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Abstract
Experiments showed that the secondary boundary DC intra prediction in HM4 could be removed to lower complexity when the secondary boundary non-DC intra predictions JCTVC-F122 and JCTVC-F358 are available. The removal of secondary boundary DC intra prediction resulted in average luminance BD-Rate of 0.04% for I_HE and 0.03% for I_LC relative to HM4 with JCTVC-F122 multi-line smoothing and JCTC-F358 planar smoothing.  
1 Introduction

The DC secondary boundary intra prediction from JCTVC-E069 was adopted in HM3 for a BD-Rate of ‑0.2% for AI_HE and -0.4% for AI_LC with respect to HM2 [1].  A simplified version from JCTVC-F252 was subsequently adopted in HM4 with further BD-rate 0f -0.04% for AI_HE and -0.02% on AI_LC relative to HM3 [2].
To further improve intra prediction, CE6.d [5] studies the performance of other secondary boundary non‑DC intra prediction with HM4 including the followings:

· Secondary boundary angular intra prediction proposed by JCTVC-F122 [3].
· Secondary boundary planar intra prediction proposed by JCTVC-F358 [4].
For the study of intra prediction with secondary prediction in CE6.d, a common code base CE6_D_r2.zip was distributed by the CE6.d proponents. The common code base includes the proposals from JCTVC-F122 and JCTVC-F358 planar.
2 Experiment
The impact of the secondary boundary DC intra prediction, the CE6.d common code based was evaluated with the common code base CE6_D_r2.zip by enabling/disabling the secondary boundary DC intra prediction under the following conditions in TypeDef.h:
· Multi line secondary boundary angular intra prediction from JCTVC-F122 [3]  with 

#define CE6_D_F122


1

· Secondary boundary planar intra prediction from JCTVC-F358 [4]  with

#define CE6_D_F358_PLANAR
1
In HM4, the default condition is to turn on secondary boundary DC intra prediction with the following default conditions in TypeDef.h:



#define MN_DC_PRED_FILTER

1

The secondary boundary DC intra prediction can be turned off with




#define MN_DC_PRED_FILTER

0
3 Simulation Results

The impact of secondary boundary DC intra prediction was evaluated with CE6_D_r2.zip. The simulations were performed in an AMD Opteron Processor 6136 Microsoft HPC cluster @ 2.4GHz where the common test conditions and reference configurations specified by the Software AhG are followed.  
As shown in Table 1, the combination of JCTVC-F122 with multi-line smoothing and JCTVC-F358 planar smoothing resulted in BD-Rate of -0.75% for AI_HE and -0.71% for AL_LC using HM4 as anchor. The secondary boundary DC intra prediction was enabled by default.

As shown in Table 2, when the secondary boundary DC intra prediction was disabled, the combination of JCTVC-F122 with multi-line smoothing and JCTVC-F358 planar smoothing resulted in BD-Rate of ‑0.70% for AI_HE and -0.68% for AL_LC using HM4 as anchor. As shown in Table 3, if HM4 with JCTVC-F122 multi-line smoothing and JCTVC-F358 planar smoothing is used as anchor, the BD-rate became 0.04% for AI_HE and 0.03% for AI_LC. 
When the secondary boundary DC intra predictions was disabled, Table 3 and Table 4 shows that most of the coding loss occurred in the Class A sequences, which in general have more noise than the test sequences in the other classes. It also shows that the secondary DC intra prediction had more impact on chrominance than the luminance.
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.95%
	-0.83%
	-0.87%
	-0.83%
	-0.98%
	-1.14%

	Class B
	-0.69%
	-0.66%
	-0.61%
	-0.63%
	-0.82%
	-0.82%

	Class C
	-0.64%
	-0.66%
	-0.66%
	-0.68%
	-0.76%
	-0.72%

	Class D
	-0.65%
	-0.65%
	-0.66%
	-0.70%
	-0.67%
	-0.70%

	Class E
	-0.84%
	-0.78%
	-0.98%
	-0.77%
	-0.92%
	-0.93%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!

