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1 Abstract
This document summarizes the activities in the Tool Experiment TE1 on Decoder-side Motion Vector Derivation (DMVD). A total of 4 proponents have requested cross-checking of their TMuC0.7 based implementations, and all of them have been evaluated with the test conditions as defined in JCTVC-B301 [1].
2 Introduction
The 14 companies listed in Annex have registered for participation in TE1. Between the meetings, a lively email discussion took place among the about 30 individuals representing the participating companies.
In general, the tools under TE1 evaluation are tested in two sub-experiments:
2.1 Sub Experiment TE.1a: DMVD Inter Prediction

Definition: General performance evaluations of DMVD, the additional coding gain over other tools that are also designed to improve coding efficiency for inter frames, e.g. AMVP.
· JCTVC-C097 (m18120) TE1：Huawei report on DMVD improvements in TMuC, [M. Yang, S. Lin, D. Wang, J. Zhou, H. Yu (Huawei)]
· JCTVC-C127 (m18151) TE1: Report of self derivation of motion estimation improvement in TMuC [Y. Chiu, L. Xu, W. Zhang, H. Jiang (Intel)]

· JCTVC-C138 (m18162) TE1.a: Implementation report of refinement motion compensation using DMVD on TMuC [M. Ueda (JVC)]
2.2 Sub Experiment TE.1b: DMVD Direct Mode

Definition: performance evaluation of DMVD in Skip/Direct mode, comparing it with other techniques such as AMVP, MRG.
· JCTVC-C097 (m18120) TE1：Huawei report on DMVD improvements in TMuC, [M. Yang, S. Lin, D. Wang, J. Zhou, H. Yu (Huawei)]
· JCTVC-C124 (m18147) TE1: Implicit direct vector derivation [S. Sekiguchi, Y. Itani (Mitsubishi Electric)]
· JCTVC-C127 (m18151) TE1: Report of self derivation of motion estimation improvement in TMuC [Y. Chiu, L. Xu, W. Zhang, H. Jiang (Intel)]
3 Document List
3.1  TE Documents
	Participant
	Document
	Title
	Type

	Huawei
	JCTVC-C097
JCTVC-C098
	TE1：Huawei report on DMVD improvements in TMuC
TE1: Cross-checking of DMVD results from Mitsubishi and Intel
	Proposal, verified by Intel (JCTVC-C128) & Mitsubishi (JCTVC-C125)
Verification

	Intel
	JCTVC-C127
JCTVC-C128
	TE1: Report of self derivation of motion estimation improvement in TMuC
TE1: Cross-checking of DMVD results from Huawei
	Proposal, verified by Huawei (JCTVC-C098)

Verification

	JVC
	JCTVC-C138
	TE1.a: Implementation report of Refinement Motion Compensation using DMVD on TMuC
	Proposal, verified by Qualcomm (JCTVC-C266)

	Mitsubishi Electric Corp.
	JCTVC-C124
JCTVC-C125
	TE1 report: implicit direct vector derivation
TE1: Spatio-temporal direct mode
	Proposal, verified by Huawei (JCTVC-C098) & Hitachi (JCTVC-C024)
Verification

	Hitachi
	JCTVC-C024
	TE1: Cross-check result of DMVD proposal JCTVC-C124 (Mitsubishi)
	Verification

	Qualcomm
	JCTVC-C266
	TE1: Cross-check result of DMVD proposal from JCTVC-C138 (JVC/Kenwood)
	Verification


4 Summary of proposals
4.1  JCTVC-C097 (Huawei)
The goal of this Tool Experiment (TE1) is to prove the performance of Decoder-side Motion Vector Derivation (DMVD) techniques in TMuC software. There are two categories in the TE1, one is TE.1a (DMVD Inter Prediction) and the other is TE.1b (DMVD Direct Mode). This contribution continues the work in [1][2], including the Template Matching based DMVD (TM-DMVD) and the Spatial and Temporal Direct Mode (STDM) techniques. STDM and TM-DMVD work together in the TE.1a and STDM works alone in the TE.1b. Both techniques have been implemented into the TMuC 0.7 software and tested under following the common test conditions in JCTVC-B300 and JCTVC-B301. This document describes these techniques in details, which includes algorithm description, software implementation, coding performance, and complexity evaluation and analysis. According to the test results, the average bit rate savings for random access and low delay are 3.90% and 2.43%, respectively in TE1.a, and 2.9% and 0.5%, respectively in TE1.b. Please note that some of the tests for Class A and Class B sequences in TE1.a are not finished yet and the final results will be updated as soon as they are available.
4.1.1 Test Results for Random Access High Efficiency Configuration Relative to TE1 Anchor
	Video Sequence
	TM-DMVD_STDM

	
	BD-rate Y(%)
	BD-rate U(%)
	BD-rate V(%)

	Class A
	PeopleOnStreet
	
	
	

	
	Traffic
	
	
	

	Class B
	Kimono
	
	
	

	
	ParkSene
	-3.6
	-2.1
	-2.1

	
	BasketballDrive
	
	
	

	
	BQTerrace
	
	
	

	
	Cactus
	
	
	

	Class C
	RaceHorses
	-2.1
	-2.5
	-3.0

	
	PartyScene
	-4.6
	-3.4
	-3.1

	
	BQMall
	-5.9
	-4.5
	-4.9

	
	BasketballDrill
	-3.1
	-3.6
	-4.0

	Class D
	BasketballPass
	-4.0
	-4.1
	-5.0

	
	BQSquare
	-4.0
	-1.2
	-1.3

	
	BlowingBubbles
	-4.5
	-3.1
	-2.8

	
	RaceHorses
	-3.2
	-3.9
	-4.2

	Total Average
	-3.90 
	-3.16 
	-3.37 


Table 1 - RD performance in random access high efficiency configuration
From Table 1 the total gain from the proposed techniques is about 3.90% bitrate saving.
4.1.2 Test results for Low Delay High Efficiency Configuration Relative to TE1 Anchor
	Video Sequence
	TM-DMVD_STDM

	
	BD-rate Y(%)
	BD-rate U(%)
	BD-rate V(%)

	Class B
	Kimono
	-2.1
	-0.4
	-0.3

	
	ParkSene
	-1.9
	0.6
	0.9

	
	BasketballDrive
	-2.5
	0.2
	-0.3

	
	BQTerrace
	-0.8
	5.4
	5.6

	
	Cactus
	-3.2
	-1.0
	-0.7

	Class C
	RaceHorses
	-1.4
	-0.8
	-0.3

	
	PartyScene
	-1.9
	0.6
	1.2

	
	BQMall
	-3.8
	-1.6
	-1.4

	
	BasketballDrill
	-2.8
	-2.4
	-2.5

	Class D
	BasketballPass
	-2.2
	-1.2
	-1.4

	
	BQSquare
	-1.3
	5.6
	4.3

	
	BlowingBubbles
	-2.2
	0.7
	1.4

	
	RaceHorses
	-2.1
	-1.7
	-1.2

	Class E
	Vidyo1
	-4.3
	-1.3
	-1.6

	
	Vidyo3
	-3.1
	-1.1
	-3.6

	
	Vidyo4
	-3.5
	-1.8
	-1.3

	Total Average
	-2.43 
	0.00 
	-0.07 


Table 2 -
RD performance in low delay high efficiency configuration

Compared with TE1 anchor, the average gain from the proposed techniques is about 2.43% bitrate saving.

