
8.6.1.4.2    Filtering process for luma block edge

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 luma location ( xB, yB ) specifying the top-left luma sample of the current block relative to the top left luma sample of the current coding unit,

–
a variable verticalEdgeFlag,
–
a variable bS specifying the boundary filtering strength,

–
a variable dE containing a decision,

–
one-dimensional array of size (8), dS containing decisions,

–
a variable bSL,
–
a variable tCL,
–
a variable log2CUSize specifying the coding unit size,
Output of this process is:

–
a three-dimensional array LineMem of size (1+FrameHeight/(1<< log2CUSize))x(6)x(FrameWidth),
–
modified reconstruction of the picture.
Let s’ represent the luma sample array recPictureL of the current picture.

Depending on pcm_flag, a variable β is specified as follows:

–
If pcm_flag is equal to 1, the variables β is specified as Table 8‑11 with luma quantization parameter 0 as input.

–
Otherwise, the variables β is specified as Table 8‑11 with luma quantization parameter qPL as input.

A variable tC is specified as follows:

–
If bS is greater than 2, the variable tC is specified as Table 8‑11 with luma quantization parameter ( qPL + 4 ) as input,

–
Otherwise (bS is equal or less than 2), the variable tC is specified as Table 8‑11 with luma quantization parameter qPL as input.
LCUSize = (1<< log2CUSize)
LCURowNo = yC/ LCUSize
Depending on verticalEdgeFlag, the following applies:
–
If verticalEdgeFlag is equal to 1, the following ordered steps apply:

1. The sample values pi,k and qi,k with i = 0..3 and k = 0..7 are derived as follows:


qi,k = s’[ xC + xB +i, yC + yB + k ]

(8‑432)

pi,k = s’[ xC + xB – i – 1, yC + yB + k ]

(8‑433)

2. If dE is not equal to 0, for each sample location ( xC + xB, yC + yB + k ), k = 0..7, the following ordered steps apply:

a. The filtering process for a luma sample specified in subclause 8.6.1.4.5 is invoked with sample values pi,k, qi,k with i = 0..3, the decision dS[k], the boundary filtering strength bS and the variable tC as inputs and the number of filtered samples nD and the filtered sample values pi’ and qi’ as outputs.
b. The filtered sample values pi’ and qi’ with i = 0..nD – 1 replace the corresponding samples inside the sample array s’ as follows:



s’[ xC + xB +i, yC + yB + k ] = qi’

(8‑435)




s’[ xC + xB – i – 1, yC + yB + k ] = pi’

(8‑436)
c. The filtered sample values are stored in the line memory LineMem as follows, with i = 0…7:

· If   (yB+k) is greater than or equal to (LCUSize-4)


LineMem[LCURowNo,  xC + xB + i,   yB +k – LCUSize + 6] = s’[ xC + xB +i, yC + yB + k ]
–
Otherwise (verticalEdgeFlag is equal to 0), the following ordered steps apply:

1. If xPOS is equal to 1, the parameters ks and ke are set to -3 and 4 respectively. If xD is equal to 2, the parameters ks and ke are set to 0 and 4 respectively. Otherwise ks and ke are set to 0 and 7 respectively.
2. The sample values pi,k and qi,k with i = 0..3 and k = ks..ke are derived as follows:


qi,k = s’[ xC + xB +k, yC + yB + i ]

(8‑437)

pi,k = s’[ xC + xB +k, yC + yB – i – 1 ]

(8‑438)
3. If xPOS is less than 0 and dEL is not equal to 0, for each sample location ( xC + xB + k, yC + yB ), k = -3..-1, the following ordered steps apply:

a. The filtering process for a luma sample specified in subclause 8.6.1.4.5 is invoked with sample values pi,k, qi,k with i = 0..3, decision dSL[k+3], the boundary filtering strength bSL and the variable tCL as inputs and the number of filtered samples nD and the filtered sample values pi’ and qi’ as outputs.
b. The filtered sample values pi’ and qi’ with i = 0..nD – 1 replace the corresponding samples inside the sample array s’ as follows:




s’[ xC + xB +k, yC + yB + i ] = qi’

(8‑459)




s’[ xC + xB +k, yC + yB – i – 1 ] = pi’

