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Introduction:
Due to a large number of contributions, that targeted an improvement of the TML6-loopfilter an Ad Hoc Committee was formed in Austin in April-2001 with the goal of harmonizing the different filter proposals and, at the same time find an optimal trade off between quality and complexity for the filter. 

Activities:

After some e-mail conversation the group agreed on a modification of the TML-loopfilter, that is suggested to become the common ground for further investigations.
Filter changes:

The new filter design includes the following changes :
· The determination of the Strength-parameter has been strongly simplified. Strength is no more dependant on adjacent macroblocks, but motion vector differences are still taken into account. 
· For chroma-blocks now the Strength of the corresponding luma-block is used. 
· The calculation of the “overall activity parameter” has been simplified, involving a change in the (-table. 
· A minor change in the calculation of the right and left activity parameter ar, al has been implemented, saving one multiplication
· The filter now operates on a macroblock bases. That means it processes 4 columns of length 16 followed by 4 rows of length 16 of one macroblock (affecting the edges of the macroblock above and to the right). 
· The filter for the pixels on the boundary is changed to:

(

= Clip(
-c,
c,
((q1 – p1) << 2   +   (p2 – q2)  +  4)  >>  3)


P1
= Clip(
0,
255,
(p1+() )


Q1
= Clip(
0,
  255,
(q1- () )
· The filter for the pixels one off of the edge is changed to:

(1
= Clip(
-cp,
cp,
(p3+p1  -  p2<<1)  >>  1)


P2
= Clip(
0,
255,
(p2+(1)  


(2
= Clip(
-cp,
cp,
(q3+q1  -  q2<<1)  >>  1)


Q2
= Clip(
0,
255,
(q2+(2)  

For further details see the new description of the filter, which is annexed to this document.
Software:

The new filter is already integrated into TML8 and contained in the new file ”loopFilter.c”. To go back to the old filter, the #define   LOOP_FILTER_MB has to be removed. 
Annex 1: Proposed new text for the TML document





4.5 Deblocking Filter 
After the reconstruction of a macroblock a conditional filtering of this macroblock takes place, that effects the boundaries of the 4x4 block structure. For this purpose each 4x4 luma block in a reconstructed macroblock is assigned a filtering Strength, which has the following value: 
	4x4 block condition
	Strength

	Macro block is INTRA-coded, or member of SP-frame
	2

	Macro block is non INTRA, but has nonzero coefficients
	1

	Else
	0






· 
· 
· 


1.1.1 
Filtering across 4x4 block boundary takes place if:

Strength ( 0 on at least one of the sides of the boundary 


or
the absolute difference between one of the motion vector components of the two adjacent blocks is at least one integer pixel (four ¼ pixels). For macro blocks in B-frames which are predicted bidirectional or direct this condition has to be valid for at least one of the involved vectors.  
or

the adjacent motion vectors refer to different reference frames
Filtering takes place on a macroblock level. In a first step the 16 pel of the 4 vertical edges (horizontal filtering) of the 4x4 raster are filtered.  Than the 4 horizontal edges (vertical filtering) follow. Note, that this process also affects the boundaries of the already reconstructed macroblocks above and to the right of the current macroblock.  
Block boundaries of chroma blocks always correspond to a block boundary of luma blocks.  Therefore corresponding Strength and motion vector difference for luma are also used for chroma boundaries. That is, for every 4x4 luma block two 2x2 chroma blocks are processed.
4.5.1 Picture Content Dependant Parameters for Filtering

1.1.2 
The set of eight pixels across a 4x4 block horizontal or vertical boundary is denoted  as
	p4,p3,p2,p1  |  q1,q2,q3,q4  


with the actual boundary between p1 and q1. 
Up to two pixels can be updated as a result of the filtering process on both sides of the boundary (that is at most p2, p1, q1, q2). The number of updated pixels on both sides of the boundary depends on corresponding activity parameters ap and aq. They are limited by the so called overall activity parameter n:

n = min(3,   4 - |p1-q1| *((QP) / 128  ) 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Activity parameter ap is equal to the smallest integer i>0 not larger than n for which the inequality 
|p1-pi+1|  (  ((QP)   holds. If no i < n satisfies the condition, ap is set to n. aq is obtained correspondingly. For the quantizer dependant threshold parameters ( and ( see table 1 below.
	QP
	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

