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Abstract

This contribution presents a coding scheme for coded block flag using variable length code. According to the scheme, coded block flags at coding unit level from all Y, U and V components are grouped and coded together. For each component, coded block flags at block level are also grouped and coded together. In both cases, coded block flags from neighboring coding unit or neighboring blocks are used as context in selecting a VLC table. Simulation results show that an average gain of 2.6% can be achieved in coding efficiency. 
Large transform (i.e. transform larger than 8x8) coding using variable length code is also presented in the contribution. For large transforms, this contribution proposes that only the first 64 coefficients based on scan order are kept and coded. Simulations show that such a solution provides a coding gain over interleaved transform for both intra and inter predicted blocks. 
1 Introduction 

According to the current TMuC variable length coding (VLC), coded block flags are coded at both coding unit level and block level. At coding unit level, a 1-bit coded block flag is sent for each of Y, U and V components to indicate if the corresponding component of the coding unit contains any non-zero coefficient. If a coded block flag for a certain component at coding unit level is not zero and transform block size is smaller than the coding unit size, coded block flags at block level are further coded, using 1-bit each, to indicate if each of the transform blocks contains any non-zero coefficient. 
For large transforms that are larger than 8x8, the coefficients are first interleaved into a number of 8x8 blocks and then use VLC coding for 8x8 block to code these interleaved blocks. 
2 Proposed solution 

2.1 Coded block flag 

Due to the correlation of coded block flags between Y, U and V components and the correlation of the flags from the same component among neighboring blocks, these flags are grouped and coded together to achieve better coding efficiency. 
2.1.1 At coding unit level 

At coding unit level, coded block flags from Y, U and V components are grouped and coded together using a single codeword. For a current coding unit, coded block flags from the immediate left and upper coding unit are used as context in selecting a VLC table. Depending on neighboring coded block flags, there are three contexts defined as follows. 
1. Both the flags of the upper and the left coding unit are zero;
2. Only one of the flags of the upper or the left coding unit is zero;
3. Both the flags of the upper and the left coding unit are non-zero.

The following Table 1 shows the VLC table used when the context is case 1. Similar tables are defined for other two context cases. 
Table 1: codeword for coded block flag at coding unit level
	Coded block flag 

(U V Y)
	Unary codeword

	0 0 0
	1

	0 0 1
	01

	0 1 0
	001

	0 1 1
	00001

	1 0 0
	0001

	1 0 1
	000001

	1 1 0
	0000001

	1 1 1
	0000000


2.1.2 At block level 

If a coded block flag for a certain component at coding unit level is not zero and the transform block size is smaller than the coding unit size, coded block flags at block level are further coded. More specifically, for each video component, coded block flags for the four quarter-sized blocks are grouped and coded using a single codeword. Context is defined in a similar manner as described in section 2.1.1 to improve coding efficiency. 
Due to coded block flag at coding unit level, the coded block flags for the four quarter-sized blocks can not all be zero. As a result there are 15 different combinations in total for these flags. In the VLC table, a 3-bit codeword is assigned to the most likely combination under each context. Other combinations are all assigned a 4-bit codeword each. 
2.2 Large transform 

For large transform, the current TMuC implementation for VLC is to interleave the coefficients into a number of 8x8 blocks and then use VLC coding for 8x8 block to code these interleaved blocks. 
Through simulation, we found that depending on scanning order if we simply code the first 64 coefficients in a large transform, the coding performance is generally better than interleaving and then coding all the coefficients.  