(8‑460)
1. If dE is not equal to 0, for each sample location ( xC + xB + k, yC + yB ), k = 0.. ke , the following ordered steps apply:

a. The filtering process for a luma sample specified in subclause 8.6.1.4.5 is invoked with sample values pi,k, qi,k with i = 0..3, decision dS[k], the boundary filtering strength bS and the variable tC as inputs and the number of filtered samples nD and the filtered sample values pi’ and qi’ as outputs.

b. The filtered sample values pi’ and qi’ with i = 0..nD – 1 replace the corresponding samples inside the sample array s’ as follows:




s’[ xC + xB +k, yC + yB + i ] = qi’

(8‑461)



s’[ xC + xB +k, yC + yB – i – 1 ] = pi’

(8‑462)
8.6.1.4.3    Filtering process for chroma block edge

[Ed.: (WJ) cIdx cannot be 0 here]

Inputs of this process are:

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

–
a luma location ( xB, yB ) specifying the top-left chroma sample of the current block relative to the top left chroma sample of the current coding unit,

–
a variable verticalEdgeFlag,

–
a variable bS specifying the boundary filtering strength,

–
a variable cIdx specifying the chroma component index.
–
a variable xPOS,
–
a variable bSL,
–
a variable tCL
· a variable log2CUSize specifying the coding unit size,



Output of this process is:
· four-dimensional array LineMemC of size (FrameHeight/(1<< log2CUSize))x(2)x(8)x(FrameWidth>>1),
–
modified reconstruction of the 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.

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

A variable tC is specified as follows:

–
If bS is greater than 2, the variable tC is specified specified as Table 8‑13 with luma quantization parameter ( qPL + 4 ) as input,

–
Otherwise (bS is equal or less than 2), the variable tC is specified as Table 8‑13 with luma quantization parameter qPL as input.

Depending on verticalEdgeFlag, the following applies:
LCUSize = (1<< log2CUSize)>>1
LCURowNo = yC/ LCUSize
–
If verticalEdgeFlag is equal to 1, for each sample location ( xC + xB, yC + yB + k ), k = 0..3, the following ordered steps apply:
1. The sample values pi and qi with i = 0..1 are derived as follows:


qi = s’[ xC + xB +i, yC + yB + k ]

(8‑442)

pi = s’[ xC + xB – i – 1, yC + yB + k ]

(8‑443)
2. If bS is greater than 2, the following ordered steps apply:

a. The filtering process for a sample specified in subclause 8.6.1.4.6 is invoked with sample values pi, qi, with i = 0..1, the boundary filtering strength bS and the variable tC as inputs and the filtered sample values p0’ and q0’ as outputs.

b. The filtered sample values p0’ and q0’ replace the corresponding samples inside the sample array s’ as follows:



s’[ xC + xB , yC + yB + k ] = q0’

(8‑444)



s’[ xC + xB – 1, yC + yB + k ] = p0’

(8‑445)
       3.    The filtered sample values are stored in the line memory LineMem as follows, with i = 0…3:

· If   (yB + k) is greater than or equal to LCUSize - 8

LineMemC[LCURowNo,  cIdx, xC + xB + i, yB +k +8 - LCUSize] = s’[ xC + xB +i, yC + yB + k ]

–
Otherwise (verticalEdgeFlag is equal to 0), the following ordered steps apply:
1. If xPOS is equal to 1, the parameters ks and ke are set to -1 and 2 respectively. If xD is equal to 2, the parameters ks and ke are set to 0 and 2 respectively. Otherwise ks and ke are set to 0 and 3 respectively.
2. The sample values pi and qi with i = 0..1 and k = ks..ke are derived as follows:


qi = s’[ xC + xB +k, yC + yB + i ]

(8‑446)

pi = s’[ xC + xB +k, yC + yB – i – 1 ]

(8‑447)
3. If xPOS is less than 0, and if bSL, is greater than 2, for each sample location ( xC + xB - 1, yC + yB ), the following ordered steps apply:
a. The filtering process for a sample specified in subclause 8.6.1.4.6 is invoked with sample values pi, qi, with i = 0..1, the boundary filtering strength bSL and the variable tCL as inputs and the filtered sample values p0’ and q0’ as outputs.

b. The filtered sample values p0’ and q0’ replace the corresponding samples inside the sample array s’ as follows:




s’[ xC + xB +k, yC + yB ] = q0’

