OCT - YCbCr d now therefore have~ follo\Ving look': 

i 
SOI {xFFDS) 

APPO (xFFEO) ,· 

Le::ngth { Hi} , 

·11AVIP, Poharity, o, FieldSize, 
FieldSizeLeaaPadding:, 

• % • 

DR! {xFFDD} , . 

Length (4), 

Restart. interval. 

DQT {:xFWDB) , 

Length {132}, 

Precision {O), T.ru)le !D (O}, 

OQT data {64] for table O, 

PreciGion {O), T&tble ID {l), 

DQT data [641 for table 1, 

SOFO {xFFCO), 
Length { l 7 ) , 

Sample Pr~ciaion {S), 

Number of linew {biHeight ~ m.ultipl~ of S}, 
s~mple per lin~ (biMidth: multiple of 1$), 

Nu~r·of eomponentm (3) 

ID of lwt component (1}, 

Sampling r~tio of 1st component (H,V}, 

Q-table ID of .1st component (0), 

!D of 2nd component {2}, 

Sampling ratio of 2nd component {H., V) , 
Q table ID of 2nd ~omponent.(1}, 
ID of 3rd component {3), 
Sampling ratio of 3rd component (H,V), 
Q table ID of 3rd component {1}. 

SOS {xFFDA} , 

Length {12) $ 

Number of component.a (3} 

ID of l~t component {1), . . 

DC and AC B:uffrnap. ID.for la;t compon.ent {0.,-0)i 

ID of 2nd COMpOll$llt {2}§ 
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DC and AC Huffman ID for 2nd component {1,1), 
ID of 3rd component (3), 

DC and AC Hu:f:EmanID for 3rd component. (1,1}, 

Start of spectral {O}, 

End of spectral· (63}, 

successive approximation bit position, high ~d 
low {0,0}. 

*** IMAGE DATA*** 
There could be some .Restart markers. 
Values are from xFFDO.to xFFD7. 
EOI {xFFD9}. 

·ae mm to hare a single ))QT~ the previous. ones will be o~. 

The order of the markern may affect some OOlks. 

IDs for the 3 component as recommeoooo by the Microsoft DIB s~oo are 1.2 a 
3. 

Sector Alignment and Padding 
'fhe ##Mc ch~ may be sector~ if ~zy, As men. a~ chunk woo.id be 

. ~ following the~ to~ the RIFF :format Padding~ fldds should be 
disco~ however too ISO specification ailoW'S p~ if the data cootaioo OxF'F fur 

· efteh padded byteo 

OpenDML AV! File Format &:tensions 

BNSl::OCiO: -::XP ········---~~ i't331BA .. J .. :.· 
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Concurrently Develop a Test Suite to measure <.:t,mpaUbUity 
T~ S):i&:r C~-. with new A VI fi~, 

Test old AVI ft~ "*i.th oow C~§. 
' 

Cmmt© fill fil~ iliroog;h i~stry (s.e.. ~v~ tests ~body elre';rs ~). 

File checm :rootloo to~ A VI forn:m.t, Fl'~ ~y grow to mcmoo • ~ressi00$ 
nsmg oofuwre c~. . 
T~ llilm§ MCIA VI with~~, 

&'l w MS porting !a.bs fuf specif§C ~ file f~t J Cooec t~ ~'d:. 

3NS00G:D· .;:;t.i;;p ...•••••••. 2i7B3H:V\ ... : .. ::< 
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DivX Software Page 1 of2 

Internet Explorer cannot display the webpage 

Featured Software I Submit Software 

Home » Software » Player Apps » QCast™ ... 

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: 

• 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 of720x320 
and below. 

• Dynamic, Continuous Updates - QCast Tuner software automatically updates 
itself, so consumers always have the latest version of the software. 

• 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 .. 

• Network Capability - QCast Tuner is optimized for media delivery over wired and 
wireless 802.11 a or 802.11 b (WiFi) environments using the Sony Ethernet 
network adapter. 

• Powerful Play list Organization and Management Functions - Review, manage, 
organize and enjoy integrated lists of music and video. 

mProduct Home Page mBuy Now 

Questions? 

Have a question about 
one of these products? 
Visit our Help Desk. 

http:/ /web.archive.org/web/20030210120605/www.divx.com/software/detail. php?id=3 9 5/11/2009 
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DivX Software 

Home I DivX I Movies I Software I Hardware I Skins I Forums I Support 
About DivX I <:::ontact Us I Advertising I Jobs I Corporate Information 

Copyright© 2000-2003 All rights reserved. 
DivX® is a registered trademark ofDivXNetworks, Inc. 

Privacv Policy I Terms of Us~ 

Internet Explorer cannot display the webpage 

http://web.archive.org/web/20030210120605/www.divx.com/software/ detail. php?id=39 

Page 2 of2 

5/11/2009 
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Smooth Streaming Client : The Official Microsoft 115 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: 

• Basic playback controls: 

• APis such as Play, Pause, Stop 

• Events for playback and diagnostics 

• Properties to track position, etc. 

• 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 115 Site 

• Text stream support for captions and subtitles * 

• Support for offline playback scenarios 

• H.264/ AAC support 

• 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* 

• Content Protection - PlayReady integration for VC-1 & H.264 content 

• Composite manifest support for scenarios such as Rough Cut Editing (RCE) * 

• Selecting tracks for playback (for example, restrict the available bit rates, support multiple camera 
angles in a single stream, etc.) 

• 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 

• Integrated Media Platform Overview 

• More IIS Media Extensions 
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More IIS Extensions 

Administration Pack 

Advanced Logging 

Agglication Reguest Routing 

Agglication Warm-Ug 

Bit Rate Throttling 

Database Manager 

Dinamic IP Restrictions 

FastCGI for IIS 

FTP Publishing Service 

IIS Manager for Remote Administration 

Live Smooth Streaming 

Search Engine Ogtimization Toolkit 

Smooth Streaming 

Smooth Streaming Client 

Smooth Streaming Format SDK 

Transform Manager 

URL Rewrite 

UrlScan 3.1 

Web Deglo:)!'. 2.0 

Web Farm Framework 

Web Platform Installer 

Web Plailists 

WebDAV Extension 

Windows Cache for PHP 

Windows Media Services 2008 

Windows PowerShell Snag-In 

Learn More 
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Articles 

Smooth Streaming Client Readme 

IIS Smooth Streaming Client API 
Documentation 

Download Smooth Streaming Client 1.5 

Web PI / Down load 

Forum 

Media Forum 

Blog Posts 

IIS Smooth Streaming Player Development 
Kit 1.0 - Beta 1 Released 

Building your first Smooth Streaming Player 
using SSME 
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Specifications 

Status of this document 

1 of 14 29-01-2016 11:33 

This document is not the real format specificatk>n. It's a simple draft to v.ork. (For a simplified diagram of :he layout of a Matroska file, 

see the Diaorari page.) But since t!'s quite complete it is used as a reference for the development of l1bmatroska. An alternate version of 

the specification can be found here (PDF doc maintained by Alexander Noe). 

EBML principle 

EBML Is short for Extensible Binary Mata Language. EBML specifies a binary and octet (byte) alignec format inspired by the principle of 

XML. EBML itseif 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 implementation using the rules of EBML: It seeks to define a subset of the EBML 

language in the context of audio ard v idea data (though it obv k:Jusly isn't limited to this purpose). The format ,s made of 2 parts: the 

semantic and the syntax. The semantic specifies a number of IDs and their basic type and is not included in the data file/stream. There is 

a specif le project deafing v,ith 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 types and ID's. 

The known basic types are: 

Signed Integer - Big-endian, any size from 1 to 8 octets 

Unsigned Integer - Big-endian, any size from 1 to 8 octets 

Float - Big-endlan, defined for 4 and 8 octets (32. 64 bits) 

String - Printable ASCII (Ox20 to Ox?E), zero-padded when needed 

UTF-8 - Unicode st,ing, zero padded when needed (RFC 2279) 

Date - signed 8 cctets integer in nanoseconds wrrh O indicating the precise beginning of the millennium (at 

BNSDOCID: <XP 55246006A_ I > 1 nn7tlAl14 l slr:l/h11n· //um1w n,~tr{)d,'1 "ro/fpf'hnif'~ 1/cnPf'ClinriPY htm 1 
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2001-01-01TOO:OO:OO,OOOOOOOOO UTC) 

Master-Element - contains other EBML sub-elements of the next lower level 

Binary - not interpreted by the parser 

29-01-2016 11:3 

As well as defining standard data types. EBML uses a system of Elements to make up an EBML "document." Elements Incorporate an 

Element ID, a descriptor for the size of the element, and the binary data itself. Futher, Elements can be nested, or contain, Elements of a 

lower "lev el." 

Element IDs (also called EBML IDs) are outlined as follows, beginning with the ID itseW, followed by the Data Size, and then the 

non-interpreted Binary itself: 

Element ID coded with an UTF-8 like system : 

lng-wJ..lctJ! 

Olxx X.l-:.XX 

001.:-: X.l-:.X.l-_ 

0001 xxzx 

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 ID where all x's are composed entirely of 1's is a Reserved ID, thus the -1 in the definitions above. 

The Reserved IDs (all x set to 1) are the only IDs that may change the Length Descriptor. 

Data size, in octets, is also coded with an UTF-8 like system : 

b:.tn, big-endian 

o::_xx 

OOlx 

0001 

0000 

0000 Olx:r: 

0000 OOlx 

0000 0001 

Since modem computers do not easily deal with data coded In sizes greater t.han 6.4 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. 7x10'16 octets or 72000 terabytes. 

which will 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. However. 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 fomn (no UTF-like encoding), only the size may differ f ram their usual form (24 
or 40 bits for example). 

The Signed Integer is just the bg-endian representation trimmed from some OxOO and OxFF where they are not meaningful 
(sign). For example -2 can be coded as OxFFFFFFFFFFFFFE or OxFFFE or Ox FE and 5 can be coded Ox000000000005 or 
Oxooos 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 displayed 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 Type - The form of data the element contains. 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. 

Bement Name L EBMLID Ma Mu 

EBML Header 

EBML 0 [1A][45][DF][A3] • 

EBMLVersion [421[86] 

EBMLReadVerslon [421[F7] 

Rng Default T 1 2 w Description 

Set the EBML characteristics of 

m. the data to follow. Each EBML 
document has to start with this. 

u 
The version of EBML parser used 
to create the file. 

The minimum EBML v erslon a 
u parser has to support to read this 

file. 
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EBMLMaxlDLength [42][F2] 

EBMLMaxSizelength [42J[F3] 

Doc Type [42][82] 

DocTypeVersicn [42][87] 

DocTypeReadVersion [42][85] 

Global elements (used everywhere in the format) 

CRC-32 

Vaid 

signature 

SignatureSlot 

SignatureAlgo 

SignatureHash 

SignaturePublicKey 

Signature 

SignatureE!ements 

SignatureElementlist 

SignedElement 

1+ [BF] 

1+ [EC] 

1+ [18][53][86][67] 

2+ [7E][8AJ 

2+ [7E][9AJ 

2+ [7E][AS] 

2+ [7E][B5] 

2+ [7E][5B] 

3+ [7E][7B] 

4+ [65][32] 

4 

8 

matroska 

end of signature 

Bement Name L 83ML ID Ma Mu Rn!J Default 

Segment 

Segment 0 [18][53][801[67] • 

Meta Seek Information 

SeekHead [11J[4DJ[9BJ[74] 

Seek 2 [4D][BB] 

Seek ID 3 [53][ABJ 

Seek Position 3 [53][AC] 

.9. 

f:.l. 

.l:1. 

u 

.9. 

.1l 

!f.l. 

m. 

-~ 

T 

!T.1. 

m. 

m. 

.9. 

.Y. 

29-01-2016 11:33 

The maximum length of the IDs 
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 
beginning of an element. Elements 
that have an indicated size vmich 
is larger than vmat is allowed by 
EBMLMaxSizelengt11 shall be 
considered inv a!id. 

A string that describes the type of 
document that fallows this EBML 
header. 1matroska1 in our case or 
'webm' for webm files. 

The version of DocType interpreter 
used to create the file. 

The minimum DocType version an 
interpreter has to support to read 
this file. 

The CRC is computed on all the 
data of the Master element it's in, 
regardless of its position. It's 
recommended to put the CRC 
value at the begginlng of the 
Master element far easier reading. 
All level 1 elements should include 
a CRC-32. 

Used to void damaged data, ta 
avoid unexpected behav !ors when 
using damaged data. The content 
is discarded. Also used to reserve 
space in a sub-element for later 
use. 

Contain signature of some 
(coming) elements in the stream. 

Signature algorithm used (1=RSA, 
2=elliptic). 

Hash algorithm used (1=SHA1-160, 
2=MD5). 

The public key to use with the 
algorithm (in the case of a 
PKl-based signature). 

The signature of the data (until a 
new. 

Contains elements that will be 
used to compute the signature. 

A list consists of a number of 
consecutive elements that 
represent one case vvhere data is 
used in signature. Ex: 
C/ustetjB/ocklB!ockAdditional 
means that the BlackAddltianal of 
all Blacks in all Clusters is used 
for encryption. 

An element ID whose data will be 
used ta compute the signature. 

2 W Description 

This element contains all other 
top-level (level 1) elements. 
Typically a Matroska file is 
composed of 1 segment. 

Contains the position of other level 
1 elements. 

Contains a single seek entry to an 
EBML element. 

The binary ID corresponding to the 
element name. 

The position of the element in the 
segment in octets (0 = first level 1 
element). 
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Segment Information 

Contains miscellaneous general 
Info [15][49][A91[66] m information and statistics on the 

file. 

A randomly generated unique ID to 
SegmentUID, 2 [73][A4] not O b identify the current segment 

between many others (128 bits). 

SegmentFilename 2 [73][84] 8 
A filename corresponding to this 
segment. 

A unique ID to identify the 
PrevUID 2 [3C][B9][23] -~ previous chained segment (128 

bits). 

An escaped filename. 
Prev Filename 2 [3C][83][AB] ~ corresponding to the previous 

segment. 

NextUID 2 [3E][B9][23] -~ A unique ID to identify the next 
chained segment ( 128 bits). 

An escaped filename 
NextFilename 2 [3E][83][BB] 8 corresponding ta 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 ID used 
Chapter Translate 2 [69][24] m. by chapter codecs to represent 

this segment. 

Specify an edition UID on which 

ChapterTranslateEditionUID 3 [69][FC] u 
this correspondance applies. When 
not specified, it means for all 
editions found in the segment. 

ChapterTranslateCodec 3 [69][BF] u 
The chapter codec using this ID (0: 
Matroska Script. 1: DVD-menu). 

The binary value used to represent 

ChapterTrans late ID 3 [69](A5] b 
this segment in the chapter codec 
data. 1he format depends on the 
ChapProcessCodeclD used. 

1imecode scale In nanoseconds 

nm ecodeScale 2 [2A][D7][B1] 1.000.000 .Y. 
(1.000.000 means all timecodes in 
the segment are expressed in 

milliseconds). 

Duration 2 144][89] >O f. 
Duration of the segment (based on 
1imecodeScale). 

DateUTC 2 [44][61] .9. 
Date of the origin of timecode 
(value 0), i.e. production date. 

Title 2 [7B][A9] 8 General name of the segment. 

MuxlngApp 2 [40][80] 8 
Muxing application or library 
("libmatroska-0.4. 3"). 

WritingApp 2 [57][41] §. 
Writing application ("mkvmerge-
0.3.3"). 

Cluster 

Cluster , [1F][43][B6][75J m. 
The lower level element containing 
the (monolithic) Block structure. 

nmecode 2 [E7] .':! 
Absolute timecode of the cluster 
(based on 1imecodeScale). 

The list of tracks that are not used 
in that part of the stream. It is 

SilentTracks 2 [581[54] m. useful when using overtay tracks 
on seeking. Then you should 
decide what track to use. 

One of the track number that are 
not used from now on in the 

SilentTrackNumber 3 [581[D7] ~- stream. It could change later if not 
specif led as silent in a further 
Cluster. 

Position of the Cluste, in the 
segment (0 in live broadcast 

Position 2 [A7] .Y. streams). It might help to 
resynchronise offset on damaged 
streams. 

Size of the previous Cluster. in 
PrevSize 2 [AB] u octets. Can be useful for 

backward playing. 

Similar to Block but without all the 
extra information, mostly used to 

SimpleBlock 2 [A3] .\! reduced av erhead when no extra 
feature is needed. (see 
S1mpleBlock Structure) 
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Block Group 2 [AO] m 

Block 3 [A1] .9. 

BlockVirtual 3 [A2] .9. 

BJockAddltlons 3 [75]!A1] 

BlockMore 4 [A6] IT.'. 

BlockAddlD 5 [EE] not O .1:! 

BlockAdditiona' 5 [AS] 

Block Duration 3 [9B] TrackDuration .':!. 

ReferencePriarity 3 [FA] .\! 

Reference8iock 3 [FB] 

Reference Virtual 3 [FD] 

CodecSrate 3 [A4] 

Slices 3 [8E] 

TimeSlice 4 [E8] 

LaceNumber 5 [CC] 

FrameNumber 5 [CD] 0 LI 

BlockAdditionlD 5 [CB] 0 LI 

Delay 5 [CE] 0 LI 

Duration 5 [CF] 0 ,I}. 

LBNSDOCJD: <XP __ 55246006A_12 100706041303/httn://www.matroska.om/technical/snecs/imiex.html 
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Basic container of information 
containing a single Block or 
BlockVirtual. and information 
specific to that Block/Virtua1Block. 

Block containing the actual data to 
be rendered and a timecode 
relative to the Cluster limecode. 
(see Bicek Structure) 

A Block with no data. It must be 
stored in the stream at the place 
the real Block should be in display 
order. (see Block Virtual) 

Contain additional blocks to 
complete the main one. An EBML 
parser that has no knov.1edge of 
the Block structure coulc still see 
and use/skip these data. 

Contain the BlockAdditional and 
some parameters. 

An ID to identify the 
BlockAddltional Jev el. 

Interpreted by the codec as It 

wishes (using the BlockAddlD). 

The duration of the Block (based 
an TimecodeScale). This element 
is mandatory when 
DefaultDuration is set far the 
track. When not written and with no 
Def aultDuration. the value is 
ass urned to be the difference 
between the timecode of this Block 
and the timecode of the next Block 
in "display· order (not coding 
order). This element can be user ul 
at the end of a Track (as there is 
not other Block available). or when 
there is a break in a track like for 
subtttle 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 O means the 
frame is not referenced. 

Timecode of another frame used 
as a reference (ie: B or P frame). 
The timecode is relative to the 
block it's attached to. 

Relative position of the data that 
should be in position of the virtual 
block. 

The new codec state to use. Data 
Interpretation Is pnv ate to the 
codec. This information should 
always be referenced by a seek 
entry. 

Contains slices description. 

Contains extra time information 
about the data contained in the 
Block. While there are a few files 
In the v.11d with this element. It Is 
no longer in use and has been 
deprecated. Being able to interpret 
this element is not required for 
playback. 

The reverse number of the Frame 
in the lace (0 :s the last frame. 1 is 
the next to last. etc). While there 
are a few files in the v,ld with this 
elemert, it is no longer in use and 
has been deprecated. Being able to 
interpret this element is not 
required far play back. 

The number of the frame to 
generate from this lace with this 
delay (allow you to generate many 
Frames from the same 
Block/Frame). 

The ID of the BlockAdditional 
element (0 is the main Block). 

The (scaled) delay to apply to the 
element. 

The (scaled) duration to apply to 
the element. 
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Similar to Simple Block but the data 

Encry ptedBlock 2 [AF] -~-
ins.ide the Block are Transf armed 
(encrypt and/or signed). (see 
Encry ptedBlock Structure) 

Track 

Tracks [16][54J[AE][6B] ~. A top-level block of information 
with many tracks described. 

TrackEntry 2 [AE] 
Describes a track with all 

~- elements. 

The track number as used in the 

Block Header (using more than 127 
TrackNumber 3 [07] not O .\! tracks is not encouraged. though 

the design allows an unlimited 
number). 

A unique ID to identify the Track. 

TrackUIO 3 [73]!G5] not O .Y. 
This should be kept the same 1M1en 
making a direct stream copy of 
the Track to another file. 

A set of track types coded on 8 
bits (1: v idea, 2: audio, 3: 

TrackType 3 [83] 1-254 .':! complex, Ox10: logo. Ox11: 
subtitle. Ox12: buttons. Ox20: 
control). 

FlagEnabled 3 [B9] 0-1 .Y. Set if the track is used. (1 bit) 

Set if that track (audio. v idea or 

FlagDef a ult 3 [88] 0-1 .Y. 
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 

Flagforced 3 [55J[AA] 0-1 0 
should select the one v.tiich 

.I:! language matcr1es the user 
preference or the default + forced 
track. Overlay MAY happen 
between a farced and non-farced 
track of the same kind. (1 bit) 

FlagLacing 3 [9C] 0-1 .Y. 
Set if the track may contain 
blocks using lacing. (1 bit) 

The minimum number of frames a 

play er should be able to cache 
MinCache 3 [60l[E7] 0 u during playback. If set to 0, the 

reference pseudo-cache system is 

not used. 

The maximum cache size required 

MaxCache 3 [6Dl[F8] 
to store ref ere need frames in and 

u 
the current frame. 0 means no 

cache is needed. 

Def aultDuration 3 [23][E3][83] not 0 
Number of nanoseconds (i.e. not 

.I:! scaled) per frame. 

The scale to apply on this track to 
work at normal speed in relation 

TrackTimecodeScale 3 [23][31][4F] >O 1.0 !. with other tracks (mostly used to 
adjust video speed when the audio 
length differs). 

A value to add to the Block's 

TrackOffset 3 [53][7F] 0 
limecode. This can be used to 

adjust the play back off set of a 
track. 

The maximum value of 

MaxBlockAdditionlD 3 [55][EE] 0 
BlockAddlD. A value O means 

u 
thene is no BlockAdditions for this 
track. 

Name 3 [53][6E] §. A human-neadable track name. 

Language 3 [22][B5][9C] eng Ii. 
Specifies the language of the track 
In the Matroska languages form. 

CodeclO 3 [86] ;'!_ 
An ID corresponding to the codec, 
see the codec page for more info. 

CodecPriv ate 3 [63][A2] .~ 
Private data only known to the 
codec. 

CodecName 3 [25][86][88] 8 
A human-readable string 
specifying the codec. 

AttachmentUnk 3 [74][46] not O 
The UID of an attachment that is 

.Y. used by this codec. 

Codec Settings 3 [3AJ[96][97] §. 
A string describing the encoding 
setting used. 

CodeclnfoURL 3 [3B1[40J[40] 
A URL to find information about ~. the codec used. 
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CodecDownloadURL 3 [26J[B2]140] 
A URL to download about the 

s 
codec used. 

CodecDecodeAII 3 [AA] 0-1 u 
The codec can decode potentially 
damaged data (1 bit). 

Specify that this :rack is an 
oveliay track for the Track 
specified (1n the u-integer). That 
means when thls rrack has a gap 

TrackOv erlay 3 [6F][AB] .I! 
(see S:!entTracks) the overlay 
track should be used instead. Tne 
order of multiple TrackOverlay 
matters, the first one is rre one 
that should be used. If not found it 
should be the second, etc. 

Track Translate 3 [66]124] 
The track identification for the 

m 
given Chapter Codec. 

Specify an edition UID on which 

TrackTranslateEditionU ID 4 [66][FC] u 
this translation applies. When not 
specified. it means for all editions 
found in the segment. 

TrackTranslateCodec 4 [66][BF] .\! 
The chaoter codec using this ID (O: 
Matrcska Script, 1: DVD-menu). 

The binary value used to represent 

Track Trans late Track ID 4 [66][A5] b 
this track in the chapter codec 
data. The format depends on the 
ChapPmcessCorleclD used. 

video 

Video 3 [EO] m Video settings. 

Flag! nterlaced 4 [9A] 0-1 0 
Set if the v idea is interlaced. (1 

.\! bit) 

Stereo-3D v idea mode on 2 bits (O: 
StereoMode 4 [53][88] 0-3 0 .~ mono. 1: right eye, 2: left eye, 3: 

both eyes). 

PixelWidth 4 [BO] nm O 
Width of the encoded video 

.Y. frames in pixels. 

PixelHeight 4 [BAJ not 0 .Y. 
Height of the encoded video 
frames in pixels. 

The number of v Idec pi,els to 
PixelCropBottom 4 [54J[AAJ 0 LI remove atthe bottom of the image 

(for HDTV content). 

PixelCropTop 4 [54][88] 0 u 
The number of v idea pixels to 
remove at the top of the image. 

PixelCropleft 4 [54][CC] 0 .Y. 
The number of v idea pixels to 
remove on the left of the image. 

PixelCropRight 4 [541[DDJ 0 .l;J. 
The number of v Idea pixels to 
remove on the right of the image. 

DisplayWidtl1 4 [54J[BOJ not O PixelWidth 
Width of the video frames to 

.Y. display. 

Display Height 4 [54][8A] not O PixelHeight LI 
Height of the video frames to 
display. 

Type of the unit for 
Display Unit 4 [54]182] 0 LI DisplayWidth/Height (0: pixels, 1: 

centimeters, 2: inches). 

Specify the possible modifications 
AspectRatioTy pe 4 [54][83] 0 LI to the aspect ratio (0: free resizing, 

1: keep aspect ratio, 2: fixed). 

ColourSpace 4 [2EJ[B5][24] • 9. Same value as in AVI (32 bits) . 

GammaValue 4 [2F][85][23] >O t Gamma Value. 

Frame Rate 4 [23]183] [E3] >O 
Number of frames per second. 
Informational only. 

end video 

audio 

Audio 3 [E1] ~- Audio settings. 

SamplingFrequency 4 [BS] >O 8000.0 f. Sampling frequency in Hz. 

OutputSamplingFrequency 4 [78][85] >O 
Sampling 

f 
Real output sampling frequency in 

Frequency Hz (used for SBR techniques). 

Channels 4 [9F] not o .1:! Numbers of channels iri the track. 

ChannelPositlons 4 [7DJ[7BJ .1?. 
Table of horizontal angles for each 
successive channel, see appendix. 

BitDepth 4 [621[64] not 0 .Y. 
Bits per sample, mostly used for 
PCM. 

end audio 

content encoding 

Settings for severai content 
ContentEncodings 3 [6d][BO] ~- encoding mechanisms like 

compression or er.cry pticn. 

ContentEncoding 4 [621[40] m * 
Settings for one content encoding 
like compression or encryption. 
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Tells when this modification was 
used during encod.ing/muxing 

starting with O and counting 
upwards. The decoder/demuxer 

ContentEncodingOrder 5 [50][31] 0 u 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 modified in 
this way. Values (big endian) can 
be OR'ed. Possible values: 
1 - all frame contents, 

ContentEncodingScope 5 [50][32] not 0 u 
2 - the track's private data, 
4 - tlie next ContentEncoding (next 
ContentEncodlngOrder. Either the 
data inside ContentCompression 
and/or ContentEncry ption) 

A value describing what kind of 
transformation has been done. 

ContentEncodingTy pe 5 [50][33] a Possible values: 
.Y. O - compression, 

1 - encryption 

Settings describing the 

compression used. Must be 
present if the value of 

ContentCompression 5 [50][34] ~- ContentEncodingTy pe is O and 
absent otherwise. Each block must 
be decompressable even if no 
previous block is available ln order 
not to prevent seeking. 

The compression algorithm used. 
Algorithms that have been 
specified so far are: 
0 zlib, 

ContentCompAlgo 6 [42]154] 0 
1 - bzlib. 

.Ii 2 - lzo1x 
3 - Header Stripping, 

Settings that might be needed by 
the decompresser. For Header 

ContentCompSettings 6 [42]155] .I/. 
Stripping (ContentCompAlgo~3), 
the bytes that were removed f ram 
the beggining of each frames of 
the track. 

Settings describing the enory ption 

ContentEncry ption 5 [50][35] ~. .• used. Must be present if the value 
of ContentEncodingTy pe is 1 and 
absent otherwise. 

The encrypt ion algorithm used. The 
value 'O' means that the contents 

ContentEncAlgo 6 [47][e1] 0 .\! 
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 
Content[ncKey ID 6 [47][e2] .I?. the ID of tl1e public key the the 

data was encrypted .with. 

ContentSignature 6 [47][e3] .\>. 
A cryptographic signature of the 
contents. 

ContentSigKey ID 6 [47][e4] .\>. 
This is the ID of the private key 
the data was signed with. 

The algorithm used for the 
signature. Av alue of 'O' means 

ContentSigAlgo 6 [47][e5] 0 u 
that the contents have not been 
signed but only encrypted. 
Pre def incd v alucs: 
1-RSA 

The hash algorithm used for the 
signature. Av alue of 'O' means 
that the contents have not been 

ContentSigHashAlgo 6 [47][e6] 0 -~ 
signed but only encry pied. 
Pnedef ined values: 
1 - SHA1-160 
2-MDS 

end content encoding 

Cueing Data 

IBNSDOCID· <XP 
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Atop-level element to speed 

Cues (1 C][53](BB][6B] - m. 
seeking access. All entries are 
local to the segment. Should be 
mandatory for non "tiv e" streams. 

CuePoint 2 [BB] 
Contains all information relative to 

m 
a seek point in the segment. 

CueTrme 3 [B3] u 
Absolute timecode according to the 

segment time base. 

Contain poscions for different 
CueTrackPositions 3 (87] n:. tracks corresponding to the 

timecode. 

CueTrack 4 [F?] not 0 .l:! 
The track for v.hich a position is 

given. 

C ueC I us terPos ition 4 [F1] u 
The pos t,on of the Cluster 

containing the required Block. 

Cue81ockNumber 4 [53]178] not D 
Number of the Block in the 

LI 
specified Cluster. 

The position of the Codec State 

CueCodecState 4 [EA] D .\! 
corresponding to this Cue element. 
0 means that the data is taken 
from the initial Track Entry. 

CueReference 4 [DB] [!). 
The Clusters containing the 
required neferenced Blocks. 

CueRef1ime 5 [96] !! Timecode of the referenced Block. 

CueRefCluster 5 [97] u 
Position of the Cluster containing 
the referenced Block. 

CueRefNumber 5 (53][5F] not O 
Number of the referenced Block of 

.\! Track X in the specified Cluster. 

The positk:>n of the Codec State 

CueRefCodecState 5 [EB] 0 .Y. 
corresponding to this referenced 
element. D means that the data is 
taken from the inrrial Track Entry. 

Attachment 

Attachments [19][41][A4][69] m. Contain attached files. 

AttachedFile 2 [61][A7] m An attached file. 

FileDescription 3 [46][7E] §. 
A human-friendly name for the 
attached file. 

FileName 3 [46][6E] .9. Filename of the attached file . 

FileMmeType 3 (46][60] . ~. MIME type of the file . 

FileData 3 (46][5C] b The data of the file 

FileUID 3 [46][AE] not 0 .Y. 
Unique ID •epresenting 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 define basic menus 

Chapters [10][43][A7][70] - m 
and pMition data. For more 
detailed information. look at the 
Ctiapters Exp1anation. 

EditionEntry 2 [4S][B9] 
Contains all information about a 

m segment edition. 

EditionUID 3 [4S][BC] not a u 
A unique ID to identify the edition. 
It's useful for tagging an edition. 

If an edition is hidden (1 ). it should 

EditionFlagHidden 3 [45][BD] 0-1 0 
not be available ,o the user 

u 
interface (but sti'I to Control 
Tracks). (1 bit) 

If a flag is set (1) the edrrion 
EditionFlagDefault 3 [45][DB] 0-1 0 LI should be used as the def a ult one. 

(1 bit) 

Specify if the chapters can be 

EditionFlagOrdered 3 [45][DD] 0-1 0 .(}. 
defined multiple times and the 
order to play them is enforced. (1 
bit) 

Contains tre atom information to 
ChapterAtom 3+ [B6] m. use as the chapter atom (apply to 

all tracks). 

ChapterUID 4+ (73][C4] not a LI 
A unique ID to identify the 
Chaoter. 

ChapterTimeStart 4+ [91] .Id 
nmecode of the start of Chapter 

(not scaled). 

ChapterTimeEnd 4+ [92] .Id 
Timecode of the end of Chapter 
(tlmecode excluded. not scaled). 
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ChapterFlagH idden 4+ [98] 0-1 0 

ChapterFlagEnabled 4+ [45][98] 0-1 .l:!. 

ChapterSegmentUID 4+ [6E][67] >O 

ChapterSegmentEditionUID 4• [6E][BC] not a .9. 

ChapterPhys icalEquiv 4+ [63][C3] 

Chapter Track 4+ [8FJ T.. 

ChapterTrackNurnber 5+ [89] not a u 

ChapterDisplay 4+ [80] m 

ChapString 5+ [85] 8 

Chaplanguage 5+ [43][7C] eng s 

ChapCountry 5+ [43][7E] ~-
Chap Process 4+ [69][44] m. 

Chap Process Codec ID 5+ [69][55] 0 

ChapProcessPriv ate 5+ [45][0D] 

ChapProcessCornmand 5+ [69][11] m 

ChapProcess1lme 6+ [69][22] 

Chap Process Data 6+ [69][33] 

Tagging 

Tags [12][54](C3][67] - m. 

Tag 2 [73][73] ~-

Targets 3 [63J[CO] ITT. 

fBNSDOCID: <XP ___ 55246006A_I_> 100706041101/httn· //www m,1trnolcc, oro/tPrhnirc, 1/onPro/inclPY l1tm 1 
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If a chapter is hidden (1 ), it should 
not be available to the user 

interface (but still to Control 
Tracks). (1 bit) 

Specify wether the chapter is 
enabled. It can be enabled/disabled 
by a Control Track. When 
disabled, the movie should skip all 
the content between the limeStart 
and limeEnd of this chapter. (1 bit) 

A segment to play in place of this 
chapter. Edition 
ChapterSegmentEditionU ID should 
be used for this segment, 

otherwise no edition is used. 

The edition to play f ram the 
segment linked in 
ChapterSegmentUID. 

Specify the physical equivalent of 
this ChapterAtom like "DVD" (60) 
or "SIDE" (50), see complete list of 
values. 

List of tracks on which the chapter 
applies. If this element is not 
present, all tracks apply 

U ID of the Track to apply this 
chapter too. In the absense of a 

control track, choosing this chapter 
will select the listed Tracks and 
deselect unlisted tracks. Absense 

of this element indicates that the 

Chapter should be applied to any 
currently used Tracks. 

Contains all possible strings to use 
forthe chapter display. 

Contains the string to use as the 
chapter atom. 

The languages corresponding to 
the string, in the bibliograpric 
IS0-639-2 form. 

The countries corresponding to the 

string, same 2 octets as in Internet 
domains. 

Contains all the comm ands 

associated to the Atom. 

Contains the type of the codec 
used for the processing. A value 

of O means native Matroska 
processing (to be defined), a value 
of 1 means the DVD command set 
is used. MOie codec IDs can be 
added later. 

Some optional data attached to the 
ChapProcessCodeclD information. 
For ChapProcessCodeclD 1, it is 
the "DVD lever equivalent. 

Contains all the commands 

associated to the Atom. 

Defines when the process 

command should be handled (0: 
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 
ChapProcessCodeclD value. For 
ChapProcessCodeclD ~ 1, the 
data correspond to the binary DVD 
cell pre/post commands. 

Element containing elements 
specific to Tracks/Chapters. A list 
of valid tags can be found here. 

Element containing elements 
specific to Tracks/Chapters. 

Contain all UIDs where the 
specified meta data apply. It is 
empty to describe everything in 
the segment. 
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A number to indicate the logical 
TargetTy peValue 4 [68][CA] 50 .Y. level of the target (see 

Ta,·getTy pe). 

An informational string that can 
be used to display the logical level 

TargetType 4 [63l[CA] s of the target like 'ALBUM", 
"TRACK", 'MOVIE", 'CHAPTER', 
etc (see Targe!Type). 

A unique ID to identify the 

TrackUID 4 [63][C5] 0 
Track(s) the tags belong to. If the 

.\! value is O at this level, the tags 
apply to al! tracks in the Segment. 

A unique ID to identify the 
EaitionEntry(s) the tags belong to. 

EditionUID 4 [63l[C9] 0 .Y. If the value is O at this level, the 
tags apply to all editions in the 
Segment. 

A unique ID to identify the 
Chapter(s) the tags belong to. If 

ChapterUID 4 [63J[C4] 0 u the value is Oat this level, the 
tags apply to all chapters in the 
Segment. 

A unique ID to identify the 
Attachment(s) •he tags belong to 

AttachmentUID 4 [63l[C6] 0 .':! If the value is O at this level, the 
tags apply to all the attachments 
in the Segment. 

Simple Tag 3+ [67][C8] m 
Contains genera! information about 
the target. 

TagName 4+ [45J[A3] §. 
The rame of the Tag that is going 
to be stored. 

Specifies the language of the tag 
Taglarguage 4+ [44][7A] und :2. specified. in the Matroska 

languages f orrn. 

