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1.0 Introduction

BNSDOCHN <P 2ITEREA_ s

The GpenlML File Format Subcommitiee is defining an 4 Yi-compadble (o tormu thae
addresses the particular needs of professional video. As such, this document relates specific
proposals to these needs,

Further work by OpeaDML will claborate on oxtensions 1o the Codec and Videap
specifications of Yideo for Windows to mset the needs of professional video,

Scope

This document describes the proposed format of the OpenDML-compliant AVI extensions,
specifically for the Motion-JPEG DIB AVY file. This format is an extension 1o the AV M-
JPEG DIB as defined in the JPEG DB FORMAT technical note frovn Microsoft. The format is
based on the 180 10918 defined JPEG format.

¥t is asswumed that the reader is familiar with JPEG as defined in the ISO 10218 docomen, For
additional information on JPEG, ses the 180 0918 Information technology - Digial
compression and coding of continuous-tone siifl images: Requiremenis and gutdelines,

For additional information abowt the IPEG DIB formal, ses Microsoft Multimedia Technical
Note JPEG DB FORMAT.

For additional information about RIFF files see the Microsoft Windows Software Development
Xit Multimedia Programmer’s Guide and Muliimedia Programmer's Referancs.

For additional information on nstallable compressors and decompressors, see the Video
CompressionDiecompression Drivers technica! note from Microsoft,

Portions of the above Microsoft documents have been reprinted with perrmission of Microscft
Corp.

OpenDML Sub-Commitiee on File Format: High Level Goals

» Interoperability and AVI Compatibility

» Largs File Support

» Frame and Feld Indexing

» Interleaving Andio with Video

s Sooree and Header Information Storage

s OpenDML File Formad Certification Code

s Microsoft Certification and Communication

Version History

Version 1.0 November 13, 1985 First Release

Varsion 1.1 Decernber 18, 1985 includes small changes from Microsaoft

Seope
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1.0 Overview of Profession Video Requirements

Goal

Provide interoperability between different hardware and software vendors’ Motion JPEG
sodecs. Support Yideo for Windows AV file format for MIPG video, while improving the
performance of these systens.

Issues

AVE: Support Current AVI Format

The goal i3 1o support interoperability by standardizing on the AVY fide format for Maotion-
JPEG video. This implies a mimnwm compatibility (o support the standard AV file access
mterface, as well as the videap and codecs that are pant of Video for Windows. This means
support of the MIPG DIB specification, supporting the RIFF file format as well as the
standard AV stream headers, allowing for optional andio interleaving, and supporting one
storage of one frame of video per ##dc data chunk in the LIST "movi’ chunk of the AVI file.

850 Figlds Per Second vs. 30 Frames Per Bescond; or 24 Frames Per
Second For Film

Frofessional Video Applications require the ability to seguence individual fields of the video
data for certain playback rates and video effects. For example, i order to do a slow motion
effect, i is not sufficient to just repeal the frames; the fields must be individually repeated. For
example, as sequence of fiekds in a file numbered 123456... shonld be played at half speed as
11223344, rather than 12123434, ... As such, the individual felds should be accesaible. AVE
requires that frames are stored per data chunk. Storing individual fields in sach chunk would
break AV1 applications.

The extended AV] format will allow for access to individual fields. In addition, the format will
allow for storage of 24 frame based files, such that file readers can properly convert between
24 frarne-based data storage and 23 or 30 frame PAL and NTSC playback.

improved Tombsione and Header Information

Professional video applications need extended information such as starting timecode and reel
i1 to be contained inside the AV file. More advanced information such as the location of
timecode discontinuities, etc. are also desirable.

Openldl AV Fils Forma! Extansions
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2.0 Increased AVl File Size

introduction: RIFF Chunk Format
The AV file begins 23’2 standard RIFF chonk (note that this is & non-standard representation
that shows the 4-byte size):
RIFF {siza} “AVI ¢

Standard RiIFF AV {form
REFF chunk data

L-MW shunk sixe

There is only one RIFF chunk pey file. RIFF sub-chunks nuay be either LIST chunks or regular
sub-chunks. The LIST chunk obeys the same structore and may have regnlar or LIST sub-
chunks; all other RIFF sub-chunks have just an 1D identifier and a size. These regular sub-
churks may not have sub-chunks,

increased File Size Limits &> 1 GB)

The current RIFF {ile format implies a maximum chank size of 4 GB hecause the size s stored
ag & 32-bit value. However, limitations o the RIFF parser code and MCLAV] Hmits the file to
only 1 OB. &t data rates of 10 MB/s, a § GB file will last less than 2 minutes.

Extension for File Siee > 1 GB

An AV file can be sautended beyond | GB by placing more than one RIFF chunk in the sams
file {which is legal). Bach RIFF chunk can have 8 maximum size of 1 GB. Standard AV
apphications will see the first RIFF chunk (RIFF *AVI”} as a standard AV file, and this chunk
should be complete. Information that the file is extended over 1 GB should be placed in the
Extended AVY header {see below). Subseguent RIFF chunds will be identified by the AVIX
{for AV extended) chunk 1d. These RIEFF *AVIX' chunks do not need to contain further data.
} s sxpected that the AVIX chunks only contain LIST *movi” data. Al other AV information
should be stored in the first (RIFF "4V} chunk 5o that & is scoessible by all applications.

introduction: FIFF Chunk Forma
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RIFF AViformforfiles > 1 GB

trst - 1 QE of RIFT date . _extended chunk daa
» [, S

real filg langth
in samples

Lm hender indicating L

presence RIFF AVIX chunks
First chunk {« 1 GB}

Extencled chunk size

OpenDiL AV File Format Exdensions
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3.0 Frame and Field Indexing

infrogduction: 'idx? Index Chunk

The A%1 file format specifies an optional "idx 1’ chunk, which containg a hst of the offsets and
chank types of every chunk inside the LIST ‘movi’ chunk. This iist is used to make AV
plavback and sesks mors efficient because the Iocstion of each frame of video can be found
withoot scanning through each sub-chunk of the LIST “mowvi” data.

Btandard i form
LIBT movi chunk data iixt ohunk dada
i e

~ data of ikt chunk is an index 1o sach mo
sub-chunk, includes offset and length of sach chunk

isgues

Altow Field Indexing ;o

In order wo suppont fleld scourste indexing while still retaining AV compatibility, the video
data musi be stored one frarne per #de ‘movi” chunk, while an index must be present that
gives the locations of both fielde GF they exist) within the frame. Applcations could then nse
fizld-based codecs o perform feld-based effects {e.g., slow motion, stc.).

Alow Incremanial Growth of Files

The "idx 1’ chunk follows the LIST ‘movi’ chunk in the file. As such, it must be movsd in order
1o insert new data imothe file. An nterleaved frame index would be more sfficient for the
purposes of file growth,

Minimize Disk Sesks

In playback, there are several causes of inefficiency. One 15 that the index is at the end of the
file, requiring a large seek when opening the file. The other is that the index #self contains all
the churds inside the “mov data, not just those for ons AVY stream. As such, the index must
be preprocessed so that the focation of sach Frame in the index can be found,

fndroduction: Sidx ! index Chun
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Proposed Index List

Overview
Instead of using an mdex chonk like idal’, a new index siructure is proposed. The indey has
the following main characteristics:

s The can either be a single index chunk, or a two tiered index, with a super index pointing o
interleaved index segments in the ‘movi® data.

« The index can mchade locations of the fields within a frame.
« The indsx has no restrictions to 4 GB file size,
e There is an mndex per data stregm (G necessary).
The advantages of the index are as follows:
¢ The index can contam the Jocations of the individual fields in cach chunk as well as the
chunk information as a whole, The ‘idx1° chunk only contains indices of the frames.

o The index segments are interleaved within the “movi’ data, meaning that the file can be
grown. The 1dx1’ chunk is present at the end of the file. It must be moved for the file o

grow.
¢ The index segment is synaller than an "idxl’ chunk, so the amount of data needed 10 be read

in order (0 access a particular frame 15 less. Also, if the index is interleaved before its data

(r.e., less efficient in write), then playback will be more efficient than the ‘idx 1’ chunk.

e The ixdex Hsts are present per stream normber {(#¥). As such, the list can be accesses like an
array, unlife the dx 1’ churk, which contains entries for all ‘movi’ chunks from all
sirgams.

The index is implemented as an index of indexes {optional) and an index of chunks. Both are
based on a base mndex form.

Base Index Form ‘indx’
Thus the actual implernentation is based on a base index form “indx "
struct _aviindex_chunk {

FOURCT fooy

DRORD cb;

WORD  wiongsPerEntoy; // size of each entry in aIndex array

BYTE bindexSubType; /7 futuyre use. must be O

BYTE  biIndexType: /f one of AVI_INDEX * cades

DWORD nEntriesinUse; /7 dndex of first unused mewmber in aindex array
DRORD  dwChunkId; /7 foe of what is indexed

DWORD  dSwReserved (3] // wesning differs for each index

£/ type/subtype. ¢ if unused
struct _aviindex_eutry |
DWORD adw {wlongsPerEntxy];
} arndex{ };

}:

QpenlDML AVI File Format Extensions
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The actual size of the entries of the aIndew grray is emered inlo whongs PerEntry,
Between the < fiald and wlhongsFerEnury the actoal sive of the array i known. The field

1WEntriesinlse allows a chunk 10 be allocated longer than the actual nuwmber of vsed
glernents i the array.

The types defined for the bindexType and hIndexdubtype feld are the following:

J{ biIndexType codes
:
1

#define AVI_INDEX OF INWDBEXES 0x00 £f when sach entry in a3index

.

