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1 Introduction
This document summarizes the activities in the Core Experiment CE9 on motion vector coding. A total of 16 companies or universities have registered to the CE.  A few emails were exchanged mainly to coordinate the cross-check activity and exchange the modified versions of the HM0.9 software. Also it can be noticed that for some topics the contribution was cancelled by the proponent (lack of time running the experiment, or insufficient results). 

Three main topics have been addressed:

· Study of the configuration of the Skip, Direct and Merge modes,
· Adaptation and modification of the set of predictors,
· Temporal motion vector memory compression.
2 Documents List
	
	Tester 1
	Tester 2  (cross-check)

	3.1.b
	HHI - JCTVC-D314
	Motorola - JCTVC-D248

	3.1.c
	HHI - JCTVC-D314
	Qualcomm - JCTVC-D355

	3.1.d
	HHI - JCTVC-D314
	Orange Labs - JCTVC-D130

	3.1.e
	HHI - JCTVC-D314
	Orange Labs - JCTVC-D132

	3.1.f
	HHI - JCTVC-D314
	NTT DOCOMO - JCTVC-D233

	3.1.g
	Mediatek - JCTVC-D133
	Intel - JCTVC-D172

	3.1.h
	JVC Kenwood - JCTVC-D118
	Mitsubishi - JCTVC-D097

	3.1.i
	HHI - JCTVC-D314
	NTT DOCOMO - JCTVC-D233

	3.1.j
	HHI - JCTVC-D314
	SKKU - JCTVC-D330

	3.1.k
	HHI - JCTVC-D314
	NTT DOCOMO - JCTVC-D233

	3.1.l
	HHI - JCTVC-D314
	NTT DOCOMO - JCTVC-D233

	3.1.m
	NTT DOCOMO - JCTVC-D233
	HHI - JCTVC-D314

	3.1.n
	NTT DOCOMO - JCTVC-D233
	Orange Labs - JCTVC-D134

	3.1.o
	NTT DOCOMO - JCTVC-D233
	Samsung - JCTVC-D410

	3.1.p
	NTT DOCOMO - JCTVC-D233
	ETRI & Kyunghee University - JCTVC-D277

	3.1.q
	HHI - JCTVC-D314
	NTT DOCOMO - JCTVC-D233

	3.1.r
	HHI - JCTVC-D314
	NTT DOCOMO - JCTVC-D233

	3.1.s
	Samsung – JCTVC-D411
	Sony – JCTVC-D413

	3.1.t
	Samsung – JCTVC-D411
	Sony – JCTVC-D413

	3.1.u
	NTT DOCOMO – JCTVC-D233
	HHI - JCTVC-D316

	3.2.c
	Sony - JCTVC-D301
	Canon - JCTVC-D117

	3.2.d
	NTT DOCOMO - JCTVC-D231
	Sharp - JCTVC-D067

	3.3.b
	Sharp - JCTVC-D072
	NTT DOCOMO - JCTVC-D232 


3 Experiments

3.1 Variations on Skip, Direct and Merge modes
Two types of Merge modes are tested: CU Merge (Merge at the coding unit level) and PU Merge (Merge at the prediction unit level). For both modes, 4 options are possible:

	Merge
	left
	above
	collocated 
	corner**

	PU/(CU) based
	1
	1
	0
	0

	PU/(CU) based 1
	1
	1
	0
	1

	PU/(CU) based 2
	1
	1
	1
	1

	PU/(CU) based 3
	1
	1
	1
	1


The PU Merge signalling has been modified with a new syntax element mrg_cbf  for 2Nx2N inter blocks. A mrg_cbf syntax element equal to 1 signalizes that the current block is merged (merge flag equal to 1) and that no residual data is coded for the current block. A mrg_cbf  syntax element equal to 0 signalizes that the merge and cbf flags have to be coded after mrg_cbf. The PU/CU based 2 and PU/CU based 3 respectively enable or disable this feature.
For the Skip and the Direct modes, 4 options are proposed:

	Skip or Direct
	(0,0) *
	Left
	above
	median
	corner
	collocated

	0
	0
	0
	0
	0
	0
	0

	AMVP
	1
	1
	1
	1
	1
	1

	AMVP 1
	1
	0
	0
	0
	1
	1

	AMVP 2
	0
	0
	0
	0
	1
	1

	AMVP 3
	0
	0
	0
	0
	0
	1


16 combinations of these configurations have been tested and compared. They can be split into two categories: CU Merge on the one hand, PU Merge on the other hand. For each category there are 3 sub categories:
· Mix of Skip, Direct and Merge with different predictor configurations

