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1. 	Introduction





	A loop-filtering method is proposed and applied to TMN8.0 in order to reduce the blocking aritfacts,  corner outlier, and the ringing noise. The proposed method focuses on the image quality. This method  is tested on TMN8.0. The experiments of the loop-filtering are based on the fact that each frame is composed of I, P,P,P...frames. The 1-D low pass filter and 2-D signal adaptive filter (SAF) are applied to the luminance and chrominance components of CIF and QCIF resolution sequences. The distribution of the inverse quantized coefficients is investigated for extraction of the information of blocking artifacts and ringing noise in every 8x8 block of intra frame and inter frame. In interframe, the blocking information of current block is propagated according to the motion vector, and also the ringing information is updated  if there exists inverse quantized coeffficients (IQC) of the residual signal and  four motion vectors are used for the macroblock.





2.  THE INFORMATION OF BLOCKING ARTIFACTS AND RINGING NOISE 


	In order to reduce the quantization effects in the H.263+, two kinds of information are defined: the blocking information and the ringing information. The blocking and the ringing information are extracted from the DCT domain of each 8x8 block in the intra-frame. Also, the information of the inter-frame are calculated from both the residual signal and the information of the reference frame.





A. Information extraction for intra-macroblock (Intra MB)


	The distribution of the inverse quantized coefficients (IQC), the DCT coefficients after inverse quantization, is investigated in decoder and encoder. Figure 1 shows the decoder block diagram of the H.263+. In the 8x8 inverse quantized block of Fig. 1, the coefficients A, B, and C are used for deciding the blocking and the ringing information.


When only the coefficient in position A (a DC component) of Fig. 1 has a non-zero value, a block having only a DC component can induce horizontal and vertical blocking artifacts. In this case, both the horizontal blocking information (HBI) and the vertical blocking information (VBI) of the block are set to 1.


When only the coefficients in the top row of the 8x8 inverse quantized block have non-zero values, the eight pixels in each column have the same value in the spatial domain. This block may induce vertical blocking artifacts, so the VBI is set to “1”. When only the coefficients in the far left column have non-zero values, this block may induce horizontal blocking artifacts, so the HBI is set to 1.


	The ringing information (RI) is set to 1 if any non-zero coefficients exist in positions other than A, B, and C in Fig. 1. These high-frequency coefficients mean that the block includes image edges. Therefore,  the block produces ringing noise around the image edges due to the truncation of the high-frequency coefficients.


These three noise information, HBI, VBI, and RI, are stored in three bits for each block. No additional calculation is required to extract the information.





B. Information propagation for inter-macroblock (Inter MB)


	The blocking information in the reference frame are propagated to the next Inter MB by using the motion vectors. Also, the residual signal of the inter block is used to decide of the information of the inter-block.





1) The propagation of the blocking information from the reference frame to the inter frame


	Figure 2 shows the relations of the 8x8 block, �EMBED Equation.2���, in the inter-frame to the adjacent blocks of the reference frame. The propagation of the blocking information is described by the motion vector �EMBED Equation.2��� and  �EMBED Equation.2��� as follows: 


In Fig. 2, �EMBED Equation.2���,�EMBED Equation.2���,�EMBED Equation.2���, and�EMBED Equation.2��� are the blocks of the reference frame, �EMBED Equation.2��� is a block in the current inter-frame, and X is the motion block of �EMBED Equation.2���, which is estimated by using the motion vector (�EMBED Equation.2���,�EMBED Equation.2���). The HBI and the VBI of the current block �EMBED Equation.2��� can be calculated by a bit-wise AND operation on the HBI and the VBI of the reference blocks which are overlapped by the motion-estimated block X, provided that only those blocks for which the overlapped regions are wider than 2x2 pixels, respectively, are used in this calculation.





2) The ringing information in the inter frame


	The RS of the current block �EMBED Equation.2��� is set to 1 if any AC components of  IQC of the residual signals in the 8x8 block of the inter-block is non-zero or if the 8x8 prediction mode is used on the current block(MB).





3. THE PROPOSED POST-PROCESSING METHOD





	The proposed loop-filtering method consists of a deblocking filter, a compensator for corner outliers only in INTRA frame, and a deringing filter, as described in the following subsections.





