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1 Introduction
This document summarizes the activities of the Core Experiment CE1 on motion data storage reduction. At the 5th JCTVC meeting some input documents were proposed to modify the motion data storage in combination with the temporal MV predictor. The experiments are clustered in 3 categories: category A of this CE explores the different possible combinations between the MDSR position and the temporal motion vector predictor position. Category B evaluates different methods to reduce the motion data storage. Category C evaluates the impact of the spatial sampling factor of MDSR.
2 Document List

	
	Tester 1
	Tester 2  (cross-check)
	x-check

	Category A

	A1
	Canon - JCTVC-F278
	LGE -  JCTVC-F114
	OK

	A2
	Sony - JCTVC-F425
	Panasonic - JCTVC-F473
	OK

	A3
	LGE - JCTVC-F112
	Toshiba - JCTVC-F327
	OK

	A4
	Intel - JCTVC-F513
	BBC - JCTVC-F662
	OK

	A5
	Canon - JCTVC-F278
	Samsung - JCTVC-F382
	OK

	A6
	MediaTek - JCTVC-F064
	Orange Labs - JCTVC-F266
	OK

	A7
	LGE - JCTVC-F112
	I2R - JCTVC-F434
	OK

	A8
	MediaTek - JCTVC-F064
	Microsoft - JCTVC-F202
	OK

	A9
	LGE - JCTVC-F112
	Orange Labs - JCTVC-F266
	OK

	A10
	MediaTek - JCTVC-F064
	Panasonic  - JCTVC-F473
	OK

	A11
	LGE - JCTVC-F112
	Orange Labs - JCTVC-F266
	OK

	A12
	JVC KENWOOD - JCTVC-F337
	Sharp - JCTVC-F715
	OK

	A13
	TI - JCTVC-F081
	Samsung - JCTVC-F383
	OK

	A14
	
	Orange Labs - JCTVC-F266
	OK

	A15
	
	Samsung - JCTVC-F383
	OK

	A16
	
	
	OK

	Category B

	B1
	ETRI - JCTVC-F353
	Canon - JCTVC-F278
	OK

	B2
	Canon - JCTVC-F278
	ETRI - JCTVC-F354
	OK

	B3
	
	
	OK

	B4
	
	
	OK

	B5
	
	
	OK

	B6
	
	
	OK

	B7
	ETRI - JCTVC-F353
	Canon - JCTVC-F278
	OK

	B8
	Canon - JCTVC-F278
	ETRI - JCTVC-F354
	OK

	B9
	
	
	OK

	B10
	
	
	OK

	B11
	
	
	OK

	B12
	
	
	OK

	Category C

	C1
	Orange Labs - JCTVC-F266
	Sharp - JCTVC-F715
	OK

	C2
	Sharp - JCTVC-F715
	Orange Labs - JCTVC-F266
	OK


Table 1: contribution numbers and cross-check result.

3 Overview of the experiments and results

3.1 Experiment Descriptions
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Figure 1: Description of the positions for MDSR.
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Figure 2: Description of the positions for TMVP.
3.1.1 Category A: Selection of the representative motion data

Several proposals select different MV candidate for motion data storage reduction. This first subset deals with looking at the best MV representative in combination with the temporal MV predictor location. In the anchor, and in the experiments A.1 to A.16, the temporal predictor is set in the last position in the set of candidates.
	Experiment
	MDSR (position)
	Prediction (TMVP position)
	Average
	RAHE
	RALC
	LDHE
	LDLC

	Anchor
	HM3.0

(TL)
	HM3.0
(H or C0)
	-
	-
	-
	-
	-

	A.1
	BR
	HM3.0
	0.2
	0.2
	0.1
	0.3
	0.3

	A.2
	C0
	HM3.0
	0
	0
	0
	0
	0

	A.3
	C3
	HM3.0
	0.1
	0.1
	0.1
	0.2
	0.2

	
	
	
	
	
	
	
	

	A.4
	HM3.0
	C0
	1.0
	0.9
	0.9
	1.1
	1.1

	A.5
	BR
	C0
	0.5
	0.4
	0.4
	0.6
	0.6

	A.6
	C0
	C0
	1.0
	0.9
	0.9
	1.1
	1.1

	A.7
	C3
	C0
	0.5
	0.4
	0.5
	0.6
	0.6

	
	
