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1 Proposal

The CABAC decoder engine may be called upon to decode more than 5,000 binary symbols for real worst-case macroblocks.  The worst-case macroblocks are conformant, even if they may be highly unlikely.  Given the sequential nature of the CABAC decoding process, we are concerned about the resulting worst-case decoding complexity for higher levels, where the macroblock rate is high.  We propose a limit of 3,200 on the number of binary symbols that may be used to represent a macroblock, for all Levels.  We are primarily concerned about Levels 3 and above.

2 Introduction

The CABAC decoder takes the bitstream as input and produces a stream of decoded syntax elements as output.  The major steps are all shown in Figure 1.  The decoding engine produces binary symbols that must be recomposed into syntax elements.  The operations of decoding the binary symbols are largely sequential.
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Figure 1: CABAC Decoding Process

3 Analysis Not Based on Bit Rate

We believe that the complexity of the CABAC binary symbol decoder is more directly a function of the number of binary symbols than of the bit rate.  The number of bits maps to a number of binary symbols through an expansion factor that is not easy to estimate.  Thus, we look directly at the number of binary symbols.

4 Worst-case Binary Symbol Rate Analysis

One way to look at the problem is to count binary symbols directly from the syntax diagrams and the binarization procedure.  By studying subclauses 7.3.5 and 9.3, one can determine the number and type of syntax elements present in a macroblock and the number of binary symbols associated with the syntax elements.  This analysis is shown in Tables 1 and 2.  It can be seen that the number of binary symbols could exceed 7,000 in a macroblock.

Table 1: Counting the Binary Symbols in an Intra 4x4 Block

	Block syntax element
	# occurrences
	# binary symbols / occurrence
	# binary symbols

	coded_block_flag
	1
	1
	1

	(last_)significant_coeff_flag
	16
	1
	16

	coeff_absolute_value_minus1
	16
	17

	272

	coeff_sign
	16
	1
	16

	Block total
	
	
	305


Table 2: Counting the Binary Symbols in an Intra 4x4 Macroblock

	MB syntax element
	#occurrences
	#binary symbols / occurrence
	# binary symbols

	mb_type
	1
	1
	1

	prev_intra4x4_pred_mode_flag
	16
	1
	16

	rem_intra4x4_pred_mode
	16
	3
	48

	intra_chroma_pred_mode
	1
	4
	4

	coded_block_pattern
	1
	6
	6

	mb_qp_delta
	1
	7
	7

	Block
	24
	305
	7,320

	Macroblock Total
	
	
	7,402


5 Worst-case Binary Symbol Rate Measurements

In an effort to determine the accuracy of the above analysis, a simple experiment was conducted.  An artificial image containing Gaussian white noise of standard deviation 40 in luma and chroma was generated.  A portion of this image is shown in Figure 2.
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Figure 1: Portion of noisy image

This image was coded as an intra frame at a QP of 8 using the JVT 5.0c encoder.  The quantization level was chosen so that the coded image size was as large as possible but conformant to Level 3.  Statistics were gathered on the distribution of the number of bits and the number of binary symbols used for each macroblock.  These statistics are summarized in Table 3.  The six macroblocks that exceeded 3,200 bits were excluded from the statistical analysis.

Table 3: Attributes of an intra coded noisy image

	Attribute

	Value

	Number of bits
	4,131,360

	Number of macroblocks exceeding 3,200 bits per macroblock
	6

	Average number of binary symbols per macroblock
	4,926


	Minimum number of binary symbols per macroblock
	4,573

	Maximum number of binary symbols per macroblock
	5,173


The tight distribution of the number of binary symbols per macroblock suggests that this kind of noise will always produce the same general behavior.  

6 Discussion of Impacts

6.1 Impact on Visual Quality

We believe that imposing a limit of 3,200 on the number of binary symbols used per macroblock in CABAC would not materially impact the standard.  For instance, coded with a QP of 18, this picture still has PSNR of 43.4 dB but the maximum number of binary symbols per macroblock is 3,266, and the average is 3,010.

6.2 Relationship to the limit on bits per macroblock

Based on our limited experimental data, we believe that this binary symbol limit would impose a more stringent constraint on the number of bits used to represent a macroblock than the existing limit of 3,200 bits.  However, we do not propose to change or remove that limit, as it still has value.
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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.

	Submitting Organization or Person:

	Organization name
	
	

	Mailing address
	
	

	Country
	
	

	Contact person
	
	

	Telephone
	
	

	Fax
	
	

	Email
	
	

	Place and date of submission
	
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	
	

	Title
	
	

	Contribution number
	
	

	
	
	


(Form continues on next page)

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

	
	

	[image: image8.wmf]
	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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	2.2.1
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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	2.3
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;

	In the case of any box other than 2.0 above, please provide the following:

	Patent number(s)/status
	
	

	Inventor(s)/Assignee(s)
	
	

	Relevance to JVT
	
	

	Any other remarks:
	
	

	(please provide attachments if more space is needed)




(form continues on next page)

Third party patent information – fill in based on your best knowledge of relevant patents granted, pending, or planned by other people or by organizations other than your own.

	Disclosure information – Third Party Patents (choose one box)
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	3.1
The submitter is not aware of any granted, pending, or planned patents held by third parties associated with the technical content of the Recommendation | Standard or Contribution.
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	3.2
The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.



	For box 3.2, please provide as much information as is known (provide attachments if more space needed) - JVT will attempt to contact third parties to obtain more information:



	3rd party name(s)
	
	

	Mailing address
	
	

	Country
	
	

	Contact person
	
	

	Telephone
	
	

	Fax
	
	

	Email
	
	

	Patent number/status
	
	

	Inventor/Assignee
	
	

	Relevance to JVT
	
	

	
	
	


	Any other comments or remarks:




� This assumes a coefficient value of 15 or 16.  This may be unrealistically high, but it is not the worst case.


� The following three statistics were computed excluding the six non-conformant macroblocks that exceeded 3,200 bits.
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