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Introduction

This document describes the operation of a new filter for removal of blocking artifacts in block transform coding. The filter used is an adaptive version of the averaging filter. The adaptivity of the filter allows to remove blocking artifacts while preserving well real image edges and image details.

	The proposed filter works as a post-filter. The filter is applied to luminance reconstructed frame and two chrominance reconstructed frames. The same algorithm is used.

	Based on the observation that the blocking artifacts occur at the 8x8 grid boundaries, the filter operates only around these boundaries. On the other hand, real edges can be anywhere. To determine which pixels to update without destroying real edges, the following two assumptions are made :

The gray-level difference in case of real edges are larger than that of blocking artifacts.

Real edges having small gray level changes are not destroyed visually if smoothed by the filter.



Filter Description

The proposed method used can be summarized as follows:

Determine the pixels at left and right of the 8x8 block boundary which are to be updated (note that the boundary can be vertical or horizontal).

For each pixel which has to be updated determine the size of the support window, pixels of which will be used to update the pixel at the center.

Update by averaging over the window.

Round the average to nearest gray-level



	Consider first, filtering each row across the 8x8 block boundary, then filtering each column. The following describes the operation of the filter in the horizontal direction, with the aid of � REF _Ref382057092 \* MERGEFORMAT �Figure 1�. Up to 3 pixels can be updated lying at the right or left of the 8x8 block boundary. That is only r1, r2, r3, l1, l2, l3  can be updated (See � REF _Ref382057092 \* MERGEFORMAT �Figure 1�). The right and left filter activity parameters (denoted as dr and dl , respectively) determine which pixels will be updated and what is their support window. The values of filter activity parameters dr and dl are limited by the overall activity parameters nr. and nl 

� EMBED Designer  ���



Figure � SEQ Figure \* ARABIC �1� Pixels that can be updated and related parameters



First the overall activity parameters are calculated

� EMBED Equation.2  ����(� STYLEREF 1 \n �0�-� SEQ ( \* ARABIC \r 1 �1�)��where (=|r1-l1| is the gray level difference across the boundary and ( = QP*ln(QP) is a quantisation step of transform coefficients (QP) dependent parameter for thresholding. If the QP is different for two neighboring blocks the smaller QP is used for the above calculations. 

	Next, the right filter activity parameter dr is found:

dr = nr, if |r1-rj| ( (/j, for j:1( nr, where (= 4.00*ln(QP).

otherwise 

dr = i, where i has to fulfill the following conditions: 
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|r1-ri+1| > (/i

for j:1(i, |r1-rj| ( (/j

Calculation of dr is possible only after nr is calculated. Notice that even if nr = 6 indicates that there can be activity up to 6th pixel, dr can terminate before. The reason is to preserve real edges at right & left of the grid boundary. Similarly even if dr might have continued up to the 6th pixel, if nr equals, say, 4 it terminates at 4th pixel. The reason is to omit unnecessary filtering.

	The left filter activity parameter dl is calculated in a similar manner.

	Once dr and dl are calculated, the pixels to be updated and their support window are determined using the rules given in � REF _Ref391567198 \* MERGEFORMAT �Table 1�. Notice that for any filtering operation to start, both dr and dl must be larger than ‘1’. The rules are given just for the pixels on the right side of the 8x8 block boundary - r1, r2, r3. The similar rules are applied for the pixels on the left side of the 8x8 block boundary. In � REF _Ref391567198 \* MERGEFORMAT �Table 1� under the corresponding pixels, the support window size is tabulated with respect to dr. ‘X’ indicates no update. A ‘1’ at pixel r1’s column means that it will be updated by averaging l1, r1 and r2. After averaging, rounding to nearest gray-level is done.



dr (dl>1)�pixel r1�pixel r2�pixel r3��1�X�X�X��2�1�X�X��3�1�1*�X��4�2�2�X��5�2�2�2**��6�3 OR 2  ***�3�3��Table � SEQ Table \* ARABIC �1�: Pixels to be updated and their support window width for the different values of dr.



*    When updating r2 the updated value of r1 is used.  

**  When updating r3 the updated values of r2 and r1 are used.

*** The support window for r1 is 3 if dl > 2, otherwise it is 2.

	The pixels are filtered in the following order r1, r2 and r3. When dr is odd, updated neighbors are used for the last pixel to be filtered (these cases are specially marked in � REF _Ref391567198 \* MERGEFORMAT �Table 1�). Otherwise. during the filtering not updated (not filtered) values of the neighboring pixels are used

	When the filtering each row across the 8x8 block boundary is finished then filtering each column proceeds. The values of parameters in the vertical direction are calculated in the same manner as values of the parameters in the horizontal direction. They are calculated using not updated (filtered) pixel values of the reconstructed image. Only during filtering the reconstructed image already filtered in the horizontal direction is used. 



Coding Results

The performance of the proposed post-filter filter has been tested using H.263. � REF _Ref391567171 \* MERGEFORMAT �Table 2� contains the comparison of the proposed post-filter against the loop filter currently used in the H.263+ video coder. +. When the proposed post-filter is used the H.263+ loop filter is disabled.
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