	
	
	
	
	
	

	A.8
	HM3.0
	C3
	0.8
	0.7
	0.7
	1.0
	1.0

	A.9
	BR
	C3
	0.4
	0.3
	0.3
	0.5
	0.5

	A.10
	C0
	C3
	0.8
	0.7
	0.7
	0.9
	0.9

	A.11
	C3
	C3
	0.4
	0.3
	0.3
	0.5
	0.5

	
	
	
	
	
	
	
	

	A.13
	HM3.0
	BR
	0.8
	0.7
	0.7
	0.9
	1.0

	A.14
	BR
	BR
	0.4
	0.3
	0.3
	0.5
	0.5

	A.15
	C0
	BR
	0.8
	0.7
	0.7
	0.9
	0.9

	A.16
	C3
	BR
	0.4
	0.2
	0.3
	0.5
	0.5


	A.12
	Largest size 
	HM3.0
	0
	0
	0
	0
	0


Table 2: Summary of the experiments for category A.
Among the various combinations tested, none is better in average than the HM3.0 anchor.
3.1.2 Category B: Finite-bit representation of motion data

Different methods to reduce the motion data storage have been presented in the 5th JCT-VC meeting: JCTVC-E221 and JCTVC-E142 (see section 4). Summaries of these contributions are provided in section 4. The goal of this part of the core experiment is to evaluate the performance of each reduction method related to motion data information.
3.1.2.1 Current HM3.0 motion data reduction 

Figure 1 illustrates the current method for the motion data storage in HM3.0 where only one representative is selected to summarize the motion vectors of 16 4x4 blocks, containing 16 motion vectors, 16 reference index and 16 coding modes per list. 
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Figure 3: HM3.0 motion vector, reference/list index and mode memory.

3.1.2.2 List of experiments 
Different methods to reduce the motion data storage have been presented during the 5th JCT-VC meeting. The goal of these category B experiments is to evaluate the BDR performance of each motion data reduction method and their combination as presented in Table 3. In the “Finite-bit MV representation” there is a first method (called “fixed” ) where the reduction of bits is applied systematically on the most significant bits on the motion vectors thus reducing the possible range of each vector component from 16 bits to 10 or 8 bits. In the second method (called “adaptive”), the reduction of bits has been applied both on the most significant and the least significant bits in an adaptive manner based on the POC difference.
In addition and in order to further reduce the number of bits to represent the motion data, scaling process to the nearest reference frame is applied and two modes have been tested for this method:
· One single reference frame is considered in each list L0 and L1 (Mode 0).
· One single reference frame in L0 is considered (Mode 1).

	Experiments
	Finite-bit MV representation
	Reference scaling
mode
(E221 - Canon)
	Numbers of bits per 

4x4blocks
	Reduction 

factor

	
	bits per MV component

(E142 - ETRI)
	bits removal

method
(E221 - Canon)
	
	
	

	Anchor
	16
	N.A
	NO
	71
	16

	B.1
	10
	0 (fixed)
	NO
	47
	24

	B.2
	
	
	0 (one ref frame per list)
	43
	26

	B.3
	
	
	1 (one single ref frame, L0)
	21
	54

	B.4
	
	1 (adaptive)
	NO
	47
	24

	B.5
	
	
	0 (one ref frame per list)
	43
	26

	B.6
	
	
	1 (one single ref frame, L0)
	21
	54

	B.7
	8
	0 (fixed)
	NO
	39
	29

	B.8
	
	
	0 (one ref frame per list)
	35
	32

	B.9
	
	
	1 (one single ref frame, L0)
	17
	67

	B.10
	
	1 (adaptive)
	NO
	39
	29

	B.11
	
	
	0 (one ref frame per list)
	35
	32

	B.12
	
	
	1 (one single ref frame, L0)
	17
	67


Table 3: Summary of experiments B of CE1
3.1.2.3  Results
	
	Bits per MV component
	LSBs removed
	Ref. scaling
	Red.

factor
	RAHE
	RALC
	LDHE
	LDLC
	Av.