J4 array points o an index chunk

fdefine AVI INDEX _OF CHUNKS (=gl £ when each entry in alndex

A7 axrasy points to 3 chunk in the
file
#deline AVI_INDEX IS DAT GxE D £4 when each entry is aindex is

/¢ really the data
J¢ bIndexSubtype codes for INDEX OF CHURKS

i
f#define AVI INDEX 2FIELD Ox81 £ when fields within frames

f ave alse indsxed

AVE Standard Index Chunk
The AVI Standard Index chund contains information that indexes AV frames.
typedaf struet _svistdindex ohumk {

FOURCE fog; £ TiwEye

DWORD ol

WORD wLongsPFerintry: 7 sust be sizeof{alndex o]l /sizscf {DWORD}
BRYTE bindenSublype; Ff waat be B

BYTE bindexType; £ must be AVI_TNDEX OF CHONES

DRORD nEntviesinlse; I

DRORD Swlhunkid; J4 odEde’ oy CEsdbk ox ‘¥fiwhk’ sto..
QUADWORD guBasedfiset; Ff all dwOffsers in alnderx array are

£/ relative to this

DWORD dwReserwadl; {7 wmust be ©

struet _avistdindex entry |
DHORD dwlffser; Ff geBassOffset + this is absclute file offset
DWORD AwSize; F4 obiv 331 ds sen if this is NOT a keyframe

N

} sindex{ };

}OAVISTDINDEX, * PAVISTRDINDEYX;

i

A single standard Index chand can only index data within a 4 OB region. The dwQf Iset
feld points to the stant of the data itself, and ot 1o the start of the RIFF chunk for that field,

Proposed index Us
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Slandard Index Chunk
g LIgT megahunﬁ data

Zen

* data of Standard AV index chunk s an index to
aach movi ohunk data, includes offset and length of chunk.

The index chuvk above i shown 1o the "movi® data, but may be found in the stresun header {see
below).

AV Field Index Chunk

The AV Field Index Chunk is the same as the Standard Index Churnk except that it contains
the locations of each field in the frame.

typedef struct _avifieldindex chunk {

FOURCC  feoor ITARESY 1 1
DWORD obs;
WORD whongsPerEntry; J{ wmust be 3 (size of pach entyy in

// aindex arrayl

BYTE bindexSubType: fi By I_INDEX_2FEBELD
BYTE bIndexType; /{ AVI_INDEX_OF CHUKKS
DWORD nEntrissinise; I
DWORD SuwChuankId; J4 O BBde’ or CHEdb’
JUADWORD quBaseOffset; {f offsets in alndex array are xelative te this
DWORD JuReservedsd; ff must he ©
struct _avifieldindex entry
DWORD SwOEfset;
THORD dwSize; /4 size of all fields

£ {bit 31 set for NON-keyframes)
DHOKD JwGffsetField?; // offset to szoond fleld
} aIndexi I;
} AVIFIBLDINDEK, ¢ SAVIFIELIINDEN;
The ficld wlongsPerEntry is sot to 3 becanse of the addition of the dwOffaet¥Fieldz
field in the array. This is indicated by setting the sub type to AVI_INDEX SFIELD,

CpenlML AVI File Format Extansions
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Fiald ndax Chunk

LIS mowehunk datk %

3

* data of Fiakl index Ghunk is an index tn gach movi
sub-chiunk daia, includes offset and length of shuni,
as wall ag ofiset to the second feid,

The index chunk abovs is shown in the movi data, but may be found in the stream header {see
below),

AV Super index Chunk
The Super Index Chunk is an index of indexes and 15 always found in the “indx” churk of an
AV file It ix defined zs follows:

§

typedef soruet _avisuperindex chunk {

FOURCC  foo; S8 iugwe

DRORD ok ; £ mize of this stiracturs

WORD wiongsPerintoy: /7 must be § (size of each entxy in alndex awrayl
BYTE IndexSubiype; // must be 0 or AVI_INMDEY 2FISLD

BYTE BIndexTYps £¢ must be AVI_INDEX_OF_INDEXSS

DWORD nBntriesinUse; /7 number of entries in alndex arrvay that
f§ ars used
RWORD gwlhrunk Id; £4 T #Ede or T84 or c#i8wh', =to
DWORD duRagsarved {3ty // wust be O
atruct _avisupsrindex_sntry |
QUADWORD gwlifset; Ff absolute file offset, offsst 0 is

§
£ unused entyy?y
r

DWORD dwSige; /7 size of index chunk at this offsen
DWORD dwburation; /7 time span in streswm ticks

] aindex{ 1;
} AVISUSERINDEY, * PAVISUPERINDEX;
The Bindex8ubType ig set to the type of ndex that the Super Index pointe to. I the index
chunks are Standard Index Chunks, then the value should be {0, If the index chunks are AV
Freld Index Chunks, thew the value should be AVI_INDEX IFIELD, This implies that a
stream cannot mdy Field and Standard Index Chunks,

Proposed index List
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Super index Chunlk

* data of ##ix chunk I8 an index 1o gach mow

sub-chunk data, includes offset and tength of chunk,

and possibly the offsel to the secord fiald,

“* data of Buper ndax Indx chunk is an index o each ##ix
rpavi sub-choni.

if we use the #¥pe chunks, then they must be indexed by their own Index List: Paletie changss
should not appear i the same Index List ag ##de chunds, since they eliminate the ability w
access an element (frame) divectly without having to scan the Hst.

index Locations in RIFF File

Undike the "#ix 1’ chunk, & single index is stored per stream  the AVI file. An 'indx’ chunk
foltows the “stef” chunk in the LIST “strl” chusk of an AVI header. This ‘indx’ chunk may
either be an index of indexes (super index), or may be an index 1o the chunks divectly. In the

case of video, this means that the chunk is either a AVISUPERINUEX or an
AVIFIELDINDEX/AVISTDINDEX,

if the ‘indx’ chunk is a standard or field index chunk (i.e., not an index of indexes) then the
stream bas only one index chunk and there is none in the ‘movi’ data.

If the “indx” chundtis a Soper Index, then the corresponding index chunks are marked with
‘I8 in the “movi’ data. The ## is the stream number, the same as for the ##de or #thwh.
The index chunks can be either standard or field Index chunks.

A file can be easily grows if & bas a standard index in the “indy’ chunk position. The chunk
can be moved 10 a new ‘Dx## chunk, and a new super index can be inserted o the stream
header ("indx’ position). New "x#8 chunks can be added to grow the file.

Note the reversal of the "##ix’ 1o “Ix#F. This is for AV] backward compatibility. Note that
WDREX_IS_DATA streams remain as “##ix°.
Here is 8 sample RIFF file in the format shown by the RIFFWALK wtility:
RIFF {7F338718} 'AVI *
LIZT (GLCI0R4L) hdxrl’
avih {00GOOD3B)

CrenDRL AVT File Format Extensions
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LEST {QOQU44E0) ‘strd’
strh {DGOGO03R)
serf (PODEDARE)
SIS O SO G 2 g R 24 SL‘.;*E?'Z%’E&):

vy (GR000084¢; <~ widen propexty headex

LIST (DGRUSGSEY fsuwl:
stxh {Q0000038}
strf {BU000012;
indx {OQOQQ3IFTFHY 2= zudio supsrindex

LIST {00004044) “stxd’

ghrkh {O0000038) < timenode stream...
sexf {R000Q00Y}
indx {DODGIPFE} <~ cimecnde supsrindex

LEST {DO00D0H8G) Codwml
ik {DUOGR054) <~ @mize still temp.
LIST {(7TFOQ0000) ‘mowd’

0wk (GOO03GFQ}

D0k (BDO30004)

2wk {(GOUDREFS)

20dh {Q0030004)

oo Time passes

OIAx (QUOUBFP8] «- data chunk fox vimscods streawm

Lo time passes
¥

inGE (QOLEIPRE) ¢« parcial video index
Lxf1 (DUOO3FRS) <~ partial swdie index
.. o|bko
idxl {GOU3GRON) < original index (optional)

RIFF {TREIETARY P AVIYS

Froposed indsy List
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4.0 Interleaving Audio with Video

issuses

Interleaving Rate
Fiies for Editing
Fiies for Playback

Singls or Mulliple Files for Video and Audic
Meusitiple Tracks of Audio Storage

Mone and Stereo Audio

Support of roultiple streams of data exisis in AVL A proposal 1o recommend thar audio be
stored s8 two mono sirsams should be examined. Mot all applications would be able to play
this back in stereg, however,

Audio { Video Times Stamping {Syne Point List)

11 is necessary 1o add tme stamping information (© aceount {and correct) for drift between
audio and video when using bardwars that is not able 10 malntain a perfect synchronization
between audic and video {vis 8 hardware commestion)} and when there sxists a drift in the
crystal frequency on audio hardware.

This can be accomplished by adding a2 syne point list into the file. A syme point st identifies
two saniples o differant streams that ave to be played at the same time. Thus, drift can be
correcied by dentifying syne points and if necessary, correcting for the drift during playback.

Notes on Inferleaving Audio and Video

“With the exception of AV filles playing off CD-ROM drives, §f is not necessary 1o nterleave .
the audio and video into REC chunks. In fact, with higher video and audio data rates, # is
probably more efficient to store the audio in Jarge consecutive blocks. As such, the andio can
be interleaved in large blocks {not necessarily done on a frame basis).

Audio data chunks may or may not be it integral frames, or multiple of frames. The other
option would be 2 constant number of bytes. In addition, audio may be mierleaved before or
afier the corresponding video, This is just 8 tradeoff betwesn record and playback
performance. Typically, saving audio chunks sfter video in record will give better record
performance, which is fmportant because hard drives tend to be legs performant during writs
operations, Howsver, during playback, muokiple streams and outs may be played, reducing the
drive performance.

ssues

SRR RN
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5.0 Source and Header Information Storage

Goal

The goal is to implement a standard way to store certain header and tombstone information in
an AV file so that other applications can interpret and vse this data, In many cases, the header
data is not uniformly set between different AV files.

