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1 Introduction

The Level system agreed in previous meetings is adequate for most traditional mainstream video applications, but does not well serve several important and fast-growing types of non-traditional applications:

· Large picture sizes at very low frame rates, as in

· Video conferencing systems

· Telemedicine systems

· Security camera applications

· Low-cost (often portable) video devices with very small displays

Each current Level specifies a fixed processing rate (MB/sec) and decoder memory requirement (ultimately bytes), but there is no way to choose a different ratio of processing rate to memory, in order to fit an application.

1.1
Video conferencing systems

In traditional video applications, decoder processing rates (macroblocks/sec) scale roughly linearly with decoder memory requirements (picture size), because frame rates remain roughly constant.

Video conferencing systems are different, because in addition to conventional motion video, they also handle very large picture sizes at very low frame rates.  This requires much more decoder memory for a given processing rate than does ordinary video.

Modern video conferencing systems offer various “information sharing” features.  These include high resolution document cameras and the capture and remote display of PC screen content to show PowerPoint slides, spreadsheets, etc.

Typically, the PC video signal is captured from a “VGA” output connector and coded with the same codec used for motion video (in this case, the JVT codec).  The picture size normally matches the PC’s native display size, today in the range of 1024x768 to 1600x1200.  At the receiving side, the PC screen image is displayed on a high-resolution PC display or projector system.

Such content requires only very low frame rates (in the range of 1-10 Hz).  In applications like this, the picture size (and therefore decoder memory) is very large, but the processing rate (MB/sec) may be similar to that of a much smaller picture size at a normal motion video frame rate.

The current Levels don’t support this application - much more decoder memory is needed for a given processing rate.  Using a higher Level is uneconomical, since this would needlessly require a much higher processing rate.

For example, a CIF/30 Hz (Level 2) video conferencing system might support a 1280x1024 PC input.  Level 2 does not permit a picture size larger than 352x288.  The Level 2 processing rate is sufficient to support the PC input at 2.3 Hz, but this mode requires a picture size 13 times larger than provided by Level 2.  Level 3.2 is the lowest to support 1024x1280, but that requires a processing rate over 18 times faster than necessary.  

We note that similar applications also exist outside the field of video conferencing—for example, security cameras. 

1.2
Low-cost devices with small displays

Low-cost devices with small displays often have the opposite problem with the current Level structure – the Levels require more memory than necessary to meet video quality requirements.  Considering the small physical size of the display, marginal improvements in video quality are not visible to the user.

1.3
Solution

The following two proposals will solve these problems, by:

a) Allowing more flexible use of existing decoder memory to support larger picture sizes at low frame rates, and,

b) Allowing decoders to support a higher or lower amount of Reference Memory for a given Level.

No changes to the Profiles are proposed.

2 Flexible use of Decoder Reference Memory

2.1
Problem

Section A.5.3 of the current JVT draft gives the formula for the number of reference frames supported at a given Level:

Number of reference frames = min(floor(Level Limit Value * (Maximum Picture Size / Actual Picture Size)), 15)

This permits the number of reference frames to increase as the picture size gets smaller, allowing the flexible use of limited decoder memory.

However the opposite tradeoff is not supported - the current draft does not permit larger picture sizes to be used when smaller numbers of reference frames are in use by the encoder.  

2.2 Proposal

Within a Level, it should be possible to use larger picture sizes when less than the maximum number of reference frames are in use.  This does not change the total amount of decoder reference memory.

Table 1 below shows the number of bytes of reference memory required by the JVT CD text, assuming chrominance format 4:2:0, using the formula:

bytes = MaximumPicutureSize * ReferenceFrames * 1.5 * 256

The factor 256 assumes each of the 256 samples in a macroblock require 1 byte of storage.

Table 1 – Bytes of Reference Memory required

	Level Number
	Maximum Picture Size (macroblocks)
	Reference Frames Supported
	Reference Memory

(1024 bytes)

	1
	99
	3
	111.375

	1.1
	396
	5
	742.5

	1.2
	396
	5
	742.5

	2
	396
	5
	742.5

	2.1
	792
	5
	1485

	2.2
	1,620
	4
	2430

	3
	1,620
	4
	2430

	3.1
	3,600
	4
	5400

	3.2
	5,120
	3
	5760

	4
	8,192
	3
	9216

	5
	19,200
	3
	21,600



To implement this proposal, the Reference Memory requirements for each Level must be specified in picture-size-independent units.  We propose bytes, so the “Reference Memory” column would replace both the “Maximum Picture Size” and “Reference Frames Supported” columns in Table A.1 of the JVT CD draft.

JVT CD section A.5.3, “Number of reference frames supported” would be replaced by the following text:

A.5.3
Reference memory constraints on modes

Decoders shall support all modes within a given Profile and Level where the required Reference Memory does not exceed the limit given for the Level, and where the number of Reference Frames is not greater than 15.

The Reference Memory required for a given mode shall be calculated as:

bytes = PictureSize * NumberOfReferenceFrames * N * 256

The PictureSize parameter is in units of whole macroblocks.  Note that a minimum of 2 reference frames are necessary for B pictures, and a minimum of 1 reference frame otherwise.

The parameter N shall take values according to Table QQQ:

Table QQQ – Parameter N values

	Chrominance 

Format
	N

	monochrome
	1

	4:2:0
	1.5

	4:2:2
	2

	4:4:4
	3


The illustrative table (non-normative) in Section A.6 should be updated accordingly.