4.1.3 Random Access High Efficiency Configuration Relative to TE1 Anchor
	Video Sequence
	TM-DMVD_STDM (%)

	Class A
	PeopleOnStreet
	

	
	Traffic
	

	Class B
	Kimono
	

	
	ParkSene
	195.82%

	
	BasketballDrive
	

	
	BQTerrace
	

	
	Cactus
	

	Class C
	RaceHorses
	265.65%

	
	PartyScene
	276.38%

	
	BQMall
	192.99%

	
	BasketballDrill
	192.86%

	Class D
	BasketballPass
	142.33%

	
	BQSquare
	336.28%

	
	BlowingBubbles
	299.55%

	
	RaceHorses
	182.07%

	Total Average
	231.55%


Table 3
- Complexity analysis in random access high efficiency configuration

From Table 3, it can be seen that TM-DMVD_STDM is about 2.3times slower than TE1 anchor. 
4.1.4 Low Delay High Efficiency Configuration Relative to TE1 Anchor
	Video Sequence
	TM-DMVD_STDM (%)

	Class B
	Kimono
	330.20%

	
	ParkSene
	437.19%

	
	BasketballDrive
	235.28%

	
	BQTerrace
	380.47%

	
	Cactus
	363.31%

	Class C
	RaceHorses
	432.83%

	
	PartyScene
	469.91%

	
	BQMall
	272.29%

	
	BasketballDrill
	291.66%

	Class D
	BasketballPass
	361.33%

	
	BQSquare
	358.96%

	
	BlowingBubbles
	358.95%

	
	RaceHorses
	285.06%

	Class E
	Vidyo1
	278.68%

	
	Vidyo3
	253.27%

	
	Vidyo4
	232.69%

	Total Average
	305%


Table 4 -
Complexity analysis in low delay high efficiency configuration
From Table 4, it can be seen that TM-DMVD_STDM is about 3times slower than TE1 anchor. 
Note: In the last meeting we applied a simplified interpolation filter in TM-DMVD and STDM (i.e. SDMVD and SSTDM) to effectively reduce the decoding complexity without sacrificing compression performance. For the case of SSTDM, its performance was even slightly better than that of STDM. 
4.1.5 Test Results for Random Access High Efficiency Configuration Relative to TE1 Anchor
	Video Sequence
	STDM

	
	BD-rate Y(%)
	BD-rate U(%)
	BD-rate V(%)

	Class A
	PeopleOnStreet
	-3.8
	-4.4
	-4.5

	
	Traffic
	-3.4
	-3.2
	-3.1

	Class B
	Kimono
	-3.2
	-2.6
	-2.5

	
	ParkSene
	-2.3
	-1.9
	-1.6

	
	BasketballDrive
	-2.5
	-2.4
	-2.7

	
	BQTerrace
	-1.8
	-1.0
	-0.6

	
	Cactus
	-5.1
	-4.2
	-4.3

	Class C
	RaceHorses
	-0.6
	-0.9
	-1.0

	
	PartyScene
	-3.2
	-2.6
	-2.4

	
	BQMall
	-4.6
	-3.9
	-4.1

	
	BasketballDrill
	-1.7
	-2.4
	-2.5

	Class D
	BasketballPass
	-2.8
	-3.3
	-3.4

	
	BQSquare
	-2.9
	-1.8
	-1.9

	
	BlowingBubbles
	-3.0
	-2.0
	-2.3

	
	RaceHorses
	-2.0
	-2.3
	-2.2

	Total Average
	-2.9
	-2.6
	-2.6


Table 5 -
RD performance in random access high efficiency configuration
From Table 5 the average gain for proposed technique is about 2.9% bit rate saving compared with TE1 anchor.
4.1.6 Test results for Low Delay High Efficiency Configuration Relative to TE1 Anchor
	Video Sequence
	STDM

	
	BD-rate Y(%)
	BD-rate U(%)
	BD-rate V(%)

	Class B
	Kimono
	-0.9
	-0.1
	0.0

	
	ParkSene
	-0.5
	1.1
	1.2

	
	BasketballDrive
	-0.5
	0.4
	0.3

	
	BQTerrace
	0.7
	3.5
	2.7

	
	Cactus
	-1.7
	0.0
	0.3

	Class C
	RaceHorses
	0.2
	0.5
	0.4

	
	PartyScene
	-0.1
	1.2
	1.7

	
	BQMall
	-2.0
	-0.8
	-0.2

	
	BasketballDrill
	-0.5
	-0.6
	-0.2

	Class D
	BasketballPass
	-0.6
	-0.8
	-0.5

	
	BQSquare
	0.9
	3.5
	3.3

	
	BlowingBubbles
	-0.5
	1.2
	2.2

	
	RaceHorses
	-0.3
	-0.6
	-0.5

	Class E
	Vidyo1
	-1.6
	0.2
	0.0

	
	Vidyo3
	-0.3
	-0.2
	-1.3

	
	Vidyo4
	-0.6
	0.5
	0.8

	Total Average
	-0.5
	0.6
	0.6


Table 6 -
RD performance in low delay high efficiency configuration
Compared with TE1 anchor, the average gain for proposed technique is about 0.5% bit rate saving.
4.1.7 Random Access High Efficiency Configuration Relative to TE1 Anchor
	Video Sequence
	STDM (%)

	Class A
	PeopleOnStreet
	129.48%

	
	Traffic
	116.27%

	Class B
	Kimono
	122.78%

	
	ParkSene
	118.77%

	
	BasketballDrive
	117.21%

	
	BQTerrace
	113.02%

	
	Cactus
	127.09%

	Class C
	RaceHorses
	95.71%

	
	PartyScene
	135.55%

	
	BQMall
	127.43%

	
	BasketballDrill
	107.83%

	Class D
	BasketballPass
	114.91%

	
	BQSquare
	120.57%

	
	BlowingBubbles
	123.50%

	
	RaceHorses
	116.01%

	Total Average
	118%


Table 7 - Complexity analysis in random access high efficiency configuration

From Table 7 STDM is about 1.18 times slower than TE1 anchor.
4.1.8 Low Delay High Efficiency Configuration Relative to TE1 Anchor
	Video Sequence
	STDM (%)

