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1 Introduction

Documents Q15i59 and Q15j09 define a H.26L core experiment on Adaptive Motion Accuracy (AMA) for 1/2, 1/4 and 1/8 pel accuracy. Document Q15i59 addresses the improvement of the motion compensated prediction more generally by studying the following 3 different issues:

1. Motion vector accuracy (1/2, 1/3, 1/4, 1/6, 1/8)

2. Interpolation filters (bilinear, cubic, Wiener, …)

3. Adaptive motion accuracy

Document Q15j09 defines the core experiment more precisely by focusing on the AMA aspect. In this document 2 different AMA realizations are determined for the core-experiment:

1. AMA using 1/2 and 1/4 pel accuracy.

2. AMA using 1/2, 1/4 and 1/8 pel accuracy

Since the interpolation filters which shall be used for this experiment were not determined in  Q15i59 and Q15j09,  the results from document Q15j14 are used to determine the best filter combinations.

2 Interpolation in the AMA scheme

2.1 Interpolation Process

In order to interpolate the image signal on subpel positions, interpolation filters are used. The interpolation is equivalent to an upsampling of the frame. The following Figures show the upsampling process for the three motion vector accuracies (MV-accurcy) of 1/2-pel, 1/4-pel and 1/8-pel. This is the same process that was already presented in Q15i35, and which was also used in the Geneva Telenor contribution (COM-16 D.361).
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Figure 1: Interpolation process for 1/2, 1/4 and 1/8-pel MV-accuracies.

Generally, it is possible to use different interpolation filters for all 3 MV-accuracies in the AMA scheme. This means that Filter 1 for 1/2-pel interpolation might be different from Filter 1 of 1/4-pel and Filter 1 of 1/8-pel accuracy. In this case, the interpolation process for each MV-accuracy has to be performed separately. Since this is not efficient in the sense of complexity, this contribution uses the same Filter 1 for 1/2-pel, 1/4-pel and 1/8-pel interpolation and the same Filter 2 for 1/4-pel and 1/8-pel interpolation. Therefore the result of the 1/2-pel interpolation can be used for the 1/4-pel interpolation and the result of the 1/4-pel interpolation can be used for the 1/8-pel interpolation, respectively. 

One Remark on AMA with 1/2, 1/3 and 1/6-pel accuracy:

In the realization of AMA with 1/2 , 1/3, and 1/6-pel MV-accuracy, the interpolation result for 1/2-pel  is not used for the interpolation of 1/3 or 1/6-pel.

2.2 Interpolation Filters

In Table 1 the different 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

	4-tap
	(-4,20,20,-4)/32
	Telenor Filter (COM-16 D.361)

	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 4-tap and 6-tap filters were presented by Telenor in the Geneva document COM-16 D.361. The fourth filter is the 8-tap Wiener filter that was presented in Q15i35.

Abbreviations:

In order to specify the applied filter combinations for the interpolation process in the AMA scheme, abbreviations are used.  In Figure 2 the meaning of these abbreviations is illustrated for one example (AMA with 1/2, 1/4, and 1/8-pel). In these abbreviations the applied filters are represented by their filter length (e.g. bilinear: 2-tap ( abbreviation: (2)).
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Figure 2: Example of abbreviations for filter combination in the AMA scheme . In these abbreviations the used filters are represented by their filter length.
3 Motion Estimation

In an AMA motion compensated prediction scheme the motion vector candidate, the block-size pattern (e.g. 16x16, four 8x8, etc.) and the motion vector accuracy have to be estimated for each macroblock (MB). 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 and decide which is the best block-size pattern (e.g. 16x16, four 8x8, etc.).

3. Use the chosen block-size pattern and 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. Use the chosen block-size pattern and 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 candidate that 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.

In Table 3 the filter combinations for AMA-4 (AMA with 1/2 and 1/4 MV-accuracy) and for AMA-8 (AMA with 1/2, 1/4 and 1/8-pel MV-accuracy) are shown. In this table and in the rate-distortion plots the abbreviations described in Figure 2 are used. 

	AMA-4

(1/2-1/4)
	AMA-8

(1/2-1/4-1/8)

	(8-82)
	(8-88-882)

	(6-62)
	(6-66-662)


Table 3: Investigated filter combinations for AMA-4 and AMA-8. The meaning of the abbreviations (e.g. (8-88-882)) is described in Figure 2.

Since document Q15j14 reports a significant loss in the coding efficiency for using the 4-tap filter for higher MV-accuracies, this filter is not considered here. Only the 8-tap, 6-tap and bilinear filter (2-tap) are considered for the filter combination of the AMA schemes (see Table 3). 

In the following subsection the rate distortion plots for all sequences specified in Table 2 and for all filter combinations specified in Table 3 are shown. For all results 5 reference frames are used.

4.1 Rate-distortion plots
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5 Summary

Results for AMA-4 (AMA with 1/2 and 1/4-pel) and 1/4-pel (without AMA):

· AMA-4:

· Gain up to 0.4 dB compared with TML-2. 

· Small loss only for silent compared with TML-2.

· 1/4-pel (no AMA): 

· For Mobile, Tempete and Flower a gain up to 0.7 dB compared with TML-2 and 0.3 dB compared with AMA-4 is obtained.

· For other sequences: No significant difference between 1/4-pel and AMA-4.

Results for AMA-8 (AMA with 1/2, 1/4 and 1/8-pel) and 1/8-pel (without AMA):

· AMA-8:

· Gain up to 1.0 dB compared to TML-2.

· Small loss only for silent compared with TML-2.

· 1/8-pel (no AMA):

· For Mobile, Tempete and Flower a gain up to 1.5 dB compared with TML-2 and 0.5 dB compared with AMA-8 is obtained.

· For other sequences: No significant difference for higher data rates and loss up to 0.7 dB for lower data rates between 1/8-pel and AMA-8.

Recommended changes for TML-2:

For lower bit-rates it is recommended to use the AMA-8 and for higher bit-rates it is recommended to use 1/8-pel without AMA.
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