	
	
	
	
	
	BDR (%)
	BDR (%)
	BDR (%)
	BDR (%)
	BDR (%)

	HM3.0
	16
	-
	-
	16x
	0.0
	0.0
	0.0
	0.0
	0.0

	
	
	
	
	
	
	
	
	
	

	B1
	10
	Fixed
	No
	24x
	0.0
	0.0
	0.0
	0.0
	0.0

	B2
	10
	Fixed
	Ref only
	26x
	0.1
	0.1
	0.1
	0.2
	0.1

	B3
	10
	Fixed
	1 sgle. list
	54x
	0.2
	0.2
	0.4
	0.6
	0.4

	B4
	10
	Adapt.
	No
	24x
	-0.1
	-0.1
	0.2
	0.2
	0.0

	B5
	10
	Adapt.
	Ref only
	26x
	0.0
	-0.1
	0.2
	0.2
	0.1

	B6
	10
	Adapt.
	1 sgle. list
	54x
	0.0
	0.0
	0.4
	0.6
	0.3

	
	8
	
	
	
	
	
	
	
	

	B7
	8
	Fixed
	No
	29x
	0.3
	0.4
	0.0
	0.0
	0.2

	B8
	8
	Fixed
	Ref only
	32x
	0.2
	0.3
	0.1
	0.2
	0.2

	B9
	8
	Fixed
	1 sgle. list
	67x
	0.5
	0.6
	0.4
	0.6
	0.5

	B10
	8
	Adapt.
	No
	29x
	-0.1
	-0.1
	0.2
	0.2
	0.1

	B11
	8
	Adapt.
	Ref only
	32x
	0.0
	0.0
	0.2
	0.2
	0.1

	B12
	8
	Adapt.
	1 sgle. list
	67x
	0.1
	0.1
	0.4
	0.6
	0.3


Table 4: Table summarizing tests for category B of CE1.


Figure 4 shows the result in terms of coding performance when considering the reduction factor of the motion vector data information. This figure plots the data reduction factor versus the average BDR for the 4 configurations. The reduction factor of the different storage methods evaluated in that core experiment can vary. According to the number of bits allocated per motion vector and the use of the proposed scaling process in a single reference, the reduction factor can range from 24 (16 in current HM3.0) to 67 and the maximum loss reported in the set is 0.5%.
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Figure 4: Results when considering the reduction factor
Figure 5 and Figure 6 show the BDR measure versus the bit rate when respectively 8 bits and 10 bits are used to represent each motion vector components instead of 16 in the current HM3.0. These two figures show that the “adaptive” mode (B4, B5, B6, B10, B11, B12) provides generally better results than the corresponding “fixed” mode (B1, B2, B3, B7, B8, B9). 
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Figure 5: Results when considering the reduction factor with a 10 bits representation for each motion component.
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Figure 6: Results when considering the reduction factor with a 8 bits representation for each motion component.

3.1.3 Impact of the spatial sampling factor variations
The impact of the spatial sampling factor could be studied with the new proposed tools. In particular, C.1 and C.2 experiments evaluate the impact of the memory reduction by applying respectively a reduction factor of 1 (MDSR off) and 4, instead of 16 as in the HM3.0 reference, with the best configuration from category A. This will provide the effective loss due to the MDSR tool.

	Experiment
	MVSR (position)
	Prediction (TMVP position)
	AVG
	RAHE
	RALC
	LDHE
	LDLC

	Anchor
	HM3.0 

(TL)
	HM3.0
(H or C0)
	-
	-
	
	
	

	C.1
	HM3.0 

(TL)
	HM3.0
(H or C0)
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1

	C.2
	HM3.0 

(TL)
	HM3.0
(H or C0)
	-0.1
	-0.1
	-0.1
	-0.1
	-0.2


Table 5: Summary of the experiments with different sampling factors.
NOTE: the results from Table 5 are not yet cross-checked.
4 Related Contributions

The descriptions of the experiments performed in the CE are described in this section. Some commonalities between the different contributions can be mentioned here: 
· Selection of the representative motion data: JCTVC-E059, JCTVC-E092, JCTVC-E142, JCTVC-E147, JCTVC-E211, JCTVC-E221, JCTVC-E307.
· Finite-bit representation of motion data: JCTVC-E142, JCTVC-E221.
JCTVC-E059 [LGE] Modifications of temporal mv memory compression and temporal mv predictor
In this contribution, three modifications of temporal motion data compression scheme are proposed. 