Heguired Information

fain AV Header {avih}
Total Frames

The dwlotalFranes fleld indicates the size (number of frames) within the first RIFF
AV chunk

AV Stream Header {stvh}
Chuality Information

AV defines the guality of a clip by &« DWORD valve from 0 to 10000, This value sesms
arbitrary. For MIPG fies, & standard guality should be defined. The quality can be defined by
sither of these thyse modes:

« constant average dsta rate
e« constant (J-table
e lossless

Losshesg is ot part of the Baseline process. As such # requires the definmition of a new Procass.
Under baseline, Jossless can be schieved by setiing the Q-tables 1o unity’.

Under constant data rate, (he desived data rate for the file shoold be specified {in kb/fs). This,

plus the number of felds per Frame, shoold be able 1o deterniine the Q-tables reguired to

Sompress the image.

¥ While 2 Jossless {or psendo losslese) process van be defined by setting the (Q-tables 1o unity,
the IS0 specification of kossless JPEG compression is a differsnt process. Lossless encoding
as defined by ISO does not wse DOT wansformed dala. For a sample 1 be encoded, a
predicior is formed from the reconstrocied valnes of up 1o three nelghborhood samples. This
gives a prediction of the of the sample to be encoded. The prediction is subtracted from the
actual vale of the sample and the difference Iv losslessly entropy coded vsing elther Huffrnan
or arithmstic coding. As far as forming a typs of pseundo lussless compression from a bassline
JPBG process with wnity € tables, there is the potential of some slight loss of data during the
PCT process due 1o srithmetic precision. Practically speaking, there is 0 real immge quality
ioss, but the word lossiess tmplies a guarantse of reconstructing the source image on a bit by
bsit basis.

Goal
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Under constant Q-table, there are two possibilities, Either the absoluie Q-tables are given (8x8
matrices} per cormponent (in onr case, 2}, or a factor which is used to generate any Q-table of &
standard one. The constant Q-table file would of course have the same tables repeated per
field. as per the MIPG DB spec. The advantage of a O-Tactor is the reduction of heudes
wmiormation. However, tweaked Q-tables would no longes’ be possible. ¢

Scale / Rate

The scale and rate parameters will define the correct ratio for different video standards. Known
ratio vakues are {ratefscale):

KYSC 30000/1007
PAL 2541
reFrame

The on-disk RECT coordinates are 16-bit values, The RECT structure in NT is a 32-bit
(L.ONG) for each coordinate, but the on-disk ones remain 16-bit.

AVI Stream Format {strf}

Helight

The MIPG DIB spec lists that heights less than 288 are for single frames {one chunk) and
greater than 288 are for interleaved fields, However, there is no real connection between frame
height and interleaving. The hifleight parameter refers to the raw height of the frame
(interleaved or not). OpenDML codecs that operate it field by field modes will be passed this
value divided by 2 to get the field height.

Extended AV Header (dmih}

typedef struet {
DHORD dwTotalFrames;
} oDMLExtendedAVIHeadex;

Total Frames

The dwTotalFrames field indicates the real size of the AVI file. Since the same ficld in the
Main AV Header ‘aviht’ indicates the size within the first RIFF ‘AVE chunk.

Video Properties Header (vpip}

The video propertiss header identifies video signal properties associated with a digital video
stream in an AV] file. This header attempis (0 address two main video properties:

s The type of video signal (PAL, NTSC, etc., as well as the resolntion of the video signal).
e The framing of the compression within a video signal.

The parameters can be ussd (o uniguely describe a video signal.
typedef struct {

DWORD VideoFormatToken;:
BWORD VideoStandard;

DWORD dwVerticalRefreshRate;
DYWORD SwhToralInT:

DWORD dw¥TotalinLines;

OpenDML AYV! File Format Extensions

SNSDOCID: <XP 21783184, L~
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DHORD
DWORD
THGRD

DWGRT

VIDED _FINLD DRSS

3 VideoPropHeader;

dwFramabspectRatio;

dwFrameWideihinPixels;

dwPramedeightInlines;

nEFieidFerrame ;

Fleildinfo {nbPieldParFranel ;

Video Formal Token
enum {FORMAT UNKNOWN, FORMAT PAL_SQUARE, FORMAT PAL CCIR_801,

FORMAT NTEC_SQUARE, FORMAT NTSC_CUIR_E91, ...} VIDRO_FORMAT;

The format token indicates that a known standard is defined for the following data fields,

Thoge fiekds moust be filled, but their value can be xpecied 1o be the defined standard. H the
format is defined as FORMAT _UNKNCWN then the fields may contain special values, Known
tokens are defined i the table below:

Tok Sran Ref H- V- Frams F F Pixef
an dard res Fote Tor Agpect rg F Aspect
k { al Ratio m 0 Rave
Rat 2 € {derived
& W H 3
id 2f
th 8
At
NTS NTS 63 858 523 OnO34 72 48 236G 1%
o C B3 ¢ 3 G
T {4:3}
R
&1
NTS NTS (3 780 523 (0004 &4 48 i
< < (03 & o
SQU 43
PAL PaL 50 864 §33 Gxi}04 72 37 2160:330
[acay {003 g S 4
R {4:3y
6031
PAL FAL 3G G444 625 0004 i) 57 i1
SQU G003 8 &
ARE 43

Video Standard

enimm (GSTANDARD UNENOWN, STANDARD PAL, STANDARD NTSC, STANDBRD SECRM}

VIDEQ STANDARD;

Defines standards such as NTSC, PAL sic. Implicitly defines vertical refresh rate,
Vertical Refresh Rate
1sed when an vnknown standard is specified. Normally, 60 for NTSC, and 50 for PALL

Hequired Information
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H-Totalin¥

Defines the horizontal total, in T {one hamninance sample: pixel)
¥-Total in Lines

Defines the verucal towal, in lines,

Active Frame Aspect Ratie

The aspect ratio is stored as a DWORD value with & word each storing the x:y ratio. For
example, 1 ic 1 is 0x00010001. Standard values for television is 4:3 or 16:9. This value can be
used with the frame width and height 0 calculate the pinel aspect ratio.

Active Frame Width in Pixsls

Defines the active frame width in pixels. The bitmap might digitize a region that is smaller or
bigger than the active video widih.

Active Frame Height in Lines

Defines the frame height in lines. The bitmap might digitize a region that s smaller or bigger
than the active video height.

Number of Fields Per Frame
One or two, depending on whether the video is interlaced or progressive,
Field Framing Information
The field framing information defines where the cornpressed bmnage Is with respect to the video
signal. The data is present for sach field (and may be different).
Typedei struct
DRORD CompressedBMEeight ;
DWORD CompressedBMWideh;
DRORD ValidBMHeight ¢
DWORD  ValidBMWidih;
EMRORD Validsmyos feer;
DRORD  ¥alidsMyoffser;
DWORD  VideoXOffsetInT;
DWORD  videaYValidStartLine;
} VIDEO_PISLD DESC;

OpenDML AV File Format Extensions
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Comprassed Bitmap Height and Width

The compressed bitmap height and width represent the size of the compressed image. For
JPEG, these values are multiples of 8,

Valid Bitmap Height and Width, X and Y Offset
The valid bitraap beight, width and 2 and y offsets represent the size of the valid data within
the compressed bitmap. Because padding may be required when compressing, it is not
guarantesd that all the data within the compressed Image is valid, Note that cornpressing
blanking is still valid, In the case whers all the compressed bitmap comes from the video
signal, then the valid height and width are egual 1o the compressed height and wikdth, and the
offsets are G,

Vald X-Offsetin T

The VideoXOL fsetInT is used 1o Jocsie the x position of the start of the valid bitmap with
referencs to the video signal. The value is 3 measurement in units of T, which is ong
hminsnce-sampling clock, from the leading edge of the horizontal syne pulse (CCIR 644-3},

Yalid ¥ Stant Line

The Vidso¥ValidftartLine field is used to Jocate the line that the valid bitmap starts
on. This value will be different for cach field, (CCIR 624-3).

& ypical valpe for the Framing Information for NTSC CCIR 681 would be

Vide Co ) Vali Vali Vadi VYa Vide Video

Heguired information

RTEQVEA_L >
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o mpr myr d d d lid oX Y
Tvp esse esse BM BM BM B Offs Valid
e d 4 Hei Wid X A et fn Start
B\ Bas oht th Off» ¥ 7 Line
Hei Wid €1 of
ght th : set
Fiel 248 720 248 720 0 0 122 20
d 1
Fiel 248 70 248 720 8 0 122 283
d1

Source and Timecode Information

The following information is used to describe timecode and source information inside an AV]
file.

Base Timecode Structure
Al SMPTY tirnecode mforynation 5 stored in the following format:

rypedef usion _timecode {

styruck {
WORD w¥rameRate; f/ 0 is 3¢ drop. do we need other drop
f{ fxame rates?
WORD wErameFract; ¢/ fractional framwe. full scale is always 0Ox10000
LG IFvame;

IR

_inkse  gwhll:
} TIMBCODE, ¢PTIMECODE;
This format allows for a frame, and a frame fractdonal valie o be specified, with the frame
rate stored in the low word of the value. As the values are stored, two timecodes can be
compared and subtracted. For drop frame code, no 1Frame values are skipped, so a drop
frame timecode of 1:006:00,00 would be g AFrame value of 107892,
Timecode Discontinuily Table (Stream} todl’

The following structure defines a timecode discominuity table. This would be stored ss s
siream itself. The table would either be a table alone in the ‘Indx’ chunk of that strewm, or if
the tabde is Jarge, an index to the table could be stored with the table tself stored as a #¥#ix in
the ‘movi’ data.

