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Introduction


H.263 is an evolving and state-of-the-art video coding standard.  Its syntax is widely recognized for providing a highly efficient representation of moving visual scenes for a broad variety of applications.  Its recent acceptance as a preferred video mode within H.324, H.320, and H.323 shows the breadth of its applicability.  In order to provide this broad applicability, the creators of H.263 included in its design not only an efficient core video coding syntax, but also five standardized picture resolutions (SQCIF, QCIF, CIF, 4CIF, and 16CIF) and four optional compression enhancement modes (unrestrictedVector, arithmeticCoding, advancedPrediction, and pbFrames).  In addition, in a new effort begun just a year ago, more optional extensions are being designed for H.263, in the “H.263+” standards-development effort of the ITU-T SG15 Low Bit-rate Coding (LBC) Experts Group.


This contribution discusses the implications of using H.263 in a system using the H.245 capability exchange mechanism.  H.263+ includes a large set of new optional features that each need to be accommodated appropriately into the H.245 capability exchange mechanism, but that is not the subject of this contribution. We do not describe herein what is needed for the addition of the new H.263+ features specifically.  That is a larger and more complex subject.  Rather, we discuss the problem of attempting to implement a system which uses H.263/H.263+ in general, in the context of having a large number of optional modes in the coding syntax.


The current form of the H.245 capability exchange mechanism for H.263 creates a significant burden on those trying to implement an H.263 system.  The burden stems from the unlimited way in which H.263 modes can be switched on and off on a frame-by-frame basis.  We believe this burden will hinder the widespread maximal interoperable implementation of the new H.263+ modes, and that it also hinders the implementation of the existing H.263 modes as well.  We intend to pursue a three-part solution to this problem:


The addition of new fields to the H.245 mechanism for declaring H.263 mode capabilities.


The removal of a requirement expressed in H.324, and possibly expressed in H.323 and H.320.


The addition of an appendix to H.263 listing a small number of preferred modes of operation.


The Problem


H.263 contains a core syntax and a number of optional modes.  The optional modes can be used together or separately, and each mode alters the syntax and/or semantics of the video bitstream.  The current H.263 today has three types of frames (I, P, and PB, among which PB is optional), and the syntax for each video frame consists of a frame header followed by the bits for that frame.  The frame header identifies the frame type and indicates which (if any) of the optional modes are used in the frame.  The coding modes can change on a frame-by-frame basis in an unlimited way within a video sequence bitstream, within the bounds of the video capabilities that have been negotiated.


The current H.245 capability signaling mechanism provides one bit per optional mode and a minimum picture interval for each supported picture resolution in the video capability message.  Each of the mode bits in the message indicates that an optional mode is supported. If the decoder indicates that it supports a set of optional modes, it must also support all subsets of those optional modes in any combination, switched on and off in any way on a frame-by-frame basis.


If we assume for the moment that each mode affects each type of frame and that there are M types of frames, N optional modes (with settings “off” and “on”) and P different supported video resolutions, we find that the decoder must be able to accept any of


V = M·P·2N


different types of video frames.  This can become a staggering number as the number of supported optional modes (N) grows large.  As the number of optional modes that one wishes to support grows, it can become practically impossible to implement and test all the necessary combinations.  In the current H.263 we have a total of something like M=3, P=5, and N=3, for V=120, although due to some restrictions, V is actually 90, not counting the continuous-presence multipoint modes.  (Five resolutions of 18 frame types: 2 Intra frame types, 8 Inter frame types, and 8 PB-frame types.)


Soon the number of basic frame types will be about M=7 (I, P, PB, Improved PB, True-B, EI, and EP), the total number of optional modes will be somewhere in the neighborhood of N=16 (and the number possible video source formats will be, for practical purposes, P=infinity).  Although there are some restrictions on the ways these modes can be combined together and on the types of frames to which they apply, these numbers should make it obvious that we can no longer require all declared mode sets to be supported by every decoder in every subset combination.


The Solution


Part 1: Adding a new type of field in H.245


H.245 needs to have a new additional way of indicating the support of optional H.263 modes, one that will not imply the support of any subset of all supported modes for any video frame.  