A. Deblocking filter for reducing blocking artifacts


One-D LPF to reduce the blocking artifacts is performed strongly or weakly, depending on the blocking information, on the horizontal block boundary and on the vertical block boundary.


The current 8x8 block, BLOCK_I, and the adjacent block, BLOCK_J, are shown in Fig. 3 as an example of horizontal deblocking filtering.





if(BLOCK-I==NOT coded && BLOCK_J==NOT coded )	No deblocking filter;





if( INTRA frame )	{


	if( RI of BLOCK-I==0 && RI of BLOCK-J==0)	{	/* No Ringing Noise */


		if( HBI of BLOCK_I==1 && HBI of BLOCK_J==1)


			7-tab filtering;	/* strong deblocking filtering */


		else


			weak filtering;	/* weak deblocking filtering */


	}


	else	weak filtering;


}





if( P or PB-frame)	{


	if( RI of BLOCK-I==0)	{	/* No Ringing Noise */


		if( BLOCK-I==INTRA || BLOCK_J==INTRA )	{


			if( HBI of BLOCK_I==1 && HBI of BLOCK_J==1)


				7-tab filtering;	/* strong deblocking filtering */


			else


				weak filtering;	/* weak deblocking filtering */


		}


		else{


			if( DC componet of residual IQC of BLOCK_I or BLOCK_J exist )	{


				if( HBI of BLOCK_I==1 && HBI of BLOCK_J==1)


					7-tab filtering;	/* strong deblocking filtering */


				else


					weak filtering;	/* weak deblocking filtering */


			}


		}


	}


	else	/* Ring noise */


		weak filtering;


}


where a 7-tab (1,1,1,2,1,1,1) LPF are appled to pixels A, B, C, D, E, and F on the horizontal block boundary in Fig.3 and in the weak filtering two pixels C and D are replaced as C=C+(D-C)/4 and D=D-(D-C)/4 if |D-C| is smaller than QP.





B. 	Reduction of corner outliers


	Corner outlierc compensation is only performed on INTRA frame. A corner outlier is characterized by a pixel which is either much larger or much smaller than its neighboring pixels in the corner point of an 8x8 block, as shown in Fig. 5. In Fig. 5(a), when a dark-gray region is distributed over four blocks and one or two pixels of the dark-gray region are located in the corner points of neighboring blocks, the corner points can be distorted by quantization of the DCT coefficients, as shown in Fig 5(b), which is called a corner outlier. The corner outlier can not be removed by deblocking and deringing filters. In order to reduce the corner outlier, the corner outlier must be detected and compensated for. Figure 5(c) describes a simple coordination for corner-outlier detection, where A, B, C, and D are the pixel values of the corner points of the 8x8 blocks. The corner outlier detection process is as follows:





value[0] = A; 	value[1] = B;


value[2] = C; 	value[3] = D;


Average = (A+B+C+D+2)/4;


Count=0;


for( m=0 ; m<4 ; m++ )


	if( |value[m]-Average| > QP )


		Count++;	/* the number of candidate points */





where QP is the quantization factor. If the number of candidate points, Count, is zero, there is no corner outlier. If �EMBED Equation.2���is the only candidate point in Fig. 5(c) and �EMBED Equation.2��� is less than 3QP/2, corner- outlier compensation is performed on�EMBED Equation.2���, �EMBED Equation.2���, and �EMBED Equation.2��� as follows:





�EMBED Equation.2���





If the number of candidates is more than two, the candidate which has the largest difference from �EMBED Equation.2��� is selected, and corner-outlier compensation is performed on that point in the same way as in the case of only one candidate.





C.	Deringing filter for reducing ringing noise


	Prior to applying the deringing filtering for each block, the RS is investigated. If the RS of a current block is 1, deringing filtering is applied to that block. In order to prevent the image details from being distorted by filtering, simple edge detection is performed before filtering. Edge detection and 2-D signal-adaptive filtering (2-D SAF) are applied to an 8x8 block with a non-zero ringing information in order to reduce the ringing noise, as shown in Fig. 8. The 2-D SAF is applied to the 8x8 block.