	Class B
	Kimono
	133.15%

	
	ParkSene
	175.20%

	
	BasketballDrive
	129.96%

	
	BQTerrace
	114.22%

	
	Cactus
	121.91%

	Class C
	RaceHorses
	142.37%

	
	PartyScene
	128.08%

	
	BQMall
	167.59%

	
	BasketballDrill
	134.28%

	Class D
	BasketballPass
	124.98%

	
	BQSquare
	97.84%

	
	BlowingBubbles
	165.17%

	
	RaceHorses
	104.33%

	Class E
	Vidyo1
	131.64%

	
	Vidyo3
	115.27%

	
	Vidyo4
	113.76%

	Total Average
	129%


Table 8 - Complexity analysis in low delay high efficiency configuration
From Table 8 STDM is about 1.29 times slower than TE1 anchor.
4.2  JCTVC-C127 (Intel)
This contribution presents the techniques of decoder-side motion vector derivation (DMVD) side to increase coding efficiency of B pictures. With the motion vector (MV) information self derived at video decoder side, the transmission of these MVs from video encoder side to video decoder side is skipped and thus better coding efficiency can be achieved. The proposed self derivation of motion estimation (SDME) techniques are friendly to the parallel implementation by utilizing on the temporal correlation among the available pixels in the previously-decoded reference pictures, instead of operating on the previously reconstructed pixels of the neighboring area of the current picture, which poses an inherent decoding ordering causal relationship among decoding blocks of current picture. Experiments have demonstrated that an overall 4.8% BD bitrate improvement for the test of random access (high efficiency) category under the TE1 test conditions with 73% increase in encoding time and 150% increase in decoding time increase on TMuC 0.7 Reference Software platform. A fast version of the direct-candidate simplified SDME has demonstrated an overall 3.1% BD bitrate improvement with a surprising 26% reduction in encoding time and 18% increase in decoding time when compared to TE1 anchor. Another version of the rounded-candidate simplified SDME has demonstrated an overall 3.7% BD bitrate improvement with 10% increase in encoding time and 13% increase in decoding time when compared to TE1 anchor. Also, the proposed SDME demonstrates 2.7% BD bitrate improvement over the anchor of TE12 under random access test category (high efficiency) on the shorter version of the common test video sequence defined for TE12. A description about the normative syntax change in the form of TMuC specification is included.
4.2.1 Test Results for Random Access High Efficiency Configuration Relative to TE1 Anchor – Candidate-based SDME
Table 9 shows the SDME performance compared with the TE1 anchors. The BD measurements in bitrate reduction were employed. The average BD bitrate reduction for luma component is about 4.8% with about 73% increase in encoding time and about 150% increase in decoding time.
Table 9 - Candidates based SDME performance compared with TE1 anchors

	
	Sequences
	BD-rate Y (%)
	BD-rate U (%)
	BD-rate V (%)
	Enc-time ratio
	Dec-time ratio

	Class A
	Traffic
	-5.6
	-5.1
	-4.9
	
	

	
	PeopleOnStreet
	-6.0
	-7.1
	-6.9
	
	

	Class B
	Kimono1
	-5.8
	-4.9
	-4.6
	
	

	
	ParkScene
	-4.7
	-4.0
	-3.9
	
	

	
	Cactus
	-7.2
	-6.1
	-6.2
	
	

	
	BasketballDrive
	-4.4
	-4.3
	-4.4
	
	

	
	BQTerrace
	-3.1
	-2.6
	-2.5
	
	

	Class C
	BasketballDrill
	-3.3
	-3.8
	-3.9
	
	

	
	BQMall
	-7.0
	-6.3
	-6.7
	
	

	
	PartyScene
	-4.2
	-3.8
	-3.8
	
	

	
	RaceHorses
	-2.2
	-3.0
	-3.4
	
	

	Class D
	BasketballPass
	-5.1
	-5.5
	-5.8
	
	

	
	BQSquare
	-4.0
	-2.8
	-2.8
	
	

	
	BlowingBubbles
	-4.7
	-3.6
	-3.9
	
	

	
	RaceHorses
	-4.2
	-5.1
	-5.2
	
	

	Average of Class A
	-5.8
	-6.1
	-5.9
	
	

	Average of Class B
	-5.1
	-4.4
	-4.3
	
	

	Average of Class C
	-4.1
	-4.2
	-4.4
	
	

	Average of Class D
	-4.5
	-4.2
	-4.4
	
	

	Overall Average
	-4.8
	-4.5
	-4.6
	173%
	250%


4.2.2 Test Results for Random Access High Efficiency Configuration Relative to TE1 Anchor – Direct-Candidate Simplified SDME 
Table 10.a shows the performance of the direct-candidate simplified SDME compared with the TE1 anchors. The average BD bitrate reduction for luma component is about 3.1% with a surprising 26% reduction in encoding time and about 18% increase in decoding time when compared to TE1 anchor.
Table 10.a – Direct-candidate Simplified SDME performance compared with TE1 anchors

	
	Sequences
	BD-rate Y (%)
	BD-rate U (%)
	BD-rate V (%)
	Enc-time ratio
	Dec-time ratio

	Class A
	Traffic
	-4.1
	-3.9
	-3.9
	
	

	
	PeopleOnStreet
	-4.1
	-4.9
	-5.0
	
	

	Class B
	Kimono1
	-4.0
	-3.4
	-3.4
	
	

	
	ParkScene
	-2.8
	-2.7
	-2.5
	
	

	
	Cactus
	-5.2
	-4.3
	-4.3
	
	

	
	BasketballDrive
	-2.8
	-2.7
	-2.9
	
	

	
	BQTerrace
	-2.1
	-1.9
	-2.2
	
	

	Class C
	BasketballDrill
	-2.0
	-2.7
	-2.6
	
	

	
	BQMall
	-4.7
	-4.3
	-4.7
	
	

	
	PartyScene
	-2.6
	-2.6
	-2.5
	
	

	
	RaceHorses
	-1.0
	-1.8
	-1.8
	
	

	Class D
	BasketballPass
	-3.3
	-3.6
	-3.9
	
	

	
	BQSquare
	-2.0
	-1.7
	-1.3
	
	

	
	BlowingBubbles
	-2.9
	-2.5
	-2.8
	
	

	
	RaceHorses
	-2.4
	-3.1
	-3.2
	
	

	Average of Class A
	-4.1
	-4.4
	-4.5
	
	

	Average of Class B
	-3.4
	-3.0
	-3.1
	
	

	Average of Class C
	-2.6
	-2.8
	-2.9
	
	

	Average of Class D
	-2.6
	-2.7
	-2.8
	
	

	Overall Average
	-3.1
	-3.1
	-3.1
	74%
	118%


4.2.3 Test Results for Random Access High Efficiency Configuration Relative to TE1 Anchor – Rounded-Candidate Simplified SDME 
Table 10.b shows the performance of the rounded-candidate simplified SDME with the rounded M. The average BD bitrate reduction for luma component is about 3.7% with a 10% increase in encoding time and about 13% increase in decoding time when compared to TE1 anchor.
Table 10.b – Rounded-candidate Simplified SDME performance compared with TE1 anchors

	
	Sequences
	BD-rate Y (%)
	BD-rate U (%)
	BD-rate V (%)
	Enc-time ratio
	Dec-time ratio

	Class A
	Traffic
	-4.8
	-4.4
	-4.3
	
	

	
	PeopleOnStreet
	-5.0
	-5.9
	-5.9
	
	

	Class B
	Kimono1
	-4.8
	-4.1
	-4.1
	
	

	
	ParkScene
	-3.5
	-3.2
	-3.1
	
	

	
	Cactus
	-5.6
	-4.6
	-4.9
	
	

	
	BasketballDrive
	-3.5
	-3.5
	-3.7
	
	

	
	BQTerrace
	-2.8
	-2.1
	-1.9
	
	

	Class C
	BasketballDrill
	-2.6
	-3.0
	-3.3
	
	

	
	BQMall
	-5.6
	-5.2
	-5.4
	
	

	
	PartyScene
	-3.1
	-3.1
	-3.1
	
	

	
	RaceHorses
	-1.6
	-2.3
	-2.7
	
	

