Sample Adaptive Offset
	sao_split_param( rx, ry, Depth, component ) {
	C
	Descriptor

	  if( Depth < SaoMaxDepth){
	
	

	    sao_split_flag [ component ] [ Depth ][ ry ][ rx ] 
	2
	u(1)|ae(v)

	  } else {
	
	

	    sao_split_flag [ component ] [ Depth ][ ry ][ rx ] = 0
	
	

	  }
	
	

	  if(sao_split_flag [ component ] [ Depth ][ ry ][ rx ] ) {
	
	

	    sao_split_param(2*rx + 0, 2*ry + 0, Depth + 1, component )
	
	

	    sao_split_param(2*rx + 1, 2*ry + 0, Depth + 1, component )
	
	

	    sao_split_param(2*rx + 0, 2*ry + 1, Depth + 1, component )
	
	

	    sao_split_param(2*rx + 1, 2*ry + 1, Depth + 1, component )
	
	

	  }
	
	

	}
	
	


	sao_offset_param ( rx, ry, Depth, component ) {
	C
	Descriptor

	  if( sao_split_flag[component][Depth][ry][rx] ) {
	
	

	    sao_offset_param (2*rx + 0, 2*ry + 0, Depth + 1, component )
	
	

	    sao_offset_param (2*rx + 1, 2*ry + 0, Depth + 1, component )
	
	

	    sao_offset_param (2*rx + 0, 2*ry + 1, Depth + 1, component )
	
	

	    sao_offset_param (2*rx + 1, 2*ry + 1, Depth + 1, component )
	
	

	  } else {
	
	

	    sao_type_idx [ component ] [ Depth ][ ry ][ rx ] 
	2
	ue(v)|ae(v)

	    if( sao_type_idx != 0 ) {
	
	

	      for( i = 0; i < SaoOffsetNum[ sao_type_idx ]; i++ )
	
	

	        sao_offset [ component ] [ Depth ][ ry ][ rx ][ i ] 
	2
	se(v)|ae(v)

	    }
	
	

	  }
	
	

	}
	
	


Sample adaptive offset parameter semantics
sao_flag equal to 0 denotes SAO for luma is disabled for the current picture; equal to 1 denotes the opposite.

sao_flag_cb equal to 0 denotes SAO for Cb is disabled for the current picture; equal to 1 denotes the opposite.

sao_flag_cr equal to 0 denotes SAO for Cr is disabled for the current picture; equal to 1 denotes the opposite.
sao_split_flag [ component ] [ sao_curr_depth ] [ ry ][ rx ] specifies whether a region is split into four sub-regions with half horizontal and vertical number of maximum size CU. The array indices rx, ry specify the current region of current sao_curr_depth, and the array index, component specifies the component is luma, chroma-cb, or chroma-cr. The derivation of SaoMaxDepth is described as follows:
DefaultSaoMaxDepth = 4 (predefined value)

   PicWidthInLCu = (pic_width_in_luma_samples + (1 << Log2MaxCUSize )-1) / (1 << Log2MaxCUSize)

   PicHeightInLCu = (pic_height_in_luma_samples + (1 << Log2MaxCUSize )-1) / (1 << Log2MaxCUSize)



max_depth_W = Floor(log2(PicWidthInLCu)) 

   max_depth_H = Floor(log2(PicHeightInLCu))

–  If max_depth_W is larger than max_depth_H



SaoMaxDepthTmp is set to max_depth_H


–  Otherwise, 

   SaoMaxDepthTmp is set to max_depth_W



–  If SaoMaxDepthTmp is smaller than DefaultSaoMaxDepth

      SaoMaxDepth is set to SaoMaxDepthTmp


–  Otherwise (SaoMaxDepthTmp is equal to or larger than DefaultSaoMaxDepth)


      SaoMaxDepth is set to DefaultSaoMaxDepth

If sao_curr_depth is equal to or larger than SaoMaxDepth, the value of sao_split_flag [ component ] [ sao_curr_depth ] [ ry ][ rx ] is inferred to be 0
sao_type_idx [ component ] [ sao_curr_depth ] [ ry ][ rx ] indicates the offset type to be applied in the region (rx, ry) of sao_curr_depth-th depth of current slice.
sao_offset [ component ] [ sao_curr_depth ] [ ry ][ rx ] [ i ] indicates the i-th category offset value to be applied in the region (rx,ry) of sao_curr_depth-th depth of current slice. The sao_offset number of each offset type, nSaoLength [sao_type_idx], is specified in Table 7-7.