Indication to know if this is the 
TagDefault 4+ [44]184] 0-1 .l:J. def au It/original language to use for 

the given tag. (1 bit) 

TagString 4+ [44][87] 8 The value of the Tag. 

The values of the Tag if ii is 

TagBinary 4+ [44]185] .9. 
binary. Note that this cannot be 
used in the same SimpleTag as 
TagString. 

Bement 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 IS0,639-7 farm (like 'f re" for i rench), or a language code mixed IMth a country 

code for specialities in languages (like "fre-ca" for canadian trench). 

Physical Types 

Each level can have different 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 icalEquivAudio 

70 SET I PACKAGE 

60 
CD/ 12" 110" 17" I TAPE/ 
MINI DISC I DAT 

50 SIDE 

40 

30 SESSION 

20 TRACK 

10 INDEX 

Block Structure 

S1ze = 1 + (1-8) + 4 + (4 + (4)) octets. So from 6 to 21 octets. 

Bit O Is the most significant bit. 

Video 

SET I PACKAGE 

DVD I VHS/ 
LASERDISC 

SIDE 

LAYER 

SESSION 

.Comment 

the collection of different media 

the physical medium like a CD or a DVD 

when the original medium (LP/DVD) has 
different sides 

another physical level on DVDs 

as found on CDs and DVDs 

as found on audio CDs 

the fins! logical level of the side/medium 

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 net be consecutive. BLt a frame VJith a past tlmecode must reference a frame already known, 

otherwise it's considered bad/void. 

There can be many Blocks in a BlockGroup provided they ail have the same timecode. It is used IMth different parts of a frame with 

different priorities. 
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Block Header 

Offset Player Description 

OxOO+ 

Ox01+ 

must 
Track Number (Track Entry). It is coded in EBML like form (1 octet if the value is< Ox80. 2 if< Ox4000, etc) (most 
significant bits set to increase the range). 

must nmecode (relative to Cluster timecode, signed int16) 

:Flags 

Bit Player Description 

Reserved, set to 0 

Ox03+ 

0-3 -

4 Invisible, the codec should decode this frame but not display it 

Lacing 

5-6 must 

7 

00 : no lacing 

01 : Xiph lacing 

11 : EBML lacing 

10 : fixed-size lacing 

not used 

Lace (when lacing bit is set) 

must Number of frames in the lace-1 (uint8) OxOD 

Ox01 / 
OxXX must* 

Lace-coded size of each frame of the lace, except for the last one (multiple uint8). 'This is not used with Fixed-size 
lacing as it is calculated automatically from (total size of lace)/ (number of frames in lace). 

(possibly) Laced Data 

OxOD must Consecutive laced frames 

Lacing 

Lacing is a mechanism to save space 1M1en storing data. It is typically 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 1M1ich 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 \Nill 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 Oat 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: 

l;rn:x: ?~XX 

V.:tlU<::! 

JOlx xx.xx 

JCQl XXXY. 

OCOJ lx:xx Y.Y..XY. YJ<;xx value 

OCOO Olxx •.ral-uc 

Block head (with lacing bits set to 11) 

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 Ox320 Ox4000 = Ox4320, 500 is coded as -300: - Ox12C + Ox1FFF + Ox4000 
= Ox5ED3. 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 saved, the size of each frame is deduced from the total size of the Block. For 
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example, for 3 frames of BOO 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 pie Block Structure 

29-01-2016 11:33 

The SimpleBlcck 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 O is the most significant bit. 

Frames using references should be stored in needing 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. 

otherv,1se It's cons ldered bad iv old. 

Tnere can be many Blocks in a BlockGruup provided they all have the same timeccde. It is used 1'1th different parts of a frame 1/Ath 

different priorities. 

SimpleBlock Header 

Offset Player Description 

OxOO+ 

Ox01+ 

Ox03+ 

must 

must 

Track Number (Track Entry). It is coded In EBML like form (1 octet rr the value Is< Ox80. 2 if< Ox4000, etc) (most 
slgnlf leant bits set to Increase the range). 

Timecode (relative to Clustertimecode, signed int16) 

Flags 

Bit Player Description 

0 Keyframe, set when the Block contains only key frames 

1-3 - Reserved. set to 0 

4 

7 

Invisible, the codec should decode this frame but not display it 

Lacing 

00 : no lacing 

01 : Xiph lacing 

11 : EBML lacing 

10 : fixed-size lacing 

Discardable, the frames of the Block can be discarded during playing IT needed 

Lace (when lacing bit is set) 

OxOO 

Ox01 / 
oxxx 

must 

must* 

Number of frames in the lace-1 (uint8) 

Lace-coded size of each frame of the lace. except for the last one (multiple uim8). 'This ,s not used 1/Ath Fixed-size 
lacing as it is calculated automatically from (total size of lace) I (number of frames in lace). 

(possibly) Laced Data 

OxOO must Consecutive !aced frames 

EncryptedBlock Structure 

The EncryptedBlock 1s very inspired by the S1mpleBlock structure. 1re main differences 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 cf the inrrial 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 EncryptedBlock). 

Size= 1 + (1-8) + 4 + (4 + (4)) octets. So from 6 to 21 octets. 

Bit O is the most significant bit. 

Frames using references shouid 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, 

othervlise it's considered bad/vrnd. 

There can be many Blocks in a BlockGroup provided they ail have the same timecode. It Is used with different parts of a frame with 

different priorities. 

EncryptedBlock Header 

Offset Player Description 

OxOO+ must 
Track Number (Track Entry). It is coded in EBML like form (1 octet if the value is< Ox80, 2 if< Ox4000. etc) (most 
significant bits set to increase the range). 
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Ox01+ 

Ox03+ 

must Tirnecode (relative to Cluster timecode, signed int16) 

Flags 

. Bit Player Description 

0 

1-3 -

4 

5-6 must 

7 

Keyframe, set when the Block contains only key frames 

Reseiv ed, set to 0 

Invisible, the codec should decode this frame but not display It 

Lacing 

00 : no lacing 

01 : Xiph lacing 

11 : EBML lacing 

10 : fixed-size lacing 

Discardable. the frames of the Block can be discarded during playing if needed 

Lace (when lacing bit is set) 

OxOO 

Ox01 / 
OxXX 

must* 

must* 

Number of frames in the lace-1 (uintB) •only available if bit 5 or bit 6 of the EncryptedBlock flag is set to one, 

Lace-coded size of each frame of the lace, except for the last one (multiple uint8). ·This is not used with Fixed-size 
lacing as it is calculated automatically from (total size of lace) I (number of frames in lace). 

(possibly) Laced Data 

OxOO 

Ox01+ 

must TransfonmlD (EBML coded integer value). Value O = Null Transform 

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 time code (display) order. 

The structure is a scaled down version of the normal Block. 

Virtual Block Header 

Offset Player Description 

OxOO+ must 

Ox01+ must 

Ox03+ 

Track Number (Track Entry). It is coded in EBML like form (1 octet if the value is< Ox80, 2 if< Ox4000, etc) (most 
significant bits set to Increase the range). 

Timecode (relative to Cluster timecode, signed int16) 

Flags 

Bit Player Description 

7-0 - Rese,ved, set to 0 

Copyrlgrt ® 2005 - 2010 CoreCot:Ec, Inc. All Rlgtns Reserved 

l\llatroska, IVIKV, and the Natroska logos are eitter t'a«:emarks or regs-tered trademarks of Core Codec, Inc. 

XHT Ml & CSS Valt d 

£ 
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Date 
Date 

cf Form 1507 
Blatt 
Sheet 1 
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Anmelde-Nr: 
Application No: 10 8 3 4 9 3 5. 8 
Demande n°: 

The examination is being carried out on the following application documents 

Description, Pages 

1-17 

Claims, Numbers 

1-15 

Drawings, Sheets 

1/8-8/8 

as published 

filed with entry into the regional phase before the EPO 

as published 

Reference is made to the following documents; the numbering will be adhered to in 
the rest of the procedure. 

01 EP O 936 812 A1 (CANAL PLUS SA [FR]) 18 August 1999 (1999-08-18) 

02 WO 01/65762 A2 (TIVO INC [US]; PLATT DAVID C [US]; GOODMAN 
ANDREW [US]; ZENCHELSKY DAN) 7 September 2001 (2001-09-07) 

03 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 01 discloses (the references in parentheses 
applying to this document): 

0 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 

EPO Form 1703 01.91TRI 
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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 ) 

0 obtaining the cryptographic information 32; (§0134, line 1-3 

details that the control word is extracted by the sim 

card) 

0 extracting 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 scrambled video data 

and the re-encrypted ECM) 

0 the method characterized by: enciphering the cryptographic information 
32; (§0134, line 6-8 the Control Word is encrypted) 

0 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) 

0 providing the elementary bitstream 30 to a video decoder 20; ( § o 13 6, 

line 9, the bitstream is descrambled and played) 

0 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) 

0 deciphering the cryptographic information 32; (§0136, line 4-8, 

the extracted EMM is used to decrypt the ECM contained 

in the bitstream) 

0 decrypting the elementary bitstream with the cryptographic information; 
and (§0136, line 8-9, the CW decrypted from the ECM is 

used to decrypt the video content) 

0 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 01 discloses: 

0 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) 

0 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) 

0 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) 

0 decode the elementary bitstream 30 for rendering on a display device; 
wherein (§0136, line 9, the bitstream is played) 

0 the demultiplexer is configured to encipher the cryptographic information 
32 and (§0134, line 6-8 the Control Word is encrypted) 

0 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 

bit stream) 
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0 the video decoder 20 is configured to extract enciphered cryptographic 
information from an elementary bitstream 30 and ( § o 13 6, 1 ine 1- 4, 

the encrypted EMM is extracted from the start of the 

previously created bitstream) 

0 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 to 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 ORM 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 
ORM 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 ORM 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, §0041 line 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 01 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 01 (cf. detailed citations in section 1 above). 

2.3 01 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 01 are mentioned to change on average every 1 O 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 §0136, line 5-8. Claim 4, which mentions that the 
information is a reference to a block of encrypted data, is thus not novel. 

2.5 The EMM and ECM inserted in the stream in 01 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 (§0136, 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. 

2.1 o 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 01 §0133, line 3-5 where a session 
key is used to protect the CW. It is also mentioned in §0106, 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-IV 4.4). 

(g) 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-111, 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 stril .. e out type. 
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 U;e media codec, container, and network 
protocol support provided by the Android platform. 

As an application developer, you are free to make use of any media 
codec that is available on any Android-powered device, including 
those provided by the Android platform and those that are device­
specific. However, it is a best practice to use media encoding profiles 
that are device-agnostic 

Network Protocols 

The following network protocols are supported for audio and video 
playback: 

" RTSP (RTP, SDP) 

" HTTP/HTTPS progressive streaming 
.. HTTP/HTTPS live streaming draft protocol: 
o MPEG-2 TS media files only 
o Protocol 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. l. 

Core Media Formats 

IN THIS DOCUMENT 

Network Protocols 

Core Media Formats 

Video Encodinq 

Recommendations 

SEE ALSO 

Multimedia and Camera 

KEY CLASSES 

Mf:diaPlayer 

Med.iaRecorde.r 

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. 

i Note: Media codecs that are not guaranteed to be avai I able on al I Android platform versions are accordingly 
§ 

[ noted in parentheses-for example "(Android 3.0+)" 

Type 
Format/ 

Codec 

AAC LC 

HE-AACvl 

(MC+) 

HE-AACv2 

(enhanced 

AACi-) 

AAC ELD 

(enhanced 

Encoder Decoder 

(Android 4.1+) 

Details 

Support for 

mono/stereo/5.0/5. 1 

con tent with 

standard sampling 

Supported File 

Type(s) / Container 

Formats 

rates from 8 to 48 • 3GPP (.3gp) 

kHz. 

Support for 

stereo/5.0/5.l 

content with 

standard sampling 

rates from 8 tc 48 

kHz. 

Support for 

mono/stereo content 

• f\tff>EG-4 (.mp4, .m4a) 

• ADTS raw AAC (.aac, 

decode in Android 

3. 1 +, encode in 

Android 4.0+, ADIF 

not supported) 

• MPEG-TS (.ts, not 

seekable, Android 

3.0+) 
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Audio 

low delay 

AAC) 

AMR-NB 

AMR-WB 

FLAC 

MP3 

MIDI 

Vorbis 

PCM/WAVE 

JPEG 

GIF 

PNG 

Image BMP 

WebP 

H.263 

(Android!.1.1+) (Android 4.1 +) 

(4ndco,d 3. 1 +) 

(Android 4.1 +) 

(.t..ndroid 4.0+} (4ndco,d 4.0+) 

(Loss!ess, Transparency, Android 4.2.1 +) (Lossless, Transparency, Android 4.2 .'I+) 

de1.eloper .android.com/g uide/appendi)Q'media-formats .html 

wiiri su:U1aara 

sampling rates from 

16 to 48 kHz 

4.7S to 12.2 kbps 

sampled (ij) 8kHz 

9 rates from 6.60 

3GF;P (.3gp) 

kbit/s to 23.BS kbitis 3GF;P (.3gp) 

sampled (ij) 16kHz 

Mono/Stereo (no 

multichannel). 

Sample rates up to 

48 kHz (but up to 

44.1 kHz is 

recommended on 

devices with 44.1 

kHz output, as the Fl.AC (.flac) only 

48 to 44.1 kHz 

downsarnpler does 

not include a low-

pass filter). 16-bit 

recommended; no 

dither applied for 24-

bit. 

Mono/Stereo 8-

320Kbps constant M'>"' ( "" , ., .mp,ol 
(CBR) or variable bit- · 

rate (VBR) 

MIDI Type O and I. 
1 • Tvpe O and l 1.rnid, 

DLS Version 1 and 2. '. · 
.xmt, .mxmf) 

XMF and Mobile 

XM F. Support for 

ringtone formats 

RTTTL/RTX, OTA, 

and iMelody 

8·· and 16-bit linear 

PCM (rates up to 

limit of hardware). 

• RTTTLJRTX (.rtttl, 

.rtx) 

• OTA (.ota) 

• iMelody (.irny) 

• Ogg (.ogg) 

• M atroska (.rnkv, 

Android 4.0+) 

Sampling rates for WAVE (.wav) 

raw PCM recordings 

at 8000, 16000 and 

44100 Hz. 

Base+progressive JPEG (.jpg) 

GIF (.git) 

F;NG (.png) 

BMP (.bmp) 

WebP (.webp) 

• 3GPP (.3gp) 

• MPEG-4 (.rnp4) 

• 3GPP /3ooi 
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H.254AVC 

Video 
(Android 3.0+) 

MPEG··4 SP 

VP8 
(Android 4.3+) (A.ndroid 2.3.3+) 

Video Encoding Recommendations 

• MPEG-4 (.mp4) 

. . , ) • M PEG-TS (.ts, AAC 
Baseline Profile \BP . . 

audio orny, not 

seekable, Android 

3.0+) 

3GF;P (.3gp) 

Strearnabie only in • WebM (.webm) 

Android 4.0 and • Matroska (.mkv, 

above Android 4.0+) 

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 playback capabi Ii ties These profiles can be inspected using the cameo rderProf i le 

, 1 uc,fe, encei androidimediaiCamcorderP rnfi Ie. ht.ml: ciass, which is avai I able since API level 8. 

SD(Low quality) SD .. (High quality) HD 720p_(N/ _Aon. all.devices) 

Video resolution 176 x 144 px 

Video frame rate ·1 2 fps 

Video bitrate 56 Kbps 

Audio codec AAC-LC 

Audio charmels l (mono) 

Audio bitrate 24 l<bps 

SD(Low 
quality) 

Video resolution 320 x l 80 px 

Video frame 
rate 

30 fps 

Video bitrate 800 Kbps 

480 X 360 px 

30fps 

500 Kbps 

AAC-LC 

2 (stereo) 

128 Kbps 

SD(High 
quality) 

640 x360 px 

30 fps 

2 Mbps 

1280 x720 px 

30 fps 

2Mbps 

AAC-LC 

2 (stereo) 

l 92 Kbps 

HD _720p_ (N/ A_on. aU 
devices) 

1280 X 720 px 

30 fps 

4Mbps 

HD_ 1_080p .. (N/ A_on. all 
devices) 

1 920 X 1 080 px 

30 fps 

·10 Mbps 

For video content that is streamed over HTTP or RTSP, there are additional requirements: 

" For 3GPP and MPEG-4 containers, the moov atom must precede anymdat atoms, but must succeed the ftyp 

atom. 
" For 3GPP, MPEG-4, and WebM containers, audio and video samples corresponding to the same time offset may 

be no more than 500 KB apart. To minimize this audioivideo drift, consider interleaving audio and video in 
srnal ier chunk sizes 
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Hiis ISO document is a D,att International Starnfard and is copyright-protected by !SO. Except as penWtied 
under the applicable laws of the user's country, neither this iSO draft nor any extract from it may be 
reproduced. stored in a ,etrievai system or transmitted in any form or by any means, eiectronic, 
photocopying, recordin;i or otl1erwise, without prior written permission being secured. 
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Foreword 

Technicai Corrigendum 1 to iSO/IEC 1449S-i8:2004 was prepared by Joint Technical Committee 
iSO/IEC JTC 1, Information Technology, Subcommittee SC 29, Coding of Audio, PiGturn, Muitimedia and 
Hypermedia lnlorrnation. 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1782 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



·:O:: 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1783 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Information techno~ogy - Coding of audio~visuai objects -
Part 18: Font compression and streaming, TECHNICAL 
CORRIGENDUM 1 

In Su!Jcfause 4.2.4. 7 "Tr(o!et encoding of X and Y Coordinates". replace the first tvventy fines of the "Table 9 ~ 
Coordinate Encoding Table" with the following: 

0 
1 

3 

6 

,, 
0 

9 

11 

1'3 
14 

16 

""" ............ '' >' ""~ ......... . . , 0 ~.· 

0 

N/.A. 

0 
0 

768 

In subc;i,;iuse 5.2. 1 "Chlmvi6'W11
, replace the te>:t of the first paragraph 

G 
+ 

5.12 

+ 

+ 

+ 

A fo<1t d;;na access unit conveys data for one single font, or .i sut)s~,! ttier;~oL Two access unit formats are specified. 
discriminated by the DecoderSpeciflclnfo lc.-: the font datE. stream (see subclause 5.4). Oniy one c:.r the:,e ;;;,ccE,t,s unit 
fmrn;;;,ts c~m be se:ect.ed for a given font data stream. 

with the fo!lowfng text 

A font data access unit conveys d8.ta for or:e single font, or a s:..:bset thereat Fonts may support ~' wide variety of diff0rent 
languages and may have a large number of glyphs. While there are some fonts that support, for examp:e, f:..:ii Latin 
character set, there am other fonts that support only English «lptiabet, which ca11 be considered a subset of Latin 
characters. 

Whe:-i a font is used for text rendering, only a iimited number of glyphs can be utilized, and the trar:smission of the whole 
fo:1t may not be necessary. h mder to redt,ce the amount of data sent, and to improve ,he efficiency of lhe font data 
strea,ns, foi,ts can be reduced in size (subsetted) by keeping only those glyphs that a:e ut,:ized in a particuiar text 
fragment, and th0 additional required genera, font inforr,wtion. Therefom, frm font subsets are complete, self-sufficient and 
fully functional fonts conta,ning a !im:ted number of glyphs. A font subset shall be conforrnant to the fontFcrmat: 
specified ir. the header of the access uniL V1/hen the va,ue of fontFormat. is OxOl, Ox();~ or OxC3, the content of 
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fontDi'J.ta shaH be co11forma111 to OpenType specification, containin;;_t at least, all requ;red tables specified by the 
Open Type specification, 

T'NC:• access unit formats are specified, discriminated by the DecoderSp0cifidnlo for the font data stream (see subclause 
5.4\ Only one of these access un;t formats can be selected for a given font data strr:,mr;, 

The basic access unit format perrnits to convey lont daia without any heade:- information. The 
D,:c'coc5er.Spr:'cificinfo provides frie ider.tifoation of the font and, possibly, the subset tr1ereof that Ls 
corweyed. The contE:11t of subsequent basic access units ir. sucr1 a font data stream shall rep,ace the lont or 
font subset data oi previous basic access units. 

The enhanced access unit format pmvi'1es a self-contained format where an access unit hE,ader contains ail 
nt:=cesssry h1fon11ation about the font data conveye(i ln thls access un!t. 

:;r·fth the fo!.foaN!ni-J text: 

The i:-asic access unit fmrnat permits to convey font data without any header information. The 
Dec~c;cle1:Specificin:fo provides the identification of the font and, possibly, the subset thereof that is 
conveyEKt The content of subsequent basic access units in such a 1011t data stream shall replace the font or 
font sur}set data or previous basic access units witi1 the sarne f:ontNam,,, and :font.Sul::,;;«;;tTD (if app::cabie), 

The enhanced access unit format provides a se!f-c:cntained format where an access unit header contains all 
necessary information about the font data convEiyed in this access unit The content of subsequent enhanced 
access unit rnp!aces or complements the font or tont subset of tt10 previous basic or enhanc,~d access uriit 
with ti-1e same fcnU,J,,m,~, and fc;ntSe,bsetID, based on the for:.tSubs0t.Exu"n,donFlaq, as ziescribed in 
subclause 52.3Tl-1is functionality allows incremental uprJates of font data and elficient font streaming 
irnplementa.tions. 

In sutx!ause 5.23 "Senwntfcs': replace t.he current descr,~?tfon or 

font.SubsetExt.ensioD.Flag ~ if set to one indicates that the font data in tr1is access unit is an extension of 
the previously sent font subset with the sarne fontNa.me and for;t:Sub~;'"'tID. Othervvise the font subsHt 
replaces any previous Ion( subset with t!10 same tcmttJa::i;;i and fontSul:;::,et ID. 

with the fciifowing tma: 

fonLSub:;;,~tExte[rnie;nFlag - i1' set, indicates lllat tl,E, font data in this access unit is an extension of the 
previously sent font subset with the sarne L),ltName and font:Si1bset ID. The data presm1t0d in tile current 
accHss unit extends the previous!>' sent font subset data, i.e. a n:::,w font subset prnvi,jes additional glyphs that 
cornpiernent previously sent font subset with the same font name and font subset ID. These two subsets can 
eith:::ir tie rnergeti in the decoder, or can be used concurrently as t',NO ciiffemnt font subsets of the same 
m\1inal font If fontSubsetExter:.sior:.F.'laq is not set, the font sut,set mpla.ces any previous font subset 
witt1 the sarne fon.t:Name and font Subset ID. 

~, ISO/:EC 2006 ··- All riqh\s ressrved 
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In Annex A "Patent Statements': replace the table containing company names with the fof!ow!ng.: 

! Company 
: . 
! ,-.----0,----------------------------------s 
j Apple Computer 

j Microsoft Corporation ____________________________ -"{ 

j r,Aonotype Imaging Inc. 
·-----------------------
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Editor: Vladimir levantovsky 

Document type: International Standard 
Document subtype: 
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Document language: E 
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Foreword 

!SO (the lntemational Or~1anization for Standardiza!ion) is a vvoridwide federation of national standards bodies 
(ISO member boctes). The worh of preparing lntemationai Star:dards is normal\' carried out through ISO 
technical committees. Each member body interested in a subject tor which a technical committee has been 
established has the dgl1t to be represented on fr1at committee. International organizations, governmental and 
non-govermnental, in liaison with ISO, also take part in the work. iSO collaborates closely with the 
!nternationa! Electrotechnlcal Commission (IEC) on all matters of electrotechnicai standardization, 

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

The main task of technical committees is to prepare International Standards. Draft international Standards 
adopted by the technical committees are circulated to ti1e member bodies for voting. Pubiication as an 
lntemationa; Standard requires approva! by at :east 75 % of the member bodies casting a vote. 

Attention is drawn to tilG possibl!ity that some d the eiemems of this document may be th;;i subject of patent 
rights. ISO shall not be held responsible for identifying any or all sucl, patent rights, 

ISO/IEC 44496·18 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 genera! tit!e Information technology ...... Coding of 
audlo·vlsuai ot:dects: 

Part 1: Systems 

Part 2: V!sua! 

Part J: Audio 

Part 4: Conformance testing 

Pa;t 5: Reference software 

Part 6: Defiver.v ,\1u!tfmedia !ntegmlion Framework (DM!F) 

Part ?: Optimized software for !111PEG-4 visual tools 

Part 8: Carriage of !SO!!EC 14496 content over IP netvvorks 

Part 9: Reference hardware description 

Part 1lt Advanced video coding 

Part 11: Scene description and application engine 

Part 12: !SO base media me format 

Part 13: fntel!ectua! Prope,tv f,Aanagement and Protection (IPMP) extentfons 

Part 14: f,AP4 file format 

Part 15: Advanced Video Coding (A VC) fife forrnat 

© !SO!!EC 2004 ···· AH righ!$ resS::· .. red \! 
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V! 

Part 16: Animation framework extension (AFX) 

Part 1 ?: Streaming text format 

Part 18: Foni compression and streatning 

Pa.ii 19: Synthesized texture stream 
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ISO/!EC ·14495 specifies a system tor the communicatior. of interactive audio-visual scenes. The specification i::ciiJdes the 
following elements: 

the codeci representation of natural or synthetlc, two-dimensional (20) or t!-1ree-dimensionai (30) objects 
tt,at can be manifested audibly and/or visually (audio-visual objectS) (specified in part 1,2 and :3 of ISOilEC 
44496); 

2. the coded representation of the spatio--temporal positioning of audio-visual objects as well as their 
behaviour in ,·esponse to interact.ion (scene r.iescription, specified in part 11 of ISO/IEC 14496); 

3. !he coded representation of information related to the management of data streams (synchronization, 
identification, description and association of stream content, specified in part 11 of ISO!IEC 4 4-496); 

4. a generic interface tD the data stream delivery iayer functionality (specified in part 6 oi ISO/IEC 14496); 

5. an application engine for programmatic control of the playe!·: format, dellvery of downloadable Java byte 
code as well as its execution lifecycie and behaviour through APis (specified in part , i of ISO/IEC 14496); 
and 

6. a fi!e format to contain the media information cf an ISO/IEC 14496 presentation in a flexible. extensible 
format to facllitat.;1 inlerchange, management, editing, and presentation of tl1e medla. 

The intormafon representation, specified in ISOilEC i 4496· 1 and in ,SO!iEC 14496-1 'i. describes the means 
to create an intemctive audic-v!suai scene in terms of coded audio-visual information and associated scene 
description information. The encoded content is presented to a terminal as the collection cf elementaiy 
streams. E!ernentary streams contain the cocied representation of either audio or visual data or scene 
tiescription information or user interact:on data. Elementary streams may as we!I themse!ves convey 
information to identify streams, to describe logical dependenci,.:::s between streams, or to describe infonnation 
related to tr1e content of the streams. Eacr-1 elementary stream contains only one type of data. 

Elementary streams are decodeci using thei, respective stream-specific decoders. The audio-visual objects 
are composed according to the scene description information and presented by the terminal's presentation 
device(s), All these processes are synchronized accmding to the systems decoder model (SOM} using the 
synchronization information provided at the synchronization layer. 

The scene description stream identifa.,s different types ot objects, such as audio, visual, 2D and 3D graphics, 
etc. that define a scene compcsit:on of the content Among these objects, the essential part of almost any 
multimedia presentation is text objects that me created utilizing specific custom fonts. Font selection 
determines the appearance of a text ,n multimedia content and it's the most critical factor that assures text 
legibility and reaaabiiity. It also plavs critical role in the overall scEine composition since the metric properties 
of a font are used for textual parts of multimed:a content layout Many thousands of fonts are available today 
for use in content creation a::d in order to assure correct appearance and layout cf a content the font data 
have to be included (embedded) with the text objects as part of the rnuitimedia presentation. 

Font data compression and streaming technology presented in this document provide efficient mechanism to 
erntJer.1 font data in MPEG-4 encoded presentations. 

vii 
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Information technology- Coding of audio-visual objects -
Part 18: Font compression and streaming 

1 Scope 

This part of ISO/IEC 14496 specifies lunctiona!ities for the comms.1niGa:ion of font data as part of the MPEG-4 encoded 
audio-visuai presentation. Mme specif:Gally, it defines: 

i. Font format representation that is utilized for font data encoding (Open Type); 

2. Font compression technology for True Type and Open Type fonts with True Type outlines; and 

3. The coded representation of information in font data streams. 

The following normative documents contain provisions, which, through reference in this text, constitute 
provisions of this part ol ISO/IEC i 4496. For dated references, subsequent amendments to, or revisions of, 
any oi ttiese publications do not apply. However, parties to agreements based on tl,is part of ISO/!EC '14496 
are encouraged to investigate the possibility of applying the most recent editions of the nonrialive documents 
indicated below. For undated reterences, the latest edition of the normative document referred to appliHs. 
Members of tSO and IEC maintain registers of currently valid International Standards. 

ISO/IEC i 4496-i, Information technology- Goding of audio-visual objects~ Systems 

ISO/IEC 14496~11. Information tecfmofogy ~ Coding of audio-visual objects ~ Scene description and 
application engine 

The OpenType Specification available on the Microsoft , ypography website at 
<http://v.'WW.microsoftcorn/typography/otspec/default.htm> or the Adobe Solutions Network website at 
<http://partners.adobe.com/asn/tech/type/opentype/index.jsp> 

3 font Data format 

In order to guarantee the original appearance of the content, to preserve corporate branding and ,denti;y ,r: streaming 
multimedia presentations and to pro11ide support for all languages, MPEG-4 supports te>:t rendering urnizing rich formatting 
capabilities and custom fonts. 

~,.1JPEG-4 adopts Open Type®', version 1.4, as its font data. iornu.t fm rhe purposes of uniform font da.tn t:ansmission and 
predictable text rendering. OpenType has emerged 1:w the font solution for nigh-quaiity te>:t processing, rmJitimedia 
applications and Gross piatform internet doccJment portabi!ity. OpenType i" a h,Peatured forit format tna.t ennbles the 
highest quality o! te>:t rendering on low-resolution displays. advanced ,ypographic features and international .;;harncter 
support. It is fully compatible with the exi~:ting and wide\, adopted True Type™" fonts. 

MPEG-4 i-equires fonts to contain a Ur.ic:ide charncter map ('Gmap') table. 

1 
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4 Font Compression Tecrmology 

4, 1 Overview 

Transmission of the font data throw]r1 bandwidfr1-lirnited char:ne!s requires efficient compression trn:::hniques 
be applied that aiiow reducing font data size without sacrificing quality of text repdering and advanced 
typographic features supported by the font MPEG-4 adopts MicmType(f.l) Express"' 2.0 font compression 
technology, which ailows lossless compression of OpenType fonts with TrueType outiines and provides the 
capability to render the text without decompressing the whoie font. which significantly reduces memory 
requirerr1ents. The specification of this compression mechanism is presented below. 

4.2 Compressed font Format Spedficatiori 

4.2.1 !ntroducHon 

This part of the doctm1ent describe~; the compressed font format that is designed for compact binary 
representation ct 1ossiess·comp,essecl TrueType and Cper.Type vvith True.Type outllnes ionts (TTF) and font 
collections (TTC). This font compression technology fo:- OpenType TrueType fonts is designed to minimize 
memory usage tor font data storage in resource-constrained environments, where boti1 nOM and RAM 
memory savings a,"tl critical, and bui!d relatively srnall font flies without sacrifir.:!ng the quality, features and 
capabilities of TrueType and OpenType fonts. 

The r.:ompressed font format provides random access capflbi!it!es into tr1e font df:ta and allows font rasierizer 
lo rnnder glyphs directly from the compressed font tables witriout decompressing the whole font whi!e 
maintaining the t1ighest cr1aracter qua,1ty. The selE.iction and number of compressed tables in a font file may 
differ from one font to anotheL Any number of tables can be compressed in the same font (from only one to 
ail). which aliows application d1svelopers to optimize "memory savings~ performance d font rendeting engine'' 
trade-olf. 

Compn::,ssion al!Jm,t!-ims, applied to font tables, tal-:;e advantage of advanced knowledge of OpenType font 
tables structure and meaning of data (text, TrneType instructions, glyph data, etc.). Separnfon of these 
obiects into groups ,Nith distinctly different. statistical distributions a!lo11vs employing a numbe:· of comprnssion 
techniques, which results in producing most compact lossiess-compressed (iata. These techniques are 
espt=.,oia,ly effoctive wht=.m cornpressinfi of the glyph data ('glyi' table), which is typical!v the biggest table in tt1e 
TTF me. The detaiis of the glyph data compression are aesc,lbed In subciause 4.2.4 of this specification. 

4.2.2 Data Types 

The compressed font format follows t~1e same SFNT structure (used in both TrueType and OpenType) that. 
pmvkies a "wrapper'' for a co!lection of tables in a general and extensible manner. R.asterizers use a 
combination of table~: contained in the font to render giyph outlines. In mder to simplify the process of 
traversing the tat:Jli::s in a font, the beginning of each table is aiinned on the 4-byte boundary and each table 
data is padded with zeros. 

Most tabies llavt=.i version numbers, and the version number for the entire font is contained in the Table 
Directory. Tt1e compressed font format spt=.,C!fication uses the sar::e data types that F.ffe used in the Open Type 
specifioation. For all details on data types and version number format please s,;::e the OpenType font file 
specification. 

The compressed font file torrnat is Fie same as an OpenTypH font filrc:, which always begins with tl1e Offset 
Table followed by tr1e Table Directory entries. !l the tent ii:e is TTC file, the offset to each Table Directory is 
defrn:::d in TIC Heade:·. if the font foe contains only one font the Otfset Table will begin at byte O of the file. 
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For details about an Operffype font Tab!e directory and TTC header structure please see "Organization of an 
Open Type Font" in the Open Type font f!le specification. 

4.2.3.2 Operffype Tables 

The Open Type font file specification defines the set of required tatiles to be used in an Open Type font with 
True Type outlines. INhen this font compression mechanism is used with Open Type fonts with True Type 
outlines, the ACTS a.dditicnal table described in the following section !s required. Tr1e tag describing this table 
is 'act3'. 

Other tables may tie defined but are net required. OpenType fonts may also contain bitmaps of ;;ilyphs, in 
addition to outlines, as we!! as other optional tables that support vertical layout and advanced typographic 
features. For a complete list of OpenType font tables, their definitions and data structures see The Open Type 
font tile specification, 

4.2.3.3 ACT3 Table Structure 

The 'ACT:3' table defines the mapping of all tables, present in the font, to the collection of con,pressed and 
uncompressed blocks of data In a iont file. Since the herein compresseci font file format aHows a mixture of 
both compressed and uncompressed data blocks to be present in the file, the mapping of the data b!ocks 
relative to the original Open Type True Type table structure wi!I be as follows: 

~ all consecutive uncompressed tables of the original font fiie will be referenced as a contiguous block 
of uncompressed data by a single entry in the ACT3 table; 

., each compressed table of the original font file will bei referenced as a block of compressed data by a 
single entry in the ACT3 table. 

NOTE: The 'act3' tarJle is required to be present h the compressed font OpenType Table Directory. If 
the font file is True Type collection, then the table will only be part of the first font Tab!e Directory and 
will contain mapping intorrnation for all fonts in True Type Collection font me. 

Table 1 ~ 'act3' table syntax 

"'fiai'i"'fype'"""'"°s'yntai""."''''"'"""W,,''""""""'•W,',O""'""""'"W•SS"""'WC•o,SSDescriptionanci"co'mmenti"'"""'""""""-" 

· · /* ACT3 Table Header*/ · · 
---~isH'o'ri~i_: ............... i2:Ffeie:;;gth.................... Length of the 'act3' table padded to 4-

ULONG 
tJLONG 

OLONG 

ULONG 

USHORT 

C:ompFontSiz.e 
UncompFontSize 

GlyfStart 

GlyfF.ncl 

NumF.ntries 

byte bou11da1-y 
Size of the compressed font file 
Origlnal size of the uncompressed font 
file after CTF compression was applied 
to glyph data. 
Offset to the start of compressed 'glyf' 
table in uncompressed font rne 
Offset to the posit!on 1rnrnediately 
following the end of compressed 'glyf 
table in uncompressed font fi:e 
Number of different 
compressed/uncompressed data 
blocks in the font file 

ULONG .s J.ocx:StaI-t Offset to the start of unr;ornpressed 
data block in original font file 

:JLONG BlockLeng·t:h Length of uncompressed data block in 
original font file 

DLONG Ccnr,pBloc}tStart Offset to the start of data block in the 
compressed font file 

USHORI Is Compressed Flag indicating wilether block is 

SWo'•-'"'"""'-'•'o',-'"""""'"''-''""""'"''-',',CSS""'"""'°'"'"""""WCOC,0""""""'•'•'•'•'-'""""'Wo•,•,• ... ""'""S?.I!.:PI~~,f~JD.2.0,~.f~L9 .. !L!2!2-?~i.,,!.~M-"'""'"'-'" 

f:, !SO/!EC 2004 ~ Al! righis f~$0rv~d 

\:SDCC!G: <XP ____________ 3C0 t 3 ~ 53,•\ __ ),_ > 
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""""''"'''""'"""'='"""''·'""""'""'""'""'W•'•'M,>""'"""'""''·'•""""""""w.•. ''"'"'"""""""'""'''r.::;m'prBSB8(l"Tf:frERVAt':"w.• .. •.«"""'"'"''""''··'······· 

isGompressed ) 

4.2.3A Stn.icture of Compressed Block 

Eacl1 cornpresssd table In the original OpenType TrueType font or font collection file ls represented by ihe 
single block of data in the ACT3 table. Tl1e data is losslessly compressed using canonical Huffman codes. 
Wl1en tl1e table is compressed, an additional set of data is generated in order to enable the decoder perform 
random access into compressed data stream and selectively decompress only those chunks ot data that are 
requested by the font rendering en!Jine. 