	Class D
	BasketballPass
	-4.0
	-4.5
	-4.6
	
	

	
	BQSquare
	-2.5
	-2.3
	-2.0
	
	

	
	BlowingBubbles
	-3.4
	-3.0
	-3.4
	
	

	
	RaceHorses
	-3.1
	-3.8
	-4.1
	
	

	Average of Class A
	-4.9
	-5.2
	-5.1
	
	

	Average of Class B
	-4.0
	-3.5
	-3.5
	
	

	Average of Class C
	-3.2
	-3.4
	-3.6
	
	

	Average of Class D
	-3.2
	-3.4
	-3.5
	
	

	Overall Average
	-3.7
	-3.7
	-3.8
	110%
	113%


4.2.4 Test Results for Random Access High Efficiency Configuration Relative to MRG and AMVP – Candidate-based SDME
The common test condition of TE1 disables MRG and AMVP modes (MRG=0, AMVP=0). For reference, the SDME is tested with the different testing settings of MRG and AMVP and the result is listed in Table 11. To reduce the simulation time, a shorter version of the common test sequence is applied for considering only the pictures from the first intra frame to the second intra frame for each testing point. The coding gain of SDME with “MRG = 0 && AMVP off” achieves 4.1% BD bitrate improvement in the first column of Table 11 (Referred to 4.8% improvement for the complete test sequence). The coding gain of SDME with “MRG = 1 && AMVP on” is 2.7% BD bitrate improvement which demonstrates SDME improvement over the anchor of TE12. For reference, the experiment of the combined (MRG=1 & AMVP=1) compared to TE1 anchor is investigated and a 2% BD bitrate improvement is listed in the last column of the table. (This is in fact the comparison between the TE12 anchor and TE1 anchor for the test case of Random Access (high efficiency))
The results in Table 11 show that SDME achieved sizeable coding gain (>2.3%) with all kinds of settings of MRG and AMVP for test category of Random Access (high efficiency) on the shorter version of the common test video sequence.
Table 11 – BD-rate Y of SDME under different MRG and AMVP settings

	
	Sequences
	MRG = 0

AMVP off
	MRG = 0

AMVP on
	MRG = 1

AMVP off
	MRG = 1

AMVP on
	TE12 toTE1

	Class A
	Traffic
	-4.0
	-2.1
	-3.4
	-2.5
	-2.5

	
	PeopleOnStreet
	-5.1
	-3.2
	-4.6
	-3.6
	-2.0

	Class B
	Kimono1
	-4.2
	-2.0
	-3.1
	-2.3
	-2.4

	
	ParkScene
	-4.1
	-2.4
	-2.7
	-2.1
	-2.5

	
	Cactus
	-5.9
	-3.2
	-5.2
	-4.4
	-2.1

	
	BasketballDrive
	-5.0
	-1.9
	-3.8
	-2.9
	-3.3

	
	BQTerrace
	-1.7
	-0.7
	-1.4
	-1.1
	-1.7

	Class C
	BasketballDrill
	-3.0
	-2.1
	-2.7
	-2.0
	-1.5

	
	BQMall
	-5.5
	-1.4
	-4.7
	-3.6
	-2.5

	
	PartyScene
	-3.3
	-3.3
	-3.1
	-2.4
	-1.3

	
	RaceHorses
	-2.0
	-2.1
	-1.7
	-1.2
	-1.9

	Class D
	BasketballPass
	-6.1
	-1.1
	-4.5
	-4.1
	-1.6

	
	BQSquare
	-3.2
	-4.0
	-3.0
	-2.4
	-1.4

	
	BlowingBubbles
	-4.5
	-2.2
	-3.9
	-3.3
	-1.2

	
	RaceHorses
	-3.8
	-2.6
	-3.1
	-2.3
	-2.3

	Average of Class A
	-4.6
	-2.7
	-4.0
	-3.0
	-2.3

	Average of Class B
	-4.2
	-2.0
	-3.3
	-2.5
	-2.4

	Average of Class C
	-3.5
	-2.0
	-3.1
	-2.3
	-1.8

	Average of Class D
	-4.4
	-2.8
	-3.6
	-3.1
	-1.6

	Overall Average
	-4.1
	-2.3
	-3.4
	-2.7
	-2.0


4.3  JCTVC-C138 (JVC)

In TE1 activity, the tool experiment targets at exploring the performance and value of Decoder-side Motion Vector Derivation (DMVD) and at analyzing the interaction of DMVD with other tools under consideration for HEVC.
This proposal focuses on the tool “Refinement Motion Compensation (RMC) using DMVD” which belongs to TE1.a: DMVD Inter Prediction. The feature in RMC is that bi-predictive MC blocks can be obtained by transmitting only one motion vector using inter-reference DMVD.
In this contribution, the implementation of basic RMC tool on TMuC0.7 software and result of evaluating the performance are reported. The simulation results show that the proposed technique provides 1.8% BD-rate gain for random access case and 0.0% for low delay case as against TE1 common anchor under TE1’s test conditions.
4.3.1 Test Results Summary - Coding Efficiency
The BD-rate summary of this proposal is shown in Table 12.

The results of random access case for each sequence are shown in Table 13 to Table 16.
The results of low delay case for each sequence are shown in Table 17 to Table 20.

Table 12 - BD-rate summary of this proposal

[image: image1.emf]Random access

Y BD-rateU BD-rateV BD-rateY BD-rateU BD-rateV BD-rate

Class A -2.6 -3.1 -2.9

Class B -1.6 -1.4 -1.6 0.0 0.0 -0.1

Class C -1.9 -2.0 -2.2 0.0 0.0 0.1

Class D -1.6 -1.6 -1.7 0.1 0.1 0.1

Class E 0.1 -0.1 0.1

All -1.8 -1.8 -1.9 0.0 0.0 0.1



Low delay


Table 13 - Results of random access (Class A)

[image: image2.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

Class A S01 22 13799.34 41.76 13690.13 41.77 -2.1

4K Traffic 27 5712.64 39.31 5649.82 39.33

32 2792.98 36.81 2754.10 36.85

37 1461.38 34.20 1437.74 34.27

S02 22 34603.40 40.33 33889.55 40.35 -3.1

PeopleOnStreet 27 16752.21 37.35 16405.99 37.40

32 8872.71 34.39 8717.00 34.47

37 4996.83 31.60 4921.99 31.68

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


Table 14 - Results of random access (Class B)

[image: image3.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

Class B S03 22 4967.23 41.78 4947.11 41.78 -1.5

1080p Kimono 27 2327.20 39.91 2318.32 39.94

32 1152.76 37.58 1151.25 37.64

37 587.59 35.17 590.60 35.26

S04 22 7992.83 40.18 7962.79 40.18 -1.0

ParkScene 27 3557.05 37.67 3545.32 37.68

32 1669.06 35.08 1665.96 35.11

37 782.96 32.57 784.00 32.63

S05 22 19135.92 38.52 19038.51 38.53 -2.3

Cactus 27 6148.26 36.99 6085.71 37.01

32 2933.53 35.11 2898.93 35.15

37 1489.91 32.91 1468.35 32.97

S06 22 17955.98 39.23 17821.42 39.24 -2.4

BasketballDrive 27 6383.82 37.56 6313.14 37.59

32 2994.81 35.73 2965.56 35.78

37 1556.07 33.75 1547.49 33.82

S07 22 41465.25 37.48 41333.21 37.49 -1.0

BQTerrace 27 7650.06 35.32 7630.44 35.34

32 2392.57 33.98 2389.31 34.00

37 1036.48 32.27 1039.48 32.29

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


Table 15 - Results of random access (Class C)

