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Abstract

This contribution presents two alternative sets of g_auiGoRicePrefixLen and g_auiGoRiceRange values, which are used for CABAC escape codes. Possible inconsistencies and omissions in and between WD4 text and HM4.0 source code are also presented.
1 Introduction
2 Proposal 1
In the HM4.0 source, there are two tables:


const UInt g_auiGoRicePrefixLen[4] = {8, 10, 11,  8};


const UInt g_auiGoRiceRange[4]     = {7, 20, 42, 70};

Analysis of the Golomb-Rice limits indicates that these would be best represented using:


const UInt g_auiGoRicePrefixLen[4] = {8, 10, 11,  8};


const UInt g_auiGoRiceRange[4]     = {7, 20, 46, 70};

or alternatively:

const UInt g_auiGoRicePrefixLen[4] = {8, 10, 10,  8};


const UInt g_auiGoRiceRange[4]     = {7, 20, 42, 70};

Proposal 2
In WD4:
9.3.2.3

Truncated Rice (TR) binarization process

Input to this process is a request for a TR binarization for a syntax element, cRiceParam and cTRMax.

Output of this process is the TR binarization of the syntax element.

A TR bin string is a concatenation of a prefix bit string and a suffix bit string. The prefix of the binarization is specified by invoking the TU binarization process for the prefix part of the value specified by synElVal >> cRiceParam with cMax = cTRMax >> cRiceParam. The suffix of the TR bin string is the binary representation of synElVal – ( ( synElVal >> cRiceParam ) << cRiceParam ).

NOTE – For the input parameter cRiceParam = 0 the TR binarization is exactly the TU binarization.
9.3.2.4

k-th order Exp-Golomb (EGk) binarization process

Input to this process is a request for an EGk binarization for a syntax element.

Output of this process is the EGk binarization of the syntax element.

The bin string of the EGk binarization process of a syntax element synVal is specified by a process equivalent to the following pseudo-code:

absV = Abs( synVal )
…
and:
9.3.2.10

Binarization process for coeff_abs_level_minus3

...

The variable cTRMax is derived from cRiceParam as given in Table 9 50.

Table 9 50 - Specification of cTRMax depending on cRiceParam

	cRiceParam
	cTRMax

	0
	7

	1
	20

	2
	42

	3
	70


The binarization of coeff_abs_level_minus3 consists of a prefix part and (when present) a suffix part. The prefix part of the binarization is derived by invoking the TR binarization process as specified in subclause 9.3.2.3 for the syntax element coeff_abs_level_minus3[ n ] with the variables cRiceParam and cTRMax as the inputs.

When the prefix bit string is not equal to the bin string that consists of ( cTRMax + 1 >> cRiceParam ) + cRiceParam ones, the bin string consists of a prefix bin string and a suffix bin string. The suffix bin string is derived using the EG0 binarization as specified in subclause 9.3.2.4.
The above WD4 text indicates that when cRiceParam is 0, cTRMax is 7, and therefore cMax is 7. i.e., at most the TR bin string will consist of 7 ones. However, the condition under which an EG0 suffix is applied is to look for (7 + 1 >> 0)+0 = 8 ones. This can never occur. In addition in the above WD4 text, the condition to use the EG0 suffix is applied when the prefix bit/bin string is NOT equal to the condition of all ones.
Finally, in the above WD4 text, there is no indication that EG0 is applied to the result of coeff_abs_level_minus_3 – (cTRMax+1).
Therefore, there are inconsistencies between the source code and the working draft, and within the working draft, and within the source code. It is suggested that the WD text be reworded, and the inconsistencies are removed, and one of the proposed sets of tables be adopted.
3 Theory

In the current HEVC working draft and HM4.0 source code, when encoding an escape value v, the binarization process produces a variable length Golomb-Rice code:

(prefixLength << suffixLength) + suffix = v
where  the suffixLength is equal to the Golomb-Rice parameter (uiGoRiceParam, value 0 to 3) and the prefixLength is bound by a maximum value maxPrefixLength given in the g_auiGoRicePrefixLen table (which has one table entry for each Golomb-Rice Parameter):


const UInt g_auiGoRicePrefixLen[4] = {8, 10, 11, 8};

Using this system, the maximum value that can be encoded for any given parameter value is:


maxVal 
= (maxPrefixLength << uiGoRiceParam) + ((1 << uiGoRiceParam) - 1)




= ((maxPrefixLength + 1) << uiGoRiceParam) - 1

This maximum value maxVal is reserved for indicating that the escape value is too large even for the Golomb-Rice system and therefore that there will be a following exponential-Golomb code (i.e. an escape within an escape) coding the rest of the value.
In HM4.0 (and in the draft standard JCTVC-F803 “Working Draft 4 of High-Efficiency Video Coding”) the escape value is checked against a table to determine if such an escape-escape code is required. 

This table is defined as:


const UInt g_auiGoRiceRange[4] = {7, 20, 42, 70};

The values in the g_auiGoRiceRange table should equal the maximum non-escape value for each parameter, given by:


maxVal-1 = ((maxPrefixLength + 1) << uiGoRiceParam) - 2

i.e.

g_auiGoRiceRange[uiGoRiceParam]=


((g_auiGoRicePrefixLen[uiGoRiceParam]+1) << uiGoRiceParam) - 2

Evaluating the formula for all four values of g_auiGoRicePrefixLen gives:
g_auiGoRiceRange[] = {7, 20, 46, 70}
Therefore the values 43, 44, 45 and 46 would, for the current HM4.0 code and when uiGoRiceParam=2, cause escape-escape codes to be used, although the values can be encoded as escape codes, and thereby reducing coding efficiency.

