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1. Introduction

TML8 uses a loop filter to remove well-known blocking artifact and experimental results shows that the filter effectively reduces the artifact. The filtering algorithm is consisted of three procedures: detection, filtering, and projection processes. However, it is observed that detection process fails to exactly detect blocking areas, that filtering process is need of adaptivity to avoid over-blurring of edge region, and that lower and upper bounds of projection process are too tight to obtain satisfactory results particularly at high bit rates (QP=[8,16]). The above problems result in existence of blocking artifact at higher bit rates. In this proposal, we describe a modified loop filter to improve the visual quality.

2. Modified Loop Filter

|  l4  l3  l2  l1  |  r1  r2  r3  r4  |

left block        right block

TML8 loop filter, at first, determines block strength by block type and relative motion vector between two neighboring blocks. The block strength and activity of left and right blocks is used to detect blocking artifact areas, and the activity is determined based on a threshold as a function of QP and signal difference between two neighboring block boundary pixels. Potentially, this procedure may slightly increase filter complexity in the future if QP would be determined in macro-block level. Also, the failure of detection procedure sometimes leads to existence of the artifact. Therefore, we modify detection process as
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 is equal to the smallest integer i > 0 not larger than max(i) for which Eq. (1) holds. The QP dependent threshold ( is same to what TML8 describes. 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. 

TML8 loop filter takes non-adaptive form. In other words, filter coefficients are not dependent on QP value. In general, as the bit rate is lowered, there is highly visible degradation in the reconstructed images due primarily to the information loss caused by the quantization process. Therefore, it is necessary that filter coefficients should be different to different quantization step size. We propose an adaptive filter as follows:
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In Eq. (4), overwritten pixels (L3 or R3) are replaced by new filtered values.

Finally, looser lower and upper bounds are defined to well represent the filtered effects  (updating algorithm is same, but clip function as a function of QP is different). The Clip function table is as follows:

	QP               00  01  02  03  04  05  06  07  08  09  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    1    1    1    1    1    1    1    1    1    1    2    2    2    2    3    3    3    4    4    5    6    6    7    8    9  10

	Clip(QP,2)     0    0    0    1    1    1    1    1    1    1    1    1    1    2    2    2    2    3    3    3    4    4    5    5    6    6    7    8    9  10  12  13

	Clip(QP,3)     1    1    1    1    1    1    1    1    1    2    2    2    2    2    3    3    3    4    4    5    6    6    7    8    9   10  11 13  14  15  18  20


3. Experimental Results

The proposed modified 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. Figures 2-5 show examples of the noticeable difference between TML8 loop filter and the modified loop filter. The following is the input option to be used as input option.

MV Resolution: 1/4 pel

Number Reference Frames: 5

Slice Mode: not used

Symbol Mode: UVLC

Restriction Search Range: 1 (Reference Frame)

RD Optimization: not used

Search Range: 16
Also, PSNR comparison is in VCEG-N30.xls, and demonstration will be shown in the meeting.

[image: image7.png]


[image: image8.png]o





(a) TML8 loop filtered image              (b) Modified loop filtered image

Figure 2. Example1 of difference (QP=13)

[image: image9.png]


[image: image10.png]



(a) TML8 loop filtered image              (b) Modified loop filtered image

Figure 3. Example 2 of difference (QP=13)

[image: image11.png]


[image: image12.png]



(a) TML8 loop filtered image              (b) Modified loop filtered image

Figure 4. Example 3 of difference (QP=13)

[image: image13.png]


[image: image14.png]



(a) TML8 loop filtered image              (b) Modified loop filtered image

Figure 5. Example 4 of difference (QP=16)

[Reference]

1. Gisle Bjontegaard (Ed.), ``H.26L Test Model Long Term Number 8 (TML8)’’, June 2001.
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