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Abstract

In this contribution, a mode dependent hybrid intra smoothing scheme is proposed to improve the coding performance. In the proposed scheme, a hybrid solution which combines the mode dependent filter selection and the explicit filter signaling is used to select filter for smoothing the prediction samples. The proposed scheme achieves 0.5% and 0.9% BD-rate reduction on average for high efficiency and low complexity intra configuration respectively. The average encoding/decoding time has no significant change comparing to TMuC 0.9’s default setting.

1 Introduction 

Adaptive intra smoothing (AIS) was proposed in [1]. The method explicitly signals whether the prediction samples are filtered or not. The encoder makes the smoothing decision by testing the RD cost of intra prediction based on filtered or unfiltered prediction samples. An alternative fast AIS scheme that only tests the filtering for the best intra prediction mode is available in [2]. In our previous proposal [3], a simplified intra smoothing scheme was proposed to reduce the complexity with keeping the similar coding performance. The simplified intra smoothing in [3] selects to filter or not to filter the prediction samples based on prediction unit (PU) size and intra prediction mode, which avoids the time-consuming RD test at encoder.
In this contribution, a mode dependent hybrid intra smoothing (MDHIS) is proposed to further improve the performance of the simplified intra smoothing in [3]. 
2 Proposed Scheme 
In this proposal, we exploit the existing filters in TMuC 0.9. There are two filters as shown in Figure 2‑1 [1]. Combined with the no filtering case (filter 0), there are three filtering cases. For each prediction block, we select the suitable filter among the three cases (filter 0, filter 1, and filter 2). 


[image: image1]

Based on the PU size and intra prediction mode, two tables are built. The first table (Table 2‑1) includes the most probable filter(MPF) for the intra prediction mode with the PU size; the second table (Table 2‑2) includes the second most probable filter(SMPF) for the intra prediction mode with the PU size. 

The mode dependent hybrid intra smoothing will select the filter from these two tables. We propose to signal the intra smoothing flag only for the prediction unit size larger than 8x8, which achieves a good trade-off between the performance and complexity. When the PU size is smaller than 16x16, the filter status is directly obtained from the most probable filter table (Table 2‑1), otherwise, the encoder tests the most and the second most probable filters (defined in Table 2‑1 and Table 2‑2) for this mode and signals the filter table which gives the best RD performance. Table 2‑3 shows a summary of the mode dependent hybrid IS signaling.

Table 2‑1 Most Probable Filter Index (MPF) (0: no filter,  1: filter 1,  2: filter 2)
	                  Mode
    TU 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33

	2x2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	4x4
	0
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	8x8
	0
	0
	0
	1
	1
	2
	2
	2
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	16x16
	0
	0
	0
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	32x32
	0
	0
	0
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	64x64
	0
	0
	0
	2
	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	128x128
	0
	0
	0
	2
	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table 2‑2 Second Most Probable Filter Index (SMPF) (0: no filter,  1: filter 1,  2: filter 2)
	                  Mode
    TU 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33

	2x2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	4x4
	1
	1
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	8x8
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	16x16
	2
	2
	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	32x32
	2
	2
	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	64x64
	2
	2
	2
	0
	0
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	128x128
	2
	2
	2
	0
	0
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2


Table 2‑3 Mode Dependent Hybrid IS signaling scheme

	PU Size
	Filter

	2x2
	most probable filter (no signaling)

	4x4
	most probable filter (no signaling)

	8x8
	most probable filter (no signaling)

	16x16
	signaling 

	32x32
	signaling 

	64x64
	signaling

	128x128
	signaling


3 Simulations & Results
The proposed mode dependent hybrid intra smoothing is implemented on top of TMuC v0.9. The simulations are conducted based on the JCT-VC common test condition defined in [4]. The reference is TMuC v0.9 default setting (no intra smoothing).

Two simulations are conducted to test the performance of our proposal:


Test 1: Fixed – use only most probable filter in Table 2‑1, no signaling

Test 2: Hybrid signaling indicated by Table 2‑3
Table 3‑1 shows the simulation results of the two tests. Table 3‑2 shows the average encoding and decoding time ratio the proposed approaches against TMuC v0.9, which was tested on a single PC with the configuration shown in Table 3‑3. The proposal has been cross verified by HHI, Samsung and Toshiba.
Table 3‑1 Average BD-rate savings comparing to TMuC 0.9 [%]

	Configuration
	Test 1 (Fixed)
	Test 2 (Hybrid Signaling)

	
	Y
	U
	V
	Y
	U
	V

	HE Intra
	-0.3
	-0.3
	-0.4
	-0.5
	-0.5
	-0.6

	LC Intra
	-0.7
	-0.3
	-0.3
	-0.9
	-0.4
	-0.4

	HE Random Access
	-0.1
	-0.4
	-0.2
	-0.2
	-0.4
	-0.3

	LC Random Access
	-0.1
	-0.3
	-0.2
	-0.1
	-0.2
	-0.3

	HE Low Delay
	0.0
	-0.4
	-0.2
	0.0
	-0.4
	-0.3

	LC Low Delay
	0.1
	0.0
	0.0
	0.0
	0.1
	-0.1


Table 3‑2 Average encoding/decoding time ratio comparing to TMuC 0.9
	Configuration
	Test 1 (Fixed)
	Test 2 (Hybrid Signaling)

	
	Encoder
	Decoder
	Encoder
	Decoder

	HE Intra
	101%
	98%
	101%
	98%

	LC Intra
	98%
	99%
	99%
	100%

	HE Random Access
	100%
	100%
	98%
	100%

	LC Random Access
	99%
	100%
	98%
	98%

	HE Low Delay
	98%
	100%
	96%
	100%

	LC Low Delay
	100%
	96%
	100%
	100%


Table 3‑3 PC Configuration for encoding/decodint time measurement

	CPU
	MEM
	OS
	Compiler

	Intel® Core™ i7, M620 @ 2.67GHz
	4.00GB
	64-bit Windows 7
	MS Visual Studio 2008


4 Conclusion

In this proposal, a mode dependent hybrid intra smoothing (MDHIS) scheme is proposed. The proposed scheme combines the mode dependent filter selection and the explicit filtering signaling method into one framework, which achieves a good trade-off between encoder complexity and coding performance. The proposed scheme achieves 0.5% and 0.9% BD-rate reduction on average for high efficiency and low complexity intra configuration respectively without significant encoding/decoding time increasing.
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