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Abstract

The contribution proposes a low complexity ALF technique with support for sub-frame encoder delay. One single set of ALF filter coefficients are transmitted for each LCU using single-pass estimation. This supports low encoder-side delay by allowing for estimation and signaling of the ALF coefficients on the LCU level without aggregating pixel date of the whole frame. The proposed ALF uses either 5x5 diamond shape or 9x3 cross shape and does not require decoder-side variance calculations. The absence of decoder-side variance calculations represents a significant reduction in decoder complexity. When applied to low complexity configurations, BD-rate gains between 1.6 % and 4.0% are reported. When applied to high efficiency configurations, BD-rate results between -0.2% and 0.4% are reported. For high efficiency configurations, encoding times vary between 67% and 94%, while decoding times vary between 91% and 94%.
1 Introduction
ALF as specified in HM 4.0 brings a typical BD-rate gain between 2% and 5% depending of the coding conditions.  The ALF operations are mainly performed on a frame basis which would typically result in additional latency caused by the coding process.  This makes ALF less attractive for low delay real time applications like video conferencing where encoding delay less than one frame period is desired.  Furthermore ALF represents a significant implementation complexity.  This contribution describes a low complexity ALF version that is useful for low latency applications requiring encoding delays significantly less than one frame period.
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 as well as a clean-up of the parsing process.
2 Description

In the current contribution ALF is applied to luma samples only. However, the method can also be applied to chroma. In the following, the proposed method is described in detail.
Calculating ALF coefficients
Calculation of covariance data and solving for optimal coefficients are performed in a similar way as HM 4.0.

Enabling/disabling ALF on the LCU level

One flag is signaled for each LCU to enable/disable ALF.
Pixel masks
Two different pixel masks are used:

- 5x5 diamond shape

- 9x3 cross shape

The choice between the two pixel masks are signaled for each LCU where ALF is enabled. The two pixel matrices are shown below.

       


Mask 1                                                                              Mask 2
                         0     1     2
                            3  4  5                                                                                    0
                        6  7  8  7  6                                                                1  2  3  4  5  4  3  2  1  
                            5  4  3                                                                                    0
                         2     1     0
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/signal a new set of filter coefficients. The choice between the using the adaptive codebook and signaling a new set of filter coefficients is signaled for each LCU where ALF is enabled. If the adaptive codebook is chosen, Ceil(log2(N)) bits are used to choose among the vectors in the codebook.
Quantization of ALF coefficients

The ALF coefficients are quantized more coarsely than in HM 4.0.  This is mainly in order to save bits since coefficients are sent for every LCU. For the 5x5 diamond shape structure 9 ALF coefficients are calculated. Coefficients 0-7 are quantized and signaled while coefficient 8 (center position) is derived from the other coefficients to provide a final DC response equal to 1. Similarly, for the 9x3 cross shape, 6 ALF coefficients are calculated while only coefficients 0 - 4 of those are quantized and signaled. 
ALF parsing process

The ALF parsing process for each LCU can be summarized by the following pseudo-code.
ALFbit        // ALF on/off
if (ALFbit){
  ALFmaskBit  // Indicate mask1 or mask2
  copyFlag    // Use previous coeffs. or transmit new coeffs. 
  if (copyFlag){
    copyID    // Choose between previous ALF coefficients
    copy ALF coefficients from previous ALF block
  }
  else{
    parse ALF coefficients
  }
}
3 Simulation results
Table 1 shows BD-rate results for the proposed ALF method.

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

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0,6 %
	1,9 %
	1,4 %
	-2,4 %
	0,5 %
	0,5 %

	Class B
	0,1 %
	2,8 %
	2,3 %
	-1,6 %
	0,6 %
	0,6 %

	Class C
	0,0 %
	3,7 %
	3,9 %
	-1,3 %
	0,5 %
	0,5 %

	Class D
	0,1 %
	3,1 %
	3,5 %
	-0,5 %
	0,3 %
	0,3 %

	Class E
	0,4 %
	4,6 %
	6,2 %
	-2,2 %
	1,1 %
	1,1 %

	Overall
	0,2 %
	3,1 %
	3,3 %
	-1,6 %
	0,6 %
	0,6 %

	 
	0,2 %
	3,1 %
	3,2 %
	-1,6 %
	0,6 %
	0,6 %

	Enc Time[%]
	67 %
	106 %

	Dec Time[%]
	91 %
	114 %

	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	1,1 %
	7,7 %
	6,9 %
	-3,4 %
	2,2 %
	1,6 %

