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Abstract

In this contribution, encoder complexity aspect of various proposed Adaptive In-Loop Filter (ALF) algorithms are evaluated along with their coding efficiencies. Performance report according to ALF method categories mentioned in [3]  is presented, i.e., i) separate QT vs. CU synchronized and  ii) filter shapes and types. 
1 Encoder Complexity 
In the current implementation of TMuC encoder software, ALF coefficients and filtered/not filtered map are obtained with multiple passes. Passes require access to both original and reconstructed frames. As currently implemented in the TMuC software, diamond and rectangular shape filters require 19 passes (1 pass for initial filter decision, 15 passes for CU adaptive filter decision, and 3 passes for filter tap decision). Separable filter case utilizes 34 passes (4 passes for filter tap decision and 30 passes for CU adaptive filter decision). The passes are directly linked to memory read and write operations which are one of the main factors that dictate hardware implementation complexity.
For ALF operations, at least 2 sets of frame buffers are needed; input and reconstructed frames which can be implemented in a typical encoder using either i) 2 sets of whole frame buffers using on-chip memory (OCMEM) or ii) 2 sets of partial frame buffers using on-chip memory (OCMEM) and reading and writing those frames from external frame buffers, which are usually implemented outside of chip with DDR memory. First approach requires significant amount of OCMEM, considering typical size of on-chip memory being 512 KB
. Second approach can be implemented with much smaller OCMEM but memory bandwidth (BW) is increased significantly because of multiple read and write operations between OCMEM and DDR. The memory BW increase is tightly connected to power consumption increase
. 
The impact of reduced number of encoder passes on the encoding performance is presented. In the reduced 2 pass ALF design, first filter coefficients derived and later CU level filtering decision is made without redesigning the filters. In addition, comparison is made against post-filter [2] method which requires only single pass.
2 Filter Shape and Filtered Map Coding
Results for various ALF tools mentioned in the adhoc group report  are presented, namely, i) separate quadtree (QT) vs. CU synchronized ALF, ii) filter shapes and types.
Comparison between quadtree (QT) and CU synchronized ALF is presented for separable filters. The performance of CU synchronized ALF is similar to ALF with separate QT. Note that in the current encoder implementation, QT synchronized ALF incurs more complexity per pass compared to CU synchronized one. Separate QT ALF requires additional processing for determining of quadtree structures which involves additional pruning or merging of trees based on RD optimization.

Performance of 5x5 diamond shaped filters and 7x7 separable filters are presented. Note that 7-tap filter requires 4 multiplications per pixel for each (vertical/horizontal) direction, thus total of 8 multiplications per pixel is used to get the final filtered samples, and 7 multiplications per pixel is required for the 5x5 non-separable diamond shaped filter.  
3 Results 

Experimental results obtained with ALF currently implemented in the TMuC reference software ver. 0.2. Results are obtained with the recommended simulation common conditions [1] with GPB flag are equal to 1. Here when comparing encoder complexities, Sum-Modified Laplacian Filter Indexing based multiple filters [4] are used for diamond filters (i.e., diamond, diamond 2- pass 9x9 tap).
Table 1: Bit rate reduction [%] for encoder complexity (IPP configuration).
	
	     ALF off
	Diamond
	Diamond
2-pass
9x9 tap
	Post Filter

	WQVGA
	RaceHorses
	-3.42
	-3.29
	-3.08

	
	Basketball
	-2.87
	-2.16
	-1.96

	
	PartyScene
	-1.9
	-1.55
	-0.93

	
	BQSquare
	-4.68
	-4.32
	-3.67

	
	WQVGA_AVG
	-3.22
	-2.83
	-2.41

	WVGA
	RaceHorses
	-4.56
	-4.37
	-3.88

	
	Basketball
	-9.72
	-6.89
	-4.34

	
	PartyScene
	-2.67
	-2.2
	-2.42

	
	BQSquare
	-4.2
	-3.14
	-3.07

	
	WVGA_AVG
	-5.29
	-4.15
	-3.43

	720p
	Vidyo1
	-4.39
	-1.3
	-3.78

	
	Vidyo3
	-11.27
	-4.69
	-3.65

	
	Vidyo4
	-5.86
	-2.26
	-4.82

	
	720p_AVG
	-7.17
	-2.75
	-4.08

	1080p
	ParkScene
	-2.92
	-3.18
	-2.89

	
	Kimono
	-5.17
	-4.85
	-4.48

	
	Basketball
	-5.70
	-4.90
	-3.44

	
	Cactus
	-3.21
	-1.33
	-3.7

	
	BQSquare
	-9.46
	-8.22
	-4.94

	
	1080p_AVG
	-5.29
	-4.49
	-3.89

	
	AVG
	-5.13
	-3.67
	-3.44


Table 2: Bit rate reduction [%] for encoder complexity (HierB configuration).
	
