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Abstract
This contribution presents software analysis and simulation results of JCTVC-D235 and its related planar intra predictions. Based on the simulation results, it is recommended that if HM3.0 adopts planar intra prediction, it should adopt JCTVC-D235 planar intra prediction as an additional prediction mode in PU level.
Introduction
The CE6.e (Planar intra prediction) [1] has three test items below in order to evaluate performance of different configurations and combinations of proposed planar intra prediction methods. Test item 1 excluding 1.e, test item 2, and test item 3 except 3.c were evaluated by using NTT DOCOMO software. This contribution reports the software analysis and its simulation results.
Test item 1: Performance comparison of planar intra prediction schemes (by replacing DC mode with planar intra prediction mode) 
1.a.
Planar prediction as defined in JCTVC-D326 [5], disabling the adjustment for corner sample (bilinear prediction of samples)

1.b.
Planar prediction as defined in JCTVC-D326 with the JCTVC-D083 [3] refinement step
1.c.
Planar prediction as defined in JCTVC-D235  [4] (averaging two linear interpolations)

1.d.
Plane prediction as defined in JCTVC-D026 [2] (TMuC plane mode)

1.e.
Planar prediction as defined in JCTVC-D326, disabling the adjustment for corner sample (multiplication-free version of 1.a)
1.f.
Planar prediction as defined in JCTVC-D235 with a modified version of the JCTVC-D083 refinement step
Test item 2: Performance comparison of HM DCT and DST for planar intra prediction error signal
2.a.
DCT
2.b.
DST

Test item 3: Performance comparison of planar intra prediction mode signaling methods
3.a.
PU level indication substituting DC mode

3.b.
PU level signaling as an additional prediction mode as defined in JCTVC-D235
3.c.
CU level indication jointly for all color components as defined in JCTVC-D326
Software analysis
The following functions are confirmed from the software provided by NTT DOCOMO:

· Support three planar intra predictions as described in CE6 document for evaluating 1.a, 1.b, and 1.c ; 
· Replace DC intra prediction for luma and chroma PUs by planar intra prediction for evaluating the test item 1 and 2;
· Apply DST to planar intra prediction errors of luma and chroma TUs smaller than 32x32 for evaluating the test item 1 and 2;
· Use and signal planar intra prediction mode as an additional intra prediction mode in PU level for the evaluating test item 3; single bit syntax is additionally transmitted after intra mode index =2 as described in JCTVC-D235. 
In addition, the following two functions added to the NTT DOCOMO software by LG and NOKIA are confirmed:

· Replace 1.a planar intra prediction with a multiplier-free version for evaluating 1.e; (Note that Planar intra prediction signals are identical.)

· Refine top-right and bottom-left samples with [1 2 1]/4 filter prior to generating JCTVC-D235 planar intra prediction as inferred from the description of JCTVC-D083 for evaluating 1.f evaluation.
Simulation results
Software provided by NTTDOCOMO with the LG and NOKIA modifications was successfully compiled by Microsoft Visual C++ 2008, and its 64-bit encode and decode executables were tested on Windows-based computing platform below.
	Computing platform
	Usage

	Windows 7 64-bit Professional

Core i7 2.8GHz and Memory 12GB
	Up to 4 processes for encoding and decoding ran at the same time.


Test items described in Table1 were tested, and it was confirmed that BD-rates are identical to those of proponents in all test items.
Table 1: List of test items and Excel file


[image: image1.emf]Test item Excel sheet

1.a NEC-CE6-HM-1.0rev569-Anchor-vs-1.a-D326_PREDICTION.xls

1.b NEC-CE6-HM-1.0rev569-Anchor-vs-1.b-D083_PREDICTION.xls

1.c NEC-CE6-HM-1.0rev569-Anchor-vs-1.c-D235_PREDICTION.xls

1.e NEC-CE6-HM-1.0rev569-Anchor-vs-1.e-D326_PREDICTION_MULT_FREE.xls

1.f NEC-CE6-HM-1.0rev569-Anchor-vs-1.f-D235_PREDICTION_D083REFINEMENT.xls

1.c + 2.b NEC-CE6-HM-1.0rev569-Anchor-vs-1.c+2.b-D235_PREDICTION_DST.xls

1.c + 3.b NEC-CE6-HM-1.0rev569-Anchor-vs-1.c+3.b-D235_PREDICTION_DCT_ADD_PLANAR_MODE.xls

1.c + 2.b + 3.b NEC-CE6-HM-1.0rev569-Anchor-vs-1.c+2.b.3.b-D235_PREDICTION_DST_ADD_PLANAR_MODE.xls

1.e + 3.b NEC-CE6-HM-1.0rev569-Anchor-vs-1.e+3.b-D326_PREDICTION_MULT_FREE_ADD_PLANAR_MODE.xls


Based on the simulation results, the following are remarked:

· D235 and its variant (D235 with the D083 refinement step) seem to be good planar intra prediction methods in terms of the balance of coding performance and complexity;

· DST seems to be a good transform for planar intra prediction error signal;

· Introducing planar mode as an additional prediction mode in PU level seems to be a better approach than replacing DC mode with planar mode.
1 Subjective quality analysis
We compared Anchor, 1.c+3.b, and 1.c+2.b+3.b RA results with QP=32 of “Kimono” sequence by using a 56inch 4kx2k display (Sony SRM 560). Anchor and a test case (either 1.c+3.b or 1.c+2.b+3.b) were displayed in a side-by-side arrangement. Attached file, “NEC-NTTDOCOMO-Planar-pics.pdf”, shows some representative screen shots of coded results. It was observed that blocking artifacts in the face and sky regions are significantly reduced by both 1.c+3.b and 1.c+2.b+3.b, especially in Low Complexity setting, and that the visual qualities of 1.c+3.b and 1.c+2.b+3.b are very comparable.
Based on the subjective quality analysis, the following should be noted:

· Planar intra prediction reduces blocking artifacts in smooth image areas;

· DST and DCT on the top of planar intra prediction do not differentiate visual appearance of smooth image areas.
2 Conclusions
This contribution has presented software analysis and simulation results of JCTVC-D235 and its related planar intra predictions. 
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