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Abstract
This contribution studies the performance and complexity of using different numbers of intra prediction directions of HM ver. 1. Simulation results show the BD-Rate increase caused by reducing the number of intra prediction directions for each block size as follows:
· Using 9 directions instead of 17 directions for 4x4 blocks increases the BD-rates by 1.13% in Low Complexity setting;

· Using 9 and 17 directions instead of 34 directions for 8x8 blocks increase the BD-rates by 2.22% and 1.17%, respectively, in Low Complexity setting;

· Using 9 and 17 directions instead of 34 directions for 16x16 blocks increase the BD-rates by 0.49% and 0.34%, respectively, in Low Complexity setting;

· Using 9 and 17 directions instead of 34 directions for 32x32 blocks increase the BD-rates by -0.03% and 0.01%, respectively, in Low Complexity setting;

· Using 3 directions instead of 5 for 64x64 blocks does not increase the BD-rates.

It is recommended that the optimal numbers of intra prediction directions are discussed and determined for a potential release of HM ver.2.
Introduction

The goal of CE10 is to study the performance and complexity of using different numbers of intra prediction directions as tabulated in Table1 [1].
Table 1: Different combinations of number of intra prediction directions

	Block

size
	Number of Intra Prediction Directions

	
	Reference
	Test

	
	
	#1
	#2
	#3
	#4
	#5
	#6
	#7
	#8
	#9
	#10
	#11
	#12

	4x4
	17
	17
	9
	9
	17
	17
	17
	17
	17
	17
	17
	9
	17

	8x8
	34
	17
	9
	34
	17
	9
	34
	34
	34
	34
	34
	17
	34

	16x16
	34
	17
	9
	34
	34
	34
	17
	9
	34
	34
	34
	17
	34

	32x32
	34
	17
	9
	34
	34
	34
	34
	34
	17
	9
	34
	17
	34

	64x64
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	3
	5
	5


Note: “Test #12” evaluates all intra prediction directions by using R-D cost and its results show the upper limit of the performance of the intra prediction method of the HM1.)

This contribution studies the optimal number of intra prediction directions for individual block size in terms of BD-rates by comparing reference and representative test cases as the following way:

· For 4x4 blocks, the optimal number of intra prediction directions is evaluated by comparing Reference and Test 3 results;
· For 8x8 blocks, the optimal number of intra prediction directions is evaluated by comparing Reference, Test 4, and Test 5 results.
· For 16x16 blocks, the optimal number of intra prediction directions is evaluated by comparing Reference, Test 6, and Test 7 results;
· For 32x32 blocks, the optimal number of intra prediction directions is evaluated by comparing Reference, Test 8, and Test 9 results;

· For 64x64 blocks, the optimal number of intra prediction directions is evaluated by comparing Reference and Test 10 results.

Simulation
2.1. Coding conditions

All test cases were evaluated according to the coding conditions described in JCTVC-C510 [1] and JCTVC-C500 [2]. 

2.2. Computing platforms

Two 64-bit executables for encoding and decoding were generated by using Microsoft Visual C++ 2005. They ran on Windows-based computing platform as listed below. 
	Computing platform
	Usage

	Windows 7 64-bit Professional

Core i7 3.2GHz and Memory 12GB
	Up to 4 processes for encoding and decoding ran at the same time.


2.3. BD- Rate analysis

An attached Excel sheet, JCTVC-DXXX.xls, shows the detailed results obtained by using (a) the TMuC0.9 software as Reference, and (b) the TMuC0.9 software with a different number of intra prediction directions as Test XX. Table 2 shows the summary of the JCTVC-DXXX.xls. (Another attached Excel sheet, JCTVC-DXXX.xls, shows the detailed results of cropped SHV sequences provided by NHK. Similar tendency as shown in Table 2 is observed for the cropped SHV sequences. )
Table 2: Summary of all test cases. Each Test #XX row shows its average BD-rates and encode time relative to those of Reference.

[image: image1.emf]4x4 8x8 16x16 32x32 64x64 Luma BD-Rates %  Encode time %   Luma BD-Rates %  Encode time %

Referece 17 34 34 34 5 0.00 100 0.00 100

Test #1 17 17 17 17 5 1.80 95 1.90 80

Test #2 9 9 9 9 5 5.12 90 6.32 78

Test #3 9 34 34 34 5 0.63 97 1.13 96

Test #4 17 17 34 34 5 0.55 98 1.17 96

Test #5 17 9 34 34 5 1.16 96 2.22 91

Test #6 17 34 17 34 5 0.43 99 0.34 97

Test #7 17 34 9 34 5 0.67 98 0.49 95

Test #8 17 34 34 17 5 0.11 99 0.01 97

Test #9 17 34 34 9 5 0.13 98 -0.03 96

Test #10 17 34 34 34 3 0.00 99 0.00 99

Test #11 9 17 17 17 5 2.58 93 3.43 85

Test #12 17 34 34 34 5 -0.21 218 -0.71 208



Block Size High Coding Efficiency Low Complexity


From the Table 2 results, the optimal number of intra prediction directions for individual block size is suggested as follows:
· 17-direction is optimal for 4x4 blocks because of the significant BD-rate increase 1.13% observed in Test #3 Low Complexity results;
· 34-direction is optimal for 8x8 blocks because of the significant BD-rate increase s, 1.17% and 2.22%, observed in Low Complexity results of Test #4 and Test #5;
· 17- or 34-direction is optimal for 16x16 blocks because the BD-rate increase 0.67% observed in Test #7 High Coding Efficiency results is not insignificant;

· 9- or 17-direction is optimal for 32x32 blocks because of insignificant BD-rate increase s (about 0.1%) in both High Coding Efficiency and Low Complexity results of Test #8 and Test #9;
· 3-direction is optimal for 64x64 blocks because no BD-rate increase is observed in Test #10.
Conclusions
This contribution has presented CE10 simulation results. It is recommended that the optimal numbers of intra prediction directions are discussed and determined based on the results.
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Summery

				Block Size										High Coding Efficiency				Low Complexity

				4x4		8x8		16x16		32x32		64x64		Luma BD-Rates %		Encode time %		Luma BD-Rates %		Encode time %

		Referece		17		34		34		34		5		0.00		100		0.00		100

		Test #1		17		17		17		17		5		1.80		95		1.90		80

		Test #2		9		9		9		9		5		5.12		90		6.32		78

		Test #3		9		34		34		34		5		0.63		97		1.13		96

		Test #4		17		17		34		34		5		0.55		98		1.17		96

		Test #5		17		9		34		34		5		1.16		96		2.22		91

		Test #6		17		34		17		34		5		0.43		99		0.34		97

		Test #7		17		34		9		34		5		0.67		98		0.49		95

		Test #8		17		34		34		17		5		0.11		99		0.01		97

		Test #9		17		34		34		9		5		0.13		98		-0.03		96

		Test #10		17		34		34		34		3		0.00		99		0.00		99

		Test #11		9		17		17		17		5		2.58		93		3.43		85

		Test #12		17		34		34		34		5		-0.21		218		-0.71		208