	Overall
	-0.75%
	-0.71%
	-0.74%
	-0.71%
	-0.82%
	-0.86%

	 
	-0.75%
	-0.72%
	-0.75%
	-0.71%
	-0.82%
	-0.86%

	Enc Time[%]
	102%
	102%

	Dec Time[%]
	102%
	100%


Table 1 : BD-Rate of JCTVC-F122 with multi-line smoothing and JCTVC-F358 Planar smoothing using HM4 as anchor.
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.79%
	-0.61%
	-0.63%
	-0.71%
	-0.65%
	-0.77%

	Class B
	-0.65%
	-0.51%
	-0.51%
	-0.65%
	-0.63%
	-0.62%

	Class C
	-0.64%
	-0.56%
	-0.55%
	-0.66%
	-0.66%
	-0.58%

	Class D
	-0.66%
	-0.60%
	-0.55%
	-0.69%
	-0.61%
	-0.62%

	Class E
	-0.82%
	-0.80%
	-0.85%
	-0.74%
	-0.87%
	-0.87%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!

	Overall
	-0.70%
	-0.60%
	-0.60%
	-0.69%
	-0.67%
	-0.68%

	 
	-0.70%
	-0.61%
	-0.61%
	-0.68%
	-0.67%
	-0.68%

	Enc Time[%]
	102%
	102%

	Dec Time[%]
	101%
	100%


Table 2: BD-Rate when the secondary boundary DC intra prediction is disabled using HM4 as anchor.

	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.15%
	0.22%
	0.24%
	0.13%
	0.32%
	0.37%

	Class B
	0.05%
	0.15%
	0.10%
	-0.03%
	0.18%
	0.20%

	Class C
	0.00%
	0.10%
	0.11%
	0.02%
	0.10%
	0.13%

	Class D
	-0.01%
	0.05%
	0.12%
	0.01%
	0.06%
	0.08%

	Class E
	0.02%
	-0.01%
	0.13%
	0.02%
	0.06%
	0.05%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!

	Overall
	0.04%
	0.11%
	0.14%
	0.03%
	0.15%
	0.18%

	 
	0.05%
	0.11%
	0.14%
	0.03%
	0.15%
	0.18%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	99%
	101%


Table 3: BD-Rate when the secondary boundary DC intra prediction is disabled. The anchor is HM4 with JCTVC-F122 multi-line angular intra prediction smoothing and JCTVC-F358 Planar smoothing.
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!

	Class B
	0.05%
	0.15%
	0.10%
	-0.03%
	0.18%
	0.20%

	Class C
	0.00%
	0.10%
	0.11%
	0.02%
	0.10%
	0.13%

	Class D
	-0.01%
	0.05%
	0.12%
	0.01%
	0.06%
	0.08%

	Class E
	0.02%
	-0.01%
	0.13%
	0.02%
	0.06%
	0.05%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!

	Overall
	0.02%
	0.08%
	0.11%
	0.00%
	0.11%
	0.13%

	 
	0.02%
	0.09%
	0.11%
	0.01%
	0.10%
	0.13%

	Enc Time[%]
	#NUM!
	#NUM!

	Dec Time[%]
	99%
	101%


Table 4: BD-Rate without Class A when the secondary boundary DC intra prediction is disabled. The anchor is HM4 with JCTVC-F122 multi-line angular intra prediction smoothing and JCTVC-F358 Planar smoothing.

4 Summary
This contribution showed that the secondary boundary DC intra prediction could be removed to reduce complexity when the other non-DC secondary boundary intra predictions are available. With the multi-line secondary boundary prediction from JCTVC-F122 and secondary boundary planar prediction from JCTVC-F358 are available, the removal of secondary boundary intra prediction resulted in BD-Rate of 0.04% for AI_HE and 0.03% for AI_LC. 
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