	Class B
	0,3 %
	4,4 %
	2,9 %
	-2,6 %
	1,3 %
	1,2 %

	Class C
	0,1 %
	2,5 %
	3,0 %
	-2,0 %
	1,1 %
	1,0 %

	Class D
	0,0 %
	2,0 %
	2,4 %
	-2,2 %
	0,4 %
	0,5 %

	Class E
	 
	 
	 
	 
	 
	 

	Overall
	0,4 %
	4,2 %
	3,7 %
	-2,5 %
	1,2 %
	1,1 %

	 
	0,4 %
	4,1 %
	3,7 %
	-2,6 %
	1,3 %
	1,1 %

	Enc Time[%]
	91 %
	102 %

	Dec Time[%]
	92 %
	113 %

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0,1 %
	3,9 %
	3,1 %
	-2,7 %
	1,3 %
	1,1 %

	Class C
	-0,1 %
	3,4 %
	3,6 %
	-2,8 %
	1,3 %
	0,9 %

	Class D
	0,0 %
	2,9 %
	3,7 %
	-1,6 %
	0,9 %
	0,8 %

	Class E
	-0,1 %
	3,7 %
	3,9 %
	-1,8 %
	3,8 %
	4,3 %

	Overall
	0,0 %
	3,5 %
	3,5 %
	-2,3 %
	1,7 %
	1,6 %

	 
	0,0 %
	3,5 %
	3,5 %
	-2,3 %
	1,7 %
	1,6 %

	Enc Time[%]
	94 %
	101 %

	Dec Time[%]
	94 %
	111 %

	
	
	
	
	
	
	

	
	Low delay P HE
	Low delay P LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	-0,1 %
	4,0 %
	2,7 %
	-5,9 %
	0,7 %
	0,6 %

	Class C
	-0,2 %
	2,6 %
	2,6 %
	-3,0 %
	0,5 %
	0,9 %

	Class D
	-0,2 %
	1,6 %
	2,1 %
	-1,0 %
	0,7 %
	0,7 %

	Class E
	-0,5 %
	4,4 %
	3,7 %
	-6,1 %
	2,1 %
	2,6 %

	Overall
	-0,2 %
	3,1 %
	2,7 %
	-4,0 %
	0,9 %
	1,1 %

	 
	-0,2 %
	3,1 %
	2,7 %
	-4,0 %
	1,0 %
	1,1 %

	Enc Time[%]
	90 %
	101 %

	Dec Time[%]
	94 %
	113 %


4 Conclusions

Results have been presented for a low complexity low delay ALF method. The method offers significant reduction in complexity and simulation times, and results in only negligible BD-rate loss for HE configurations. The method is proposed adopted into the HM and to be enabled both for high efficiency and low complexity configurations.
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Appendix A
This appendix contains suggested WD text for the proposed method.

Syntax
	ALF_information( ) {
	Descriptor

	
ALF_enabled_flag
	u(1) | ae(v)

	
if( ALF_enabled_flag ) {
	

	

ALF_mask_id
	u(1) | ae(v)

	

copy_flag
	u(1) | ae(v)

	

if( copy_flag )
	

	


copy_id
	u(n) | ae(v)

	

else {
	

	

     if ( ALF_mask_id==0 ) {
	

	


     for (i=0; i<8; i++) {
	

	


         c[i]
	 ae(v)

	

         }
	

	

     }
	

	              else {
	

	


     for (i=0; i<6; i++) {
	

	

            c[i]
	ae(v)

	

         }
	

	

     }
	

	

}
	

	
}
	


Semantics

ALF_enabled_flag specifies whether or not ALF is enabled for the LCU. 
ALF_mask_id specifies whether he 5x5 diamond shape or the 9x3 cross shape filter mask is to be used. 

copy_flag specifies whether or not the LCU shall use filter coefficients from one of the previous ALF-enabled LCUs or whether new filter coefficients is signaled in the bit-stream.
copy_id when present, specifies which of the previous ALF-enabled LCU with ALF mask equal to ALF_mask_id shall be used to define the current ALF coefficients.
c[i] is used to determine the value of coefficient number i of the specified filter shape.

Decoding process 
Derivation process for filter coefficients
This process is invoked when both adaptive_loop_filter_enabled_flag, adaptive_loop_filter_flag, ALF_enabled_flag  and  are all equal to 1.

Outputs of this process are filter coefficients cL for the luma samples.
The value of AlfCodedLengthLuma is derived as follows.