An H.245 message for H263VideoCapability is as follows:


H263VideoCapability	::=SEQUENCE


{


	sqcifMPI	INTEGER (1..32) OPTIONAL,	-- units 1/29.97 Hz


	qcifMPI	INTEGER (1..32) OPTIONAL,	-- units 1/29.97 Hz


	cifMPI		INTEGER (1..32) OPTIONAL,	-- units 1/29.97 Hz


	cif4MPI	INTEGER (1..32) OPTIONAL,	-- units 1/29.97 Hz


	cif16MPI	INTEGER (1..32) OPTIONAL,	-- units 1/29.97 Hz


	maxBitRate	INTEGER (1..192400),	-- units 100 bit/s


	unrestrictedVector	BOOLEAN,


	arithmeticCoding	BOOLEAN,


	advancedPrediction	BOOLEAN,


	pbFrames	BOOLEAN,


	temporalSpatialTradeOffCapability	BOOLEAN,


	hrd-B		INTEGER (0..524287) OPTIONAL,	-- units 128 bits


	bppMaxKb	INTEGER (0..65535) OPTIONAL,	-- units 1024 bits


	...,


		 			


	slowSqcifMPI	INTEGER (1..3600) OPTIONAL, -- units seconds/frame


	slowQcifMPI	INTEGER (1..3600) OPTIONAL, --units seconds/frame


	slowCifMPI	INTEGER (1..3600) OPTIONAL, --units seconds/frame


	slowCif4MPI	INTEGER (1..3600) OPTIONAL, --units seconds/frame


	slowCif16MPI	INTEGER (1..3600) OPTIONAL, --units seconds/frame


	errorCompensation	BOOLEAN


}


Within this message, for the set of option bits that are enabled (among unrestrictedVector, arithmeticCoding, advancedPrediction, and pbFrames), all mode combinations which are subsets of the indicated set must also be supported.  Presumably, new modes of H.263+ should also be added to this structure in a similar way as appropriate.


However, we propose also adding within this message a new mode combination field.  Substituting numbered mode flags for illustration purposes, the message would now consist of:


H263VideoCapability	::=SEQUENCE


{


	sqcifMPI	INTEGER (1..32) OPTIONAL,	-- units 1/29.97 Hz


	qcifMPI	INTEGER (1..32) OPTIONAL,	-- units 1/29.97 Hz


	cifMPI		INTEGER (1..32) OPTIONAL,	-- units 1/29.97 Hz


	cif4MPI	INTEGER (1..32) OPTIONAL,	-- units 1/29.97 Hz


	cif16MPI	INTEGER (1..32) OPTIONAL,	-- units 1/29.97 Hz


	maxBitRate	INTEGER (1..192400),	-- units 100 bit/s


	mode1Flag	BOOLEAN,


	mode2Flag	BOOLEAN,


	mode3Flag	BOOLEAN,


	mode4Flag	BOOLEAN,


	temporalSpatialTradeOffCapability	BOOLEAN,


	hrd-B		INTEGER (0..524287) OPTIONAL,	-- units 128 bits


	bppMaxKb	INTEGER (0..65535) OPTIONAL,	-- units 1024 bits


	...,


		 			


	slowSqcifMPI	INTEGER (1..3600) OPTIONAL, -- units seconds/frame


	slowQcifMPI	INTEGER (1..3600) OPTIONAL, --units seconds/frame


	slowCifMPI	INTEGER (1..3600) OPTIONAL, --units seconds/frame


	slowCif4MPI	INTEGER (1..3600) OPTIONAL, --units seconds/frame


	slowCif16MPI	INTEGER (1..3600) OPTIONAL, --units seconds/frame


	errorCompensation	BOOLEAN


	modeCombos	SET SIZE (1..256) OF h263VideoCombos OPTIONAL


}


The new entry, ModeCombos, defines mode combinations that are supported, but which may not be supported in unlimited subset combinations as would be indicated in the BOOLEAN fields of H263VideoCapability.  We define H263VideoCombos in a manner that allows many useful types of mode support to be specified using a small number of messages:


