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Abstract

This document summarizes the activity of the TE3 [1]. The TE3 is separated into two subtests. Subtest 1 is regarded to parametric motion compensation. Subtest 2 is about flexible motion partitioning. For subtest1, two participants (LG, TUB) have conducted experiments and show a significant improvement of their tools. Additionally, one related document from NCTU presents new results on MB Mode with Joint Application of Template and Block Motion Compensations. Three participants of subtest 2 (Technicolor, Huawei, Qualcomm) have contributed experimental results and show further improvement of coding efficiency and computational cost on flexible motion partitioning. Overall the TE3-activity has made a significant progress of the proposed technologies.
1 TE Documents

	Participant
	Document
	Title
	Type

	LGE
	JCTVC-B022
	TE3: Motion compensation with adaptive warped reference
	Proposal, verified by TUB (JCTVC-B104)

	TUB
	JCTVC-B052

JCTVC-B104
	TE3: Adaptive global motion temporal prediction
Cross-check result of JCTVC-B022 Motion compensation with adaptive warped reference picture
	Proposal
Verification


	Technicolor
	JCTVC-B085
	TE 3: Simplified Geometry Block Partitioning
	Proposal

	Huawei & 
Hisilicon
	JCTVC-B041
	TE3: Huawei & Hisilicon report on flexible motion partitioning coding
	Proposal

	Qualcomm
	JCTVC-B049
	Geometry motion partition
	Proposal

	NCTU
	JCTVC-B072
	MB Mode with Joint Application of Template and Block Motion Compensations
	Proposal, related document


2 Subtest 1: Parametric Motion Compensation
2.1 Motion compensation with adaptive warped reference [2]
This document presents the experimental results of TE3 subtest 1 [1], which aims to improve temporal prediction performance by using warping motion [2]. This tool uses the additional reference picture which is warped version of the original reference picture based on homography relation between the current picture and the reference picture. Experimental result shows 0.70% overall bitrate saving under constraints set 1 and 0.44% overall bitrate saving under constraints set 2 compared with JM 17.0. And considering additional group of sequences having complex motion, overall bitrate saving can be increased up to 6.21% and 2.04% respectively. 

Encoder complexity is about 2.5 times. Decoder complexity is about 2.1 times.
	Table 1. BD rate (%) reduction of CS 1 & 
including extra sequences.

Class

seq.

BD-rate(%)

B

BasketballDrive

　-0.16
BQTerrace

　1.13
Cactus

　-8.48
Kimono

　-0.01
ParkScene

0.01
Class B Avg.

　-1.50
C

BasketballDrill

0.04
BQMall

0.30 

PartyScene

-0.38 

RaceHorses

-0.09 

Class C Avg.

-0.03
D

BasketballPass

-0.19 

BlowingBubbles

0.01 

BQSquare

-1.24 

RaceHorses

-0.09
Class D Avg.

-0.38
CS 1 Avg.
-0.64
Extra
seq
City_720p
-6.64
Jets_720p
-17.54
Bluesky_1080p
-25.24

Station2_1080p
-47.06

Avg
-24.12
CS 1+ extra seq Avg
-12.38

	Table 2. BD rate (%) reduction of CS 2 & 
including extra sequences.

Class

seq.

BD-rate(%)

B

BasketballDrive

　-0.04
BQTerrace

　-1.28
Cactus

　-3.41
Kimono

　0.04
ParkScene

0.02
Class B Avg.

-0.93
C

BasketballDrill

-0.09
BQMall

-0.04 

PartyScene

-0.04
RaceHorses

0.02 

Class C Avg.

-0.04
D

BasketballPass

-0.03 

BlowingBubbles

-0.05
BQSquare

-0.82 

RaceHorses

-0.01
Class D Avg.

-0.23
CS 2 Avg.
-0.40 
Extra
seq
City_720p
-0.64
Jets_720p
-2.18
Bluesky_1080p
-8.60

Station2_1080p
-17.59

Avg
-7.25
CS 2+ extra seq Avg
-3.83


	
	


2.2 Adaptive global motion temporal prediction [3]
The document in [3] presents the results for Subtest 1 of Tool Experiment 3 (Inter Prediction in HEVC) [1]. The tool presented herein is a novel prediction mode, i.e. Adaptive Global Motion Temporal Prediction (GMTP), for hybrid video coding environments that is based on global motion compensation and optionally on temporal filtering of spatially aligned pictures. Once a GMTP picture is available, the encoder chooses the macroblock types by means of rate-distortion optimization (RDO). If it chooses to encode a block using GMTP, only the type identifier is sent inside the macroblock header. No further information, e.g. coded block pattern, quantization parameters and coefficients are included in the bitstream for that block. This is a new GMTPSKIP mode.

