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Abstract
The Intra Plane Mode and Intra Bilinear Mode are implemented in Unified Intra Prediction (UIP) based on the TMuC version 0.9. Simulations were performed on different combinations of Intra Modes and the results were analyzed.
1. Introduction
The integration of Intra Plane mode in UIP with Multiple Predictor Sets (MPS) method was introduced in JCTVC-C111. In this CE, both Plane mode and Bilinear mode are integrated as non-directional modes of UIP. The performance of the new UIP with Plane and Bilinear mode (later called MPS Intra in this document), and the MPS Intra with Planar Intra Prediction enabled were evaluated.
2. Implementation
The original UIP has 34 intra prediction modes, 1 DC mode and 33 directional modes. In this experiment, Plane mode and Bilinear mode are implemented as additional non-directional modes. The new list of modes is shown in the following table:
	Mode Number
	IntraPredType
	IntraPredAngleID

	0
	Intra_Vertical
	0

	1
	Intra_Horizontal
	0

	2
	Intra_DC
	-

	3
	Intra_Vertical
	-8

	4
	Intra_Vertical
	-4

	5
	Intra_Vertical
	+4

	6
	Intra_Vertical
	+8

	7
	Intra_Horizontal
	-4

	8
	Intra_Horizontal
	+4

	9
	Intra_Horizontal
	+8

	10
	Intra_Vertical
	-6

	11
	Intra_Vertical
	-2

	12
	Intra_Vertical
	+2

	13
	Intra_Vertical
	+6

	14
	Intra_Horizontal
	-6

	15
	Intra_Horizontal
	-2

	16
	Intra_Horizontal
	+2

	17
	Intra_Horizontal
	+6

	18
	Intra_Vertical
	-7

	19
	Intra_Vertical
	-5

	20
	Intra_Vertical
	-3

	21
	Intra_Vertical
	-1

	22
	Intra_Vertical
	+1

	23
	Intra_Vertical
	+3

	24
	Intra_Vertical
	+5

	25
	Intra_Vertical
	+7

	26
	Intra_Horizontal
	-7

	27
	Intra_Horizontal
	-5

	28
	Intra_Horizontal
	-3

	29
	Intra_Horizontal
	-1

	30
	Intra_Horizontal
	+1

	31
	Intra_Horizontal
	+3

	32
	Intra_Horizontal
	+5

	33
	Intra_Horizontal
	+7

	34
	Intra_Plane
	-

	35
	Intra_Bilinear
	-


Table-1 - Unified Intra Prediction modes after integration.

Multiple Predictor Sets (MPS) method is used for PUs with MaxMode == 36 (size of 8x8, 16x16, and 32x32). 36 intra predictors are grouped into 4 sets, 9 in each. Each mode is represented by Group number and Index number. The basic group, group 0, contains the 9 basic prediction modes as in H.264/AVC. The MPS table is shown in Table-2.
	
	0
	1
	2
	3
	4
	5
	6
	7
	8

	0
	0
	1
	2
	3
	4
	5
	6
	7
	8

	1
	11
	16
	17
	14
	10
	12
	13
	15
	9

	2
	21
	30
	34
	26
	19
	23
	25
	28
	32

	3
	22
	29
	35
	18
	20
	24
	33
	27
	31


Table-2 - Unified Intra Prediction modes in Multiple Predictor Sets.
3. Testing Conditions
In order to check the performance of the MPS Intra, and the effect of planar intra prediction on MPS Intra, two simulations were conducted. 
(1) Simulation with MPS Intra (Plane mode and Bilinear mode integrated);
(2) Simulation with MPS Intra, with planar intra prediction enabled.
Each simulation was performed in Intra only mode, with both High Efficiency and Low Complexity configurations.
The tests were performed on a Windows 7 Professional 64bit platform, and the software was compiled in 64bit mode.
4. Results
4.1. BD-rate performance
(1) Simulation 1’s results are shown in Table-3:
	TEST#1
	Intra
	Intra LoCo