Random access in the compressed dataset is achieved by providing additional infcrrnafon en the 
corresponcEng positions cf tl1e start of Huffman codeword in the compressed data stream (bitmads:s) and the 
siart of a token In the uncompressed data. This relationship is established through predefined inte,vals 
between reference points in the criglna! data. 

The size of the inte;val between reference points affects both the compression effici::mcy of the encoder (a 
smal!er lrterval wcu!d require more data be added to tl1e output compressed data stream) and font rendering 
perfO:"mance (a bigger inter1al would require font engine lo decompn.:?ss larger dataset in order to read the 
requested data). Therefore, a careful ccnsideraticm should be given to se!ection of the interval between 
rarnjom access entry points, The analysis of the TrueType features, their sizes and ernp,fical rendering 
periormance results for Latin fonts showed that the optimal placement of reference points is achieved at the 
INTERVAL "" i 28 bytes. 

Ti·1e b!ock of compressed data has RAC3 tag and consists of the fellowing rJata se~1ments: 

4 

,. The dicUonary or tokens which were defined by the encoder; 
,. Definition of the canonical Huffman cocies; 
" Locations of tile random access pointers to the compressed bitstream and original data; 
" Compressed data bitstream. 

Table 2 ~ RAC3 block format 

w5aifa"fype , 'syntax""""' . """ .. "' , Desc'rfptkm and Comments , .· 

TAG 

ULONG 
ULONG 

I* Rt~C3 Block Header*/ · 
R.ACtaq 

cornpDa t~a size 
':..J.Il.COrnp[)a. t a.S :t. 2.€~ 

,.c..o· r0 'nr·ee~ed··,.;"l"' 1[1 st<i1"1"· 'R"~" 1
"'"·' \..-' .,,ilr-' ,._y,._. -.Ou i • ,, l~. , /-"I. V 0 

(Ox52414303) 
Size of the compressed data 
Original size of ttie uncompressed 
block of data 

..... 1 * ... RitC3 .. r:.ictiona:ry ... * I ... ss,, ............ ~'.·.·.·.·.·· ...... .. 

ULONG 
B~{TE 

BYTE 

ULONG 
BYTE 

numToken.,, 
tokenLength[numTokens] 

if (affsetLength ==0) 

t.ok~?!n~3t.rin.qS:1 :;:i:~ 

tokenString[tokenStringSizeJ 

Number o1' tokens ln the dictionary. 
Array of length for each token in the 
dictionary \in bytes;. 
Len;]th ol the tokenOffset from tlle 
beginning cf the tokenString array to 
the start of the token (in bytes) 
Tokens are ncn .. cver!apping, each 
tol~enOHset into the tokenStdng can 
be inferred from the army of 
tokenLeni;1th[}. 
Length of the tokenString in bytes. 
Dictionary of tr1e tokens. 
We have overlapping tokens, offsets 
Into the tokenString are E.:xplicitly 
specified in the tokenOfiset[). 

,:oker:.Offset An·ay oi offsets for eacil token in tile 
[ ():;~,n\Tok~;m: "'offsetLen<;rth)] tokenStrinq. Each et;.;,ment of the 

,•, ,.,.,..,.,.,.,,.,,.,,, ,,,,,,·,,,._,.,v, ,,-... ,,...,,,,.:,,v,.,,,-,,,,,,_c<.,,_.,,,,,,,,,.,,-.,,-.v,', .• ·,, -. .... ,..,.,,,.,,.,..,..,,.,..,~._,,.,,.,.,,.,.,_,,,,,,.,,...,.,.,,,, -...-,-,,c,,,., ••. , ... ,,._,,.x,,s,, • ,,n ":;>;·,,s,,'""-'·-''-'''"-,.:,,.'''·'""'''•'<V','' ,,: ,.,,.,.,._,,,,,,'-'''''''''""""•''•',, 

3,_) ··~1 $"j\ ---'·- :-
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·""""""WN,'.""""""''"··· •"•""""""'""#'""""""""'······""""'""'·"·'""""""'"'"""'"'·"'·'·""""""'""'·····at;ay'Is"o1TsetLEtr1"g{F'Eyte::~:\1r1g'~"w.w,.•,"" 
Uf .. ONG tol-:.,"n.::::t:ri,}qSize L,:mgth of the tai·mnString in byt!?.s. 

t.ok.0.;lS': r :l ;lq [,:okenS,: ri n.qSize] Dictionary of U1e tokens. 

/* Canonical Huffman Codes*/ 
BYTE numGr{)~lps 

BY.TE code Length [nun~Groui:)::; .l 

ULONG lastGroupCode[numGroups] 

"""'"°'''"'~c 

/* Random Access Pointers w/ 
ULO"rSG numlnter;..rals 

ULONG bitMarks[numlntervals] 

BYTE 

ULONG . Bit.St.rfr,g·Off.se,; 

BYTE BitString[crnnpDataSize-

Numb1:;,· of Huffman code length 
groups (can be from 1 to 32) 
Array of code !eni;ith in each Huffrnan 
group. 
Army of trie fast code i 11 1:;ach 
Huff,nan group. 
Array of the last code in eaor1 

... Huf1man_ gmup... ......................................... . 

Number ol INTERVAL r.iyte inteNais 
in tl1e uncornpressed source data 
Bit ot1set to tr1e start of tile nearest 
Huffrnan codeword from the 
beginning of compmss<::d data block 
corn,,sponding to nt11 interval. 
Oifset to the start of the nem:-e}st 
Huffman token from the beginning of 
uncompressed source data "' 
INTERVAL* n-deltaBytes[n] 
Bit offset to the sta;-t of tht'} · 
co,npressed bitStringtJ from the 
beginning o1' ttie crnnpressed data 
b!cck. 
Compressed data bitstream. 

, ,>W,XO"'""""'WC•'X"""'" b :i.t st r ~ ,,). q(~,!~,f s e~ c~ j OWX.•.w.•·,··•"""""°"-'·' •""""""""°•'•"•"°'"""'"'•'•'-'""""'"""'-''W"""°''""'"'-"•"o'AO"'"""'"""'"'''"'-'-"W 

4.2A Glyph Data Comprnsslon 

4.2A1 Overview 

The 'glyf' table coritains all the information about simpie and composite glyphs in OpenType TrueType font. 
Stmple glyphs are recorded as a eol!ection of data segments representing number of contours. bounding box, 
TTF instructions for glyph scaling and arrays of data point coordinates. If composite characters are present, 
they contain the array of simple g!yph indexes along with the scaling !nformauon and TTF instructions for the 
composite giyph. These datasets have distir.ot!y different statistical distributions of values and, sometimes. 
significant levels of redundancy. The use of internal dependencies of glyph data segments and knmr,i!edge of 
TrueType rasterizer behaviour allows the application of additional compression a!goritt1rns to reduce glyph 
data set without any affect on the tunctiona!ity of glyph rendering and u-1e output quality of True Type rasterizeL 

4,2A2 Additional Data Types 

True Type (SFNT} file format often uses USHORT and SHORT ciata types to provide enough storage space 
for nurrn=.H\cal data. However, in the majority 01 cases the stored number 1s rather small and can be recorded 
within one byte. In order to reduce storage size for TTF glyph data while keeping byte a:lgnrnent ot data 
records we introduce 255USHORT and 255SHORT data type that records the numerical Value as follow: 

Tab!e 3 - 255USHORT Data Type 

Data Type 'syntax .. "" ' Description and Comments "'"" " 
BYTE Code Vaim,! .. Code;/* [0.255] .. ! 

if (Code == 255) 

"'f :f..~.~"'""'""'"'''"""""""~~':'~'~"~""""""""w.,.x,"""=•••"•""""'""'"""'''' "•'""""w"}{~,~~! .. :3I~.:w,Y,:it~~!1,~ .. '.'.'.:J;"~2.;.:~2-2,~l:L.,c,, 
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,,,x,., .... '.X. ..................... , ... v,,A,'<C'Y<.\. ..................... , ................... ....,,,,, ... ,, .. , ....................................................... ,,,,'cNN,.,;,,,,:,,, .. ,vo..,,, ................. , ...... ,x,•,',"'-,V!'s-"-'''''''''''''' ............................. ,._,.,,,,,,.,,, ............................................. ...., .•. ,.•~),>,.'"'''''''''''-'·'""''"''''''''''''""·'.,·''"'-''"'''"-'''''''''''''·' ..... ;,,;,·,v .. , ................ "'0., .... -...-...,.,. 

else if (Code 254) 
BYTE Va.luel Value"' 506 ,.i. Valuei; /' [506,.761] */ 

else if (Code== 253) 

Table 4 ~ 255SHORT Data Type 

Data 'rype ""' Syntax " ' . Descr!pt!mn.mci Com'ments "'"' . ' 

if (Code< 250) {} 
else if (Code 250) 

BYTE 1Jaluel 
else if (Code 253) 

SHORT Value 
else if 1r~~n >= 254) 

else if 
(Code==251 I I Code==252) 

4.2A3 Glyph Records 

Code; r [0 .. 2551 '! 
Value"" Code; r [0,,249] '/ 
Flip sii;i,1 code. 
Vah.se ~ (SHORT)HValue1 + ·: )); 
Word data Gode. Codes 251 and 252 
are reserved for '·Hop Codes", see 
belm·v and subclause 4.24.3 for 
details_ 
Value; r \"-32768 .. 32767] */ 

Value~ Value1 +256*(255-Code)+2.5G; 
Va!ue::::; Value1 +256*(255-CodEi)+250; 

G!yph records are located in the 'glyf' tab!e of OpenType !ont. Glyphs are recorded as a set of bounding box 
values, TrueType instructions, flags and outline data points, The glyph record size can be reduced with no 
effrn::t on tl1e c.uality of the glyph rendering. This compressed font format converts s!mple ITF glyph table 
records to lossless Compact Table Format (GTF). 

4.2.4,3.2 Bounding Bern 

In most cases, the bounding box information car. be computed from the data point coordinates and, therefore, 
bounding box information may be omitted in g!yph rncord. 

4,2.4.3.3 Cm,tom End Points 

TrueType r,i\yphs store actual numbers o! the end point for each contour. CTF stores the number ot points in 
each contour instead, which is typically \ess then 255, Translation tc the endpoint number is s!mpiy the 
cumulative sum nf point count in ail preceding Gontours_ 

4.2A3.4 Instructions 

TrueType glyphs contain instructions for glyph scaling, Glyph programs typically start with a burst of various 
PU.SH instructions to initialize the stack for a TrueType instruct,cns belonging to that glyph. True Type provides 
four different types of PU.SH instructions that occup>' 18 different opcodes. In order to optimize data storage 
size, trie CTF format stores only data to be pushed onto the stack. The translation process tack to Tff 
generates a new sequence of optimized TrueType PUSH instructions that results in the identical functionality 
of giyph program. 

The storage format of the initial push data uti!izes additional Hop Codl:!s: that make use of the specific data 
patterns observed in True Type data. It capitalizes on a specific distribution oi the data that a traditional 
compression technologies do not take advantage oL A typical True Type data sequence contains vaiue stream 
that has the same value repeating periodically arnong other values, e.g. A, xi, A, x2, A, :<3, etc, Each value is 

6 ([;) lSO/:Ec 2004 ~ A!l dghls reserved 
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'::_: 

ot type SHORT and occupies 2 bytes of storage. An additional set ot Hop Codes allows the reduGtion of the 
dataset size by applying the follm,ving transformation: 

,. A, x1, A, x2, A~ translated to: A, x1, Hop3Coqe, x2. (Hop3Code "" OxFB); 
,. A, x1, A, x2, A, x3, A- translated to A, ::<1, Hop4Code, x2, xS, (Hop4Code"" OxFC). 

4.2-4-3.5 Glyph Program fable 

The following table describes the glyph pro;irarn in CTF format: 

Table 5 ~ G!yph Pmgrnm Table 

2ssusikii\1"""ri;;i:'E1:::0;1;;i;------·--"·· .... --... ·----·· ·--"------····--·----·--··· . Number of data items in the push data 

stream. 
255SHORT pushData Lp:1sJlC01rnt J See sample C function for HopCodes 

processing. 
255USHORT codeSize Glyph program mmalning code size. 

