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Abstract

ALF estimation is a complex process that involves calculation of correlation coefficients for determining Wiener filter, selection of filter size (5x5, 7x7 or 9x9), and selection of frame blocks on which to apply the filter. The deblocked frame buffer is read multiple times in the ALF estimation process. For example, in existing TMuC-0.1, the deblocked frame buffer is read more than 10 times dramatically increasing the memory bandwidth required. Increased memory bandwidth leads to increased cost and increased power. This contribution proposes the use of memory compression for ALF bandwidth reduction. Note that ALF memory compression is different from Tool Experiment 2 (TE2) IBDI and memory compression in the sense that ALF memory compression operates on deblocked filter output (which is ALF input) whereas TE2 techniques operate on ALF output (which is reference frame). Simulation results on TMuC-0.1 show that ALF memory compression from 12bits(8bits achieves 33% memory bandwidth and memory size reduction at the cost of average BD-Rate increase of 0.22%. ALF memory compression from 12bits(6bits achieves 50% memory bandwidth and memory size reduction at the cost of average BD-Rate increase of 0.32%. 
This contribution also presents ALF and IBDI coding efficiency simulation test results on TMuC-0.1 when one tool is turned off at a time. When ALF is turned off, there is an average BD-Rate increase of 5.82% for ClassA&B sequences and 3.97% over all sequences. A noticeable data point is that maximum BD-Rate increase when ALF is turned off is 13.26%. When IBDI is turned off, there is an average BD-Rate increase of 3.88% for Class A&B sequences and 2.61% over all sequences.

1 Introduction
Adaptive loop filter (ALF) was first introduced in ITU-T Video Coding Experts Group (VCEG). It has since then been included in the Test Model under Consideration (TMuc) of the next generation HEVC video coding standard [1]. In ALF technique, an in-loop Wiener filter is applied on the deblocking filter outpu so as to get a match with the input video frame. The Wiener filter is designed to minimize error between the deblocking filter output and the input video frame and is transmitted in slice/frame header.

Figure 1 shows ALF estimation process. ALF estimation is a complex process that involves calculation of correlation coefficients for determining Wiener filter, selection of filter size (5x5, 7x7 or 9x9), and selection of frame blocks on which to apply the filter. The deblocked frame buffer is read multiple times in the ALF estimation process. For example, in existing TMuC the deblock frame buffer is read more than 10 times dramatically increasing the memory bandwidth required. Increased memory bandwidth leads to increased cost and increased power. So a technique for reducing the number of accesses to deblocked frame buffer is required.
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Figure 1: ALF estimation.


2 ALF memory bandwidth reduction
This contribution proposes the use of memory compression for ALF bandwidth reduction as shown in Figure 2. The deblocking filter output is compressed before being stored in external memory and it is uncompressed after reading it from frame memory. The data that is written to and read from external memory is in compressed form thereby leading to memory bandwidth savings. There is a savings in the amount of memory needed to store deblocked frame buffer too. Note that ALF memory compression is different from Tool Experiment 2 (TE2) IBDI and memory compression in the sense that ALF memory compression operates on deblocked filter output (which is ALF input) whereas TE2 techniques operate on ALF output (which is reference frame).
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Figure 2: ALF memory bandwidth reduction with in-loop 
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3 ALF memory bandwidth reduction results 
Memory compression technique used can be a block-based technique or a line-based technique. For a block based technique, one can allow for dependency between blocks because the data access pattern in ALF is in raster scan format.
Table 1 shows BD-Rate increase when the memory compression technique of JCTVC-B089, TI (8x8 block size, please see [2] for more details) is used in TMuC-0.1 [3]. A total of 121 frames were encoded using the scripts in cfg\cfp-fast directory of TMuC-0.1. Alpha.bat was used in simulations. Simulation results on TMuC-0.1 show that ALF memory compression from 12bits(8bits achieves 33% memory bandwidth and memory size reduction at the cost of average BD-Rate increase of 0.22%. ALF memory compression from 12bits(6bits achieves 50% memory bandwidth and memory size reduction at the cost of average BD-Rate increase of 0.32%. 
Other memory compression techniques such as those presented by JCTVC-BXXX, TOSHIBA [4] and JCTVC-BXXX, NEC [5] can also be used.
Table 1: BD-Rate increase because of using ALF memory compression.

	 
	 
	ALF MemCompress (12bits -> 8bits)
	ALF MemCompress (12bits -> 6bits)

	Memory size and bandwidth reduction
	33.33%
	50%

	 
	 
	BD-Rate increase

	S01
	Traffic
	0.31 
	0.65 

	S02
	PeopleOnStreet
	0.03 
	0.06 

	S03
	Kimono
	0.02 
	-0.01 

	S04
	ParkScene
	0.07 
	0.12 

	S05
	Cactus
	0.22 
	0.29 

	S06
	BasketballDrive
	0.08 
	-0.01 

	S07
	BQTerrace
	0.80 
	1.16 

	S08
	BasketballDrill
	0.40 
	0.40 

	S09
	BQMall
	0.06 
	0.26 

	S10
	PartyScene
	0.09 
	0.36 

	S11
	RaceHorses
	0.05 
	-0.08 

	S12
	BasketballPass
	0.27 
	0.11 

	S13
	BQSquare
	0.60 
	1.10 

	S14
	BlowingBubbles
	0.29 
	0.71 

	S15
	RaceHorses
	0.06 
	0.30 

	
	All Seq Avg
	0.22
	0.36

	
	All Seq Min
	0.02
	-0.08

	
	All Seq Max
	0.80
	1.16

	
	Class A&B avg
	0.22 
	0.32 

	
	Class A&B min
	0.02 
	-0.01 

	
	Class A&B max
	0.80 
	1.16 


4 IBDI/ALF coding efficiency test results on TMuC-0.1
Table 1 shows BD-Rate increase when ALF and IBDI is turned off one at a time in TMuC-0.1 [3]. A total of 121 frames were encoded using the scripts in cfg\cfp-fast directory of TMuC-0.1. Alpha.bat was used in simulations. When ALF is turned off, there is an average BD-Rate increase of 5.82% for ClassA&B sequences and 3.97% over all sequences. A noticeable data point is that maximum BD-Rate increase when ALF is turned off is 13.26%. When IBDI is turned off, there is an average BD-Rate increase of 3.88% for Class A&B sequences and 2.61% over all sequences.

	
	
	BD-Rate increase 

	 
	 
	ALF off
	IBDI off

	S01
	Traffic
	5.34 
	6.11 

	S02
	PeopleOnStreet
	7.33 
	0.40 

	S03
	Kimono
	4.12 
	5.29 

	S04
	ParkScene
	3.03 
	2.86 

	S05
	Cactus
	3.92 
	3.02 

	S06
	BasketballDrive
	3.75 
	4.15 

	S07
	BQTerrace
	13.26 
	5.35 

	S08
	BasketballDrill
	4.23 
	2.55 

	S09
	BQMall
	1.76 
	1.04 

	S10
	PartyScene
	2.12 
	0.57 

	S11
	RaceHorses
	3.71 
	0.55 

	S12
	BasketballPass
	1.28 
	1.73 

	S13
	BQSquare
	2.76 
	2.36 

	S14
	BlowingBubbles
	0.53 
	1.95 

	S15
	RaceHorses
	2.44 
	1.18 

	
	All Seq Avg
	3.97
	2.61

	
	All Seq Min
	0.53
	0.40

	
	All Seq Max
	13.26
	6.11

	
	Class A&B avg
	5.82 
	3.88 

	
	Class A&B min
	3.03 
	0.40 

	
	Class A&B max
	13.26 
	6.11 
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