Table 7‑7 – Specification of sao_type_idx
	sao_type_idx
	sample adaptive offset type
	Number of categories, nSaoLength [sao_type_idx]

	0
	None
	0

	1
	1-D 0-degree pattern edge offset
	4

	2
	1-D 90-degree pattern edge offset
	4

	3
	1-D 135-degree pattern edge offset
	4

	4
	1-D 45-degree pattern edge offset
	4

	5
	central bands band offset
	16

	6
	side bands band offset
	16


0.1.1 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. In a selected region for the processed video data, each of pixels in the region is classified based on its characteristic measurement. For each class in the region, one intensity offset is applied. Sample adaptive offset includes band offset (BO) and edge offset (EO). BO and EO classify pixels by intensity interval and 1-D pixel patterns respectively. One offset is derived for each category of pixels. A picture can be divided into multiple regions aligned with largest coding unit boundaries, and each region is allowed to switch between BO and EO. 

Edge offset (EO) classifies all pixels of a region into multiple categories by comparing with neighboring pixels and compensates the average offset in each category. The classification types of four 1-D patterns are 1-D 0-degree pattern, 1-D 90-degree pattern, 1-D 135-degree pattern, and 1-D 45-degree pattern. Band offset (BO) classifies all pixels of a region into multiple bands where each band contains pixels of the same intensity interval and has a derived offset. The intensity range is equally divided into M intervals between minimum and the maximum intensity values, and each interval has an offset. The central M/2 bands and the rest M/2 bands are denoted as the first group and the second group, respectively, and only one group of offsets in the selected region is processed. The BO process uses the first five significant bits of pixels as the input of BO process to reduce the complexity. The SAO decoding process of a largest CU does not require any data from other largest CUs; i.e. the SAO decoding process is largest CU-independent and does not need any line buffer. Each offset value has 1-bit bit-depth increase when the internal bit-depth increase is non-zero.
SAO process is invoked when both sample_adaptive_offset_enabled_flag is equal to 1 and the sao_flag is equal to 1. 

If sao_flag is equal to 1, the decoding process for luma region as specified in this subclause 8.6.2.1 is invoked with the luma region ( 0, 0 ), the luma largest CU location ( 0, 0 ), the variable sao_curr_depth set equal to 0, the variable saoWidthInCu set equal to PicWidthInLCu, and the variable saoHeightInCu set equal to PicHeightInLCu, where the parameter PicWidthInLCu is the number of largest CU in picture width and PicHeightInLCu is the number of largest CU in picture height (in section sample adaptive offset parameter semantics). If sao_flag_cb or sao_flag_cr is equal to 1, the decoding process for chroma-cb or chroma-cr region as specified in this subclause 8.6.2.1 is also invoked with the same initial parameters as luma process for each chroma component.  
Derivation process for sample adaptive offset 
Inputs to this process are:

–
a location (rx, ry ) specifying the current region of current depth,

–
a location ( xC, yC ) specifying the top-left largest CU location of the current region relative to the top‑left sample of the current picture,

–
a variable sao_curr_depth specifying the hierarchy depth of the current region.

–
a variable saoWidthInCu specifying the number of largest CUs in width of the current region,

–
a variable saoHeightInCu specifying the number of largest CUs in height of the current region,

Output of this process is:

–
a modified reconstruction of the current region.

Depending sao_split_flag [ component ] [ sao_curr_depth ] [ ry ][ rx ], the following applies:

–
If sao_split_flag [ component ] [ sao_curr_depth ] [ ry ][ rx ] is equal to 1 and sao_curr_depth is smaller than SaoMaxDepth, the following ordered steps apply:

1. saoWidthInCuDown1 =  saoWidthInCu >> 1
2. saoWidthInCuDown2 =  saoWidthInCu – saoWidthInCuDown1
3. saoHeightInCuDown1 =  saoHeightInCu >> 1
4. saoHeightInCuDown2 =  saoHeightInCu – saoHeightInCuDown1
5. xCDown1 = xC
6. xCDown2 = xC + saoWidthInCuDown1
7. yCDown1 = yC
8. yCDown2 = yC + saoHeightInCuDown1
9. The decoding process for region as specified in this subclause is invoked with the region ( 2*rx, 2*ry), the largest CU location ( xCDown1, yCDown1), the variable sao_curr_depth set equal to sao_curr_depth + 1, the variable saoWidthInCu set equal to saoWidthInCuDown1, and the variable saoHeightInCu set equal to saoHeightInCuDown1.

10. The decoding process for region as specified in this subclause is invoked with the region ( 2*rx+1, 2*ry), the largest CU location ( xCDown2, yCDown1), the variable sao_curr_depth set equal to sao_curr_depth + 1, the variable saoWidthInCu set equal to saoWidthInCuDown2, and the variable saoHeightInCu set equal to saoHeightInCuDown1.

