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1 Introduction

In H.26L video coding algorithm, spatial prediction is used for intra block coding. The luminance prediction may be based on 4×4 sub-block, or 16×16 macroblock. There are 6 prediction modes for 4×4 sub-blocks, 4 prediction modes for 16×16 macroblocks, including DC prediction, vertical prediction, and horizontal prediction. For chroma prediction, there is only one mode.

In this document, we propose two simple methods for improving the intra block prediction. The first method is to take the luminance change in vertical (horizontal) direction into account in the vertical (horizontal) prediction. The second one is to apply a block smoother to the results of the DC prediction and the chroma prediction. These methods result in a smooth transition from the prediction to neighboring blocks that are already decoded. Therefore, a substantial reduction in block artifacts and in bit rate can be achieved.

2 Horizontal and vertical prediction with linear luminance changes

For a 4×4 sub-block shown in Figure 1, the pixels f(i, j) with i < 0 or j < 0 are form neighboring blocks. These pixels are already decoded and are used for prediction. The 6 intra prediction modes are labeled 0 to 5. Mode 2 is vertical prediction. The pixels f(i,0) with 0 ( i ( 3 are predicted by f(-1, 0), and the pixels f(i, 1) with 0 ( i ( 3 by f(-1, 1), etc. Similarly, Mode 4 is horizontal prediction. Pixels f(0, -1), f(1, -1), f(2, -1), and f(3, -1) are used to predict the pixels on line 0, 1, 2, and 3, respectively.
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Figure 1.  4×4 sub-block and its neighboring pixels.

For the vertical prediction, it is assumed that there is no luminance change in the vertical direction within the sub-block, even though in fact luminance may change in this direction. Therefore, the prediction may result in a large prediction error and obvious blocking artifacts.

In order to increase prediction accuracy, the luminance change in the vertical direction is considered in the vertical prediction. Let v(i) denote the luminance change on line i. If pixels f(i,-1) with 0 ( i ( 3 are inside the frame, v(i) is estimated from the decoded pixels by
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Otherwise, v(i) = 0. The vertical prediction fv(i, j) is then calculated as follows:

fv(i, j) = f(-1, j) + v(i), 

for 0 ( i, j ( 3

Similarly, the horizontal prediction fh(i, j) is calculated by:
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fh(i, j) = f(i, -1) + h(j), 

for 0 ( i, j ( 3

3 Block smoother for DC and chroma prediction

Prediction Mode 0 for 4×4 sub-blocks is DC prediction. All pixels in the sub-block are predicted by the average of the pixels from neighboring blocks. The DC prediction for 16×16 macroblocks is similar to that for 4×4 sub-blocks. For chroma prediction, there is only one prediction mode. An 8×8 chroma block is divided into four 4×4 sub-blocks. Each of the sub-blocks is predicted by an average of pixels from neighboring blocks.

These prediction modes may result in abrupt changes between the predictions and the neighboring blocks that are already decoded. The abrupt changes may lead to large prediction errors and obvious blocking artifacts.

In order to get a smooth transition between the predictions and the neighboring blocks, a block smoother is applied to the results of DC prediction of 4×4 sub-blocks, DC prediction of 16×16 macroblocks, and chroma prediction. The block smoother is performed by the following average operation:

f(i, j) = [f(i, j-1) + f(i-1, j) + f(i, j+1) + f(i+1, j)]/4,
for 0 ( i, j < block size

The operation is applied to each pixel in the block (4×4 sub-blocks, 8×8 chroma block, or 16×16 macroblock), starting from the top left corner of the block and proceeding pixel by pixel, and row by row, to the bottom right corner. For the pixels on line 0 and column 0, one or two pixels from the decoded blocks are used in this operation. For the pixels on the last line and column, one or two of the four pixels are not available. The average is then calculated using two or three available pixels. The average result is immediately assigned to pixel (i, j) and is used for calculating the averages of the following pixels. Hence, it is a recursive procedure. The values of decoded pixels are partially propagated into the block.

4 Simulation results

 The two simple methods have been tested using the video sequences Foreman and Miss. America in both CIF and QCIF formats, and the sequence Susie in format 352×240. The first frame of each sequence is intra encoded with QP equal to 16, 20, 24, and 28 respectively. Figure 2 shows the bit rate reduction compared with the TML-4. The proposed methods achieve a bit rate saving of up to 4.3%. The PSNR’s resulting from the proposed methods are slightly different from those form TML-4, as shown in Figure 3. However, the PSNR differences are not significant.

The subjective quality of the image obtained using the proposed methods is much better than that using TML-4 because it contains less blocking artifacts. Figure 4 shows the decoded images of Foreman in format QCIF. Blocking artifacts are less visible in the image resulting from the proposed methods than those from TML-4, comparing the area around the chin of foreman. These two images have almost the same PSNR, while the proposed methods require 1230 bits less than TML-4.
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Figure 2. Bit rate savings of the proposed methods compared with those of TML-4.
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Figure 3. PSNR increases of the proposed methods compared with those of TML-4, (a) Y component, (b) U component, and (c) V component.
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(b)
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(c)

Figure 3. (Continued)
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(b)

Figure 4. Decoded images using different methods, (a) proposed methods, (b) TML-4.
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 f(-1,-1)  f(-1,0)  f(-1,1)  f(-1,2)  f(-1,3)


 f(0,-1)    f(0,0)    f(0,1)   f(0,2)   f(0,3)


 f(1,-1)    f(1,0)    f(1,1)   f(1,2)   f(1,3)


 f(2,-1)    f(2,0)    f(2,1)   f(2,2)   f(2,3)


 f(3,-1)    f(3,0)    f(3,1)   f(3,2)   f(3,3)
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