(8‑452)



s’[ xC + xB +k, yC + yB – i – 1 ] = pi’

(8‑445)
4. If bS is greater than 2, for each sample location ( xC + xB + k, yC + yB ), k = 0.. ke, the following ordered steps apply:

c. The filtering process for a sample specified in subclause 8.6.1.4.6 is invoked with sample values pi, qi, with i = 0..1, the boundary filtering strength bS and the variable tC as inputs and the filtered sample values p0’ and q0’ as outputs.

d. The filtered sample values p0’ and q0’ replace the corresponding samples inside the sample array s’ as follows:




s’[ xC + xB +k, yC + yB ] = q0’

(8‑448)



s’[ xC + xB +k, yC + yB – 1 ] = p0’

(8‑449)
8.6.2    Sample adaptive offset process

A sample adaptive offset process shall be conditionally performed after the completion of the deblocking filter process for the decoded picture. 
This process is invoked when both sample_adaptive_offset_enabled_flag and sample_adaptive_offset_flag are equal to 1.

This process is performed on a region basis which is aligned with the LCU boundaries after the completion of the slice construction process prior to sample adaptive offset process for the entire decoded process.
The sample adaptive offset process is invoked with the region equal to entire slice here.
[Ed.: (WJ) invoking is needed]
8.6.2.1    Modification process for sample adaptive offset

[Ed.: (WJ) recursive partitioning is invoked here]
8.6.2.1.1    Modification process for luma samples
[Ed:. (WJ) offset is added here]
Note: 
1. LineMem array is used as an input here.

2. The output of this process is stored in LineMem array.
8.6.3.3    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.
· a sample array of size (FrameHeight/(1<< log2CUSize))x (6)x(FrameWidth), LineMem
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 ).
The boundary padding process specified in subclause 8.6.3.1 is invoked with the luma location ( xC, yC ), the size of coding unit log2CUSize and the chroma component index cIdx set equal to 0, and the output is assigned to the luma sample array s’’. [Ed. (WJ): s’’ is now a picture-size array, but actually CU size + appropriate margin is enough]
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.
LCUSize = (1<<log2CUSize)
LCURowNo = yC/ LCUSize
3. The variables varTempH[ x ][ y ], varTempV[ x ][ y ] and varTemp1[ x ][ y ] with x, y = -1..(nS)+1 is derived as
· If   y  is greater than (LCUSize-6) and y is smaller than (LCUSize-2)
varTempH[ x ][ y ] = | ( LineMem[LCURowNo, xC+x, y-LCUSize+6] << 1 ) – LineMem[LCURowNo, xC+x-1, y-LCUSize+6] – LineMem[LCURowNo, xC+x+1, y –LCUSize+6] |
 
varTempV[ x ][ y ] = | ( LineMem[LCURowNo,  xC+x, y-LCUSize+6] << 1 ) –LineMem[LCURowNo, xC+x, y-LCUSize+6-1 ] – LineMem[LCURowNo, xC+x, y-LCUSize+6+1 ] |

· Otherwise

varTempH[ x ][ y ] = | ( s’’[ xC+x, yC+y ] << 1 ) – s’’[ xC+x-1, yC+y ] – s’’[ xC+x+1, yC+y ] |
(8‑474)

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


varTemp1[ x ][ y ] = varTempH[ x ][ y ] + varTempV[ x ][ y ]
(8‑474)
4. The variable varTemp2[ x, y ] with x, y = 0..(nS)-1 is derived as

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

5. The variables varTemp3[ x, y ], varTempH1[ x, y ] and varTempV1[ x, y ] with x, y = 0..( (nS) – 1 )>>2 are derived as

varTemp3[ x ][ y ] = ((i(j varTemp2[ (x << 2 ) + i ][ (y << 2) + j ]) >> 4 with i, j = 0..3
(8‑474)

varTempH1[ x ][ y ] = (i(j varTempH[ (x << 2 ) + i ][ (y << 2) + j ] with i, j = 0..3
(8‑474)

varTempV1[ x ][ y ] = (i(j varTempV[ (x << 2 ) + i ][ (y << 2) + j ] with i, j = 0..3
(8‑474)
6. The variable direction is derived as

