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Abstract

The document describes a low complexity ALF technique suitable for low latency applications. One single set of ALF filter coefficients are computed quantized and transmitted sequentially for each block using a single pass technique. The proposed ALF also has low complexity by using either 5x5 diamond shape or 9x9 shape but no decoder-side variance calculations. When applied to low complexity configurations, BD-rate gains between 1.6 % and 4.4% are reported. When applied to high efficiency configurations, BD-rate results between -0.1% and 0.4% are reported.
1 Introduction
ALF as specified in HM 4.0 brings a coding gain of typically 2-5% measured in BDR.  The operations are mainly performed on a frame basis.  This may lead to additional latency caused by the coding process.  This makes ALF less attractive for low (sub-frame) delay real time applications like video conferencing.  Furthermore ALF represents a considerable implementation complexity.  The present document therefore describes a low complexity ALF version that is useful for low latency applications.
An initial version of the proposed ALF method was first proposed in [1] and also as part of CE8 [2]. This document proposes an improved version offering significant BD-Rate gains. 

2 Description

ALF is performed for luma only. In the following the main aspects of the tested method are briefly described.
Units for performing ALF

HM 4.0 perform ALF on a frame basis.  According to the present contribution ALF is performed on smaller units. In particular, 64x64 and 64x128 luma pixels have been used for low and high resolutions respectively.  This will be referred to as an ALF-unit.

Pixel matrices
Two different pixel matrices have been used:

- 5x5 diamond shape

- 9x1 hortizontal shape

Pixel classifications

No pixel classification based on variance classes has been used.  With the smaller ALF-units classification is considered to be less important.
Calculating ALF coefficients
Calculation of covariance data and solving for optimal coefficients are performed in a similar way to HM 4.0.
Quantization of ALF coefficients

The ALF coefficients are quantized more coarsely than in HM 4.0.  This is mainly in order to save coding bits since coefficients may have to be sent for every ALF-unit.  For the 5x5 diamond shape structure 9 distinct ALF coefficients are calculated.  With the coarse quantization, especially the DC response of the filter may suffer.  To overcome this only 6 out of 7 coefficients are quantized and transmitted.  For the 9x1 horizontal shape, 6 distinct ALF coefficients are calculated, while only 5 of those are quantized and transmitted. In both cases, the last coefficient – representing the center position of the filter is calculated to give a final DC response of 1.
Adaptive codebook

For each shape, an "adaptive codebook" of size 16 is used to store previous quantized ALF coefficients in the same frame. The adaptive codebook is populated incrementally in the encoder and decoder, starting with an empty codebook at the beginning of each frame/slice. At each LCU, the encoder can choose ALF coefficients from the adaptive codebook or quantize/transmit a new set of 

Coding of ALF coefficients

The coefficients are encoded using structured CAVLC tables for the magnitude and sign jointly. In addition, the following techniques are used:
· One bit to enable/disable the ALF for an ALF unit.

· If ALF is enabled one bit to choose between the two shapes.
· If ALF is enabled, one bit to choose between the adaptive codebook and sending a new vector.

· If an adaptive codebook with N vectors is chosen, Ceil(log2(N)) bits are used to choose among the vectors in the codebook.
· If the adaptive codebook is not selected, quantize and encode 8 and 5 coefficients for the two filter shapes respectively.

3 Simulation results
Table 1 shows BD-rate results for the proposed low delay low complexity ALF.

Table 1. BD-rate results for proposed ALF.
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.56 %
	1.80 %
	1.29 %
	-2.51 %
	0.28 %
	0.28 %

	Class B
	0.11 %
	2.65 %
	2.13 %
	-1.66 %
	0.40 %
	0.40 %

	Class C
	0.04 %
	3.73 %
	3.90 %
	-1.33 %
	0.50 %
	0.50 %

	Class D
	0.13 %
	3.11 %
	3.46 %
	-0.47 %
	0.29 %
	0.30 %

	Class E
	0.40 %
	4.29 %
	5.94 %
	-2.17 %
	0.73 %
	0.73 %

	Class F
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %

	Overall
	0.23 %
	3.03 %
	3.15 %
	-1.60 %
	0.42 %
	0.42 %

	 
	0.23 %
	2.99 %
	3.13 %
	-1.59 %
	0.42 %
	0.43 %

	Enc Time[%]
	66 %
	106 %

	Dec Time[%]
	88 %
	110 %

	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.91 %
	7.33 %
	6.38 %
	-3.95 %
	1.57 %
	0.82 %

	Class B
	0.25 %
	4.10 %
	2.53 %
	-2.94 %
	0.63 %
	0.70 %

	Class C
	0.24 %
	2.59 %
	3.06 %
	-1.95 %
	1.00 %
	1.01 %

	Class D
	0.21 %
	1.98 %
	2.33 %
	-2.12 %
	0.46 %
	0.51 %

	Class E
	 
	
	 
	 
	
	 

	Class F
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %

	Overall
	0.39 %
	4.01 %
	3.52 %
	-2.75 %
	0.90 %
	0.75 %

	 
	0.39 %
	3.96 %
	3.51 %
	-2.77 %
	0.92 %
	0.77 %

	Enc Time[%]
	91 %
	101 %

	Dec Time[%]
	89 %
	108 %

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.05 %
	3.60 %
	2.44 %
	-2.97 %
	0.88 %
	0.78 %

	Class C
	0.02 %
	3.29 %
	3.56 %
	-2.79 %
	1.27 %
	0.95 %

	Class D
	0.08 %
	2.77 %
	3.56 %
	-1.50 %
	0.96 %
	0.68 %

	Class E
	-0.04 %
	3.87 %
	3.31 %
	-3.07 %
	1.76 %
	2.05 %

	Class F
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %

	Overall
	0.04 %
	3.36 %
	3.16 %
	-2.57 %
	1.16 %
	1.04 %

	 
	0.03 %
	3.33 %
	3.14 %
	-2.56 %
	1.15 %
	1.10 %

	Enc Time[%]
	94 %
	101 %

	Dec Time[%]
	91 %
	108 %

	
	
	
	
	
	
	

	
	Low delay P HE
	Low delay P LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	-0.02 %
	3.63 %
	2.53 %
	-6.01 %
	0.22 %
	-0.25 %

	Class C
	-0.20 %
	2.35 %
	2.78 %
	-3.00 %
	0.70 %
	0.66 %

	Class D
	-0.09 %
	2.09 %
	2.95 %
	-0.97 %
	0.30 %
	0.45 %

	Class E
	-0.18 %
	4.64 %
	3.32 %
	-7.10 %
	0.78 %
	0.90 %

	Class F
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %

	Overall
	-0.11 %
	3.12 %
	2.85 %
	-4.20 %
	0.46 %
	0.37 %

	 
	-0.12 %
	3.08 %
	2.79 %
	-4.19 %
	0.49 %
	0.33 %

	Enc Time[%]
	90 %
	101 %

	Dec Time[%]
	90 %
	110 %


4 Conclusions

Results have been presented for a low complexity ALF version that is particularly useful for applications requiring low latency. The method is proposed adopted into the HM and to be used both for high efficiency and low complexity configurations.
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