Bdefine PILM_SEQUENCE NONE )

gdefine FILM_SEQUENCE_RABSBCOUDD I

§define FILM _SEQUENCE ARABRCCCDD 2

// structure of a timecode discontinuity tsble. note that this fits

§/ within the definition of the structure of an index chunik

I

typedel struct _timecode dl chunk {

OpenDiL AV File Format Extensions
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FOURCC  fowu: RS & Py
DWORD ab; /F sizeof this structuvre lses 8
WORE WLONGRPATERLYY £f 4 O nore
EYTE £
BYTE bIndeyuType; S AVI_INDEX IS _DATA
DRORD nEntrissinlse; £ dudex of first mnused entry in alndex aryay
DRIRD QwChunkld; £ kedl {timscods discontinuadty ldist}
DWORD dwReserved {31 £ Buture, wmust be O
shyuer timecode &1 sntry {
SUADWORD  owTick; £ time in texms of this streams’s tick rate
TIMECODE  timscods; Fé tinsonds
OWORD dwliser; /¢ vimencds user Jdata
struct {
DHORD  ColoxFrame ¢ 4; J{ which frame in color ssgushoe
DWORD  ColonSeguence @ 45 S Duration dn frawmes of complete seguence
DWORD  PilmPrame 1 3, S Offest into pull-down seguencs
DWORD  PillmSeguenceType : 3; /7 One of FILM SEQUENCE XEX defines
DWORD  Reserved 18; J4 Pature use set to O

VO Rlags:
TCHAR
} alndexi I;
s
The Flags strusture can optionally specify color framing, and fiim puli-down information. If all
fields are O then no such optional informeation s present. Notice that there is no sxplich flag foe
drop frame NTSC sinee that information in already stored in the TIMECODE stracture.

saReelid (321 // scurce 12

I ColorSeguence i non-2ero value, then ColorFrame containg & Hrame number from §
to ColorSeguence -1, which specifies the color framing of the frame specified in the
tinecdde structurd, ‘ : : :

I FlimBaguencaType i pot FILM _SBEQUENCE NONE, then PlimFrame contains the
offsst into the pull-down seguence corresporcding 0 the frame spacified in the thnecode
structure, For example, if FilnPrame i3 § and FlimSequenceType i

FILM SEQUENCE AARBBCCDUD then the referenced frame is a B frame. Again, if
PilmFrame is | and PllmSequenceType is FILM _SEQUENCE _AARBRCCUDD then
the referenced frame it an AB frame.

Timecode Bream "Hme’

This structure defines a timecode vabee for every tick of the timeeade siream

2

Fé ostructure of 2 timecode streaw datas chunk. for stoving evexy

F4 mvent dn & timecodes stresam rather than just the discontinuities

#

o

pypedef struct timecods stream chunk {

RS S EE

foo:

POURSD B
SWORD ols; {4 sizeof this structure less 8
WORD whongsPerBntyy; /7 must ba 3

Raguired information
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BYTR
BYTR
DRORD
DHORD
DHORD

| OIWORD

bIndexSubType: J¢ st be ©

bIndextype; £ BVT_INDRY_IS DRTA
sEntriesinlse; // index of firet unused sntry in slndex  azeay
dwlhunkYd; /f frime’ {(timecode stream)

dwReserved {3]; /i future, must ba §
struct _timeocde stressm eatxy {
TIMRCODR

gtruse {
TWORD
HORD
HORD
DHORD
DRORD

} Riags;

} aIindexi I:

}s

cimecods;: /7 timecods

deliser; £¢ timecods user dats

ColecFrame : &; /¢ which frvame in oolox ssgusons
ColorSeguente : $3 /¢ Duzation in fxawes of cosplele seguencs
FllmFrasme @ 53 £f offset into seguence

FllaSequanceType : 3; // Oue of FILM SEOUBMCS ¥X¢ defines
Reserved ¢ 18; §f Fubure wes - seb 2o O

Film Transfer Log Enf@mm&é@ﬁ
fdofine FILM IOV DVRNTE

$fdefine PILN LOG FIEX 2
£ stxucture of & filn txanefer log. Note cthat this fits
Fé within the Jefinicion of the structuze of an indew chunk

i

typedef struct $ils rtransfer obunk {

POURCC
TRORD
BYTE V
BYTE
DRORD
DRORD
DRORD

foc;

by

wlongePerintry:  // must be ¢ ov wowe

FEARS | %Y
§# sizecf this structurs less 8

/7 wust be 8

BINRxTYpS: 4 BVI_INDBX I8 _DATR

a¥ntriseinles; £ dodex of first unused sntzy in sindex syzay
dwChunieTdy FF 8wt {(film trsnefer log)
dwResexved £33 ¢ £ Buture, sust be @

strnet _filw transfer besder {

IREORD
DRORD
DEORD

dwhogtyps; £/ which type of FINY IOG XEX fils format
dulleaderSize; /¢ Size of this f£ilm tranmfer hesder strustuve
duReserved [81s7// Putuze use ~ sob to O

{7 EORD  JduUserDefined{l; ¢/ Options) usexr dats

} FilaWeader;

ff BYTE bEvansferlog{l; §f The sctusl syemsfer log begins hers

}:

The size of the FilnmBeader is given by the dwleadexrSize, This atlows for ueer defined
additions to the header, which appear &t the end of the Filnlieader, The ASCH flm

CpenDl AV Fils Format Bdansions
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wransfer fog beging Tnmedistely after the FiluHeader sucture. The sizs of the ASCH data
can be determmined from the dwHleadersSize of the header sud the ob sive of the ensire
sirncture. The ASCH data should be padded with NULLs t the nearest DWORD structurs
size.

The contents of the bTrans £erLog aray is byte for byte the contents of the ASCII transfer
fog filo of the type ghven in the dulogType feald For now, two types avs defined:

FOM _ELOG BVERTE: the dotallsd FTL fle formst can be obtained from

Brerte Microsystems, Lad

3465 Meinway

Burlington, Omario LTM 148, Canads

SOS-335.4700

FILM_LOG _FLEX: the detailed PFLEX fle format can be obisined from

mewzk,, A 93021
$05-520.115%

Microsol-Defined Tombstone Dats
The following tontatons data hes alveady boen defined by Microsofs
Additional AV information following the ‘stl’ chunk in the AVT header LIST B ok
{from AV RIFF form, Video for Windows SDE):

Addigonal Hesder Tty

After the stel’ chunk, soms AVE files might have additional hender data. Additional :
information can inchde thnecods chusks thet apply to the whole file. The following Smeoods
four-charsster codes are neefil in AVE Slee?

Fouwr-charsels Trescription V

ende

IShiP Torfioates the chunk containe the SMPTE tinecods of the
digitization starting poist. The tme is cupressed 88 & zero-
terroinated text stving of the form HEMMISFR. B
Mm&gﬁﬁmpﬂa@m&w&&? this chuak is

FEE ¥ Y mechunkmﬁﬁmmﬁﬁmmm@m

1. This thme iv contained in an ASCH wrine of

2 Moo that Sese chunks ars Boax chunles, and as such, should be found in an TR0 chunk (e
comment belowT ’

idlorosol-Defined Tombstons Dats

LEITEEEAY »
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sxactly 26 chasscters and has the format "Wad Taa 82
F2:0%:38 1990, The ctime and ssctime funetions can bs
used o oroate sivings in this format,

.. The “ISMP" thoeo @@esm&:umaﬁy@m?mmmsm&ng
the first sammple of a capiured seguenes. Use this chunk to index the cs
the original sample. For example, if you need to recapture 8 video s g
m%ﬁm@&mﬂm&k&m&a&ma@mﬁaﬁm@mmm

. poist,

“The “TDIT" twecode chunk neually corresponds to the time the sypds was caphiwed
mmymmammmmagﬁasm@kommamﬁa

‘The weakness with the sbove section s that the ISMP information doss met include any weed
I, so the effoctive tirsecode is meaningless.

The INFO List Chask

The “INFO™ list is a rogistored global for type et can store knformation thes helps
aimﬂfyﬂmmu&&ﬁsafﬁm@hmkﬂasmfmm&mwus@ﬁﬁb@id@smmw
way a program interprets fhe file; cxamples are copyright nformati 9

An “INFO™ Hst is 2 “LIST” chunk with Hst eyps “INPO” mfeﬁ@wmgmwie
shows a sampls “INFO” Bt chunke

LIST{ INFG’ INAM{"Two Trass®Z)
ICHT (%A picture for the oponisy sorsen®} )

An “INFO™ Hstshould contain only. the following chuaks, Wew chuods may be.

| &ﬁm&%&ma@pﬁ&&ﬁms&mﬁ@mwycﬁu&m&mﬁ ad, mgﬁm o
Hsted below may only appear in sn “INFO™ list. Bach chuak oo & Z3TR, or sl
ferndnated text siving, .

Cham Deseripion

kD ‘
AR Archival Location. Indicates where the subject of the file fs archived.
L

AR Arsiss, Lss@st&mamsi of the original subject of the 8y & e&m@i&,
¥ “Michaslaugelo.

IO Commissioned. Lists the name of the person or organization thet

s commissioned the subject of the file; for example, “Pope Julan I
M Commenis, Provides gensral comments about the e or ths m&w ef
T the file, I¥ the comement & sevesal sentences long, end each sentenve

CpenDiL AV Flle Format Extensions
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BE1

IGN

FICEY

LY

IsB3

BFY

BRI P S

& period. Do not inchode asw-line characters,

Copyrighs. Records the copyright informution for the Bl for exannple,
“Copyright Focyclopedia Intornational 19917 I theee are nmiltiple
copyrights, separate them by 2 semicolon followad by 2 space.

Creaiion date. Smfmmmmmbjmﬁmﬁkm orested, List
éammywvmbdayfmtpad&ngmﬁmﬁmﬁwm&wsm
a zexo on the left; for sxample, V1353.05.03" for May 3, 1533,

iepcribes whether an Bnege bas besa mwggeﬁ and, if o, bow
# was mypﬂd, for exsrople, “lower-right commer.”