· If   y is equal to (LCUSize-4)
· If varTempV1[ x >> 2 ][ (y >> 2) -1 ] is greater than varTempH1[ x >> 2 ][ (y >> 2) -1 ] << 1,



direction = 1
· Otherwise, if varTempH1[ x >> 2 ][ (y >> 2)-1 ] is greater than varTempV1[ x >> 2 ][ (y >> 2)-1 ] << 1,


direction = 2

· Otherwise,



direction = 0
· Otherwise
·  If varTempV1[ x >> 2 ][ y >> 2 ] is greater than varTempH1[ x >> 2 ][ y >> 2 ] << 1,



direction = 1

· Otherwise, if varTempH1[ x >> 2 ][ y >> 2 ] is greater than varTempV1[ x >> 2 ][ y >> 2 ] << 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)
· If  y is equal to (LCUSize-4)

avgVar = Clip3( 0, 15, (varTemp3[ x >> 2 ][ (y >> 2) - 1 ] * 114 ) >> (3 + BitDepthY) )

· Otherwise
avgVar = Clip3( 0, 15, (varTemp3[ x >> 2 ][ y >> 2 ] * 114 ) >> (3 + BitDepthY) )
(8‑475)
8. The filter index fIdx[ x, y ] with x, y = 0..(nS)-1 is derived as


fIdx[ x ][ y ] = Clip3( 0, 4, varTab[avgVar] ) + 5 * direction
(8‑504)
8.6.3.4    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.
· a sample array of size (FrameHeight/(1 << log2CUSize ))x(6)x(FrameWidth), LineMem
Output of this process is the filtered reconstruction of luma picture.

The boundary padding process specified in subclause 8.6.3.1 is invoked with the luma location ( xC, yC ), the size of coding unit log2CUSize and the chroma component index cIdx set equal to 0, and the output is assigned to the luma sample array s’’. [Ed. (WJ): s’’ is now a picture-size array, but actually CU size + appropriate margin is enough]
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.
LCUSize = (1<<log2CUSize)
LCURowNo = yC/ LCUSize
· If y is greater than or equal to (LCUSize–6) and  y is smaller than (LCUSize–3)
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· Else If y greater than or equal to (LCUSize–3) and y smaller than LCUSize 
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· otherwise
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(8‑476)
where 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 8‑15 – 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

	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

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


	i
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38

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

	alfTap = 7
	2
	-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


Table 8‑16 – 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

	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

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


	i
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38

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

	alfTap = 7
	1
	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


[image: image4.emf]0

1 2 3

4 5 6 7 8

9 10 11

12

0

1 2 3

4 5 6 7 8

21 22 23

24

9 10 11 12 13 14 15

16 17 18 19 20

0 1 2

3 4 5 6 7

8 9 10 11 12 13 14

15 16 17 18 19 20 21 22 23

24 25 26 27 28 29 30

31 32 33 34 35

36 37 38

(a) alfTap= 5 (a) alfTap= 7 (a) alfTap= 9


Figure 8‑8 Mapping between geometric position and luma adaptive loop filter index according to alfTap (informative)

8.6.3.5    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.
–   four-dimensional array LineMemC of size (FrameHeight/(1<< log2CUSize))x(2)x(8)x(FrameWidth>>1),
Output of this process is the filtered reconstruction of chroma picture.

The boundary padding process specified in subclause 8.6.3.1 is invoked with the chroma location ( xC, yC ), the size of coding unit log2CUSize and the chroma component index cIdx, and the output is assigned to the luma sample array s’’. [Ed. (WJ): s’’ is now a picture-size array, but actually CU size + appropriate margin is enough]
A variable nS is set equal to ( 1 << log2CUSize ) and a variable alfTapChroma is set equal to ( 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.
LCUSize = (1<<(log2CUSize-1))
LCURowNo = yC/LCUSize
· If y is equal to (LCUSize– (alfTapChroma+1)/2)
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· Otherwise
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    (8‑477)
where 
N = AlfNumCoeffChroma – 1,

(8‑478)

horPos[ i ] = ( i %  alfTapChroma ) – ( alfTapChroma >> 1 ), and
(8‑479)

verPos[ i ] = ( i /  alfTapChroma ) – ( alfTapChroma >> 1 )
(8‑480)
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