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Abstract
This is the summary report for the TE5 on Simplification of Unified Intra Prediction.  The description of the experiment can be found in JCTVC-B305r1.  This tool experiment was successfully conducted and verified the simplification proposed in JCTVC-B093 and JCTVC-B118 within the context of the unified intra prediction method proposed in JCTVC-B100.  Simulation results show that both methods do not result in a significant loss in coding efficiency compared to the TMuC 0.7.
1 Introduction
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 index into the array is obtained by a mapping operation that requires either a division operation or a table look-up into a sizable table.

JCTVC-B093 simplifies 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. Note that in the copy process, the inverse angle may be replaced with a lookup table. 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.
JCTVC-B118 replaces divisions in angular intra prediction with lookup table and additions.

Figure 1: Simplified Angular Prediction
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3 Tools under Test

The following tools were considered. 

	Proponent
	Document 
	Codebase
	Tool description

	NTT DOCOMO
	JCTVC-B093
	TMuC 0.7 
	Simplification to the angular intra prediction sample creation by eliminating the sample based checking and division step.

	TI
	JCTVC-B118
	TMuC 0.7
	Replaces division in angular intra prediction with lookup table and additions.


3.1 Tool Experiment Tasks

The following tasks were performed in this tool experiment. 

· Verified that the simplifications proposed do not result in a significant loss in coding efficiency compared to the TMuC 0.7.

· Documented the complexity benefits of the simplifications with respect to TMuC 0.7
4 Software and Configuration

The TMuC 0.7 software with the unified intra prediction method was used for the experiment.  TI and DOCOMO integrated the proposed tools and distributed the software to the other members.  The software is also attached to the zip file of this contribution.  The modification in the distributed source code can be found in the xPredIntraAng function in TComPrediction.cpp.  The modification are identified by the macros SIMPLIFIED_ANGULAR_PREDICTION and TI_INTRA_PRED_SIMPLIFICATION
For the following were compared:

	1) Reference
	#define SIMPLIFIED_ANGULAR_PREDICTION 0
#define TI_INTRA_PRED_SIMPLIFICATION 0

	2) Simplified ANG Prediction 
	#define SIMPLIFIED_ANGULAR_PREDICTION 1

#define TI_INTRA_PRED_SIMPLIFICATION 0

	3) Look-up table and addition
	#define SIMPLIFIED_ANGULAR_PREDICTION 0
#define TI_INTRA_PRED_SIMPLIFICATION 1


In addition, Nokia had a separate independent implementation of the simplified angular prediction which produced identical results as the simplified angular prediction found in the distributed software.
5 Test Sequences and Test Points

The following experimental conditions were used for all the simulations.
1) INTRA only common conditions and software reference configurations as defined in JCTVC-B300.

In addition Nokia and DOCOMO also perform simulations with the random access and low delay configurations.

6 Time-line and Achievements

	T1: 2010-Aug-13:
	Final TE-description, selection of software basis, description of proposals and definition of common test configuration was uploaded as scheduled.

	T2: 2010-Sept-03: 
	Cross-check begins.
Software containing the implementation of the tools under investigation was distributed. 
Simulation results from TI, Nokia and DOCOMO were compared and it has been confirmed that all 3 sets of results matched 100%.

	T3: 2010-Oct-01:
	Input Documents uploaded
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8 Summary of Results 
The summary results for two tools under investigation for the intra only coding conditions are shown the below.  The full data is available in the excel sheets attached to this contribution.

Table 1: Results of simplified angular prediction (JCTVC-B093)
	 
	Intra
	Intra LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.0 
	0.0 
	-0.1 
	-0.1 
	0.0 
	0.0 

	Class B
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	Class C
	0.1 
	0.1 
	0.2 
	0.1 
	0.2 
	0.2 

	Class D
	0.0 
	0.0 
	0.0 
	0.1 
	0.0 
	0.0 

	Class E
	0.0 
	0.1 
	0.1 
	0.0 
	0.0 
	-0.1 

	All
	0.0 
	0.0 
	0.1 
	0.0 
	0.0 
	0.0 


Table 2: Results of using lookup table and additions (JCTVC-B118)
	 
	Intra
	Intra LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	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 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	All
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 


From Table 1 and Table 2, it is confirmed that the proposed methods do not result in a significant loss in coding efficiency compared to the TMuC 0.7.

Additional simulation were also conducted for the random access and low delay coding structures and it was confirmed that there were no significant loss in these coding conditions as well.
9 Complexity benefits

By design, the simplified angular prediction uses a single reference array and a single equation for the creation of all predicted samples in the block.  The lookup table and additions method is simply a fixed point implementation method that does not change the fundamental algorithm of angular prediction which uses up to two different reference arrays that are access conditionally depending on the angle and location of the prediction sample in a block.

This fundamental difference results in the additional advantage for the simplified angular prediction to enable a lower-complexity method for intra prediction in which parallel processing can be achieved for all prediction angles on typical SIMD architectures.
10 Conclusions & Recommendations

From the results it was confirmed that the proposed methods do not result in any significant difference in coding efficiency compared to the TMuC 0.7.

Both simplified angular prediction (JCTVC-B093) and JCTVC-B118 successfully eliminate the division using a lookup table.
Simplified angular prediction also has the additional benefit of being more suited for typical SIMD architectures due to the single reference array and a single equation for the creation of all predicted samples in the block.
It is recommended that the division elimination and sample creation method of simplified angular prediction be added to the TMuC and Test Model (TM).
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