· Disable the Direct mode with different predictor configurations for Skip and Merge

· Disable the Skip and Direct modes with different predictor configurations for Merge

The basic idea of most of the experiments is to move predictors from one mode to the other. All the predictors are always used, but their distribution among the different modes (Skip, Merge) is changed. This classification of the experiments is shown in the figure below, with the corresponding gain compared to the reference. 

	
	Skip
	Direct
	Merge
	Software / Configuration
	Tester 1

	3.1.a Reference
	AMVP based
	AMVP based
	CU based***
	HM1.0
	-

	3.1.b

(JCTVC-C109)
	Modified AMVP 1
	Modified AMVP 1
	PU based
	HM1.0 modified by HHI (available Nov. 5th)
	HHI

	3.1.c
	Modified AMVP 2
	Modified AMVP 2
	PU based
	HM1.0 modified by HHI (available Nov. 5th)
	HHI

	3.1.d
	Modified AMVP 3
	Modified AMVP 3
	Modified PU based 1
	HM1.0 modified by HHI (available Nov. 5th)
	HHI

	3.1.e
	0
	0
	Modified PU based 2
	HM1.0 modified by HHI (available Nov. 5th)
	HHI

	3.1.f
	0
	0
	Modified PU based 3
	HM1.0 modified by HHI (available Nov. 5th)
	HHI

	3.1.g 
	AMVP based
	AMVP based
	PU based
	HM1.0 modified by HHI (available Nov. 5th)
	MediaTek

	3.1.h
	Modified AMVP 1
	Modified AMVP 1
	CU based
	HM1.0 modified by HHI (available Nov. 15th)
	JVC Kenwood

	3.1.i
	Modified AMVP 2
	Modified AMVP 2
	CU based
	HM1.0 modified by HHI (available Nov. 15th)
	HHI

	3.1.j
	Modified AMVP 3
	Modified AMVP 3
	Modified CU based 1
	HM1.0 modified by HHI (available Nov. 15th)
	HHI

	3.1.k
	0
	0
	Modified CU based 2
	HM1.0 modified by HHI (available Nov. 15th)
	HHI

	3.1.l
	0
	0
	Modified CU based 3
	HM1.0 modified by HHI (available Nov. 15th)
	HHI

	3.1.m
	AMVP based
	0
	CU based***
	HHI’s version of HM1.0 modified by DOCOMO  (available Nov. 9th)
	NTT DOCOMO

	3.1.n
	Modified AMVP 1
	0
	PU based
	HHI’s version of HM1.0 modified by DOCOMO  (available Nov. 9th)
	NTT DOCOMO

	3.1.o
	AMVP based
	0
	PU based
	HHI’s version of HM1.0 modified by DOCOMO  (available Nov. 9th)
	NTT DOCOMO

	3.1.p
	Modified AMVP 1
	0
	CU based***
	HHI’s version of HM1.0 modified by DOCOMO  (available Nov. 9th)
	NTT DOCOMO

	3.1.q
	Modified AMVP 2
	0
	CU based***
	HHI’s version of HM1.0 modified by DOCOMO  (available Nov. 9th)
	HHI

	3.1.r
	Modified AMVP 2
	0
	PU based
	HHI’s version of HM1.0 modified by DOCOMO  (available Nov. 9th)
	HHI

	3.1.s
	AMVP based 
	0
	Modified PU based 2
	HHI’s version of HM1.0 modified by DOCOMO  (available Jan. 13th)
	Samsung

	3.1.t
	AMVP based 
	0
	Modified PU based 3
	HHI’s version of HM1.0 modified by DOCOMO  (available Jan. 13th)
	Samsung
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3.1.i: +0.5

AMVP2  -AMVP2

CU

3.1.h: +0.6
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CU

3.1.k: -0.7

OFF -OFF

CU2

3.1.l: -0.3

OFF -OFF

CU3

3.1.q: -0.3

AMVP2  -OFF

CU

3.1.p: -0.2

AMVP1 -OFF

CU

3.1.m: 0

AMVP -OFF

CU
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Direct 
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Direct
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Skip and

