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Abstract
This contribution presents simulation results using several configurations of the intra prediction tools integrated into the TMuC software. The comparison shows that angular intra prediction performs the best.  A simplified angular intra prediction method is also presented and compared. It achieves the same coding efficiency as angular prediction but with reduced complexity.
1 Introduction
Several different methods for generating predicted samples in intra prediction were incorporated into the TMuC draft [1].  Different methods were assigned to different block sizes and these methods are very similar in functionality.  
In the TMuC software, revision 21, the following intra prediction methods have been integrated:
· ADI: Arbitrary Directional Intra
· ANG: Angular Prediction for Intra
· CIP: Combined Intra Prediction
· PPI: Planar Prediction for Intra
An experiment was performed to evaluate the performance of these methods.

A simplification of the angular prediction method was also implemented and tested.
2 Simplification of the angular prediction for intra
In the angular intra prediction method two arrays of reference samples are used, corresponding to a row of samples lying above the current block to be predicted, and a column of samples lying to the left of the same block. Given a dominant prediction direction (horizontal or vertical), one of the reference arrays is defined to be the “main” array and the other array the “side” array. In the prediction process, only samples from the main array are used for prediction when the angle value is positive. When the angle value is negative a per-sample test is performed to determine whether samples from the main or the side array should be used for prediction. Additionally when the side array is used, the computation of the index into the array requires a division operation.
To simplify the prediction process when the angle value is negative, the main array is extended by projecting samples from the side array onto it according to the prediction direction. This projection entails copying a subset of the samples in the side array into the main array. During the prediction process only the extended main array is used and the same simple linear interpolation formula is used to predict all samples in the block.
3 Experiment and coding conditions
The following experimental conditions were used for all the simulations.
1) Class B, C, D and E sequences were used.

2) All frames in the sequences (10 seconds each) were coded in INTRA mode.

3) QP values of 22, 27, 32 and 37 were used.

The following variations of the codec were tested.
1) Default setting 

2) All block sizes use Arbitrary Directional Intra Prediction (ADI)

3) All block sizes use Angular Prediction (ANG)

4) All block sizes use Simplified Angular Prediction (SAP)

For the experiment the following #define statement in typedef.h file of the software was modified.

#define ANG_INTRA  1  // Enable angular Intra coding (0: All ADI, 1: Ang for 8x8 PUs, 2: Ang for all PU sizes)
The following table shows the intra prediction methods used 

	 
	Setting in typedef.h
	ADI
	ANG
	CIP
	PPI
	AIS

	1) default
	#define ANG_INTRA  1
	ON (except 8x8)
	ON (only 8x8)
	ON
	ON
	ON

	2) ADI
	#define ANG_INTRA  0
	ON
	OFF
	ON
	ON
	ON

	3) ANG
	#define ANG_INTRA  2
	OFF
	ON
	ON
	ON
	ON

	4) SAP
	#define ANG_INTRA  2
	OFF
	ON (Simplified)
	ON
	ON
	ON


4 Results

The simulation results presented in this section were obtained with revision 21 of the TMuC software.  The simplification for angular prediction was also implemented in the same revision of the software.  
Figure 1 shows the simulation results for the four test cases with the default setting of the software as reference, using the coding conditions described in the previous section.

On average, using ADI for all block sizes performs worse than the default reference by about 1.3% in BD-rate, with a maximum loss of more than 4% for the BasketballDrill sequence.

On the other hand, using ANG for all block sizes performs better than the default reference by about 0.6% in BD-rate, with a maximum gain of 3% for the BasketballDrill sequence.

The SAP shows a performance that is almost identical to the ANG case.

The same trend was observed in the U and V components for all sequences.

 [image: image1.emf]-5.00

-4.00

-3.00

-2.00

-1.00

0.00

1.00

2.00

3.00

4.00

BasketballPass_416x240_50.yuv

BlowingBubbles_416x240_50.yuv

BQSquare_416x240_60.yuv

RaceHorses_416x240_30.yuv

BasketballDrill_832x480_50.yuv

BQMall_832x480_60.yuv PartyScene_832x480_50.yuv

RaceHorses_832x480_30.yuv

Vidyo1_1280x720_60.yuv Vidyo3_1280x720_60.yuv Vidyo4_1280x720_60.yuv

BasketballDrive_1920x1080_50.yuv BQTerrace_1920x1080_60.yuv

cactus_1920x1080_50.yuv Kimono1_1920x1080_24.yuv

ParkScene_1920x1080_24.yuv

Average

Min

Max

sequences

Bitrate Gains (%)

TMuC_rev21

(ADI_INTRA_10s)

TMuC_rev21

(ANG_INTRA_10s)

TMuC_rev21

(SAP_INTRA_10s)

BD_Rate (Y) cf. TMuC_rev21 (default_INTRA_10s)


Figure 1: Simulation results for intra only coding
5 Discussions and conclusions
It is desirable to reduce the number of similar tools, especially in the case where the tools clearly overlap as is the case with intra prediction methods included in TMuC. Results show that angular intra prediction (ANG) and simplified angular intra prediction (SAP) provide a same coding efficiency and outperform combinations of ANG and arbitrary directional intra (ADI), and ADI on its own. SAP has the added advantage of further reducing the complexity associated with intra prediction by removing division operations from the main prediction loop.

We recommend that for future experiments intra prediction should be set to use angular prediction for all block sizes, including the simplification thereof described in this proposal.
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