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Abst r act
Thi s docunent describes the Ogyg bitstream formt version 0, which is
a general, freely-avail able encapsul ation format for nedia streans.
It is able to encapsul ate any kind and number of video and audio
encoding formats as well as other data streans in a single bitstream
Ter mi nol ogy
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Tabl e of Contents

1. Introduction . 2
2. Definitions e e e e e e 2
3. Requirenments for a generic encapsulation format . . . . . . . 3
4. The Qgg bitstream format 3
5. The encapsul ati on process e e 6
6. The Qgg page format . . . . . . . . . . . . . . . . . . ... 9
7. Security Considerations . . . . . . . . . . . . . ... ... 1
8. References . . . . . . . . . . . . . . . . ... 0012
A. dossary of terms and abbreviations . . . . . . . . . . . . . 13
B. Acknow edgenments . . . . . . . . . . . . . . . . . . . . . .. 14

Author’s Address . . . . . . . . . . . . . . . . . . . . ... 14

Ful | Copyright Staterent . . . . . . . . . . . . . . . . . . . 15

Pfeiffer I nf or mati onal [ Page 1]



RFC 3533 OGG May 2003

1.

I nt roducti on

The Ogg bitstream format has been devel oped as a part of a |arger
project ained at creating a set of conponents for the coding and
decodi ng of multinedia content (codecs) which are to be freely
availabl e and freely re-inplenentable, both in software and in
hardware for the computing conmunity at |arge, including the Internet
community. It is the intention of the Ogg devel opers represented by
Xiph.Org that it be usable without intellectual property concerns.

Thi s docunent describes the Ogyg bitstream format and how to use it to
encapsul ate one or several nedia bitstreans created by one or severa
encoders. The Ogg transport bitstreamis designed to provide

fram ng, error protection and seeking structure for higher-Ieve

codec streans that consist of raw, unencapsul ated data packets, such
as the Vorbis audio codec or the upcom ng Tarkin and Theora video
codecs. It is capable of interleaving different binary nedia and
other tinme-continuous data streans that are prepared by an encoder as
a sequence of data packets. (Ogg provides enough information to
properly separate data back into such encoder created data packets at
the original packet boundaries w thout relying on decoding to find
packet boundari es.

Pl ease note that the M ME type application/ogg has been regi stered
with the 1ANA [1].

Definitions

For describing the Ogg encapsul ati on process, a set of ternms will be
used whose neani ng needs to be well understood. Therefore, sone of
the nost fundamental ternms are defined now before we start with the
description of the requirenents for a generic nedia stream
encapsul ati on format, the process of encapsul ation, and the concrete
format of the Ogg bitstream See the Appendix for a nore conplete
gl ossary.

The result of an Ogg encapsul ation is called the "Physical (Qgg)

Bitstreani. It encapsul ates one or several encoder-created
bitstreams, which are called "Logical Bitstreans". A |ogica
bitstream provided to the Ogg encapsul ati on process, has a
structure, i.e., it is split up into a sequence of so-called
"Packets". The packets are created by the encoder of that |ogica

bi t stream and represent neaningful entities for that encoder only
(e.g., an unconpressed stream may use video frames as packets). They
do not contain boundary information - strung together they appear to
be streans of random bytes with no | andmarks.
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Pl ease note that the term "packet"” is not used in this docunent to
signify entities for transport over a network.

3. Requirenents for a generic encapsul ation fornmat

The design idea behind Oyg was to provide a generic, |linear nedia
transport format to enable both fil e-based storage and stream based
transm ssi on of one or several interleaved media streans independent
of the encoding format of the nedia data. Such an encapsul ation
format needs to provide:

o framng for |ogical bitstreans.

o interleaving of different |ogical bitstreans.
0 detection of corruption

0 recapture after a parsing error.

o position | andmarks for direct random access of arbitrary positions
in the bitstream

0 streaming capability (i.e., no seeking is needed to build a 100%
conpl ete bitstrean.

o small overhead (i.e., use no nore than approxi mately 1-2% of
bi t stream bandwi dth for packet boundary marking, high-I|eve
fram ng, sync and seeking).

o sinplicity to enable fast parsing.
o sinple concatenation mechani smof several physical bitstreans.

Al'l of these design considerations have been taken into consideration
for Ogg. Ogg supports fram ng and interleaving of |ogica

bitstreams, seeking | andmarks, detection of corruption, and stream
resynchroni sation after a parsing error with no nore than

approxi mately 1-2% overhead. It is a generic framework to perform
encapsul ati on of tine-continuous bitstreans. 1t does not know any
specifics about the codec data that it encapsulates and is thus

i ndependent of any nedi a codec.

