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Abstract

This contribution reports the simplification of BS (boundary strength) decision tree in the deblocking filter. The proposed simplification removes redundant BS values with related conditions. As a result, the number of BS values is changed from 5 to 3 and this modification provides the same BD rate and visual quality as HM4.0.
1 Introduction
The HEVC deblocking filter design [1] is mainly inherited from H.264/AVC with significant complexity reduction. So BS decision process is the same as AVC and uses five BS values, which are used in a block filtering on/off decision and tC offset setting (refer to Figure 1). However, some of five values are not used in the remaining deblock filtering process. It means some BS values are redundant. Let’s have a look at Table 1. If BS is equal to 1, its boundary in a luma block can be filtered and tC offset is set to equal to 0. However same operations are applied in case of BS equal to 2. Similarly, BS=3 and 4 provide the same operations for filtering luma/chroma block and for setting tC offset value. Accordingly, we propose to remove some BS values which are redundant, and simplify the deblock decision tree. 

[image: image1.emf]BS decision

P or Q is intra 

coded ?

Y

Boundary is CU 

boundary ?

Y

BS=4

N

BS=3

N

BS=1

(Boundary is TU boundary) 

and (P or Q contains coeff) ?

Y

BS=2

N

P and Q have diff 

ref or diff mv ?

Y N

BS=0


 tC offset =0                    tC offset =0                   tC offset =0     tC offset =2                      tC offset =2     
Figure 1. BS decision tree in the deblock filtering process
Table 1. Usage of BS

	BS value
	Usage of BS

	0
	Filtering off

	1
	Luma filtering on & tC offset = 0

	2
	Luma filtering on & tC offset = 0 (Same as BS=1)

	3
	Luma filtering on & Chroma filtering on & tC offset = 2

	4
	Luma filtering on & Chroma filtering on & tC offset = 2 (Same as BS=3)


2 Proposed method
2.1 Removal of BS 2 and 4
As we mentioned, there is no distinct usage of BS 2 and 4 compared with BS 1 and 3 respectively. So we propose to remove BS 2 and 4 as in Table 2. This removal does not affect its coding performance and visual quality, because removed ones are redundant.    
Table 2. Unified BS and its usage

	BS value
	Usage of BS

	0
	Filtering off

	1
	Luma filtering on & tC offset = 0

	2
	Luma filtering on & tC offset = 0 (Same with BS=1)

	3
	Luma filtering on & Chroma filtering on & tC offset = 2

	4
	Luma filtering on & Chroma filtering on & tC offset = 2 (Same with BS=3)


2.2 BS value reassignment
By removing redundant ones, BS value can have 0, 1 and 3, which are not consecutive numbers. So we propose their reassignment as in Table 3. 
Table 3. Reassignment of BS values
	BS value
	Usage of BS

	0
	Filtering off

	1
	Luma filtering on & tC offset = 0

	2
	Luma filtering on & Chroma filtering on & tC offset = 2


Consequently, the simplification of BS values and its decision tree can be achieved as depicted in Figure 2.
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Figure 2. Simplified BS decision tree
3 Experimental results
The proposed method is implemented on HM4.0 and tested with common conditions [2]. The results are bit-exactly the same to HM4.0, so there is no difference in visual quality with HM4.0. 
4 Conclusions
This contribution reports the redundancy of BS values and decision tree. This modification makes the BS decision tree simple and there is no impact on coding efficiency and visual quality. So we recommend to adopt this modification to the next HM draft.
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	8.1.6.3 Derivation process of boundary filtering strength

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 two-dimensional arrays of size (nS)x(nS), horEdgeFlags and verEdgeFlags.

Output of this process is an array of size (2)x(nS)x(nS), bS specifying the boundary filtering strength.

Let ( xEk, yEj ) with k = 0..nE-1 and j = 0..nE-1 specify a set of edge sample locations where nE is set equal to ( ( 1 << log2CUSize ) >> 2 ), xE0 = 0, yE0 = 0, xEk+1 = xEk + 4 and yEj+1 = yEj + 4.

