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1 Introduction

In order to reduce the complexity for 1/8-pel motion vector (MV) resolution, the complexity of the interpolation process is reduced. Therefore new interpolation filters of 6-tap and 8-tap filter length for 1/8-pel resolution are introduced that directly interpolate a specific subpel position. With the 6-tap filters the decoder complexity of the 1/8-pel codec is the same than  the decoder complexity of the TML-5 (1/4-pel) codec. Nevertheless, a gain up to 1.0 dB PSNR is obtained with the 1/8-pel MV resolution and the introduced interpolation filters compared to 1/4-pel MV-resolution in TML-5.
A further significant gain is obtained by increasing the complexity to 8-tap filters and by using a Hamming windowed Sinc filter.
2 Interpolation Complexity for 1/4-pel MV resolution in TML-5

In TML-5 (doc. q15k59) the interpolation process is described as subsequent interpolations with two different interpolation filters. The first interpolation filter is a 6-tap filter that interpolates the image signal on 1/2-pel positions and the second one is a bilinear filter that interpolates the image signal on 1/4-pel positions. For an upsampling process, where the whole image is sampled up, this representation may be a good choice. But if only a few subpel positions have to be interpolated (e.g. in the decoder), these few subpel positions should be interpolated directly in order to reduce the interpolation complexity.
If the decoder receives a displacement vector for a block with a fractional-pel resolution (e.g. 1/4-pel or 1/8-pel resolution) the motion compensation in the decoder only has to interpolate the image signal on the specific subpel position, the vector refers to. Figure 1 shows a one-dimensional example of a subsequent and direct interpolation of a 1/2-pel and a 1/4-pel sample in a ¼-pel MV resolution scheme. 
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Figure 1: One-dimensional visualisation of direct interpolation of 
a 1/2-pel and a 1/4-pel sample.
The upper 6 arrows denote the 6-tap interpolation with the filter coefficients (a3,a2,a1,a1,a2,a3) for the interpolation of the 1/2-pel sample. The lower two arrows denote the bilinear interpolation with the filter-coefficients (b1,b1) for the interpolation of the ¼-pel sample that uses the result of the 1/2-pel interpolation with the 6-tap filter. This corresponds to the subsequent interpolation scheme described in TML-5. In order to reduce the complexity of the 1/4-pel sample interpolation, the interpolation should be done in one step. Thus, the intermediate result of the 1/2-pel sample hasn’t got to be computed. The 1/4-pel sample can be computed directly from the six fullpel samples. The coefficients of such an filter in dependence of the coefficients of the 6-tap and bilinear filter are depicted in Figure 1. In Table 1 the coefficients of the direct interpolation filters for TML-5 are depicted.
Subpel-postion
Filter Coefficients

1/4
(1,   -5, 52, 20,   -5, 1)/64

2/4
(2, -10, 40, 40, -10, 2)/64

3/4
(1,   -5, 20, 52,   -5, 1)/64

Table 1: Filter coefficients for direct interpolation of different 1/4-pel positions in TML-5
In order to interpolate a two dimensional image, the one-dimensional interpolation filters are applied first horizontal and after this vertically (TML-5, doc. q15k59).
3 Direct interpolation for 1/8-pel MV resolution
For the 1/8-pel interpolation it is proposed to use direct interpolation filters, which directly interpolate one specific subpel position. For the direct interpolation two different Hamming windowed Sinc filters are tested. One with a 6-tap filter length and one with a 8-tap filter length. With the 6-tap versions, the 
same interpolation complexity than in TML-4 is achieved. 
 
























4 Experimental Results

Table 2 shows the test-sequences that are used for the experimental results.

Test-sequence
Res.
Frame rate
No.of frames

Mobile & Calendar
CIF
30
300

Flower Garden
CIF
30
250

Tempete
CIF
30
260

Paris
CIF
15
300

Silent Voice
QCIF
15
300

Container
QCIF
10
300

News
QCIF
10
300

Foreman
QCIF
10
300

Table 2: Applied test-sequences.

For each sequence one rate-distortion plot is given in the Appendix. The rate-distortion plots contain the following curves:

· TML: 1/4-pel with 6-tap and bilinear interpolation filter (62)

· 1/8-pel with 6-tap and bilinear interpolation filter (66b) (same as in q15k21)
· 1/8-pel with 8-tap and bilinear interpolation filter (88b) (same as in q15k21)
· 1/8-pel with direct interpolation and 6-tap filters (6-tap direct interp.)

· 1/8-pel with direct interpolation and 8-tap filters (8-tap direct interp.)
5 Summary
In order to reduce the complexity for 1/8-pel motion vector (MV) resolution, the complexity of the interpolation process is reduced. Therefore new interpolation filters of 6-tap and 8-tap filter length for 1/8-pel interpolations are introduced that directly interpolates a specific subpel position. With the 6-tap filters the decoder complexity of the 1/8-pel codec is the same than  the decoder complexity of the TML-5 (1/4-pel) codec. Nevertheless, a gain up to 1.0 dB PSNR is obtained with the 1/8-pel MV resolution and the 6-tap interpolation filters compared to 1/4-pel MV-resolution in TML-5. A further significant gain is obtained by increasing the complexity to 8-tap interpolation filters.

By using the new direct interpolation filters which result from an Hamming windowed Sinc function a further gain is obtained compared to the Portland results in q15k21. A maximum gain for 1/8-pel resolution with direct 8-tap interpolation filters compared to TML-5 of 1.3 dB is obtained.
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