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INTRODUCTION


The Advanced Intra Coding quantization rule in the latest test model document proposal (Q15-C-15) is wrong, and the time has come to correct that section of the document.


Guy Coté’s experiments which were reported via email showed that a good set of rules in the R-D (MSE) sense would be to define an Advanced Intra Coding quantization rule such that


|LEVEL| = (|COF| + 3 ( QUANT / 4) / (2 ( QUANT)


This is very different than what is described in Q15-C-15 for AIC coefficients.


I suggest that we adopt the above rule into the test model document.


All of our rules fit (with integerization of the numerator) into the general form of


|LEVEL| = [|COF| + (f-p) ( QP] / (2 ( QP)


where p = 0 when the reconstruction levels are uniform (no expansion of dead-zone in reconstruction, i.e., for DC and AIC AC coefficients) and p = 1 when they are not, and f ( (0,1] is used to locate the thresholds such that the reconstruction value lies somewhere between a nearest-integer rounding operation (f=1) and a left-edge reconstruction operation (f=0) and is chosen to match the average rate of decay of the pdf of the source over each non-zero step.  I suggest that this explanation be added to the text of the test model.


There are also a number of editorial problems with the section on quantization (Section 4).  QP is used instead of QUANT without explanation, COF’ is defined but not used (although REC would be better since it is used in H.263), the meaning of LEVEL is different than in the H.263 document (the test model uses the absolute value of the parameter in the standard), “/” is used in some places and “//” in others to describe essentially the same operation, etc.


Below is a drop-in version of what I think would be a better Section 4:


�
4 Quantization


The quantization parameter QUANT may take integer values from 1 to 31.  The quantization reconstruction spacing for non-zero coefficients is  2 ( QP, where:


	QP = 4		for Intra DC coefficients when not in Advanced Intra Coding mode, and


	QP = QUANT	otherwise.


Define the following:


COF	A transform coefficient (or coefficient difference) to be quantized,


LEVEL	The quantized version of the transform coefficient,


REC	Reconstructed coefficient value,


“/”	Division by truncation.


The basic inverse quantization reconstruction rule for all non-zero quantized coefficients can be expressed as:


	|REC| = QP · (2 · |LEVEL| + p)    		if QP = “odd”, and


	|REC| = QP · (2 · |LEVEL| + p) - p		if QP = “even”,


where


	p = 1		for INTER coefficients, and


	p = 1		for INTRA non-DC coefficients when not in Advanced Intra Coding mode, and


	p = 0		for INTRA DC coefficients when not in Advanced Intra Coding mode, and


	p = 0		for INTRA coefficients (DC and non-DC) when in Advanced Intra Coding mode.


The parameter p is unity when the reconstruction value spacing is non-uniform (i.e., when there is an expansion of the reconstruction spacing around zero), and p is zero otherwise.  The encoder quantization rule to be applied is compensated for the effect that p has on the reconstruction spacing.  In order for the quantization to be MSE-optimal, the quantizing decision thresholds should be spaced so that the reconstruction values form an expected-value centroid for each region.  If the pdf of the coefficients is modeled by the Laplacian distribution, a simple offset that is the same for each quantization interval can achieve this optimal spacing.  The coefficients are quantized according to such a rule, i.e., they use an integerized form of


	|LEVEL| = [|COF| + (f ( p) ( QP] / (2 ( QP)


where f ( {� EMBED Equation.2  ���,� EMBED Equation.2  ���, 1} is a parameter that is used to locate the quantizer decision thresholds such that each reconstruction value lies somewhere between an upward-rounding nearest-integer operation (f = 1) and a left-edge reconstruction operation (f = 0), and f is chosen to match the average (exponential) rate of decay of the pdf of the source over each non-zero step.


4.1 Quantization for INTER Coefficients:


Inter coefficients (whether DC or not) are quantized according to:


	|LEVEL| = (|COF| ( QUANT / 2) / (2 ( QUANT)


This corresponds to f =� EMBED Equation.2  ���with p = 1.


4.2 Quantization for INTRA non-DC coefficients when not in Advanced Intra Coding mode


Intra non-DC coefficients when not in Advanced Intra Coding mode are quantized according to:


	|LEVEL| = |COF| / (2 ( QUANT)


This corresponds to f = 1 with p = 1.


4.3 Quantization for INTRA DC coefficients when not in Advanced Intra Coding mode


The DC coefficient of an INTRA block when not in Advanced Intra Coding mode is quantized according to:


	LEVEL = (COF + 4) / (2 ( 4)


This corresponds to f = 1 with p = 0.  Note that COF and LEVEL are always non-negative and that QP is always 4 in this case.


4.4 Quantization for INTRA coefficients when in Advanced Intra Coding mode


Intra coefficients when in Advanced Intra Coding mode (DC and non-DC) are quantized according to:


|LEVEL| = (|COF| + 3 ( QUANT / 4) / (2 ( QUANT)


This corresponds to f =� EMBED Equation.2  ���with p = 0.
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