4. The Ogg bitstream format
A physical Ogg bitstreamconsists of nultiple |ogical bitstreans
interleaved in so-called "Pages". \Whole pages are taken in order

frommultiple logical bitstreans nultiplexed at the page level. The
| ogical bitstreans are identified by a unique serial nunber in the
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header of each page of the physical bitstream This unique seria
nunber is created randonly and does not have any connection to the
content or encoder of the logical bitstreamit represents. Pages of
all logical bitstreans are concurrently interl eaved, but they need
not be in a regular order - they are only required to be consecutive
within the logical bitstream (Ogg denultiplexing reconstructs the
original logical bitstreans fromthe physical bitstreamby taking the
pages in order fromthe physical bitstreamand redirecting theminto
the appropriate | ogical decoding entity.

Each Ogg page contains only one type of data as it belongs to one

| ogical bitstreamonly. Pages are of variable size and have a page
header contai ning encapsul ation and error recovery information. Each
| ogical bitstreamin a physical Ogg bitstreamstarts with a speci al
start page (bos=begi nning of stream and ends with a special page
(eos=end of strean).

The bos page contains information to uniquely identify the codec type
and MAY contain information to set up the decodi ng process. The bos
page SHOULD al so contain information about the encoded media - for
exanple, for audio, it should contain the sanple rate and nunmber of
channel s. By convention, the first bytes of the bos page contain
magi ¢ data that uniquely identifies the required codec. It is the
responsibility of anyone fielding a new codec to nmake sure it is
possible to reliably distinguish his/her codec fromall other codecs
in use. There is no fixed way to detect the end of the codec-
identifying marker. The format of the bos page is dependent on the
codec and therefore MJST be given in the encapsul ati on specification
of that logical bitstreamtype. Ogg also allows but does not require
secondary header packets after the bos page for |ogical bitstreans
and these nmust al so precede any data packets in any |ogica

bitstream These subsequent header packets are franed into an

i ntegral nunber of pages, which will not contain any data packets.

So, a physical bitstream begins with the bos pages of all |ogica
bitstreans containing one initial header packet per page, followed by
the subsidi ary header packets of all streans, followed by pages
cont ai ni ng data packets.

The encapsul ati on specification for one or nore |ogical bitstreans is
called a "nedia mapping”. An exanple for a nedia mapping is "Qgg
Vor bi s", which uses the Ogg framework to encapsul ate Vorbi s-encoded
audi o data for stream based storage (such as files) and transport
(such as TCP streans or pipes). Ogg Vorbis provides the nane and
revision of the Vorbis codec, the audio rate and the audio quality on
the Ogg Vorbis bos page. It also uses two additional header pages
per logical bitstream The Ogg Vorbis bos page starts with the byte
0x01, followed by "vorbis" (a total of 7 bytes of identifier).
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Ogg knows two types of nultiplexing: concurrent multiplexing (so-
called "Gouping") and sequential multiplexing (so-called
"Chaining"). G ouping defines howto interleave several |ogica
bitstreans page-wi se in the sane physical bitstream Gouping is for
exanpl e needed for interleaving a video streamw th severa
synchroni sed audi o tracks using different codecs in different |ogica
bitstreams. Chaining on the other hand, is defined to provide a
simpl e mechani smto concatenate physical Oyg bitstreans, as is often
needed for stream ng applications.

In grouping, all bos pages of all |ogical bitstreans MJST appear
together at the beginning of the Ogyg bitstream The nedi a mappi ng
specifies the order of the initial pages. For exanple, the grouping
of a specific Ogg video and Ogg audi o bitstream may specify that the
physi cal bitstream MIUST begin with the bos page of the |ogical video
bitstream followed by the bos page of the audio bitstream Unlike
bos pages, eos pages for the |ogical bitstreans need not all occur
contiguously. Eos pages may be 'nil’ pages, that is, pages

contai ning no content but sinply a page header with position
informati on and the eos flag set in the page header. Each grouped

| ogi cal bitstream MJUST have a uni que serial nunber within the scope
of the physical bitstream

In chaining, conplete |ogical bitstreans are concatenated. The
bitstreams do not overlap, i.e., the eos page of a given |ogica
bitstreamis imediately foll owed by the bos page of the next. Each
chai ned | ogi cal bitstream MUST have a uni que serial number within the
scope of the physical bitstream

