7.3.3.5 Adaptive loop filter parameter syntax

	alf_param() {
	C
	Descriptor

	
adaptive_loop_filter_flag
	2
	u(1)

	
if ( adaptive_loop_filter_flag ) {
	
	

	

alf_region_adaptation_flag
	2
	u(1)

	

alf_length_luma_minus_5_div2
	2
	ue(v)

	

alf_no_filters_minus1
	2
	ue(v)

	

if (alf_no_filters_minus1 == 1)
	
	

	


alf_start_second_filter
	2
	ue(v)

	

else if (alf_no_filters_minus1 > 1) {
	
	

	


for (i=0; i< 16; i++)
	
	

	



alf_filter_pattern[i]
	2
	u(1)

	

}
	
	

	

if (AlfNumFilters > 1)
	
	

	


alf_pred_method
	2
	u(1)

	

alf_min_kstart_minus1
	2
	ue(v)

	

for (i=0; i < AlfMaxDepth; i++)
	
	

	


alf_golomb_index_bit[i]
	2
	u(1)

	

for (i=0; i< AlfNumFilters; i++) 
	
	

	


for (j=0; j< AlfCodedLengthLuma; j++) 
	
	

	



alf_coeff_luma[i][j]
	
	ge(v)

	

alf_chroma_idc
	2
	ue(v)

	

if ( alf_chroma_idc ) {
	
	

	


alf_length_chroma_minus_5_div2
	2
	ue(v)

	


for( i = 0; i< AlfCodedLengthChroma; i++ )
	
	

	



alf_coeff_chroma[i]
	
	se(v)

	

}
	
	

	
}
	
	

	}
	
	


alf_length_chroma_minus5_div2 specifies the filter length in horizontal direction for the luma component alfTapC used in the adaptive loop filter process as specified by
The chroma filter length alfTapC, the number of coded chroma filter coefficients AlfCodedLengthChroma, and the number of chroma filter coefficients AlfLengthChroma are derived as follows:

alfTapC =  7 ( alf_length_chroma_minus5_div2 << 1 ) + 5
(7‑17)
AlfCodedLengthChroma = ( ( alfTapC * alfTapC ) >> 2 ) + 2
(7‑18)
AlfLengthChroma = ( (alfTapC * alfTapC) >> 1) + 1

(7‑19)
8.6.3.2 Derivation process for filter index array for luma samples

Inputs of this process are:

–
a luma location ( xC, yC ) specifying the top-left luma sample of the current coding unit relative to the top left luma sample of the current picture,

–
a variable log2CUSize specifying the size of the current coding unit.
Output of this process is the two-dimensional filter index array of (nS)x(nS), fIdx.

A variable nS is set equal to ( 1 << log2CUSize ) and s’ represents the luma sample array recPictureL of the current picture.

The filter index array fIdx is specified in the follows:
· When alf_region_adaptation_flag is equal to 1, the following ordered steps apply.

1. The variables xIdx and yIdx are derived as


regionTab[16] = { 0, 1, 4, 5, 15, 2, 3, 6, 14, 11, 10, 7, 13, 12, 9, 8 }
(8‑474)

offset = (1 << Log2MaxCUSize ) – 1 

(8‑474)

xInterval = ( ( ( PicWidthInSamplesL + offset ) >> Log2MaxCUSize ) + 1 ) >> 2
(8‑474)

yInterval = ( ( ( PicHeightInSamplesL + offset ) >> Log2MaxCUSize ) + 1 ) >> 2
(8‑474)

xIdx = Min( 3, Floor( ( xC + x ) / ( xInterval << Log2MaxCUSize ) ) )
(8‑474)

yIdx = Min( 3, Floor( ( yC + y ) / ( yInterval << Log2MaxCUSize ) ) )
(8‑474)

2. The filter index fIdx[ x, y ] with x, y = 0..(nS)-1 is derived as


fIdx[ x ][ y ] = regionTab[ ( yIdx << 2 ) + xIdx ]

