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1 Abstract 
Internet Video Coding (IVC) is an effort to produce a video coding standard whose baseline profile complies with the IVC CfP [1]. This work originated with a proposal made by a group of Chinese Universities [2]. 
This Experiment document includes descriptions of investigations of coding modules in IVC test model 14.1, to be performed for the upcoming May/June 2016 MPEG meeting. The experiment is divided into 6 subtests. In subtest 1, encoder optimization techniques will be explored. In subset 2, methods for reducing the number of reference frame buffers in decoder side will be explored. In subtest 3, methods for B frame coding will be explored. In subset 4, methods for intra prediction will be explored. In subset 5, methods for large block structure will be explored. In subset 6, OBMC will be explored.
2 Introduction
In the San Diego MPEG meeting, a test model 14.0 (ITM14.0) [3] for internet video coding is updated to ITM14.1. The compression performance is improved by test model 14.1 compared to its previous version of test model 14.0. However, the performance of test model 14.1 is still encouraged to be further improved. Thus, it is necessary to conduct this experiment to further explore techniques to improve the performance of various modules in test model 14.1. The modules which can be improved are list as follows:
· Encoder optimization
· Multiple reference frames
· B frame coding
· Intra prediction
· Large blocks with recursive quadtree structure

· OBMC
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4 Description of the tools under Testing
4.1 Subset 1: Encoder optimization
4.1.1 Objective
To investigate advanced rate distortion optimization schemes to improve the efficiency of ITM14.1.
4.1.2 Participants
· Kui Fan (CNNB)

· Hao Li (CNNB)
· Zhenyu Wang (CNNB)
· Anna Yang (KNB)
Coordinator: Kui Fan (kuifan@pku.edu.cn)
4.1.3 Description of RDO in ITM14.1
In current ITM14.1, the following lambdas are used in RDO for hierarchical P frames coding:


[image: image1.wmf](

)

(

)

(

)

2

3

(_)/4

,,

(_)/4

,

(_)/4

,,

(_)/4

,,_

(_)/4

,,_

0.682

0.682max2,min4,/8

0.852

0.8520.8

0.852max1.4,min2,1

QPSHIFTQP

RAIP

QPSHIFTQP

RAB

QPSHIFTQP

LDIP

QPSHIFTQP

LDInonrefP

QPSHIFTQP

LDInonrefP

QPSHIFT

l

l

l

l

l

-

-

-

-

-

-

-

=´

=´´-

=´

=´´

=´´

(

)

(

)

(

)

(

)

20/.

QPSHIFT

+-


A Temporal Dependent Rate-Distortion Optimization is then utilized to further optimize the IVC lambda values:
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The objective of this experiment is to further investigate the possibility to further improve IVC RD performance with new lambda optimization scheme.
4.1.4 Experiment tasks
The objective of this subset of EE is to:
· Implement advanced rate distortion optimization scheme in ITM14.1.

· Evaluate compression efficiency and complexity of the various rate distortion optimization methods in this EE.
· Report the results and conclusions of these experiments.
4.1.5 Test conditions

The following test conditions shall be used for this EE:

4.1.5.1 Software
ITM14.1 shall be used for these experiments. 
4.1.5.2 Test configurations

The test conditions of constraint set 1 & 2 defined in [4] which is based on the IVC cfp [1] shall be used. 
4.1.6 Evaluation Criteria
4.1.6.1 Compression efficiency

To obtain objective rate-distortion measurements, four point BD-Rate and BD-PSNR metrics shall be used to evaluate coding efficiency. Rates and PSNR values obtained for all test points shall be provided as well. Compression efficiency and encoder/decoder run time results shall also be reported with the common spread sheet template that is being used for most IVC contributions. 
4.1.6.2 Computational complexity
Run times for the tests should be provided. In addition, proponents are encouraged to provide additional complexity analysis voluntarily using measures such as arithmetic operations, memory requirements, hardware considerations (gate count, latency etc.)
4.1.6.3 IPR issue
Proponents are required to give the public references of the transform and quantization method under testing, to insure the proposed technique without royalty-bearing.
4.1.7 Timeline