It is possible to consecutively chain groups of concurrently

mul ti pl exed bitstreans. The groups, when unchai ned, MJST stand on
their owmn as a valid concurrently nultiplexed bitstream The

foll owi ng di agram shows a schematic exanpl e of such a physica
bitstreamthat obeys all the rules of both grouped and chai ned

mul ti pl exed bitstreans.

physi cal bitstreamw th pages of
different |ogical bitstreanms grouped and chai ned

bos bos bos eos eos eos bos eos

In this exanple, there are two chai ned physical bitstreams, the first
of which is a grouped streamof three logical bitstreams A, B, and C
The second physical bitstreamis chained after the end of the grouped
bitstream which ends after the |ast eos page of all its grouped

| ogi cal bitstreans. As can be seen, grouped bitstreans begin
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together - all of the bos pages MJST appear before any data pages.

It can also be seen that pages of concurrently nultiplexed bitstreans
need not conformto a regular order. And it can be seen that a
grouped bitstreamcan end |long before the other bitstreans in the
group end.

Qgg does not know any specifics about the codec data except that each
| ogi cal bitstream belongs to a different codec, the data fromthe
codec cones in order and has position markers (so-called "G anule
positions"). (Ogg does not have a concept of "tinme’': it only knows
about sequentially increasing, unitless position markers. An
application can only get tenporal information through higher |ayers
whi ch have access to the codec APIs to assign and convert granul e
positions or tine.

A specific definition of a media mapping using Ogg nmay put further
constraints on its specific use of the Ogyg bitstreamformat. For
exanple, a specific media mapping may require that all the eos pages
for all grouped bitstreans need to appear in direct sequence. An
exanple for a nedia mapping is the specification of "Ogg Vorbis".
Anot her exanple is the upcom ng "Ogg Theora" specification which
encapsul at es Theor a- encoded vi deo data and usual |y cones nul ti pl exed
with a Vorbis streamfor an Ogg containi ng synchroni sed audi o and

vi deo. As Ogg does not specify tenporal relationships between the
encapsul ated concurrently multiplexed bitstreans, the tenporal
synchroni sati on between the audio and video streamw || be specified
in this media mapping. To enable stream ng, pages from various

|l ogical bitstreans will typically be interleaved in chronol ogica
order.

5. The encapsul ati on process

The process of multiplexing different |ogical bitstreanms happens at
the | evel of pages as described above. The bitstreans provided by
encoders are however handed over to Ogg as so-called "Packets" with
packet boundari es dependent on the encoding format. The process of
encapsul ati ng packets into pages will be described now.

From Ogg’ s perspective, packets can be of any arbitrary size. A
specific nedia mapping will define how to group or break up packets
froma specific nedia encoder. As Ogg pages have a maxi num si ze of
about 64 kBytes, sonetinmes a packet has to be distributed over
several pages. To sinplify that process, Ogg divides each packet
into 255 byte long chunks plus a final shorter chunk. These chunks
are called "Ogg Segnents”. They are only a |ogical construct and do
not have a header for thensel ves.
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A group of contiguous segnments is wapped into a variable | ength page
preceded by a header. A segnent table in the page header tells about
the "Lacing val ues” (sizes) of the segments included in the page. A
flag in the page header tells whether a page contains a packet
continued froma previous page. Note that a |acing value of 255
inplies that a second lacing value follows in the packet, and a val ue
of less than 255 marks the end of the packet after that many

addi tional bytes. A packet of 255 bytes (or a multiple of 255 bytes)
is termnated by a lacing value of 0. Note also that a 'nil’ (zero

| ength) packet is not an error; it consists of nothing nore than a

| aci ng val ue of zero in the header

The encoding is optinized for speed and the expected case of the
majority of packets being between 50 and 200 bytes large. This is a
design justification rather than a recommendation. This encoding
bot h avoi ds i nposi ng a naxi mum packet size as well as inposing

m ni mum over head on snmal| packets. 1In contrast, e.g., sinply using
two bytes at the head of every packet and having a max packet size of
32 kBytes woul d al ways penalize small packets (< 255 bytes, the
typical case) with twice the segnentation overhead. Using the |acing
val ues as suggested, small packets see the m ni num possi bl e byte-