[image: image4.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

Class C S08 22 3677.09 40.55 3623.33 40.56 -2.5

WVGA BasketballDrill 27 1788.55 37.41 1759.26 37.44

32 875.63 34.53 861.00 34.57

37 452.20 32.02 445.63 32.08

S09 22 3841.06 40.28 3799.31 40.30 -2.0

BQMall 27 1843.10 37.77 1817.65 37.79

32 938.15 35.00 928.04 35.05

37 499.54 32.23 496.24 32.29

S10 22 7108.63 38.39 7054.61 38.40 -1.3

PartyScene 27 3261.05 34.91 3230.15 34.92

32 1544.83 31.75 1530.92 31.78

37 722.84 28.80 720.16 28.84

S11 22 5049.81 39.14 5003.04 39.16 -2.0

RaceHorses 27 2150.71 35.91 2127.11 35.94

32 1009.48 33.05 998.64 33.09

37 489.61 30.40 484.26 30.45

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


Table 16 - Results of random access (Class D)

[image: image5.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

Class D S12 22 1601.11 40.80 1573.24 40.82 -2.8

WQVGABasketballPass 27 809.27 37.00 793.46 37.04

32 402.79 33.60 396.66 33.68

37 208.97 30.77 206.07 30.84

S13 22 1660.75 38.03 1658.61 38.02 0.2

BQSquare 27 647.46 34.82 648.18 34.82

32 298.10 32.06 298.54 32.06

37 152.70 29.37 153.74 29.37

S14 22 1714.98 38.35 1705.69 38.35 -0.8

BlowingBubbles 27 804.06 34.99 797.48 34.99

32 377.50 31.72 375.89 31.74

37 174.74 28.78 174.70 28.80

S15 22 1279.73 39.64 1259.38 39.67 -2.8

RaceHorses 27 636.91 35.87 624.68 35.92

32 311.70 32.39 307.03 32.46

37 152.29 29.52 150.51 29.58

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


Table 17 - Result of low delay (Class B)

[image: image6.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

Class B S03 22 6115.78 41.93 6115.75 41.93 0.0

1080p Kimono 27 3050.01 40.16 3050.80 40.17

32 1565.97 37.92 1566.47 37.91

37 762.25 35.27 762.33 35.27

S04 22 9775.00 40.03 9772.36 40.03 0.0

ParkScene 27 4078.05 37.04 4076.78 37.04

32 1730.04 34.14 1732.44 34.14

37 711.37 31.45 711.43 31.45

S05 22 27693.66 39.00 27658.38 39.00 0.0

Cactus 27 7780.95 36.78 7778.31 36.78

32 3558.52 34.66 3559.58 34.66

37 1651.15 32.31 1651.91 32.31

S06 22 25364.00 39.80 25343.75 39.80 0.0

BasketballDrive 27 8867.95 37.88 8866.75 37.88

32 4326.10 36.11 4324.24 36.11

37 2151.18 34.04 2148.36 34.03

S07 22 81795.17 39.52 81733.10 39.52 -0.1

BQTerrace 27 11451.40 35.62 11441.86 35.62

32 2710.77 33.35 2708.42 33.36

37 966.81 31.06 970.04 31.07

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


Table 18 - Result of low delay (Class C)

[image: image7.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

Class C S08 22 4536.98 39.97 4535.72 39.97 0.0

WVGA BasketballDrill 27 2343.90 37.02 2341.82 37.01

32 1199.96 34.38 1199.69 34.38

37 595.22 31.84 596.17 31.85

S09 22 4983.46 40.28 4983.23 40.28 -0.1

BQMall 27 2362.48 37.38 2362.23 37.39

32 1171.40 34.39 1172.36 34.40

37 581.52 31.39 581.81 31.40

S10 22 10557.87 38.67 10554.62 38.67 0.0

PartyScene 27 4876.44 34.61 4877.61 34.61

32 2121.00 30.77 2119.59 30.77

37 872.23 27.38 871.28 27.38

S11 22 7270.05 40.81 7266.00 40.81 0.0

RaceHorses 27 3298.23 37.35 3295.98 37.35

32 1416.45 33.98 1415.85 33.98

37 606.77 30.72 607.43 30.72

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


Table 19 - Result of low delay (Class D)

[image: image8.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

Class D S12 22 2095.15 41.26 2094.23 41.27 0.1

WQVGABasketballPass 27 1148.97 37.73 1148.68 37.72

32 590.81 34.36 591.77 34.36

37 285.50 31.24 285.65 31.24

S13 22 2979.63 38.71 2981.65 38.72 0.1

BQSquare 27 1171.40 34.53 1171.99 34.53

32 397.35 30.70 398.47 30.70

37 140.09 27.30 140.47 27.30

S14 22 2422.74 38.34 2422.28 38.34 0.1

BlowingBubbles 27 1071.91 34.22 1071.31 34.22

32 468.15 30.53 468.86 30.53

37 189.13 27.34 189.76 27.33

S15 22 1652.31 40.52 1651.83 40.52 0.0

RaceHorses 27 856.21 36.63 856.51 36.64

32 417.48 32.96 417.02 32.96

37 188.77 29.91 188.27 29.90

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


Table 20 - Result of low delay (Class E)

[image: image9.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

ClassE S16 22 2537.64 43.45 2534.45 43.45 0.2

720p Vidyo1 27 895.69 41.11 896.03 41.11

32 426.20 38.49 426.70 38.49

37 220.46 35.71 220.92 35.71

S17 22 3603.22 43.43 3601.89 43.43 0.1

Vidyo3 27 1160.62 40.95 1160.82 40.95

32 510.87 38.16 510.92 38.15

37 260.67 35.10 261.57 35.10

S18 22 3143.75 43.28 3140.86 43.28 0.1

Vidyo4 27 895.83 40.70 895.28 40.70

32 399.21 38.01 399.10 38.00

37 206.00 35.27 206.01 35.26

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


4.3.2 Test Results Summary - Complexity
The results of complexity assessment for RMC are as follows.
The results show the ratio of execution time between RMC and the anchor

A mean value of three times is used for measuring the decoding time without output of yuv file.

The complexity comparison summary of this proposal is shown in Table 21.