The method has been evaluated using a set of 33 test sequences, including classes A to D of the CfP [3]. The evaluation follows the experimental conditions of [1]. The new prediction mode has been incorporated into the H.264/AVC reference software JM 17.0. Bit rate savings of up to 33% (BBC-Pan-13 sequence) could be reached.

 Results for Class A

	Sequence
	BD-Rate High [%]
	BD-PSNR High [dB]
	BD-Rate Low [%]
	BD-PSNR Low [dB]

	ParkJoy 000-249
	0.19
	-0.01
	-0.26
	0.01

	ParkJoy 250-499
	0.08
	-0.00
	-0.21
	0.01

	PeopleOnStreet
	-0.31
	0.01
	-0.37
	0.02

	Traffic
	-3.79
	0.13
	-3.43
	0.16

	Average
	-0.96
	0.03
	-1.07
	0.05


 Results for Class B

	Sequence
	BD-Rate High [%]
	BD-PSNR High [dB]
	BD-Rate Low [%]
	BD-PSNR Low [dB]

	BasketballDrive
	-0.73
	0.02
	-4.47
	0.20

	BQTerrace
	-1.71
	0.08
	-14.94
	0.64

	Cactus
	-0.31
	0.01
	-0.05
	0.00

	ChristmasTree
	-0.39
	0.02
	-3.79
	0.14

	Kimono1
	-0.25
	0.01
	-5.26
	0.28

	ParkScene
	-0.68
	0.02
	-3.31
	0.12

	Tennis
	0.01
	0.00
	-0.54
	0.03

	Wisley2
	-2.83
	0.11
	-12.31
	0.42

	Average
	-0.86
	0.03
	-5.58
	0.23


 Results for Class C

	Sequence
	BD-Rate High [%]
	BD-PSNR High [dB]
	BD-Rate Low [%]
	BD-PSNR Low [dB]

	BasketballDrill
	-0.63
	0.03
	2.36
	0.10

	BQMall
	-0.67
	0.03
	-1.21
	0.07

	Flowervase_832x480
	-5.13
	0.21
	-11.81
	0.56

	Keiba_832x480
	-3.09
	0.13
	-9.98
	0.55

	Mobisode2_832x480
	-1.46
	0.04
	3.08
	-0.19

	PartyScene
	-4.69
	0.22
	-2.44
	0.10

	RaceHorses_832x480
	0.17
	-0.01
	0.09
	-0.00

	Average
	-2.21
	0.09
	-2.84
	0.17


 Results for Class D

	Sequence
	BD-Rate High [%]
	BD-PSNR High [dB]
	BD-Rate Low [%]
	BD-PSNR Low [dB]

	BasketballPass
	1.04
	-0.05
	4.55
	-0.21

	BlowingBubbles
	-0.97
	0.04
	8.20
	-0.29

	BQSquare
	-3.86
	0.18
	-3.80
	0.13

	Flowervase_416x240
	-11.12
	0.57
	10.82
	-0.96

	Keiba_416x240
	-2.46
	0.14
	-2.57
	0.15

	Mobisode2_416x240
	3.39
	-0.19
	18.07
	-1.45

	RaceHorses_416x240
	0.95
	-0.05
	3.85
	0.16

	Average
	-1.86
	0.09
	5.59
	-0.35


 Results for other sequences

	Sequence
	BD-Rate High [%]
	BD-PSNR High [dB]
	BD-Rate Low [%]
	BD-PSNR Low [dB]

