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A modified loop filter for improving visual quality was proposed in Santa Barbara meeting. The consensus about the loop filter was that visual quality was clearly improved, but the complexity of the filter was slightly higher over TML8 in-loop filter at high bit rates (about 3-4%). This contribution is to enhance the filter such in a way that the complexity is reduced with keeping better visual quality over the TML8.5 in-loop filter. We shortly describe the major changes over VCEG-N30.

1. Detection

	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

	(
	0
	0
	0
	0
	0
	0
	0
	0
	2
	2
	2
	4
	4
	4
	6
	6
	6
	7
	8
	8
	9
	9
	10
	10
	11
	11
	12
	12
	13
	13
	14
	14


Table 1. Threshold parameter, ( as a function of QP
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where maximum of i is determined by block strength such as
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The right filter activity parameter 
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 is equal to the smallest integer i > 0 not larger than max(i) for which Eq. (1) holds. The left filter activity parameter 
[image: image4.wmf]l

a

is similarly obtained, and the left and right block activities are used to select filtered pixels of left and right blocks in the same way. 

2. Adaptive filtering

As we described on VCEG-N30, it is more reasonable that different filter coefficients are used for different QP values, since the degree of blocking artifact is dependent to QP value. The filter coefficients are slightly changed to obtain better visual quality. The weak filtering is taken placed as following;
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where the filter coefficients take QP dependent values

	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

	Fcoef1
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	32
	32
	32
	30
	30
	28
	28
	26
	26
	26
	24
	24
	24
	24
	22
	22
	22
	22
	22
	22


On the other hand, the strong filter is defined as
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where filter coefficients for the strong filter are

	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

	Fcoef1
	40
	40
	40
	40
	40
	40
	40
	40
	40
	40
	40
	40
	36
	36
	36
	34
	34
	32
	32
	30
	30
	30
	28
	28
	28
	28
	26
	26
	26
	26
	26
	26


3. Projection operator

The proposed Clip functions take a tighter bound than VCEG-N30. It is

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

Clip(qp,1)  0 0 0 0 0 0 0 0 1 1   1  1   1  1  1   1  1  1   1  2   2  2  2   3  3   3  4  4   5  5  6  7
Clip(qp,2)  0 0 0 0 0 0 1 1 1 1   1  1   1  1  2   2  2  2   2  2   2  2  3   3  3   4  4  5   6  6  7  8
Clip(qp,3)  0 0 0 1 1 1 1 1 1 1   1  1   1  2  2   2  2  2  2   2   3  3  3   4  4   5  5  6   7  8  9 10

4. Experimental results

The proposed loop filter has been tested with several QP values, various video sequences, frames rates, and resolutions. The experimental results show that the proposed algorithm effectively reduces blocking artifact at a specific QP range (QP=10-19). Also, 5-10% complexity saving is obtained as a side effect. Figures 1-4 show examples of the noticeable difference between TML8.5 loop filter and the loop filter. In order to see the difference both at high bit rates and at low bit rate, QP values that we tested with are 10,12,14,16,18,20,22,24. We define H4 and L4 as the results of QP={10,12,14,16} and QP={18,20,22,24}, respectively. PSNR comparison is in VCEG-O19.xls, and demonstration will be shown in the meeting.
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(a) Result of TML8.5 loop filter
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(b) Result of proposed loop filter

Figure 1. Example of visual difference (QP=13)
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(a) Result of TML8.5 loop filter (b) Result of proposed loop filter

Figure 2. Example of visual difference (QP=14)
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(a) Result of TML8.5 loop filter (b) Result of proposed loop filter

Figure 3. Example of visual difference (QP=14)
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(a) Result of TML8.5 loop filter (b) Result of proposed loop filter

Figure 4. Example of visual difference (QP=14)
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