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1 Proposed Loop Filtering
1.1 The process extracting the blocking signal [1]

In the 4 x 4 DCT block of Fig.1, the coefficients of position A ,B and C are used for deciding the blocking and the ringing flags. When only the coefficients at position A of 4x4 quantized DCT block has a nonzero value, all 16 pixels of the 4x4 decoded block have the same value in the spatial domain, i.e., constant block. Small pixel-value difference around a constant block can be recognized easily by human eyes, which causes the blocking artifact. Therefore, both the horizontal blocking flag (HBF) and the vertical blocking flag (VBF) of the constant block are set to ‘1‘.

When only the coefficients in the top row of the 4x4 DCT block have nonzero values, the four pixels in each column have the same value in the spatial domain. This block may induce vertical blocking artifacts between the current block and the vertically adjoining blocks, so the VBF is set to ‘1’. When only the coefficients in the far-left column have nonzero values, the four pixels in each row have the same value in the spatial domain. This block may induce horizontal blocking artifacts between the current block and the horizontally adjoining blocks, so the HBF is set to ‘1’. Next section performs deblocking filtering depending on the HBF and the VBF of each block.

The ringing flag (RF) is set to ‘1’ if any nonzero DCT coefficients exist in positions other than A ,B and C of 4x4 DCT block. Nonzero high-frequency coefficients in a block indicate that the block includes image edges. The quantization of the high-frequency coefficients can introduce the ringing noise around the image edges. These three flags of HBF,VBF and RF of each 4x4 block are used for deblocking filtering.
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Fig. 1 4x4 quantized DCT block

For the calculation of HBF, VBF, and RF, the 4x4 integer DCT and quantization in TML9.0 are performed for each block prior to deblocking filtering. Therefore the 4x4 DCT is performed at the reconstructed block. Quantization is very simple. we only check quantized DCT coefficient whether those are 0’s or not. After quantization of DCT block, we check blocking flag(HBF, VBF, RF).   

1.2 Deblocking Filtering

Horizontal deblocking filtering utilizes HBF and RF information of each Y, Cb, and Cr block. Strong filtering and weak filtering are performed based on HBF and RF information. From the experimental results, it is recommended that deblocking filtering is not applied when QP is smaller than 10 in terms of PSNR.

Info[0] = WEAK;
if(  (RF of current block ==0) && (RF of left block ==0)  )
{

if( HBF of current block ==1 )   Info[0] = STRONG; 


else
Info[0] = WEAK;


if( HBF of left block ==1 ) Info[1] = STRONG; 


else
Info[1] = WEAK;

}
Let PtrImage[0] be the left-top pixel of current 4x4 block and width be the picture width.

if (Info[0]==STRONG && Info[1]==STRONG) {

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


o[0]=PtrImg[-4]; o[1]=PtrImg[-3]; o[2]=PtrImg[-2]; o[3]=PtrImg[-1];


o[4]=PtrImg[0]; o[5]=PtrImg[1]; o[6]=PtrImg[2]; o[7]=PtrImg[3];


PtrImg[-2] = (o[0]+2*o[1]+2*o[2]+2*o[3]+o[4]+4)/8;

PtrImg[-1] = (o[1]+2*o[2]+2*o[3]+2*o[4]+o[5]+4)/8;

PtrImg[0] = (o[2]+2*o[3]+2*o[4]+2*o[5]+o[6]+4)/8;

PtrImg[1] = (o[3]+2*o[4]+2*o[5]+2*o[6]+o[7]+4)/8;
       PtrImg += width;

} /* m end */

}   /* STRONG && STRONG */  

else    {

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

       d = PtrImg[0] - PtrImg[-1];

if (ABS(d) <= QP){
  if (QP >20 )




PtrImg[0]=PtrImg[0]-(d>>3); PtrImg[-1]=PtrImg[-1]+(d>>3);


Else

PtrImg[0]=PtrImg[0]-(d>>4); PtrImg[-1]=PtrImg[-1]+(d>>4);
           }

       PtrImg += width;

}   /* m end */

}
Vertical deblocking filtering can be performed vertically in the same way as the horizontal deblocking filtering.

2. Comparison of Computational Complexity

The computational complexity will be shown in JVT-B079.xls. For all this experiment, we used the latest optimized TML loop filter which was distributed on reflector by Mr. Peter List. The TML optimized loop filter is approximately 35% faster than our loop filter. We used the 4x4 integer DCT as it is in TML source code. Next time if we use fast 4x4 DCT, I believe that we can speed up our filtering.

3. PSNR Evaluation

The PSNR plots will be shown in JVT-B079.xls.

4. Subjective Quality Evaluation

The demonstration will be shown at the meeting on notebook PC.

Patent Statement

Both KAIST and Samsung Electronics have intellectual property related to this contribution and has chosen to subscribe to subclause 2.2 for ITU-T patent policy under the condition of reciprocity.
File:JVT-B079.doc
Page: 1
Date Printed: 2002-01-24

_1072951530.vsd

