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Abstract

This document presents an enhanced scheme for signaling of prediction modes in inter slices. Different from the specification of HM, prediction mode and partitioning type for inter slices are jointly coded with the unary-type codeword in the HM software. In this contribution, the distribution of prediction modes has been investigated and the codeword representing prediction mode and partitioning type is rearranged according to the portion of each prediction mode. The simulation result shows that the proposed method achieves 0.0%, 0.3% bit rate reduction for HE and LC configurations respectively in CU MRG case and 0.0%, 0.5% in PU MRG case without any additional signaling overhead and complexity increase.
1 Introduction

At October JCT-VC meeting, the HM was released. In the Specification of HM, prediction mode and partitioning type are signaled by the syntax element pred_mode and inter_partitioning_idc respectively as shown in Table.1. Different from the specification, the current HM Software (TMuC 0.9) exploits a set of unary code for signaling both prediction mode and partition size jointly for coding efficiency. These codewords are shown as Table.2.
Table.1 Syntax table of Coding Unit
	coding_unit( x0, y0, log2CUSize ) {
	Descriptor

	

︙
	

	


if( slice_type != I )
	

	



pred_mode
	u(1) | ae(v)

	

︙
	

	


if( PredMode  = =  MODE_INTER )
	

	



inter_partitioning_idc
	ue(v) | ae(v)

	


︙
	

	}
	


Table.2 Codewords for representing each prediction mode

	prediction mode
	partition
	codewords

	direct
	　
	0
	　

	intra
	2Nx2N
	1
	00000

	
	NxN
	1
	00001

	inter
	2Nx2N
	1
	1

	
	2NxN
	1
	01

	
	Nx2N
	1
	001

	
	NxN
	1
	0001


Each prediction mode is signaling as shown in Figure.1. After the decision of MODE_SKIP and MODE_MERGE, other prediction modes (MODE_DIRECT, MODE_INTER and MODE_INTRA) are signaled by corresponding codewords as shown in Table.1

[image: image1.emf]merge_flag

direct_mode_signaling

pred_mode_partition_signaling

2Nx2N INTER NxNINTRA

DIRECT

MERGE

skip_flag SKIP

… … …

0

0

1

1

0

1


Figure.1 Prediction mode signaling process with CU merge mode

As shown in Table.2, the codeword for each prediction mode has different length. By the source coding theorem, the length of each codeword is approximately proportional to the negative logarithm of the probability. Therefore, the best coding efficiency is achieved when the most common symbols use the shortest codes.
In the proposed method, each codeword corresponding with the prediction mode is reordered through the analysis of the distribution on the prediction modes. By the rearrangement of the codewords, the proposed method can increase the coding efficiency without any additional encoding/decoding complexity increase.
2 Proposed Methods

Before rearranging the codewords, an analysis for the distribution of prediction modes on the HM anchor bitstream was performed for maximizing the coding efficiency of HM. Table.3 and Figure.2 show the average distribution of prediction modes on each test configuration.
Table.3 Distribution of prediction modes in inter slices
	class
	skip
	mrg
	direct
	intra
	Inter

	
	
	
	
	2Nx2N
	NxN
	2Nx2N
	2NxN
	Nx2N
	NxN

	RAHE
	40.6 
	26.5 
	8.5 
	2.9 
	1.3 
	11.4 
	3.9 
	4.4 
	0.6 

	LDHE
	37.3 
	25.6 
	12.2 
	1.9 
	0.6 
	11.9 
	4.5 
	5.4 
	0.6 

	RALC
	54.9 
	13.6 
	6.5 
	1.8 
	1.9 
	10.7 
	5.0 
	4.5 
	1.2 

	LDLC
	48.0 
	19.6 
	7.2 
	1.1 
	0.9 
	11.6 
	5.3 
	5.0 
	1.1 

	avg.
	45.2 
	21.3 
	8.6 
	1.9 
	1.2 
	11.4 
	4.7 
	4.8 
	0.9 
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Figure.2 Distribution of prediction modes in inter slices

This table and figure show following characteristics in common.
portion of 2Nx2N inter mode > portion of direct mode
portion of Nx2N inter mode > portion of 2NxN inter mode
As shown in Table.1, in the current HM, shorter codeword than the codeword corresponding to the 2Nx2N inter mode was assigned for the direct mode. Similar codewords assignment is observed in the relation between the 2NxN inter mode and the Nx2N inter mode.
Therefore, in the proposed method, following 4 prediction modes are rearranged for the codeword.

2Nx2N inter mode is switched with direct mode
2NxN inter mode is switched with Nx2N inter mode
Table.4 shows the codewords for representing each prediction mode after rearrangement by the proposed method.