For ( xEk, yEj ) with k = 0..nE-1 and j = 0..nE-1, the following applies.

· If horEdgeFlags[ xEk ][ yEj ] is equal to 1,

· Set sample p0 = recPicture[ xC + xEk ][ yC + yEj – 1 ] and q0 = recPicture[ xC + xEk ][ yC + yEj ].

· The variable filterDir is set equal to 1.

· Otherwise, if verEdgeFlags[ xEk ][ yEj ] is equal to 1,

· Set sample p0 = recPicture[ xC + xEk – 1 ][ yC + yEj ] and q0 = recPicture[ xC + xEk ][ yC + yEj ].

· The variable filterDir is set equal to 0.

· Depending on the value of filterDir, the variable bS[ filterDir ][ xEk ][ yEj ] is derived as follows.

· If the block edge is also a coding unit edge and the following condition is true, the variable bS[ 0 ][ xEk ][ yEj ] is set equal to 4.

· The sample p0 or q0 is in a coding unit coded with intra prediction mode

· Otherwise, if the following condition is true, the variable bS[ filterDir ][ xEk ][ yEj ] is set equal to 3.

· The sample p0 or q0 is in a coding unit coded with intra prediction mode

· Otherwise, if the block edge is also a transform unit edge and the following condition is true, the variable bS[ filterDir ][ xEk ][ yEj ] is set equal to 2.

· The sample p0 or q0 is in a transform unit which contains non-zero transform coefficient level.

· Otherwise, if any of the following conditions are true, the variable bS[ filterDir ][ xEk ][ yEj ] is set equal to 1.

· The prediction unit containing sample p0 has different reference pictures or a different number of motion vectors with the prediction unit containing the sample q0.

NOTE – The determination of whether the reference pictures used for the two prediction are the same or different is based on which pictures are referenced, without regard to whether a prediction is formed using an index into list 0 or an index into list 1, and also without regard to whether or not the index position within a reference picture list is different or not.

· One motion vector is used to predict the prediction unit containing sample p0, one motion vector is used to predict the prediction unit containing sample q0, and the absolute difference between the horizontal or vertical component of the motion vector used is greater than or equal to 4 in units of quarter luma samples.

· [Ed.: (WJ) needs to be checked again whether this condition covers all 2-motion cases] Two motion vectors are used to predict the prediction unit containing sample p0, two motion vectors are used to predict the prediction unit containing sample q0, and at least one of the motion vector pairs corresponding the same reference pictures and the different boundary samples p0 and q0 satisfies the following condition:

1. The absolute difference between the horizontal or vertical component of a motion vector used in the prediction of the two prediction units is greater than or equal to 4 in units of quarter luma samples.

· Otherwise, the variable bS[ filterDir ][ xEk ][ yEj ] is set equal to 0.




To

	8.1.6.3 Derivation process of boundary filtering strength

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 two-dimensional arrays of size (nS)x(nS), horEdgeFlags and verEdgeFlags.

Output of this process is an array of size (2)x(nS)x(nS), bS specifying the boundary filtering strength.

Let ( xEk, yEj ) with k = 0..nE-1 and j = 0..nE-1 specify a set of edge sample locations where nE is set equal to ( ( 1 << log2CUSize ) >> 2 ), xE0 = 0, yE0 = 0, xEk+1 = xEk + 4 and yEj+1 = yEj + 4.

For ( xEk, yEj ) with k = 0..nE-1 and j = 0..nE-1, the following applies.

· If horEdgeFlags[ xEk ][ yEj ] is equal to 1,

· Set sample p0 = recPicture[ xC + xEk ][ yC + yEj – 1 ] and q0 = recPicture[ xC + xEk ][ yC + yEj ].

· The variable filterDir is set equal to 1.

· Otherwise, if verEdgeFlags[ xEk ][ yEj ] is equal to 1,

· Set sample p0 = recPicture[ xC + xEk – 1 ][ yC + yEj ] and q0 = recPicture[ xC + xEk ][ yC + yEj ].

· The variable filterDir is set equal to 0.

· Depending on the value of filterDir, the variable bS[ filterDir ][ xEk ][ yEj ] is derived as follows.