	     ALF off
	Diamond
	Diamond
2-pass
9x9 tap
	Post Filter

	WQVGA
	RaceHorses
	-2.85
	-2.89
	-3.83

	
	Basketball
	-1.43
	-1.23
	-2.18

	
	PartyScene
	-1.3
	-0.95
	-1.07

	
	BQSquare
	-4.49
	-4.2
	-3.98

	
	WQVGA_AVG
	-2.52
	-2.32
	-2.77

	WVGA
	RaceHorses
	-4.72
	-4.7
	-4.75

	
	Basketball
	-4.62
	-3.23
	-2.8

	
	PartyScene
	-2.37
	-2.09
	-2.04

	
	BQSquare
	-3.16
	-2.85
	-2.85

	
	WVGA_AVG
	-3.72
	-3.22
	-3.11

	720p
	Vidyo1
	-3.96
	-2.28
	-4.08

	
	Vidyo3
	-8.59
	-4.52
	-6.19

	
	Vidyo4
	-4.92
	-3.12
	-4.9

	
	720p_AVG
	-5.82
	-3.31
	-5.06

	1080p
	ParkScene
	-3.41
	-3.34
	-3.09

	
	Kimono
	-4.53
	-4.48
	-4.18

	
	Basketball
	-5.71
	-5.65
	-5.1

	
	Cactus
	-4.59
	-3.66
	-5.15

	
	BQSquare
	-13.68
	-13.21
	-9.52

	
	1080p_AVG
	-6.38
	-6.07
	-5.41

	
	AVG
	-4.65
	-3.9
	-4.11


Table 3: Bit rate reduction [%] for filter shape (IPP configuration).
	
	     ALF off
	Separable
QT
	Separable
CU
	Diamond

5x5 tap
	Separable
CU
7 tap 

	WQVGA
	RaceHorses
	-3.05
	-3.29
	-1.87
	-1.62

	
	Basketball
	-1.35
	-1.41
	-2.29
	-0.96

	
	PartyScene
	-1.80
	-1.80
	-1.32
	-1.11

	
	BQSquare
	-4.58
	-4.69
	-2.79
	-2.68

	
	WQVGA_AVG
	-2.69
	-2.79
	-2.07
	-1.59

	WVGA
	RaceHorses
	-3.75
	-3.66
	-2.67
	-2.25

	
	Basketball
	-6.29
	-6.21
	-6.34
	-5.07

	
	PartyScene
	-2.26
	-2.23
	-1.93
	-1.71

	
	BQSquare
	-3.43
	-3.54
	-3.2
	-2.43

	
	WVGA_AVG
	-3.93
	-3.91
	-3.54
	-2.87

	720p
	Vidyo1
	-3.28
	-3.43
	-3.1
	-2.26

	
	Vidyo3
	-8.91
	-9.17
	-7.63
	-6.15

	
	Vidyo4
	-4.71
	-4.59
	-4.71
	-3.56

	
	720p_AVG
	-5.63
	-5.73
	-5.15
	-3.99

	1080p
	ParkScene
	-3.51
	-3.51
	-2.00
	-1.5

	
	Kimono
	-4.52
	-4.51
	-3.67
	-3.54

	
	Basketball
	-3.12
	-3.07
	-4.01
	-2.01

	
	Cactus
	-2.92
	-2.82
	-2.46
	-1.68

	
	BQSquare
	-5.99
	-5.9
	-4.76
	-2.69

	
	1080p_AVG
	-4.01
	-3.96
	-3.38
	-2.28

	
	AVG
	-3.97
	-3.99
	-3.42
	-2.58


Table 4: Bit rate reduction [%] for filter shape (HierB configuration).
	
	     ALF off
	Separable
QT
	Separable
CU
	Diamond

5x5 tap
	Separable
CU
7 tap 

	WQVGA
	RaceHorses
	-2.72
	-2.72
	-1.7
	-1.98

	
	Basketball
	-0.75
	-0.75
	-0.97
	-0.55

	
	PartyScene
	-1.03
	-1.2
	-0.92
	-0.93

	
	BQSquare
	-3.92
	-4.09
	-3.53
	-3.25

	
	WQVGA_AVG
	-2.11
	-2.19
	-1.78
	-1.67

	WVGA
	RaceHorses
	-3.6
	-3.47
	-2.76
	-2.69

	
	Basketball
	-2.21
	-2.24
	-2.66
	-1.72

	
	PartyScene
	-1.89
	-1.9
	-1.84
	-1.59

	
	BQSquare
	-2.03
	-2.15
	-2.59
	-1.52

	
	WVGA_AVG
	-2.43
	-2.44
	-2.46
	-1.88

	720p
	Vidyo1
	-2.46
	-2.47
	-2.65
	-1.73

	
	Vidyo3
	-6.52
	-6.42
	-6.66
	-4.34

	
	Vidyo4
	-3.57
	-3.28
	-3.88
	-2.41

	
	720p_AVG
	-4.18
	-4.07
	-4.40
	-2.83

	1080p
	ParkScene
	-2.91
	-2.87
	-2.51
	-2.07

	
	Kimono
	-3.83
	-3.81
	-3.05
	-3.02

	
	Basketball
	-3.13
	-2.99
	-3.91
	-2.13

	
	Cactus
	-3.25
	-3.21
	-3.25
	-2.29

	
	BQSquare
	-6.69
	-6.48
	-8.62
	-4.24

	
	1080p_AVG
	-3.96
	-3.87
	-4.27
	-2.75

	
	AVG
	-3.16
	-3.13
	-3.22
	-2.28


4 Conclusions 

In this contribution, the trade off between complexity and performance of different ALF implementations are presented. ALF encoder computational complexity is significant considering its memory bandwidth impact. On low power devices, this complexity could be prohibitively high, hence algorithms reducing the memory bandwidth complexity with minimal impact on coding performance should be considered. Post filter alternative to ALF that requires a single encoding pass becomes a viable option for low power devices. It can be supported as a feature that can be switched on/off depending on the use case scenario. 
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� OCMEM of NVIDIA’s Tegra2 application processor is 256~512KB


� Power consumption of DDR is around 0.36mW/MBps, while OCRAM requires 0.002mW/MBps.
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