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Abstract

In the 5th JCT-VC meeting, most probable mode (MPM) signaling is adopted. However, the parsing process for deriving intra prediction mode becomes more complex since the number of MPM is variable with the combination of decoded intra prediction modes.

In this proposal, it is described to reduce the complexity of the parsing process by fixing the number or MPM candidates to two for all prediction units. It is achieved by adding the predetermined mode as MPM candidates in case that the intra prediction mode of left prediction unit and the intra prediction mode of above prediction unit are identical.

The simulation results reports that the proposed technique provides no BD-rate loss for intra high efficiency settings and average 0.1% loss for intra low complexity settings.
1 Introduction
Intra sample prediction in the HM3.0 [1] is useful to reduce the energy of residual signal. Since a lot of intra prediction modes are used for intra sample prediction, it is important to reduce the intra mode information.

In the 5th JCT-VC meeting, most probable mode (MPM) signaling [2] [3] is adopted. However, parsing process for deriving intra prediction mode becomes more complex because the number of MPM is variable.
This proposal aims to simplify the parsing process by fixing the number of MPM candidates to two.
2 Algorithm Description
2.1 Current algorithm (HM3.0)
In current HM3.0, NumMPMCand is variable by the combination of left mode and above mode. Table 1 presents the MPM candidates in HM3.0. NumMPMCand is equal to 1 in case that left mode is equal to above mode. Otherwise, NumMPMCand is equal to 2.
Syntax element mpm_idx is to specify which MPM candidate is applied. The mpm_idx is sent only for NumMPMCand is equal to 2 because the MPM is unique if NumMPMCand is equal to 1.
Table 1 Specification of MPM candidates in HM3.0

	MPM index
	leftMode==aboveMode
	leftMode != aboveMode

	0
	leftMode
	Min(leftMode,aboveMode)

	1
	-
	Max(leftMode,aboveMode)


Figure 1 illustrates the flowchart of intra prediction mode parsing process in current HM3.0. In Figure 1, MPM parsing step is switched by NumMPMCand.
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Figure 1 Flowchart of intra prediction mode parsing process in HM3.0

Table 2 presents the intraPredModeSize in HM3.0. 17 intra prediction modes are defined in 4x4 prediction units and 3 intra prediction modes are defined in 64x64. 17 and 64 consist of power of 2 plus 1. If NumMPMCand is equal to 2, fixed-length binarization of the remainder modes has redundancy. 34 intra prediction modes are defined in 8x8, 16x16 and 32x32 prediction units. 34 consist of power of 2 plus2, so if NumMPMCand is equal to 1, it is impossible to apply fixed-length binarization of remainder modes. In HM3.0, an additional bit is needed to read for rem_intra_pred_mode, the value of which is equal to 31 or 32.
Figure 2 illustrates the flowchart of rem_intra_pred_mode parsing process for 8x8, 16x16 or 32x32 prediction units in HM3.0 CABAC. rem_intra_pred_mode is represented by 5 bit or 6 bit, and is not fixed-length.
Table 2 Specification of intraPredModeSize in HM3.0

	Prediction unit size
	intraPredModeSize

	4x4
	17 (=24 + 1)

	8x8, 16x16 and 32x32
	34 (=25 + 2)

	64x64
	3 (=21 + 1)
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Figure 2 Flowchart of rem_intra_pred_mode parsing process for 8x8, 16x16 or 32x32 prediction units in CABAC in HM3.0
2.2 Proposed Algorithm
Table 4 presents MPM candidates in proposed algorithm. A candidate is added to MPM in case that left mode is equal to above mode. When left mode is equal to DC (or planar) mode, vertical mode (mode 0) is added. Otherwise (left mode is not equal to DC mode), DC mode is added. Nothing is changed from HM3.0 in case that left mode is not equal to above mode.
Table 3 Specification of MPM candidates in proposed algorithm

	MPM index
	leftMode==aboveMode
	leftMode!=aboveMode

	
	leftMode==DC
	leftMode!=DC
	

	0
	leftMode
	leftMode
	Min(leftMode,aboveMode)

	1
	Vertical (0)
	DC (2)
	Max(leftMode,aboveMode)


NumMPMCand is always 2 in proposed algorithm and switching step is not needed in MPM parsing step.
Figure 3 illustrates the flowchart of intra prediction mode parsing process in proposed algorithm.
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Figure 3 Flowchart of intra prediction mode parsing process in proposed algorithm
Table 4 presents the intraPredModeSize in proposed algorithm. Mode 17 for 4x4 prediction units and Mode 3 for 64x64 prediction units are added. IntraPredModeSize consists of power of plus 2 for all prediction units. Since NumMPMCand is equal to 2 and IntraPredModeSize consists of power of plus 2, fixed-length binarization for the remainder modes is suitable.
Table 4 Specification of intraPredModeSize in proposed algorithm

	Prediction unit size
	intraPredModeSize

	4x4
	18 (=24 + 2)

	8x8, 16x16 and 32x32
	34 (=25 + 2)

	64x64
	4 (=21 + 2)


Figure 4 illustrates the intra prediction mode directions for 4x4 prediction units in proposed algorithm. Mode 17, which is not allowed for 4x4 prediction units in HM3.0, is added.
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Figure 4 Intra prediction mode directions for 4x4 prediction units
In CABAC, rem_intra_pred_mode is always represented by fixed-length.