· If the following condition is true, the variable bS[ filterDir ][ xEk ][ yEj ] is set equal to 2.

· The sample p0 or q0 is in a coding unit coded with intra prediction mode

· Otherwise, if any of the following condition is true, the variable bS[ filterDir ][ xEk ][ yEj ] is set equal to 1.

· The block edge is a transform unit edge and the sample p0 or q0 is in a transform unit which contains non-zero transform coefficient level.

· The prediction unit containing sample p0 has different reference pictures or a different number of motion vectors with the prediction unit containing the sample q0.

NOTE – The determination of whether the reference pictures used for the two prediction are the same or different is based on which pictures are referenced, without regard to whether a prediction is formed using an index into list 0 or an index into list 1, and also without regard to whether or not the index position within a reference picture list is different or not.
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	8.6.1.4.1 Decision 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,

Output of this process is:

–
variables dE, dEp1 and dEq1 containing decisions,

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

Let s’ represent the luma sample array recPictureL of the current picture.

A variables β is specified as Table 8‑13 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 specified as Table 8‑13 with luma quantization parameter Clip3(0, 55, qPL + 2 ) as input,

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

…

8.6.1.4.2 Filtering process for luma block edge

…

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 Clip3(0, 55, qPL + 2 ) 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.

…

8.6.1.4.3 Filtering process for chroma block edge

…

A variable tC is specified as follows:

–
If bS is greater than 2, the variable tC is specified as Table 8‑13 with luma quantization parameter Clip3(0, 55, qPL + 2 ) 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:

–
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)
–
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)
…

8.6.1.4.6 Filtering process for a chroma sample

…

When the variable bS is greater than 2, the filtered sample values p0’ and q0’ are derived by

( = Clip3( -tC, tC, ( ( ( ( q0 – p0 ) << 2 ) + p1 – q1 + 4 ) >> 3 ) )
(8‑461)

p0’ = Clip1C( p0 + ( )

(8‑462)

q0’ = Clip1C( q0 - ( )

(8‑463)

…
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…
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…
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–
If bS is greater than 1, the variable tC is specified as Table 8‑11 with luma quantization parameter Clip3(0, 55, qPL + 2 ) as input,

–
Otherwise (bS is equal or less than 1), the variable tC is specified as Table 8‑11 with luma quantization parameter qPL as input.

…

8.6.1.4.3 Filtering process for chroma block edge

…

A variable tC is specified as follows:

–
If bS is greater than 1, the variable tC is specified as Table 8‑13 with luma quantization parameter Clip3(0, 55, qPL + 2 ) as input,

–
Otherwise (bS is equal or less than 1), the variable tC is specified as Table 8‑13 with luma quantization parameter qPL as input.

Depending on verticalEdgeFlag, the following applies:

–
If verticalEdgeFlag is equal to 1, for each sample location ( xC + xB, yC + yB + k ), k = 0..3, the following ordered steps apply:

3. 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)
4. If bS is greater than 1, 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 , yC + yB + k ] = q0’

(8‑444)



s’[ xC + xB – 1, yC + yB + k ] = p0’

(8‑445)
–
Otherwise (verticalEdgeFlag is equal to 0), the following ordered steps apply:

5. 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.
6. 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)
7. If xPOS is less than 0, and if bSL, is greater than 1, for each sample location ( xC + xB - 1, yC + yB ), the following ordered steps apply:
e. 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.

f. 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)
8. If bS is greater than 1, for each sample location ( xC + xB + k, yC + yB ), k = 0.. ke, the following ordered steps apply:

g. 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.

h. 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)
…

8.6.1.4.6 Filtering process for a chroma sample

…

When the variable bS is greater than 1, the filtered sample values p0’ and q0’ are derived by

( = Clip3( -tC, tC, ( ( ( ( q0 – p0 ) << 2 ) + p1 – q1 + 4 ) >> 3 ) )
(8‑461)

p0’ = Clip1C( p0 + ( )

(8‑462)

q0’ = Clip1C( q0 - ( )

(8‑463)

…
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