3 Simulation results 

3.1 Coded block flag 

The coding scheme described in section 2.1 is simulated in TMuC 0.1. All the 16 video sequences are tested, at a QP level of 22, 27, 32 and 37 respectively. Results are shown in Table 2. For both IPPP and hierarchical B configuration, a BD-rate reduction of around 2.6% is achieved. It can be seen that such a coding gain is consistent regardless of the resolution of video sequences, with a slightly higher gain, an average of 3.1%, from Vidyo sequences.
Table 2: Simulation results of the proposed coding scheme for coded block flag
	 
	grouping CBP
	grouping CBP

	 
	( IPPP )
	( Hierarchical B )

	 
	 
	 

	WQVGA30_RaceHorses
	-2.52
	-2.51

	WQVGA50_Basketball
	-2.50
	-2.24

	WQVGA50_PartyScene
	-2.58
	-2.20

	WQVGA60_BQSquare
	-3.27
	-3.09

	WQVGA AVE
	-2.72
	-2.51

	 
	 
	 

	WVGA30_RaceHorses
	-2.45
	-2.34

	WVGA50_Basketball
	-1.60
	-2.16

	WVGA50_PartyScene
	-2.38
	-2.44

	WVGA60_BQSquare
	-3.14
	-3.04

	WVGA AVE
	-2.39
	-2.49

	 
	 
	 

	720p60_Vidyo1
	-3.32
	-3.29

	720p60_Vidyo3
	-3.54
	-3.42

	720p60_Vidyo4
	-2.64
	-2.69

	720p AVE
	-3.17
	-3.13

	 
	 
	 

	1080p24_ParkScene
	-2.45
	-2.56

	1080p24_Kimono
	-2.31
	-2.34

	1080p50_Basketball
	-2.49
	-2.41

	1080p50_Cactus
	-2.40
	-2.40

	1080p60_BQSquare
	-2.84
	-2.56

	1080p AVE
	-2.50
	-2.45

	 
	 
	 

	Average
	-2.65
	-2.61


3.2 Large transform 

Simulation on large transform is also performed according to section 2.2. The first 100 frames of all 16 test sequences are coded using TMuC 0.3. The case of coding only the first 64 coefficients according to scanning order in a large transform (labeled as zero-out in Table 3) is compared with the case of interleaving all the coefficients into a number of 8x8 blocks (labeled as interleaved in Table 3). Both all-intra configuration and IPPP configuration are tested. 
Results show that the zero-out case outperforms the interleaved case, especially for high resolution sequences.  
Table 3: Simulation results of large transform VLC coding
	 
	Zero-out vs. Interleaved
	Zero-out vs. Interleaved

	 
	( All Intra )
	( IPPP )

	IPPP coding structure
	 
	 

	 
	 
	 

	WQVGA30_RaceHorses
	-0.48
	-0.85

	WQVGA50_Basketball
	-1.51
	-0.87

	WQVGA50_PartyScene
	-0.51
	-1.55

	WQVGA60_BQSquare
	-0.13
	-0.60

	WQVGA AVE
	-0.66
	-0.97

	 
	 
	 

	WVGA30_RaceHorses
	-0.99
	-1.26

	WVGA50_Basketball
	-1.34
	-3.06

	WVGA50_PartyScene
	-0.34
	-0.45

	WVGA60_BQSquare
	-1
	-1.30

	WVGA AVE
	-0.92
	-1.52

	 
	 
	 

	720p60_Vidyo1
	-4.91
	-5.26

	720p60_Vidyo3
	-3.9
	-2.41

	720p60_Vidyo4
	-3.51
	-6.72

	720p AVE
	-4.11
	-4.80

	 
	 
	 

	1080p24_ParkScene
	-1.35
	-0.97

	1080p24_Kimono
	-8.25
	-6.36

	1080p50_Basketball
	-5.91
	-4.41

	1080p50_Cactus
	-0.99
	-4.79

	1080p60_BQSquare
	-0.29
	-2.01

	1080p AVE
	-3.36
	-3.71

	 
	 
	 

	Average
	-2.21
	-2.68


4 Conclusions 

This contribution presents a variable length coding scheme for coded block flag at both the coding unit level and block level. By grouping coded block flags from different video components as well as neighboring blocks of the same component, an average coding gain of 2.6% is achieved. 
The contribution also compared two VLC coding schemes on large transforms. Results show that coding just the first 64 coefficients based on scanning order provides obvious coding gain over interleaved coding scheme.

We recommend the above coding schemes on coded block flag and large transform to be considered for adoption into TMuC.
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