--,~f ~~-----··· ·"=· '""~:2.~~,::.1:.~} .. ~?'::.; .. L~ :~}:'.~~L~,::,1"·-·"""' '""/ __,Bg,~:~£'.rU }Q.I:~~~2)J1
~~~

1.§,t:-~!£~l£0.?: "'"""'"···· 

A= pushData[i--2]; 
j_;.1put.+-."- / 

pu3bD(~"!°.,:! [.i. f·~ ! 
S=!_l~.S=! j_f (C;.(Jd\'.J 

., . .. --.,, 

A= pu3hData[!.--2l; 
.·~.npu.t -:-+ .~ 

pu:::hD-:"!.t.a. [ i++ J 

., . ...... 

.A * ./ 

./ .. ~ ]:.~ * ,l 

,/* i\ .... ,/ 

Rsdd255Short(input); /* X3 */ 
f:..~u :::hD-3. t . .:~. [ i ++ 1 

R0ad255Short(input;; 1~ Data*! 

,,,,,,,.,..,...,.,,,,,.,, ..... ,,,,,,-.,,.-..-..-..-..-..- ''·''''-'-'-'-'-' ~-..,-,,-~v,,,,,x~,, ....... ,,, ,,,,..,.,,, ..... ,,..,...,.,,..,...,...,.,,,.N,,,,,,,,,.v,,..._..._, .. . 

[lt!!§Cri~,tii:a1 and (:-tl~11n1~}tltti 

t~SDOG!f): .-:XF' ____________ :--x.10 ~31 fi3.,.\ ___ : .. ~ 

1 
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SHORT 

SHORT 
SHOI<.·I 
SHORT 
SHORT 

SROR.T 
.SB:C)P/l' 
SHOR.T 

.SHORT 
SHOH.T 

if (numContours < 0) 

xML, 
yM:i n 
xMc,x 
yt1la.z 
/* Ccu,pcsi.te C'l'F' Glyph 
Tab:L~ */ 

if (numContours == Ox7FFF) 

{ } 

.n".Jrr:.Co::.-1.tours 
xM:l.n 
yf>-1in 
zMaz 
:/Max 
else 

Number of cor.tourn in the glyph, also 
used as a l'lag. 
If nun1Contours "'"' -i , the nlvph is 
composite glyph. 
~Jlinirnurn X va!ue for coordir.ate data 
Minim urn Y vaiue for coordinatt=.: data 
Maxi,nurn X vaiue for comdnate data 
Maximum Y ;_;a,ue for coordnate data 

Tl1is is a f!a9, read new value and 
boundln:;i box information below. 
Ar;tual number of contours m tl1e glypl1. 
Minimum X value for coordinate data 
Minimum Y vHlue for coordinate data 
Maximum X value fo:- coordinate data 
Maximum Y value r0:· Gotxdinate dalcl 
Bounding box information omitted and 
should be computed from the glyph 
data GOlXdinates . 

.<,, ........ _., • H ,~~~~~"H''""'"' > >'OC , , ,,,, , "~ ......... n~c > < <, • ....... ~~"0' 

/,i,· Simple CTF Glyph Tab.le 
*/ 

4.2.4.5 Simple CTF Glyph D<=1ta 

A simple glyph defines al! the contours and points that a,e used to create the glypr1 outlim:.L Each point is 
preser.ted In a (fiaki, xCoordinate, vCoordinate) tdplEit that ls ston=.d with the variable iength enGoding 
consuming 2 to 5 bytEis per triplet The flag vaiue is always st0:·ed in lhEi first byte of triplet and defines the 
format ,md properties o! the point coordinates. 

The most significant bit of the flag indicates whether the point is on- or off--cu,ve point The remaining 7 bits 
specify 1 :?.8 possir.ile combinations which define data forn1at and value for X and Y coordinates cf a point and 
specify tl1G combination of the followin~J properties: 

® Total nurnbe, of lJytes used for this triplet (byte count); 
® Number of bits used for describing X eootdinate value (X bits); 
® Number of bits for describing Y coonjinate value (Y bits); 
® An adciitional amount to be added to X coordir.ate value (delta X); 
® .An additional amount to be added to Y coordir.ate value (delta Y); 
" Tr1e sign of X coordinate va!ue {X sign); 
" Tr,e sign of Y coordinate va!ue (Y sign). 

Each of tl11:.: ·128 corr:binatlons identify a unique set of th1,;,se seven properties 1Nhich have rJeen assigned after 
careful c:onsiderat:cn has been given to the typical statistical distribution of data found in TrueType fi!es. As a 
result, the dmaset size In Gff'. forrnat ,s :s\inificantly reduced compared to the native TrueType lorrnaL 
Hcrnv;:_,ver, the data is left byte aligned so that an Huffman ::intropy codrn· can be easilv applied on the second 
stage. 

Unlike the native TrueType formats tr1at a!!ow:s X and Y c:oordnates values be defined either in relative or 
absolutEi values, ti11:, CTF format always defines X and Y coordinat1:;s as relative values to the previous point 
The first point is relative to (0,0). The information on data formats of xCoordirmtes[l and yCcordinates[] of 
glyph ciata can be found in the subclause 4.2.4.7 of H1is specification. This tabie describes simple glyph data 
in GTF format 

T;;1b!a 7 - Simple CTF Glyph Table 

'"5ita''fype""'·"s'y'n1ii' ''"'"""""'' ··'""""""'''" "'"'""""'""'"w,,.,"""""'5escrTpHon'an'2fe'o'minei1is., ""'"'""''' ,, , 

/* Data */ · 

8 (~} !$0/IEC 2004 --~- AH rlgh:s res~rved 
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'\Ta.r j a.t::.1 t~ 

lengtti 
bit field 
\lar iaJ::lr:: 
J_e,gth 
}:;,j t fJ. E:'-1.d 

fla_~,s [nurnPGint~,.l 

xCoordinates[numPoints} 

yC:oorcl i_JFtt.•,,,f, [numPo:i nts J 

'"''''"'"'''"''''''"''"''''"'''" 

!SO/IEC FDlS i 4496~18:2004{E) 

Number of points in each contour, 
cumulative sum sllou,d be calculated tc 
define total nurnbc:1r of points_ 
A:'ray of flags for each coordinate in 
glyph outline. 
A,ray of X coordinates for giyph outline 
points. 

Array of Y coordinates for glyph outline 
points. 

""-'-"""'"""" N---'-"--,'"'""'{:,_v_9,:,~Y£!:,"~Ei:_jf:):;:~,"!!~2:;:; ___ "~'L'"'"'''-'""""'""w.,,,,.,,""'"'""'·"''-•'''"""""""''w.-,,,""'""""w,-,""'"""""''-,-,----""'' 

This tat,le describes composite glyph data in GTF fonnat. 

fJSHGR'T 

Table 8-Composite CTF Glyph Tab!e 

/*Data*/ 
(10 { 

f.1.aq~~ 

( f.La.q·s ,~- l::lOT-ZE~ ___ CC•t·:1PCi!>-1Et--TTS; .,: 

r to, all glypi·1 components ~1 
Flags for each compmwnt in wrnposite 
glyph. 
See '·glyf'' tabl1:: specification for more 
information_ 

if ( r 1 a 9 .~:, .. ,~----~~f·:~\~-J~f~~-?~\~:}}~·.~~,t!~L .... . """m ........ 

~l* G·ly·ph .. ::P:r:'--:-f:rc~~n.1 ~r~~l)1 ... e ~\'/ 

Tht~ !nforrnation on data 1'orrnats of f!a9~~r.L .x(~oordinatBs[] anci y·C:oot::.i!nE1i~1~~u of i;ilyp!·: dB.ta section Gan bt~ 
i=ound in thE~ 1qiyf t:tble of ()per:"T"ypt:: 'font f::.1rrrH:tt ~,pt~clficailon. 

Tf1e foiicwing table presents information on Triplet Encoding (flag], xCoordinates[J, yCoordinates[]) of simple 
glyph outline points. 
Please note ---- ''Byte Count" fic-:ld reflects tot.al size of tile triplet, including ·flags'. 

Tab!e S ~ Coordinate Encoding Tab!e 

hx:l~~.it ByteCtmrit 'X ons" . vliTii' . ""'"lieffii"f"'" 'befaa'v ' X sign y sign 

2 8 0 
1 

6 

3 

© iSO/:EC 2004 ·-~ A!! dghts rezerv~d 

0 

256 
256 
51) 

512 
76B 
76B 

1024 
1()21 

"'''"'"'"········· 
T>J/A ;. tJ/A 

+ 

-f 

+ 

+ 
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, .............................................. ,,.,Y,,, ................................. , .. ,,, .. ,,,,,,,A, .... .,.x .. ,,~.'. ,,,.:,,,, ............ , ........................................ , ........ ,.c,'S'-'-''''-''''"''''''''''''''">.'-'V.•'.•'C•· ,,, .... ,, .............................................. vn·.,,, ............................ ,~ .•.•,•.•,,,·,·,,,, ,,. ''-'''"•'•" N'-"·'''''''''''''--..--.. ............ , ............................................ -.-.h,,-..,,,--..--. 
~ndex 8}:tt~ (~ount .X bU~~ \f bits [lt~~b~ X [Jt~li:~1 Y X s~{Jn 'l l=s§iJn 

"""''"'""'-.''""' ''"'''''''-''"'" •••'"'"•un,o.-..,,,, ''"'-'n,-.n-.-,,-.,,-.,.,-, '"'"'"''''''"'"'''' 

.l D 2 () 8 N./A 

11 
12 
J.3 
14 

.17 
18 
19 
20 
2I 

•"\ ., 
.,'.. .. ) 

26 

30 
31 

• """"••nH»> n ''"'""n,,n, ·,·,·,n-.,,,nnn,n•,•·• ••-'•h••••••••••••••• ''"'"'""'••••••• 

:; r. ,::, --::: 1± 1 "? 

38 
39 

48 

,::,:: .......... 

(J M/.A. + 
0 

+ 

768 ·+-· 

768 
+ 

+ 

T7 

'i 'i 
.).) 

+ + 

+ 

1 

l 

J. 7 

l "? 
J, ')' 

., 
33 ., 

49 + 

+ 

1 
l 

+ 

·> 

·> 

+ 

1 0 (t) !S0/1EC 2004 ~ 1~!: righ~s ressrved 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1805 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



!SO/lEC FDIS i4496-i8:2004(E} 

;,-.., ,·, ... ,.,,,..._,, ... ,,,.,_.,_.._.,_.._._ ,•,•. '·'-"-'''''''''"--..'-'-'-'•''''-'-'-'-':,.,,,,,,,,,,,.,_.,_v,·,,.,,:,,,,,,,,,,,.,_,.,,.._.._v,,,.,,.,,.,,,,,,,,,.._,.:,'- 0 "''''''''''"-'-."'-'". , •• ,., ... ,,,,,.._,.._..._.,_.,_-,.,.,·, , •.,:,.,.._,,,,,-..-..,·-:,, ,. •','•'-'-''''''-..,-..-..,,.x,·,.·.,,,:,:,,,,,,..._,..,_ ... ,,.,,. ,,,,,.,...._-.,,-..,,,,,,...: 
~nd~~x 81.-:tr:~ ():)uni: X bStt~ ~{ t)Stt~ [)r:~~ti~ x: ~}~~h<l 'l )( ~}i~ln 'l s~grs 

2 
69 
70 

7'7 

80 
31 

83 
8 8 

87 

90 
9J. 
92 
93 

96 8 8 

98 

l(.:(; 

101 
J. (J? 

106 
107 

1C9 
J. l 0 
111 

113 

I16 

J.I8 

120 

123 

D 

0 

l 

1 

.......... 
'' 

513 

257 

S13 

513 

·> 

·> 

+ 

·+ 

+ 
+ 

+ 
,' 

+ 

+ 

1 + + 
1 

1 

.-. ~: .-, 
-::.-..' I 

S1'3 

C + 

+ 
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1.26 
I27 

... , ....................... ,, ... ,, ... ,, ,v, ...................... ,.,.,,,,,,,,.,,,,,,.,, ......... ,, ................ ,,,,,,,,.,,.,,, .......................... , ....................... Y,'h',','>','A"-' ............................. ,., ,'.',','°'-''''''''"'"-'•">'•'>V,',',','·'''_.,,,., .... ,,,,,,,,,,,,,v,•,e,s,•A'.'..'• .. -..-..,,,,,,., .................. vN.'.'·'''"'''·''"'' ,',',',',•.,,: ... -.,,,:,,, .... , .. ,v. ,''·'-'"''-'''''''''''''·''Y,Y,',',',' 

lhe ccor::fa1z.te values; ,:;f simple g!yp:1 o~t!ine pc-in!s are c~cLliat0d zas fo!!ows: 

X::-:oor,:.i[i] (="'1:.--.0·~·) ({X~.:l.l":Jn.~*(xC:-.10:r.'."J..i..n.a.te[i_] ·t D~lt.a.:l':[.i.ndB;.-;.]}; 
Y::..-:or-:::r,:..i[i] ~ (SHDRT) ( {Ysii":1Ti) * (yC:Jort1_i_na.te [_i_] -~ Df~lt.a.Y[::..ndezJ}; 

5. 1 Strnctum of the Font Data Stream 

Font data streams are strnams of streamType FontDataStrea.m O:<OC (seB ISO/:t:.C 1449t'i·1, Tabls 7), id0ntilied try a 
specific objecffypeindicafon 0>:05 (see ISO/,EC ·14496-i, Tabla 6). A font data stream consists of one or more access 
uniti; wi1:h font ,fota. 

5.2 Access Unit Def!n!tion 

A font data access unit conveys dcna for one sinj;Jlt, font, or a subsE,t themof. T,,vc access ,mit format;; are spE,dfa,(j, 
discriminat,;,d by the DecoderSpedfic!nfo for the fort data stream (see subc!ause 5.4). On;y one of thr.:-.se access unit 
fonnm,~ can bB sBl,~cted fo, a 9iv,m fonl ,iata ,;irnartL 

The basic access uni! fom,at permit;; to convey font data without ariy header information. The DecoderSpecifiC:nfo 
provides the identiticafon ot the tont and, possibly, the subset thereof that is conveyed. The content of subsequent basic 
acc;;,ss units in sudi a lont data stn,mrn shall replace the lonl or ;ont s;;bset da;a of previous basic access units. 

The enhanced access unit format provide:~ a sBlf-contained fonnat \~/here {~n ac:::~~s!:.1 ur:it h~~ader contains aH necHssary 
~t:formation about the font data conveyed in this accr~st; unit 

1\cce~s units in lon1: data mi-earn;; shall be labelled and time-stamped by suitab:e means. This shall be done via the related 
flags and the ccmposlt!on t!me starnps~ re~;pectivB!J\ in thi~ SL pB.GkBt hE:ad£~r {se(? :SC)/! r:.r: i 4496~ i, i 0.2.4). The 
compo;;ition t:me indicates the point in time at 'Nriich a font d;~ta ,,cce:~~: unit beco11w<; w,l!d, i.E,., whe:,n thE, emtledded font: 
information becomes availab,e fot font rendering. Decoding and composition time tor a font data access unit shall always 
fH3v:::. HH~ sarne va!lH~ 

For all basic access units and those enhanced access units triat have IonU3:..,bsetExtensi,.,nFlaq sBt to ·o· the 
,.andoa,Acce",s :;Po.i nt.FLo:g :r: the SL packet header sliall be set to '1' for this access unit Othen,vise, the 
randf--1nu:,..._c(.~0s~3PointFl2 .. g shaH be S!~t to 1fY. 

bit ('7) .~t.·~.l~Fl~ .•. 1,•.d~ •. 

bi.t(].) 3tor&Font; 
l-:ii~: (G) ~fc.•r:.::.U:;lnw:L~~n<=}~:h;· 
bit(()) fG.iltlJ;:'!n-tf:[.fr:.:.r:.tNarrteI:eri~Jthj; 

bi.t(7) fc:ntSubse~ID; 
bit{l) fsnt3ubsetExt2;1sionF1.ag; 
bit{8) fon~Sp~cI;1f0I,2;1gth; 
bit{8l fontSpecinfo(fontSpscinfoLength]; 
t,j_-::. (8) fr_-intD-::-:\.'.a.[::"';.i.'? .. .::~Of.In:.::--;ta.r!.Ct~ -- font:1~:-:l..rn-:-~L,\:'.;:11~;Jt.h 
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fontFcrmat ~ indicates the format of the access unit as fo::ows. 

fontFormat f Access wn!t content 
' ---------------~···························-·------····· i Forbidden OxOO 

Ox01 

Ox02 

Ox03 

OpenType with TrueType outlines 
(uncornpressed) 

I Open Type with TrueType outlines 
l compressed using the con:press:on 
l mechanism described in subciause 
! 4.2 
1 Open I ype CF.-o--------=-1-----0---~-'-----------~-~~-~~ 

Ox04 ···· Ox3F 1 !SO reserved -~----------------! 
L Ox40 ~ Ox7F i User p,ivate 

:store!',:,nt ·· if set to 'i', the terminal shall store the font information contained within the acces~, unit at least until the 
end of the current session. Oth0rwi:m, tiw font information becomes unavailable as soon as the font data stream becomes 
unavailable. 

NOTE - Details of persistent storage are beyond the scope of this specifk:a.tion. 

fontH=eLengt.h - speciries the length in d1aracters of the £ontNam,:c, field. 

fnntN,·,m"' ~ a Unicode (ISO/lEC 10646-i) encods',d string that indicates the name of the font. 

f.ontS,.:.bsetID -- specifies a m.1me:ical ID for a subset of the font coriveyed in this access unit. it fc.,ntS1.:.bsetID 

equais QxOO, the access unit contains the complete font data. The value of O:<?F shall not bi ,,sed, 

f<.rntSc;.b3etE:xt,.rnsicnFlaq ~ if set to one indicates that the font data in thi~; acces~; unit ls an extension of the 

prnvious:y sent font s;;bset wi,h the same font.Name and fcntSubsetID. Otherwise the fonl: subse1: repla:::0s any 

previous font subset vvith the same .fontNa.rne a;1d fontS:1bsetID. 

fo1,t3pecinfc,Leng·tr, - define~; 1he length in bytes of the fontSpecinfo field. 

£ontSpecinfo - is an opaque container with intormaticn for a specific font handler. 

5,3 Time Base for Font Data Streams 

The time base associated with a font data stream sh,il: be indicated by suitab;e means. This shall be done by the use of 
object clock reference time stamps in the SL µackE,t headers (see 1SO/iEG ; 4496-;, i CL2.4) for this strearn or by indicating 
the alerner:tary stream from which this font data stream inherits tile time base (see ISO/i f.C 14496· J, 10.2.3). All time 
stamps in the SL-packetized font data stream refer to this :ime base. 

c:a~3 FcntDataDesoderCcnfigucation exte11ds Decods~·Specif~cinfo 
tag=DecSpecj_ficirifoTag { 

bit(7} fontFarmat; 
~f (fontFocmat != OxOO) 

t:.it {8} .f.or~tN,1rr:~:"l.i;;~rJsJtt.• . .,: 
.l"-..,.1 t { H} .f ori t.Narr:~":' [ .f Gt"'! tI!.:::-c:i.::: t~.:2fl':1°~-·.h] .: 

@ ISOIIF.C 2004 •••• All i-igh;s re&erv1,d 

t,j_t (B} 

13 
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bit{7) foiit~:ubee·tID; 
bit{ll reser·ved = 1.; 
bit(B) foritSpecinfo[sizeOfinstance :fontNa.rneL&nr_;rt:b. -- 41; 

-------~-----·················-········································ 
! font.f?ox:mat l Access s..mlt content 
i••••••••••••••••••••••••u• •• • • • • • • i • • • • • • • • • • • • • • • • • • • • • • • • •· •· --• • • • • • • • • • "• • • 
L.9:.:9.Q ..................... .J .. 1:-~1h~!1ced access unit. forrnat 
I oxn 1 I CipenT,·ne vvith n·,y:,:\1°9 ou;iinA" j .• _, i j .. .. .. : .-/~ .. ., r i' ~ .. ., , } ~ .. i .....,..;:, 

1 
1 1 iuncomoressfid) 1 
!------•~•••••••••~•• \ ••••••••••••••• '••·••••••••••••••' •••••••u••••••••••••••••••••••••••••••••••••••1 

Ox02 I OpenType witr1 TrueType outlines I 
I d ' ' • ' 
I ;~,:~~~;:~~ ,~~!1,~Tb,'.~~\~~;~~:~~1

~n I 
!--•• -~-::-~-~-. ~-----~-:-'.~-'.~--· -----··{-;-! -;.~=-:-~-:-~;=: ~,-;;~-p~;:F. . . " . ~ I 

A fontFormi:~t of OxOO indic.ates the use of tho: 0:-.hanced access unit iorrnat fot this strnam, In this !ornwt, al, information 
about tlw font d;~ta is conveyed within each access unit. 

,,toreFcnt - if set ta ', ', the terminal sha!l store the font information contained witr,in lhe access unii a.t le,ist until the 
end of the current session. Otherwi~;;~ .. frw font infnm1a:ion becomes unavailable as soon as the font data stream becomes 
unavallab,e. 

NOTE - Det;,lls ot persistent storage arn beyond the scope d this sp,~cification. 

f cnt.Nam,~L0nqt.h ··· specif:,m; the len;Jl:h in characters cf the f ont:U3.~,,, fa:!d. 

f cm r: ua.m& ··· a Unicode (ISO/I EC 1 Ofl4f.i-:} encoded string that indicates the name of the font 

fcnt.su.b:o.8LU) ... spedfi0s a nun1erical ID fm a subset of the font conveyed in this access unit. If fonUkb<."c>t.ID 

equals OxOO. the access unit c0:1tains ,h,1 complete f(mt data, The va.,ue ol Ox7F shall not be used. 

fc,r:t:Specin£o - is an opaque container with informc1tion fot a specific font handier. 

5.5 Accessing the Font Data 

A font pne:~sented in e~thE;r Ek:.sicFo.r.:t.~.cc~~ssUrd.t or Er!h?:1.nc0dF'ont:Acc•~.ssUnit. of a Fontoatastrea.m can be 
identified by a mxnbm of different attributes. Or:e common identifier for fQ,-,,s is frm font nam,~. How,wm, a foni can be 
p:etsentd ~,ithm a:; a wtiole font or ,,s mi arbit,·ary subset of an original font. In bath cases the font name will bs the same 
wt1ile the act,m! fo::t data ir:cluded in ,icce,;s uni, may vary. In mder to explicitly identify a font (m a subset thereof). the 
following syntax shall be used as ttie font nam0; 

··· <.fcnt:NamE> is a Unicode encoded string that indicates the name of the font. as conveyed by fontNarn0 field in 
0!H-1Br Bd.-:-.i_cFcL~~t.t~..-:cessU:ni t or Er-ihanced:F'onti')-'-cc0s30r:.i t. of associated font data stream; 

·· <od.~ d> b the nurne:·ic va,ue of the -::ibj·c>ct.Descr i pt.er ID of the associa.tsd font data st:eam; 

- <f:iid> is the numeric valw2, ol the requested iont (or a font subset) as conveyed by .fo.ntSub:,,,?tID with11: the 
BasicFontAcci:c_~;ssUn.it. Dr Enh,~.r!c:edFont.-.}~J .. -~ce~-;;:;Unit of assodated font data stream. 

For example, a fontName "',."irnes Ne,, ,i.oma.n; OD:1.6; FSID:11" wculd indicate that a font data presented in the 
font data strsarn associated ~-...dth the ok.YjectDe::-c1· :i. pt.r.n:ID ~=- i6 and ls conveyed b~:i the Font.r~cc~~.s.3Uni t \1vith 
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f.011tsubs0tID ~ ·11 shaii be used, o;-, it font data stream is r:ot present a font "Ti.rr:es ,-rew Rcman" shall be used for 
text rendering. if available in tile MPEG-4 termir:a.: 

6 Text Profiles and levels 

6,1 Simple Text Profile arid Levels 

Proposed stwcturn of the Sirnpie profile is designed to satisfy the r,eeds of the majority of languages that do noi require 
support for complex scr:pt processing and advanced typographic features. it's aiso aimed to minimize tiw implementation 
complexity ot the terminals, limiting font rendering capabiiities to fonts with True Type outlines only. These limitations aHow 
using al! existing TrueType fonts and OpenType fonts with TrneType outlines containing the set of required tables only 
and embedded bitmaps. The functionality of the Simple profi!e can be implemented utilizing previously defined Text and 
FontStyle Blf-'S nodes 1md doE:s not require ,he use of new XFontStyle node (see ISO/IEC 14496-, 1 for details). 

6.1.2 Ust of too!s/furscUorsaHtles 

The Simple Text Profile represents the collecfa:,n of tc,ois that are required to guarantee the predictable and faithful 
reproduction of text objects utilizing Trmffype fonts and simple language scripts (e.g. We.stern European and some J\sian 
languages). The profile aiso provides tools for font compress,on and streaming. 

6.1,3 Comparison with existing profiles 

The Simple Text Profile is the lowest ievei profile defined for text support It requires support for rendering of fonts with 
True Type outlines, which is available on the majority of software platfo;-rns and operations systems" 

6, 1.4 Simple Te~t Profile@ level 1 Deflnmon 

.. Support for resident fonts; 

" Rendering of OpenType fonts with TrueType outlines (only requi,ed iables defined in the OpenType 
specification and embedded bitmaps are supported}. 

~ Support for resident fonts: 

" Rendering of ()penType fonts with TrueType owline" (only mqtii:ed lables d,iirn~d in the OpenType 
spedfic;~tion ,~::(j rnnb~;dd,~d b:tmaps are supported); 

" Streaming of uncompressed fonts only. 

{U,6 Simple Te){t Prome@ Leve! 3 Definition 

" Support for resident fonts: 

" Rendering of OpenType fonts with TrueType outlines (only required tablm, ,fofirw,:j in Hi;~ OpenType 
specification and embedded bi1nnp1, aE, suppor,,::eJ}; 

" Streaming of compressed and uncomp;,e1,sed fonts, 

15 
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6,2 Advanced Simple Text Prorne and Levels 

6.2.1 Application area 

Prnpcsed structure of the Advanced Simpie Text Profile is designed to satisfy the need;; of those lar19uag0s that eilher 
n:1quire er wculd benefit from the suppmt for advanced typographic features (e.g. stylistic alternatives and histmic<li forms 
in Latin langua.ges, suppor, for beth ,owercase and sma,i cap characters, support for ligatures and giyph substitution and 
posit:aning, etc.). Ifs also aimed to reduce the implern,m,aticn cornpl0xity of th0 ,erminals, !imiting font rendering 
capabilities to support True Type outlines only. This limitation allows using all existing True Type fonts and Open Type fonts 
with True Type outlines. 

The Advanced Simpl0 Te:<t Profile represents the collection of tools that are required to guarantee the predictable and 
faithful reproducfon of text obiects utilizir,9 OpenType tonts with TrueType outlines and complex language scripts (e.g. 
kilbic and indic scripts. as we!i as ma::y other ia::gua.ge scripts). The profile also provides ,oob for font compress,on and 
streaminfJ. 

5.2.3 Comparison with existing profiles 

The i'\cvanced Simple Pmfiie extends the Simple Text Pn::,lili,, by ;~ddinq the capability to e;uppmt advanced text lay0ur ar:d 
advanced typographic features (e.g. b:-directional text rendering, ligatures, glypt1 substitution amj po~;itioning. et,;.) 

~ Support for resident fonts; 

" R,~:-idering Gi Open Type fonts w,th T,·ueType outlines; 

,. Support tor Open Type Layout and advanced fer,t:.ffes. 

" Suppo,t !or resident fonts; 

"' Rendering of Opm~Type font;; 'Nith TnieType outlines; 

® Str~arr::ng of uncan1pressed fonts only. 

.. Support foi- rnsident fonts; 

,. Stippcrt for Open Type Layout and advanced features; 

;:3~:s;_X)C:O: .::XP ____________ '.3:X1"::~·:s:,.~ ___ J __ ..... 
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6,3 Mairs Text Profile and levels 

Proposed structure of the Main Text ?rotile is designed to satisfy the needs of those la,1gua;1es ihat either require or would 
benef:t from the support for advanced typographic: fea.tures. It also allmMs using ali existing True Type fonts and OpenType 
fonts with bot1·1 True Type ar:d CFF outlines. 

The ~Jbin fo:<, Profile repres,;,,..,ts the col:ect:on of tools that are required to guarantee the predictable i.r:d faithful 
rnprodu:::ion of ,e:<t objects utilizing OpenType fonts with either TrueType or CFF outlines and complex language scripts 
(e.g. Arabic ar,d !::die scripts, as well as rr:ar.y 0U1er i2,r,gu2,ge scripts). The profile also providii,; tools for font compression 
and streaming. 

The Main Text Protile extends the Advanced Simple Text Profile by adding me capability to render OpenType fonts wit~! 
CFF/Type 1 outiines with full support for advanced text layout and advanced typographic features (e.g. bi-directional text 
rendering, ligatures, giyph substitution and posi,ionir;g, etc.) 

" Support for resident fonts; 

,. Rendering of Ope:;Type fonts with TrueType <1nd CFF outl:nes: 

"' Support for OpenType Layout and advanced features. 

6.35 Main Text Pmme@ level 2 Definition 

,. Suppcnt for resident forts; 

" Rendering of Oper!Type fonts with T,:.,eType ar,d CFF outlines; 

« Support for Open Type Layciul: ,md advanced features; 

,. Streami:1g of uncompressed fonts only. 

6.3.6 Main Text Pmfl!e@ level 3 Defin!Uon 

« Support for reskjent for:ts: 

,. Hender1n9 of Opmffype fonts ,vlth TtueType and CfT o,,tliMs: 

" Support for Open Type Layo:.;t and advanc,,d features; 

" Stremn1r.g of compmssed and unc:orr,pres:sm:l foms. 

'. Open Type ls a registered tradr.::mark ot Microsoft Corporation. 
'.'. True.Type ls a trademark ol Apple Computer Incorporated. 
"' MicmType is a registered trademark of A!;ifa Monotype Corporation. 

©) !SC:/!EC 2004 - .t\!l rigtns reservsd 17 
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SS~.:fI~ (Srr1ootf1 Stre~uJ1ing f\l1editt I~,lt.~rnent) con.fig.x1J1l re\..-ie,"A:r (Srnooth Strearn.in.g (:lient o~r 3 

r"'":";~::-~:~--"" ______________________________________________________________________ "'"'"""'"" _______________ m,mmmm ____________ "'"'"'"'"'""""'""""'"""""""'"'"'"""'"""'"""""""'-

......................................................................................................................................................................................................................................................................................................................................................................................................................................................... , ............................................................................................... " ........................................... , .. _ ............... "., ............................................................ nnu .......... . 

~f Thread: SSME (Smooth Streaming Media Element) config,xml 
review (Smooth Streaming Client configuration file) 
Last post mMo,201 l 9:35 PM by~. 4 rep!ies, 

!t ~~(~und kind of ~nti~nt~·~~tinq a!~~'·· So I post bt~k::t:'l this Xr--1L fl!e ~\·ith rny corr:t~nts \·Vh~!e th€~ !f:1 

cornrnent ~ntl{~sti9;:1t;on re~;abi!~tv· Y\fou!d be rnarked as fo!h::r~!\~ed:: 

rrn t·vait:ing fr)r {~ ~ot of Snaccun:~c;...- p;ac~s that you quvs vvou~d flnd ~n n1\..- resean::h. 

P~ea'5;e feel frt:"'=:.~ to notifV n·:t~ on thos{~ so l can retest and fix the po~:;t ff needi:;d or ch~:.1nge tJ 

3/26/20]4-
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ssrv'li:~ (Srr1cH]th StrearI1ir1g fvtedi{:.t I~.1ernent) eonfig~xrr1l re-v1t.:\, .. (Srnooth Streaxni!)g c::Iie11t 

//(M) trv dov·n1k;ad~n9 the i;;~rn{~ chunk 
//unb! th~s: nurnber of 4(}.4 thunks ;s ,:~(h~€~\.··ed 

//{L} aft,er 1~b{=Hf' buffenng occurs and ·-·Reb;...dferSiiet-'1uibpht::r 1
~ 

// and ~·R~bufferSiiei;dde·ndfvli~!~~it~c:onds '1 an.~ app~~t~d~ 

//(L) thi~ d~ffr~n~nce i:.H:~~'\~~t~n qt~;tsnt~ty· of video dat~i 
// -::snd audio d£~t~ that Y'.Jere bliffen~d ~nust nc~t {~xteed thjs ru...trnber ~f n1s 

htt1:1s ://ell. dro1,l:lox use:reonten t~e.orn./static./]a vascri JJt\~xter.nalipdf--j s/vie,-\.:er. htrn l ?f1 }e:::::: htt11s ..... 3/26/2014 
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Transcoding Best Practices 

From movideo 

Below outlines movideo's recommendation for video ingestion into movideo. 

movideo stores a Mezzanine File in the system for transcoding when required. This Mezzanine File is also used for 
thlllllbnail image generation. 

Contents 

• 1 Recommended Ingestion/Mezzanine File Format 
• 2 Recommended Output Streaming Formats 

• 2.1 16:9 Format recommended for Adobe Flash Streaming 
• 2.2 4:3 Format recommended for Adobe Flash Streaming 
• 2.3 16:9 Format recommended for Apple iOS Streaming - iPad 
• 2.4 4:3 Format recommended for Apple iOS Streaming- iPad 
• 2.5 16:9 Format recommended for Apple iOS Streaming - iPhone 
• 2.6 4:3 Format recommended for Apple iOS Streaming- iPhone 
• 2.7 4:3 Format recommended for Android Phone Streaming 
• 2.8 16:9 Format recommended for Android Phone Streaming 

• 2.9 Notes 

Recommended Ingestion/Mezninine 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 (rughmotion e.g. sport) 
• Key Frame Interval: mininilllll every 6 seconds 
• Audio Type: AAC 
• Audio Sample Frequency: 44. lkHz 
• Audio Bite Rate: 192kbps 

Recommended Output Streaming Formats 

movideo uses Adobes Dynamic Streaming to deliver content to its Flash Player and Apples HTTP Live Streaming 
for deliver to iOS devices. 

Both these technologies utilize adaptive bitrates by detecting a user's bandwidth and CPU capacity in real time and 

code.mo\.ideo.com/Transcoding_Best_Practices 1/5 
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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 w· d h H . h Audio Video Total Mime Frame Key Frame H.264 
1 t e1g t B" Bitrate Bitrate Type Rate Interval Profile 1trate 

1080p - 3Mbps video -
1920 1080 192 3,072 3,264 MP4 29.97 90 BASELINE 

192Kbps Audio (16:9) 

720p - 2Mbps video -
1280 720 192 2048 2,240 MP4 29.97 90 BASELINE 

192Kbps Audio (16:9) 

480p - 800Kbps Video -
854 480 128 819 947 MP4 29.97 90 BASELINE 

128Kbps Audio (16:9) 

360p - 500Kbps video -
640 360 128 512 640 MP4 29.97 90 BASELINE 

128Kbps Audio (16:9) 

240p - 250Kbps Video -
428 240 64 256 320 MP4 29.97 90 BASELINE 

64Kbps Audio (16:9) 

4:3 Format recommended for Adobe Flash Streaming 

Name w· d h H . h Audio Video Total Mime Frame Key Frame H.264 
1 t e1g t B" Bitrate Bitrate Type Rate Interval Profile 1trate 

1080p - 3Mbps video -
1440 1080 192 3,072 3,264 MP4 29.97 90 BASELINE 

192K bps Audio ( 4 :3) 

720p - 2Mbps video -
960 720 192 2,048 2,240 MP4 29.97 90 BASELINE 

192K bps Audio ( 4 :3) 

480p - 800Kbps Video -
640 480 128 819 947 MP4 29.97 90 BASELINE 

128Kbps Audio (4:3) 

360p - 500Kbps video -
480 360 128 512 640 MP4 29.97 90 BASELINE 

128Kbps Audio (4:3) 

240p - 250Kbps Video -
320 240 64 256 320 MP4 29.97 90 BASELINE 

64Kbps Audio (4:3) 

16:9 Format recommended for Apple iOS Streaming - iPad 

Name w· d h H . h Audio Video Total Mime Frame Key Frame H.264 
1 t e1g t B" Bitrate Bitrate Type Rate Interval Profile 1trate 

iPad WiFi- 16:9 
640 360 40 1,200 1,240 MP4 29.97 90 MAIN 

1240kbps 

iPad WiFi- 16:9 
640 360 40 800 840 MP4 29.97 90 MAIN 
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840kbps 

iPad WiFi- 16:9 
640 360 40 600 640 MP4 29.97 90 BASELINE 

640kbps 

iPad Cell - 16:9 
400 224 40 400 440 MP4 29.97 90 BASELINE 

440kbps 

iPad Cell Low - 16:9 
400 224 40 200 240 MP4 15 45 BASELINE 

240kbps 

iPad Cell Low - 16:9 
400 224 40 110 150 MP4 10 30 BASELINE 

140kbps 

iPad Cell Very Low -
400 224 40 24 64 MP4 10 30 BASELINE 

16:9 64kbps 

4:3 Format recommended for Apple iOS Streaming - iPad 

Name w· d h H . h Audio Video Total Mime Frame Key Frame H.264 
1 t e1g t B" Bitrate Bitrate Type Rate Interval Profile 1trate 

iPad WiFi- 4:3 
640 480 40 1,200 1,240 MP4 29.97 90 MAIN 

1240kbps 

iPad WiFi- 4:3 
640 480 40 800 840 MP4 29.97 90 MAIN 

840kbps 

iPad WiFi- 4:3 
640 480 40 600 640 MP4 29.97 90 BASELINE 

640kbps 

iPad Cell - 4:3 
400 300 40 400 440 MP4 29.97 90 BASELINE 

440kbps 

iPad Cell Low - 4:3 
400 300 40 200 240 MP4 15 45 BASELINE 

240kbps 

iPad Cell Low - 4:3 
400 300 40 110 150 MP4 10 30 BASELINE 

140kbps 

iPad Cell Very Low -
400 

4:3 64kbps 
300 40 24 64 MP4 10 30 BASELINE 

16:9 Format recommended for Apple iOS Streaming - iPhone 

Name w· d h H . h Audio Video Total Mime Frame Key Frame H.264 
1 t e1g t B" Bitrate Bitrate Type Rate Interval Profile 1trate 

iPhone WiFi- 16:9 
400 224 40 600 640 MP4 29.97 90 BASELINE 

640kbps 

iPhone WiFi- 16:9 
400 224 40 400 440 MP4 29.97 90 BASELINE 

440kbps 

iPhone Cell Low - 16:9 400 224 40 200 240 MP4 15 45 BASELINE 
240kbps 
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iPhone Cell Low - 16:9 400 224 40 110 150 MP4 10 30 BASELINE 
140kbps 

iPhone Cell Very Low 
400 224 40 24 64 MP4 10 30 BASELINE 

- 16:9 64kbps 

4:3 Format recommended for Apple iOS Streaming - iPhone 

Name w· d h H . h Audio Video Total Mime Frame Key Frame H.264 
1 t e1g t B" Bitrate Bitrate Type Rate Interval Profile 1trate 

iPhone WiFi- 4:3 
400 300 40 600 640 MP4 29.97 90 BASELINE 

640kbps 

iPhone WiFi- 4:3 
400 300 40 400 440 MP4 29.97 90 BASELINE 

440kbps 

iPhone Cell Low - 4:3 
400 300 40 200 240 MP4 15 45 BASELINE 

240kbps 

iPhone Cell Low - 4:3 
400 300 40 110 150 MP4 10 30 BASELINE 

140kbps 

iPhone Cell Very Low 
400 

- 4:3 64kbps 
300 40 24 64 MP4 10 30 BASELINE 

4:3 Format recommended for Android Phone Streaming 

Name w· d h H . h Audio Video Total Mime Frame Key Frame H.264 
1 t e1g t B" Bitrate Bitrate Type Rate Interval Profile 1trate 

SD High Quality-
512 384 128 372 500 MP4 29.97 90 BASELINE 

4:3 500kbps 

SD Mid Quality -
384 288 48 252 300 MP4 29.97 90 BASELINE 

4:3 300kbps 

SD Low Quality-
256 193 24 56 70 MP4 12 10 BASELINE 

4:3 80kbps 

16:9 Format recommended for Android Phone Streaming 

Name w· d h H . h Audio Video Total Mime Frame Key Frame H.264 
1 t e1g t B" Bitrate Bitrate Type Rate Interval Profile 1trate 

SD High Quality-
512 288 128 372 500 MP4 29.97 90 BASELINE 

16:9 500kbps 

SD Mid Quality -
384 216 48 252 300 MP4 29.97 90 BASELINE 

16:9 300kbps 

SD Low Quality-
256 144 24 56 70 MP4 12 10 BASELINE 

16:9 80kbps 
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11/27/13 

Notes 
Transcoding Best Practices - mm.idea 

• All Bitrates are shown as kilobits per second (kbitls, kb/s, or kbps). kbps is a tmit of data transfer rate equal 

to 1000 bits per second or 125 bytes per second. 

• Key Frame Intervals are shown inrn.nnber of frames. For more information see: Key Frame Interval(!­

frame) 

• The Reason for including a 64kbps encode with iOS is only if a submission to the Apple store is reqwred. 

Any Application that streams video to a cellular network must use HTTP Live Streaming for any stream that 

is longer than 10 minutes. In addition, applications using HTTP Live Streaming over the cellular network 

must include a low quality stream of no more than 64kbps for yom app to fall back to when network 

conditions demand it. For up to date information on submissions to the Apple store please see: Apples App 

Store Tips (http:// developer. apple. com/news/ios/appstoretips/) 

• For fiuther reading on the subject ofH.264 encoding please read the great paper by Adobe's Kush 

Amerasinghe H.264 For the rest ofus (http://code.movideo.com/images/a/ac/H264_primer.pd±) 

• 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/images/e/ea/Mobile-encoding­

android-v2_ 7. pd±) 

• 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. 

Media Stream Segmenter 
The n1edi.a:0,t:,:,c,,,,:rl:'"''qmu,tu: 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 HTIP 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 
generating multiple stream alternates. For details, verify you have installed the tools, and type '"',,1 
,:,l,,,,~L "'~' ;: .,·e,rn1 ~0 i,,T11;,,·, u,.,· from the terminal window. 

Usage example: ,1:e,:lj·"·"':;:,,,a.u,.0 eqmente:c .. :,, -- u -- I 

The usage example captures a live stream from the network at address :::?.J. I. l "'.): ;;:n C::3 and 
creates media segment files and index files from it. The index files contain a list of the current 
three media segment files ( .. i, :.,). The media segment files are deleted after use ( .. D). The index 
files and media segment files are stored in the directory 

Media File Segmenter 
The med.i:if.iJ.e:0.eqmente;: 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 :11ar, 
;,:t,Yl :,. "· t' :,. :[,,, '.3 ,y,J,:t'"r: :: '".c from the terminal window. 

Media Stream Validator 
The ,1:ed j.as t:;: ,,, :i::r,·v-" :t .i.da·t:c;: command-line tool examines the index files, stream alternates, and 
media segment files on a server and tests to determine whether they will work with HTIP Live 
Streaming clients. For details, type ,r,',n n1edi.,3:c t:r",.,m,\7 .,d.ic\3tc;r from the terminal window. 

Variant Playlist Creator 
The vEiantpL, i~,t,::uc;c=,v)c command-line tool creates a master index file, or playlist, listing 
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the index files for alternate streams at different bit rates, using the output of the 
;,:te·:l ::. il. t' :,_ :L,,, '.3 ,:,,;,;::t'cr: :: 'cc. The mecti_a f .i. :,_ '"·" eqmente :::- must be invoked with the ·· q",r,e :c ', 1>, --

'7<3 :c j_<n, ,: ---r:.- J_il:,, J_ :'. :c ,: argument to produce the required output for the variant play I is t creator. For 
details, type man ,;-iJn.ar,r ay.l.1_:,tcr,,,.:,tcr from the terminal window. 

Metadata Tag Generator 
The icUtaq,;wn,,,utur command-line tool generates ID3 metadata tags. These tags can either be 
written to a file or inserted 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 
not 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 new 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 old media files from the server or delete 
their URLs from the index file; instead, add an Hi:XT--X--i::l'n:;:,,J:.'~T tag to the index when the event 
ends. This allows clients to join the broadcast late and still see the entire event. It also allows an 
event to be archived for rebroadcast with no additional time or effort. 

If your playlist contains an ,-:xT--X-- ,-'Lt·YLL,'.T--T\T,-: tag, you should also change the value from 

Content Protection 

Media files containinq stream seqments 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 bi nary 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 n 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 

You can serve key files using either HTIP or HTIPS. 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 HTIPS 
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 arnue 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 
··::??~.( .. 

<\+ 

= .................... ? 

. . . . . . 1 ................... ) . . 
................... 

!.~ .................. / 

Both the master index file and the alternate index files are in .M5U'; 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. 

You can create a set of stream alternates by using the 'Jar.i.antpL,\·:L.i.'.3t:-::i:'c,,':·:.·r tool and 
specifying the --c,,;cr,e 1: '°' Uc -- ,;-an_ a;-, r --p 1 a~.' L'. ~; r option for either the ,,,ed.ia f i_ Le.~; eq;,,en t: er tool 
or the ,,1;yl LJ :': u: ,,,a.r,,:':eqrnente r 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 1 50 kbps, 350 kbps, 550 kbps, 900 
kbps, 1 500 kbps. 

• When possible, use relative path names in variant playlists and in the individual . l·.:.Jue playlist 
files 

• 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 PE:::cLT, Tur, field in the r.;,·::· ·· ;, ··· ~,n-:u:.AJ', ·· n,,F should be included to help the client choose 
an appropriate stream. 

• 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. 

I Note: For details on how to query an iOS-based device for its network connection type, see I 
I the following sample code: Reachability. i 
"-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : 

• When you specify the bitrates for stream variants, it is important that the r-: ... sl,J:,vn J:,TH attribute 
closely match the actual bandwidth required by a given stream. If the actual bandwidth 
requirement is substantially different than the Ei<NDiiiTDTH attribute, automatic switching of 
streams may not 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. 

HTIP 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 writing your own client software, however, using either l'F·J')o'J j_ e I· J. "-\'"';: Cun ti: o.l. :,. e .c or 
A.'v:t,:,.il_:,,e:::-I '>cm, you can access streamed metadata using the t:,.u,,,,dM,,,,:aDat:,, property. 

If you are writing your own segmenter, you can read about the stream format for timed metadata 
information in 71mea Melaaala lo, H77f L111e Sl1eam1n9. 

If you are using Apple's tools, you can add timed metadata by specifying a metadata file in the ··T 

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 UPEG 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 j_uJt:a.,;1cJer,e;: ,,t:,)c 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. First, generate the metadata samples. You can generate ID3 metadata using the 
~L·J? q:::ne.c,:1t .. ~ .. r 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 I D3 tag at 1 0 seconds: 

. ' 

/t(L•::ta / 

3. Finally, specify the metadata macro file by name when you invoke the media file segmenter, 
using the ·-J'j command line option. 

For additional detai Is, see the m.,ic1 pages for me cU ":st uc ,,,,, :s ,,,c,,.u,,,,n 1:.,,, r, meci..i. a f.i. L=: :' e q·me nt:e J 

and .i.d Jt -3,J .. ;J eni:: rat() J 

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 
(' cL~:) '). 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 HiHiDC 2u 12. Hihal s J\ie[.1, m 
