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1 Introduction

In document Q15j14 and Q15j15 motion compensated prediction with 1/8-pel motion vector (MV) resolution was investigated in combination with 1/4-pel, Adaptive Motion Accuracy (AMA) and different filter combinations. For some sequences and data rates a gain (up to 1.2 dB) and for some sequences a small loss was reported for 1/8-pel MV resolution compared to 1/4-pel MV resolution. Since no clear solution was presented whether to use 1/8-pel or 1/4-pel or a combination of both, this contribution should bring clarification.

In this contribution the possible gain of 1/8-pel MV resolutions compared to 1/4-pel is investigated in detail. Based on these investigations a solution is presented whether to use 1/8-pel or 1/4-pel MV resolution.

2 Interpolation for motion compensated prediction

2.1 Interpolation process

In order to interpolate an image signal on subpel positions, interpolation filters are used. The interpolation is equivalent to an upsampling of the frame. The following Figure 1 shows the interpolation process for motion vector resolution of 1/8-pel. This is the same process that was already presented in Q15i35 and Q15i14. 
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Figure 1: Interpolation process for 1/8-pel MV resolution 

In case of 1/8-pel MV resolution, the frame has to be upsampled by a factor of 8 (8:1 resolution). This is done by applying Filter 1 that produces the 2:1 resolution, followed by Filter 2 that produces the 4:1 resolution and Filter 3 that produces the final 8:1 resolution. Since three different filters might be used for this interpolation, there are several possible filter combinations.

2.2 Interpolation filters

Applied Interpolation filters:

In Table 1 the applied interpolation filters are shown. In this table the Filter length, the impulse response and a short description of the filters are given. 

	Filter length
	Impulse response
	Description

	2-tap
	(16,16)/32
	Bilinear Filter

	6-tap
	(1,-5,20,20,-5,1)/32
	Telenor Filter (COM-16 D.361)

	8-tap
	(-1,3,-6,20,20,-6,3,-1)/32
	Wiener Filter (Q15i35)


Table 1: Applied interpolation filters

The first filter in Table 1 is the bilinear filter (2-tap). The 6-tap filter was presented by Telenor in document COM-16 D.361. The 8-tap Wiener Filter was presented in Q15i35. For horizontal and vertical filtering the same filters are used. More information concerning interpolation filters can be found in Q15j14.

Abbreviations:

In order to specify the applied filter combinations for the interpolation process, abbreviations are used. In Figure 2 the meaning of the abbreviations is illustrated for one example. In the abbreviations the filters are represented by their filter length (e.g. bilinear: 2-tap ( abbreviation: (2)).
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Figure 2: Example of an abbreviation for a filter combination in the 1/8-pel interpolation scheme. In this abbreviation the filter length represents the applied filter.

3 Motion Estimation

In a motion compensated prediction scheme the motion vector candidate and the block-size pattern (e.g. 16x16, four 8x8, etc.) have to be estimated for each macroblock. This is done by the following 5 steps:

1. Make a full search to find the best 1/1-pel vector.

2. Check the 8 1/2-pel positions around the best 1/1-pel vector in order to find the best 1/2-pel vector.

3. Check the 8 1/4-pel positions around the best 1/2-pel vector in order to find the best 1/4-pel vector.

4. Check the 8 1/8-pel positions around the best 1/4-pel vector in order to find the best 1/8-pel vector.

5. Select the motion vector accuracy and block-size pattern, which produces the lowest rate-distortion cost.

4 Experimental Results

Table 2 shows the test-sequences recommended in Q15i62. Since the test-sequence Forest is not available for the group, the test-sequence Flower Garden is used instead.

	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. Each rate-distortion plot contains the following curves:

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

· 1/8-pel with 6-tap and bilinear interpolation filter (662)

· 1/8-pel with 8-tap and bilinear interpolation filter (882)

5 Conclusion and Proposal

Conclusion for QCIF sequences:

Small loss for 1/8-pel compared to 1/4-pel MV resolutions:

	QCIF test-sequence
	Loss

	Silent Voice
	0.3 - 0.4 dB

	Container
	0.0 - 0.5 dB

	News
	0.0 - 0.5 dB

	Foreman
	0.0 - 0.4 dB


Table 3: Results of 1/8-pel MV resolution compared to
TML4 with 1/4-pel MV resolution.

Conclusion for CIF sequences:

A gain up to 1.2 dB PSNR for 1/8-pel compared to 1/4-pel MV resolutions is obtained:

	CIF test-sequence
	Gain

	Mobile & Calendar
	0.6 - 1.2 dB

	Flower Garden
	0.2 - 0.9 dB

	Tempete
	0.0 - 0.3 dB

	Paris
	0.0 dB


Table 4: Results of 1/8-pel MV resolution compared to
TML4 with 1/4-pel MV resolution.
Proposal:

1. Use 1/4-pel MV resolution for QCIF sequences.

2. Use 1/8-pel MV resolution for    CIF sequences.
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Example of a  filter combination:
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