	Basketball 
	-0.51
	0.02
	-11.33
	0.60

	BBC-Pan-13
	-9.63
	0.48
	-33.07
	2.86

	Desert
	-1.58
	0.06
	-8.36
	0.61

	Entertainment
	-1.72
	0.08
	-5.49
	0.27

	Average
	-3.36
	0.16
	-14.56
	1.09


2.3 Related Document: MB Mode with Joint Application of Template and
   Block Motion Compensations [4]
This contribution introduces a MB mode, termed the P+ mode, to improve the prediction efficiency of P-MBs by a joint application of template and block motion compensations. The motion vector (MV) found by minimizing template matching error is viewed as an additional free MV, which can contribute to estimating pixel intensities in a P-MB. As in POBMC [5], the predictors derived from the template and block MVs are linearly combined based on a distance weighting criterion. In particular, given that the template MV tends to minimize the prediction error in the upper left quarter of a MB, the block MV search criterion is changed so that the resulting MV can contribute more to minimizing the error in the remaining part. When applied to 16x16 P-MBs, the proposed scheme is observed to have an average BD-Rate saving of 2.42% and a corresponding BD-PSNR gain of 0.08dB. It achieves the highest rate saving (4.21%) in S03 (Kimono, Class B) and the lowest (0.4%) in S10 (PartyScene, Class C).
Comparison of coding efficiency for CfP sequences

	
	Sequences
	BD-PSNR

Gain
	BD-Rate

Saving

	Class A
	S01
	0.082
	-2.24%

	
	S02
	0.070
	-1.51%

	
	Average
	0.076
	-1.88%

	Class B
	S03
	0.158
	-4.21%

	
	S04
	0.033
	-0.91%

	
	S05
	0.047
	-1.89%

	
	S06
	0.083
	-3.12%

	
	S07
	0.094
	-3.49%

	
	Average
	0.083
	-2.72%

	Class C
	S08
	0.102
	-2.64%

	
	S09
	0.097
	-2.20%

	
	S10
	0.018
	-0.40%

	
	S11
	0.046
	-1.04%

	
	Average
	0.066
	-1.57%

	Class E
	S16
	0.140
	-3.76%

	
	S17
	0.074
	-1.87%

	
	S18
	0.059
	-2.01%

	
	Average
	0.091
	-2.55%

	Overall Average
	0.079
	-2.42%


3 Subtest 2: Flexible Motion Partitioning 
3.1 Simplified Geometry Block Partitioning [10]
This contribution provides a simplification of Geometry Block (SGEO) Partitioning scheme as initially described in [7]. Specifically, Most Valuable Partitions are proposed to achieve the best tradeoff between the complexity and coding efficiency. Most Valuable Partitions are derived from a statistical analysis of the actual used GEO partitions. For defined test conditions in TE3, average 3.12% bitrate saving is achieved for IPPP coding case, with a maximum gain of 6.65%, very close to the gain obtained with initial reference version with a reduced complexity.
Simulation Results

The test conditions defined in TE3 are followed. The simulation is done using Qualcomm’s software (r1 version) in JCTVC-A121. Tests were done on the mandatory case for IPPP only. For the encoder, fast mode decision was used as Qualcomm did. The only change is that for GEO32, the same fast mode decision as GEO16 is used. For GEO64, AMP modes are simply tested.

	
	
	A121 reference
bitrate Saving with/without GEO
	Proposal (SGEO)
bitrate Saving with/without GEO

	B
	S03-Kimono
	0.84%
	0.74%

	B
	S04-ParkScene
	2.95%
	3.06%

	B
	S05-Cactus
	2.76%
	3.12%

	B
	S06-BasketballDrive
	1.36%
	1.72%

	B
	S07-BQTerrace
	1.48%
	2.66%

	C
	S08-BasketballDrill
	4.32%
	3.46%

	C
	S09-BQMall
	5.02%
	4.20%

	C
	S10-PartyScene
	2.21%
	2.17%

	C
	S11-RaceHorses
	3.92%
	2.98%

	D
	S12-BasketballPass
	3.24%
	2.99%

	D
	S13-BQSquare
	1.68%
	2.60%

	D
	S14-BlowingBubbles
	3.65%
	3.65%

	D
	S15-RaceHorses
	4.83%
	3.51%

	E
	S16-Vidyo1
	3.41%
	3.34%

	E
	S17-Vidyo3
	6.59%
	6.65%

	E
	S18-Vidyo4
	3.33%
	3.01%

	AVERAGE
	AVERAGE
	3.22%
	3.12%


Complexity wise, the speed of the encoder is in the same range of Qualcomm’s software. For decoder, there is almost no difference. 
Conclusion

SGEO shows promising gain even with a big reduction of the partitions, average 3.12% bitrate saving in IPPP coding case. The simplifications proposed in this contribution bring very similar performance as the reference version considered for TE3 of the JCTVC. It is therefore proposed to continue the core experiment using the Test Model software.