H77f L111e Slleaming and WebVTT: The Web Video Text Tracks Format specification. 

Preparing Media for Delivery to iOS-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 iCS lcchnoiogy C11e1111e[.1i and "Video Technologies" in iCS lechnoiogy C11e1111ew 
list supported compression formats. 

• Encode video using H.264 compression 

0 H.264 Baseline 3.0: All devices 

0 H.264 Baseline 3.1: iPhone 3G and later, and iPod touch 2nd generation and later. 

0 H.264 Main profile 3.1: iPad (all versions), Apple TV 2 and later, and iPhone 4 and later. 

0 H.264 Main Profile 4.0: Apple TV 3 and later, iPad 2 and later, and iPhone 4S and later 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1829 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



0 H.264 High Profile 4.0: Apple TV 3 and later, iPad 2 and later, and iPhone 4S and later. 

0 H.264 High Profile 4.1: iPad 2 and later and iPhone 4S and later. 

• A frame rate of 1 0 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: 

0; HE-AAC or AAC-LC, stereo 

0 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 settings, 16:9 aspect ratio 

Cellular 400 X 224 1 50 kbps 11 0 kbps 

Cellular 400 X 224 240 kbps 

Cellular 400 X 224 440 kbps 

WiFi 640 X 360 640 kbps 

Table 2-2 Baseline profile encoder settings, 4:3 aspect ratio 

I ~:::;,:;:''''' I :~~(~(~::''"l:f ~,:~~, I ~~:;~~::;~ I :~:~,,,,,,,,, I 
I Cellular I 400 x 300 I 1 50 kbps I 110 kbps I 30 I 

Table 2-3 Additional main profile encoder settings, 16:9 aspect ratio 
t········································r·········································r··································r··································:······································: 
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WiFi 640 X 360 1 240 kbps 1 200 kbps 90 

WiFi 960 X 540 1 840 kbps 1 800 kbps 90 

WiFi 1280 X 720 2540 kbps 1 500 kbps 90 

WiFi 1280 X 720 4540 kbps 4500 kbps 90 

Table 2-4 Additional main profile encoder settings, 4:3 aspect ratio 

WiFi 640 X 480 1 240 kbps 1 200 kbps 90 

WiFi 960 X 720 1 840 kbps 1 800 kbps 90 

WiFi 960 X 720 2540 kbps 2500 kbps 90 

WiFi 1280 X 960 4540 kbps 4500 kbps 90 

Table 2-5 Additional high profile encoder settings, 16:9 aspect ratio 

WiFi 1 920 x 1 080 1 2000 kbps 11 000 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, . Jv13U~; files to index the streams, and . !:.:0 

media segment files. The streams can be accessed from the HTTP Live Streaming Resources. 

Copyright© 2014 Apple Inc. All Rights Reserved. Terrrs of Use I Privacy Policy I Updated: 2014-02-11 
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Video Manager and Video Title Set IFO file headers 

lofisetJ size],,. '"'• •"VMG IFO Contents T ..... File Structures 1 ··. VTS IFO Contents 

I 0000 ii 12 ....... ,jpVDVIDEO-VMG 
I 

VMG Files jDVDVIDEO-VTS 
I OOOC !~:!last sector ofVMGset (last sector of BUP) : 00000000 Video ts.ifo j.-la-st_s_e_c-to_r_o_f-ti-tle-se_t_(l_a_st_s_e-ct_o_r_of_B_UP--"-.. -"-)----

1 OOlC i~Jllast sector ofIFO : (001 C)-> - jlastsector ofIFO . 
1 

I 0020 iLlyersion number : j(OOCO)-> Video ts.vob !version number 

E.14 .... i ;~:;~~i:;;ed ref¥onmas~ ··-.. j \(OOOC)-> Video ~ts.bup .-1~-T_S_c_a-te-g-~ry-... -... _O_=_un-sp_e_~-i~-1e-~-, 1-. :-K-.a~r-~o-. k-.. ~~.~-
1 0026:\~. Jm111'.lbe! of VOlUll'.leS ..... .. i 

I QQ~sJL:i\T?lll.m~ n,llmlJer VTS Files 

I oo~~m:.-... -.-.. J\side IJ? . '' ! I Vts xx O ifo [ooooooool' ,,,,,,,, ... ,, '' ··- . ,,, .... 
\003EJL:\n,umber of title sets ····- .... . • - - · \<-(OOlC), 

~l32jPEoviderJil ..... ·-- - - . -- ',lvts_=_O.vob1<-(00CO) 

f ~~:~ ;I! J;~;?~ddress_ or~G(Mf\ T_ .. _. .. _ jvts _ ~ _ 1.vob l<-(OOC4) 

.R~-_ i1fr~t~~E~~~~H~~-
1-----i ~nd byt~ ~d~r~.s~.()~\T'I'~~~I 

~1~ ..... ;··sectorpo~t·e· r···t·o·· TT SRPT lu~~~ i["t : (table of titles) 

Q .. ·· ... · .. j.~ ..... \ s;ctor point~.r to VM_GM PG .. C. I UT I uu~o r ; (Menu Program Cham table) 

~.· ·. . . :C-·4· .... ·. \ec. tor point~r to. VMG PTL M ... AIT luu~~.r. ~,Q>arental Man~gement masks) . 

r:::-:n sector pointer to VMG VTS ATRT 
I um.1u ft . i (copies ofVTS audio/sub-picture attributes) 

CC-.4 .flsector pointer to VMG_TXTDT_MG 
I UU.Ll't r ! (text data) 

Vts xx 9.vob 

llJvts _xx_ O.bupJ<-(OOOC) 1r~tart sect~r ()~.~e~~·Y?b·.· 

lstart sector of Title Vob 

! 

sector pointer to VTS PTT SRPT 
(table of Titles and Chapters) 

sector pointer to VTS PGCI 
(Title Program Chain table) 
~,c • ·-,• --·-- • ---··'-" "' ' -'-"" ' 

sector pointer to VTSM PGCI UT 
(Menu Program Chain table) 

sector pointer to VTS TMAPTI 
(time map) 
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C:::r;-!.•1sector pointer to VMGM.. C ADT 
I uuvo il'"t i (menu cell address table) 

; .. l ' ' ·~--'------'--'--'--'----------

I oonc:r;-·· ·: se .. cto.r pointer to VM ... GM VOB. u A··D····M· AP. f i (menu VOBU address map) . . .. 

IOOEO!r; 
l~OE4 il4 _ J~ ... --'----CC.---.-'--. -. -'-.. -'-.. '--. =-... -.. -'-.. -... '--'----"-----' 
I O!~~J2 ... !lvi~eo at~rilJu!~~~f VM<JM=YQB~ . "" 

I.Q1~2 12 .. J11um1J.er of.au~~? ~t~eams in ~(J~='v'QI3S . . .._J 

I... Jl~.*~Jciudioa!tri1Jute~of~(J~='v'QI3S .. 

[ 0144 1116 ' ' 
=--'-'-'---=-===-'--'-~=-"'---'-'-'-= 

I 0154 ~! c~:b~~ of-subpicturestrearns ~ VMGM~~~~s 

l.ot,56 .ii? JsulJBictur~ c1ttrib11tes ofVM_<J~=YQB§ 

.~!1164 1! . .. ... . . ~~served ... ·-·· . ...... .. 

L~~QQJLI. 
I.Q~o2 .12 .. i ...... . 
I. o2Q±.il~~~ .• .. . .. . ... j 

1014± :116 .· 
I Q2~± ii~ ...... 1 

I o~s6J~~.~?i-. ------------
r@I;L 
' , ,,rnw-"~'" __ J "', ,, , ,;:.=''' "='--'--'--'--'---'--'--'---'-'--'--'--'--'--==-'-'--'---'-'---'-'--'---'--'--

~ 18 *~~1......... ..'----''----''----'-'---''----'-'---'-'---''----'-'---'-'----''----'.........."-­
lQ~~~ JC] 
Version Number 

byte I 7 6 5 4 3 

0 reserved, should be 0 

2 

http://dvd.sourceforge.net/ dvdinfo/ ifo.html 

sector pointer to VTSM C ADT 
(menu cell address table) 

sector pointer to VTSM VOBU ADMAP 
(menu VOBU address map) 

sector pointer to VTS C ADT 
( title set cell address table) 

sector pointer to VTS VOBU ADMAP 
(title set VOBU address map) 

l~i<!e?.attributes ofVI'§~=YQI3~····~· .... .' 

!number of audio stre ... a. ms in VTSM_ VOBS 
" ''" '""""·-·--~-~- '··- ' ' 

!audio at!~~1J11tes o! VI'~~='¥'(:)~~-.. 

number of subpicture streams in VTSM _ VOBS 
(0 or 1) 

lsubpicture attribut_es.of VTSM-CCYOB S 

reserved 

[vi~~oattri1J11tes of VTS .. VOBS 

lnull'lber.of. audio stre~~~ ~~vrs ~ YOBS 

[audio attributes ofVTS,,-YOBS 

[nun1ber of subpicturestreams inVTS_ VOBS 
ls~1bpicture ~ttribute;o·f YI~=YOBS .. . . ..... . 

l~~ltichannel extension 

1 0 
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1 Major version number Minor version number 

Video Attributes 

jbyte/ 7 I 6 I 5 I 4 3 0 

F Coding mode Standard 
Aspect 

Automatic Automatic 
0 = 4:3 

0 = Mpeg-1 O=NTSC 
1,2 = reserved 

Pan/Scan Letterbox 
1 = Mpeg-2 1 =PAL 

3 = 16:9 
1 = disallowed 1 = disallowed 

Resolution NTSC (PAL) 
If Standard = 

CC for line 21 CC for line 21 0 = 720x480 (720x576) 
0 = Not letterboxed PAL 

1 field 1 in GOP field 2 in GOP 1 = 704x480 (704x576) 
1 = Letterboxed 

Unknown 
0 = camera 

(NTSC only) (NTSC only) 2 = 352x480 (352x576) 
1 = film 

3 = 352x240 (352x288) 

Audio Attributes 

!byte 7 I 6 !sl 4 I 3 121 1 I O I 

I' 
Coding mode Language type 

Application mode 

OAC3 1 ??? 2 Mpeg-1 3 Mpeg-2ext Multichannel 
0 = unspecified 

0 = unspecified 
extension present 1 = karaoke 

4 LPCM 5 ??? 6 DTS 7 ??? 1 = per bytes 2&3 
2 = surround 

Quantization/DRC 
If Coding mode=2,3 

O=NoDRC 
Sample rate 

1 1 =DRC channels-I 
If Coding mode=4 

0 = 48Kbps 

0 = 16bps 1 = 20bps 2 = 24bps, 
(DRC = dynamic range control) 

12 1 stcharacter of language code 

131 2ndcharacter of language code 

IT1 -
reserved for language code extension 

,_, -'" - ~ ---- --~-~ .-.... , •. ,.-.. ",,--. - - - - -
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5 
code extension, 0 = unspecified, 1 = normal, 2 = for visually impaired, 3 = director's comments, 
4 = alternate director's comments - see SPRM #17 

6 

I 
Application information 

karaoke mode 

Channel assignments 
0 = 1 + 1 (not valid), 1 = 1/0 (not valid), 

MC intro O=solo, 
0 2 = 2/0 L,R, 3 = 3/0 L,M,R , Karaoke version 

present l=duet 
7 4 = 2/1 L,R,Vl , 5 = 3/1 L,M,R,Vl , 

6 = 2/2 L,R,Vl,V2, 7 = 3/2 L,M,R,Vl,V2 

surround mode 

I 

1 = suitable for 
reserved Dolby surround reserved 

decoding 

MultiChannel Extension - Karaoke mode 

byte 
F\615F 3 2 I 1 0 

(hex) 

00 reserved 
ACHO Guide Melody 

I exists 

~ reserved 
ACHl Guide Melody 
exists 

~FACH2 Guide Vocal 1 ACH2 Guide Vocal 2 ACH2 Guide Melody 1 ACH2 Guide Melody 2 
reserve . t exists exists exists ex1s s 

I 03 !reserved 
ACH3 Guide Vocal 1 ACH3 Guide Vocal 2 ACH3 Guide Melody A ACH3 Sound Effect A 
exists exists exists exists 

~!reserved 
ACH4 Guide Vocal 1 ACH4 Guide Vocal 2 ACH4 Guide Melody B ACH4 Sound Effect B 
exists exists exists exists 

I os-11 

Subpicture Attributes 
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I byte I 7 I 6 l 5 j 4 1312 1 I 

~ Coding mode I Language type 
0 = unspecified 

0 = 2-bit rle 
1 = per bytes 2&3 

I 1 

I 2 I 1 stcharacter of language code 

2ndcharacter of language code FP I reserved for language code extension 

5 lcode extension - see SPRM #19 

VMGM C ADT 
VTSM C ADT 
VTS C ADT 

This table contains pointers to all the cells in the menu or title set. 

~l o I 1 12131 4 s 6 C-1 
~!number ofVOB IDs~served end address (last byte oflast entry) 

8 ... [12-byte entries 
each entry 

[Offs~~[;eJ[.. . .. Contents 
[D[21JvoBidn 
__ 1"''""'""'. "'""'--'""'"""'- ·1 

1 ...... 2. iL:lc::~!:,!:,idn . 

n---:rr--: 
[Tj [4 . 1~,~t-a.-rt-'-'-il1..C...~---.~e---... ~=!()=E'-W-}t-'--'-.. ~--.ll1----':v=·o---.. B'-J 
j . 8 !Ei[~r1~il1~~ect()~~i!hil1 Y()BJ 

VMGM VOBU ADMAP - -
VTSM VOBU ADMAP - -
VTS VOBU ADMAP - -

This table contains pointers to all the VOBUs in the menu or title set. 

http://dvd.sourceforge.net/dvdinfo/ifo.html 

0 
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joffsetl O I 1 I 2 j 3 
!Olend address (last byte oflast entry) 

4 jstarting sector within VOB of first VOBU 

8 ... 1 possible additional entries 

~VD-Video home 
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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-Rand 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-Rand 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+R9 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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Free Codecs 

CD Freaks 

Site layout: 

Default 

Blue 

Center 

Printer 
Friendly 

©1999-2010 
video help.com 
dvdrhelp.com 
vcdhelp.com 

Contact Us 
Privacy Policy 

DVD-R DL 
DVD-R DL or called DVD-R9 is a Dual Layer writeable DVD-R. The dual layered 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 DOD ODD bytes I 1024 = 4 589 843KB I 1024 = 4482MB I 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 
lx (CLV) = about 58 minutes 
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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(S.SGB) write speeds 
lx CLV = about 105 minutes 
2.4x CLV = about 44 minutes 
4x CLV = about 27 minutes 

Single Layer (4.7GB) read speeds 
lx 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 

http://www.videohelp.com/dvd 

* 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. 

Other 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 / cDVD 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 Win DVD 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. 

Technical Info for DVD-Video 

PAL 

Video: 
Up to 9.8 Mbps* (9800 kbps*) MPEG2 video 
Up to 1.856 Mbps (1856 kbps) MPEGl video 
720 x 576 pixels MPEG2 (Called Full-Dl) 
704 x 576 pixels MPEG2 
352 x 576 pixels MPEG2 (Called Half-Dl, same as the CVD Standard) 
352 x 288 pixels MPEG2 
352 x 288 pixels MPEGl (Same as the VCD Standard) 
25 fps* 
16:9 Anamorphic (only supported by 720x576) 

Audio: 
48000 Hz 
32 - 1536 kbps 

http://www.videohelp.com/dvd 

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) MPEGl video 
720 x 480 pixels MPEG2 (Called Full-Dl) 
704 x 480 pixels MPEG2 
352 x 480 pixels MPEG2 (Called Half-Dl, same as the CVD Standard) 
352 x 240 pixels MPEG2 
352 x 240 pixels MPEGl (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 

http://www.videohelp.corn/dvd 

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. 
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. 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. 

Folder 

AUDIO_TS 

VIDEO_TS 

Files 

(undefined) 

VIDEO_TS.BUP 

VIDEO_ TS.IFO 

VIDEO_TS.VOB 

VTS_Ol_O.BUP 

VTS_O 1_0 .IFO 

VTS_Ol_O.VOB 

VTS_Ol_l.VOB 

VTS_01_2.V0B 

VTS_01_3.V0B 

VTS_Ol_ 4.VOB 

VTS_02_0. BUP 

VTS_02_0.IF0 

VTS 02 O.VOB 

VTS_02_1.V0B 

VTS_xx_x.BUP 

VTS_xx_x.IFO 

VTS_xx_x.VOB 

VTS_xx_x.VOB 

VTS 99 9.VOB 

Advanced DVD-Video file specification here 

Video File Comparison 

Format VCD SVCD 

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 O, 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 

DVD 

HDDVD 
HDTV 
(WMVHD) 

AVI 
DivX 
XviD 

MOV 
Quick­
Time 

RM 
Real­
Media 

AVI 
DV 
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WMV 

Resolution 352x240 480x480 720x480 2 1920x10802 640x480 2 640x480 2 320x2402 720x480 
NTSC/PAL 352x288 480x576 720x576 2 1280x7202 720x576 

Video MPEG1 MPEG2 MPEG2, MPEG2 MPEG4 Sorenson, RM DV 
Compression MPEG1 (WMV- Cinepak, 

MPEG4) MPEG4 ... 

Video bitrate 1150kbps "'2000kbps "'SOOOkbps "'20Mbps "'1000kbps "'1000kbps "'350kbps 25Mbps 
( "'8Mbps) 

Audio MP1 MP1 MP1, MP2, MP1, MP2, MP3, WMA, QDesign RM DV 
Compression AC3, DTS, AC3, DTS, OGG, AAC, Music, MP3 

PCM PCM AC3 

Audio bitrate 224kbps "'224kbps "'448kbps "'448kbps "'128kbps "'128kbps "'64kbps "'1500kbps 

Size/min 10 10-20 30-70 "'150MB/min 4-10 4-20 2-5 216MB/min 
MB/min MB/min MB/min ( "'60MB/min) MB/min MB/min MB/min 

Min/74min CD 74min 35-60min 10-20min "'4min 60-180min 30-180 120-300 3min 
("'10min) min min 

Hours/ DVD N/ A N/A 1-2hrs "'30min 7-18hrs 3-18hrs 14-35hrs 20min 
(2-Shrsa) ("' lhrs) 

Hours/ N/A N/A 2-4hrs "'55min 13-30hrs 6-30hrs 25-65hrs 37min 
DuallayerDVD ( 5-9hrsa) ( "'2hrs) 

DVD Player Great Good Excellent None Few None None None 
Compatibility 

Computer CPU Low High Very High Super high Very High High Low High 
Usage 

Quality Good Great* Excellent* Superb* Great* Great* Decent* Excellent 

kbps = thousand bits per second 
Mbps = million bits per second 
2 approximately 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 
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DVD-Video file specification 

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 

Statistics Latest guides Latest Tools Latest Media Latest DVD Hacks 

Basics of MeGUI's BD Rebuilder Office Depot 16 x Samsung BD-P1500 
586 users over the Avisynth Script 

foobar2000 
DVD-R 

Samsung BD-P1600 past 5 minutes Creator 
Memorex 2.4 x 

Womble MPEG Video multiAVCHD DVD+R Sony BDP-S350 
Video Help server 

Wizard - Basic Video ProgDVB LG DVX482H uptime statistics 
Edi ... Datawrite Mach4 16 x 

Popcorn MKV DVD-R HarmonTec DV-105 
Blu-ray Disc AudioConverter Ritek Excellent 16 x standalone 
results/tests on D ... 

DVD-R 

About Advertise Forum Archive RSS Feeds Statistics 

http://www.videohelp.com/dvd 

Latest DVD Writers 

LG GP08NU20 

Pioneer DVR-118L 

Pioneer DVR-218L 

Pioneer DVR-117 

Pioneer DVR-217 
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VOB files 
An overview to show the logical structure of YOB files, and help you see where all the pieces fit. 

MPEG-2 System Stream 

A YOB file is an MPEG-2 system stream. This means that it complies 100% with the MPEG-2 system level 
standard, ISO 13818-1. However, YOB files are a very strict subset of the standard. So while all YOB files are 
MPEG-2 system streams, not all MPEG-2 system streams comply with the definition for a YOB 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 NA V Pack), video, audio, or subpicture. 
The NA V 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 NA V pack. 

TheVOBU 

The next higher logical structure is called the Video OBject Unit, or VOBU. Each VOBU starts with a NAY 
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. 

7/2/20091:56 PM 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1846 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



What is a VOB file http://www.mpucoder.com'DVD/vobov .html 

2 of2 

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. 

TheVOB 

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 ofa new VOB for each chapter, and within the 
VOB cells 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 1 GB files 

All the content for one title set (VfS) is contiguous on the DVD, but broken up into 1 GB 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 
NAVpacks. 
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 NA V 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. 

~VD-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. 

Now let's have a look at the VIDEO_ TS directory: 

22.08.2000 05:53 <DIR>. 
22.08.2000 03:20 <DIR> .. 
22.08.2000 05:23 12'288 VIDEO_TS.BUP 
22.08.2000 05:2.3 12'288 VIDEO_TS.IFO 
22.08.2000 05:23 333'824 VIDEO_ TS.VOS 
22.08.2000 05:23 59'392 VTS_Ol_O.BUP 
22.08.2000 05:23 59'392 VTS_01_0.IF0 
22.08.2000 05:23 8'192 VTS_Ol_O.VOB 
22.08.2000 05:27 1'073'643'520 VTS_01_1.V0B 
22.08.2000 05:31 1'073'631'232 VTS_01_2.V0B 
22.08.2000 05:32 104'785'920 VTS_01_3.V0B 
22.08.2000 05:32 88'064 VTS_02_0.BUP 
22.08.2000 05: 32 88'064 VTS_02_0.IF0 
22.08.2000 05:32 59'379'712 VTS_02_0.V0B 
22.08.2000 05:36 1'073'436'672 VTS_02_1.V0B 
22.08.2000 05:40 1'073'549'312 VTS_02_2.V0B 
22.08.2000 05:45 1'073'502'208 VTS_02_3.V0B 
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.V0B 
22.08.2000 05:57 810'952'704 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.lchannel 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 lOmbit/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 OJ 
Found VOB-ID: 01/CELL-ID: 01 [@LBA OJ 
Encountered encrypted sector, attempting key recovery [@LBA lJ 
Deduced key: OxC00374C61C (2/2 vkey(s)) 
Found OxEO = Video O [PTS 0:00:00.290 @LBA lJ 
Width= 720 
Height= 480 
Aspect-ratio= [3J 16:9 display 
Frame-rate = [4J 29.97 (30000/1001) fps 
Found OxBD = Private 1, sub Ox80 [PTS 0:00:00.224 @LBA 99J 
Found OxBD = Private 1, sub Ox81 [PTS 0:00:00.224 @LBA lOOJ 
Found OxBD = Private 1, sub Ox82 [PTS 0:00:00.224 @LBA 101J 
Found OxBD = Private 1, sub Ox83 [PTS 0:00:00.224 @LBA 102J 
Found OxBE = Padding [@LBA 117J 
Found OxBD = Private 1, sub Ox20 [PTS 0:00:00.724 @LBA 169J 
Found OxBD = Private 1, sub Ox21 [PTS 0:00:00.724 @LBA 170J 
Found VOB-ID: 02/CELL-ID: 01 [@LBA 378J 

As said before there's usually just one video stream and it always has ID OxEO. 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: Ox80 - Ox83. 
Note that these are AC3 streams. All AC3 streams are in stream OxBD, substreams Ox8x. When there's a DTS stream it usually has 
stream id OxBD Ox88 or OxBD Ox89. PCM streams are also located in stream OxBD, they have stream IDs OxAx, from OxAO up to 
OxA9. MP2 audio finally is located in the stream OxCx. Here's an example from a PCM and MP2 stream: 

Found OxBD = Private 1, sub OxAO [PTS 0:11:01.479 @LBA 4J 
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Found OxCO = Audio O [PTS 0:00:00.440 @LBA 25] 

There are also 2 substreams, Ox20 and Ox21. 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 cor·respond. 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 O 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 O 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_Ol_O.BUP 
22.08.2000 05: 23 59'392 VTS_Ol_O.IFO 
22.08.2000 05:23 8'192 VTS_Ol_O.VOB 
22.08.2000 05:27 1'073'643'520 VTS_Ol_l.VOB 
22.08.2000 05:31 1'073'631'232 VTS_01_2.V0B 
22.08.2000 05:32 104'785'920 VTS_Ol_3.V0B 
22.08.2000 05:32 88'064 VTS_02_0.BUP 
22.08.2000 05: 32 88'064 VTS_02_0.IF0 
22.08.2000 05:32 59'379'712 VTS_02_0.V0B 
22.08.2000 05:36 1'073'436'672 VTS_02_l.V0B 
22.08.2000 05:40 1'073'549'312 VTS_02_2.V0B 
22.08.2000 05:45 1'073'502'208 VTS_02_3.V0B 
22.08.2000 05:49 1'073'371'136 VTS_02_ 4.V0B 
22.08.2000 05:53 1'073'555'456 VTS_02_5.V0B 
22.08.2000 05:57 810'952'704 VTS_02_6.V0B 

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_Ol_O.ifo and vts_02_0.ifo. The first 2 numbers in the name tell the title number. vts_Ol_ * is title 1, 
vts_02_ * title 2, etc. Obviously there can be 99 titles at the maximum (vts_OO_ * does not exist). Each title can have 10 VOB files, 
whereas the first VOB (vts_XX_O.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 locate 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 well, 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 titles (movies or albums) and parts of titles (chapters or songs). Titles are made up of cells linked 
together by one or more Program Chains (PGCs). A cell 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, multiangle 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 seamless 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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tt~l~:rb to ff~~'::<l}' w~!!'"i:i:· ::hl;t :;:':;~'::t ~,: ~::~~:~n::k=t-;J P~!i•O·:.~ fr)t"• :·f~P~~ Vi!( ~):tt $tSk:te .. C:'lD::.~;.: ~t1;?- ~Pi)[j~':::.':::-"10:: tc- ~;:.:f:Ont~ Au~:~~t<Jf~~H)·c:~z 0.S.G. § tJ:~} 
./..~:;y f~;oly fS.'{~t~~\.'~:}d b~ iJ1~ ~)h:::::f:- l.:1.tt~~r ·~~r~n :~~~~-~-~ n~o•~ths :3.~\~:' th&. ~t:s:\il~n~1 ·d».~·~ .ot thi;:-. ::~'j:'r~?~;:.~n~(:s:~tl~rt: ~Yf~f'! a ti:::~s~i'f ~!1.t~t:. ff:s:~.y t~:.f:J:.,r:~~. ;.::!·:·;y 
~~%!~1.•Sd f._).:_:::_~·e:;:t te:·m -~dj:.)S°tm>1::rt ~~~s· ~~:,r. CrH : . "?"Q4(l~~. 

Status 

1)t8J Responsive to cornrnuniGat1on(Sc) Tiled on {i3/j9/201:J 

D A. r:,~..,1~,n.~\i(il'•f,f•i"fl'/r:,,,ii·t.,;,.,\ t· •ti,·.i.,~'' ~;,.CF.·~ ".'i <:!$«Jj.,\ '"~'~,.,~F"f'r.:> $i'it>r:l ''<f~ ~ ~ ~-.~>..._~_,,\C,;i,.\~-".-~ •. ~. ''\'-,•t' f.l. ~)~ .. ~f.A\!, \0~ .""\ ,-....J-.... .. , ~<' ' n ~~ $,,.-t:~J\_l:lj 'IC~u ....... :\.,l,,;Q ~-• ! .a~ -... ... ,• ---

•')•<\·~ .. ,.,. ;" .... ,_., ..... ·, t:":'IUA. L 'Jb. ·,o ..... ,,," .... ,_.,c .... ,,., 1"·"··~ ,;l"'"l ,:..u .. i~~ t ·t Is .. "": av~.{(), t ~t'§ r~.~~ . · . ~ )l...~;-.."'. l ~ d~ av~.i .,l( f t.:.") f.~ ..... ~H··-·t~ ~"C.J... 

3)0 An election was 1-rH.KiB by the applicant in responsEa t>J ,1 re8tdctiqn requiterr,l".mt set forth ,,,iurln9 the int~~t'vkwv cm 
_. ___ ; Witt tllstncti(~n tI1qt11rf.inJent arn.i eJBcmm [1f.l\<'e b01an incorpqratect into this f.:.Ci:lon. 

4)0 S.ince this applicatfon ls i.n condition for aHov~w1ce tt>:CE::ipt tor forn1a\ rnmters, prosecution as to t!~ie .merits is 
C}()$B(} ln ("1Cf;Ott)$.nc,$ \NH_h U)t~ f}rH.CtiCf..~ und.Hi" t:.~~{ f)flttf:J.{)u~~y-~~9~ ·19:~s (},l) .. 1· 1 ~ 453 ().(3:. f~13·, 

rn$po$itkm of Claifrts* 
S)t:@ 

6)!] 
7)t8J 
8)0 
9)0 

C!airn(s) J· U} is/are pending in the application, 
Sa) Of !Yitoi c.ll)tWH elaiff!($) ___ is/a.re <,Nii:hdrnwn ft\)ffl rons)d.aration, 

Clairn(s) ---· .is/are objected to. 

' !f ,:tny c\;;iims hav~ been determir.ed sHuwftbl$, you m:;,y bi:l eligible to ben~fit trom the Parent Prosecutio..~ Highway prograrn st a 
ptuttcipcitit~{} tHteJk~ChJ~il pfop{~Jtf c)ffk;:tl for th~3 .cotrespondin~t ~tppf~(~~~tktn .. f~;r cn{)U~ fr1f()f.ff~atfot1~ f-<h~f~S(? tBJe 

_t1_tt_.t~_.·~_l/_t~_l'i_~~-l.,.1_·.,:_ .. j_st_·· .,_tc_\_9-·~)_. ~_:/}--:~_·a_.ti_~r_1-~_ii_}_lr_. ~-! _<'_ .. :..._f~_!'.l_·it_:3_/_n-p_h_/l_n_<_h~_ .. :<_.-1~{?.. or ~-e-nd an ~nqt.~l ~y· to f->r=·.~-:-~ft:}~(1t~aG~.0vu.~fpto c_t~)V .. 

Applic~km Papets 
:ff),Q T'1f,. ,_.,..i,,,cifo»a·tin1·1 i~ "hi<>·"t<>d tn hv tM,,,., ::::.x,:imtr,~" , ,,,..} · •. f •.~ ... - ,,,.,'}:;.,"-....~ ) , ,... .... , -,,.. , ~"-' VV~\~\,• 'v: ,,._,.. M;, , .""~ 1--.• :t:.,,., . iv~ ... 

·i ·no "r1,.:i· t11·sn,i;.,1,.·,fr,j 1''1'"'" (',n.· .'i,~!~'.i"<'i' "\D p(','". ,~,,t;,.,s,-1 .,·.,r h.YD ,·y·\·,,(4.,,. f.:irl 1:;) ··.-,.,t t+.,r.:, i=),'qfY,i;,.:ix •. 'l, , 1,:..,. ,,.,l <}.~-..:,, ~~\~_; .,-.._.·\.~ .... ,,). ___ ..,_;;u~~l., .... ;,;:,...!~ ,,~,1..~..._ ... ,x~~·~"-•''-~ '->· ... .),· . .....,..., ,;,{,.• •. t .. :"''"_._ .. _,,._J ~"-:, {.)""! ft~_.~-~'-"·''{ 1 .. ,,~·: 

Appii<;~m may not requ~it that an/ ohJedion to the drnwlng(s) be he!d in ab's'>yatK~$; See '2.,7 CFR 1.85(a), 

Fl~ph:ic~1n·*ent <:Jravvfn~J sri~~et(t) trw~iud~nn th~ ~~::o.nect!on Jr~ requtred ~flhe ora~vfr1fiV}} l~. ot>Jef:t~<:i to .. }1{~t;- tfl Cjfl~ 1 .. 12.1 {d}: 

PtiorHY uiider 35 U.S.C. § 11ft 
·i '')\o 6,r-t,,,',('\V,.'\">'+,,,,.,,,.,l"t k, 1-:v,rt.:,i <)f· i', ,,lA\!''I ·f,•'<>' f'.."'"•"·i>'<r) 1·vi-~rih1 ·1·11t•{,:,i.r ''it; ii s .,...,. fZ 'I" <.,',,,,_.il'l\ Ol' if'\ ( (...} ~,..,.., -r- .. ..,,_,.~..,,. 1\.~'-".~ . .Z.(~,·~t,~~ \ 1-:."S •l~V~ .~ .. Q ~-f~ ..... t . (,-Jo• \,,.!') (.j,",~( ..,{ .~ .... ••· ~, : I .,,:..;.·, ~~· ).....•· ..... ·~V. ';j. ' ! ,.., ,;:7J..} "\ ~,. \ }~ 

Certnled COJ}~~.s: 
!:))0 Sonw'' c)O Ncu\e of tne: 

Certiti\'::id ,:::opies of thEi priority docunv,:ints have been received, 
GertHieti oqpit~s ni tht~ prit)rity r}(x-;urnt$nts (1ava bt1en received in .Appliu:1tton No.·----
Coples ot the certifie,:.:l coples of the priortty doctJments !)ave been rncehmd in this National Sta.;:ie 

aprJHr)a.tl{Jr1 frt1rn tt,e internar.k;nal ·Bur,at.i (P(::T Rule 17.~2-(a.)). 
'' l3es~ fr1s aitadwd detailed Office actkin k,r ,, iist of the cettifisd coples not received, 

.M,n"lhni~"li{$) 
1l ~ N(,lk~ c,l Rdsn,,n¢~$ Cilsd (PTO-~S.~) 

2) @l 1n/;;:,1:rn:~tian D!sclowf~ Stawrrv~nt(s) (PT0/$8ri)S<ii andi;.;r PTC.\'SB..'OS.b) 
P~"$r f~!.)~S.}/h~~«H .0~1~ &_~~1.1.4., tZ<f§,,::__'JQQ.~ 

p;aper .f..Jc:<(:~~}'~1~~H DW~: -· __ . 

4) D c.nner-: ·w, •• , ..... 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1854 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Appllcatiort/Control Number: 13/224,298 
Art Unit 2486 

DETAlLEO ACTION 

Page 2 

1, The cl.aims and only the claims forrn tile metes and bounds of the invention, 

~Office perscmne! are to glvE: claims their broadest reasonable interpretation in 

44 USPQ2d l023 1 i02T-28 (Fe(L rnr.·1997). Limitations appearing in thB 

specification but not recited in U1e cialm are not read into U1e c!aitrL !n re Prater, 

$, c 2, l 46-48; p 2100-9, c i, ! i-4). The Exarninerbas full latittKk1 h) interpret 

art using terminology famHiar to one of ordinary skiii in the art Such an approach 

is broad in concept and can be either explicit or implicit hl meaning, 

Status of Claims 

This Offlce Action is in rnsponse to tile Rer11arks fHed on ~Aarc;h 19tii 20-14 .. Claims 

1 ··18 an, pending sxamlrmtlrnt The present application is bsing examined under 

->h ,;,. rr·e¥ ''!A i;r,··r' .. () '1.-•,t•,,.1:"•·1 p· ,·,J;11··s,z- •1'"'· t_.t ! ~....:· r-f '1" rt~ · · .. n .. -M .. i: ~ J v ~} H , ~ \ ll1 ·-... ~- h :~ 

Information Oisclosure Statement 

3. Th() inforrnatlon disdoSlHf} staternent {!OS) sutJrnitted on 3/19/2014, 12/18/20i3 

is noted, The su11mission is in cornp!iance wHh the provisions of 37 CFH i ,97 and 
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the examiner; 

Page 3 

respect to the 35 U,S,C § n 2 rejections (claim ·18) have been fully cont:.iclemd 

and are notpersuasive, Therefore, 35 LLS.C § 1 ·12 reJections in regards to claim 

5, Applicant's argurnents/arnendrnents see remarks; filed on March i 9111 20i 41 \Nith 

respect to 3S LL$, G § 1 O 1 rejections have been fu!!y considered and are not 

rnaintainnct 

tt Applicant's arnuments/arnendments (see remarks filed on March ·191
i-i 2014) wlth 

respect tp the Double Patenting rejections {dalrns. 1-· 18) havt'J been fully 

rngan:ts to claims i y i 8 are maintained, 
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Page4 

7, Appllc.ant's argurnentsltHnendments see remarks, filed on March '! 9th 2014, with 

respect to 35 U-8,C § 'l i 2 rejections have been fully considered and are not 

persuaslve, Therefore, 35 USC i 12re}ectlons in regards to c!aim rn is 

rnalnta!ned, 

K App/lcanfs remarks/arguments filed on J<Aarch l 9t~ 2014 vvlth respect to rejection 

the applicant's points are understood, the examiner respectfully disagrees. See 

f004DH00471, There Eernnberg discloses the MPEG encoding standard and 
,v ~~. ~ "' . a:-.: ' ' "),,; 

each GOP comprising an lntra frame encoding pictures, Fmtherrnorn, see 
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been nuintainect 

Page 5 

doctrine grounded in pubHc policy (a po!lcy reflected ln the statute) so as to 

prevent the unjustified or improper timew!se extenslon of the ''rlght to exclude11 

granted by a patent and to prevent possible harassn1ent by rmJ!tlp!e- assignees, 

patentably distinct from the reference c!alm(s) because the examined application 

dakn is either antlcioatt1i-<i bv, or would have been obvious c::tvec the referenctJ .. ' . . . \ '". . . . . . ' . ' ' . 

f'<:!r--i-m{.c-' RA"". n .~. 1'n re. .B·'~r.g 1 40''1 F· ~A -i 4,, >)C. 4· t.) l J~PO?d i ')'>.~) IFnd (",'ir i 9q3,c. \.<'t:.l}, ~·w.J.,. ......... ~,:-,;.,;. ..;.".,~ .. ; ~ ... ~ .. .....,,.,.._._, J •. ~·~U t· $;..0~ ~ ;;...;;,,.,..,.; ~- ~~~ \. ~~ ~- V·\, "' ,1f 

A. tlrne!y filed terminal disclaimer in compllanoec 1Nith 37 CFR i-32i (c) or L3.2i (d) 

may he used to overcome an actual or provisional re.lee.ti on based on a 

nonstatutory ooub!e patenting ground providtXi the reforenct1 application or 

invention made as a resultot actlviUes undertaken within the scope of a joint 
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tf$(farch riqtfR~n1ent lA terminal disclaimer rrmst tX} skrned in cornpHance wlth 37 
. . . . . . ........ . . . . ' . . ' . ' ' ·. . . . 'W .· .· ·. ~ ' . . . . . 

The USPTO internet V'ieb site c'Ontains terrnina! disolalrner forms v,kitch may bs-

that meets all requirements is auto"processez.i and approved lmrnedlate!y upon 

http :l/wvvw, utpto. gov/patentslprocesB/file/efs/gu idanct1/e TD-lnfo-1. _jsp, 

1 ·1, Glarrns. ·1--18 are rejected on the ground of nonstatutory dnub.!e patenUng:as being 

other because the c.lairns ln the current app!lcation am broader than the claims of 

the oooendino ar,.Joilcation 13/224295 substantia!lv teaches (Claim -1 limitation I a 
•: -...,i:; •• •: ' ' J' ' ' ,· . . ~ 

cornprising: rectuestlng and buffeting portlons of Video from at !eastone of the 

alternative streams uslng a playback dEivlce; requesting lnfonnatlon indicative of 

a font utilized oy a font·rendarlng engine tD render text from a selected subtitlB 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1859 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Aoollcatiort/Control Number: "13/22429B ':'< ~ ' ' ' ,'. • • ' ,• Page? 

the buHernd portion of video using a fontc-rsndertng engine configur&1 by the at 

!east ono downioadod font file; and performing synchronized playback of the 

Claim Rejections "' 35 USC§ 112 

12. Use of the word "mesns" (or "step for'}in a c!a!rn with functional !snguage 

The prssunrption that § 112(f) (pre,A!A § i ·12, slxth paragraph) ls invoked is 

rebutted \rvhen the function is recited with sufficient structun:.1:, material, orac-ts 

Absence ot the wnrd "means" {or "step tor") in a ctaim creates a rebuttao!e 

preswnptlon thatthe claim element is not to .be treated in accordance with 35 

claim elernent recites function but falls to recite surflclently definite structure, 

material or ?cts to perform that function, 

Sirni!arly1 clairn elements that do not use the vvord "rneans" (or ~step tor") are 
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LJrnltahon of the daim 18 recite{s) "a processor configure by" are being treated !n 

microprocessor or software or thB combination of the hardvvare or softvvare (see 

i a. Thei fo!k:iVling is a quotation of 3S U.S.C, 1 i 2(b): 
{b) CONCUJS!ON,-The specification shall condude wiih one nr morn dairns partlcu!arly 
po1ntin9 out s:in<t dlstinct1y-clalrn1ng the stlb}ecl rnatbiit\tvhk:h thi~ lt\Venl(,r (ffa joint inv0ntor 
r~g.~rds as th~ ~t,v~t1.th;n .. 

The foHowfng is a quotatkm of 35 tLS, C. 1 i 2 (pre--ALA}, SQcond paragraph; 
T}ie ?P~clfic;;JJon. ~hall si.onc.lud~ ~vith cH1e t)r n)ori~ c!atn1s p$ttiG1)lariy potntfng oiJtfind d]~t]n~~t.ly 
dairn!t·i9 the s.ubj0ct 111;;1\t~r -.·vhdi the app!k:ant mgards as his invention, 

lndefinHe because it ls unclear whether the limitatlonfs} tnHowing the phrase are 

i 5~ 35 U.S,C, 101 reads as foilo~vs: 

V·lht:~~v~~r irtVtH)t$ t)r d\$e:over~ an}l f'H~~v and us.ef~)l pro(~e~;;s., :nachtn~: rn.$nuh:t.cturi\_ or 
(:omp%itlon cil ma.thH, or any- n0w and use-lwl irnpn:.1verr1ent thiN\,c::{ rn~w obtain a pat~r1t 
th,n~for, subject to the condition:~ and rBquirernents of this tltie: 
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encoder configure !Ti,,.,: a processor configure by,,." bunhese components, 

according to paragrapt1 [00501 of the of Applicant's spe.clhcationi are directed 

classes of invention set forth (according to MPEP21 ·11 }-

for a!! obviousness rejections set forth ln this Office action: 

(a) A pa.tent rn,;y not tie 1>bta./0e.d though t!w lnventkm is m)t fck,nticaUy dfaclor.ed or dts:t:rlb~d 
a~;3. set ionh tn .s:}~~~U()'fl 1·04 ~:~t t~)!s Utt(3< ~f th~~~ dtn~~r(~r!Cf.as bet~~~~~~;-.n Hl~}·:sut~~~~~~ct rn;itter ~(ought h) 
be patented and Wre prk,r art arn such that the subject rnatter as a whtil~ wc,ukf have be~n 
,:ib1.iirn)~< ,;,t th$ time thf.> inv.antlon was madl:! toa person ht,1vin9 ,)rdirl,:11\' s.kill ln the artt,) which 
said subject matter pertains.; Palo;;·ntahihty shf~li qot be tp,,'9ath1ed by the rnanr\ef in wr11th lhe 
inv~ntlon iNas 1,1ade,, 

USPO 459 (1£166)., that are apptled for establishing a backgrmmd for detenn!nkig 

i, 0,8termlning the scope and contents of the prior art 

2, .A.scedalnina the differences bet:v,men the prior art and the clairns at issue, . y .. ·. . • . . . . 

ot1vlousness or rH .. 1-nobviousness, 
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.A 1) tn view of Eerentierg et al hereafter Eerenberg (US PubHcatlon No 

at least one subtitle track as a plura!it:t of alternative video streams and at least 

one subtltle stream using a source encoder, the method cornprislng: selecting a 

mu!tirnedfa Hies.and system for generating, distributing., decoding and encoding. 

video tracks); 

transcoding the selected portkm of the source media into a p.lura!ity of alternative 

portions of encoded video using the source encoder (paragraph (02571 tht1 video 

encoding\ decoding and transcoding and paragraph [0266} video decoder and 

oornmenoos t1y initia!lzmg me encoder vi,iH1 a desired blt rate, ttle vkleo Ttarne 

:·~t·,~ !:!t'd. ·var'l""'t· \J ("<f· ("<t.f"'A>' p· ,,n·a'""lAtC:<!'>::- (1' ,-.;:;, ,~nt'nrisnn .f),.,('"''n~~to.r,-s·\ \ ~ ,::;t ....._ ... ~'1;-~ t · ~. V ·J v· v· ... ~ .. ~·i , (:;:U t:. I~ ~.,.,...)..~ "'< 1···~"'~-,- ...,;.. .. -1 ~"'-.;"'"~~~~ ~~ _,..~d, cti . ....._, \,..,l·W·/;;> 

vitritina each of the alternative porUons of encoded video to a separate contalner . V , , . . , \ , .. . ~ 

fi!o using the- source encoder (pa.i'agraph f0262j meta data statement are writtfm 
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in accordance \Nith MPEG·4standard); 

writing a subtiHe stream segment from each subtit!EJ track (abstract multimedia 

i'·1io., "'"'f' .--,·v1t··a"" "'ll. ·it··1rc1i6 v:1nc.n ·t•'"'C·t<s· "''1:1 '1.tlp!·e "''U,-.i·1n tr··~ci,,,-::- r'l"'1Js!t·1p· f,..., "'i i}-,,tlt·1··e . '"'~ l-~, l s.,C! . ,, ! l ! li r,',"' . MGV '>.::t ,i, ,. 11, ... ~ .. ,_. ,. a .0 "' . (;., .t\.,,,., '' '· i lw .:,-.,,i) l. ,., 

data that can be used to gi1rnJrate a menu !nterfact1 to access the content of the 

corresponding to the selected portion of U'!e source media to a separate 

container file using tile source encoder (paragraph [0090} XML. data, the data 

types indicates the type of the value information and the language contains 

inforrnation identifying a spedfio language\ and paragraph [0149] an A\ll me and 

the AV! forrnatancl paragraph to·rn3J media in cornpHant AVl file format and 

paragraph [O 1 e1 J sir1g!e subtitle- track and h.vo subtitle track contains global 

and height of the vldeo contained in the multirnedla We); and 

and encoded picture comprising groups of pictures (Le. cornrnences with an intra 

frame) (see paragraphs tooo-q, [0011.Hoo·isl), H would have been obvlous to 
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encode and decode video and audio trac~: with the video information (mvltirnedia 

files) using the MPEG standards (Eerenberg: paragrapt1s [0003.L roo·1 ·i H0015lh 

one of the container flies containing subtltie stre(1rn s0grnents, However Hammon 

bitmaps for characters of a desire font (Abstracr and CoL3 Hnes 23 to GoL4 _lines 

55 and Col .. 9 !ine 1 O the bitmap font fi!es provides bitmaps of compressed capita! 

letters and GolJ 5 lines 1-, 16), !t would havH been obvious to orw of the ordinary 

skill ln the art to rnodify the method Zoest and Eerenberg to compress com.posite 

characters and decompress fordisplay on computer dfsp!ay systems as taught 

by HarnHt1::;tn, The motlvation/suggtJStion \!Vould have been to compress ~nd 

decompress composite eharacters and to display on the tomputerdisplay 

system having no character height restriction (Hamilton: CoL3 line 23 to CoL 4 

fines 55). 

The Applicant ls reminded that the preamble ls generally not accorded any 

patentable walght ~vhettJ it merely recites the purposB of a process or the 

thq preamble for completeness but, instead, ttle process steps or structural 

!imitations are able to stand alone. See In re Hlrao, 535 f 2d 67, 190 USPQ ·15 

(CCPi-\ 1976) and Kropav, flobi1, 187 F,2d 150, 152, S8 USP() 478,481 (CGPA 

-1CiS''i' >.... '. }, 
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Regarding C!aim 2~ Zoestand Eerenberg disclose the method of dalm 1, Zoest 

and Eerenberg do not expHcit!y disclose further comprising compressing the font 

file, However Hamilt('.!n d!selosas a computer methnd to compress and 

would have been ot1vious to one: of H1e ordinary ski!! in the: art to rnodffy the 

decompress for dlsp!ay on computer display systems as taught by' Hami!torL Tile 

characters and to display on the computer display system [1aving no character 

height restriction (Hammon: GoL3 Hne 2S to CoL 4 !Ines 55), 

and Eerenberg clo not explicitly disctose further comprlslngreduclng the size of 

the font file by subsett!ng the font me, where the subsett,xl font me includes au of 

the characters withln the subtitle stream segments within the container file vvlth 

to compress and decon,p!'ess bit map font characters (GoL3 lines 23-3€ and 

decompress ftir display on cornpute:r display srstems as taught by Hamilton, The 
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characters and to dlsp!ay on the computerdlsp!ay systern having no character 

, -·, , ·· .,,1 ·1··. r, ·.-,,1·· ")"• ··•·j ilj' --·-1'!8lQ,1t restnction tr1arn1 ton: 1...,oLv me cc, to co,•+ ines oo), 

and Eerenberg do not expliclt!t disclose further comprising breaking the font nre 

into a p!u1~atity of font files, where at !east one of the font files includes characters 

displayed during a subtitle stream segment Ho\ivever Harnilton discloses a 

are used by the app!lcation '1 O to determined how characters wH! be sized when 

they am printed and the font metrlcs Hie of a font is divided Into three secth:m 

rendered and in tbe font metrics file 26 each characters is denned). lt vttould have 

been obvious to one of the ordlnarv skH! in the ad to modify the method Zoest . . ' 

and Eerenberg to compress cornposite characters and decon1pre:ss for display 

on cornputer display syst()rns as taught by Harnilton, The motivaHon/su9gestlon 

Vlould have been to compress and decompress composite characters and to 