(8‑474)
· Otherwise (alf_region_flag is equal to 0), the following ordered steps apply for each 4x4 block with top-left luma sample position (xC+xBlk4, yC+yBlk4) in the current coding unit.
3. The variables varTempH[ x ][ y ], varTempV[ x ][ y ] and varTemp1[ x ][ y ] with x, y =  -1..4 is derived as
   LCUHeight = 1 << Log2MaxCUSize;
   VirtualBoundary = LCUHeight – 4;
   LCUYAddr = (yC >> Log2MaxCUSize) <<  Log2MaxCUSize ;
   if  ((yC+yBlk4) % LCUHeight < VirtualBoundary )
   {  
        upperLine = LCUYAddr – 4;
        bottomLine = LCUYAddr + VirtualBoundary – 1;
   }
   else
   { 
        upperLine = LCUYAddr + VirtualBoundary;
        bottomLine = upperLine + LCUHeight – 1;
   }
   cropY1 = Clip3 (upperLine, bottomLine, yC+yBlk4+y+1);
   cropY01 = Clip3 (upperLine, bottomLine, yC+yBlk4+y-1);
   varTempH[ x ][ y ] = | ( s’’[ xC+xBlk4+x, yC+yBlk4+y ] << 1 ) – s’’[ xC+xBlk4+x-1, yC+yBlk4+y ] 
                                                                                                   – s’’[ xC+xBlk4+x+1, yC+yBlk4+y ] |
(8‑474)

varTempV[ x ][ y ] = | ( s’’[ xC+xBlk4+x, yC+yBlk4+y ] << 1 ) – s’’[ xC+xBlk4+x, cropY01] 
                                                                                                   – s’’[ xC+xBlk4+x, cropY1] |
(8‑474)

varTemp1[ x ][ y ] = varTempH[ x ][ y ] + varTempV[ x ][ y ]
(8‑474)
4. The variable varTemp2[ x, y ] with x, y = 0..3 is derived as


varTemp2[ x ][ y ] = (i(j varTemp1[ x + i ][ y + j ] with i, j = -1..1
(8‑474)

5. The variables varTemp3, varTempH1, and varTempV1 are derived as


varTemp3= ((i(j varTemp2[ i ][  j ]) >> 4 with i, j = 0..3
(8‑474)

varTempH1= (i(j varTempH[ i ][  j ] with i, j = 0..3
(8‑474)

varTempV1= (i(j varTempV[ i ][  j ] with i, j = 0..3
(8‑474)

6. The variable direction is derived as

· If varTempV1 is greater than varTempH1 << 1,



direction = 1

· Otherwise, if varTempH1 is greater than varTempV1 << 1,



direction = 2

· Otherwise,



direction = 0

7. The variable avgVar is derived as


varTab[16] = { 0, 1, 2, 2, 2, 3, 3, 3, 3, 3, 4, 4, 4, 4, 4, 4 }
(8‑475)

avgVar = Clip3( 0, 15, (varTemp3 * 114 ) >> (3 + BitDepthY) )
(8‑475)
8. The filter index fIdx[ xBlk4+x, yBlk4+y ] with x, y = 0..3 is derived as


fIdx[ xBlk4+x, yBlk4+y ] = Clip3( 0, 4, varTab[avgVar] ) + 5 * direction
(8‑504)
8.6.3.3 Filtering process for luma samples

Inputs of this process are:

–
a luma location ( xC, yC ) specifying the top-left luma sample of the current coding unit relative to the top left luma sample of the current picture,

–
a variable log2CUSize specifying the size of the current coding unit,

–
a filter index array of (nS)x(nS), fIdx.

Output of this process is the filtered reconstruction of luma picture.

Let s’ be a variable specifying luma sample array recPictureL.

A variable nS is set equal to ( 1 << log2CUSize ) and a variable alfTap is set equal to ( alf_length_luma_minus_5_div2 << 1 ) + 5.

Each sample of luma picture recFiltPictureL[ xC + x ][ yC + y ] with x, y = 0..(nS)-1, is derived as follows.
            LCUHeight = 1 << Log2MaxCUSize;
            VirtualBoundary = LCUHeight – 4;
            LCUYAddr = ( (yC+y) >> Log2MaxCUSize) <<  Log2MaxCUSize ;
            YLineInLCU = yC + y – LCUYAddr;

            if ( (YLineInLCU == VirtualBoundary) || (YLineInLCU == VirtualBoundary-1) )
                 recFiltPictureL[ xC + x ][ yC + y ] = s’[ xC + x ][ yC + y ]
            else
            {
      if  (YLineInLCU < VirtualBoundary )
     {  
          upperLine = LCUYAddr – 4;
          bottomLine = LCUYAddr + VirtualBoundary – 1;
     }
     else
     { 
          upperLine = LCUYAddr + VirtualBoundary;
          bottomLine = upperLine + LCUHeight – 1;
     }
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(8‑476)
     