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

	Class A
	-0.2
	-0.2
	-0.2
	-0.5
	-0.3
	-0.4

	Class B
	-0.2
	-0.2
	-0.3
	-0.5
	-0.4
	-0.4

	Class C
	-0.1
	-0.1
	-0.1
	-0.2
	-0.2
	-0.2

	Class D
	0.0
	0.0
	0.0
	-0.2
	-0.2
	-0.2

	Class E
	-0.4
	-0.4
	-0.5
	-0.8
	-0.8
	-0.6

	All
	-0.2
	-0.2
	-0.2
	-0.4
	-0.4
	-0.3

	Enc Time[%]
	102%
	99%

	Dec Time[%]
	97%
	99%


Table 3 - UIP with MPS Intra compared with Anchor.
(2) Simulation 2’s results are shown in Table-4:
	TEST#2
	Intra
	Intra LoCo

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

	Class A
	-0.1
	-0.2
	-0.1
	0.7
	0.6
	0.4

	Class B
	-0.2
	-0.3
	-0.3
	0.7
	0.5
	0.3

	Class C
	0.0
	-0.1
	-0.1
	1.1
	0.8
	0.7

	Class D
	0.0
	0.0
	0.0
	1.0
	0.7
	0.6

	Class E
	-0.4
	-0.3
	-0.5
	0.7
	0.1
	0.4

	All
	-0.1
	-0.2
	-0.2
	0.9
	0.6
	0.5

	Enc Time[%]
	103%
	101%

	Dec Time[%]
	98%
	97%


Table 4 - UIP with MPS Intra and Planar Intra Prediction enabled compared with Anchor.


The simulation of modified UIP with MPS Intra shows that coding gain is relatively more significant on sequences with higher resolution, such as 720P, 1080P, and 2K. The gain is higher in low complexity case.

According to Table 4, enabling intra planar prediction along with the modified UIP introduces no extra gain, but performance loss.
4.2. Statistics of UIP predictor usage
	Rank
	1
	2
	3
	4
	5
	6
	7
	8

	Mode
	2
	0
	1
	16
	34
	11
	8
	15

	Usage
	13.07%
	10.47%
	8.90%
	6.24%
	4.77%
	4.27%
	4.13%
	3.38%

	Rank
	9
	10
	11
	12
	13
	14
	15
	16

	Mode
	7
	5
	4
	12
	30
	14
	21
	10

	Usage
	3.37%
	3.07%
	3.06%
	3.02%
	2.86%
	2.84%
	2.65%
	2.49%

	Rank
	17
	18
	19
	20
	21
	22
	23
	24

	Mode
	3
	13
	29
	6
	31
	22
	9
	33

	Usage
	1.99%
	1.91%
	1.89%
	1.67%
	1.66%
	1.62%
	1.60%
	1.10%

	Rank
	25
	26
	27
	28
	29
	30
	31
	32

	Mode
	17
	23
	28
	25
	20
	32
	27
	26

	Usage
	1.07%
	0.94%
	0.87%
	0.76%
	0.75%
	0.68%
	0.65%
	0.60%

	Rank
	33
	34
	35
	36
	

	Mode
	19
	24
	18
	35
	

	Usage
	0.56%
	0.55%
	0.53%
	0.03%
	


Table 5 - UIP Mode Usage on 1080P sequences.


The percentage of each mode used in the coding process is recorded. The statistics of the mode usage on all 1080P sequences in the test is shown in Table 5. The table is sorted by the usage of each mode. It shows that plane mode has very high usage compared to other directional modes. It is the 5th most selected intra mode. According to our testing results, the ranking is similar for 2K and 720P sequences.

The usage of bilinear mode is extremely low, which means that it does not have advantage over other intra modes in UIP. From the data of mode usage, it is clear that most of the gain was contributed by the Plane mode.
4.3. Subjective Visual Quality
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Figure-1 Subjective Visual Quality comparison – Cactus (QP 32).
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Figure-2 Subjective Visual Quality comparison – BQTerrace (QP 32).

Figure 1 and Figure 2 are the comparison of visual qualities of decoded sequences. Visual quality is better on the decoded sequences by modified UIP with extra modes, especially in areas with luminance gradients, the pictures look much smoother. Along with the mode usage statistics, it is clear that the visual quality improvement is also contributed by the plane mode.

5. Conclusion
MPS Intra performs better than TMuC v0.9 Anchor, on both BD-rate and subjective visual quality. The major contribution of the gain is from the Intra Plane mode. Integrating Plane mode with MPS in UIP can improve the performance.

The Bilinear mode is rarely used. It is not necessary to have this mode for intra prediction.
Enabling Planar Intra Prediction introduces coding loss, it is not necessary either.
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