display on the computer display system having no character height mstrlction 

tHa.mBton: CoLJ line ~~3 to GoL 4 !int::s 551 
~ . . . . . . ' < 

Hegardlng C!airn 5, Zoestdlsclose the rnethod of dairn 41 corresponding to 
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and segmenting video into cmunks i to N paragraph [0535]}, 

Zoest does not explicitly dlsctose \ivhereln breaking ttle font We lnto a plurality of 

font files oomprlses generatlng font Wes .. However Hamilton dlscloses a computer 

printed and the font rnetrlcs file of a font is divided Into three section vvhtch 

!fnes :35··67 fcmt metrics flies 28 provide data and how characters \'.Vil! be rendered 

and in the font metrics fHe.28 each characters is defined), It would have been 

obvious to one of the ordinary skill in the art to modify the method Zoest to 

compress and decoropress composite characters and to display< on H1e computer 
' . 

display system having no character height restrlcticm (Hamilton: GoL3 Hne 23 to 

Hegardfng C!alrn 6, Zoestdisclose the rnethod of daim 51 Vv'he:rein is assernbled 

as attachments to a stng!e container file (paragraphs (0565} mu!trmedia Wes that 

con1bfrH3S video, audlo and SlJbtH!es can requires selection of a particular audio 

track, vkk:w track and subtWe track and paragraph [02841 cmnblning the X~,AL 

configuratkm me and ,AVl mes), 
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discloses a computer method to compress and decompress bit mapJont 

Page 16 

process th(J convt~rslon of the bltrnaps h)c.aHy to a desire cornpUt€w display 

43~67 in the font metrics me 28 eact1 characters is defined Cot -14 lines 59 to CoL 

15 !lnes l 7), !t \~10uld have bem1 obvious to one of the ordinary skill in the art to 

rm:x.t!fy the method Zoest and Eerer1berg to compress cornposlte characters and 

d(1cornpres.s for djsp!ay on computer display systerns as taugt1t by Harni!ton, The 

rnotlvation/su9gestlon would have been to compress and decornpress composite 

characters and to display on the computer display system having no character 

Regarding Clairn 7, Zoest disclose the rnethod of c!alrn 5, Zoest does not 

exp!lclt!V disclose wherein starting and ending tirnecodes are used to indicate a . . . w 

Harni!ton disck)$f1S a cornputHr rnethod to cornpn1$$ and decompress bit map 

kmt characters and the soft~vare proqram running on a digital processor\vhlch 

process the conv~rsion of the bitmaf}S tocaHy to ;3 cleslre computer display 

system have no restdctions and. that data renders the character en a .scrf;Gfl 

metrics rne 28 each characters .ls defined Cot -14 !lnes59 to Cot i 5 Jines -17 and 
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charactEn-, see Fig, 6, Fig, 8 and Fig, i O for rendering of the character on a 

screen display), !t would have been obvious to one of the ordinary ski!! in the art 

to modify the method Zoest and Eemnberg to corn.press cc:'.!rr1posite characters 

The rnotivation/suogesnon wDuld have bee.n t.o cornnre.·ss and de. comn·."ress .v,.~ . .-.. r-= 

composite characters and to display on the computer d!sp!ay system having no 

;-'<·11· ,,:,r'""""·t'"" h6 ;g1.1··t f""'t"''i"'t·o·n lH'~:rnPto· ·11· ("r;.l S:} l•r1· .<'.1 ?:11·~) r<<",I· 4·· 1·1·11· ,.,,., s;:;·r.··\ :.;.,, .. ~~ »l- ~~l""' .,.:;.~ .. ~n., ~ ... t . .:-~'} > .V ·J . r~ \· f·f~ .. 4;.~ .·. ·:- v~h~"'"1 . L v· ~:-:·~~ ... ,· v, ... : "° ·. ~-.· .. ,~~ ::.J.:;)}-:, 

Reqardino Clairn 8, Zoestd!sdose the method of claim 5. Zoest does not 
. .,.,.. ""' . 

expHcit!y ctiSclose further comprising generating a union font file using the 

plura!ity of font rnes that Includes characters that appear in at least t\ivo of the 

d1aracters that are in the union font file, However Hamilton discloses a computer 

method to compress and decompress blt map font characters ancl the software 

program rnnning on a digital prot)t1Ssor which process the conversion of the 

data renders the character on a screen display and the font metrics file of a font 

is ctivldfJd into three sections,,. and the Hrstentry in thatHrm isthe code for the 

character, the code used in tne illustration is th(~ i:nternatlcnai Standards 

291 CoL6 Bnes 43-67 In the font rnetrics file 28 each characters is defined and 
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the cornposite character'·" and how data rendBrs the character, see Hg, f\ Hg, 

8 and Fig. 1 O for rendering of the character on a screen display}, It would have 

been obvious to onE: of the ordinary ski!! !G thtJ art to rnodffy the method of Zoest 

on computer display systems as taught by Harni!ton, Tt1e rn0Hvation.isu9gestion 

would have been to compress and decompress cornposlte characters and to 

display on the computer display system having no 9haracter helght restrk:tion 

(HarniHon: CoL:3 line 23 to GoL 4 !ine5 5!)}. '· . . .. . . . . . . . . :: 

Re9arding Claim 9, Zoest as modified disclose the method ofc!ahn 5! further 

Hegardfng Claim 'lo. Z:oest discloses t!'w method of c!akn ·r. wherein the selected 

(0243J the value 1'duration" specified the time at thB starting and ending point of 

the subtitle\ 

portions of source mBdia each have a duration of two seconds (paragraph [0.243] 
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Art Unit 2486 

for tirnfng}, 
. "' 

Regarding Claim 15; Zoest disclose U1e method of clalm ·i, further comprising 

cre-atlng a top level index rne that identifies each of the containE:r files containing 

paragraph [0249] the 'idxl' chunk 44 ls optional chunk that can he used to index 

th 'rl t· ·.' . ,-i_ .· . . . . ·h·. r-o•::i:OO" . e t~s :a arh.J pars.grnp . ,AJ~JH, 

Regarding Claim i 6, Zoest :disclose the method of dairn '1,. wherein the font file 

assoclated wltfl U1e at ieast one of the container mes containing subtitle stream 

describlng (paragraph I0564J meta data includedwithlnthe multimedia mes), 

method and apparatus employs font metrics data related to font bitmaps few 

9 Hne i o the bitmap font mes provides bltrnaps of compressed capital lettern, and 
' . ' . . ' 

GoL 15 lines 1 ~16), !t \Would have been obvious to one of the ordinary sklH in the 

art to modify the method ?oest and E/xenbt1rg to compress composite characters 
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character t1eight restriction {Hamilton; CoL3 tine 2:3 to C.oL 4 Hnes 55), 

data and paragraph [05511). 

Page 20 
"' 

Zoest does not expHdtly discJos~1 U1e font me within the container file and 

information desi;rlblng the me.. However Hamilton discloses rnethod and 

apparatlJS employs font rnetdcs data re.lated tr,i font bJtrnaps for characters of a 

desJre font {Abstract and CoL:3 Hnes.23 to Co!.4 llnes 55 and Got 9 line iOttle 

1 ·, 16), It ~vou!d have been obvious to one of thtJ ordinary ski!! in the art to modify 

decornpress for display on computer display systems as taugtlt by Harnmort The 

characters imd to dlsplay on the cornputer display system having no character 

Ftegardtng Claim 'l 8, a source encoder of daim 18 lmp!erT10nt0d to perform the 

rnettrod of e!afrn i. 
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to $elect a portion of the source media {paragraph (0'144] a system for encoding, 

distribution and decoding lrmludes a computing device, ancl claim ·11 , paragraph 

oornputer is configured to parse information fmrn the X:ML configuration file and 

the entire encoding system can be lmplemented vsing a computer conflguroo to 

perfonnthe various functions paragraph [0298] and paragraph roson tho 

processing operations). 

patentable w-elght where it merely recites the purpose of a process or the 

intendod use ()fa structµre, and where the· body of the dalm does not depend on 

tirnltations are able to starn:l alone. See In re Hirao, 535 F2d 67, 190 USPQ i 5 

"'"'PA.· ·1°'?!,~' ,-.I K. · · · R , · ·1 ~7 i.:-:- •':\ct ·~ -o· 1 i:::r, RO ·• ·1:c::p,......,. 4"""0 • 0 1 ··"'c·p· A tvt, ', . ;:;.1r,J,) ano ropa V, iDlJ!e,. V? ,· .. (':"' !O ',. ,.h~, QQ L-.:.,. \.) . Iv, 4o (,,,,. ,. K 

19.51), 

Eerenberg et al hereafter Eerenberg (US Pub!ication No 2003/023i 863 Ai) and 

Hamilton (Patent No 5,404,4.36) and further ln view of Knowles et al hereafter 
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claim '1 except 1;.vherein the container mes containing the alternatlve streams and 

the subtitle streams are Extensible Blnary fitarhup language (E!:JML) container 

Binary Extensible Mai-kup language for encoded ctocurnent {para9raphs [0002L 

(0020}{00221, [00301), .lt would have been obvious to one of the ordinary sk!fl in 

between proxy server and Internet browser as taugt1t by Knowles. The 

motivatlon/suggesHon vvoutd have been for a secure cornrnunleahon bebNeen 

Reqardtna Claim ·rn, Zoest as modified disclose the method of claim 12, wherein: ...... ', ......... •,· ' ••• '• • • • • • • ' • • • • < • • • • ' • • • 

ead1 of tt1e alternative portions of encoded video is \iVritten i.s assigned the same 

time code (Knowles:: parngraph f 0034] the state data includes the UHL of an 

HTML page "' can compares. the tkne sta.mps/explratlon inforrnatkm, [0045]). 

Reqard{na Clalrn i 4, Z.oesta.s modified disclose the method of claim i 2, wherein ·,:," ,-...;J ' ' ' . . ' • ' 
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2(L 

the t}ltHnent ot thH EB~"iL container fi!(1 to which the subtitle strearn seorntmt !s . . . . . . .. . . . . . . . .· ... ~ .. 

v.,;rltt-en is a G!Llster element containing the same tlrne code as the Cluster 

el!S\ments to which the alternative porfions of encoded video are written (Knowles: 

paragraphs f0020J·{OD22J, fOOJOH0034J), 

The prim art made of record and not relied upon is consldered pertinent to 

app!lcants disclosure,. Belmv the !\st of the references are: 

description of the invention}-

US 8,289,338 B2 - tsee at least abstract for nenerannq and . . . - . -
displaying textual information for a multimedia ffies). 

Corwfusfon 

21. THIS ACTION tSMAOE FINAL. Applicant ls rerninded of the extensionofHmH 

MONTHS from the rnaHing date of this action, In me even ta firnt reply ls flied 
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01ction is not rnailed until after the end of the THREE·MONTH shortened statutory 

perlmt then the shortened statutory period v,All expire on the date the ativlsory 

thi;; statutory period for reply expire later than SlX ~·10NTHS from the maHing 

date of this final. action .. 

Any Inquiry concerning this comrnunlcatlon or eadier communications from the 

(57i )270-i 442, The ex.arnioer can normally be reached on rvionctay to Friday 

phone number for the orga0i2atlon where this application or proceeding is 
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lnforrnatkm tegardinr'l the status of an ~-M'l{)Hcatkm rnay·. be obtained frnmthEl .... ,. '. ' .~ ..... , '~,· .. . . ' '. . . 

Patent Application lnforrnauon Retrieval (PAIR) systern, Status inforrnauon for 

pubMshe>'-J appiiCations may be obtained from either Private PAIR or PubHc PAIR 

dirnctuspto,go\r Should you have questions on access to tt1e Prlvatn PA1R 

free), If you would like assistance from a USP TO Custor11f!r Service 

Representative or aecet$ to the autornated infonnauon $\"Stern, call 800¥7$6~ . . . . . . . . . . . . . .. . ... .. . . . . .. . ~ . . .. 

!SHAN ELAH.!/ 
Exarniner, Art Unit 248$ 

/ANDY RAO/ 
Primary Exarniner, Art Unlt24B$ 
fv1ay 14, 2014 
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DETAILED ACTION 

Page 2 

1. The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA 

Claim Rejections M 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 section made in this Office action: 

A person shall be entitled to a patent unless -

(a)(1) the claimed invention was patented, described in a printed publication, or in public use, 
on sale or otherwise available to the public before the effective 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 McLaren et al. (6,064,794) 

Claim 1, Mclaren discloses a method of video playback with trick play (Fig. 3 

and Col. 2, lines 12M15; Fig. 5 and Col. 2, lines 19M21 "'jl' A method for selecting 

between normal or trick play reproduction speed.), comprising: 

downloading (Col. 7, lines 31M33) over a communication network (Fig. 4, 

el. 511 and 551 ), files of encoded video including interspersed key frames (Col. 

7, lines 33M37 ~ number of trick play speed, lookMup tables); 

playing back video from the downloaded files (Fig. 5, el. 275 and Col. 7, 

creating a trick play index based on the downloaded files indicating 

network locations of the key frames (Col. 4, lines 17w22 ~ lookMup tables may 
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be employed which list the file byte offsets for each GOP in each play 

speed stream); and 

Page 3 

receiving a trick play request (Col. 6, lines 54~59 7 commands may 

include, program manipulation or "trick~play" features) and, in response 

thereto, 

downloading the key frames from the indicated network locations 

(Fig. 5, el. 550 and Col. 8, lines 10~11), and 

playing back video from the downloaded key frames (Fig. 5, el. 600 

and Col. 8, lines 12a14). 

Claim 4, the method of claim 2, Mclaren discloses wherein: 

the playing back video from the downloaded files includes 

decoding the non-key frames and the key frames in the 

downloaded files to 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 selected program at the 

selected new reproduction speed."); and 

the playing back video from the downloaded key frames includes 

decoding the downloaded key frames to 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 to program replay in 

order to facilitate "trickaplay" reproduction.I}), and 

presenting the recovered video (Col. 8, "During "trickaplay" 

reproduction the disk replay transducer jumps successively between 

I frames in a sequence derived from the jumpmto tables. For example, 

at seven times forward speed the transducer is directed to jump 

"over" seven intervening I frames and reproduce only the eighth I 

frame."). 

Claim 5, the method of claim 1, McLaren discloses further comprising: 

prior to the downloading the files, receiving a playlist from the network, the 

playlist listing network addresses where the files are accessible (Col. 4, "lookaup 

tables, or LUTs may be employed which list the file byte offsets for each 

GOP in each play speed stream."), 

wherein the downloading the files includes downloading the files from the 

network addresses listed in the playlist (Col. 7, lines 11a13 and Col. 8, lines 35a 

44). 

Claim 6, the method of claim 1, Mclaren discloses wherein the creating the 

trick play index includes, for each downloaded file (Col. 3, lines 45m46 {!Determine the 

current byte offset, and hence the current frame in the current file."): 
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determining an offset 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 at an I 

frame at the beginning of a group of pictures (GOP)."); 

determining a size of the key frame (Col. 3, lines 31 N36 "Each trick-play 

and normaHllay 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, Le. time to 

reach the nearest I 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 54-64 ...,i, the new GOP is calculated from firstly reading the 

current offset address and locate GOP current offset table). 

Claim 7, the method of claim 1, Mclaren discloses wherein: 

the downloaded files, and correspondingly the key frames interspersed 

therein, are associated wiU1 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 a forward direction of increasing time codes (Col. 2, lines 50a51); 

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 M52). 

Claim 8, the method of claim 7, Mclaren discloses further comprising: 

receiving a subsequent trick play request and, in response thereto (Col. 8, 

lines 27M32 7 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. 550 and Col. 8, lines 10M11); and 

playing back video from the downloaded furU1er key frames in the forward 

direction of increasing time codes (Col. 2, lines 50M51 ). 

Claim 9, the method of claim 1, McLaren discloses further comprising: 

between the creating and the receiving, uploading the trick play index to a 

network address (Col. 5, lines 55w67 "To initiate switching between streams 
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the current GOP is determined from the current file offset by searching 

through the current play speed lookwup table to 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 calculated from the 

old GOP, gop.sub.aa 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 ~9 "Having 

calculated the new GOP, the lookwup table appropriate to the new speed is 

searched to find the file offset which corresponds to the new GOP. The new 

stream may then be played starting at this new offset point. The relative 

simplicity of this system results in efficient switching between 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.aa 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. 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1886 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Application/Control Number: 13/905,804 

Art Unit: 2423 

Page 8 

Claim 19, a nonntransitory computer readable medium is analyzed with 

respect to claim 1. 

Claim 22, the computer program product of claim 19 is analyzed with 

respect to claim 5. 

Claim 23, the computer program product of claim 19 is analyzed with 

respect to claim 6. 

Claim Rejections 00 35 USC§ 103 

4. The following is a quotation of 35 U.S.C. 103 which forms the basis for all 

obviousness rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed 
invention is not identicaiiy disclos,~d as set forth in section 102 of this titl,~, if the differences 
between the claimed invention and the prior art are such that the claimed invention as a whole 
would have been obvious before the effective filing date of the claimed invention to a person 
~1aving ordinary skill in the art 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.S.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 encoded video frames (Col. 8, "These look up tables may 

contain I frame track addresses which enable the disk replay transducer to jump 

successively between I frames in order to generate the desired "trickwplay" 

reproduction speed."), 

Mclaren does not disclose non-key frames each encoded based on one or 

more 0U1er video frames of the encoded video; and the key frames interspersed among 

the non-key frames, each of the key frames encoded independent of other video frames 
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of U1e 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. [0021], "a number of frames which are intra-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. 

[0021 ], "number of frames which are interucoded with reference to at least 

one further frame of the sequence"). 

Therefore it would have been obvious to one of ordinary skill in the art at the time 

the invention was made to modify McLaren'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 

taught by Kelly, in order to yield a predictable result such as to decoded independently 

(Kelly: Par. [0021] and [0069]). 

Claim 3, the method of claim 2, McLaren in view of Kelly discloses wherein 

the key frames include intra-coded I-frames (Kelly: Par. [0069], "Therefore a group of 

pictures GOP will typically comprise: an intra~coded "I" 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 

Art Unit: 2423 

Page 1 O 

without reference to other pictures;") and the non-key frames include inter-coded P­

frames (Kelly: Par. [0069], "two or three "P" (predictive) coded pictures which are 

coded using motion vectors based on a preceding I 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. 

Claim 20, 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. 

6. Claims 17-i 8 and 24-25 are rejected under 35 U.S.C. 103 as being unpatentable 

over McLaren et al. (6,064,794) in view of Nelson (US 2007/0178933) 

Claim 17, the apparatus of claim 10, Mclaren discloses further comprising: 

a communication system to communicate with the communication network 

(Fig. 4 and Col. 6, HA system employing the various inventive digital video 

source selection methods is depicted in FIG. 4."); 

a user interface system (Fig. 4, el. 500 and Col. 6, "An interface unit 

500, provides a control communication stream 551 between the user's 

apparatus and a digital video source 10. Interface unit 500 also decodes a 

compressed digital video signal 511, derived from source 10 to produce 

audio and video signals which are coupled to display device 1000."). 
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Nelson discloses a housing to house the processor system, the communication 

system, and the user the interface system (Fig. 1, el. 11 and Par. [0043] 1 
1'Typically, 

phone 10 also includes an audio interface including a microphone and a speaker, 

radio transceiver circuitry, an antenna, a battery, and a microprocessor system 

including associated software and data memory for radio communication, all 

contained within housing 11."). 

Therefore it would have been obvious to one of ordinaiy skill in the art at the time 

U1e invention was made to modify McLaren's apparatus by having housing, as taught by 

Nelson, in order to yield 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."); and 

the housing includes a mobile hand-held housing to 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. 

Claim 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 (571 )272-

3872. The examiner can normally be reached on Monday - Friday, alt Friday, 8:00am to 

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 obtained from U1e 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained 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 http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

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. 

/J. H./ 

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 terms 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 two major cornrnercial players 
(Smooth Streaming, Netfiix) 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 sbort--term changes in tbe underlying 
network available bandwidth? Can the player quickly 
converge to the maximum sustainable bitrate? Second, 
what happens ,vhen 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 content? Is the 
player able to sustain a short playback delay? \Ve identify 
major difforences between the three players, and significan1 
inefficiencies in each of them. 

Categories and Subject Descriptors 
C.4 [Con1puter Syst(,rns Organization1: Performance of 
Sys!,e!Y1S 

General Terms 
Performance, Ivieasurement, Algorithms 

Keywords 
Experimental evaluation, adaptive streaming, 
rate-adaptation algorithm, video streaming over HTTP 

1. INTRODUCTION 
Video has long been viewed as the "next killer 

application". Over the last 20 years, the various instances 
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not made or distrjbuted for profit or crnn1nerdal advantage and that copies 
bear this notice and the full citation on the first page. To copy otherwise, to 
republish, to post on servers or to redistribute to lists, requires prior specific 
permjssion and/or a fee, 
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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 architectures and 
QoS mechanisms, which were not deployed in a large-scale, 
though. EventuaHy, over the last three to four years 
vjdeo-based appJica,tjons, and vjdeo strean1fr1g ]n partjcular, 
have become utterly popular generating more than half 
of the aggregate Internet traffic. Perhaps, surprisingly 
though, video streaming today runs over IP without any 
specialized support from the network. This has become 
possible through the gradual development of highly efficient 
video compression methods, the penetration of broadband 
access technologies, and the development of 1Jideo 

players that can compensate for the unpredictability of the 
underlying network through sophisticated rate-adaptation, 
playback buffering, and error recovery and concealment 
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 retransmission delays. As a 
consequence, most of the earlier video streaming research 
has assumed that the underlying transport protocol is UDP 
(or RI'P over UDP), which considerably simplifies the 
design and rnodeUng of adaptive strean1ing appHcatjons. 
in practice, however, two points became dear in tbe last 
few years. F'irst, TCP's congestion control mechanisms 
and reliability requirement 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 TCP in particular, greatly 
s]n1pHfies the tn:tversa] of fire,·vaUs a,nd I\J".i-\:"I1s. 

The first vmve of HTTP-based video streaming 
applications used the simple progressive download method, 
in which a TCP connection simply transfers tbe entire 
movie file as quickly as possible. Tbe shortcomings 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 tbe underlying available bandwidth both 
across different clients and across time for the same client. 
This has recently led to the development of a new wave 
of HTTP-based streaming applications that we refer to as 

strea.rning over J-[T'71_l-) (For a general overvievv of 
video streaming protocols and adaptive streaming, refer 
to Several recent players, such as l\![icrnsoft's Smooth 
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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 
nrnltiple profiles of the same video, encoded in different 
bitrates and quality levels. F'urtber, the video object is 
partitioned in fragments, typically a few seconds long. A 
player can then request different fragments at difforen1 
encoding bitrates, depending on the underlying network 
conditions. Notice that it is the player that decides what 
bitrate to request for any fragment, improving server·-side 
scalability. Another benefit of this approach is that the 
player can control its playback buffer size by dynamically 
adjusting the rate at which nev, fragments are requested. 

Adaptive streaming over HTTP is a nev, technology. It 
is not yet clear wbether the existing commercial players 
perfonn well, especially under dynamic network conditions. 
Further, the complex interactions between TCP's congestion 
control and the application's rate .. adaptation mechanisms 
create a "nested double feedback loop" - the dynamics of 
such interacting control systems can be notoriously complex 
and hard to predict. As a first step towards understanding 
and improving such video streaming mechanisms, this paper 
experimentally evaluates two commercial adaptive video 
players over HTTP (J\iiicrosoft's Smooth Streaming and the 
player used by Netfiix) and one open source player (A.dobe 
OSJ\TF). Our experiments cover three important operating 
conditions. First, how does an adaptive video player react 
to either persistent or sbortAerm changes in tbe underlying 
network available bandwidth? Can the player quickly 
converge to the maximum sustainable bitrate? Second. 
what happens ,vhen two adaptive video players compete for 
available bandwidth in the bottleneck link? Can they share 
that resource in a. stable a,nd_ fair n1anner? A.nd_ third, hov;,r 
does adaptive streaming perform with live content? Is the 
player able to sustain a short playback delay? \i\/e identify 
major difforences between the three players, and significan1 
inefficiencies in each of them. 

1.1 Related Work 
E:ven 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 
been studied in deptb in the past. A good overview 
of nrnlti-bitrate video streaming over HTTP was given 
by ZarnbeHi [17], focusing on [VIicrosoft~s IIS Sn1ooth 
Streaming. Adobe has provided an overview of HTTP 
Dynamic Streaming on the Adobe Flash platform Cicco 
et al. l:'lj experimentally investigated the performance of 
the Akamai HD Network for Dynamic Streaming for Flash 
over HTTP. They studied. how the player reacted. to abrupt 
changes in the available bandwidth and how it shared the 
network bottleneck with a greedy TCP fiow. Kuschnig et 
al. [9] evaluated and cornpared three server-side rate-control 
algoritbms frir adaptive TCP streaming of H. 264/SVC 
vHleo. The same authors bave proposed a receiver .. driven 
transport mechanism tbat uses multiple HTTP streams and 
different priorities for certain parts of tbe media stream 
!rnJ. The end--result is to reduce throughput fiuctuations, 
and thus, improve video streaming over TCP. Tullimas et 
al. also proposed a receiver-driven TCP-based method 
for video streaming over the Internet, called MultiTCP, 
aimed. at providing resilience against short-term bandwidth 

fiuctuations and controlling the sending rate by using 
multiple TCP connections. Hsiao et al. [8] proposed 
a method called. Receiver-based Delay Control (RDC) to 
avoid congestion by delaying 'TCP }\_(:I( generation at the 
receiver based on notifications from routers. \Vang et aL 

developed discret,H,ime Markov models to investigate 
the performance of TCP for both live and stored media 
streaming. Their models provide guidelines indicating 
the circumstances under which TCP streaming leads to 
satisfactory performance. For instance, they show that TCP 
provides good strearning perforn1ance vvhen the achievable 
TCP throughput is roughly twice the media bitrate, with 
only a fr~,-v seconds of startup de]ay. (joe] et al. !71 shcn·ved 
that the latency at the application layer, which occurs as a 
result of throughput-optimized TCP implementations, could 
be minimized dynamically tuning TCP\; send buffer. 
They developed an adaptive buffer .. size tuning technique 
that aimed a( reducing this latency. Feng et. al l5 
proposed and evaluated a priority--based. technique for the 
delivery of compressed prerecorded video streams across 
best-effort networks. This technique uses a multi-level 
priority queue in conjunction with a delivery window to 
smooth the video frame rate, while allowing it to adapt to 
cbanging network conditions_ Prangl et al. proposed 
and evaluated a TCP-based perceptual QoS improvemen1 
mechanism. Their approach is based on media content 
adaptation (transcoding), applied at the application layer 
at the server. Deshpande !4j proposed an approach that 
allowed the player to employ single or multiple concurrent 
HTTP connections to receive streaming media and switch 
between the connections dynamically. 

1.2 Paper Outline 
In Section 2, we describe our experimental approach, the 

various tests we perform for each player, and the metrics we 
focus on. Sections 3, 4 and 5 focus on the Stnooth Strearning, 
Netflix, and. OSMF players, respectively. Section 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. \Ve summarize 
vd1at we learn for each player and conclude the paper in 
Section 8. 

2. METHODOLOGY AND METRICS 
In this section, we give an overvie,v of our experimental 

methodology and describe the metrics we focus on. The 
bost tha,t runs tbe various video p}ayers also runs a packet 
sniffer (\iVireshark and a network en1ula,tor CD111n1nyl\Je1 

\Vireshark allows us to capt me and analyze offline the 
traffic from and to the HTTP server. DummyNet allows us 
to control the downstream available bandwidth (also referred 
to as o,vail-bw) that om host can receive. That host is 
connected to the Georgia Tech campus network through a 
Fast Ethernet interface. \Vhen we do not limit tbe avail-bw 
using DmmnyNet, the video players always select the highest 
rate streams: thus, when DummyNet limits tbe avail-bw to 
relatively low bitrates (1--5 J\,Tbps) we expect that it is also 
tbe dovlnstrean1 patb~s end·-tn-end bottleneck. 

In the following, we study various throughput-related. 
metrics: 
l. The avail-bw refers to the bitrate of the bottleneck that 
we emulate using DummyNet. The TCP connections that 
transfer video and audio streams cannot exceed (collectively) 
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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 seconds. 
;3. ~rhe r11.nnirig a1)erage of a connection's thro11.ghp1._d refers 
to a running average of the 2·-sec connection throughput 
measurements. If is the 2·-sec connection throughput in 
the i'th time interval, the rnnning average of tbe connection 
throughput is: 

A(t) = {
,5.4.(ti-]) + (1 

11 (to) 
--- 8) A(ii) 

In the experiments. we use b = 0.8. 
4. The (uudio or fragment lhrouqhput refers to the 
download throughput for a particular fragment, i.e., the size 
of that fragment divided by the corresponding download 
duration. :L\lote tha,t~ if a fra.gtnent is dovvnloaded in every 
two seconds, the fragment throughput can be mucb higher 
than the 2--sec connection tbrougbput in the same time 
interval (because the connection can be idle during part 
of that time interval). As will be shown later, some video 
players estimate the avail-bw using fragment throughput 
measurements. 

\Ve also estimate the playback b1.,ffer size at the player 
(measured in seconds), separately for audio and video. 
vVe can accurately estimate the playback buffer size for 
players that provide a timestarnp (an offset value that 
indicates the location of the fragment in the stream) in 
their HTTP fragment requests. Suppose that two successive, 
say vjdeo. requests a.re sent a,t tirnes f:1 and t-2 (i:1 <_ 
with timestamps/~ and l~ (t~ < l~), respectively (all times 
measured in seconds). The playback buffer duration in 
seconds for video at time t2 can be then estimated as: 

where denotes the maximum of :t and 0. This method 
works accurately because, as will be clear in the following 
sections, the player requests are not pipelined: a request for 
a new fragment is sent only after the previous fragment has 
been fully received. 

\Ve test each player under the same set of avail-bw 
conditions and variations. In the first round of tests, we 
examine the bebavior of a player wben the avaii-bw is not 
limited by DummyNet; this '·'blue--sky" test allows us to 
observe the player's start·-UP and steady·-state behavior -· 
in the same experiments we also observe what happens 
when the user skips to a future point in the video clip. 
In 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 practice when 
the cross traffic in the patb 's bottleneck varies significantly 
due to arriving or departing traffic from otber users. A 
good player should react to such variations by decreasing or 
increasing the request.ed bit.rate. In the third round of t.est.s, 
we apply positive and negative spikes in the patb 's avail-bw 
that last for just few seconds - such variations are common 
in 802.11 \VLANs for instance. For such short--term drops, 
the player should be able to maintain a constant requested 
bitrate using its playback buffer. For short-term avail-bw 
increases, the player could be conservative and stay at its 

current rate to avoid unnecessary bitrate variations. Due 
to space constraints, we do not show results from all these 
experiments for each player: we select only those results that 
are rnore interesting and provide new insight. 

Ali experiments were performed on a VVindows Vista 
Home Premium version 6.0.6002 laptop with an Int.el(R) 
Core(TM)2 Duo P8400 2.26 GHz processor, ~tOO GB 
physical memory, and an .ATI Hadeon Graphics Processor 
(Dx5C4) with 512 MB dedicated memory. 

3. MICROSOFT SMOOTH STREAMING 
In the following experiments, we use Microsoft Silverligh( 

\lersion 4.0.50524.0. In a Srnooth Strearning tnanifest 
file, the server declares the available audio and video 
bitrates and the resolution for each content (among other 
infrirmation). The rnanifest file also contains tbe duration 
of every audio and video fragrnent. After the player bas 
received the manifest file, it generates successive HTTP 
requests for audio and video fragments. E:ach HTTP 
request from the player contains the name of tbe content, 
the requested bit.rate. and a timestamp that points to the 
beginning of the corresponding fragment. This timestamp 
is determined using the per--fragment information provided 
in the manifest. The following is an example of a Smooth 
Streaming HTTP request. 

GET{ .. )/B:i.gBuckBunn.y720p.:i.sm/ 
QualityLevels(2040000)/Fragments(video=400000000) 
HTTP/1.1 

In this example, the requested bitrate is 2.04 Mbps and 
the fragment t.imestamp is 40 s. 

The Smooth Streaming player maintains two TCP 
connections ,vith the server. At any point in time, one of the 
b,vo connections is used for transferring audio and the other 
for video fragments. Under certain conditions, however, the 
player svlitcbes the audjo and video strean1s betvleen the tvlo 
connections·· it is not clear to us when/bow the player takes 
this decision. This way, although at any point in time one 
connection is transferring video fragments. over the course of 
streaming, both connections get the chance t.o transfer video 
fragments. The benefit of such switching is that neither of 
the connections would stay idle for a long time, keeping the 
server from falling back to slmv-start. [VIoreover, the two 
connections would maintain a large congestion windmv. 

Sometimes the player aborts a TCP connection and 
opens a new one - this probably happens when the former 
connection provides very low th rnugh put. 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 connections to request the appropriate fragments. 
At that point, the contents of the playback buffer are 
flushed. 

In the following experiments we watch a sample video 
clip ("Big Buck Bunny") provided by Microsoft at tbe US 
\;Veb site: 

http;//www.iis.net/media/experiencesmoothstreaming 

The manifest. file declares eight video encoding bitrates 
between 0.3[5 Mbps and 2.75 Mbps and one audio encoding 
bitrate (6°1 Kbps). VVe represent an encoding bitrate of r 
Mbps as P,., P2. . Each video fragment (except the 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1895 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



last) has the same duration: T=2 s. The audio fragments 
are approximately of the same duration. 

3.1 Behavior under Unrestricted avail-bw 
Figure 1 shows the various throughput metrics, 

considering only tbe video stream, in a typical experirnent 
without restricting the avail-bw using DurnrnyNet. t,ccccQ 

corresponds to the time when tbe vVireshark capture starts. 
Note that tbe player starts from the lowest encoding bitrate 
and it quickly, within the first 5-1(} seconds. climbs to the 
highest encoding bitrate. As the per-fragment thrnughpu1 
measurements indicate, the highest encoding bitrate (P2 .75 ) 

is significantly lmver than the avail-bw in the end-to-end 
path. The player upshifts to the highest encoding profile 
from the lowest one in four transitions. In other words. it 
seems that the player avoids large jumps in the requested 
bitrate (n1ore than b.vo successive bitrates) - tbe goa] is 
probably to avoid annoying the user with sudden quality 
transitions. providing a dynamic but smooth watching 
experience. 
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Figure 1: Per-fragn1ent throughput, average 
TCP throughput and the requested bit.rate for 
video traffic under unrestrick,d avail-bw conditions. 
Playback starts at around t====5 s, ahnost 2 s after the 
mmr click€;d. PLAY. 

Another important observation is that during the initial 
time period, the player asks for video fragments mucb more 
frequently than once every T seconds. Furtber analysis of 
the per-fragment interarrivals and download times shows 
that the player operates in one of two states: Buffering 
and Steady-State. In the former, tbe player requests a new 
fragment as soon as the previous fragment was downloaded. 