11. The decoding process for region as specified in this subclause is invoked with the region ( 2*rx, 2*ry+1), the largest CU location ( xCDown1, yCDown2), the variable sao_curr_depth set equal to sao_curr_depth + 1, the variable saoWidthInCu set equal to saoWidthInCuDown1, and the variable saoHeightInCu set equal to saoHeightInCuDown2.

12. The decoding process for region as specified in this subclause is invoked with the region ( 2*rx+1, 2*ry+1), the largest CU location ( xCDown2, yCDown2), the variable sao_curr_depth set equal to sao_curr_depth + 1, the variable saoWidthInCu set equal to saoWidthInCuDown2, and the variable saoHeightInCu set equal to saoHeightInCuDown2.

–
Otherwise (sao_split_flag [ component ] [sao_curr_depth ] [ ry ][ rx ] is equal to 0), the following ordered steps apply:

1. Sample adaptive offset process for samples in a coding unit with iC = xC..(xC+saoWidthInCu-1) and jC = yC.. (yC+saoHeightInCu-1) are derived as follows:

a. The process in subclause 8.6.2.2 is invoked with the largest Cu location (iC, jC), a sample offset type of current coding unit, saoTypeIdx set to sao_type_idx [component][sao_curr_depth][ ry ][ rx ], the (nSaoLength[saoTypeIdx]) array of current coding unit, saoValueArray set to sao_offset [ component ] [ sao_curr_depth ] [ ry ][ rx ], the variable nCs specifying the size of the current largest coding unit for this component, and the (nCs)x(nCs) array recPicture specifying the current largest coding unit.
Derivation process for sample adaptive offset for samples in a coding unit
Inputs of this process are:

–
a location ( xC, yC ) specifying the location of the current largest coding unit of the current picture,

–
a sample offset type of current largest coding unit, saoTypeIdx,
–
a (nSaoLength[saoTypeIdx]) array of current largest coding unit, saoValueArray,
–
a variable nCs specifying the size of the current largest coding unit,

–
a (nCs)x(nCs) array recPicture specifying the current largest coding unit,
Output of this process is 
–
a modified version of the (nCS)x(nCS) array of current largest coding unit samples.
Let s’ represent the sample array recPicture of the current picture.
Let recSaoPicture represent the SAO processed sample array of the current picture.
The nSaoLength[saoTypeIdx] that represents the SAO parameters length of each SAO type is specified in Table 1,
–
If saoTypeIdx equals to 0

samples are not processed

–
Otherwise, if saoTypeIdx equals to 1, 2, 3, or 4 


recSaoPicture [ xC*nCs+i, yC*nCs +j ] = recPicture [ xC*nCs +i, yC*nCs +j ] + saoValueArray [edge_table[EC]], 
with  i = xS[saoTypeIdx].. xE[saoTypeIdx], j = yS[saoTypeIdx].. yE[saoTypeIdx]

where  
EC = 2 + (k (Sign(recPicture[xC*nCs +i, yC*nCs +j]- recPicture[xC*nCs +i+HPos[SaoTypeIdx][k], yC*nCs +j+ VPos [SaoTypeIdx][k]] ) with k=0..1

edge_table[5] = {1, 2, 0, 3, 4}
HPos[saoTypeIdx][k] and VPos [saoTypeIdx][k] are specified in Table 8‑15 and
xS[saoTypeIdx], xE[saoTypeIdx], yS[saoTypeIdx], and yE[saoTypeIdx] are specified in Table 8‑16.

–
Otherwise (saoTypeIdx equals to 5 or 6),

recSaoPicture [ xC*nCs +i, yC*nCs +j ] = recPicture[xC*nCs +i, yC*nCs +j] + saoValueArray[recPicture[xC*nCs+i, yC*nCs+j]>>nBoRefBit], with i, j = 0.. nCs -1

where nBoRefBit is the number of pixel bit-depth minus log2(M), M is the number of BO bands which is set to 32.   
Table 8‑15 – Specification of HPos and VPos according to saoTypeIdx for sample adaptive offset process
	saoTypeIdx
	1
	2
	3
	4

	HPos [saoTypeIdx][0]
	-1
	0
	-1
	1

	HPos [saoTypeIdx][1]
	1
	0
	1
	-1

	VPos [saoTypeIdx][0]
	0
	-1
	-1
	1

	VPos [saoTypeIdx][1]
	0
	1
	1
	-1


Table 8‑16 – Specification of xS, xE, yS, and yE according to saoTypeIdx for sample adaptive offset process
	saoTypeIdx
	1
	2
	3
	4

	xS [saoTypeIdx]
	1
	0
	1
	1

	xE [saoTypeIdx]
	nCs-2
	nCs-1
	nCs-2
	nCs-2

	yS [saoTypeIdx]
	0
	1
	1
	1

	yE [saoTypeIdx]
	nCs-1
	nCs-2
	nCs-2
	 nCs-2