al i gned overhead (1 byte) and | arge packets (>512 bytes) see a fairly
constant ~0.5% overhead on encodi ng space.
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The foll owi ng di agram shows a schenmatic exanpl e of a medi a mappi ng
usi ng Ogg and grouped | ogi cal bitstreans:

| ogi cal bitstreamw th packet boundaries

| segmentation (logically only)
%

packet 1 (5 segnents) packet 2 (4 segs) p_3 (2 segs)

| seg_1| seg_2|seg _3|seg 4|s_5 | |seg_1l|seg_2|seg 3|| |seg_1|s_2 |

| page encapsul ation

page_1 (packet_1 data) page_2 (pket_1 data) page_3 (packet_ 2 data)

| H oo | [H-e e | IH e
| Dl | seg_1| seg_2|seg 3| | |Diseg_4/s 5| | |D|seg_1|seg_2|seg_3| |
Rl--m oo | IR Rl--m oo |
|
pages of |
other  -------- |
logical = -------
bi t streans | MUX |
|
%
page_1 page_2 page_3

physi cal Ogg bitstream

In this exanple we take a snapshot of the encapsul ation process of
one logical bitstream W can see part of that bitstreanis
subdi vi sion into packets as provided by the codec. The Ogg
encapsul ati on process chops up the packets into segnments. The
packets in this exanple are rather large such that packet 1 is split
into 5 segnents - 4 segnents with 255 bytes and a final snaller one.
Packet 2 is split into 4 segnents - 3 segnents with 255 bytes and a
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final very small one - and packet 3 is split into two segnments. The
encapsul ati on process then creates pages, which are quite small in
this exanple. Page_1 consists of the first three segnents of
packet 1, page 2 contains the remaining 2 segnents from packet 1, and
page_3 contains the first three pages of packet 2. Finally, this

| ogical bitstreamis nmultiplexed into a physical Ogg bitstreamwth
pages of other |ogical bitstreans.

The Ogg page format

A physical Ogg bitstream consists of a sequence of concatenated
pages. Pages are of variable size, usually 4-8 kB, nmaxi mum 65307
bytes. A page header contains all the information needed to

demul tiplex the |l ogical bitstreans out of the physical bitstream and
to performbasic error recovery and | andmarks for seeking. Each page
is a self-contained entity such that the page decode nechani sm can
recogni ze, verify, and handl e single pages at a tinme wthout
requiring the overall bitstream

The Ogg page header has the follow ng format:

1 2 3
1234567890123456789012345678890 1| Byte
R s i o e i ol S e S e T ik ik T S e T S T S
capture_pattern: Mgic nunber for page start "OggS" | 0-3
R i i I e R e I T T il ik o ST TR S R R R TR S T TR i N
version | header _type | granul e_position | 4-7
T I R o ol i ol s S S e S e S ik i it (EIE I S SR e TR
| 8-11
R s i o e i ol S e S e T ik ik T S e T S T S
| bitstream serial _nunber | 12-15
R i i I e R e I T T il ik o ST TR S R R R TR S T TR i N
| page_sequence_nunber | 16-19
T I R o ol i ol s S S e S e S ik i it (EIE I S SR e TR
| CRC checksum | 20-23
R s i o e i ol S e S e T ik ik T S e T S T S
| page_segnments | segnent_table | 24-27
R i i I e R e I T T il ik o ST TR S R R R TR S T TR i N
- | 28-
T I R o ol i ol s S S e S e S ik i it (EIE I S SR e TR

The LSb (least significant bit) cones first in the Bytes. Fields

with nore than one byte length are encoded LSB (Il east significant
byte) first.
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The fields in the page header have the follow ng neaning:

1.

capture_pattern: a 4 Byte field that signifies the beginning of a

page. It contains the nagi c nunbers
ox4f 'O
0x67 'g’
0x67 '@’
0x53 'S

It hel ps a decoder to find the page boundaries and regain
synchroni sation after parsing a corrupted stream Once the
capture pattern is found, the decoder verifies page sync and
integrity by conputing and conparing the checksum

stream structure_version: 1 Byte signifying the versi on nunber of
the Ogg file format used in this stream (this docunent specifies
version 0).

header type flag: the bits inthis 1 Byte field identify the
specific type of this page

* bit 0x01

set: page contains data of a packet continued fromthe previous
page

unset: page contains a fresh packet
* bit 0x02
set: this is the first page of a |ogical bitstream (bos)
unset: this page is not a first page
* bit 0x04
set: this is the last page of a |ogical bitstream (eos)
unset: this page is not a | ast page
granul e_position: an 8 Byte field containing position information
For exanple, for an audio stream it MAY contain the total nunber

of PCM sanpl es encoded after including all frames finished on this
page. For a video streamit MAY contain the total nunber of video
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franmes encoded after this page. This is a hint for the decoder
and gives it some timng and position information. |Its neaning is
dependent on the codec for that |ogical bitstreamand specified in
a specific nedia nmapping. A special value of -1 (in twd's

conpl enent) indicates that no packets finish on this page.