2016/03/15: ITM14.1 available

2016/02/27: Final EE description uploaded

2016/05/02: Software with exploring techniques is available and sent to all EE participants so cross-checking can begin

2016/05/09: Proponents report results to EE subset coordinator
2016/05/16: Input documents uploaded

4.2 EE Subset 2: Multiple reference frames
4.2.1 Objective
Investigating to reduce the reference buffering cost of new multiple reference frames tools adopted in ITM14.1. 
4.2.2 Participants
· Sang-hyo Park (KRNB)
· Hao Li (CNNB)
· Ronggang Wang(CNNB)
· Kui Fan(CNNB)
Coordinator: Sang-hyo Park (foriamweak@gmail.com).
4.2.3 Description of multiple reference frames in ITM14.1
The new MRF method adopted in ITM14.1 enables to predict the frame located on longer distance with the same number IVC originally has, as shown in the following figure. To be specific, let the current frame is temporally at t, and then the current frame refers to the following five locations: t-1, t-2, t-4, t-8, and t-12. 
[image: image3.png]



MRF method with five reference frames.
4.2.4 Experiment tasks
The objective of this subset of EE is to:
· Investigate the possibility of reduce the number of reference frames buffers in decoder side with negligible performance loss.
· Evaluate compression efficiency and complexity of the various MRF methods studied in this EE.
· Report the results and conclusions of these experiments.
4.2.5 Test conditions

The following test conditions shall be used for this EE:

4.2.5.1 Software
ITM14.1 shall be used for these experiments. 
4.2.5.2 Test configurations

The test conditions of constraint set 1&2 defined in the IVC cfp[1] [4] which is based on the IVC cfp [1] shall be used. 
4.2.6 Evaluation Criteria
4.2.6.1 Compression efficiency

To obtain objective rate-distortion measurements, four point BD-Rate and BD-PSNR metrics shall be used to evaluate coding efficiency. Rates and PSNR values obtained for all test points shall be provided as well. Compression efficiency and encoder/decoder run time results shall also be reported with the common spread sheet template that is being used for most IVC contributions. 
4.2.6.2 Computational complexity
Run times for the tests should be provided. In addition, proponents are encouraged to provide additional complexity analysis voluntarily using measures such as arithmetic operations, memory requirements, hardware considerations (gate count, latency etc.)
4.2.6.3 IPR issue
Proponents are encouraged to give the public references of the MRF method under testing, to insure the proposed technique without royalty-bearing.
4.2.7 Timeline

2016/03/15:  ITM14.1 available

2016/02/27: Final EE description uploaded

2016/05/02: Software with exploring techniques is available and sent to all EE participants so cross-checking can begin

2016/05/09: Proponents report results to EE subset coordinator
2016/05/16: Input documents uploaded

ITM14.1
4.3 EE Subset 3: B frame coding

4.3.1 Objective
To investigate the using hierarchical B frames within ITM14.1.
4.3.2 Participants
· Jae-Gon Kim, jgkim@kau.ac.kr
· Hao Li (CNNB)
· Sang-hyo Park (KNB)
Coordinator: Jae-Gon Kim, jgkim@kau.ac.kr
4.3.3 Description of B frame coding in ITM14.1
In current ITM14.1, single directional B frame and bi-directional B frame coding are used. The macroblock partitions in B frame, can be predicted by forward direction motion compensation, backward direction motion compensation, or by combing the forward and backward motion compensation predictors as shown in Figure 3.
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Figure 3 bi-directional B frame coding scheme
4.3.4 Experiment tasks
The objective of this subset of EE is to:
· To investigate the possibility to using hierarchical B frames structure for ITM
· Evaluate compression efficiency and complexity of the various B frame methods studied in this EE.
· Report the results and conclusions of these experiments.
4.3.5 Test conditions

The following test conditions shall be used for this EE:

4.3.5.1 Software
ITM14.1 shall be used for these experiments. 
4.3.5.2 Test configurations

The test conditions of constraint set 1 defined in [4] which is based on the IVC cfp [1] shall be used. 
4.3.6 Evaluation Criteria
4.3.6.1 Compression efficiency