DHmpnisions. Sw&amgm&fﬁwm@nﬁmbmﬂf&sﬁ&ﬁw
exnmple, “85 b, i mw”

Diots Per fnch, Susres dots per ik setting of the dgiieer used to
produce the file, such as ¥300.7

Bnginser. Sam%mﬁ%mmmwmmmmﬁ
there ave waltiphs enginesss, separate the names by 2 semicolon and 8
biank: for example, “Soxith, Jobn; Adams, Joe™

Gmm Eﬁmﬁm the original week, such a2 “landscape,

Keywords. Provides a Hat ﬁk@wwﬁ&a&mﬁ@&%ﬁkmm&mﬁ@f
the fife. Separate muitipl keywonds with & semiooion s 2 blandl for
sxample, “Seattle; acrial view; soonery.”

Lightness, Dreveribes the changes in Hyhtness settings on the digitines
veired to produce the Gls. Note that the format of this information
Wmh&rﬁmm 4

Medivm, El‘sesmm the mgmal subject of the 8le, such ag eawaw

irmage,” “drawing,” “Hithograph,” and 3o o

Name, Stores B title of the subjeet of the Sle, such a5 “Seattle Prom
Aborn.” '

Polorse Satving. Specifies the nomber of colom m;msmd when &gitizing
&% image, such as “I38."

Producs. Spesifies the nume of the title the file wes originally intended
for, such 38 “Encyclopedin of Pacifie Northwest Goography™

Subgect. Dresoribes the contents of the fle, such a3 “derial view of
Seaiths”

Software. Identifies the nasee of (e software packege used to crente the
e, such as “Mivrosf Wawelldh.” ’

Microsoft-Detined Tombstons Dsts
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BN Sharpuess, Tdontifies the changss I sharpoess §or the digitheer roguited
fo producs the e (the format deponds on the hardwenrs wsed)

Sonres. Mentifles the name of the person o organization whe supgém
the original subject of the file; Yor example, “Trey Research™

IsR

<

ISR¥F Sourcs Form, Tontifes the origined form of e raaterial st wag
ligiized, such ss “olide”™ “papen,™ “map,” aad 50 on, This fs e

nevessarily e same oy TMED,
I Tochedclon, Ientifes the techuicize who digiteed the subject fey foe
H sxample, Sy, Johe”

CpenDil AV Flie Format BExtensions
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8.0 QOther File Ilssues

issues

Continuation Over Multiple Filss

With restrictions to the maxinos Sle fornst and Homitations on the maxinmm sizs of disk
partitions, i may be desivable to inplessent a mechanism that specifies a Hokage across
ronltiple files. It will certaindy be desired that the dats of one strewim of video can be captured
across multiple files. For the moment, this will be external o the AVI 8ile.

- Minimized Time to Open Flles
thdd

Simultansous Reading and Writing / Mulliple Access
sbd

OpenDiL AVEFile Format Extensions
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AAAAAAAAAAAAAAAA
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otion JPEG DIB Extensions

7.0 MJPG |

issuss

iSO ve. Non IS0 Formats

For interoperability betwess various hardwers and software codecs, 8 is not
file format be standavdized; the contents of the video data chwuks rmust be o
order to comply with industey standards, t&seAWMﬁ?ﬁswsﬁc&&mM@WE@ﬁhfm
specifications, the standsrd IS0 Motion JPEG specification is proposed, with certain sddiions
. o support efficient identification of the interleaved fislds in the frame,

Non-IS0 formats could be used, pmw&eé that m&y provide ﬁm same outward ap
the 15O dsts chunk. This would reguire different daca 8%

8-bit vs. 18-bE YUV
This docwrnent currently ad

oS /8

idresses §-bit 4:2:2 YUV as per the Microsoft spect

Yidso ve. ﬁ’s’tm&@
sn the fact that a bitmap is & pure reciangls, while video starts with ha¥f liney;
Mm:m:a‘? ﬁwmmmmmﬂmp&gﬁfgm 50 what is the s of video thet §s

Soe the section of the Video Propesties

Proposed Data Chunk Format
The dats chunk format is defined as per the Miczosolt JPEG DIB FORMAT Technd

Type 2: Motion JPEG DIB.

From the DIB spea:
Type £: Motlon JFEG
Motion JFBG E}EBs shall scconmodate interchange fornats which satisfy the “Censral
seruentiad and progressive sypiax” (80 10918 Part 1, Annex B, Pan. B3} Ama&‘
images of this type mﬂa compatible parameters can be placed in s AVI Ble to

nntion seguence. Frame headers for these DiBs shall be limited to those sp

B.2.2 of the cited Annex B. These types ars SOFD, SOF, SOF2, SOF3, SOFS $€3§3i€3

and SOR1L. OF the types acoommadsted, this specification provides imples

for the Basecline Sequential DUT (SORG).

This DIB type contains Incomplete JPRG data (Abbroviated Format per IS0 10918 and is

Mﬂmfmsm&msmm@ﬁmmm 1t may be used within RIFF Sles

and other contexts where & s approgriate &

& Decode an inage without supplying the associated JPEG Huffroan tables,

This presumes the eodec has been propely pro-initiabized prior to lege
decode.

CpenDML AV Flls Pormat Extansions

BNIDOC: «XP | 277038A >
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BNSROGIE <X

16 an APFO marker bomedisitly following the $€‘:}I soarker that containg inf

B. Resquest enonder ot of mmgmss@d irmage data shyent embédded Hoffmesn

“Tables.

Al motion IPEG data will use YCOCr encoding, S TR SIS
mmAWse@maﬁJPEGfrmmﬂbekayfmmasﬁusammmﬁmtm&hmRhﬁﬁ‘v’l: :

and Video for Windows architeciurs sl fravees will be dirsctly and indepe
addressable,

_ ?@r@mﬁmgmandspmm?%ybmk&mﬁ&ﬁﬁkm&imdam“mm%}y

saotion IFEG will be fxed and defined by this docuuent. mmmmmﬁ:mas
&mefewéymﬁmmmsmﬁwm&mefﬁm&wﬁaymk Alsvas sl ™
sequences of motion ioages wse the same Hulfmas data and color spece it is nuck mote

. yﬁwﬁmﬂmd&t&cmb&&mﬁy&cﬁm@mﬁm&m&m&m A&%ﬁmﬁmm’ '

mﬂmﬁmmmmmmaﬁﬁ(mmmammwm
doruromdl ay ahyﬁemmgwﬁaﬁm%am&@mﬁeﬁmﬁmt&ws&&ﬁaf&mﬁmi?ﬁ&
fennge to formn & valid o3l JPRG bvags-

MIPGDETSey « {TROFFY, DET, length, JPBEGC Huffwan table-
paramtars? L R

wakdmmmamﬂmymm@m@maﬁaam&mmwmmmmf o

over the bandwidth of beduences that contaln buists of frames of varylng levels of
complexity. The rostart interval veod during the compredsion provess my&imvaxyfw ‘
wvey fame. :

Cinly the mm@vﬁﬁmmaf?ﬂrﬂb imnged is supported for msmm FPRG dats. This
splive that only one 308 segment will be present in any partionlar rantion IPEG ivwge.

The following applies (senin from MS DIB spac):

As o the JFEG DI foimat the JPEG streatn syniax s vaed for the image dals with the
following constraints, The following JPRG marker codes B0OF, DRY, DT, 80F0, 808
and BOY ave sxpected (mendstory) in the imngs dets chusk, snd the constyainsd valuss
shown i the example below are roandstory for the image data within the AVE stresmn,

Apy pararnedezs in the SOPG (frame) and 308 (stan of scas} beaders that sre duplicated in
ﬁm BITHAPINFOHBRADER for IPRO must be the same, This would nclede Sanple :
Precision, subsampling, mumber of components (as iuplied by JPEGCslorSpacsll),
ste. The somber of ok and samples per ey o the SOP0 sepment and the widih and
height defined in e formes chunk mest mateh the main AV beader width snd belght - -
valuss. Al of these valuos sre expectsd o mormain the ssuse for every mepe dats chesk in
the AV sequenne, '

Within the image data chunk twe JFRG segments with the SOT masker and
m&ngm&ﬁmﬁ@lmﬁmmaﬂ&%%m dnts feld-interizaved swesms, Thew
ation ahowt
the video image. Specifically, this allows the identification of the two fields that conprise
an interleaved frame, This APPO merker i6 eapacted to heve the first 4 bytes following the
Tenpth bytss set (o the chevacters "A% 'V, T, 1 The next byte indicates which feld the -

JPEG data was compressad from and bas an expected value of Oz01 for e FIRST IPEG
© dats segrment gad 0x02 for the SBOOND sepment, indicating the FIRST and SECOND

Fiekds respectively, If the stibem i ot field interlesved then this value will be 0200 and

Soed

bt

Proposad Data Chunk Bommat
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there wﬁii only be ovie JPEG segment. The remaining seven hytes are expected 1o be set to
isnored i}y the codeg.