3.2 Huawei & Hisilicon report on flexible motion partitioning coding [6]
Based on the concept that an object's boundary usually divides a block into 2 regions with arbitrary shape, flexible motion partitioning technique has been introduced. The representation method, and predictive coding of motion vector and partitioning representation parameters have been explored.

In order to represent the partitioning with flexibility, two parameters are coded and used to indicate two segments' shape. The probability of the usage of flexible partitioning modes is investigated, and used to code above two parameters.

Considering the connectivity property of image texture, information of neighboring blocks can be used to predict current block's coding elements, and improve compression efficiency. We have investigated to use neighboring blocks' motion vectors and partitioning parameters to predict current block's motion vectors. The result shows potential coding efficiency improvement for non-AVC MB partitioning.

Besides, the partitioning representation parameters can also be predictive coded by using neighboring blocks' representation parameters.

Performance

	Simulation results (Beta configuration)

　
	low-bitrate range
	high-bitrate range

	sequence
	BD-bitrate
	BD-bitrate

	BasketballPass_416x240_50
	-2.56%
	-4.05%

	BlowingBubbles_416x240_50
	-2.23%
	-1.99%

	BQSquare_416x240_60
	-5.04%
	-4.97%

	RaceHorses_416x240_30
	-3.98%
	-4.93%

	Average Class D
	-3.45%
	-3.99%


	BasketballDrill_832x480_50
	-4.63%
	-4.82%

	BQMall_832x480_60
	-6.16%
	-6.39%

	PartyScene_832x480_50
	-4.07%
	-3.65%

	RaceHorses_832x480_30
	-5.85%
	-7.00%

	Average Class C
	-5.18%
	-5.47%

	BasketballDrive_1920x1080_50
	-2.52%
	-3.29%

	BQTerrace_1920x1080_60
	-1.18%
	-1.47%

	Cactus_1920x1080_50
	-2.54%
	-2.33%

	Kimono1_1920x1080_24
	-1.34%
	-1.60%

	ParkScene_1920x1080_24
	-0.93%
	-0.95%

	Average Class B
	-1.7%
	-1.93%

	Average
	-3.48%


Complexity: Using fast mode decision mechanism, encoder time is about 2 ~3 times as flexible motion partitioning off. For decoder side, decoding time doesn’t change.
Conclusion
The preliminary research works show that the compression capability of flexible motion partitioning can be further improved. We propose to continue inter-prediction TE/CE. 
3.3 Geometry motion partition [8]
In the first JCTVC meeting in Dresden, April 2010, Tool Experiment 3 was setup to improve temporal prediction and geometric block partition [1]. Geometry motion partition was part of the submission JCT-VC A121 [7] to CfP [9]. This tool has been selected to be incorporated into TMuC software. In this contribution, separate results of geometry motion partition is provided. It is applied to 3 different block size. The average BR rate reduction is 4.26% for IPPP configuration and 3.93% for hierarchical-B configuration. Some encoder simplifications are also presented. 

BD rate reduction by using geometry motion partition
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WQVGA AVG-4.58-4.22

WVGA30_RaceHorses-5.88-6.43

WVGA50_Basketball-5.03-4.38

WVGA50_PartyScene-3.3-2.83

WVGA60_BQSquare-6.67-8.11

WVGA AVG-5.22-5.44

1080p24_Kimono-2.57-2.17

1080p24_ParkScene-4.67-3.57

1080p50_Basketball-2.73-2.45

1080p50_Cactus-3.75-2.65

1080p60_BQSquare-2.42-1.64

1080P AVG-3.23-2.50

AVG -4.26-3.93


4 Conclusion and further activities of the TE
In this TE, parametric motion compensation and flexible motion partitioning have been investigated. Significant improvements have been presented by each single tool. It is proposed to proceed with this TE activity on inter prediction and include some of the proposed tools into the TMuC. The combination of parametric motion compensation and flexible motion partitioning should be further investigated together with all tools available in the TMuC software. 
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