Table 21 - Complexity comparison summary of this proposal

[image: image10.emf]Random access Low delay

Enc Time [%] 146 103

Dec Time [%] 138 103


RMC simply performs motion estimation for deriving second motion vector. Therefore the complexity does not increase too much even in random access condition.
4.4  JCTVC-C138 (Mitsubishi)
This contribution is to report results of performance verification on implicit direct vector derivation technique that was approved as a part of TE1 at the last Geneva meeting. The evaluated technique provides a new efficient design of B-skip and B-direct modes with locally adaptive direct MV derivation relying on a simple decoder-side decision. A performance evaluation using TMuC software was conducted according to the test condition defined in TE1 and the results show 1.8% coding gain in average and up to 3.5% at maximum gain. The increase of decoding time was about 10% relative to TE1 anchor and encoding time was almost same as that of the anchor. This contribution also provides notes on normative text in the form of modification of TMuC specification.
4.4.1 Test Results Summary
B-skip and B-direct modes using the proposed technique has been implemented into TMuC version0.7 software that was made available to the group.
The BD rate reduction obtained by the proposed direct mode is listed in Table 22, 23. It is observed that the proposed direct mode can achieve consistent coding gain especially for the sequences where spatially detailed texture and stable background scene co-exist, such as PeopleOnStreet or cactus. In such cases, spatially adjacent motion vector may not work as sufficient estimator for direct vector, but temporal candidate 
[image: image11.wmf]temporal

pmv

 could contribute to improvement of direct vector accuracy.
	Table 22 - Performance in BD measurements (low delay)

　
	BD-PSNR[dB]

	
	Y
	U
	V

	Kimono
	0.1
	-0.3
	0.2

	ParkScene
	-0.1
	-0.6
	-0.4

	Cactus
	-0.5
	-1
	-1.3

	BasketballDrive
	-0.1
	0
	-0.2

	BQTerrace
	-0.5
	-0.9
	-1.1

	BasketballDrill
	-0.1
	-0.1
	-0.2

	BQMall
	-0.4
	-0.6
	-0.4

	PartyScene
	-0.4
	-0.3
	-0.2

	RaceHorses
	-0.1
	-0.3
	-0.4

	BasketballPass
	-0.3
	-0.6
	-0.4

	BQSquare
	-1.5
	0.4
	-0.4

	BlowingBubbles
	-0.3
	-0.7
	-0.2

	RaceHorses
	-0.3
	-0.8
	-0.7

	Vidyo1
	-1.4
	-1.7
	-1.5

	Vidyo3
	0.2
	-1.6
	-1.4

	Vidyo4
	-0.7
	-2.1
	-1.2

	Average Class B
	-0.2 
	-0.6 
	-0.6 

	Average Class C
	-0.3 
	-0.3 
	-0.3 

	Average Class D
	-0.6 
	-0.4 
	-0.4 

	Average Class E
	-0.6 
	-1.8 
	-1.4 

	Average All
	-0.4 
	-0.7 
	-0.6 


	Table 23 - Performance in BD measurements (random access)

　
	BD-PSNR[dB]

	
	Y
	U
	V

	Traffic
	-2.4
	-1.9
	-1.9

	PeopleOnStreet
	-2.3
	-2.3
	-2.2

	Kimono
	-1.9
	-1.2
	-1.1

	ParkScene
	-1.3
	-0.9
	-0.7

	Cactus
	-3.5
	-2.5
	-2.9

	BasketballDrive
	-1
	-0.5
	-0.7

	BQTerrace
	-0.9
	-0.5
	-1.1

	BasketballDrill
	-0.8
	-0.9
	-0.8

	BQMall
	-2.7
	-2.3
	-2.4

	PartyScene
	-2.3
	-1.8
	-1.8

	RaceHorses
	-0.3
	-0.4
	-0.5

	BasketballPass
	-1.6
	-1.8
	-1.6

	BQSquare
	-2.5
	-2.2
	-1.8

	BlowingBubbles
	-2.5
	-1.7
	-2

	RaceHorses
	-1.1
	-1
	-1.2

	Average Class A
	-2.3 
	-2.1 
	-2.0 

	Average Class B
	-1.7 
	-1.1 
	-1.3 

	Average Class C
	-1.5 
	-1.3 
	-1.4 

	Average Class D
	-1.9 
	-1.7 
	-1.7 

	Average All
	-1.8 
	-1.4 
	-1.5 


Table 24, 25 lists encoding and decoding time those are measured using the provided software. The “time” command in Linux platform was used to obtain these values. Decoding time and encoding time were also compared with that of anchor streams using the same platform (Fedora x86_64). In average, the increase of decoding time was about 10% relative to anchor and encoding time was almost same as that of the anchor.

	Table 24 - Encoding and decoding time (low delay)
　
	QPI
	Encoding time [sec]
	Decoding time [sec]
	Encoding time [sec]
	Decoding time [sec]
	Ratio of encoding time [%]
	Ratio of decoding time [%]

	Class B
	S03
	22 
	142648.27 
	132.61 
	141458.82 
	137.24 
	99.17 
	103.49 

	1080p
	Kimono
	27 
	132263.69 
	128.35 
	132603.70 
	135.04 
	100.26 
	105.21 

	　
	　
	32 
	125070.48 
	125.27 
	123941.50 
	132.26 
	99.10 
	105.57 

	　
	　
	37 
	119392.61 
	119.97 
	118422.91 
	125.73 
	99.19 
	104.80 

	　
	S04
	22 
	127517.80 
	128.91 
	127363.69 
	137.88 
	99.88 
	106.96 

	　
	ParkScene
	27 
	114456.18 
	122.33 
	119235.29 
	126.85 
	104.18 
	103.70 

	　
	　
	32 
	106107.48 
	118.12 
	104959.25 
	123.41 
	98.92 
	104.47 

	　
	　
	37 
	101332.44 
	114.64 
	101176.31 
	122.33 
	99.85 
	106.71 

	　
	S05
	22 
	250656.69 
	195.36 
	248857.15 
	211.77 
	99.28 
	108.40 

	　
	Cactus
	27 
	219604.78 
	176.45 
	216203.20 
	178.45 
	98.45 
	101.13 

	　
	　
	32 
	204587.20 
	159.96 
	211573.39 
	173.47 
	103.41 
	108.45 

	　
	　
	37 
	196329.29 
	163.63 
	193742.69 
	178.25 
	98.68 
	108.94 

	　
	S06
	22 
	290746.09 
	223.59 
	304461.92 
	229.11 
	104.72 
	102.47 

	　
	BasketballDrive
	27 
	263284.95 
	205.75 
	261172.48 
	203.12 
	99.20 
	98.72 

	　
	　
	32 
	243647.65 
	192.26 
	241989.22 
	196.04 
	99.32 
	101.97 

	　
	　
	37 
	227824.13 
	194.12 
	227284.58 
	199.29 
	99.76 
	102.66 

	　
	S07
	22 
	331773.68 
	314.34 
	331423.28 
	318.56 
	99.89 
	101.34 

	　
	BQTerrace
	27 
	263950.70 
	240.56 
	262497.73 
	246.35 
	99.45 
	102.41 

	　
	　
	32 
	237326.59 
	212.93 
	236147.60 
	246.58 
	99.50 
	115.81 

	　
	　
	37 
	227034.65 
	206.42 
	225309.78 
	235.99 
	99.24 
	114.32 

	Class C
	S08
	22 
	61047.49 
	65.15 
	61440.21 
	66.92 
	100.64 
	102.73 

	WVGA
	BasketballDrill
	27 
	55634.65 
	62.11 
	56577.24 
	62.83 
	101.69 
	101.16 

