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1 Introduction

The fine granularity scalability (FGS) algorithm in the current JSVM codes coefficients within an FGS slice in an order such that “more significant” coefficients are coded first.  By arranging the bit stream in this way, the extraction process is biased so that a simple truncation is likely to retain those “more significant” coefficients, and therefore improve the reconstructed quality.

Building upon this idea, in this proposal we introduce two modifications that can further improve the FGS coding efficiency.

2 Block ordering within a coding cycle 

When FGS data is truncated, the decoder assumes the missing values to be zero.  Consequently, coding zero values into the bit stream contributes nothing to the reconstruction, and coefficients with the greatest probability of being zero should be deferred until the end of the slice.  Conversely, coefficients with the greatest probability of being non-zero should be coded first.

In cyclical block coding, unlike subband coding, the current scan position in a given coding pass will differ from one block to another.  Furthermore, a correlation was observed between scan position and the probability of the next coefficient being non-zero.  The function describing this correlation varies according to QP and sequence content.

Our proposal exploits this correlation by grouping blocks according to their scan position (i.e. 16 groups for a 4x4 block) then coding the groups in decreasing order of the probability that the next coefficient is nonzero (nnz).  We base the nnz probability on the previous FGS slice, but other means of calculation could be investigated.

2.1 Complexity, memory considerations

This method requires a very small amount of additional memory for measuring the number of nonzero coefficients at each of 16 scan positions in the previous slice, and for storing the order of scan positions to be processed in the current slice.  This modification requires some additional memory access operations.

Ordering effectively involves 16 sub-passes for each cycle.  For each scan position, blocks are processed in raster order, as with the current FGS algorithm.  In terms of complexity, ordering the blocks involves sorting a vector of fixed size 16; the vector size is not based on sequence resolution.

3 Temporal level-based truncation

Varying the QP setting according to temporal level is the key to achieving good coding efficiency with MCTF – causing both high and low pass pictures to have the same QP value is known to dramatically reduce performance.

The current JSVM bit stream extractor truncates all FGS slices proportionally, reducing the difference in effective quality between temporal levels, and ultimately reduces coding efficiency.

Rather than using a fixed truncation ratio (or “bit plane fraction”) when extracting, this proposal uses a different truncation ratio for each temporal level.

The simplest modification is to supply the truncation ratio independently for each temporal level at the time of extraction, just as the overall truncation ratio is now specified.  However, this complicates the extraction/decoding process.

A better approach is to supply the overall truncation ratio to the extractor (as in the current JSVM) and use it to scale a vector of temporal truncation ratios.  For example, if the supplied ratio is y then the scaling vector might be {0.4y, 0.5y, 0.6y, 0.75y, 1y 1.2y}, where 0.4y is the truncation ratio used for the first temporal level and so on.  This would retain the simplicity of the current extractor/decoder, and is non-normative.

While varying the truncation ratio according to temporal level can improve performance, selection of the scaling vector, {0.4, 0.5, 0.6, 0.75, 1, 1.2} in the above example, is not straightforward.  The optimal vector is both sequence-dependant and QP-dependant.  We propose creating a set of allowable vectors and signaling the one to be used for a given layer in the SPS.  A small set of between 4-8 vectors (requiring 3 bits in the SPS) is sufficient.

3.1 Complexity, memory considerations

This proposal requires no additional memory in either encoder or decoder.

Any effect on complexity is negligible.  Selection of the optimal scaling vector by the encoder is considered analogous to rate control, and would be non-normative.

3.2  Proposed syntax changes

We propose adding two bits in the NAL unit header indicating the truncation scaling vector to be used:

	nal_unit( NumBytesInNALunit ) {
	C
	Descriptor

	
…forbidden_zero_bit
	All
	f(1)

	
nal_ref_idc
	All
	u(2)

	
nal_unit_type
	All
	u(5)

	
nalUnitHeaderBytes = 1
	
	

	
if(  nal_unit_type  = =  14  | |  nal_unit_type  = =  15  | |

      nal_unit_type  = =  20  | |  nal_unit_type  = =  21 )  {
	
	

	

decodability_dependency_information
	All
	u(6)

	

temporal_scaling_vec_idx
	All
	u(2)

	

nalUnitHeaderBytes++
	
	

	
}
	
	

	
…
	
	

	}
	
	


temporal_scaling_vec_idx selects between proposed truncation scaling vectors:

	Value
	Vector

	0
	{0.2, 0.4, 0.75, 1.1, 1.5}

	1
	{0.3, 0.5, 1.2, 1.2, 1.2}

	2
	{0.7, 0.8, 0.9, 1.1, 1.5}

	3
	{1, 1, 1, 1, 1}


4 Results

Software used to generate our results is attached.  Note that currently, only luminance blocks are re-ordered and only luminance results are presented.  We would expect a similar gain for chroma.

The attached spreadsheet JVT-O055.xls demonstrates the coding efficiency gain achievable with this proposal.  As with all ordering-based proposals, the “end points” of the FGS layer are unchanged – the goal is to improve performance in between.  In this case, the optimal weighting vector was determined by hand and not implemented in the encoder.  As noted previously, this is merely a syntax issue and does not affect the FGS decoding algorithm.

Bit rate savings for the same PSNR were up to 6% (e.g. Bus QCIF 15 Hz from 89 to 83 kbps), which roughly translates into a gain of up to 0.3 dB.  To reiterate, this gain should not be expected to occur at all points in the FGS layer, and was not as profound on all sequences.  However, the performance was always improved compared to the current JSVM.  Given the minor nature of the modifications, we believe that they are justified given the observed gain.
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