Table.4 Rearranged codewords for representing each prediction mode
	prediction mode
	partition
	codewords

	direct
	
	1
	1　

	intra
	2Nx2N
	1
	00000

	
	NxN
	1
	00001

	inter
	2Nx2N
	0
	

	
	2NxN
	1
	001

	
	Nx2N
	1
	01

	
	NxN
	1
	0001


The proposed method can be applied also when CU base merge is substituted with PU based merge which is being studied in CE9. If PU merge is exploited, each prediction mode is signaled as shown in Figure.4. After the decision of MODE_SKIP, other prediction modes are signaled with the same corresponding codewords as shown in Table.2. In case of MODE_INTER, a merge_flag is signaled for each prediction partition in order to indicate whether MODE_MERGE is applied.
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Figure.3 Prediction mode signaling process with PU merge mode

Table.5 and Figure.4 show that the distribution of prediction modes when PU based merge is exploited. In this table and figure, similar pattern of distribution is observed for the 4 prediction modes to be arranged.
Table.5 Distribution of prediction modes in inter slices (PU MRG use case)
	class
	skip
	direct
	intra
	Inter

	
	
	
	2Nx2N
	NxN
	2Nx2N
	2NxN
	Nx2N
	NxN

	RAHE
	42.8 
	7.8 
	2.9 
	1.2 
	32.2 
	5.4 
	6.5 
	1.2 

	LDHE
	36.6 
	13.3 
	1.8 
	0.6 
	33.0 
	6.0 
	7.3 
	1.4 

	RALC
	53.2 
	12.2 
	1.9 
	1.9 
	13.7 
	7.4 
	6.6 
	3.0 

	LDLC
	46.8 
	14.8 
	1.2 
	1.0 
	18.7 
	7.8 
	7.0 
	2.8 

	avg.
	44.9 
	12.0 
	1.9 
	1.2 
	24.4 
	6.6 
	6.9 
	2.1 
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Figure.4 Distribution of prediction modes in inter slices (PU MRG case)

3 Experimental Results
The proposed method was implemented on the HM (TMuC 0.9) software and the performance was measured under both Random Access and Low Delay configurations. The current HM allows the merging scheme in the CU level only. Therefore, the performance of the proposed method using PU merge mode was measured with the CE9 software. Detail test condition for the proposed method is as shown in Table.6.
Table.7 shows the experimental results in terms of BD rate reduction [2]. The average gains for HE and LC configurations are 0.0%, -0.3% respectively in CU MRG case and 0.0%, -0.5% in PU MRG case.

Table.6 Test condition for the proposed method
	software
	CU MRG case : HM software (TMuC 0.9)
PU MRG case : CE9 software (Modified TMuC 0.9 for PU MRG)

	test sequences
	All seq. (class A/B/C/D for RA, class B/C/D/E for LD)

	coding structure
	Random Access HE/LC

Low Delay HE/LC

	etc
	the same as the HM(TMuC 0.9) software configuration 


Table.7 BD rate (%) reduction of the proposed method
	class
	CU MRG case
(anchor : HM)
	PU MRG case
(anchor : HM with PU MRG)

	
	RAHE
	LDHE
	RALC
	LDLC
	RAHE
	LDHE
	RALC
	LDLC

	A
	0.0 
	　
	-0.2 
	　
	0.0 
	　
	-0.3 
	　

	B
	0.0 
	0.0 
	-0.2 
	-0.2 
	-0.1 
	0.0 
	-0.4 
	-0.6 

	C
	0.0 
	0.0 
	-0.3 
	-0.3 
	0.0 
	0.0 
	-0.5 
	-0.7 

	D
	0.0 
	0.0 
	-0.3 
	-0.4 
	-0.1 
	0.0 
	-0.5 
	-0.7 

	E
	　
	-0.2 
	　
	-0.4 
	　
	-0.1 
	　
	-0.7 

	avg.
	0.0 
	0.0 
	-0.2 
	-0.3 
	0.0 
	0.0 
	-0.4 
	-0.7 

	HE/LC avg.
	0.0 
	-0.3 
	0.0 
	-0.5 

	Enc Time
	100%
	100%
	100%
	102%
	99%
	99%
	101%
	101%

	Dec Time
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100%


There are no noticeable encoder and decoder complexity differences because the proposed method deals with only the codeword change.
4 Conclusion

In this document, enhanced prediction mode signaling method for inter slice was proposed. The proposed scheme shows bit-rate reduction without any additional signal overhead. Moreover, it does not cause any encoder and decoder complexity increase. It is recommended the HM to include the codeword table for joint coding of the prediction mode and the partitioning type in the decoding process for coding unit. And it is also recommended to use the proposed codeword rearrangement in order to achieve better coding efficiency.
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