Alternatively, keeping the current table defined in HM4.0:


const UInt g_auiGoRiceRange[4] = {7, 20, 42, 70};
The  value of 42 would be correct if the maximum prefix length for parameter 2 were 10 instead of 11, as defined below:

const UInt g_auiGoRicePrefixLen[4] = {8, 10, 10,  8};
4 Working Draft Changes

5 The following changes would be sufficient to remove the inconsistencies from WD4:
9.3.2.4

k-th order Exp-Golomb (EGk) binarization process

Input to this process is a request for an EGk binarization for an unsigned syntax element, absV.

Output of this process is the EGk binarization of the syntax element.

The bin string of the EGk binarization process of an unsigned syntax element absV is specified by a process equivalent to the following pseudo-code:

…
9.3.2.10

Binarization process for coeff_abs_level_minus3

...

The variable cTRMax is derived from cRiceParam as given in Table 9 50.

Table 9 50 - Specification of cTRMax depending on cRiceParam

	cRiceParam
	cTRMax

	0
	8

	1
	21

	2
	43

	3
	71


The binarization of coeff_abs_level_minus3 consists of a prefix part and (when present) a suffix part. The prefix part of the binarization is derived by invoking the TR binarization process as specified in subclause 9.3.2.3 for the syntax element coeff_abs_level_minus3[ n ] with the variables cRiceParam and cTRMax as the inputs.

When the prefix bit string is equal to the bin string that consists of ( cTRMax >> cRiceParam ) + cRiceParam ones, the bin string consists of a prefix bin string and a suffix bin string. The suffix bin string is derived using the EG0 binarization as specified in subclause 9.3.2.4, with absV equal to (coeff_abs_level_minus3 – cTRMax).
6 However, it may be better to reword WD4 in terms of cMax, rather than cTrMax, as the latter only works for certain values, and therefore may be problematic if changed in the future:

9.3.2.3

Truncated Rice (TR) binarization process

Input to this process is a request for a TR binarization for a syntax element, cRiceParam and cMax.

Output of this process is the TR binarization of the syntax element.

A TR bin string is a concatenation of a prefix bit string and a suffix bit string. The prefix of the binarization is specified by invoking the TU binarization process for the prefix part of the value specified by synElVal >> cRiceParam. The suffix of the TR bin string is the binary representation of synElVal – ( ( synElVal >> cRiceParam ) << cRiceParam ).

NOTE – For the input parameter cRiceParam = 0 the TR binarization is exactly the TU binarization. 
9.3.2.4

k-th order Exp-Golomb (EGk) binarization process

Input to this process is a request for an EGk binarization for an unsigned syntax element, absV.

Output of this process is the EGk binarization of the syntax element.

The bin string of the EGk binarization process of an unsigned syntax element absV is specified by a process equivalent to the following pseudo-code:

…
9.3.2.10

Binarization process for coeff_abs_level_minus3

...

The variable cMax is derived from cRiceParam as given in Table 9 50.

Table 9 50 - Specification of cTRMax depending on cRiceParam

	cRiceParam
	cMax

	0
	8

	1
	10

	2
	10

	3
	8


The binarization of coeff_abs_level_minus3 consists of a prefix part and (when present) a suffix part. The prefix part of the binarization is derived by invoking the TR binarization process as specified in subclause 9.3.2.3 for the syntax element coeff_abs_level_minus3[ n ] with the variables cRiceParam and cMax as the inputs.

7 The variable cTRMax is equal to ((cMax+1)<<cRiceParam)-1.
8 When the prefix bit string is equal to the bin string that consists of ( cMax + cRiceParam ) ones, the bin string consists of a prefix bin string and a suffix bin string. The suffix bin string is derived using the EG0 binarization as specified in subclause 9.3.2.4, with absV equal to (coeff_abs_level_minus3 – cTRMax).
9 Simulation Results

Simulations using the standard configurations have been run for the two sets of data, with comparisons against the base HM4.0 code; a summary of the results are shown in the tables below:
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10 Conclusion

Two alternative sets of values for the tables g_auiGoRicePrefixLen and g_auiGoRiceRange have been proposed. Simulation results for these have been provided. Of the two sets, {8, 10, 10, 8}/{7, 20, 42, 70} gives a slight overall BD-rate improvement when compared both to baseline HM4.0 and to the alternative set of {8, 10, 11, 8}/{7, 20, 46, 70}.
In addition, working draft text has been suggested.
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				VLC Max Len combination {8, 10, 11, 8} and {7, 20, 46, 70} vs HM4.0
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				Class E		-0.00%		0.00%		0.00%								0.00%		-0.07%		0.05%		-0.00%		-0.06%		-0.06%

				Class F		-0.01%		-0.01%		-0.06%		0.02%		0.00%		-0.02%		0.03%		-0.12%		0.17%		-0.01%		0.04%		-0.11%

				Overall		-0.00%		-0.01%		-0.01%		0.00%		-0.00%		-0.01%		0.01%		-0.08%		0.06%		-0.00%		-0.01%		-0.03%				-0.002%						-0.000%						0.008%						-0.01%

						-0.00%		-0.01%		-0.01%		0.00%		0.00%		-0.01%		0.01%		-0.09%		0.06%		-0.00%		-0.01%		-0.03%

				Enc Time[%]		100%						100%						100%						100%								0.000%				-		Combined BD Rate Average

				Dec Time[%]		100%						100%						100%						100%