5. bitstreamserial_nunber: a 4 Byte field containing the unique
serial nunber by which the logical bitstreamis identified.

6. page_sequence_nhunber: a 4 Byte field containing the sequence
nunber of the page so the decoder can identify page loss. This
sequence nunber is increasing on each |ogical bitstream
separately.

7. CRC checksum a 4 Byte field containing a 32 bit CRC checksum of
the page (including header with zero CRC field and page content).
The generator polynom al is 0x04clidb7

8. nunber_page_segnents: 1 Byte giving the nunber of segnment entries
encoded in the segnent table.

9. segment _table: nunber_page _segnents Bytes containing the |acing
val ues of all segnments in this page. Each Byte contains one
| aci ng val ue.

The total header size in bytes is given by:
header _si ze = nunber_page _segnments + 27 [Byte]

The total page size in Bytes is given by:
page_si ze = header _size + sun{lacing_val ues: 1..nunber_page_segnents)
[Byte]

7. Security Considerations

The Ogg encapsul ation fornmat is a container format and only

encapsul ates content (such as Vorbis-encoded audio). It does not
provide for any generic encryption or signing of itself or its

contai ned content bitstreans. However, it encapsul ates any kind of
content bitstreamas long as there is a codec for it, and is thus
able to contain encrypted and signed content data. It is also
possible to add an external security nmechanismthat encrypts or signs
an Ogg physical bitstream and thus provides content confidentiality
and authenticity.

As Ogg encapsul ates binary data, it is possible to include executable
content in an Ogg bitstream This can be an issue with applications
that are inplenmented using the Ogg format, especially when Oyg is
used for streaming or file transfer in a networking scenario. As
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such, Ogg does not pose a threat there. However, an application
decoding Ogg and its encapsul ated content bitstreams has to ensure
correct handling of manipul ated bitstreans, of buffer overfl ows and
the Iike.
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Appendi x A. G ossary of terms and abbreviations

bos page: The initial page (beginning of strean) of a |ogica
bi t stream which contains information to identify the codec type
and ot her decodi ng-rel evant i nformation.

chai ning (or sequential nultiplexing): Concatenation of two or nore
compl ete physical Ogg bitstreans.

eos page: The final page (end of strean) of a |ogical bitstream

granul e position: An increasing position nunber for a specific
| ogical bitstreamstored in the page header. |Its nmeaning is
dependent on the codec for that |ogical bitstreamand specified in
a specific medi a mappi ng.

grouping (or concurrent nultiplexing): Interleaving of pages of
several logical bitstreans into one conplete physical Ogg
bitstream under the restriction that all bos pages of all grouped
| ogi cal bitstreans MJST appear before any data pages.

|l acing value: An entry in the segnent table of a page header
representing the size of the rel ated segnent.

| ogi cal bitstream A sequence of bits being the result of an encoded
medi a stream

medi a mappi ng: A specific use of the Oyg encapsul ati on format
together with a specific (set of) codec(s).

(Qgg) packet: A subpart of a logical bitstreamthat is created by the
encoder for that bitstream and represents a neaningful entity for
the encoder, but only a sequence of bits to the Ogg encapsul ation

(Qgg) page: A physical bitstream consists of a sequence of Ogg pages
contai ning data of one logical bitstreamonly. It usually
contains a group of contiguous segnments of one packet only, but
somet i nes packets are too large and need to be split over severa
pages.

physical (Ogg) bitstream The sequence of bits resulting froman QOgg
encapsul ati on of one or several logical bitstreans. It consists
of a sequence of pages fromthe logical bitstreans with the
restriction that the pages of one |ogical bitstream MJST cone in
their correct tenporal order.
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(Qgg) segnent: The Ogg encapsul ation process splits each packet into
chunks of 255 bytes plus a |ast fractional chunk of |ess than 255
bytes. These chunks are called segnents.
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the copyright notice or references to the Internet Society or other
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devel opi ng I nternet standards in which case the procedures for
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Engl i sh.
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