	　
	　
	32 
	51848.57 
	59.86 
	51960.80 
	62.34 
	100.22 
	104.14 

	　
	　
	37 
	49043.48 
	57.46 
	49006.40 
	58.85 
	99.92 
	102.41 

	　
	S09
	22 
	79283.60 
	77.09 
	79294.44 
	80.53 
	100.01 
	104.47 

	　
	BQMall
	27 
	73037.73 
	73.35 
	72475.60 
	76.70 
	99.23 
	104.56 

	　
	　
	32 
	68965.86 
	69.06 
	68199.30 
	73.67 
	98.89 
	106.68 

	　
	　
	37 
	65558.61 
	66.51 
	64571.92 
	71.13 
	98.49 
	106.95 

	　
	S10
	22 
	66484.18 
	73.09 
	66622.42 
	76.10 
	100.21 
	104.12 

	　
	PartyScene
	27 
	57490.21 
	67.78 
	57692.69 
	71.20 
	100.35 
	105.05 

	　
	　
	32 
	50507.74 
	62.27 
	50495.17 
	66.60 
	99.98 
	106.95 

	　
	　
	37 
	45978.08 
	55.99 
	46292.26 
	62.17 
	100.68 
	111.03 

	　
	S11
	22 
	50308.71 
	46.03 
	50763.98 
	47.45 
	100.90 
	103.09 

	　
	RaceHorses
	27 
	46046.21 
	43.86 
	46365.92 
	44.17 
	100.69 
	100.69 

	　
	　
	32 
	42107.82 
	40.58 
	42288.12 
	41.36 
	100.43 
	101.93 

	　
	　
	37 
	38952.50 
	37.90 
	38899.41 
	38.47 
	99.86 
	101.49 

	Class D
	S12
	22 
	15830.10 
	22.07 
	15930.46 
	22.86 
	100.63 
	103.61 

	WQVGA
	BasketballPass
	27 
	14778.31 
	21.18 
	14709.20 
	21.98 
	99.53 
	103.76 

	　
	　
	32 
	13718.95 
	19.84 
	13660.55 
	20.99 
	99.57 
	105.79 

	　
	　
	37 
	12821.18 
	18.74 
	12844.68 
	19.87 
	100.18 
	106.04 

	　
	S13
	22 
	17622.12 
	28.72 
	17715.39 
	30.00 
	100.53 
	104.47 

	　
	BQSquare
	27 
	15141.08 
	25.96 
	15247.94 
	27.77 
	100.71 
	106.96 

	　
	　
	32 
	12996.19 
	23.64 
	13018.77 
	25.75 
	100.17 
	108.95 

	　
	　
	37 
	11781.70 
	21.48 
	11915.55 
	23.93 
	101.14 
	111.44 

	　
	S14
	22 
	14795.96 
	22.28 
	14876.23 
	22.72 
	100.54 
	101.96 

	　
	BlowingBubbles
	27 
	12686.88 
	20.00 
	12747.73 
	21.29 
	100.48 
	106.42 


	　
	　
	32 
	11313.37 
	18.64 
	11364.64 
	19.93 
	100.45 
	106.89 

	　
	　
	37 
	10419.02 
	17.72 
	10510.85 
	19.31 
	100.88 
	108.99 

	　
	S15
	22 
	10893.95 
	14.60 
	10909.63 
	14.80 
	100.14 
	101.34 

	　
	RaceHorses
	27 
	9959.22 
	13.91 
	9936.26 
	13.95 
	99.77 
	100.35 

	　
	　
	32 
	9283.67 
	13.13 
	9157.53 
	13.36 
	98.64 
	101.75 

	　
	　
	37 
	8430.42 
	11.81 
	8392.18 
	12.34 
	99.55 
	104.43 

	ClassE
	S16
	22 
	120894.71 
	145.26 
	120187.69 
	152.94 
	99.42 
	105.28 

	WQVGA
	Vidyo1
	27 
	112875.26 
	137.95 
	113512.90 
	148.47 
	100.56 
	107.62 

	　
	　
	32 
	111595.10 
	125.74 
	111348.55 
	140.57 
	99.78 
	111.79 

	　
	　
	37 
	109895.65 
	119.73 
	110086.69 
	132.09 
	100.17 
	110.32 

	　
	S17
	22 
	124806.52 
	148.12 
	124893.46 
	151.87 
	100.07 
	102.53 

	　
	Vidyo3
	27 
	116147.40 
	140.14 
	116626.63 
	148.44 
	100.41 
	105.93 

	　
	　
	32 
	111678.53 
	133.64 
	112324.65 
	140.66 
	100.58 
	105.26 

	　
	　
	37 
	110029.90 
	127.01 
	110316.64 
	138.37 
	100.26 
	108.95 

	　
	S18
	22 
	124867.69 
	147.32 
	126162.61 
	151.03 
	101.04 
	102.52 

	　
	Vidyo4
	27 
	116653.29 
	138.86 
	117426.73 
	143.72 
	100.66 
	103.50 

	　
	　
	32 
	112722.99 
	130.65 
	112967.85 
	141.60 
	100.22 
	108.38 

	　
	　
	37 
	111432.85 
	124.72 
	112122.16 
	135.00 
	100.62 
	108.24 

	
	Average Class B
	
	196277.77 
	173.78 
	196491.22 
	182.89 
	100.07 
	105.38 

	
	Average Class C
	
	56393.46 
	59.88 
	56434.12 
	62.53 
	100.14 
	104.22 

	
	Average Class D
	
	12654.51 
	19.61 
	12683.60 
	20.68 
	100.18 
	105.20 

	
	Average Class E
	
	115299.99 
	134.93 
	115664.71 
	143.73 
	100.32 
	106.69 

	
	Average all
	
	100217.54 
	99.48 
	100370.07 
	104.90 
	100.16 
	105.29 


	Table 25 - Encoding and decoding time (random access)

　
	QPI
	Encoding time [sec]
	Decoding time [sec]
	Encoding time [sec]
	Decoding time [sec]
	Ratio of encoding time [%]
	Ratio of decoding time [%]