Note that the player does nol use HTTP pipelining - it 
does not. request a fragment if the previous fragment. has 
not been fully received, In Steady-State, on the other 
band, the player requests a new fragrnent either T seconds 
after the previous fragment was requested (if it took less 
than T seconds to dn\"vnloa.d tbat fragn1ent) or as soon 
as the previous fragment v,as received (othenvise). In 
other words, in the Buffering state the player aims to 
maximize its fragment request rate so that it can build 
up a target playback buffer as soon as possible. In 
Steady-State, the player aims to maintain a constant 
playback buffer, requesting one fragment every T seconds 
( recall that each fragment corresponds to r seconds of 
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Figure 2: Interarrival and download. thnes of video 
frag1nents under unrestricted avail-bw conditions. 
Each frag1nent is two seconds long. 

content). \;Ve est.imated the target video plavback buffor 
size, as described in Section 2, to be about :30 seconds. 
The time it takes to reacb Steady--State depends on the 
avail-bw - as the avail-b,v increases, it takes less time 
to accumulate the 30-second playback buffer. \Ve have 
consistently observed that the player does not sacrifice 
quality, requesting low-bitrate encodings, to fill up its 
playback buffer sooner. Another interesting observation is 
that the player does not request a video bitrat.e whose frame 
resolution (as declared at the manifest file) is larger t.ban the 
resolution of tbe display window. 

3.2 Behavior of the Audio Stream 
Audio fragments are of the same duration with video 

fragments, at least in the movies we experimented witb. 
Even thougb audio fragments are nrnch smaller in bytes 
than video fragments, the Smooth Streaming player does 
not attempt to accumulate a larger audio playback buffer 
than the corresponding video buffer (around :30 s). A.lso, 
when the avail-bw drops. the player does not try to request 
audio fragments more frequently than video fragments (i1 
would be able to do so). Overall, it appears that the Smooth 
Streaming player attempts to keep the audio and video 
stream download processes as much in sync as possible, 

3.3 Behavior under 
Variations 

Persistent avail-bw 

Tn tbis section, we summarize a number of experiments 
in which the avail-bw goes t.brough four significant and 
persistent transitions, as shown in Figure 3. First, note that, 
as expected, the per--fragment tbrougbput is never bigher 
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, however, is consumed audio 
fragments and, more importantly, TCP throughput can vary 
significantly aft.er packet loss events. 

"\Ve next focus on the requested video bitrate as the 
avail-bw changes. Initially, the avail-bw is 5 Mbps and the 
player requests the A.D4 profile because it is const.rnined by 
the resolution of the display window (if we were watching 
the video in full-screen mode, the player would request the 
highest A.75 profile). The playback buffer (shown in Figure 
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Figure :3: P{)r-fragment throughput, av{,rage TCP 
throughput and the requested bitrate for the 
video traffic under persistent avail-bw variations. 
Playback starts at around t==== 10 s, alm.ost 3 s afk,r 
the user clicked PLAY. 
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Figun; 4: Video playback buffer size in seconds 
urn:for persistent avail-bw variations. 

4) has reached its :30 s target by t=,10 s and the player is in 
Steady-State. 

At time tcccc73 s, the avail-bw is dropped to 2 Mbps - that 
is not sufficient for the P2.04. encoding because vm also need 
some capacit.y for the audio traffic and for various header 
overheads. The player reacts by switching to the next lower 
profile ( P1.52) but after some significant. delay ( almost. 25 
seconds). During that time period, the playback buffer 
has decreased by only :1 seconds (the decrease is not large 
because the avail-bw is just barely less than the cumulative 
requested traffic). The large reaction delay indicates that 
the player does not react to avail-bw changes based on the 
latest per--fragment throughput measurement.s. Instead, it 
averages those per·-fra.gtnent tneasurernents over a, ]onger 
t.ime period so that it act.s based on a smoother estimate 
oft.be avail-bw variations. The playback buffer size returns 
t.o its :=m s target after the player has switched to the A.s2 
profile. 

The avail-bw increase at t= 193 s is quickly followed by 
an appropriate increase in the requested encoding bitrate. 

Again, the switching delay indicates that the Smooth 
Streaming player is conservative, preferring to estimate 
reliably the avail-bw ( using several per-fragment throughput 
rneasurernents) instead of acting opportunistically based on 
the latest fragment tbrougbput measurement. 

The avail-bw decrease at t,,,;-ll);{ s is even larger (from 
5 J\,Tbps to 1 Mbps) and the player reacts by adjusting 
t.be requested bitrate in four transitions. The requested 
bitrates are not always successive. Aft.er those transitions, 
the request bit.rnt.e converges t.o an appropriate value PiJ.63, 

much less than the avail-bw. It is interesting that the player 
could have settled at the next higher bitrnte (Po.s4) - in that 
case, the aggregate throughput (including the audio stream) 
,vould be 0.94 Mbps. That is too close to the avail-bw· (1 
Mbps), however. Tbis implies that Srnooth Streaming is 
conservative: ]t prefers to tna]ntafr1 a safety rnargin bet\veen 
t.be avail-bw and its requested bitrnte. \Ve think tbat. this 
is wise, given that. the video bitrate can vary significantly 
around its nominal encoding valve due to t.be variable bitrate 
(VBR) nature of video compression. 

Another interesting observation is that the player avoids 
large transitions in the requested bitrate - such quality 
tn:tns]t]ons ca,n be annoying to the vie,ver. ;-\lsc\ the up,vard 
transitions are faster than the downward transitions - still, 
however, it can take several tens of seconds unt.il tbe player 
bas switched to t.be highest sustainable bitrate. 

3.4 nehavior under 
Variations 

Short-term avail-bw 

In this section, ,Ne summarize a number of experiments 
in which the avail-bw goes through positive or negative 
"spikes" that last for only fe,v seconds, as shown in Figures [5 
and 7. ~rhe spikes last for 2 s, 5 s and 10 s 1 respectively. 
Such short-term avail-bw variations are common in practice, 
especially in 802. 11 Vv'LA.N networks. vVi" t.bi nk that a good 
adaptive player should be able to compensat.e for such spikes 
using its playback buffer, wit.bout causing sbort--term rate 
adaptations that can be annoying to the user. 

Smooth Streaming Player, Section 3.4, First Experiment 
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Figure 5: Average TCP throughput and the 
r~,quested bitrate for th~, video traffic under positive 
avail-bw spik~,s. Playback starts at around t====7 s, 
almost 4 s after the user dicked PLAY. 

Figure 5 shows the case of positive spikes. Here, we 
repeat the three spikes twice, each time with a different 
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Figure 6: Video playback buffer size in seconds 
und~,r positive avail-bw spikes. 

increase magnitude. The Smooth Streaming player ignores 
the 2-second spikes and the smaller 5-second spike. On the 
other hand, it reacts to tbe 10-second spikes by increasing 
the requesting video bitrate. Unfortunately, i1 does so too 
late (sometimes 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 bitr ate is higher than the 
avail-bw, the playback buffer size obviously shrinks, making 
the player more vulnerable to freeze events (See Figure 6). 
This experiment confirms that the player reacts, not to the 
latest fragment, download tbrougbput, but to a smoothed 
estimate of those measurements that can be unrelated to 
the current avail-bw conditions. 

Figures 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 too long: it requests a lower bitrate after 
the end of each negative spike and it stays at that lower 
bitrate long for 40-80 s. During those periods, the user would 
unnecessarily experience a lovler video quaHty. 

Smooth Streaming Player, Section 3.4, Second Experiment 
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Figun; 7: Averag€; TCP throughput and the 
n~quested bitrate for tlw virfoo traffic under rwgativ,~ 
avail-bw spikes. Playback starts at around t=9 s, 
alrnost 3 s aft{)r tlrn user click{,d PLAY. 
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Figure 8: Video playback buffer size in seconds 
und~,r negative avail-bw spikes. 

4. NETFLIX PLAYER 
The Netfiix player uses Microsoft's Silverlight for media 

representation, but a different rate-adaptation logic. The 
Net:flix player also rnaintains two TCP connections with 
tbe server, and it manages these TCP connections similarly 
with the Smooth Streaming player. As will become dear, 
however, tbe Netfiix player does not send audio and video 
fragment requests at tbe same pace. Also, tbe 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. 
VVe decrypted the manifest file using a Firefox plugin utility 
called Tamper Data that accesses the corresponding private 
key in Firefox. Video and audio fragments are delivered 
in wmv and wma formats, respectively. An example of a 
Netflix fragment request follows: 

GET /sa2/945/1876632946.wmv 
/rangei2212059--2252058?token=1283923056 
_ d6f 6112068075£ 1fb60c c48eab59ea55&random 
~1799513140 HTTP/1.1 

Netfiix requests do not correspond to a certain time 
duration of audio or video. Instead, each request specifies 
a range of bytes in a particular encoding profile. Tims, 
we cannot estimate the play back buffer size as described 
in Section 2. Vie can only approximate that buffer size 
assuming that the adual encoding rnte for each fragment 
is equal to the corresponding nominal bitrate for that 
fragment (e.g., a range of 8 Mb at the A.oo encoding profile 
corresponds to 8 seconds worth of video) - obviously this is 
only an approximation but it gives us a rough estimate of 
the playback buffer size. 

After the user clicks tbe PLAY button, the player starts 
by performing some TCP transfers, probably to measure 
tbe capacity of tbe underlying path. Then it starts 
buffering audio and video fragments, but without starting 
the playback yet. The playback starts either after a certain 
number of seconds, or ,vhen the buffer size reaches a target 
point. If that buffer is depleted at some point, the Netfiix 
player prefers to stop the playback. showing a message that 
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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 experiments we watch the movie "Mary 
and Max". The manifest file provides five video encoding 
bitrates between 500 Kbps and 3.8 Mbps and t,vo audio 
encoding bitrates (64 Kbps and 128 Kbps). 

4.1 Behavior under Unrestricted avail-bw 
F'igure 9 shcn·vs the various throughput n1etrics, 

considering only the video stream, in a typical experimen1 
without using DmnmyNet to restrict, the avail-Inv. The 
interarrival of video fragment requests and the download 
times for each video fragment are shown in Figure 10. 
In this experiment, the playback started about 13 s after 
the user clicked PLAY. The playback delay can be much 
larger depending on the initial avail-Inv (even up to few 
minutes). During tbis interval, several security checks are 
also performed before tbe player starts buffering and the 
playback begins l 11]. Fbr the fi mt few fragments, the 
player starts from the lowest encoding bitrate and requests 
a number of fragments from all tbe available bitrates. Then, 
the player stays at that highest bitrate for the duration of 
the experiment. 

Nettlix Player, Section 4.1 
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Figure 9: Per-fragn1ent throughput, average 
TCP throughput and the requested bit.rate for 
video traffic under unrestricted avail-bw conditions. 
Playback starts at around t====24 s, ahnost 16 s after 
the user dicked PLAY. 

During the first 55 s of streaming, until 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 TCP throughput in this patb is 
about :30 Mbps, aHmving the player to quickly accumulate 
a large playback buffer. '\Ve estimated the size of the 
playback buffer at the end of the Buffering state (tcc,75 s) 
at about :-mo s worth of video -- this is an order of magnitude 
larger than the playback buffer size we observed for Smooth 
Strean1ing. 

vVhen the player switches to Steady-State, video 
fragments are requested almost every three seconds, with 
significant variation, huv,.rever. 
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Figure 10: Interarrival and download times of video 
fragments under unrestricted avail-bw conditions. 

4.2 Behavior of the Audio Stream 
Audio fragments in the Netflix player are significantly 

larger than the ones in Smooth Streaming. Specifically, 
an audio fragment is typically :=m 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 attempt to keep the audio and video stream 
dmvnload processes in sync: it can be that the audio 
playback buffer size is significantly larger than the video 
playback buffer size. 

4.3 Behavior under 
Variations 

Persistent avail-bw 

Figure 11 shows the various throughput-related metrics 
in the case of persistent avail-bw variations. As in the 
experiment with unrestricted avail-bw, tbe player first 
requests few fragments at all possible encodings. VVithin 
t.be first 40 s it converges to the highest. sust.ainable bitrate 
(F'1 for that avail--bw (2 Mbps). Tt sbould be noted that 
in this experiment the player never leaves the Buffering 
state (based on analysis of the video fragment. request 
internrrivals). 

vVhen the avail-bw drops to l Mbps, the player 
reacts within about 20 s, which implies that its avail-bw 
estimator is based on a smootbed version of the underlying 
per-fragrnent throughput, as opposed to the instantaneous 
and latest such measurement. It is interesting that the 
select.ed profile at that phase (A oo) is not. sust.ainable, 
however, because it is exactly equal to the avail--bw (some 
avail-bw is consumed by audio traffic and other header 
overheads). Thus, the playback buffer size slowly deneases. 
forcing the player between 320 and 400 s to occasionally 
switch to the next lower bitrate. This observation implies 
that the Netfiix player prefers to utilize a certain high bitrate 
even vd1en the avail-bw is insufficient, as kmg as the player 
bas accumulated rnore than a certain playback buffer size. 
\Ve make the same observation from 450 to 500 s. During 
t.bat. interval, the player switches to a profile (P2.e;o) that 
is much higher than the avail--bw (2 Mbps). The player 
can do this, without causing any problems. because it has 
accumulated a sufficiently large playback buffer size at that 
point. 

In sumnmry, it appears that the Netfiix player is more 
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aggressive than Smootb 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. 
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Figun; 11: Averag,~ TCP throughput and the 
req1wst(,d bitrate for the video traffic und(,r 
persistent avail-bw variations. Playback starts at 
around t=20 s, alrnost 13 s after the user clicked 
PLAY. 

4.4 Behavior under 
Variations 

Short-term avail-bw 

Figure 12 shows how tbe Netfiix player reacts to positive 
avail-bw spikes, while Figure l ;1 sbows bow it reacts to 
negative avail-bvv spikes. V\1e cannot cornpare directly 
the results of these experiments to the corresponding 
experiments ,vith Smooth Streaming, because the video 
encoding profiles a.re different bet-\"veen the 1r1ovies in these 
two experiments. As in the case of persistent avail--bw 
variations, we observe that the Netflix player is rat.her 
aggressjve, rea.ctfr1g to ]arge j ncreases in avai1--bw even if they 
are short-lived. As opposed to Smooth Streaming, which 
often reacts too late and for too long, Net.flix reacts faster, 
,vhile 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 
avail-bw spikes, the Netfiix player does not switch to a lower 
bitrate. It prefers to compensate for the lack of avail-bw 
using t.be large playback buffor size tbat. it has previously 
accu mu] ated. 

5. ADOBE OSlVlF 
\Ve bave repeated the same set of tests with Adobe's 

sample OSIV[F player, using Flash version Hl.1.102.G4 with 
player version \VIN 10.1.102,64 and OSMF library version 
LO. In the following experiments, we watch a movie trailer 
("Freeway") provided by Akamai's HD-video demo 'Web site 
for Adobe HTTP Dynamic Streaming: 

http:/ /wwwns. aka.'llai. com/hdnetwork/demo/fl.ash/zeri/ 

Note that the player used in this \Veb site was not. built 
specifically to showcase HTTP Dynamic Streaming. 

The manifest file declares eight encoding bitrntes for 
this trailer between 0.25 Mbps and :3.00 l'v1bps. In this 
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Figure 12: Average TCP throughput and the 
r~,quested bitrate for th~, video traffic under positive 
avail-bw spikes. Playback starts at around t====20 s, 
ahnost 16 s afi:,~r the us€;r clicked PLAY. 

Netflix Player, Section 4.4, Second Experiment 
3.5 ~--~--~--~--~--~---~--~~ 

Available Bandwid h 

Av~~ieit'~rJ'/J'l1~~r~ 

2.5 

1.5 

0.5 

o~~-~--~--~--~--~---~--~~ 
0 60 120 180 240 300 360 420 

Time (Seconds) 

Figun; 1:-s: Averag,~ TCP throughput and the 
n~quested bitrate for tlw virfoo traffic under negative 
avail-bw spik{)S. Playback starts at around t=37 s, 
alrnost 31 s after the user dicked. PLAY. 

player 1 ea.ch server file (F4I_,"'l forrnat) contains one segtnent 
of the movie. A segment can contain multiple fragments. 
The duration of each fragment is determined by the 
server. Tbe HTTP requests that the player generates 
include a fragment number instead of a timestamp or a 
byte range. An example of an OSMF HTTP request follows: 

GET icontent/inoutedit-mbr 
/inoutedit_h264_3000Seg1-Frag5 HTTP/1.1 

Note that the requested bitrate is shown in the request 
(~{000 Kbps) together wit.b the requested segment and 
fragmen1 numbers. The player maintains one TCP 
connection with the server and receives all fragments 
through this connection. Tbe player migbt shut down the 
connection and open a new one if the user jumps to a 
different point in the stream and the connection is not idle. 
According to information provided by the player itself, the 
target playback buffer seems to be less than 10 seconds. 
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Figure 14 shows that initially the player requests one 
fragment at the lowest available profile and then quickly 
climbs to the largest possible one. But, it does not 
converge to that profile and continues s,vitching betvmen 
profiles occasionally. vVben the avail-Inv is dropped to 
2 Mbps at tcccc 1 :-l9 s, the player fails to converge t.o the 
highest sustainable profile ( P, 7). Tnst.ead. it keeps swit.ching 
between profiles, often using the lowest and highest ones 
(Po.25 and F'.3.00). The user observes several dropped frames 
and freeze events, which is an indication of a depleted 
playback buffer. 
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Figurn 14: P€;r-fragrrn~nt throughput, the req1rnsted 
bitrate for Um video trat1ic and av€,rage TCP 
throughput under persist€mt avail-bw variations. 
Playback starts at around. t=13 s, almost 3 s after 
the user clicked PLAY. 

\Ve have also conducted the same set of experiments with 
the latest version of the OSMF player obtained from the 
following vVeb site. 

http://sourceforge.net/a.dobe/osmf/home/ 

Figure 15 shows the various throughput relat.ed metrics 
in an experiment with the 0Sl\/[F player version 1.5 under 
persistent avail--bw variations. vVe see a very similar issue 
here. The player makes similar problematic rate switchings 
and gets into oscillation. 

To summarize, we have observed that the OSMF player 
fails to converge to a sustainable bitrate especially wben 
the avail-lnv is smaller tban or very close to the highest 
available bitrat.e of the media. Instead, it usually oscillates 
between the lowest and highest bit.rates. The default 
rnte-adapt.ation algorithm seems to be tuned for short 
variations in the avail--bw. vVe do not describe here the 
rest of the experiments we performed with it, because they 
simply confirm that the default rate-adaptation algorithm 
deployed in the OSMF player does not function properly 
under our test scenarios. 

OSMF Player v1 .5, Section 5 
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Figure 15: Per-fragrnent throughput, Urn requested 
bit.rate for the video trat1ic and average TCP 
throughput under persistent avail-bw variations. 
Playback starts at around t====l1 s, alm.ost 4 s after 
the user clicked PLAY. 

6. T\VO COMPETING PLAYERS 
Suppose that tvm adaptive HTTP streaming players share 

the same bottleneck. This can happen, for instance, 
vd1en people in the sarne bouse ,vatcb two different movies 
- in that case the shared bott.leneck is probably the 
residential broadband access link. Another example of such 
competition is when a large number of users watch the same 
live event, say a football game. In that case the shared 
bottleneck may be an edge network link. There are many 
questions in this context. Can the players share the avail-bw 
in a stable manner, without experiencing oscillatory bitrate 
transitions? Can tbey sbare the avail-bw in a fair manner? 
How does the number of competing streams affect stability 
and fairness? How do difforent adaptive players compete 
with each other? And how does a player compete with TCP 
bulk transfers (including progressive video downloads)? In 
this section, we only "touch the surface" of these issues, 
considering a simple scenario in which two identical players 
(Smooth Streaming) compete at a bottleneck in which the 
avail-lnv varies beb.veen 1-4 TVIbps. ~[1h_e idea. is tha,t~ if vve 
observe significa,nt problerns even in this si1r1ple scena,rio, we 
should also expect similar issues in more complex scenarios. 

Tn the following. we present results from two experiments. 
It should be noted that such experiments are fundamentally 
non--reproducible: there is always some stochasticity in the 
way players share the bottleneck's avail-bw. However, our 
observations, at a qualitative level, are consistent across 
several similar experiments. 

Figure l6 shows the avail-bw variations in the first 
experiment, together with the requested bitrates from the 
two players. The second player starts about one minute after 
t.be first one. Until that point, the first, player was using 
the highest profile ( P2. 75 ). After the second player starts, 
t.be t.wo players could have shared the 4 Mbps bottleneck by 
switching to F\.s2, however, they do not. Instead, the second 
player oscillates between lower pmfiles. vVhen the avail-bw 
drops to :3 Mbps or 2 1\/[bps, the oscillations continue for 
both players. The only stable period during this experiment 
is when the avail-bw is limited to l Mbps: in that case 
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both players switch to the lowest profile Fo.35 simply because 
there is no otber bitrnte that is sustainable for both players. 
Interestingly, when the avail-bw increases to 4 Mbps the 
two players start oscillating in a synchronized manner: when 
they botb switch to P2.04. the sbared bottleneck is congested. 
lt seems that both players observe congestion at the same 
time, and they react in the same manner lowering their 
requested. bitrate at about the same time. 

Two Competing Smooth Streaming Players, Section 6, First Experiment 
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Figurn 1.6: Two Smooth Streaming players cornpete 
for avail-bw. The players start thi~ playback at 
around t=7 s and t=57 s, respectively. 

The previous experiment reveals some interesting points 
about Smooth Streaming. First, it seems that the avail-bw 
estimation rnetbod in tbat player considers only tirne periods 
in which fragments are actuaHy downloaded - tbere is 
probably no estimation when the player's connections are 
idle. So, if two players X and Y share the same bottleneck, 
and Y is idle while X downloads some fragments, X 
can overestimate the avail-bw. Second, it appears that 
the Smooth player does not use randomization in the 
rate-adaptation logic. Previous studies have shown that a 
srnaU d_egree of rando1r1ization ,vas often sufficient to avoid 
synchronization and oscillations [6]. 

Two Competing Smooth Streaming Players, Section 6, Second Experiment 
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Figun; 17: Two Srnooth Strmuning playi~rs compete 
for avail-hw. The players start tlH, playback at 
around t=l2 s and t=77 s, respectiv(,ly. 

Figure 17 shows the results for another run. Here, the 
second player stays at the lowest possible bitrate for about 
liSO s after it starts streaming, while the first player uses 
the remaining avail-bw with the bighest sustainable bitrate. 
Tbis is clearly a very unfair way to share the bottleneck 
link. It should be noted tbat this unfairness is unrelated 
to TCP\; well--known unfairness towards connections with 
lnrge rnund-t.rip times (HTT). In this experiment, both 
connections have the same RTT. The unfairness here is 
not generated TCP's congestion control, but by the 
offered load that each application ( video player) requests. 
The second player estimates the avail-b,v to be much 
lower, and it does not even try to increase its requested 
bitrate. If it bad done so, it would likely be able 
to obtain a higber bitrate forcing the first player to a 
lower bitrate. It appears, however, tbat the Smooth 
player's rate--adaptation algorithm does not include such 
band.width-sharing objectives. 

7. SMOOTH LIVE STREAMING 
\Ve are also interested in the similarities and differences 

between live and on-demand adaptive video streaming. 
vVhat is the playback delay in the case of live streaming? 
Does the player react differently to avail-bw variations when 
it streams live content? And how does the player react, when 
the playback buffer becomes empty? Does it skip fragments 
so that it maintains a small play back delay, or does it 
increase the playback delay aiming to show all fragments? 
VVe explored these questions with the Smooth Streaming 
player. In the following experiments, we used the live video 
feed from the Home Shopping Network (HSN) web site: 
http://www. hsn. com/hsn-tv __ a.t-49 l5 __ xa.. a.spx?nolna.v= l. 

Smooth Uve Streaming, Section 7 
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Figure 18: Per-fragm.~,nt throughput, the requested 
bitrat.e for the video traffic and average TCP 
throughput for liv,~ video si:rearning. Playback starts 
at around t=20 s. 

Figure 18 shmvs the various throughput metrics and the 
requested video bitrate, wbile Figure 19 shows the estimated 
video playback buffer size (in seconds). A. first important 
difference with on--d.emand streaming is that the initial 
playback buffer size is about 8 s; significantly lower than 
the typical playback buffer sizes we observed in on-demand 
Smooth Streaming sessions. By the way, even though 
this playback delay may sound too large for live content, 
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Smooth Live Streaming, Section 7 
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Figure HI: Video play back buff(,r size in seconds for 
live video streaming. 

note that even cable TV networks usually enforce a similar 
delay (referred to as "profanity delay") to avoid broadcasting 
inappropriate scenes. 

A second important point, which is not shown in the 
previous graphs but it can be observed by the timestamps 
of the HTTP requests, is that the player initially requests 
fragments that correspond to about 8 s in the past. This 
way, it can start displaying the video without having to 
wait for a long initial playback delay: of course, what the 
user watches then happened at least 8 s ago. As in the 
case of on-demand streaming, the initial fragment request 
rate (,vhile the player is in the Buffering state) is higher, 
requesting a new fragment as soon as the last fragment is 
received. 

Other than the previous two points, it appears that 
the Smooth Streaming player does not react to avail--bw 
variations any different with live content than with 
on--demand content. Note that the persistent avail--bw 
decreases and increases are followed by similar bitrate 
adjustments as in Section 3. 

Another interesting point is what happens when the 
playback buffer becomes empty. This happened in this 
experiment at around tcc,360 s, when the avail-bw vv-as 
decreased to 500 Kbps. During that event tbe playback 
buffer remained practically empty for about 40 s. The player 
still receives some fragments during that period but they 
would not increase the playback buffer size by more than 
a fragment. The player was late to switch to a sufficiently 
lower bitrate, and so several fragments were requested a( 
bitrntes (PL.4o and Po.so) that were higher than tbe 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 s. 

Arguably, it is reasonable to expect for live streaming that 
the player could skip sorne fragrnents that take too long to 
dmvnload, jumping to a later point in the video stream. The 
Smooth Streaming implementation for this particular \iVeb 
site does not do so, however. It appears that the player aims 
to show every single fragment. Consequently, the playback 
delay can increase, gradually staying rnore and rnore behind 
the live broadcasL Indeed, in this case after the avail-bw 
increased to G Mbps, the play back buffer size increased to 

almost 27 s, which is comparable to the typical playback 
delay of on-demand content using Smooth Streaming. 

8. CONCLUSIONS 
"\Ve conducted an experimental evaluation of three 

commercial adaptive HTTP streaming players. focusing 
on how they react to persistent and short--term avail--bw 
variations. Here. we summarize our findings for each player 
and conclude the papeL 

The Smooth Streaming player is quite effective under 
unrestricted avail-bvv as weH as und_er persistent avail-bvv 
variations. lt quickly converges to the highest sustainable 
b]tn:i.i<=\ 1vhile it a.ccurr1ula,tes at the sarne t]n1e a la,rge 
playback buffer requesting new fragments (sequentially) 
at the highest possible bitrate. This player is rather 
conservative in its bitrate switching decisions. First. it 
estimates the avail-bw by smoothing the per--fragmen( 
throughput measurements, introducing significant delays 
in the rate-adaptation logic. Second, it avoids large 
bitrate changes that could be annoying to the viewer. On 
the negative side, tbe Smooth Streaming player reacts to 
short-term avail-bw spikes too late and for too long, causing 
either sudden drops in the playback buffer or unnecessary 
bitrate reductions. F\..trt.ber, our experiments with two 
competing Smooth Streaming players indicate t.bat the 
rate--adaptation logic is not able 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. 

The Netfiix player is sirnilar to Smooth Streaming (they 
both use Silverlight for the media representation). Hmvever, 
we observed that the former showed some important 
differences in its rate--adaptation behavior, becoming more 
aggressive than the latter and aiming to provide the highest 
possible video quality, even at the expense of additional 
bitrate changes. Specifically, the Netf.lix player accumulates 
a very large buffer (up to few minutes), it downloads large 
chunks of audio in advance of the video stream. and it 
occasionally switches to higher bitrates tban tbe avail-bw as 
long as the playback buffer is almost full. lt shares, however, 
the previous shortcornings of Smooth Streaming. 

The OSJ\TF player often fails to converge to an appropriate 
bitrate even after the avail-bw has stabilized. This player 
bas been made available so that developers will customize 
the code including tbe rate--adaptation algorithm for HTTP 
Dynamic Streaming for their use case. vVe do not summarize 
any other experiment here. 

Overall, it is clear that the existing adaptive HTTP 
streaming players are still at their infancy. The technology 
is W?\V and it is still not clear how to design an 
effective rate--adaptation logic for a complex and demanding 
application (video streaming) that has to function on top 
of a complex transport protocol (TCP). The int.ernctions 
between these two feedback loops (rate--adaptation logic a( 
the application layer and TCP congestion control at the 
transport layer) are not yet understood well. In future 
work, we plan to focus on these issues and design improved 
rate-adaptation mechanisms. 
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l\!Iethod 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. 

2 

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 
• 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 
• 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. 

3 

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 simultaneouslyencode asequence attnany 
rates/quality.levels,.or any.co1nbination.ofthese.1nethods, Jfffiij @ftf~r~nt ~#gqg)14 §tr~iiP¥¢~# P@ 
itntrij.t¢@ ij.t¢lnlir¢ntr&tnt§ tnttmt. wh¢ ¢nt{@t¢4 §tt¢~m§ &ftr¢ §~mt §¢q@¢r¢¢ tijttt-n¢n &¢ 
qjff~f~#tiiHY@P§QQ@Q. For example, encoded_stream _land encoded_stream _2 are the inputs to 
differential encoder, and the output, Dstream 2, 1 is the data from which encodedstream 2 can 
be reconstructed from encoded_stream_l (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 encodedstreamm. 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 k and m, denoted as /k and f m (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 f m- The differential decoder 
reconstructs the target stream, encoded _stream_ m, from the reference stream, 
encodedstream k, and the differential stream, l)streamm,k (see Figure 6). 

4 

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 OCT domain, or any other domain, including the spatial 
domain. 

The value Lk designates the values of the quantized coefficient levels in the reference stream. 
Lm 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 Lm is computed and is noted as Lm. 
Next, their difference, noted as Dm.k, is encoded without loss in the differential bit stream. At the 
decoder (see Figure 8), given Lk and Dm.k, Lm 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, Vi, before they are requantized with the target stream 
parameters to improve the accuracy of the predicted quantized levels, Lm. 

5 

Two examples (see Figurel 1 and Figure 12) illustrate the processing that can be done on the 
dequantized coefficients values Vi. In both cases, this processing is targeted to coefficient values 
of data representing a displaced frame difference (motion compensated prediction error). In these 
figures, Fk and Fm respectively denote the coefficients of the predicted frame for the reference 
stream and the target stream. 

The dequantized coefficient values Vk (see Figure 11) are added to the difference between 
F'k, the coefficients of the predicted frame from the reference sequence, and F"'m, the coefficients 
of the predicted frame from the target sequence, to form Vm. This operation is done to take into 
account that the frame used for prediction is different in both streams. The predicted coefficients 
Vm are then quantized to obtain the predicted quantized coefficient levels L111 _as described 
previously. 

In another example (see Figure 12), the coefficient values of the reconstructed frame of the 
reference stream, which we denote as Fie, are computed. Algorithms, like post-processing 
algorithms (such as deblocking and deringing) can then be applied to Fk. 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, Fm, are subtracted from F 'k to generate the predicted 
coefficient values, Vm, followed by the quantization. A similar process can be done for 
intra-coded frames. In this example, the addition of Fk and the subtraction of Fm 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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Post-processing 

Fig. 12 

Quant. Bit rate of differential and reference streams Bit rate of 
scale (bits/sec) independently 
value RefQ=9 Ref Q=l l RefQ=l3 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 
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Blu-ray Di~ake a donati,m to Wikipedia and give the gift of knowledge! 
., 

Prom Wikipedia, the free encyclopedia 

Blu-ray Disc (also known as Blu-ray or BD) is an optical disc storage 
medium. 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 ihe blue laser (violet-colored) used to 
read and write this type of disc. Because of the beam's shorter wavelength 
(405 nanometres), substantially more data can be stored on a Blu-my Disc 
than on the DVD fonnai., which uses a red (650 nm) laser. A two-layer Blu­
ray Disc can store 50 gigabytes, ahnost six times the capacity of a two-layer 
DVD, or ten times that of a single-layer DVD. 

During the format war over high-definition optical discs, Blu-my 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 marketIID DVD players and recorders)2J leading 
almost all other HD DVD companies to follow suit, effectively ending the 
format war. 

Blu-ray Disc was developed by the Blu-ray Disc Association, a group 
representing makers of consumer electronics, computer hardware, and motion 
pictures. As of October 29, 2008, more than 1010 Blu-ray Disc titles have 
been released in the United States and more than 550 Blu-ray Disc titles have 

been released in Japan_[3l[4J[S] There are expected to be over 1300 Blu-ray 
Disc titles released in the United States by the end of 2008.l6l 
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History 

In 1998, comrnercial 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 witb the storage required to 

accommodate HD codecs, e:xcepi JVC's Digital VHS and Sony's Bl1CA.1\1Pl 
Nevertheless, it was well known that using lasers with shorter wavelengths 
would enable optical storage with higher density. \Vhen Shuji Nakamura 
invented practical blue laser diodes, it was a sensation, although a lengthy 

patent lawsuit delayed commercial introduction.i8J 

Origins 

Philips and Sony started two projects applying the new diodes: UDO (Ulira 
Density Optical) and D\'R Blue (together with Pioneer), a format of· 
rewritable: discs which would eventually become Blu-ray Disc (more 

specifically, BD-RE).l9l The core technologies of the fommts are essentially 
similar. 

The first DVR Blue proiotypes were unveiled at the CEATEC exhibition in 

October 2000.l10J Because the Blu-ray Disc standard places the data recording 
layer close to the surface of the disc, early discs were susceptible to 
contamination and scratches and had to be enclosed in plastic cartridges for 
protection. In Febmary 2002, the project was officially announced as Blu-ray, 

[II] and the Blu-ray Disc Association was founded by the nine initial 
members. 

The first consumer devices were in stores on April 10, 2003. This device was 
the Sony BDZ-S77; a BD-RE recorder that was made available only in Japan. 

The recommended price was US$3800;l12l however, there was no standard for 
pre-recorded video and no movies were released for this player. The Blu-ray 
Disc standard was still years away as a newer, more secure DRM system was 
needed before HollY'Nood studios would accept it, not wanting to repeat the 
failure of the Content Scramble System used on DVDs. 

Blu-ray Disc format finalized 