Eac@émemmm&e&emh&wﬁﬁﬁdﬁ the cadec mﬂummmm feld and

will replcate the lines a5 necessary to provide an image that conforms to the image size
defined in the main AVI header. Com’@tsely if a capture system oply accesses a single fiekd
afmhsmmﬁmoniyasmgkﬁa’dmmgemybﬁpmsmtmammm ‘
imphies that the single ficld data should be used ss the source of both felds by a

ﬁmmress@r that wishes tor ;‘m@ess ﬁz:ﬁ-mw‘imed dasa,

And a new pmgm il

WMme&wmamgwm&t%ﬁeﬁwﬁam&ymmmw’m
sm&fthewm&ﬁe&d{mm%ﬁmm&mmEﬁl) as well gs any pa o
wt&aﬁwwp&mﬁmmﬁc@%t@m&dh&agmyamfmﬁx&s&mﬁ&ﬂiﬁ@ﬁ
pair. The size information in the APPO marker docs 8ed include any information shont &~
mﬁeidmﬁmMchu&MWay,ﬁﬁk&sm&m;Mmmmﬁmm
having to bave the contsined data modified for the presence and size uf s ;
fields,

m&mfaﬂmngﬁhemmﬁtywﬂimmmfmﬁmsmmmm&ﬂm
bytes of this marker will be nsed to Store two e values. The first valoe specifies
Jength in bytes of the field {entirely, ﬁmgﬂimmﬁmm&@mmﬁmmmwi
{which should be small) and the second value specifies the size of the mﬁ&de&cﬁa&%
say padding after the BOL Both size values will be stored in the veunl ISO JPEG fashion
wmbymmswmimmmgmwﬂht&mﬁswﬁmmmmmm
Mgthafﬁusmkﬁmgmsﬁyitimdmmwmmié

MJPG DIB RIFF chunk (#8do}

S axarmple MUIPG fams with Hvo bedeaved Ssids
S Sl fisid (801 BO! pale)

LipenDidl. AV Flle Format Bxdensions
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MJIPEG Baseline DOT - YOGy DIB Map
A Bageling T - ﬁﬁbﬁrvﬁﬁm&wﬁm&ﬁx&@n&ﬁmf@&mmmgkmk
80T (xFFDE)
APPO (XFFRO},
) Length {18},

BRVILT, Polapricy, O, Faeiéﬁxze,
¥1eld$1zaha&a?ﬁé&1ng

DRI ix??ﬂﬂ},.
Length {4},
Restart interval,
DOT  {XFFDBY,
Length {3132}, .
Precisdon {0}, Tabls ID {0},
BOT data {84) for tabls O,
Frevision {0}, Teble ID {1},
) BT data {64] for table 1.
SOFC {(xFFCaL, '
Length {17},
Sample Precision {8}, :
Number of lines {(biHeight : multiple of 8},
Sample per line {(bi¥idch : multiple of 18},
Wumber of conponents {3}
I of ilst gomponent {1},
Barpling ratic of st componant (ﬁ R I
{-table ID of st cowmpoment {0},
ID of 2nd componsunt {2},
Sampling ratic of fnd component (H,.V),
¢ cable ID of Znd component {1},
It of 3vd component {3},
Sampling ratie of 3rd componsnt (N, V}g
¢ vable ID of Brﬁ campcn@nt {1}.
S8 {xFFDAL,
Length {123},
Humber of compeonents {3}
ID of ist cosponent {1},
BC and AC Buffmapn ID for ist component (0,0,
In of 2nd component {23,

Proposed Data Chunk Pomme
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BC and AC Huffman ID for 2nd component (1,1},
ID of 3rd component {3}, :
DC and AC Buffman ID for 3rd component (1,1},
Start of spectral {8},
End of spectral {83},

Successive apprcm.mat:&.sn bit position, high am?;
low {0,0}.

s*% TMAGE DATA rus _
There could be some Restart wavkers.
V¥alues ave from xPFDT. to xFFDT.
EOI {(XF¥FD9). ‘ '
"Se sure to have & single DOT as ﬁwmms ones will be ove
The order of the markers may affect some codecs,

IDs for the 3 component as recommended
3.

Sector Alignment and Padding
The #ide chunks may be sector aligned ¥ necessary, Assuch, 8
- inserted following the $8ck to preserve the RIFF format. Padding b
&Mmr&g@&k&mvwﬁwﬁﬂ specification sllows pae:idmgaf%d&mtam OnFF for

ClpenDML AVE Fils Format Extensions

BNSDUCIT XP 2T FREIEA.
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8.0 OpenDNL Flle Format Certification Procedures

Concurrently Develop a Test Sulte to measure compatibiiity
Tt older Codecs with néw AVY files,

Test ofd AVY files with new Codecs. ‘
Ciroulate il fles through Industry {Le., overybody tests cverybody else’s filss),

File checker rowtive o verlfy AVY format. Program may grow o echads seet decomprossions
nelng softwars Codes, ’

“Test neing MCTAVY with standird sodscs,
o o MS porting Iabs for specific video e format § Coder tost wesk,

QpanDL AV Fils Format Stenalons

NSO KPP, 2N7OMBA_ 1 x
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BroadQ _ Page 1 of 1

gital condent formats:

Music  Browss vour digital music oollection on a
remole computer, selest and oreate
playiisls with & remote control,

Video: Mo your personal colieation of movies,
horme videos and pre-recorded TV programs
oant be entoved on the By seraen,

Pictures: Create your own slideshows or display
photo sibums for the entire Tamily fo enjoy.

Sirmple nebeork gupport allows digital content to be enjoyed nn
tha TV with a standard FlayStation 2.

Sony network adaptor (fegiirad)
Optimbzed for mediz delivery over 802 11a/802 11b

Convenient remote conteo! 800888 €
infegrated playlisis %\ ;&
Parsntal and acoess control capabiifies =T
Eagy and frinndly instaliation
Windows, Mac and Linux OF support
dormated updates

#Music

Video/Movies Plotures
MP3 o MPEGe1 JPEG
SIPDIF WMPEG2 NG
{tﬁ!m?@m} MPEG-E :
ACT w311
QggVoris Db 5'3:
laukeEon) 143 MPEG4, V3

XVi

BBRroadQ LLC, 2002 Privacy Policy

http://web.archive.org/web/20030401 122010/www.broadq.com/qeasttuner/ 5/11/2009

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2631
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Protecting Digital Content using Code Transformation Technology

PROTECTING DiGITAL CONTENT
USING CLOAKWARE
CODE TRANSFORMATION TECHNOLOGY

VERSION 1.2
May 2002

SUMMARY

Broadband networks and media, coupled with open computing platforms, offer tremendous potential for
the distribution and delivery of digital content. They offer content providers cost-effective and far reaching
distribution channels, and offer users convenient access to content,

Cne of the challenges that must be overcome o enable this market is to ensure that digital content is
used only by authorized users, in ways that the content provider intended.  Digital content protection
systems are intended {o confine the use of content 1o authorized users and uses. These systems rely on
software residant on the user's PC or open device to enforee the interasts of content owners.

Software deployed on open platforms is susceptible to tampering and reverse engineering attacks that
can by easily bypass a content profection system. Cloakware has developed a new security technology
based on code transformations that converts ordinary software info a tamper-resistant form.  The
technology offers this tamper resistance with the convenience and cost-effectiveness of baing entirely
software based. U is a critical enabling technalogy for the distribution and delivery of digital content to
open platforms via the Internet or other broadband media.

® Cloakware Comoration, 2002
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Protecting Digital Content using Code Transformation Technology

INTRODUCTION

Broadband networks and media, coupled with open computing platforms, offer tremendous potential for
the distribution and delivery of digital content.  They offer content providers cost-sffective and far
reaching distribution channels, and offer users convenient access fo content.

The success of the Internet as a distribution channel for digital content will depend not only on providing
users with convenient and cost effective access to digital content, but also on providing assurances fo
content providers that their copyrights will be enforced.  Ensuring that digital content is used only by
authorized users, in ways that the content provider intended, is one of the biggest challenges facing this
market, :

Digital content protection (DCP) systems provide a technological answer to enforcing the copyrighis of
conient owners. They are intended to confing the use of content fo authorized users and uses. These
systems must rely on software agents that can be downloaded io user's PC or open device such as a
content player, and be trusted to enforce the interests of content owners. Sofiware deployed on apen
platforms is susceptible to tampering and reverse engineering atiacks — attacks that can by casily bypass
a content protection system. Since these software agents will be deployed in hostile environmants, they
must be made tamper-resistant,

Cioakware has developed a revolutionary new security technology that converts ordinary softwars info a
tamper-resistant form.  Based on code transformations, the technology provides tamper resisiance with
the convenience and costeffectiveness of being entirely sofiware based. Cloakware is working with
vendors to embed this technology into their digital content protection systems. it is a critical enabling
technology for the distribution and delivery of digital content to open platforms via the Inlernet or other
broadband media.

Clogkware Corporation -2 making soflware sacure
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Protecting Digital Content using Code Transformation Technology

DiciTaL CONTENT PROTECTION

The Internet offers corporations and content companies an efficient disiribution channel for digital content,
nowever, copyright enforcement and the protection of corporate information remains 2 fundamental
challenge. Unprotectad digital content can ba easily copied and broadcast to hundrads of millions of
inlernet users, as Napster demonstrated.

Another markst trend that makes content more vulnerable is the move o open platforms for conlent
playback, This includes content playback on PCs, mobile phones, PDAs and devices such as sel-lop
boxes, which are becoming more general computing platforms.

With over 5200 billion in annual content sales at stake, the opportunity is enormous for technaiegies and
systems that provide content owners with a mechanism to enforce usage rights for digital content.

Figure 1 provides a ganeral flusiration of how digital content is distributed to open platforms and the key
functions required to protect that content against unauthorized use. This architecture is generic to alf
digital content proteciion schemes, although not all funclions have been implamentad in axisting systems
{for example, the current DVD standard does not include usage rights or entitlements).

Figure 1: Digital Content Protection — General System Architecture

Content Content Delivery Open Platform
K Metwork or Medium {set top box, computer, mobiie computer}
Books = ; !
Movies {
Bocuments i i s
i ' “ Lopyrignt
MU?i‘C Encrypted or ' Enforcement
m R AN scrambled . fExtitiements
- 88y Mlﬂw“’/ b content - Management ||
Encrypted 0; L- e AN Content
3 ¥ [ 4L decryption
Si[:r'\:‘:;?d p N commands
I i Comtant. . | ¢ & ¢
: Encrypled user we '*'
Usage Rights entitiements e B ¥
. -
or Entitlements ey 11 cecryptes
s A :‘\ L content N
& : i )] \ - g
ﬁ A nternet ; L Gontent \ J Véﬁ'é& )
| o e S < k ¥
o gy / Decomprassion /| ‘and Audle -
Lot 4 AR Ry - \ . Drivars, |
o F Enaine i oo LeRs
Encrypted user &
enfitlements VD
of Plaver/Rights Enforcement
mass Software Engine
memory

?avica
:@1 Yuinerabilitias addressable with Cloatware Technology
L

Cloakware Corperation S3- making software secure
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Protecting Digital Content using Code Transformation Technology

The protected digital content may be consumer oriented (such as books, music and movies) or enterptise
oriented {such as documents). Contant may be distributed via satsliite network (digital TV), cable
networks (digital video), the Internet or 8 mass memory davice such as a DVD or flash memaory card.