1) Edge detection


	One-D horizontal and vertical gradient operators are applied to the reconstructed blocks in order to find the image edges. The threshold value for deciding the edge pixels is selected from the quantized factor QP. In order for 2-D SAF to be applied to a 8x8 pixels, edge information must be obtained for a 10x10 block which is the current block, as shown in Fig. 6(b). The edge map, Edge[m][n], is obtained from pixel values, pixel[m][n], as follows:





/* Horizontal edge detection */


A1 = |pixel[m][n]-pixel[m][n+1]|;		A2 = |pixel[m][n]-pixel[m][n-1]|;


 if( ((A1>QP) and (A2>QP)) or (A1>2QP) or (A2>2QP))


	Edge[m][n] = 1;


else    {	/* Vertical  edge detection */


	A1 = |pixel[m][n]-pixel[m+1][n]|;	A2 = |pixel[m][n]-pixel[m-1][n]|;


	if( ((A1>QP) and (A2>QP)) or (A1>2QP) or (A2>2QP))


		Edge[m][n] = 1;


}





2) Two-D signal-adaptive filter (2-D SAF)


	Deringing filtering is proposed to smooth the ringing noise without significant loss of image details. The proposed filtering is a simple convolution operation in which the weighting factors for the convolution are varied according to the edge map.	 The SAF is applied to the decoded block by using Edge[m][n]. The kernel for 2-D SAF is shown in Fig. 6(a). When the central point,  A, of the filter window in Fig. 6(b) is on the edge pixel, the 2-D filtering operation is  not performed (eg. 1 in Fig. 6(b)). If no edge point is included in the 4-connected filter window, low-pass filtering is performed (eg. 2 in Fig. 6(b)). If some edge points, not on the center point, are in the 4-connected filter window, weighted filtering to exclude the edge pixels is performed (eg. 3 in Fig. 6(b)). The weighting factors are defined in consideration of computation complexity, so SAF filtering can be performed by simple shift and addition operations as shown in Table I. 





3.	Simulation Results





	The proposed filtering is applied to the  TMN8 H.263+ encoder and decoder as a loop filter. The loop filtered reconstructed image is continuously updated and referenced for the next frame. All 300 frames of each sequence are tested with the given frame rates, bitrates and spatial resolution. Advanced prediction and unrestricted motion vector mode in H.263 is used for this simulation.


	For D1 demonstration, four-tab (-1,9,9,-1) filter for luminance signal and four-tab (1,3,3,1) filter for chrominance signal were applied in order to magnify the QCIF image to the CIF image.


	I-frame and P-frame were applied to all test sequences,and also the advanced prediction mode and unrestricted motion estimation mode were used.











TABLE I. Signal-adaptive filtering in consideration of the image-edge map





A�
B�
C�
D�
E�
SAF�
�
0�
0�
0�
0�
0�
A=(4A+B+C+D+E+4)/8�
�
0�
0�
0�
0�
1�
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�
0�
0�
0�
1�
0�
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�
0�
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0�
1�
1�
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�
0�
0�
1�
0�
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�
0�
0�
1�
0�
1�
A=(2A+B+D+2)/4�
�
0�
0�
1�
1�
0�
A=(2A+B+E+2)/4�
�
0�
0�
1�
1�
1�
A=(A+B+1)/2�
�
0�
1�
0�
0�
0�
A=(4A+C+2D+E+4)/8�
�
0�
1�
0�
0�
1�
A=(2A+C+D+2)/4�
�
0�
1�
0�
1�
0�
A=(2A+C+E+2)/4�
�
0�
1�
0�
1�
1�
A=(A+C+1)/2�
�
0�
1�
1�
0�
0�
A=(2A+D+E+2)/4�
�
0�
1�
1�
0�
1�
A=(A+D+1)/2�
�
0�
1�
1�
1�
0�
A=(A+E+1)/2�
�
0�
1�
1�
1�
1�
A=A�
�
1 means a non-edge point and 0 means an edge point in the left five columns.
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Figure 1. Decoder block diagram of H.263+ and DCT coefficients after inverse quantization
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Figure 2. Extraction of the blocking information for P frame or PB-frame by using the motion vector
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Figure 3. Block boundary and the pixel position of the block boundary
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Figure 4. Corner points and corner outlier: (a) an example of an image edge generating a corner outlier by quantization, (b) corner outlier due to quantization, and (c) the coordination of the corner points
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Figure 5. Pixel position to be processed in the current block : (a) 10x10 block for edge detection and examples of SAF and (b) Kernel for 2-D SAF
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