The Blu-ray Disc physical specifications were finished in 2004.l13l In January 
2005, TDK am10unced that they had developed a hard coating polymer for 

Blu-ray Discs.l 14l The cartridges, no longer necessary, were scrapped. The 
BD-ROJ'vI specifications were finalized in early 2006.l15l A.ACS LA, a 
consortium founded in 2004/1 6] had been developing the DRM platform that 
could be used to securely distribute movies to consumers. However, the final 

AACS standard was delayed,U 7l and then delayed aFJain when an important 
member of the Blu-ray Disc group voiced concerns. 18] At the request oftbe 
initial hardware manufacturers, including Toshiba, Pioneer and Samsung, an 
interim standard was published which did not include some features, like 

managed copy.[l 9J 

Launch and sales developments 

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.[20J[2l] 
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11 High definition optical disc format war 

The first Blu-ray Disc titles were released on June 20, 2006. The earliest releases used MPEG-2 video compression, the same 

metbod used on Dv1Js. The first releases using tbe newer VC-1 and AVC codecs were introduced in September 2006.l22l The 
firsi movies using dual layer discs (50 GB) were introduced in October 2006.l23 j The first audio-only release was made in March 
2008.l24l 
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The firnt mass-market Blu-ray Disc rewritable drive for the PC was the BWU- i OOA, released 
by Sony on July 18, 2006. It recorded both single and dual layer BD-R as well as HD-RE 
discs and had a suggested retail price ofUS$699. 

Competition from HD DVD 

The DVD Forum (which was chaired by Toshiba) was deeply split over whether to develop 
the more expensive blue laser technology or not. In March 2002, the forum vote~d to approve 
a proposal endorsed by Warner Bros. and other motion picture studios that involved 

compressing HD content onto dual-layer DVD-9 discs.l25l[26l In spite of this decision, 
however, the DVD Forum's Steering Committee announced in April that it was pursuing its 
own blue-laser high-definition solution. In August, Toshiba and ~~C announce-,d their 

competing standard Advanced Optical Disc.[27l It was finally adopted by the DVD Forum 
and renamed HD DVD the next year, [lSJ after being voted down twice by Blu-ray Disc 
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A blatLk rewiitable Blu-rny Disc 
(BD-RE) 

Association members, prompting the U.S. Department of Justice to make preliminary investigations into the situationJ29][30J 

HD DVD had a head start in the high definition video rnarke~t and Blu-rny Disc sales were slow at first. The first Blu-ray Disc 

player was perceived as expernsive and buggy, and there were few titles availableJ311 This changed when PlayStation 3 launched, 
since every PS3 unit also funclioned as a Blu-rc1y Disc player. At CES 2007 Warner proposed Total Hi Defwbich was a hybrid 
disc containing Blu-rn.y on one side and IID DVD on the olher but it was never released. By January 2007, Blu-ray discs had 

outsold HD D\T)s,l32l and during the first three quarters of 2007, BD outsold HD DVDs by about rv110 to one. In Fe~bruaty 2008, 
Toshiba withdrew its support fi)r the HD DVD formal, leaving Blu-rny as the victor.[33l 

Some~ analysts believe that Sony's PlayStation 3 video game console 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 drive as its primmy infomiation storage rnedium.f34l 
They also credited Sony's more thorough and inf1uential marketing campaign.l35l More recently Twentieth Century Fox has cited 
Blu-ray Disc's adoption of the BIH- anti-copying system as the reason they supported Blu-rn.y Disc over HD DvTI.f36l 

End of the format war 

In January 2008, a day before CES 2008, Warner Brothers, tbe only major studio still releasing movies in both HD Dvl) and 
Blu-ray Disc format, announced it would release only in Blu-my Disc after May 2008. This effectively included other studios 
which came under the Warner umbreHa, such as New Line Cinema and HBO, though in Europe HBO distribution partner the 
BBC announced it would, while keeping an eye on market forces, continue to release product on both fonnats. This led to a chain 
reaction in the industry, including major tLS. retailers such as Best Buy, Wal-Mart, and Circuit City dropping HD DVD in the~ir 
stores. A major European retailer, Woolwor1hs, dropped HD DVD from its inventory. Netflix and Blockbuster - major Dvl) 
rental companies - said they would no longer carry HD DVDs. Following these new developments, on Febmary 19, 2008, 

Toshiba announced it would be ending production oflID DVD devices,[371 allowing Blu-ray Disc to become the industry 
standard for high-density optical disks. Univernal 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 time to turn 

our focus to releasing new and catalog titles on Blu-ray Disc. «[3SJ Paramount Studios, which started relea~ing movies only in HD 
DVD format during late 2007, also said it would start releasing in Blu-ray Disc. Both studios announced irJtial Blu--rn.y lineups in 

May 2008. With this, aU major Hollywood studios now support Blu-rayJ39l 

Former I-ID DVD supporter Microsoft had stated that they were not pursuing a Blu--ray Disc drive for the Xbox 360, and would 

instead focus on their digital downloads from the X'box Live Mmketplace.[40J 

Blu-rn.y Disc began making serious strides as soon as the format war ended. Nielsen VideoScan sales numbers showed that with 
some titles, such as 201h Century Fox's "Hitman," up to 14% of total disc sales were from Blu-ray, allhough the average for the 
first half of the year was around 5%. Shortly after the format war ended, a study by The NPD Group found that awareness of 
Blu-rn.y Disc had reache<l 60% of U.S. households, with most experts predicting !he business will take off in a significant fashion 
in Jhe fourth quarter of 2008, when BD Live~ software and players--which offer a variety of Web-enabled features, from 
downloadable trailers to chat and inBtant-messaging fonctions--start hitting the market. 

According to Singuhis Technologies AG, Blu-ray is being adopted faster than the DVD fonnat wa'> at the same period ofits 
development. This conclusion was made due to the fact that Singulus Technologies has received ordern for 21 Blu-ray dual-layer 

machines during the first quarter of 2008, while 17 DVD machines of this type were made in the sarne period in i997.l41 l 

Restart of.Format War 
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Royal Digital Media has restarted the Blu-Ray format war by offe1ing a militaty-strength encryption blu--rny alternative. 

"RDM's format will transform perceptions of high-definition," said DreamStream's Chief Development Officer UlfDiebeL 
"RDM's system is able to display the next generation of high-definition: l 920p. With this advancement in technology, trne digital 
cinema will soon be a widespread reality." 

Discs are to support 100GB of space with current DVD prices for hardware. Available Ql 2009l42l. 

Technical specifications 
: -----------------------r--------------------------------------------1 

-~"!'ieaJ ,;ze ___ I Singl~aye, capacity I Dual layer_"'.!"'., 
Standard disc size 12 cm, single sided!25 GB (23.28 GiB) i 50 GB (46.56 GiB) 

Mini disc size 8 cm, single sided ! 7.8 GB (7.26 GiB) I 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 650 run and 780 nm 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 a 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 focus it. By decreasing the wavelength, increasing ihe numerical 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 smaller spot. This 

allows more information to be stored in the same area. For Blu-ray Disc, the spot size is 580 mnJ43l In addition to the optical 
improvements, Blu--ray Discs feature improvements in data encoding that further increase the capacily. (See Compact Disc for 
infom,ation on optical discs' physical strncture.) 

Hard-coating technology 

Because the Blu-ray Disc data layer is closer to the surface of the disc, compared to the D\t1) 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 Durnbis. In 
addition, both Sony and Panasonic's replication methods include proprietmy hard-coat technologies. Sony's rewritable media are 
spin-coated with a scratch--resistant and antistatic coating. Verbatim's recordable and rewritable Blu-ray Disc discs use their own 
pmprietaiy hard--coat technology called ScrntchGuard. 

Recording speed 

]x 

2x 72 9 45 90 
------------------------

4x 144 l8 23 45 

6x 216 27 15 30 
-------------------------

Sx* - 288 36 12 23 

12x** 432 54 8 15 

* On August 8, 2008, Japanese electronics company Buffalo announced that it will ship the first 8x Blu-ray burners in Japan 

sta1ting from September 2008. [44lon September 22, 2008, Buffalo announced one internal and one external 8x Blu-ray burners 
for the United States, to be released the same month. [45lThe following day Sony am1ounced the BWU-300S, an internal 8x Blu­
ray burner for the United States. [46l 

** Theoretical 
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Software standards 

Codecs 

Codecs are compression schemes that store audio and video more efficiently, optimizing for either low space usage or quality per 
megabyte. There are both lossy and lossless compression techniques. 

The BD-RO:M specification mandates certain codec compatibilities for both hardware decoders (players) and ihe movie-software 
( content). For video, all players are required to support J\,fPEG-2, H.264iA VC, and Sl\,TPTE VC-1. r'v1PEG-2 is the codec used on 
regular DVDs, which allows backwards compatibility. H.264iAVC was developed by 1-TPEG and VCEG as a modem successor 
ofH.263 . VC-1 is another l\1PEG-4 derivative codec mostly developed by Microsoft. BD-ROM titles with video must store 
video using one of the three mandatory codecs. Multiple codecs on a single title are allowed. 

The choice of codecs a.fleets the producer's licensing/royalty costs, as well as the title's maximum rnntime, due to difterences in 
compression efficiency. Discs encoded in i\,1PEG-2 video typically limit content producers to around two hours of high-definition 
content on a single-layer (25 GB) BD-ROM:. The more advanced video codecs (VC-l and H.264) typically achieve a video 
runtime v.vice that ofI\1PEG-2, with comparable quality. 

I\1PEG-2 was used by many studios, including Paramount Pictures (which initially used the VC-1 codec for HD DVD releases) 
for the first series ofBhi.-rny discs that were launched 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 disc, 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 most 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 Returns uses VC-1 for the feat!lfe film and 
IvIPEG-2 for bonus content (presumably because it is simply ported from the DVD release). 

For audio, BD-ROM players 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 fonnats Dolby TrueHD and DTS-HD Master Audio. BD­
ROM titles must use one of the mandat01y schemes for tbe primary soundtrack. A secondary audiotrack, if present, may use any 
of the mandatory or optional codecs. 

For users recording digital television programming, the recordable Blu-ray Disc standard's initial data rate of 36 Mbitis is more 
than adequate to record high-definition broadcasts from any source (IPTV, cable/satellite, or terrestrial). BD-Video movies have 
a maximum data transfer rate of 54 .M.bit/s, a maximum AV bitrate of 48 Mbitis (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 Mbitis, a 

maximum AV bitrate of 30.24 Mbit/s, and a maximum video bitrate of29.4 Mbit/s.l47l 

,Java software support 

At the 2005 JavaOne trade show, it was announced that Sun Microsystems' Java cross-platform software environment would be 
included in all Blu-ray Disc players as a mandatory part of the standard. Java is used to implement interactive menus on Blu-rny 
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 creaior 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 is a subset of the Globally Executable I\.1HP (GEM) standard. GEM is the 
worldwide version of the Multimedia Home Platfonn siandard. 

Region codes 

Blu-ray Discs may be encoded with a region code, intended 
to restrict the area of the world in which they can be played, 
similar in principle to the DVD region codes, althougb 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 motion piciure studios to 
control the various aspect~ of a release (including 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--rny manufacturers 
(Japan, Korea, Malaysia) are in the same region as North .America. As of early 2008, about two-tbirds of an released discs were 
region-free.[49] 
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Major studios have different region coding policies. 
Paramount Pictures and Universal Studios have released all 

of their titles region freeVOJ[5l] 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. Ti1les released by other labels on behalf of New 

Line are s1ill subject to some region lockingJ52l[53l Lionsgate 
and Wah Disney Pictures have released a mix of titles that 

were region free and region coded. [54J[55J 20th Century Fox 
bas released ail but one of their titles region coded.l56] 

Jn the Blu-ray region coding system, the United States is 
placed in region A while regions B and C are used for 
countries which can experience localization delays before 
U.S. titles are officially released. The opposite, though, is 
sometimes trne and a few new titles such as Harry Potter and 
the Goblet of Fire and Running Scared were released in 

certain European countries before the U.S. release.l57l in 
response to the D\!D region system, multi-region and region-

.Regions.for:J3lu.aray.standat&~~] 
A: East Asia (except Mainland CJ:,Jna and Mongolia), Soufaeast 
Asia, North America, South America and their dependencies. 
B: Africa, Southwest Asia, Europe ( except Russia), Oceania and 

their dependencies. 
C: Central Asia, East Asia (Mainland China and Mongolia only), 

South Asia, central Eurasia and their dependencies. 

free DVD players became dominant in certain markets; certain Blu-ray player models have been modified to allow for piayback 

of Blu-ray and Dv'D discs with any region code. [581 

Digital rights management 

The Blu-ray Disc format employs several layers of digital rights management.l59l[60J 

Advanced Access Content System (A.ACS) is a standard for content distribution and digital 
1ights management. It is developed by AS Licensing Ad1ninistrator, LLC (A.,\CS LA), a 
consortium that includes Disney, Intel, Microsoft, Mat'lushita (Panasonic), Warner Bros., IBM, 
Toshiba and Sony. 

------------·--==~-------·. _ .. - -----.:..:-·_"i 

Since appearing in devices in 2006, several successfui attacks have been made on the format. 
TI1e first known attack relied on the trusted client problem. In addition, decryption keys have 
been extracted from a weakly protected player (WinDVD). Since keys can be revoked in newer 

releases[61 l, tbis is only a temporary attack and new keys must continually be discovered in 
order to decrypt the latest discs. Tbis cat-and-mouse game has gone through several cycles and 
as of August 2008 all current decryption keys are available on the Internet. 

BD+ was developed hy Cryptography Research Inc. and is based on their concept of Self-Protecting Digital Content.[621 BD+ is 
effectively a small virtual machine embedded in authorized players. It allows content providers to include executable programs 

on Blu-ray Discs. Such programs can:f 591 

111 exa..'11ine the host environment, to see if the player has been tampered with. Every licensed playback device manufacturer 
must provide the BD+ licensing authority with memory footprints that identify lhei.r devices. 

111 verify that the player's keys have not been changed. 
111 execute native code, possibly to patch an otherwise insecure system. 
111 transform the audio and video output. Parts of the content will not be viewable without letting the BD+-progrnm 

unscrn.rnble it. 

If a playback device manufacturer finds that its devices have been hacked, it can potentially release BD+-code that detects and 
circumvents the vulnerability. TI1ese programs can then be included in all new content releases. 

111e specifications of the BD+ virtual machine are available only to licensed device manufacturers. A list oflicensed adopters is 
available from the BD+ website. 

Ibe first titles using BD+ were released in October 2007. Players from Samsung and LG had problems playing back those titles 
until the manufacturers updated their fmnware, but this problem was later identified as being related to BD-Java use, not BD+. 

[631 BIH protection was fully circumvented with the release 6.4.0.0 of AnvDVD HD orogrnm. 

ii 
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BD-ROM Mark is a small amount of cryptographic data that is stored separately from n01n1al Blu-ray Disc data. Bit--by-bit 
copies that do not replicate the BD-ROM Mark are impossible to decode. A specially licensed piece 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 audio only player profile (BD-Audio) 

that does not require video decoding or BD--JJ64l Ali three of the video based player profiles (BD-Video) are required to have a 
full implementation ofBD-J, but with varying levels of hardware suppmt. 

BD-Video 

Feature 

No l GB 

No 

No 

No Optional 

No No No 

A 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 lJSB flash 

memo1y. 

" b A secondary audio decoder is 1ypically used for interactive audio and connnentary. 

"c Profile 3.0 is a separate audio only player profile. As of2008-06--26, only one known Blu-ray record has been released and it has been confirmed to 

work on the PS3.l65H66J 

" d Is also known as Initial Standard profile. 

" e ls also known as Final Standard profile. 

On November 1, 2007, the Grace Period Profile was superseded by Bonus View as the minimum profile for new BD-Video 

players released to the market.[67l When Blu-ray software authored \vith interactive features dependent on Bonus View or BD­
Live hardware capabilities are played on Profile l.O players they will be able to play the main feature of the disc but some extra 

features may not be available or may offer limited capabili1y.f68l 

Except the LG-BI-Il 00, 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. l69ll70ll71l 

Backward con1patibility 

Tbough not compulsory, the Blu-my Disc Association recommends that Blu-ray Disc drives should be capable of reading 

standard DVDs and CDs for backward c:ompatibility.f72l A few ea.fl} J3lu-ray Disc players released in 2006 could play DVDs but 
not CDs (tbe LG BI-I100, Pioneer BDP-HDl, and Sony BDP-Sl)l' 3 [,4J[75J 

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.").f76l[?7] Hitachi stated that such a 
disc could be used to store 7 hours of32 I\.1bit/s video (HDTV) or 3.5 hours of64 Mbit/s video (Cinema 4K). Furthennore TDK 
am1ounced in August 2006 that they have created a working experimental Blu--ray Disc capable of holding 200 GB of data on a 

single side, using six 33 GB data layersV8j 

Also behind closed doors at CES 2007, Ritek revealed tbat tbey 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 maior obstacle is that current reader and writer technology does not supp01t the additional laversV9j 
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NC has developed a three-layer technology that allows putting both standard-definition DVD 
data and HD data on a BDtDVD combo. lf successfully commercialized, this would enable the 
consumer to purchase a disc which could be played on current DVD players, and reveal its HD 

version when played on a new BD player.f80] Tbs hybrid disc does not appear to be ready for 
production and no titles have been announced that would use this disc structure. 

In January 2007, Hitachi showcased a 100 GB Blu-ray Disc, which consists of four layers 

containing 25 GB eacb.l81 ] Unlike TDK and Panasonic's 100 GB discs, they claim this disc is 
readable on standard Blu-ray Disc drives that are currently in circulation, and it is believed that 

a firmware update is the only requirement to make it readable to cmTent players and drives.f82l 

As of April, 2008 a joint licensing agreement for Blu-ray Disc has not yet been finalized.l83l A 
joint licensing agreement would make it easier for companies to get a license for Blu-my Disc 
without having to go to each individual company that owns a Siu-ray Disc patent. For this 
reason a joint licensing agreement was eventually made for DVD by the DVD6C Licensing 
Agency. [S4J 

Variants 

Mfoi Blu-ray Disc 

Page 8 of 11 

The Mini Blu-.ray nisc (also, Mi.ni-BD and Mini Bh.1.-ray) is a compact 8cm (--3in) diameter variant of the Blu-ray Disc that can 
store appro:>dmately 7.5 GB of data. It is similar in concept to the MiniDVD. Recordable (BD-R) and rewritable (BD-RE) 
versions of tvlini Blu-ray Disc have been developed specifically for compact camcorders and other compact recording devices. 
[851 

BJ)9/llD5 Blu-ray Disc 

BD9 and BD5 are lower capacity variants of the Blu-ray Disc that contain Blu-ray compatible video and audio streams contained 
on a conventional DVD ( 650 nm wavelength/ red laser) optical disc. Such discs offer the use of the same advanced compression 
technologies available to Blu-rny discs (including 1'1PEG-4-AVC!H.264, SMPTE-421:tvf/Vc .. 1 and MPEG-2) while using lower 
cost legacy media. BD9 uses a standard 815211B DVD9 dual-layer disc while BD5 uses a standard 4482MB DVD5.single-layer 

disc.l86l 

BD9/BD5 discs can be authored using home computers for private showing using standard DVD±R recorders. A.ACS digital 

rights management is optiona1.[87J Tl1e BD9/BD5 format was originally proposed by Warner Home Video, as a cost-effective 
alternative to regular Blu-ray DiscsJ88l It was adopted a~ part of the BD-ROM basic format, file system, and AV specifications. 
BD9/BD5 is similar to 3x DVD for HD DVD. 

AVCREC 

See also: HD REC 

AVCREC is an officia1[89l lower capacity variant of the Blu-ray Disc used for storing Blu-my 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 to HD REC for HD DVD. 

Note that A VCREC is not ihe same as .A VCHD content stored on DVD. The latter is a media independent format and is used 
presently in tapeless camcorders that record onto DVD and Blu-ray disks, as well as onto SecureDigital and MemmyStick 
memory card~. Playing back A VCHD content on a Blu-ray player may require modification of A VCHD directory strncture, but 

does not require re .. encodfog of video files themselves.l9°1 

Bla-ray llisc recordable 

Blu-ray Disc recordable refers to two optical disc formats that can be recorded with an optical disc recorder. BD-R discs can be 
written to once, whereas BD-RE can be erased and re-recorded multiple tin1es. The theoretical maximum speed for Blu-ray 
Discs is about l2x as the speed ofrotation (10,000 rpm) causes too much wobble for the discs to be read properly, similar to the 
20x and 52x respective maximum speeds of DVDs and CDs. 
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Since September 2007, BD-RE was also available in the smaller 8 cm Mini Blu-ray Disc diameter size.[85l[9l] 

On September l 8, 2007, Pioneer and Mitsubishi co-developed BD-R LTH ("Low to High" in groove recording), which features 
an organic dye recording layer tbat can be manufactured by modifying existing CD-Rand DVD-R production equipment, 

significantly reducing manufacturing costs.f92] 

In Febmary 2008, Taiyo Yuden, Mitsubishi and Maxell released the first BD-R LTH Discs,[931 and in March 2008, Sony's 
PlayStation 3 gained official support for BD-R LTH Discs with the 2.20 firmware update.l94l 

Unlike the previous releases of 120 mm optical discs (i.e. CDs and DVDs), Blu-ray recorders hit the market almost 
simultaneously with Blu-ray's debut (at least in Japan). 

See also 

111 Blu-ray Disc authoring 
111 Blu-ray Disc Association 
111 Blu-ray Disc recordable 
111 Comparison of high definition optical disc fomiats 
ill PlayStation 3 
" High definition optical disc fonnat war 
"' List ofBlu-ray Disc devices 
" Optical disc 

Alternative disc technologies 

111 HD DVD (primary competitor, now discontinued) 
111 HD Vl'vID/Versatile Multilayer Disc (new low-profile competitor) 
111 AVCHD 
111 Digital Multilayer Disk -- the successor technology to Fluorescent Multilayer Disc 
" Enhanced Versatile Disc (EVD) 
., Fof\l\/ard Versatile Disc (FVD)-Taiwanese backed red laser format 
ill Fluorescent Multilayer Disc 
., Holographic Versatile Disc - standards with 3.9 TB storage are under development 
111 3D optical data storage----- a next-generation technology expected to provide TB-capacity discs 
" Protein-coated disc 
"' Ultra Density Optical 
ill LS-R- a "layer selection" teclmology allowing the stacking of very large numbers ofDVD-like data layers in a single 

disc. 
"' Professional Disc for DATA (PDD or ProDATA) 
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Last edited by benes; Yesterday at 10:26 PM. 

Code: 

27.~~l 
27.60 
24.9!3 
24.99 
21.79 
19, 0 
lt! 9 

1:48:55 ]fi,iS44, 
2:49:03 22,44~1, 
1:41:45 ]J,076, 
1:22:32 1.e,::s1, 
1:22:32 'lfi,309, 
2:28:5] 24,937, 
2:02:41 :16,132, 
1:53:07 36,S:11, 
1:40:06 31;828, 
2:02:30 29,979, 
J.~53:0S 33 1 023, 
1:56:32 24:961, 
1:02:45 18,0:17, 
1:39:03 18,519, 
2:03:34 J2,765r 
2:13:17 30,381, 
1:41:55 16,597, 
1:32:51 15,~30, 
1:52:08 34,954, 
2:04:35 33,864, 
1:40:4'7 26,397f 
1:48:40 28,19t\ 
1:33:49 25,09:!.f 
1:41:05 27,110f 
2:41:29 37,503, 
1:57:22 26, 1Si5, 
1:31:13 J9,3J3, 
2:01:41 :::0,971, 
2:36:57 31,116; 
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Join Date: Nw 2006 
Trading Score: (2} 
Coilectloo: (Q) 
HT Gailery: (il) 

Video 
Title Codec Bir.rate Length 

Dinosaur NPEG-2 21 24 1:21:59 
Dirr.y Dancing {jaggies) A.VC 26,68 1:40:12 26,t\19:," 
Dircy Ha:rr.y: Ultimat:e Co1lector 1 s Edition 

Dirt;{ Harry VC-1 23.61 1:42 29 23,-l51: 
Magnum Force 
The Enforcer 
Sudden Impact 
The Dead Pool 

Discovery Atlas: Italy Revealed (1080i59.94) 
District Bl3 
\FR) District B13 (1080p24) (no English subs) 

VC-.1 
VC-1 
AVC 
ME'EG-2 
AVC 

Distu:rbifa AVC 
(EU) The Di ving'Belland.theBut terf ly (2 4p} (noEngsubs) AVC 
Doctor Stranqe AVC 
Dog Day Afternoon vc-1 
Dogma AVC 
Donnie Brasco: Extended Cut AVC 
Doomsday: Unrated VC-1 
The Doors 
Bram Stoker's Dracula 

AVC 
AVC 

25 .. 10 
20.9S 
18.86 
22.% 
15.00 
20.98 
16.35 
31. SH! 
20.00 
20. 11 

26, lS 
28, 'l:l 
20 ()!3 

26 98 
22 94 

Dragon Ball Z: Broly Double Feature 
Erol;{: Th~:: Legendary Super Saiyan 
Braly: Second Com:i.ng 

AVC 18,51 

Dragon Tiger Gate 
0-1.K) Dragon Tiger Gate 
Dragon Wars: D··War 
Dragon's Lair 
Dreamgj_rls 
Earth: Tfie B:l.ography 

AVC 18.54 
AVC 25.98 
AVC 22. 8S 
AVC 23.03 
MPEG-2 
MPEG-2 30.81 

2:02:33 ~9,596,, 
1:36:36 20,3~5, 
1:57:09 2::,726, 
1:31:13 ::'.0,8S7, 
1:40:53 L:,442, 
1 24,33 19,3:,o, 
1 24:29 1·1,..7,;0, 
1:44 :36 '.'9, 63!, 
1:51:38 2:..,:309, 
1:16:26 16,S32, 
2:04:39 18,7:'.~i, 
2:08:11 :Hl,':,E;1., 
2:27:0'7 39,8:'.3, 
1;52:50 )3,~,26, 
2:20: 39 36, 3'..)6, 
2:07:22 "32,7~4 .. 

1:11 57 12,176, 
0:52 13 (i,dS, 
1:34:19 2t;,f:L3, 
1:34:19 23,361, 
1:30:04 21,0lOj 

2:10:12 33,75.S, 

L.~st edl/Bd by benes: Yesterday at 10:,? PM. 

t:. 
L 

Code: 

\.Tideo 
Codec Bitrate Length Hovis f: 

(UK) Kanye West: Late Orchestration 
Kill BilL: Vol. 

(1080i59 .. 94)AVC 
!WC 

1.5. 99 
30.06 
27.26 Kill Bill: Vol. 2 AVC 

Killing Machine i Shogun· s N:i.n:ja. (DouJ:i1e Feature) 
Killing Machine 
Shogun 1 s Ninja 

(EU} King A.rUn.:.r: Direc1:or I s Cwt 
Kingdom of Heaven: Director's Cut 
Kiss Kiss Bang Bang 
(DE) Kiss Kiss Bang Bang 
Kiss of the Dragon 
{SE) The Kite Runner (1G80p24) 

A Kni,,hc 's Ta le 
Kung· Pu Hust le 
{UK) Kung P-,J. Hustle: Uncut: 
L.A .. Confidential 
Ladder 49 
Lady i;:1 the Water 
(DE) Lady Vengeance (no English subtitles) 
The Lake House 
Lara croft.: Torrib Raider 
The Last Samurai 
The Last Sentinel 
The Last Waltz 
Layer Cake 
The League of Extraordinary Gentlemen 
Leatherheads 
Legends of Jazz Showcase 
(DE) Leon (The Professional) : Theatrical 

Last edited by i;enes: Yesterday at 10.'2? l>M. 

MPEG-2 13.19 
MPEG-2 12.b'.:! 
AVC 23 92 
MPEG-2 
MPEG-·2 
Ml?EG-2 
MPEG-2 
AVC: 
MPEG·2 
M'PEG-2 
MPEG -2 
VC:-1 
AVC 
VC--1 
VC·-1 

24 03 
17, 29 
17, 29 
17,60 
J_ 7. '34 

17.25 
16.22 
16. 16 
22.91 

10.96 
17. 96 

VC·-1 14.41 
MPEG-2 18.19 
V(>l 1.8.24 
MPEG-2 22, 83 
MPEG-2 17.55 
Ml?EG-2 25,84 
AVC 16,44 
VC~1 17 17 
MP:E:G-·2 
AVC 24.86 

0:49:06 s .. 
1:50:43 31:489; 
2:16:57 :)B:'~06, 

1:26:52 9,344, 
1:57:01 12,132, 
2:21:37 37,983, 
3:09:33 4·\,90'.:, 
1:42:42 1S,t)6-i .. 
1:42:42 16,303,. 
1:38 15 17,7/.-::. .. 
2:0'7 43 ?~:,OTi: 
2:12:08 ~4,0<17, 
1:.38:55 17,(<~7, 
1: 3 9: 2 5 1 i1 r ~; 6;~:, 
2:17:53 3'1',020, 
1:SS:04 
1:49:39 11,398, 
1:55:10 20,698, 
1:38:33 J.2,9:21, 
1 :40:32 17,5;13, 
2:34:11 ~4,4'.:,l, 
1:34:25 20,1:,9, 
1:57:13 21,443r 
1:45:23 26,919, 
J..;50:0S 19,370, 
1:53:43 22,618,. 
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Blu-ray Movie Bitrates Here - Blu-ray Forum 

benes 
Member 

Jotn Date: No; 2006 
Trading Score: (~) 
C:ollect,on: rn) 
HT Gaiiery: (Q) 

tienes 
Member 

Joiri Date: New 2006 
Trading Score: (.Q) 
Collection: (Q) 
HT Ga!lerv: {2) 

r;J 1H)8-2006, 09:17 AM 

benes 
Member 

Join Date: Na.t 2006 
Tradin(l Score: (0) 
Collect,on: {Q) 
HT Gal!ery: (Q) 

L 
Code: 

Video 
Title Codec Bitrate Length Mov~e ~ 

RoboCop: U:nr:-a r.:.ed 
Robocech: The Shadow Chronicles 
The Rock 
(EU) The Rock 

Rc,c}:y 

Roc}::y Balboa 
(EU} Rollerba11 (2002) 
Romancing the Stone 
(EU} Ronin 
(NO) Rovdyr (BackNoods} 

The Ruins 
Run Fatboy Run 
(UK} Run Far.boy Run 
Run Lola Run 
(DE} Running Scared (2006} 
R-..1nning with Sc:i.ssors 
Rush Ho•J.r 3 

Rush Hour 3 P1.P Secondary Encode 
Saawariya 
Sahara (2005) 
Salvage (2006) (J.080:159 '.34) 
The Sand Pebbles 
Saw 
Saw II: Unrated Edition 
Saw III: Unrated Edition 
Saw IV: unrated Director's cut 

MPEG-2 20.73 
AVC 22, 05 
AVC 23,45 

AVC 23.48 
MPEG-2 18.:12 
l\VC 28,]5 
AVC 27,25 
AVC 34,60 
MPEG-2 17 10 
AVC 24 00 
VC-l 27 78 
VC-l 28,36 
VC-1 29,99 
AVC 26,56 
VC-l 17,98 
MPEG-2 23.91 
VC-1 15.86 
VC-1 15.90 
AVC 27,66 
MPEG-2 J.t.27 
MPEG.,2 23,48 
MPEG-·2 lB, 02 
M.f'EG-2 2.3,92 
Mf'EG·2 2} . .14 
MPEG,2 16.68 
AVC 17.00 

Scary Movie (2000) AVC 20. 02 
(EU) Scary Movie MPEG-2 26 .. 55 
(f'R) The Science of Sleep (no English sub:.:itles}AVC 18.77 

Siles in bvtes 
bitrates are averages and are in megeobits per second (Mbps} 
All DTS tracks are 48 k!-lz/24-bit unless otherwise :ndlcated 
AH LPCM tracks are 48 kH2J16·b:t uniess oth,;:-rwise Indicated 
,A.I! Dc,!by TrueHD trscks srt: 48kHz un!ess otherwise indicat~id 

A!1 titles i~re t080r,23.976 unless 0U1erwise indicated 

1:4:~ :14 20, 94 l, 
l:2B:0!. 18,574, 
2:16:39 32, 

:16:29 :n,29S, 
l:5:~:3S ::1,6~:", 1 

1:41:47 :~8,344, 
l:3B:09 30,~,39, 
1:45:46 32,510, 
2:01:33 :22,318, 
l:19:0S ?0,?.00, 
J.:33:2S 23,960 1 

l 40:19 26:t:60; 
l 40:13 27:66*1, 
1:19:50 2S:067, 
2:01:35 22:60S, 
2 01,,18 28,866, 

30:•17 1S,4?2, 
30:i17 1:L,':AS, 

2:17:•17 37,?J4, 
2:04:03 21,029, 
1:19:29 16,99S, 
3:02:33 :1:3,297, 
l:42:4Ei 2L,2~16, 
1:34;32 20,~,30, 
1:'33:44 L9, 1~'.9, 
1:3:>:31 ·113,009, 
1:28:17 ·113,3·~9, 
1:29:31 27,':1•~6, 
1:4&:00 /.:!,89~:, 

Please nc,te: Fetr TrueHD tracks there !s no exact way to determir.e blt depth so these are best guesses based on au avi:!H~1Dle date,, 

(EU) = Europesn Jmport 
{HK) "" !"jong Kong Import 
(J} = Japanese Import 

"' split into two files 
** split ,nto three flies 
fr split into several files 
"6.1 unique channels 
DTS+IR ~ DTS~r;o High Resolution Audio 

l.ast edi!Ed t;y benes: Yesterday at 10:28 P,fvf. 

\~ yz 

http://forum.blu-ray.com/shov,,1:hread.php?t0"3338 

Page 3 of 6 

.,;.4 

10/30/2008 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1927 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Blu-ray Movie Bitrates Here - Blu-ray Forum Page 4 of 6 

benes 
Member 

Join Date: Nov 2006 
Trading Score: (!J.) 
Collection; {.O.) 
HT Ga!lery: (l)) 

\ \;J J.i .. 08·2005. 09:30 /1.M 

WriteSimply 
Blu-ray Guru 

Join Date: Seo 3)06 
Locat:on: Kuaia Lumpur, 
Malaysia 
Tr-ading Score: ttl) 
Co!!ect!on: (Q} 
HT Galle1-y: (0) 

it' 

Join Date: Aug 2.005 
Location; 81.;-ray .com 
Trading Score: (JJ) 
Collection: (Z) 
HT Ga!lerv: (.Q.) 

Join Date: Oct 2.006 
Location: UK 
Trading Score: CO) 
Collection: (fill!!) 
HT Gailery: (ll) 

JimPullan 
Power Mernber 

Location: Ocala, FL 
Trading Score:((!) 
Collection: (.Q) 
HT Gallery: (.Q) 

Join Date: Aug 2004 
Location; Seaattie 
Trading Score: (Q) 
CoHection; {.O) 
HT Gallery: (Q) 

LY" 

L 
Thanks for posting. Keep it up to ,iate. You might even want to post it as a seperate fi!e for easier downloa,Jing 
or browsing. 

What's interesting to note is the presence of 2 f3D50 titles there: Click an,i Unforgiven. Click has a bltrate of 
38.32Mbps on MPEG·2 and using up 42.92GB. Unfor·given has ! 7.12.Mbps on 'JC-1 and using up 4L31GB. 

So the big question is what is eating up the sp,lce 011 Unforgiven 011 BD50? Certainly not TrueHDI 

fuad 

l L,. 

Neat·o. 
Thanks 
-----·-------------------
For Blu··ray · l tiden 

\ ,_. 

Clicks bitrate is actually 25 rnbps, Tears Of The Sun was 16.7 and f3iack Hawk Down will be 30 mbps. Tt;ese 
figures came From Don Eklund. 

\'i. Reference Level Quality vs Codec dlosen ? 

This infonnation also reveals the cho;ce preference of the studio's, using mostly mpeg2 over the other options. 
Many here contended that VC1 was superior to mpeg2. From this list, which would be considered 'Reference 
Quality'"? (for display purposes), and is the codec of the Reference Quality Movie also mpeg2 or VCi ? Which are 
truly winners? [Jim] 

Last eri!tEd by JimPullan: 11-08-2006 c1t02:19 PM. 

Very cooi. This should be a sticl(y 
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bi 11·08·2006, 07:43 PH 

GoldenRedux 
ln Memoriam 

Join Date: Sep AJ06 
Trading Score: (fj} 
Collection: (0.) 
HT Gallery: (.ti) 

LFJetcher 
Member 

Joiri Date: Oct 2006 
Location: UK 
Trading Score: (_Q) 
Co!!ectlon: ((;_Om 
HT Ga!lery: (5;l i 

lli) 1.1 .. 15·2006,. 06:52 AM 

pbioyd 
Biw-ray Guru 

Go,denRedux 
In Memoriam 

Join Date: Sep 2)06 
Tr:ad!ng Score: (P..) 
Coilectim: (Q) 
HT Galle:y: W.) 

L 
Stuck for good. 

Last edited by GoldenR.edu::i:: 01-05-2007 at 04:2S Ptlf, Reason: No longer temporary 

Quote: r=----------------------------------------------------------------------------------------------------------~ 
i Or!ginaliy Posted by benes 
! The Tears number might be right. And BND isn't out yet. But t!?eres no way that Click is only 25Mbps. 
! Considering that its 35GB for a 107 minute movie. And whiie watching in PowerDVD the bitrate is 
! between 35-40 almost tile whole time. And PDVD is pretty accurate as far as 1 can tell wiih all the other 
! rnovfes, 

--------------------------------------------------------

Just teiiing you what he told me personally. I assume r1e wouid know and wouidnt say it had a lower bitrate if it 
was infact so much higher. 

Nice work. ~} 

Content is tile key. 5-ee the stats 

,cQ,_u_o_te_: ______ , __________________ _ --------------------·----------------------·----------
Originally Posted by bel'les ie'.l 
Sure. I wasn'i implying anything. But the numbers don't seem to match up. Maybe at some point it was 
going to be a singie iayer title and thats what he was quoting? Who knows. 

Anyway l've added the info for BND, KON, and X-Men. The Fox titles have 2 interesting thin_qs about 
them. First they !Jst' the video bltrate on the !Jack cover. I've added a new colurnn for it You can 
compare this to what I caicuiated myself. Again my method was simply to subtract the audio tdtrates 
fron; tht? total bftrates. Feel free to draw your own conclusions on hovv accurate these all are now, 

The other interesting thing about the tox titles is that they use DTS-ND MA audio. I haven't been able to 
find any info on what exact bitrate ii uses. According to their website it can be 2046-5760 Kbps for 
b!uray. So I decided to use a numbt?r of 5000 Kbps, r~or all the other audio tracks tve bt?en using what 
is reported liy PowerDVD. Which has been accurate as far as i can tell. (640 or 440 for the main tracks, 
192 for the commentaries, 1500 or 3000 for DTS, 4600 for PCM) But for tile DTS MA track it reports a 
different' nvrnber ever.v time l seek to a different spot in the rnovie. 

Also look for 14 other titles to be added soon ... 
------------------------------------ ------------------------------- ------

Keep up the good work. 

L Bit Rates 

rm not to familiar what a bit rate is, exactly. 
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join Date: Nov 2C-06 
Trading Scorn: (Q} 
Collection: (il) 
HT Gallery: (Q) 

fJ i1·13·2006, 10:1? PM 

theknub 
Blu-ray Guru 

Join Date: May 2006 
Trading Score: (a) 
Collectioo: (Q) 
HT Gallery: (ll:) 

W l H8·20G6, 10:36 PM 

Sosmither 
Junior Member 

Join Date: Nw 2006 
Trading Score: {O) 
Collecti,:,n: (0) 
HT Galiery: (9.) 

GaryMurrell 
Junior Member 

Join Date: Dec 2()()6 
Trading Score: (9) 
Coilectlon: (Q) 
HT Gallery: (JJ.) 

You may not post new threads 
You may not post replies 
You may not post attachments 
Yow ma,y not edit your posts 

Y.!'U::Q\Je Is On 
SmlUs:2 are On 
lli.'tGJ code is On 
HTML code is Off 

-- Blu-ray Style 

-My Blu-Ray Movies-

#18 

a quick explanation would be the amount of data transferred over a given amount of time. 

:) 

Sony KDF·5CE2COO, y·amaha RX·V:1700, Samsung BD··Pl0001 PS] 60GB, B&W 602 S2 fronts, B&W CC6 center, a&w 601 S2 rears, M&K"125 sub 

"Gir!s hang out, appty make-up, and have lor;g talks In the bathroom. Men do not. 

· ... biack:ng cwt is 1 as Ht::!mh1gway pointed out, a way of experienc1ng the great mystery of death, without dying. 

-december BD's- 5/ warner 3 ... warner towl -15 

Pl!l, 

\:, Okay 

So the t;igher the bit rate the higher the quality? 

-My Blu-Ray Movies-

l was wanting to see Omen's rate because it is not too hot IMHO, there ,,re some bad Instances of posterizat1on 

18,5 Mbps mpeg2 ain't gonna cut it for 1.85: 1 films, 2.40: 1 maybe 

Fox is screwing the pooch on these SL Mpeg2 reieases, much worse tt1an Sony(whlch I have little foult with) 

-Gary 

k;ge iof8 l 2 

forum lump 

All times are GMT. The time now Is 07:25 PM. 

Go 

Blu-ray newsi # eiu-ray n~:-..iews - B-hJ··rBy movies - B!u-ray players ... Biu-•ay - Archive: · Top 

Powered by vBu!!et:n Version 3.6.0 
Copyright ©2000 - 2008, Jelsolt Enterprises Ltd. 
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pat n i 
World- Wide Partnerships. World-Class Solutions. 
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ON 
I 

Wu, -~ ~ Y'4 

0~ 
(I)~ 
18888888811 ,r-

'-

Are MPEG-1, MPEG-2 obsolete? No! 

• MPEG-1 application area: VCDs 

• MPEG-2 application area: DVDs 

• MPEG-4 application!'area: Internet 

--1 • Bandwidth is always a limited resource.· 
<( 

-o I- 0:: 
<( 
0 
z 

LU~ 
I-~ 
~ (f) 

• Bandwidth costs are increasing while .processor compJJta.tional ·. 

costs are decreasing. 

• More complex standards like MPEG-4 are requiredto shift the 

burden on processinge 

patni 

' 
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4Y 

Cr Cb 

r- + + 

• Texture us~d by MPEG-4 encoder can be 

classifiedjntq Luminance (Y) and sub­

sampled Chrqrpinance (Cr, Cb) components. 

• Texture encodiQ:g deals with removing spatial 

redundancy presentJn.luminance and·· 

chrominance. 

• The texture plane is divided into macroblocks 

( 6 blocks/ macroblock). The redundancy is 

removed on per block basis* 

.. patni 
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