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Abstract

This contribution presents a context-adaptive hybrid variable length coding method for entropy coding scheme. This method[1] is based on the observation that the nonzero transform coefficients are more clustered in the low frequency region while more scattered in the high frequency region. According to this observation, hybrid variable length coding using multiple code tables is proposed. The code tables are adaptively chosen based on the context information from coded neighboring blocks or from the coded portion of the current block. The simulation results show that an average BD-rate reduction of 8.22% and an average BD-rate reduction of 10.7% for class A sequences can be achieved in the coding efficiency.
Introduction
To code a sequence of quantized transform coefficients, there are two types of information to be coded: the positions of the nonzero coefficients and their corresponding amplitudes. To overcome the inefficiency of coding consecutive nonzero transform coefficients in traditional Run-Level method, the runs of consecutive zero coefficients and runs of consecutive nonzero coefficients are jointly coded to reflect the positions info of the nonzero coefficients. In addition, the amplitudes of the trailing coefficients in each nonzero cluster are often sequences of 1 or -1. The number of trailing ones in the nonzero cluster is jointly coded as a triple using a three-dimensional table to further improve the coding efficiency. 
Based on this scheme, a hybrid three-dimensional position and amplitude code for both the clustered and scattered coefficients using adaptive multiple code tables switch is designed.
1 Algorithm Description

2.1 Three-Dimensional Code Symbol

The code symbol of the hybrid three-dimensional position and amplitude code is: 
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is the run of the consecutive zero-valued coefficients that precede the nonzero-valued coefficients,
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is the run of the consecutive nonzero-valued coefficients

           A is the amplitude information of the nonzero coefficients
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 is the number of trailing coefficients with amplitude 1/-1 in the nonzero cluster, 
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 is the amplitude of an isolated nonzero coefficient 

An additional one-dimensional amplitude coding is also needed to code the nonzero coefficients except the trailing ones in the nonzero cluster. The amplitude of the coefficient immediately preceding the trailing ones will minus 1 since it must be larger than 1.
2.2 Context-Adaptive Code Table Design

Multiple code tables representing different transform coefficients distribution are used and a context-adaptive code table switch scheme is defined. 
2.2.1 Code Table Design for the First Consecutive Nonzero Coefficients of each block

For the first consecutive nonzero coefficients in each block, the average number of nonzero coefficients N in the left and above neighboring blocks is used as the context information to choose the code table. Six different VLC tables (T0 to T5) are used as shown in Table 1.
Table 1. Code table design for the first consecutive nonzero coefficients of each block

	N
	[1,4]
	[5,8]
	[9,16]
	[17,24]
	[25,36]
	[37,64]

	Table
	T0
	T1
	T2
	T3
	T4
	T5


2.2.2 Code Table Design for the Remaining Consecutive Nonzero Coefficients

For the Remaining Consecutive Nonzero Coefficients, the nonzero run-length and zero run-length of the previously coded cluster are used as the context information to choose the code table. Thirty six VLC tables (T00 to T55) are used as shown in Table 2. 
Table 2. Code table design for Remaining Consecutive Nonzero Coefficients
	       Nonzero Run nj
Zero Run zi
	>10
	10
	7
	4
	2
	1

	1
	T00
	T01
	T02
	T03
	T04
	T05

	2
	T10
	T11
	T12
	T13
	T14
	T15

	4
	T20
	T21
	T22
	T23
	T24
	T25

	7
	T30
	T31
	T32
	T33
	T34
	T35

	10
	T40
	T41
	T42
	T43
	T44
	T45

	>10
	T50
	T51
	T52
	T53
	T54
	T55


Assume the previous cluster with nonzero run-length Rn and zero run-length Rz is coded using the code table Tij (0 ≤ i, j ≤ 4), then the code table for coding the current cluster is chosen as follows:

T = Tij, ifRz ≤zi, Rn >nj
T = T(i+1)j, if Rz > zi, Rn > nj
T = Ti(j+1), if Rz ≤ zi, Rn ≤ nj
T = T(i+1)(j+1), if Rz > zi, Rn ≤ nj
2.2.3 Code Table Design for One-dimensional Amplitude Coding

For the amplitude of the nonzero coefficient, the previously coded amplitude is used as the context information to choose the code table. Seven code tables are used as shown in Table 3.

Table 3. Code Table Design for One-dimensional Amplitude Coding
	Amplitude ai
	0
	3
	6
	12
	24
	48
	>48

	Table
	TA0
	TA1
	TA2
	TA3
	TA4
	TA5
	TA6


Assume the previous nonzero coefficient with amplitude Ap is coded with code table TAi (0 ≤ i ≤ 5), then the code table for coding the current nonzero coefficient is chosen as follows:

T= TAi ,
if Ap ≤ ai 

T= TAi+1, if Ap> ai
2 Simulation Results

The proposed algorithm is implemented on JM10.1High Profile with fixed 8x8 transform since the algorithm is targeted at coding larger than 4x4 transform block size.  The simulation results are compared with H.264 High Profile CAVLC with fixed 8x8 transform. 

All the entropy coding tables are static. They were generated once in advance by running through 14 other test sequences and QPI = 22, 27, 32, 37. Among the 14 test sequences, 6 are 1080p, 25fps, progressive scan, 4:2:0, 4 are 720p, 50fps, progressive scan, 4:2:0 and 4 are 4CIF, 30fps, progressive scan, 4:2:0.

The first 100 frames of all the 18 test video sequences are tested, at QP level of 22, 27, 32 and 37. The configuration is based on the low delay, low complexity IPPP setting as recommended in the common test conditions and software reference configurations in JCTVC-B300. Simulation results are shown in Table 4. An average BD-rate reduction of 8.22% is achieved and average BD-rate reduction of 10.7% is achieved for class A sequences. The results show the algorithm has a higher gain in high resolution video sequences.

           Table 4. Simulation results

	Sequences
	BD Bitrate(%)

	Traffic-1600p-30
	-9.73

	PeopleOnStreet-1600p-30
	-11.70

	average class A
	-10.715

	 
	 

	ParkScene-1080p-24
	-6.26

	Kimono-1080p-24
	-19.29

	Cactus-1080p-50
	-8.18

	BasketballDrive-1080p-50
	-8.18

	BQTerrace-1080p-60
	-4.19

	average class B
	-9.22

	 
	 

	BasketballDrill-480p-50
	-7.84

	BQMall-480p-60
	-5.77

	PartyScene-480p-50
	-5.07

	RaceHorses-480p-30
	-4.87

	average class C
	-5.89

	 
	 

	BasketballPass-240p-50
	-6.02

	BQSquare-240p-60
	-5.26

	BlowingBubbles-240p-50
	-5.94

	RaceHorses-240p-30
	-4.96

	average class D
	-5.55

	 
	 

	Vidyo1-720p-60
	-10.24

	Vidyo3-720p-60
	-9.57

	Vidyo4-720p-60
	-9.34

	average class E
	-9.72

	 
	 

	Total
	-8.22


3 Conclusions

This contribution presents a hybrid variable length coding method by jointly coding the runs of consecutive zero coefficients, runs of consecutive nonzero coefficients and the amplitudes of the trailing +1/-1 coefficients in each consecutive nonzero coefficient. Multiple code tables representing different transform coefficients distribution are used and a context-adaptive code table switch scheme is defined. An average BD-rate reduction of 8.22% is achieved. 

The simulation results show that the algorithm has better performance for high-resolution video. In addition, the algorithm is targeted at larger transform block size and adaptive scan scheme since there will be more clustered nonzero transform coefficients. We recommend the algorithm to be considered for VLC TE group for further evaluation.
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