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Abstract

This contribution presents simplification of intra vertical and horizontal prediction by removing division operation in the secondary boundary filtering process. The proposed method replaces the division operation by right shift operation in HM, and removes comparator in WD. It is reported that the average BD-rate is zero in Intra, both High-Efficiency (HE) and Low-Complexity (LC). 
1 Introduction
In the last meeting, boundary filtering of intra vertical and horizontal predicted samples was adopted in WD5.0[1]. It reflects variation of the secondary boundary reference samples to the predicted boundary samples as an example of vertical prediction in Fig 1.
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Figure 1 : Vertical prediction of HM5.0.

The division operation in the equation is described in WD as the following equations considering right shift operation when the value of d[y] or d[x] is negative. 
Vertical prediction: 
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, x=0, y=0~nS-1
Horizontal prediction: 
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2 Proposed method
The intra vertical and horizontal filtering includes division operation in HM, and it can be implemented with comparator and shift operation. However, it requires checking the sign of the difference value of neighboring samples. If the value is negative, 1 is added to the difference value before performing right shift operation. 
This contribution proposes a simple filtering method which is replacing division operation by shift operation as illustrated in Fig 2. The description of WD text for the filtering is as same as the equation in Fig 2.
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Figure 2 : Vertical prediction using proposed method.
3 Simulation results

The proposed method was performed based on HM5.0 software under common test condition [2]. The experiments are conducted on the platform of Intel Core i7 CPU 990X @ 3.46GHz with 24GB RAM. The method is cross-checked by Mitsubishi (JCTVC-H0614). 
Table 1 shows the performance of the proposed method. 

Table 1 : Performance of the proposed method.
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A (8bit)
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Class B
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Class C
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Class E
	0.0%
	0.1%
	0.1%
	0.0%
	0.0%
	0.0%

	Overall
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	　
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Class F
	0.0%
	0.0%
	0.1%
	0.1%
	0.3%
	-0.1%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	99%
	100%


	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	

	
	
	


4 Conclusions

The proposed method simplifies intra vertical and horizontal filtering by removing division operation without coding loss. We suggest the simplified method to be adopted into the HM.
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7 Annex - Proposed text changes (Based on WD5_d8)

7.1.1.1.1 Specification of Intra_Vertical prediction mode

Inputs to this process are:

–
neighbouring samples p[ x, y ], with x, y = -1..2*nS-1,

–
a variable nS specifying the prediction size
–
a variable cIdx specifying the chroma component of the current block
Output of this process is:

–
predicted samples predSamples[ x, y ], with x, y =0..nS-1.

This intra prediction mode is invoked when intraPredMode is equal to 0.

The values of the prediction samples predSamples[ x, y ], with x, y = 0..nS-1, are derived as follows:

–
If cIdx is equal to 0,

predSamples[ x, y ] = p[ x, -1 ], with x = 1..nS-1, y = 0..nS-1
(8‑30)
predSamples[ x, y ] = Clip1Y( p[ x, -1 ] + ( ( d[ y ] + ( d[ y ] < 0 ? 1 : 0 ) )>> 1 ) ), with x = 0, y = 0..nS-1




where d[ y ] = p[ -1, y ] – p[ -1, -1 ]
(8‑30)
predSamples[ x, y ] = Clip1Y( p[ x, -1 ] + ( ( p[ -1, y ] - p[ -1, -1 ] )>> 1 ) ), with x = 0, y = 0..nS-1
–
Otherwise, 

predSamples[ x, y ] = p[ x, -1 ], with x, y = 0..nS-1

(8‑30)
7.1.1.1.2 Specification of Intra_Horizontal prediction mode

Inputs to this process are:

–
neighbouring samples p[ x, y ], with x, y = -1..2*nS-1,

–
a variable nS specifying the prediction block size.
–
a variable cIdx specifying the chroma component of the current block
Output of this process is:

–
predicted samples predSamples[ x, y ], with x, y =0..nS-1.

This intra prediction mode is invoked when intraPredMode is equal to 1.

The values of the prediction samples predSamples[ x, y ], with x, y = 0..nS-1, are derived as follows:

–
If cIdx is equal to 0,

predSamples[ x, y ] = p[ -1, y ], with x = 0..nS-1, y = 1..nS-1
(8‑31)
predSamples[ x, y ] = Clip1Y( p[ -1, y ] + ( ( d[ x ] + ( d[ x ] < 0 ? 1 : 0 ) ) >> 1 ), with x = 0..nS-1, y = 0




where d[ x ] = p[ x, -1 ] – p[ -1, -1 ]
(8‑31)
predSamples[ x, y ] = Clip1Y( p[ -1, y ] + ( ( p[ x, -1 ] – p[ -1, -1 ] ) >> 1 ), with x = 0..nS-1, y = 0
–
Otherwise,

predSamples[ x, y ] = p[ -1, y ], with x, y = 0..nS-1

(8‑31)
� EMBED Equation.3  ���
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