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_____________________________
1 Introduction

This AHG was established in Dresden to study motion vector-related issues in proposals to HEVC CfP. 
The mandates of this AHG are,
1. Compare and summarize different ideas on motion vector precision in proposals to HEVC CfP
2. Compare and summarize different interpolation filtering schemes, necessary for fractional-pel motion vector precision

3. Raise and discuss various issues on motion vector precision, adaptive scheme, different interpolation filters, etc.

4. Discuss issues on how to evaluate different methods related motion vector precision

5. Study and propose possible core experiment(s) on this topic

2 Activities
2.1 Reflector
The e-mail reflector is [jct-vc@lists.rwth-aachen.de]. To receive email, please subscribe to the e-mail reflector: http://mailman.rwth-aachen.de/mailman/listinfo/jct-vc. For e-mail exchange, it is recommended to put [MV-Precision] in the subject line for easy grouping.

2.2 Mandate 1 and 2
The proposals related to MV precision submitted as responses to CfP are summarized (JCTVC-A113, JCTVC-A116, JCTVC-A121 and JCTVC-A124)
 
1. JCTVC-A113 (SK Telecom, Sejong Univ. & Sungkyunkwan Univ.)
· The MV accuracy is adaptively selected among {1/2, 1/4, 1/8} in RD-sense.
· The MV accuracy is determined & signaled in the unit of 16x16 or 32x32 block (i.e., partitions smaller than 16x16 shares the same MV precision).
· Under SKIP mode, no MV precision information is signaled (instead 1/8-pel accuracy is assumed)
2. JCTVC-A116 (Fraunhofer HHI)
· The MV accuracy can be set to units of 2**(-n) luma samples (with n>= 0). (For the submitted bitstreams, it was set to units of quarter luma samples.)
· Same accuracy is assumed for the horizontal & vertical components of MV.
· The MV accuracy is signaled at a slice level.
3. JCTVC-A121 (Qualcomm)
· For each region in a motion partition, the MV accuracy is adaptively chosen bet. 1/4 and 1/8 pel.
· For each block in a motion partition, a MV resolution flag is signaled (CABAC coded) to decoder (A value of 1 (0) implies 1/8th pixel (1/4th pixel) motion vector resolution.)
· In CABAC encoding of the resolution flag, four contexts are used which are based on the MV precision of neighboring partitions. Let A be the left neighboring partition and B be the upper neighboring partition (the precise definition of neighboring partitions is same as in H.264/AVC for MVD encoding). The four contexts used to encode the motion vector resolution flag for the current block are:
(a). Both A and B have 1/8th pixel MV accuracy.
(b). A has 1/4th pixel MV accuracy and B has 1/8th pixel MV accuracy.
(c). A has 1/8th pixel MV accuracy and B has 1/4th pixel MV accuracy.
(d). Both A and B have 1/4th pixel MV accuracy.
· Encoder always maintains MV and MVD information at 1/8th pixel resolution (by left-shift if necessary). If the current block has only 1/4th pixel motion accuracy, the MV prediction is converted to 1/4th pixel accuracy by right-shifting and then the MVD is formed. On the other hand if the current block has 1/8th pixel motion accuracy, the MVD is formed directly by subtracting the MV prediction from the motion vector for the current block. Once MVD is formed, if the current block has 1/4th pixel accuracy, for all the neighboring blocks used for determining the MVD contexts, the MVDs are converted to 1/4th pixel accuracy. Similar procedure is followed for 1/8th pixel accuracy. The encoding of MVD is performed as specified in H.264/AVC.
4. JCTVC-A124 (Samsung Electronics)
· For each region in a motion partition, the MV accuracy is adaptively chosen bet. 1/4th and 1/12th pel.
· For each block in a motion partition, a MV refinement flag is signaled to decoder.
· Same accuracy is assumed for the horizontal & vertical components of MV.
· Both encoder and decoder always assumes that MV information at 1/12th pixel resolution, however, MVD information at 1/4th pixel resolution. Therefore, motion vector prediction is done at 1/4th accuracy level and one of two possible refinement values (-1, +1) of 1/12th is coded without prediction only when MV refinement flag is one.
Summary and comparisons of all proposals related to MV precision and interpolation filters are in the attached Excel sheet. The proposals for both fixed interpolation filter and switched/adaptive interpolation filter are summarized. Further study on complexity aspects, e.g. arithmetic accuracy, etc, is necessary.
2.3 Mandate 3, 4, and 5
The point of the discussion on the reflector is as follows.
· The adaptive filter and fixed filter separation would be the first thing to verify.

· One way of evaluation is to start with basic schemes and then add enhancements gradually.
· In the future we should consider also experiments combining superior interpolation filters with superior in-loop filters.
· The addition of implementation aspects, e.g. number of taps, use of multiplication, adaptive complexity, adaptive tradeoff bet. RD performance and complexity, etc, should be investigated.

· Single pass versus non-single pass encoding techniques should be evaluated.
· It could be started with 1/4-pel resolution first and move to 1/8-pel (1/12-pel) at a later stage, to reduce the number of test conditions.
The issues in this AHG are inter-related not only to the issues here but also to those in the other AHGs. Therefore, we need a clear path leading to meaningful conclusion in minimum try-and-error.

3 Related contributions
The following contributions are related to this AHG, Those should be reviewed during Geneva meeting.
JCTVC-B043 [A. Tanizawa, T. Chujoh, T. Yamakage (Toshiba)] Synergistic effect of high accuracy interpolation filter (HAIF) and quad-tree based adaptive loop filter (QALF)

JCTVC-B051 [S. Matsuo, Y. Bandoh, S. Takamura, H. Jozawa (NTT)] Region-based adaptive interpolation filter

JCTVC-B083 [T. Suzuki (Sony)] Study of MC interpolation filter for bi-prediction

4 Recommendations
The AHG recommends 
· to continue to investigate different interpolation filtering schemes, necessary for fractional-pel motion vector precision
· to review all related contributions during Geneva meeting
· to define test conditions using TMuC software for further investigation by common test conditions and software
· to establish CEs on MV precision and interpolation filter issues to evaluate proposals efficiently
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