To protect digital content against unauthorized use, it must be distributed to users in encrypted or
scrambled form. User entilements, which define what a user may do with content, must also be
distributed in a similar form.  When a user attempts to access prolected digital content, a software
sendering and access control engine is used to determing whether the user is entitled to do what they are
trying o do {play, forward, copy, etc.). This may be based on faclors such as being a valid subscriber {o
a satellite TV service, or confirmation that a user is an employee of company XYZ and that they are
entitled o view certain content (authentication and suthorization). The decision is made by the copyright
enforcementientitiements managament system as to whether the user can do what they reguest. Onecs
that decision is mads, it sends the appropriate commands to the conleni decryplion engine.

There are three key weaknesses to this problem that can be addressed using Cloaskwars code
transformation technology:

B Protecting the copyrighl enforcementientiflements managemsent funclion against tampering.
For examgple, 8 hacker might change the software from:

“If CEO then give general acress to conlent”
o
“if anyone then give general access {o the content”

B Protecting the content decryption key against reverse engingering atlacks or tampering aitacks
designed to separate it from the software player. For example, the DVD Content Scrambling
System (CSE8) was subjected to this type of attack in 2000.

P Protecting attacks to spool unprotected and decompressed content to a storage device or fo
the internet for rebroadcast 1o the general Intemet population.

The alternative to Cloakware code protection technology is o implement these functions in hardware on
closed platforms, or {0 use some other form of tamper resistant software. The third problem indicated in
Figure 1 is easier to address for some contert types such as video, books and documents, due to the
large size of the decompressed or rendered content. For content fypes such as musie, it is difficult to
prevent this type of attack.

These attacks on digital content protection applications cannot be protected with cryplography alone.
Cryptographic protocols generally assume the user can be trusted {i.e., not to act in a hostile manner). in
the case of digital content protection, the user can’t be assumed o be trusted and may in fact attempt to
modify the software used to protect digital content.

Cloakware Corporation 4 making software secure
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Protecting Digital Content using Code Transformation Technology

MARKET DYNARICS

The market for digital content protection is varied. Although some markets are just emerging, others can
immediately take advantage of the banefits of code transformation technology. For example, the content
protection market for digital video deliverad via satelite and cable system is well developed, with content
protection Being provided by Conditional Access systems. Companies such as NDS and Philips provide
these, primarily via smart cards.  Smart cards are used in set top boxes {0 store and decipher user
entitemnents, and they are frequently hacked. Once a gray market for the hacked smart cards has
developed, the direct broadcast satellite provider has no alternative but o change the installed base of
cards at a cost that can exceed $100 million. Code protection technology offers a software-only
alternative that can be “refreshed” online easily in the event of an attack.

in the video streaming market, several players that provide products for satellite and digital cable are
jooking to leverage their Conditional Access sysiems. Since these systems are targeted at PCs, they can
no longer rely on smart cards to decipher and store user enfitlements. Code protection technology
provides the same substitute for smart cards in these video streaming applications and markets.

Another market segment that could benefit greatly is that of content privacy. The system architecture
used fo manage content privacy is almost identical to Figure 1, and has the same security challenges.
The same challenges addressed by code fransformation technology. The difference is content can
originate from an enterprise or a single end user. For example, a user may wish to send an emall or
document {o a group of employess within a company, and specify that the email or document cannot be
forwarded or read by other users. This can only be snforced using code transformations and the
appropriats application on the user's computing platform.

Cloakware Corporation 5. making software secure
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DCP Security MopeL

The security modsl for digital content prolection differs substantially from the fypical internet security
model, which reliss on software operating in frusted environments, For example, companies rely on web
servers and applications for e-commerce because they deploy these in trusted environments on trusted
servers. Hostile users or hackers are prevenied from accassing the trusted software both physically (by
locked doors) of electronically (by firewalls). Hence, they cannot change the behavior of the frusted
software to suit their purpose.

Recent research in security has also focused on the protecting benign hosts against malicious or virus-
infested software thal may be downloaded from the Internet. For example, the Java sandbox was
developad specifically to address the risk of malicious software downloaded to the user's computer.
User's can trust the downioaded software since the Java sandbox protects the user's computer against
malicious or virus-infested code.

Digital content protection systems require a different security model. Content providers must deliver
content across a hostile network to @ user and host platform that cannot be trusted.  To controf how that
content is used and by whom, digital conient protection systems must rely on a software enforcement
agent that executss in a hostile environment.

The trusted agent must represent and enforce the interests of the content owner, including the terms and
eonditions under which the content may be used, and by whom, in an environment wherg the user hag
compiete control and access to the hardware and software that provides access to the content.  Users
must also be assumed to have an unlimited amount of time and resourcas o attack and bypass any
conterd protections mechanisms.

This is a unique secunity model, requiring 2 unigque set of technology.

Traditional Assumptions Won't Work

Historically, cryptography adopted the security model where Alice sends data to Bob, and Eve tries to
aftack the communication. This mode! assumes that both Alice and Bob can be trusted. For example,
they can be trustad to maintain the secrecy of the cryplographic key(s) used o decrypt messages sent o
each other, because they have no incentive to disciose that information to other individuals.

A problam arises when this thinking is applied to digital content protection.

First, digital content protection systems must rely on cryptographic keys to decrypt streamed or persistent
{stored iocally) content. However, the possibility must be considerad that Bob could be a hostile party,
and cannot be frusted t© maintain the secrecy of the cryptographic keys or to use those keys in a manner
that supports the interests of Alice (the contant provider). Since Bob cannct be trusted, a trusted agent
must be introduced and be present on Bob's computer or player to decrypt the content in a manner that
reflects Bob's authorization 10 access or use that content,

Cioakware Corporation -5 - making software secure
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Second, cryptography protects data, not the trusted agent. The trusted agent must withstand focused
reverse engineering attacks to discover the cryplographic keys, and in the case of the software,
tampering attacks to change the behavior of the trusted agent in favor of the aftacker. Digital signatures
could be used {o ensure the integrity of a trusted software agent, but again we can't rely on Bob to verify
the digital signature and the integrity of the agent. i we rely on a trusted sofiware agent to verily its own
integrity, the sofiware again is exposed to tampering attacks to eliminate this check.

Tha failure of the DVD (Digital Video Disk} Forum's C8S (Content Security System} and recent attacks
such as on the player used to distribute Stephen King's latest e-book weare the result of cryptographic
techriologies alone bejng applied io protect digital content in a hostile environment.

While cryptography is an important aslement of DCP, full content protection will hinge on the ability of
content providers and distributors o develop confidence in these trusted agents on users’ computers or
content players. To achieve this, the trusted agents must be made able to withstand focused tampering
and reverse engineering altacks.

Cingkware Corporation L7 making sofiware sscure
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REQUIREMENTS FOR TRUSTED SOFTWARE

Trusted software sgents can bs deployed and upgraded across the Internet at relatively low cost,
avoiding problems with installed base compatibility and the ime and cost to deploy a hardware selution.

While some may consider a software-based approach to security to be less effective than one delivered
in hardware, trusted software agents offer the advantage of sasy renewability. As new attacks are found,
they can be countered with advances in architecture, and with improvements to the technologies used o
implement them, MNeither hardware nor sofiware will withstand 8 focused attack lasting months or vears,
so digital contant prmeie:&ien security models cannot be predicated on this assumption.

Trusted software agenis also offer greater user convenience since they can be readily deployed on
existing player devices without requiring the user to upgrade their player or purchase a new player.

Trusted software incorporated in digital content profection solutions must have the following properties:

B Resistance to Reverse Enginsering Altacks: Trusted sofiware must protect cryplographic
keys used for content decryplion, against extraction through altacks that rely on static analysis
or tracing the execulion of code.

Simple code obfuscation technologies do not address this requirement; these typically
obfuscate software through symbol renaming, siripping out debug information and other
obfuscation technigues that are easily defeated.

P Resistance {o Tampering Attacks: Trusted software must be resistant o tampering so that
functionality that is critical to the content provider cannot be bypassed or changed.

Standard hacking technigues, such as modifying cruciat branch instructions, are easy 1o apply
o these software programs. In the early days of the PC, computer game manufacturers made
many efforts to prevent hackars from bypassing their copy protection code but all these were
readily defeated by hackers using these techniques.

Code obfuscation tools do nothing to protect soflware against tampering; a user that can
reverse engineer the software can also, with relalive ease, make useful changes to the
software.

B Portability: Poriability is another key requirement for trusted software. With the rise in new
consumer devices that will be used to access the intemet and digital content, the X868
architecture is uniikely to be the dominant platform for the viewing and use of digital content.

A number of technigues to render software tamper-resistant have been implemented or
proposed. in general, these rely on encryption and decryption of the binary file, or
manipulation of the binary to make it very difficult to reverse angineer. Thase “wrapper”
technologies are, in general, limited in thelr portability.
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CLoaxkware CODE TRANSFORMATION TECHNOLOGY

Cloakware has developed a revolutionary new security technology that converts normal software into a
tamper-resistant form. Cloakware code tansformation technology can be applied to trusted software
agents used in digital content protection systams to harden them against focused attacks.

This technology is based on a family of compiler-derived technigues and the innovative application of
mathematical and cryplographic principles to prevent reverse enginesring and tampering with softiware.