Figure 5 illustrates the flowchart of rem_intra_pred_mode parsing process for 8x8, 16x16 or 32x32 prediction units in CABAC in proposed algorithm. 
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Figure 5 Flowchart of rem_intra_pred_mode parsing process for 8x8, 16x16 or 32x32 prediction units in CABAC in proposed algorithm
In CAVLC, rem_intra_pred_mode is represented by variable-length in this proposal as well as in HM3.0. The additional code mapping for the additional intra prediction mode is defined. 
2.3 Implementation

2.3.1 Software

This proposed technique is implemented into HM3.0 software.
2.3.2 Syntax structure
The prediction unit syntax of this proposal is presented in Table 5.
Table 5 Prediction unit syntax of the proposed technique

	prediction_unit( x0, y0, log2PUWidth, log2PUHeight, PartIdx , 






 InferredMergeFlag ) {
	Descriptor

	
if( skip_flag[ x0 ][ y0 ] ) {
	

	

if( NumMergeCand  >  1 )
	

	


merge_idx[ x0 ][ y0 ]
	ue(v) | ae(v)

	
} else if( PredMode  = =  MODE_INTRA ) {
	

	

prev_intra_luma_pred_flag[ x0 ][ y0 ]
	u(1) | ae(v)

	

if( prev_intra_luma_pred_flag[ x0 ][ y0 ] )
	

	


if( NumMPMCand > 1 )
	

	



mpm_idx[ x0 ][ y0 ]
	u(1) | ae(v)

	

else
	

	


rem_intra_luma_pred_mode[ x0 ][ y0 ]
	ce(v) | ae(v)

	

intra_chroma_pred_mode[ x0 ][ y0 ]
	ue(v) | ae(v)

	
} else { /* MODE_INTER */
	

	

...
	

	
}
	

	}
	


3 Experiments
3.1 Test conditions

The common test conditions [4] are used.
3.2 Experimental environment

The experimental environment used is presented in Table 6 and Table 7.
Table 6 Experimental environment for encoding

	CPU
	Intel Core i7-2600K 3.40GHz

	Memory
	16GB (DDR3)

	OS
	Windows 7 Professional 64bit

	Compiler
	Microsoft Visual C++ 2008 Express edition SP1

	Executable
	x64


Table 7 Experimental environment for decoding

	CPU
	Intel Core i7 870 2.93GHz

	Memory
	16GB (DDR3)

	OS
	Windows 7 Professional 64bit

	Compiler
	Microsoft Visual C++ 2008 Express edition SP1

	Executable
	x64


Notes: The decoding time is measured with the writing of yuv file.
3.3 Simulation results

Table 8, Table 9 and Table 10 present the simulation results for intra only, random access and low delay, respectively.
	Table 8 Simulation results for intra only
　
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.0 
	0.1 
	0.1 
	0.1 
	0.1 
	0.2 

	Class B
	0.1 
	0.1 
	0.2 
	0.1 
	0.2 
	0.2 

	Class C
	0.0 
	0.1 
	0.1 
	0.1 
	0.2 
	0.1 

	Class D
	-0.1 
	0.0 
	0.0 
	0.0 
	0.1 
	0.0 

	Class E
	0.0 
	0.2 
	0.2 
	0.2 
	0.3 
	0.2 

	Overall
	0.0 
	0.1 
	0.1 
	0.1 
	0.2 
	0.1 

	Enc Time[%]
	101%
	102%

	Dec Time[%]
	101%
	100%


Table 9 Simulation results for random access

	　
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.0 
	-0.4 
	-0.2 
	0.0 
	-0.2 
	0.2 

	Class B
	0.0 
	0.1 
	0.1 
	0.0 
	0.2 
	0.1 

	Class C
	0.0 
	0.1 
	0.0 
	0.0 
	0.0 
	-0.1 

	Class D
	0.0 
	0.1 
	-0.1 
	0.0 
	-0.1 
	-0.1 

	Class E
	　
	　
	　
	　
	　
	　

	Overall
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	100%
	100%


Table 10 Simulation results for low delay

	　
	Low delay B HE
	Low delay B LC

	　
	Y
	U
	V
	Y
	U
	V

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	0.0 
	0.3 
	-0.2 
	0.0 
	0.2 
	-0.3 

	Class C
	-0.1 
	0.0 
	-0.2 
	0.0 
	-0.1 
	0.0 

	Class D
	0.0 
	0.5 
	0.3 
	0.0 
	0.0 
	0.5 

	Class E
	0.1 
	1.4 
	0.9 
	0.0 
	1.3 
	-0.5 

	Overall
	0.0 
	0.5 
	0.1 
	0.0 
	0.3 
	0.0 

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	100%
	99%


The simulation results reports that the proposed technique provides no BD-rate [5] loss for intra high efficiency settings and average 0.1% loss for intra low complexity settings. (See the attached excel sheet)
4 Conclusions
This contribution reports the proposed technique can simplify the parsing process of intra prediction mode with few coding loss for intra HE and intra LC settings.

Therefore, we suggest that the proposed technique be adopted to HM.
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