	Class A
	S01
	22 
	90485.50 
	114.88 
	90797.47 
	127.86 
	100.34 
	111.30 

	4K
	Traffic
	27 
	81978.07 
	111.79 
	82126.20 
	124.63 
	100.18 
	111.49 

	　
	　
	32 
	79471.40 
	105.05 
	78334.14 
	118.07 
	98.57 
	112.40 

	　
	　
	37 
	78499.40 
	99.54 
	77867.18 
	116.74 
	99.19 
	117.29 

	　
	S02
	22 
	132167.72 
	133.82 
	133101.38 
	137.47 
	100.71 
	102.73 

	　
	PeopleOnStreet
	27 
	115925.59 
	121.18 
	116639.66 
	130.97 
	100.62 
	108.08 

	　
	　
	32 
	107319.87 
	115.92 
	107781.91 
	128.92 
	100.43 
	111.22 

	　
	　
	37 
	102208.89 
	114.40 
	101668.37 
	129.62 
	99.47 
	113.31 

	Class B
	S03
	22 
	102940.58 
	128.83 
	104102.50 
	144.79 
	101.13 
	112.39 

	1080p
	Kimono
	27 
	94991.16 
	126.69 
	92233.04 
	142.67 
	97.10 
	112.61 

	　
	　
	32 
	89205.66 
	122.26 
	89010.26 
	140.51 
	99.78 
	114.92 

	　
	　
	37 
	86239.05 
	111.56 
	85547.28 
	134.08 
	99.20 
	120.19 

	　
	S04
	22 
	88852.04 
	126.84 
	89550.40 
	145.06 
	100.79 
	114.36 

	　
	ParkScene
	27 
	79877.03 
	123.56 
	79834.12 
	141.79 
	99.95 
	114.76 

	　
	　
	32 
	75521.00 
	123.84 
	75522.40 
	137.01 
	100.00 
	110.63 

	　
	　
	37 
	73624.59 
	111.29 
	72678.41 
	130.96 
	98.71 
	117.67 

	　
	S05
	22 
	184739.41 
	188.11 
	185899.18 
	219.21 
	100.63 
	116.53 

	　
	Cactus
	27 
	158441.44 
	176.99 
	159030.78 
	201.14 
	100.37 
	113.65 

	　
	　
	32 
	148663.98 
	165.23 
	147190.75 
	186.70 
	99.01 
	112.99 

	　
	　
	37 
	143384.54 
	154.62 
	141995.49 
	179.61 
	99.03 
	116.17 

	　
	S06
	22 
	225686.80 
	210.36 
	226174.41 
	237.59 
	100.22 
	112.94 

	　
	BasketballDrive
	27 
	197257.28 
	195.65 
	195732.84 
	230.29 
	99.23 
	117.70 

	　
	　
	32 
	184352.32 
	189.16 
	181788.26 
	223.87 
	98.61 
	118.35 

	　
	　
	37 
	172536.64 
	178.23 
	172392.65 
	221.27 
	99.92 
	124.15 

	　
	S07
	22 
	228719.87 
	262.21 
	229005.31 
	299.21 
	100.12 
	114.11 

	　
	BQTerrace
	27 
	178587.62 
	242.37 
	179760.16 
	272.76 
	100.66 
	112.54 

	　
	　
	32 
	164882.83 
	216.15 
	164747.06 
	264.51 
	99.92 
	122.37 

	　
	　
	37 
	161640.73 
	202.46 
	161531.31 
	257.78 
	99.93 
	127.32 

	Class C
	S08
	22 
	47313.81 
	62.45 
	47534.56 
	64.93 
	100.47 
	103.97 

	WVGA
	BasketballDrill
	27 
	42111.50 
	57.15 
	42448.29 
	60.73 
	100.80 
	106.26 

	　
	　
	32 
	38697.45 
	53.60 
	38748.95 
	57.07 
	100.13 
	106.47 

	　
	　
	37 
	36851.82 
	50.85 
	36833.66 
	54.03 
	99.95 
	106.25 

	　
	S09
	22 
	59660.96 
	76.14 
	60085.37 
	84.35 
	100.71 
	110.78 

	　
	BQMall
	27 
	54378.97 
	71.07 
	54397.53 
	81.05 
	100.03 
	114.05 

	　
	　
	32 
	51657.56 
	64.25 
	51266.99 
	75.83 
	99.24 
	118.02 

	　
	　
	37 
	50003.09 
	62.00 
	49348.30 
	73.36 
	98.69 
	118.32 

	　
	S10
	22 
	48147.40 
	68.47 
	48406.20 
	79.36 
	100.54 
	115.91 

	　
	PartyScene
	27 
	41139.71 
	64.94 
	41313.48 
	76.10 
	100.42 
	117.18 

	　
	　
	32 
	36832.99 
	60.34 
	36986.53 
	70.79 
	100.42 
	117.31 

	　
	　
	37 
	34344.85 
	54.86 
	34530.59 
	68.05 
	100.54 
	124.04 

	　
	S11
	22 
	41200.67 
	42.57 
	41782.11 
	45.14 
	101.41 
	106.05 

	　
	RaceHorses
	27 
	36241.49 
	39.44 
	36754.72 
	41.62 
	101.42 
	105.54 

	　
	　
	32 
	32838.88 
	36.65 
	33258.95 
	39.34 
	101.28 
	107.34 

	　
	　
	37 
	30453.27 
	33.67 
	30487.67 
	36.89 
	100.11 
	109.56 

	Class D
	S12
	22 
	13693.28 
	21.26 
	13917.66 
	22.51 
	101.64 
	105.92 

	WQVGA
	BasketballPass
	27 
	12495.02 
	19.70 
	12616.39 
	21.40 
	100.97 
	108.62 

	　
	　
	32 
	11498.08 
	18.79 
	11610.33 
	20.32 
	100.98 
	108.10 

	　
	　
	37 
	10825.63 
	18.09 
	10851.71 
	19.92 
	100.24 
	110.13 

	　
	S13
	22 
	12472.28 
	26.53 
	12575.87 
	29.89 
	100.83 
	112.67 

	　
	BQSquare
	27 
	10208.90 
	25.19 
	10261.85 
	28.77 
	100.52 
	114.19 

	　
	　
	32 
	9410.61 
	23.62 
	9453.26 
	27.62 
	100.45 
	116.90 

	　
	　
	37 
	8971.85 
	21.82 
	8959.39 
	26.19 
	99.86 
	120.01 

	　
	S14
	22 
	10493.71 
	21.94 
	10518.20 
	24.19 
	100.23 
	110.27 

	
	BlowingBubbles
	27 
	9040.27 
	20.19 
	9103.22 
	22.76 
	100.70 
	112.71 

	　
	　
	32 
	8160.65 
	18.29 
	8850.86 
	21.53 
	108.46 
	117.73 

	　
	　
	37 
	7719.34 
	17.52 
	7782.54 
	20.33 
	100.82 
	116.00 

	　
	S15
	22 
	9087.91 
	13.68 
	9187.10 
	14.32 
	101.09 
	104.70 

	　
	RaceHorses
	27 
	8181.06 
	12.83 
	8213.09 
	13.52 
	100.39 
	105.44 

	　
	　
	32 
	7355.31 
	11.80 
	7452.17 
	12.71 
	101.32 
	107.75 

	　
	　
	37 
	6938.38 
	11.26 
	6915.44 
	12.61 
	99.67 
	112.03 

	
	Average Class A
	
	98507.05 
	114.57 
	98539.54 
	126.79 
	99.94 
	110.98 

	
	Average Class B
	
	142007.23 
	167.82 
	141686.33 
	195.54 
	99.71 
	116.32 

	
	Average Class C
	
	42617.15 
	56.15 
	42761.49 
	63.04 
	100.39 
	111.69 

	
	Average Class D
	
	9784.52 
	18.91 
	9891.82 
	21.16 
	101.14 
	111.45 

	
	Average all
	
	74443.80 
	91.23 
	74408.27 
	104.54 
	100.30 
	113.07 


The derivation process of direct vector with our proposed technique requires doubled memory access to reference pictures to obtain all prediction block candidates and computation of two SAD calculations per PU at decoder-side, relative to default condition. Our proposed technique requires derivation of the temporal co-located vector and the spatial neighboring vector, which does not have any additional impact to memory size required for motion vector storage if direct vector derivation process relies on temporal motion vector reference. 
5 Conclusion
Based on the observed results, it is suggested to review the result of the proposal with the JCT-VC committee, and to make recommendation to adopt the proposed technologies onto the HEVC Test Model under Consideration (TMuC) software and the test model (TM) software for further investigation.
The TE partners also suggest the formation of an AhG on decoder-side parameter derivation in which the TE on DMVD and other activities are coordinated.
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