	(
	128
	128
	128
	128
	128
	128
	128
	128
	128
	128
	122
	96
	75
	59
	47
	37
	29
	23
	18
	15
	13
	11
	9
	8
	7
	6
	5
	4
	3
	3
	2
	2

	(
	0
	0
	0
	0
	0
	0
	0
	0
	3
	3
	3
	4
	4
	4
	6
	6
	6
	7
	8
	8
	9
	9
	10
	10
	11
	11
	12
	12
	13
	13
	14
	14


Table 1. QP dependent threshold parameters ( and (.

4.5.2 The Filtering Process
There are 3 conditions, that determine which of the boundary pixels are filtered:
 
	
	

	
	

	
	




If  (ap > 1) and  (aq > 1)   the pixels p1 and q1 are filtered by:

(
= Clip(
-c,
c,
((q1 – p1) << 2   +   (p2 – q2)  +  4)  >>  3)

P1
= Clip(
0,
255,
(p1+() )


Q1
= Clip(
0,
  255,
(q1- () )

If  (ap == 3)  p2 is filtered by:


(
= Clip(
-cp,
cp,
(p3+p1  -  p2<<1)  >>  1)

                             P2
= Clip(
0,
255,
(p2+() )
If (aq == 3)  q2 is filtered by:

    
 (
= Clip(
-cq,
cq,
(q3+q1   -  q2<<1)  >>  1)

    
Q2
= Clip(
0,
255,
(q2+() )
Where Clip() denotes a clipping function with the parameters Clip( Min, Max,  Value)

with the clipping constants:
    
cp
= ClipTbl( QP,  Strengthp )

cq
= ClipTbl( QP,  Strengthq )

c
=  ( cp + cp + ap + aq ) / 2 








ClipTbl (QP, Strength ):

QP            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

ClipTbb(qp,0) 0 0 0 0 0 0 0 0 0 0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0

ClipTbl(qp,1) 0 0 0 0 0 0 0 0 0 0  0  1  1  1  1  1  1  1  1  1  1  2  2  2  2  3  3  3  3  4  5  5

ClipTbl(qp,2) 0 0 0 0 0 0 0 0 0 1  1  1  1  1  1  1  1  2  2  2  2  3  3  3  4  4  5  5  5  7  8  9
4.5.3 
1.1.3 Stronger filtering for intra coded macroblocks
In case of intra coding and areas in the picture with little texture the subjective quality can be improved by stronger filtering across macroblock boundaries (that is: not 4x4 block boundaries).  This stronger filtering is performed if:

One or both of the adjacent macroblocks are intra coded

and

ap ==  3  and   aq == 3 
and

 1   <   |p1-q1|   <   QP / 4

In this case luminance filtering is performed in the with the formulas shown below. For chrominance pixels p3 to q3,  are not filtered! 

P1
=
(25*p3
+
26*p2
+
26*p1
+
26*q1
+
25*q2
+ 64)  /  128


P2
=
(25*p4
+
26*p3
+
26*p2
+
26*P1
+
25*q1
+ 64)  /  128


P3
=
(       

26*p4
+
51*p3
+
26*P2
+
25*P1
+ 64)  /  128


Q1
=
(25*p2
+
26*p1
+
26*q1
+
26*q2
+
25*q3
+ 64)  /  128


Q2
=
(25*p1
+
26*Q1
+
26*q2
+
26*q3
+
25*q4
+ 64)  /  128


Q3
=
(25*Q1
+
26*Q2
+
51*q3
+
26*q4



+ 64)  /  128

Note, that when filtering across the next 4x4 block boundary, pixel q3 may get overwritten. To compensate the effect Q3 is stored and used as P2 when filtering across the next 4x4 block boundary.
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