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Introducery Remark

This document was presented half-finished.  Its discussion resulted in VCEG-M79 for an interim solution for the header syntax, and in the request for additional work on the topic.  Hence, no further editing work was performed during the meeting and the document was left unfinished. 

Summary

This document makes a naïve attempt to introduce some higher level headers, particularly the sequence and Group-of-Picture (GOP) headers for H.26L.  Some thoughts about possible header contents and the appropriate place for those contents in the three high layer headers are presented.  All this is done under the assumption of storage and IP network transport, but an extension to mobile and H.320-type networks should be straightforward.  Undoubtly, a significant amount of additional work will have to be invested to get such high layer structures into its final shape.

Problem Description

The current TML6 picture header contains the following information:

· Temporal Reference

· Picture Size (current QCIF or CIF)

· Picture Type

· Quantizer

The H.263 picture header, in contrast, is composed of

· Temporal Reference

· Picture Type

· Miscellaneous video conferencing specifics such as Split Screen or Document Camera

· Optional Modes (with parameters)

· Picture Size

· Picture Clock (base of TR)

· Pixel Aspect Ratio

· Layering information

· Piggy-pack back channel information

· Initial Quantizer

· Continuous Presence Information (CPM, PSBI)

· B-Picture Information (TRB, DBQUANT)

Obviously, the picture header of H.263 contains in addition to true H.263-specifics like the optional modes and their parameters also numerous fields that are helpful for some applications, but do not control the decoder directly.  Many of these fields may be necessary in H.26L as well.  One can image additional fields that may be relevant, too.  In H.263, some of those fields are carried in the PEI/PSUPP information (Annex L and Annex W).  An incomplete list of such information consists of:

· Copyright/Caption/URI/…  information

· Encryption information, Keys

· Display parameters, e.g. suggested minimum/maximum/optimal presentation size

· Player control information such as the one found in the DVD spec

· Chroma keying

It is believed that the picture header is not the appropriate place to put all this information into the bit stream, for several reasons:

· Even considering the optional character of many of the items above the simple signaling of their presence/absence takes valuable bits in the picture header, which hurts the coding efficiency.

· This is even more true since the picture header information is so valuable that it will be protected heavily – hence possibly multiplying the number of bits – when transported over error prone channels.

· Large parts of the information above will usually not change between pictures.

Proposed Solution

The author believes that a three level syntax structure for full pictures is appropriate – similar to the one of MPEG.  In particular, there seems to be a need of

· Picture Layer, containing information relevant to a single picture – especially timing information, and optionally size information.  Note that information pieces like an initial quantizer may end up in this header as well, although such information belongs to the slice layer.  See discussion below.  Picture layer information is size critical and, therefore, coded in an optimized binary way, possibly using predictive coding from the previous picture header or from the GOP header.  Picture layer information will be transported in-band, which implies heavy protection such as redundant copies for every slice of a picture (or similar) when transported over unreliable channels.

· Group-of-Picture Layer contains information relevant to a group of pictures (GOP).  A GOP is defined as a set of pictures that are coded without any dependencies to other pictures.  Hence, GOPs always start with an I-picture.  The GOP layer is the appropriate place for information concerned with all pictures of the GOP, for example size information and profile/level/version.  Furthermore, such data types like copyright information or encryption control and keys could end up here as well, as it is advisable to have such information available in any independently decodable set of pictures.  GOP header information is not so size critical than the picture header, because of the large size of a GOP (which contains at least one I frame).  GOP information is to be coded non-predictively (except using information from the Sequence Layer) to allow for independent decoding of each GOP.

· Sequence Layer provides information about the whole video sequence.  It could, for example, contain a full copyright message which is later in parts repeated in the GOP headers, again size information, general information regarding the necessary decoder capabilities (at an abstract level, e.g. version/profile/level) possibly the necessary QoS for transmission to prevent the use of the sequence under network conditions it was not coded for, and similar.  Since Sequence Layer information will have to be parsed by entities other than a decoder, a simple ASCII format such as SDP, is advisable.  Furthermore, the sequence layer can be expected to be transmitted out of band, e.g. during the session announcement or the capability exchange.  It can be expected to be available at the receiver before the first GOP/Picture Header is received  (note that for conversational applications we may need a “fast start” option with a default sequence header that is predicted out of the very first received GOP header – to be worked out).

Note that all header information is coded using UVLC symbols.  This has two advantages: first, it is trivial to add additional header information, or additional modes of operation to individual header fields without breaking the previous syntax.  Take a look at the timing syntax of the picture header and you will understand what I mean.  Second, the syntax continues to contain only UVLC codewords, which is architecturally cleaner than a mix of FLC/VLC codewords (or, worse, VLC codewords of different tables).  Given this, I believe that the 100%+ overhead of the UVLC coding is acceptable.  Furthermore, the absolute header size when not using any of the weirder syntax elements is still comparatively small, especially when considering the non-existent start codes (which are NAL functionality and not necessary on many networks).

Picture Header

Picture headers start at byte or dword-aligned positions.  Decoders MUST be capable of coping with 1-padding of both byte and dword aligning.  Encoders and NALs are free to use any of the two padding methods as appropriate for the network/storage architecture.