If ALF_mask_id is equal to 0, 


AlfCodedLengthLuma = 8

Otherwise (ALF_mask_id is not equal to 0),


AlfCodedLengthLuma = 5

The luma filter coefficients cL with elements cL[ j ], j = 0..AlfCodedLengthLuma – 1 are derived as follows.
If copy_flag is equal to 1, 


cL[ j ] = prevCoeff[ALF_mask_id][copy_id][j], j = 0..AlfCodedLengthLuma – 1
Otherwise (copy_flag is not equal to 1),

If ALF_mask_id is equal to 0,


if (j==4 | |  j==7)



d[ j ] = ((c[i]&1) ? ((c[j]+1)>>1) : -(c[j]>>1)) + alf_offset


else




d[ j ] = (c[i]&1) ? -((c[j]+1)>>1) : c[j]>>1



where alf_offset is determined from Table 1.


Otherwise (ALF_mask_id is not equal to 0),


if (j==0 | |  j==4)




d[ j ] = (c[i]&1) ? ((c[j]+1)>>1) : -(c[j]>>1)



else




d[ j ] = (c[i]&1) ? -((c[j]+1)>>1) : c[j]>>1


Next, derive ALF_shift as follows



ALF_shift = 16 – Min(7,Max(4,(37-QPY)/5 + 4))


Next, determine the filter coefficient cL as



cL[ j ] = d[j]<<ALF_shift, j = 0..AlfCodedLengthLuma – 2



cL[AlfCodedLengthLuma – 1] = (1<<ALF_shift)–2*( cL[0] + … + cL[AlfCodedLengthLuma–2 ]) 

Finally, the prevCoeffArray is updated as follows.

for (i=15; i>=1; i--){



prevCoeff[ALF_mask_id][i][j] = prevCoeff[ALF_mask_id][i-1][j], j=0..AlfCodedLengthLuma–1
       }

       prevCoeff[ALF_mask_id][0][j] = cL[ j ], j=0..AlfCodedLengthLuma–1
Table 1 Determination of ALF_offset
	
	ALF_shift=4
	ALF_shift=5
	ALF_shift=6
	ALF_shift=7

	pic_height_in_luma_samples < 300
	0
	0
	0
	0

	300 <= pic_height_in_luma_samples < 600
	3
	2
	2
	1

	600 <= pic_height_in_luma_samples < 900
	18
	12
	6
	3

	900 <= pic_height_in_luma_samples
	12
	7
	4
	2


Filtering  process  for filter coefficients
If ALF_mask_id is equal to 0, the samples of the reconstructed luma picture are derived as follows:
recFiltPictureL[xC+x][yC+y] = 


cL[0] * (s''[xC+x-2][yC+y-2] + s''[xC+x+2][yC+y+2]) +


cL[1] * (s''[xC+x+0][yC+y+2] + s''[xC+x+0][yC+y-2]) +


cL[2] * (s''[xC+x+2][yC+y-2] + s''[xC+x-2][yC+y+2]) +


cL[3] * (s''[xC+x+1][yC+y+1] + s''[xC+x-1][yC+y-1]) +


cL[4] * (s''[xC+x+0][yC+y+1] + s''[xC+x+0][yC+y-1]) +


cL[5] * (s''[xC+x-1][yC+y+1] + s''[xC+x+1][yC+y-1]) +


cL[6] * (s''[xC+x-2][yC+y+0] + s''[xC+x+2][yC+y+0]) +


cL[7] * (s''[xC+x-1][yC+y+0] + s''[xC+x+1][yC+y+0]) +


cL[8] * s''[xC+x+0][yC+y+0]

Otherwise (ALF_mask_id is not equal to 0), the samples of the reconstructed luma picture are derived as follows:

recFiltPictureL[xC+x][yC+y] = 


cL[0] * (s''[xC+x+0][yC+y-1] + s''[xC+x+0][yC+y+1]) +


cL[1] * (s''[xC+x-4][yC+y+0] + s''[xC+x+4][yC+y+0]) +


cL[2] * (s''[xC+x-3][yC+y+0] + s''[xC+x+3][yC+y+0]) +


cL[3] * (s''[xC+x-2][yC+y+0] + s''[xC+x+2][yC+y+0]) +


cL[4] * (s''[xC+x-1][yC+y+0] + s''[xC+x+1][yC+y+0]) +


cL[5] * s''[xC+x+0][yC+y+0]
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