3
Independent Level and Memory Signaling - Proposal

The Reference Memory parameter(s) should be removed from the Level and placed in a separate “Memory” component, creating a “Profile/Level/Memory” structure instead of a “Profile/Level” structure.  

The Memory component should specify the decoder’s Reference Memory capability.  Instead of the existing single amount of Reference Memory, there should be 3 possible Memory steps for each Level.

Table 2 below illustrates this system.

Table 2 – Split Level/Memory Parameters

	Level
	Maximum Processing Rate (macroblocks/sec)
	Maximum Video Bitrate
	Maximum HRD/VBV Buffer Size
	LOW Reference Memory (1024 bytes)
	NORMAL Reference Memory (1024 bytes)
	HIGH Reference Memory (1024 bytes)

	1 (QCIF)
	1,485
	TBD
	TBD
	74.25
	111.375
	445.5

	1.1
	2,970
	TBD
	TBD
	297
	742.5
	2970

	1.2
	5,940
	TBD
	TBD
	297
	742.5
	2970

	2 (CIF)
	11,880
	TBD
	TBD
	297
	742.5
	2970

	2.1
	19,800
	TBD
	TBD
	594
	1485
	5940

	2.2
	20,250
	TBD
	TBD
	1215
	2430
	9720

	3 (SD)
	40,500
	TBD
	TBD
	1215
	2430
	9720

	3.1
	108,000
	TBD
	TBD
	2700
	5400
	21,600

	3.2
	216,000
	TBD
	TBD
	3840
	5760
	23,040

	4 (HD)
	245,760
	TBD
	TBD
	6144
	9216
	36,864

	5 (SHD)
	491,520
	TBD
	TBD
	14,400
	21,600
	86,400


In the proposed system, what was formerly a Profile/Level combination is now specified as a Profile/Level/Memory combination.

For each Level, there are 3 possible Memory steps:

· NORMAL – The same amount of reference memory as required in the agreed JVT CD text.

· LOW – This amount of memory is sufficient to provide 2 Reference Frames at the Maximum Picture Size in the current JVT CD.  2 Reference Frames are the minimum required for B pictures. This amount of memory is 2/3 to 2/5 of the NORMAL value, as the JVT CD text requires support for 3 to 5 Reference Frames, depending on the Level.

· HIGH – This amount of memory is exactly 4 times the NORMAL level.

For example, a simple handheld video player device might use the “Baseline/Level 2/LOW” configuration.  This would provide CIF resolution at 30 Hz, requiring only 297 kbytes of reference memory, 40% of the “NORMAL” amount.

A video conferencing system might use the “Baseline/Level 2/HIGH” configuration.  This decoder would handle CIF resolution at 30 Hz (with up to 15 Reference Frames), and is also able to decode a 1600x1200 pixel PC screen source at 1.5 Hz (with 1 Reference Frame).  This configuration requires 2970 kbytes of reference memory, which is quite reasonable for a video conferencing system.

[end]
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Joint Video Coding Experts Group - Patent Disclosure Form
(Typically one per contribution and one per Standard | Recommendation)

Please send to:

JVT Rapporteur Gary Sullivan, Microsoft Corp., One Microsoft Way, Bldg. 9, Redmond WA 98052-6399, USA

Email (preferred): Gary.Sullivan@itu.int  Fax: +1 425 706 7329 (+1 425 70MSFAX)

This form provides the ITU-T | ISO/IEC Joint Video Coding Experts Group (JVT) with information about the patent status of techniques used in or proposed for incorporation in a Recommendation | Standard.  JVT requires that all technical contributions be accompanied with this form. Anyone with knowledge of any patent affecting the use of JVT work, of their own or of any other entity (“third parties”), is strongly encouraged to submit this form as well.

This information will be maintained in a “living list” by JVT during the progress of their work, on a best effort basis.  If a given technical proposal is not incorporated in a Recommendation | Standard, the relevant patent information will be removed from the “living list”.  The intent is that the JVT experts should know in advance of any patent issues with particular proposals or techniques, so that these may be addressed well before final approval.

This is not a binding legal document; it is provided to JVT for information only, on a best effort, good faith basis.  Please submit corrected or updated forms if your knowledge or situation changes.

This form is not a substitute for the ITU ISO IEC Patent Statement and Licensing Declaration, which should be submitted by Patent Holders to the ITU TSB Director and ISO Secretary General before final approval.
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USA
	

	Country
	GERMANY, UNITED STATES
	

	Contact person
	Stephan Wenger, Michael Horowitz
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	+1 415 713 5473 (Wenger), +1 512 372 7091 (Horowitz)
	

	Fax
	
	

	Email
	stewe@cs.tu-berlin.de, mhorowitz@austin.polycom.com 
	

	Place and date of submission
	Klagenfurt, 2002-07-16
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	JVT
	

	Title
	Levels in JVT
	

	Contribution number
	JVT-D067, VCEG-Q05
	

	
	
	


	Disclosure information – Submitting Organization/Person  (choose one box)

	
	

	X
	2.0
The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.

or,

	The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,
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	2.1
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.
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	2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above Recommendation | Standard.


Such negotiations are left to the parties concerned and are performed outside the ITU | ISO/IEC.
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The same as box 2.2 above, but in addition the Patent Holder is prepared to grant a “royalty-free” license to anyone on condition that all other patent holders do the same.
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The Patent Holder is unwilling to grant licenses according to the provisions of either 2.1, 2.2, or 2.2.1 above.  In this case, the following information must be provided as part of this declaration:

· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;
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