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1 Background

In this document, we present a new affine motion description method for the efficient affine motion coding. The state of art for the affine motion coding is in very early phase, i.e., simple quantization and then applying VLC coding. The affine motion parameter in this proposal is described in terms of three MVs (Motion Vector). By using this MV-based description, the predictive MV coding method is easily applicable to affine motion parameter coding. Also, the accuracy of MV is adaptively adjustable like AMA for the translational MV coding. So, the proposed method does not require any modification when the affine motion is adaptively used with the translational motion. 

2 New affine motion coding method

2.1 Affine motion description method

The affine motion, which is under consideration as one of KTAs in H.26L standardization, is often described by the following geometrical function:
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where the pair 
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is a local coordinate within the Macroblock or its subblock, 
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is the MV at the pixel location 
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 is called ‘affine motion parameter’. Since the bits for affine motion parameter is very costly and some blocks do not give improvement over the conventional translational motion, the affine motion is often used with the conventional translational motion. One important thing in the translational motion is that the motion can be coded with a few bits by using predictive MV coding, e.g., median-based prediction in H.263 and TML. Although the affine motion, however, gives high possiblility for improving the prediction gain, the affine motion parameter coding is not so good, compared with the translational motion. Upto now, the bottlenecks in the practical use of affine motion are the computational complexity and low affine motion coding efficiency. In this proposal, we try to solve the second problem in the affine motion compensation. 

Since the affine motion is described by six parameters, the affine motion can be described by other functional form with six variables. Here, we describe the affine motion with three MVs as follows:
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(2)
Where three MVs used for the description of affine motion are called affine MVs in this contribution. The coordinates for the three affine MVs are depicted in Fig. 1, i.e., the center positions of subblocks, A, B, and C. 
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Fig. 1: Coordinate system for three affine MVs; for MB, S is equal to 16 pixels.

2.2 Affine motion coding method

The MV for the center position of subblock D can be described by the following equation:
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Notice that the above equation can be derived from the definition of affine motion, eqn. (1). Also, this MV is not actually coded for the affine MV coding but it is used for only coding the MV of the MB right to current MB. So it is called a virtual affine MV in this contribution. 

Based on the above descriptions of eqns. (2) and (3), the affine motion can be coded using the well-known predictive MV coding method in the translational MV coding, such as median or previous macroblock motion. Notice that, when the block motion is adaptively used between translational motion and affine motion, the proposed affine motion coding method is used without any modification of predictive MV coding method. 

For the situation where the affine MV should be coded with higher accuracy than the translational MV, the affine MV can be easily modified for MV prediction as follows:
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where the current block is predicted by using translational motion, and one MV used in predictive MV coding is using the affine motion and the parameter 
[image: image9.wmf]d

 is a scale conversion factor as follows:
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For the inverse situation, the inverse of scale vector, 
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1

 should be used for predictive MV coding as follows:
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It should be noticed that, since the decoder can not know the necessary accuracy for the affine MV, the accuracy factor should be transmitted as an overhead information. 

2.3 Affine motion accuracy decision method

For the encoder side, the determining the accuracy is straightforward thing. By varying the affine MV accuracy from the maximum accuracy to minimum accuracy and measuring the PSNR and associated bits for affine MV, we can decide the best accuracy in the sense of Rate-Distortion (RD).
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where 
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 is a set of accuracy used for affine MV coding.

3 Experimental results

At this time being, the empirical results are only given for the off-line results, i.e., the previous frame is uncoded original frame. The implementation of our coding algorithm into TML is under way, so we present the partial results. However, we believe that these results can give sufficient data in understanding the mechanism of the proposed method. 

For the evaluation of the proposed method, we used the following two items for the cost functions:

· Average prediction gain in PSNR (dB)

· Average entropy for each MV (bits/MV)

The proposed affine motion coding method is adaptively used from block matching with 16x16 and 8x8 blocks and affine motion applied to 16x16 pixels block, Since our main interest lies in affine motion description and its application to affine motion coding, we do not stress on the motion estimation itself. The gradient-based affine motion estimation for small block  is often easy to diverse, resulting in poor prediction gain [1]. For this reason, we used the different estimation method as shown in [2]. However, the component-based application of estimation algorithm shown in [2] is not good enough to get a high prediction gain and also direct application of algorithm in [2] is a computationally demanding job. So, we used TSS (Three Step Search) concept together with vector-based estimation algorithm for each stage. The search range for the 16x16 translational motion is +/-16 pixels and motion accuracy is 1/3 pixel. And the 8x8 translational motion is estimated for +/- 2 pixels with intialized by 16x16 translational motion and also the motion accuracy is 1/3. The affine motion accuracy is adaptively selected from 1/2, 1/4/ and 1/8. The cost function for all the estimation is MSE (Mean Square Error). For the subpixel interpolation, the cubic and bilinear interpolations are used for luminance and chrominance signals, respectively. From the following results, the MV-based description of affine motion can be a good tool for the affine motion coding.

Table 1: Average MV entropy in the proposed method; 

bits for affine motion parameter is three times of affine MV entropy

Sequence
Format 
Translational MV
Affine MV

Foreman
QCIF, 10Hz
7.35
9.03

Container
QCIF, 10Hz
2.79
4.72

News
QCIF, 10Hz
4.14
6.30

Silent
QCIF, 15Hz
4.43
7.16

Paris
CIF, 15Hz
4.58
5.42

Mobile
CIF, 30Hz
4.08
6.22

Tempete
CIF, 10Hz
5.25
9.62

Table 2: Average prediction gain (PSNR, in dB)

Sequence
Format 
16x16 BMA
8x8 BMA
Proposed

Foreman
QCIF, 10Hz
29.34
31.85
32.37

Container
QCIF, 10Hz
38.31
39.01
39.93

News
QCIF, 10Hz
31.52
33.38
33.93

Silent
QCIF, 15Hz
33.53
35.45
35.98

Paris
CIF, 15Hz
31.04
32.49
32.52

Mobile
CIF, 30Hz
26.85
28.14
28.62

Tempete
CIF, 10Hz
28.48
29.59
29.69
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Appendix: Relationship between affine motion and translational MV (appendix of [3])

Since the location of affine MV in the block coordinate has great impact on the predictive affine MV coding, the location should be selected in very careful fashion, To derived the physically meaningful location, we analysed the relationship between affine motion and translational motion. 

The problem here is to represent the affine motion by using the translational MV. So, we used the following cost function.
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where the MV 
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 is a vector approximating the affine motion for the block B and it is within the search range, i.e., the closed interval, 
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. The problem (A.1) is a kind of constrained minimisation problem. By using the non-linear programming technique, we obtained the following solution:
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(A.2)

We can know from eqn. (A.2) that the best translational MV approximating the affine motion is the block center motion. Since this relationship can be used for the sub-block, we selected the locations of the three affine MV as the center position of subblock. Since the affine MV for the remaining block among the four quadrants can be easily derived from eqn. (3), which will be used for the MV coding for the next macroblock, we selected the location of affine MV as shown in the Fig. 1.
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