A note to the pseudo-C Syntax description: fetch() returns the next UVLC codeword’s symbol number.  The symbol number is calculated as [function of len, info, to be provided]

The Picture Header contains the following elements:

	Syntax Element
	Size
	Use

	Timing Indication
	variable
	Provides the presentation time stamp, either in form of a TR or in form of a 1/90000s increment from the start of sequence (32 bits needed) or says “take the time stamp from the transport” or says “display as quickly as you can”.

	Size information
	variable
	Indicates the size of the picture, either “same as last picture” or “upsample/downsample by a factor of 2/4/8 (built in Annex P mechanism)” or “n x m macroblocks” or “n x m pixel” (do we need that one?).

	Picture Type
	variable (small)
	Picture Type, e.g. I, P, B, … Picture

Is it appropriate to have picture types at all, or should this info better go into the slice layer?

	(optional) Reference Picture ID
	Variable (small)
	The ID of this picture used for later reference picture selection


Note: we may want to consider adding a profile/level/version ID as an optional parameter, too, although I believe that the appropriate place is the GOP header.
Timing Indication: variable

A series of up to two UVLC codewords.

TRType = fetch();

If (TRType = 0)

  Absolute TR = fetch()
 

// modulo 16 (or 256, or 1024?)

else if (TRType == 1)

  relative TR = fetch()


// just an increment, for reliable channels only

else if (TRType == 2)

  take presentation time from transport
// not applicable for storage systems

else if (TRType == 3)

  decode and display as fast as possible
// not applicable for storage systems

else if (TRType == 4)

  presentation time = fetch()

// in 1/.90000 increments

endif

Size Information: variable

A series of up to three UVLC codewords.

SizeType = fetch();

If (SizeType == 0)

  Size = Unchanged;

Else if (SizeType == 1)

  Size = Implicit factor of 2 smaller

Else if (SizeType == 2)

  Size = Implicit factor of 2 bigger

Else if (SizeType == 3)

  Size = Implicit factor of 4 smaller

Else if (SizeType == 4)

  Size = Implicit factor of 4 bigger

Else if (SizeType == 5) {

  SizeTableID = fetch();

  Size_X_MB = Sizetable[SizeTableID].X_MB;

  Size_Y_MB = Sizetable[SizeTableID].Y_MB;

  Size_X_Pels = Sizetable[SizeTableID].X_Pels;

  Size_Y_Pels = Sizetable[SizeTableID].Y_Pels;

}

Else if (SizeType == 6) {

  Size_X_MB = fetch();

  Size_Y_MB = fetch();

} else if (SizeType == 6) {

  Size_X_Pels = fetch();

  Size_Y_Pels = fetch();

};

Picture Type Indication: one UVLC codeword

PicType = fetch();

If (PicType == 0)

  PictureType = P-mult

Else if (PicType == 1)

  PictureType = P

Else if (PicType = 2)

  PictureType = B

Else if (PicType = 3)

  PictureType = I;

Reference Picture Id (one UVLC codeword, optional)

The Reference Picture ID is only present when the Sequence and/or GOP headers indicate the use of more than one reference picture.  

ReferencePictureId = fetch()  

GOP Header

A Group of Pictures (GOP) is a series of pictures that may be predicted from each other.  The first picture of a GOP is always an I-picture, and may serve as a random access point for applications that need such.  A GOP should be self-contained as long as the sequence header information is available.  Hence the GOP header contains, in a non-predictive way, all necessary information for the decoding of the GOP.

When used, GOP headers are transmitted in-band.  Since they contain vital information, the NAL will have to use very heavy protection.  If, for any reason, the GOP header is corrupted, there is likely very little point in even attempting the decoding of the GOP.

	Syntax Element
	Size
	Use

	Profile/Level/Version
	Variable, optional
	A series of three UVLC codewords indicating the profile/level/version ID.  A shortcut for the use with a table transmitted in the sequence header is available.  When not present then use the single Version/Profile/Level of the sequence header

	Number of Reference Pictures
	1, optional
	A UVLC codeword that indicates the maximum number of reference pictures used in this GOP.  Must be smaller or equal than the maximum amount allowed in Version/Profile/Level

	PictureSize MB
	2
	Picture size in MBs, two UVLC codewords

	DisplayWindowPels
	4, optional
	Upper left and lower right corner of the Pels to be presented in the MBs above, optional, default is “present all”

	SuggestedDisplaySizeMin

SuggestedDisplaySize Optimal

SiuggestedDisplaySizeMax
	Many, optional
	Size parameters for the suggested minimum/maximum picture size (in Pels, cm, angle, … to be discussed)

	Copyright/IPR
	Variable, optional
	To be defined, some form of Copyright statement, not easily removable (need a context-aware UVLC-parser)

	Encryption control
	Variable,optional
	To be defined


Profile/Level/Version: variable

Version = fetch();

If (Version = 0) {

  Index = fetch();

  Version = PLV_Table[Index].Version;

  Profile= PLV_Table[Index].Profile;

  Level = PLV_Table[Index].Level;

} else {

  Version = Version –1;

  Profile = fetch();

  Level = fetch();

}

Number of Reference Pictures: 1 UVLC codeword, optional

if (Version/Profile/Level present && Version/Profile/Level allows Multiframe Prediction)

  Max_Number_Reference_Frames = fetch();

Sequence Header

In SDP or similar ASCII Format, that can be handled by “normal” software

Table of possible picture sizes, to be indexed by GOP header.  Maybe have a default table which can be overridden?

 Rate control using different picture sizes and only one QP per picture
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