Direct
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3.1.d: -0.7

AMVP3 AMVP3
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OFF -OFF

PU3

AM
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CU1
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PU3

(0,0) ON ON

Left ON ON ON ON ON

Above ON ON ON ON ON

Median ON

Corner ON ON ON ON ON ON

Colocated ON ON ON ON ON ON

3.1.g: -0.4

AMVP  -AMVP

PU

3.1.c: -0.4

AMVP2  -AMVP2

PU

3.1.n: -0.5

AMVP1 -OFF

PU

3.1.r: -0.7

AMVP2 -OFF

PU

3.1.t: -1.2

AMVP -OFF

PU3

3.1.b: -0.3

AMVP1-AMVP1

PU

3.1.o: -0.4

AMVP -OFF

PU

3.1.e: -1.0

OFF  -OFF

PU2


Without drawing conclusions in favor of any particular method, it can be noticed that in general using PU Merge instead of CU Merge, on the one hand, and disabling the Direct at the CU level combined with increasing the set of predictors (including a temporal) for the PU Merge on the other hand, seem to be efficient choices. Additionaly, a contribution with a competing set of predictors for the Skip, and a PU based Merge reports the highest bitrate saving.
3.2 Adaptation and modification of the set of predictors

The contributions JCTVC-B081 and JCTVC-C166 by Sony report that dynamic code number assignment for each of the motion predictor candidate is useful to adapt the set of prediction to the characteristic of the sequence. A similar trend is reported in JCTVC-C291 (Orange Labs), where coding efficiency varying on a time-basis has been shown. Another variation of the adaptation was also reported in JCTVC-B094.

	
	Adaptation
	Software / Configuration
	Tester 1
	Tester 2

	3.2.b 


	With Adaptation based on JCTVC-C291 
	Withdrawn

	3.2.c
	Adaptation based on JCTVC-C166
	
	Sony
	Canon

	3.2.d


	Modification of the set based on JCTVC-B094
	
	NTT DOCOMO
	Sharp


3.2.c experiment proposes a dynamic code_number assignment for PMV candidates. The experiment has been performed with Merge mode off.
3.2.d experiment includes the three following tests:
· Removing median predictor from the candidates of motion vector predictors.

· Disabling the process that prunes the list of motion vector predictors according to MVD.

· Combination of these 2 simplifications with modification of selection for left/top predictor.

 The experiment reports that item 3 achieves no loss to current AMVP but some functionality benefits.

3.3 Temporal motion vector memory compression

The contribution JCTVC-C257 proposes a method to reduce the complexity of motion vector competition.  The focus is on reducing the size of the motion vector buffer needed for storing temporal collocated vectors.  The size of the motion vector buffer is significant, considering the granularity of motion representation and that there are two vectors per motion block for B_SLICE.  To reduce the size of that buffer and the associated memory access bandwidth, it is proposed to use a block-based median filter to store motion vectors with a larger granularity.  

 In this experiment, the coding efficiency impact of the method will be tested. It will also be compared with a method using a simple decimation operation.

	
	Adaptation
	Software / Configuration

	3.3.b 


	With memory compression based on  JCTVC-C257 
	


In the last meeting, it was proposed to store the motion vector data from previous frames at lower resolution.  This data is used in the motion vector competition tool in the HM design, and the goal was to reduce the resolution by a factor of four in order to reduce the storage requirements.  The technology is tested in CE9, and it is reported that 4x memory size reduction results in 0.4% bit-rate increase for random access and 0.6-0.7% bit-rate increase for low delay test configurations.

4 Conclusion

Several experiments have been performed with different configurations of the software. Trying to summarize, the following observations can be made:
· For the Inter mode, it is reported that a configuration without the median and without the pruning process can achieve no loss.
· For the Skip, Direct, Merge modes:

· in general, having a configuration with PU Merge instead of CU Merge seems to be an efficient choice, 
· in general, disabling the Direct at the CU level combined with increasing the set of predictors (including a temporal) for the PU Merge seems to be an efficient choice.
· a configuration with a competing set of predictors for the Skip, and a PU based Merge reports the highest bitrate savings. For motion vector competition a four time memory size reduction is proposed with reported bit rate increase of 0.5% on average, 
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