H263VideoCombos	::=SEQUENCE


{


	h263VideoUncoupledModes	H263VideoUncoupledModes,


	h263VideoCoupledModes	SET SIZE (1..256) OF h263VideoModeCoupling,


	…


}


Each H263VideoCombos message consists of one H263VideoUncoupledModes entry and one or more H263VideoModeCoupling entries. H263VideoUncoupledModes and H263VideoModeCoupling are both simply a set of mode support flags:


H263VideoUncoupledModes	::=SEQUENCE


{


	mode1Flag	BOOLEAN,


	mode2Flag	BOOLEAN,


	mode3Flag	BOOLEAN,


	mode4Flag	BOOLEAN,


	…


}


and


H263VideoModeCoupling	::=SEQUENCE


{


	mode1Flag	BOOLEAN,


	mode2Flag	BOOLEAN,


	mode3Flag	BOOLEAN,


	mode4Flag	BOOLEAN,


	…


}


The semantics are that the H263VideoUncoupledModes indicates the set of modes which can be switched on and off in any syntactically-legal combination for each video frame, and that each H263VideoCoupling indicates a particular combination of modes which can be switched on or off together but for which the support of arbitrary subsets of that combination are not implied.


To clarify, each frame of video in the video sequence for which the capability is indicated in a H263VideoCapability message can contain any of the following mode combinations (provided they are syntactically legal mode combinations within H.263):


Any subset of modes for which mode flags are set in the H263VideoCapability message itelf, OR


Any subset of modes for which mode flags are set in any particular H263VideoUncoupledModes message, OR


Any one complete set of modes for which mode flags are set in a H263VideoModeCoupling message, along with any subset of modes for which mode flags are set in the H263VideoUncoupledModes message of the same H263VideoCombos message, OR


Any multiple complete sets of modes for which mode flags are set in H263VideoModeCoupling messages of the same H263VideoCombos message, along with any subset of modes for which mode flags are set in the H263VideoUncoupledModes message of the same H263VideoCombos message.


Note: The term subset is meant here to include both the null set and the complete set.


Part 2: Removal of system-level mode subset requirements


Currently, H.324 explicitly states that if any H.263 mode is supported, it must be supported in any combination with all other modes that are supported in the terminal.  Other standards such as H.323 and H.320 may also contain similar statements.  This restriction should be removed, to allow modes to be supported in limited combinations as negotiated in H.245.  This will encourage implementers by allowing them to build systems that support particular useful combinations of modes without the added burden of being required to support all subsets of their implemented mode combinations.


Part 3: An informative appendix to H.263 for preferred mode combinations


In practice, a small number of  H.263 mode combinations will suffice for many applications.  Although the capability exchange messages may support the ability to indicate which modes are supported, having a flexible H.245 syntax does not provide guidance to those seeking maximal interoperability.  Few implementations will need to support all combinations of optional modes, and those implementing the standard will wish to know which modes are likely to be supported in other terminals with which they are to interoperate.  For this reason, we propose the addition of an appendix to H.263 which lists some mode combinations that are regarded by consensus as being especially useful.


For example, among the 18 frame types possible for each video resolution within the current H.263 syntax, we might choose these five as generally being especially useful among combinations of baseline (BL), unrestrictedVector (UV), arithmeticCoding (AC), advancedPrediction (AP), and pbFrames (PB):


Intra Frames (required):


	BL 		Required	(low-complexity)


Inter Frames (required):


	BL		Required	(low-complexity)�	AP 		Optional	(moderate-complexity)


PB Frames (optional, suitable for higher-delay applications):


	PB		Optional	(lower-complexity)�	PB+AP	Optional	(moderate-complexity)


And among the five picture resolutions (SQCIF, QCIF, CIF, 4CIF, 16CIF) within the current H.263 syntax, we might choose these two as generally being the most useful:


QCIF (required)	for very low bit-rate videoconferencing   (e.g., 10-32 kbits/sec)


CIF (optional)		for moderate bit-rate videoconferencing (e.g., 80-1024 kbits/sec)


Having this type of guidance would be very useful to implementers, as it would help them to establish priorities among the vast array of possibilities (e.g, reducing from 90 to 5 the kinds of frames considered the highest priority for a moderate bit-rate videoconferencing terminal).
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