· Position change of a representative motion data in a pre-defined region. 
· Searching scheme for getting efficient motion data when it is not available. 
· Position change of temporal predictor and its synergy effect with motion data storage reduction.

In this CE, the best position of representative motion data, its searching method and the best combination with various temporal predictors under a circumstance of different motion data storage reduction ratio will be searched.
JCTVC-E092 [MediaTek] Motion Vector Decimation for Temporal Prediction
This contribution proposes a motion vector (MV) decimation method for storing the MV data at lower resolution. Specifically, the MVs from the bottom right 4x4 block in a MV compression unit are used as the MVs of the whole unit instead of the top left one in HM2.0. Moreover, the reference indices of the bottom right block are also used for the whole unit to avoid the mismatch between MVs and reference indices. It is proposed to test the bottom right block for MV compression on top of HM3.0. Moreover, since the derivation of temporal candidates for Inter, Skip, and Merge in HM3.0 is different from that in HM2.0, other blocks and possible improvements for MV compression will also be tested.  

JCTVC-E096 [JVC Kenwood] Partition size based selection for motion vector compression
In this proposal, the candidates to be stored are center four 4x4 blocks in the 16x16 block. The prediction partition size is compared in z-scanning order. The motion vector of the block which partition size is the largest is selected.
JCTVC-E142 [ETRI] Dynamic range restriction of temporal motion vector
This contribution presents a dynamic range restriction of temporal motion vector in order to reduce the memory size and the memory access bandwidth. The method restricts the value of temporal motion vectors into such a range that can be fit into a predefined fixed bit-width, which can be signaled in sequence level. It is recommended to evaluate this method with variation in bit-widths, e.g., 8-bits and 10-bits, to find the best trade-off between storage reduction factor and coding loss.
JCTVC-E147 [USTC, Microsoft] On motion information compression
This contribution proposes:

1.            To reduce the memory requirement, compress reference frame indexes and modes.

2.            Use the mv of the last block instead of the first block in the region.

3.            Scan from the last block for the first available block in the region.

JCTVC-E211 [Toshiba] Modified motion vector memory compression
This contribution proposes a modified motion vector memory compression (MMC) method which includes two parts. 

1- The reference index memory compression which reduces the reference index memory to one sixteen in done in the same manner as motion vector memory compression. 
2- Representative motion vector derivation which uses MV of bottom-right 4x4 block as a representative MV instead of upper-left 4x4 block in compressed 16x16 block.

JCTVC-E221 [Canon] On memory compression for motion vector prediction
3 proposed methods were described in this contribution:

1. Block position: Change the top left position by the bottom right position for the summarization in order to gives more diversity compared to the spatial predictors for small CUs and to match the center of the collocated predictor for large CUs.

2. MV components clipping: each component is clipped from 12 to 8 bits and according to the spatial distance between the current frame and its nearest reference frame the least significant bit (which represents the ¼-pel, ½-pel) in order to increase the range value of the motion vector.

3. Scaling: in order to avoid reference frame and/or list indexes memory access, the motion vector are scaled. 

JCTVC-E231 [Panasonic] Modified motion vector compression method
This contribution proposes a modified motion vector compression method, in which a representative motion vector is searched among 4x4 blocks according to encoding order.
JCTVC-E307 [Samsung] Improved motion vector decimation
This contribution proposes modified motion vector selection to be stored in motion vector decimation process. The proposed method selects the right-bottom motion vector instead of the left-top motion vector as the motion vector to be stored in the motion vector buffer. 
5 Conclusion
Category A: among the different combinations tested for MDST and TMVP, the HM3.0 reference positions are the most efficient, i.e. top-left for MDSR, H for TMVP.
Category B: 12 experiments have been conducted. The results report that B1 and B4 experiments provide of reduction factor of 24 with 0% BDR penalty on average. B10 and B11 experiments provide a reduction factor of respectively 29 and 32 (HM3.0 reduction factor is 16) while having less than 0.1% BDR penalty in average. No impact in terms of encoding/decoding runtime was observed (according to data from Tester 1 / data from Tester 2 unreliable). 

Category C: experiments show that turning off the MDSR, or switching it to a reduction factor of 4 instead of 16, yields to a gain of 0.1% BDR only in average. 
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