      if ((YLineInLCU == VirtualBoundary+1) || (YLineInLCU == VirtualBoundary-2))
           recFiltPictureL[ xC + x ][ yC + y ] = (s’[ xC + x ][ yC + y ] + recFiltPictureL[ xC + x ][ yC + y ]) >> 1
 }
    In the equation, N is set equal to AlfNumCoeffLuma-1, and horPos[i] and verPos[i] are specified in Table 8‑14 and Table 8‑15, respectively.
Table 8‑12 – Specification of horPos[ i ] according to alfTap for adaptive loop filter process of luma samples
	i
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	alfTap = 5
	0
	-1
	0
	1
	-2
	-1
	0
	1
	2
	-1
	0
	1
	0
	-
	-
	-
	-
	-
	-
	-
	-

	alfTap = 7
	0
	-1
	0
	1
	-2
	-1
	0
	1
	2
	-3
	-2
	-1
	0
	1
	2
	3
	-2
	-1
	0
	1
	2

	alfTap = 9
	0
	-1
	0
	1
	-2
	-1
	0
	1
	2
	-3
	-2
	-1
	0
	1
	2
	3
	-4
	-3
	-2
	-1
	0


	i
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	alfTap = 5
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	alfTap = 7
	-1
	0
	1
	0
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	alfTap = 9
	1
	2
	3
	4
	-3
	-2
	-1
	0
	1
	2
	3
	-2
	-1
	0
	1
	2
	-1
	0
	1
	0


Table 8‑13 – Specification of verPos[ i ] according to alfTap for adaptive loop filter process of luma samples
	i
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	alfTap = 5
	-2
	-1
	-1
	-1
	0
	0
	0
	0
	0
	1
	1
	1
	2
	
	
	
	
	
	
	
	-

	alfTap = 7
	-3
	-2
	-2
	-2
	-1
	-1
	-1
	-1
	-1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1

	alfTap = 9
	-4
	-3
	-3
	-3
	-2
	-2
	-2
	-2
	-2
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	0
	0
	0
	0
	0


	i
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	alfTap = 5
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	alfTap = 7
	2
	2
	2
	3
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	alfTap = 9
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	2
	2
	2
	2
	2
	3
	3
	3
	4
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Figure 8‑8 Mapping between geometric position and luma adaptive loop filter index according to alfTap (informative)
8.6.3.4  Filtering process for chroma samples

Inputs of this process are:

–
a chroma location ( xC, yC ) specifying the top-left luma sample of the current coding unit relative to the top left chroma sample of the current picture,

–
a variable log2CUSize specifying the size of the current coding unit.

–
a variable cIdx specifying the chroma component index.

Output of this process is the filtered reconstruction of chroma picture.

Let s’ be a variable specifying chroma sample array which is derived as follows.

–
If cIdx is equal to 1, s’ represents the chroma sample array recPictureCb of the current picture and recFiltPicture represents the filtered reconstruction of chroma picture recFiltPictureCb.

–
Otherwise (cIdx is equal to 2), s’ represents the chroma sample array recPictureCr of the current picture and recFiltPicture represents the filtered reconstruction of chroma picture recFiltPictureCr.

A variable nS is set equal to ( 1 << log2CUSize ) and a variable alfTapChroma is set equal to 7 ( alf_length_chroma_minus_5_div2 << 1 ) + 5.

Filtered samples of chroma picture recFiltPicture[ xC + x ][ yC + y ] with x, y = 0..(nS)-1, are derived as follows.
LCUHeight = 1 << (Log2MaxCUSize – 1);
VirtualBoundary = LCUHeight – 2;
LCUYAddr = ( (yC+y) >> Log2MaxCUSize) <<  Log2MaxCUSize ;
YLineInLCU = yC + y – LCUYAddr;

if ( (YLineInLCU == VirtualBoundary) || (YLineInLCU == VirtualBoundary-1) )
      recFiltPicture [ xC + x ][ yC + y ] = s’[ xC + x ][ yC + y ]
else
{
     if  (YLineInLCU < VirtualBoundary )
     {  
          upperLine = LCUYAddr – 2;
          bottomLine = LCUYAddr + VirtualBoundary – 1;
     }
     else
     { 
          upperLine = LCUYAddr + VirtualBoundary;
          bottomLine = upperLine + LCUHeight – 1;
     }
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(8‑477)
    
     if ( (YLineInLCU == VirtualBoundary+1) || (YLineInLCU == VirtualBoundary-2) )
        recFiltPicture [ xC + x ][ yC + y ] = (s’[ xC + x ][ yC + y ] + recFiltPicture [ xC + x ][ yC + y ]) >> 1
}
    In the equation, N is set equal to AlfNumCoeffChroma-1, and horPos[i] and verPos[i] are specified in Table 8‑14  and Table 8‑15, respectively.
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