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1. Introduction

It was noticed that for high rates and/or high resolution material the difference in performance of H.26L when UVLC coding is used and when CABAC is used, measured as bit-rate reduction,  can exceed 20%. To check if this difference is caused by inefficiency of VLC coding comparing to arithmetic coding at high rates or the current design of VLC coding, VLC coding of the transform coefficient coding is altered to be more flexible and allow to better adjust to different rates and resolution of the material. 

The goal of the proposal is to show that VLC coding can be considerably improved for high rates or/and high resolution material and initiate the discussion is there an interest to use VLC coding in such cases.

2. Method description

As it is done currently single or double scan is used depending on the coded component and QP value. However transform coefficient with the exception of second level 2x2 and 4x4 transform of DC coefficients are coded by sending first the number of nonzero coefficients followed by the (run, level) pairs. Sending number of nonzero coefficients excludes necessity of transmitting EOB symbol and allows to better fit assignment of codewords to (run,level) pairs to the pairs’ statistic. 4 different assignments of codewords to (run,level) pairs given in Table 1 are used. Assignments Inter_L and Inter_H are used for all the blocks using single scan. Inter_L is used when number of nonzero coefficients is smaller than 8, Inter_H otherwise. Assignments Intra_L and Intra_H are used for all the blocks using double scan. Intra_L is used when number of non zero coefficients is smaller than 6, Intra_H otherwise. It was noticed that for low resolution sequences and mid and high QPs mainly Inter_L and Intra_L assignments are used. When the QP decreases or resolution of the material increases the usage of Inter_H and Intra_H increases.

Table 1: The correspondence between run and level of the coefficient and the codeword number . The remaining level/run combinations are assigned a code number according to the same priority as in TML.

	Code

number
	Inter_L
	Inter_H
	Intra_L
	Intra_H

	
	l level (+,-)
	Run
	level (+,-)
	run
	level (+,-)
	run
	level (+,-)
	run

	0, 1
	1
	0
	1
	0
	1
	0
	1
	0

	2, 3
	1
	1
	2
	0
	2
	0
	2
	0

	4, 5
	1
	2
	1
	1
	1
	1
	3
	0

	6, 7
	1
	3
	3
	0
	3
	0
	4
	0

	8, 9
	2
	0
	1
	2
	1
	2
	5
	0

	10, 11
	1
	4
	4
	0
	4
	0
	1
	1

	12, 13
	1
	5
	2
	1
	2
	1
	6
	0

	14, 15
	1
	6
	5
	0
	5
	0
	7
	0

	16, 17
	3
	0
	1
	3
	1
	3
	8
	0

	18, 19
	2
	1
	3
	1
	6
	0
	9
	0

	20, 21
	1
	7
	6
	0
	3
	1
	10
	0

	22, 23
	1
	8
	2
	2
	7
	0
	2
	1

	24, 25
	2
	2
	7
	0
	1
	4
	11
	0

	26, 27
	4
	0
	4
	1
	2
	2
	12
	0

	28, 29
	1
	9
	8
	0
	8
	0
	3
	1


To further increase flexibility 4 different VLCs are used. First one is the unary representation of the number, i,e,

0 1

1 01

2 001

3 0001

The three remaining ones are exp-Golomb codes [1] for parameters k=0, 1 and 2. exp-Golomb code with parameter k has 2k codewords of shortest length, 2k+1 codewords of next shortest length, etc. Each codeword is constructed by concatenation of unary and binary part. The unary term is j+1 bits in length and identify codeword as being in level j, j=0,1,… The binary term contains k+j bits and select among 2k+j codeword in level j. Notice that the current UVLC corresponds to exp-Golomb for k=0. 

Example of exp-Golomb codes for k=1 is given below:

	Index
	Unary part
	Binary part

	0
	1
	0

	1
	1
	1

	2
	01
	00

	3
	01
	01

	4
	01
	10

	5
	01
	11

	6
	001
	000

	7
	001
	001


Number of nonzero coefficients can be coded using any of the 4 VLCs, (run,level) pairs are coded using only exp-Golomb codes for k=1 or 2. Information, which VLC is used can be predetermined and for example QP dependent or it can be transmitted. In the second case 4 bits are needed to inform which one VLC table is used to code nonzero coefficients for a single scan and which one for a double scan. 2 bits are needed to inform which VLC table is used for (run, level) pairs for a single and which one for a double scan. 

3. Coding improvements

Comparison with TML is included in attached Excel sheet. The presented results were generated by transmitting information about used VLCs. The VLCs, which would be the best for the previous encoded frame are used. Comparison with CABAC results is also given for the sequence “Mobile”. Generally it can be observed that the largest improvements are obtained for low QP, higher resolution sequences in which can they can reach over 20% bitrate reduction for the whole sequence as well as Intra coded frames.  Unlike currently the difference between TML using VLC coding and CABAC remains at the same level for the whole range of bitrates. 
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