This conversion of software to a tamper-resistant form is accomplished through a process of "cloaking”
crucial pieces of the Software. The cloaking process, which ococurs at source level, resists traditionat
technigues for key extraction - cryplographic keys are mapped using non-invertible funclions in the
cloaked code and never appear as “clear fext” in the protected software during execution.

Tamper-resistant properties are achieved by injecting 8 measured and appropriate degree of eniropy into
the code. f the cloaked code is tampered with, the code will cascade inte failure during execution. This
means the attacker cannot make usefid changes (from the hacker's perspeciive) to the code.

Since the technology works at source code level, i offers portability advantages over famper resistant
technologias that operate al binary level,

Cioakware is working with major digital content protection sysiem providers and content providers to
implement our code transformation technology into their products. This technology offers the
convenience of a software-only offering, with a high-level of resistance 1o tampering and reverse
engineering attacks. These are essential to the digital content protection security model and ultimately to
the success of digital content protection and the use of the Intermnet for the distribution of digital content.
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CONCLUSION

The success of the Intemnet as a distribution channe! for digital content will depend not only on providing
users with convenient and cost effective access to digital content, but also on providing assurances to
content providers that their copyrights will be enforced.

Digital Rights Management (digital content protection) systems offer a technological means of enforcing
the copyrights of content owners. Trustworthiness and convenience will ba crucial fo the broad
acceptance of digital right management (digitat content protection) across the Internet.

The digital content protection security model depends on trusted software agents that can be downlcaded
fo user's content players or PCs and be trusted to enforce the interests of content owners. These trusted
software agents must be made {amper-resistant {0 withstand attacks o extract cryptographic keys and to
change the functionality of the trusted software agents.

Cloakware has developed a revolutionary new code iransformation technology that converts ordinary
software into tamper-rasistant software.  The technology offers digital content protection system and
service providers, tamper resistance with the convenience and cost-effectiveness of a portable, software-
anly product.

Cloakware is currently working with leading digital content protection vendors to embed this technology
into their DCP systems and to manufacture renewable wusted software agents. The application of
Cloakware's security technology to digital content protection offers content providers assurances that
their copyrights will be enforced while offering content users the convenience of a portable, sofiware-only
solution.

@ Cloakware Corporation, 2002

This document is provided "as is” with no warranties, expressed or implied, including but not limited o any implied
warranty of merchantability, filness for a particular purpose, or freedom from infringement. Cloakware Corporation
may have palents or pending patent appiications, trademarks, copyrights or other inteliectual property rights that
refate fo the described subject matter. The furnishing of this document does not provide any license, expressed of
implied, by estoppels or otherwise, 1o any such patents, rademarks, copyrights, or other intelleclual property rights.
Cloakware Corporation assumes no responsibility for error or omissions in this document; nor does Cloakware
Corporation make any commitment {o update the information contained hersin. This document is subject to change
without notice.
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INTROQRUCTION

Introduction

if you are interastad in any of the following:
S Streaming audio or video to iPhone, iPod touch, iPad, or Apple TV
S Streaming live events without special server software

s Sending video on demand with encryption and authentication

you should learn about HTTP Live Streaming.

HYTP Live Streaming lets you send audio and video over HTTP from an ordinary web server for playback on
i0S-based devices—including iPhone, iPad, iPod touch, and Apple TV—and on deskiop computers (Mac 0S
X). HTTP Live Streaming supports both live broadcasts and prarecorded content {video on demand). HTTP
Live Streaming supports multiple alternate streams at different bit rates, and the client software can switch
streams intelligently as network bandwidth changes. HTTP Live Streaming also provides for media encryption
and user authentication over HTTPS, allowing publishers to protect their work.

Server Distribution

origin web server

Audip/NVideo
; R

N
Client

All devices running i0S 3.0 and later include built-in client software for HTTP Live Streaming. The Safari
browser can play HTTP strears within a webpage on iPad and desktop computers, and Safari launches a
fuli-screen media player for HTTP streams on i0S devices with small screens, such as iPhone and iPod touch.
Apple TV 2 and later includes an HTTP Live Streaming client.
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introduction

important: iPhone and iPad apps that send large amounts of audio or video data over cellular networks are
required to use HTTP Live Streaming. See "Requirements for Apps” (page 21).

Safari plays HTTP Live streams natively as the source for the <VIDEO> tag. Mac OS X developers can use the
QTKit and AvVFoundation frameworks to create desktop applications that play HTTP Live Streams, and i0S
developers can use the MediaPlayer and AVFoundation frameworks to create i05 apps.

Important: Always use the <video> tag to embed HTTP Live Streaming. Do not use the <chject> or
<embed> tags (except to specify fallback content).

Because it usas HTTP, this kind of streaming is automatically supporied by nearly all edge servers, media
distributors, caching systems, routers, and firewalls.

Note: Many existing streaming services require specialized servers to distribute content to end users. These
sarvers require specialized skills to set up and maintain, and in a large-scale deployment this can be costly.
HTTP Live Streaming avoids this by using standard HTTP to deliver the media. Additionally, HTTP Live Streaming
is designed to work seamlassly in conjunction with media distribution networks for large scale operations.

The HTTP Live Streaming specification is an IETF Internet-Draft.

At a Glance

HTTP Live Streaming is a way to send audio and video over HTTP from a web server to client software on the
desktop or to i0S-based devices,

You Can Send Audio and Video Without Special Server Software

You can serve HTTP Live Streaming audio and video from an ordinary web server. The client software can be
the Safari browser or an app that you've written for i0S or Mac 05 X

HYTP Live Streaming sends audio and video as a series of small files, typically of about 10 seconds duration,
called media segment files. An index file, or playlist, gives the clients the URLs of the media segment files.
The playlist can be periodically refreshed to accomodate live broadcasts, where media segment files are
constantly being produced. You can embed a link to the plaviist in a webpage or send it to an app that you've
written.

8 At a Glance
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Relevant Chapter: "HTTP Streaming Architecture” (page 11)

You Can Send Live Streams or Video on Demand, with Optional
Encryption

For video on demand from prerecorded media, Apple provides a free tool to make media segment files and
playlists from MPEG-4 video or QuickTime movies with H.264 video compression, or audio files with AAC or
MP3 compression. The plavlists and media segment files can be used for video on dernand or streaming
radio, for example.

For five streams, Apple provides a free tool to make madia segmaent files and playlists from Hve MPEG-2
transport streams carrying H.264 video, AAC audio, or MP3 audio. There are a number of hardware and
software encoders that can create MPEG-2 transport streams carrying MPEG-4 video and AAC audio in real
time.

Either of these tocls can be instructed to encrypt your media and generate decryption keys. You can use a
single key for all your streams, a different key for each stream, or a series of randomly generated keys that
change at intervals during a stream. Keys are further protected by the requirement for an initialization vector,
which can also be set to change periodically.

Relevant Chapter: "Using HTTF Live Streaming” (page 17)

Prereguisites

You should have a general understanding of common audio and video file formats and be familiar with how
web servers and browsers work.

See Also

S 05 Human Interface Guidelines—how to design web content for i0S-based devices.

S HTTP Live Streaming protocoi-—the IETF Internet-Draft of the HTTP Live Streaming specification.

Prerequisites 8
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CHAPTER 1

HTTP Streaming Architecture

HTTP Live Streaming allows you to send live or prerecordad audio and video, with support for encryption
and authentication, from an ordinary web server to any device running i0S 3.0 or later (including iPad and
Apple TV), or any computer with Safart 4.0 or later installed.

Overview

Conceptuaily, HTTP Live Streaming consists of three parts: the server component, the distribution component,
and the client software.

The server compenent is responsible for taking input streams of media and encoding them digitally,
encapsulating them in a format suitable for delivery, and preparing the encapsulated media for distribution.

The distribution component consists of standard web servers. They are rasponsible for accepting client
reqguests and delivering prepared media and associated resources to the client. For large-scale distribution,
edge networks or other content delivery networks can also be used.

The client software is responsible for determining the appropriate media to request, downloading those
resources, and then reassembling them so that the media can be presented to the user in a continuous
stream. Client software is included on i05 3.0 and later and computers with Safari 4.0 or later installad.

In a typical configuration, a hardware encoder takes audio-video input, encodes it as H.264 video and AAC
audio, and outputs it in an MPEG-2 Transport Stream, which is then broken into a series of short media files
by a software stream segmenter. These files are placed on a wab server, The segmenter also creates and
maintains an index file containing a list of the media files. The URL of the index file is published on the web
server. Client software reads the index, then requests the listed media files in order and displays them without
any pauses or gaps between segments.

An example of a simple HTTP streaming configuration is shown in “A basic configuration.”

Overview 11
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CHAPTER 1
HTTP Streaming Architecture

Figure 1-1 A basic configuration

Server : Ristribution

origin web server

AudioNideo

Input can be live or from a prerecorded source. It is typically encoded as MPEG-4 (H.264 video and AAC audio)
and packaged in an MPEG-2 Transport Stream by off-the-shelf hardware. The MPEG-2 transport stream is
then broken into segments and saved as a series of one or more . £ s media files. This is typically accomplished
using a software tool such as the Apple stream segmenter.

Audic-only streams can be a series of MPEG elementary audio files formatted as either AAC with ADTS headers
or as MP3.

The segmenter also creates an index file. The index file contains a list of media files. The index file also contains
metadata. The index file is an . M3U8 playlist. The URL of the index file is accessed by clients, which then
reguest the indexed files in sequence,

Server Components

12

The server requires a media encoder, which can be off-the-shelf hardware, and a way to break the encoded
media into segments and save them as files, which can be software such as the media stream segmenter
provided by Apple.

Media Encoder

The madia encoder takes a real-time signal from an audio-video device, encodes the media, and encapsulates
it for transport. Encoding should be set to a format supported by the client device, such as H.264 video and
HE-AAC audio. Currently, the supported delivery format is MPEG-2 Transport Streams for audic-video, or
MPEG elementary streams for audio-only.

Server Components
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