To obtain objective rate-distortion measurements, four point BD-Rate and BD-PSNR metrics shall be used to evaluate coding efficiency. Rates and PSNR values obtained for all test points shall be provided as well. Compression efficiency and encoder/decoder run time results shall also be reported with the common spread sheet template that is being used for most IVC contributions. 
4.3.6.2 Computational complexity
Run times for the tests should be provided. In addition, proponents are encouraged to provide additional complexity analysis voluntarily using measures such as arithmetic operations, memory requirements, hardware considerations (gate count, latency etc.)
4.3.6.3 IPR issue
Proponents are required to give the public references of the B frame coding method under testing, to insure the proposed technique without royalty-bearing.
4.3.7 Timeline

2016/03/15: ITM14.1 available

2016/02/27: Final EE description uploaded

2016/05/02: Software with exploring techniques is available and sent to all EE participants so cross-checking can begin

2016/05/09: Proponents report results to EE subset coordinator
2016/05/16: Input documents uploaded

4.4 EE Subset 4: Intra prediction
4.4.1 Objective
By investigating the use of different (more) MB Intra prediction modes, improve the intra prediction that is currently used in ITM14.1. 
4.4.2 Participants:

· Jae-Gon Kim (KNB)
· Anna Yang (KNB)
· Ronggang Wang (CNNB)

· Sang-hyo Park (KNB)
Coordinator: Jae-Gon Kim, jgkim@kau.ac.kr(KNB)
4.4.3 Description of intra prediction in ITM14.1
Five intra prediction modes are adopted for each 8x8 luma blocks in intra macroblock showed in Table 1 and Figure 4. 
Table 1 8(8 luma intra prediction mode

	IntraLumaPredMode
	Name

	0
	Intra_8x8_Vertical

	1
	Intra_8x8_Horizontal

	2
	Intra_8x8_DC

	3
	Intra_8x8_Down_Left

	4
	Intra_8x8_Down_Right
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Figure 4. All 8(8 intra prediction modes
4.4.4 Experiment tasks
The objective of this subset of EE is to:
· Implement potential techniques, such as extending the block-size of intra prediction from 8x8 block to 16x16 block and 4x4 block, using various directional(horizontal/vertical/horizontal & vertical) DC modes for intra block.
· Evaluate compression efficiency and complexity of the various intra coding methods studied in this CE.
· Report the results and conclusions of these experiments.
4.4.5 Test conditions

The following test conditions shall be used for this EE:

4.4.5.1 Software
ITM14.1 shall be used for these experiments. 
4.4.5.2 Test configurations

The frame type shall be set as intra coding for each coding frame, and all the sequences defined in [4] which is based on the IVC cfp [1] shall be tested. 
4.4.6 Evaluation Criteria
4.4.6.1 Compression efficiency

To obtain objective rate-distortion measurements, four point BD-Rate and BD-PSNR metrics shall be used to evaluate coding efficiency. Rates and PSNR values obtained for all test points shall be provided as well. Compression efficiency and encoder/decoder run time results shall also be reported with the common spread sheet template that is being used for most IVC contributions. 
4.4.6.2 Computational complexity
Run times for the tests should be provided. In addition, proponents are encouraged to provide additional complexity analysis voluntarily using measures such as arithmetic operations, memory requirements, hardware considerations (gate count, latency etc.)
4.4.6.3 IPR issue
Proponents are encouraged to give the public references of the intra coding method under testing, to insure the proposed technique without royalty-bearing.
4.4.7 Timeline

2016/03/15: ITM14.1 available

2016/02/27: Final EE description uploaded

2016/05/02: Software with exploring techniques is available and sent to all EE participants so cross-checking can begin

2016/05/09: Proponents report results to EE subset coordinator
2016/05/16: Input documents uploaded

4.5 EE Subset 5: Large block with recursive quadtree structure

4.5.1 Objective
By investigating the use of large block prediction and coding, improve the intra&inter prediction and residue coding that are currently used in ITM14.1. 
4.5.2 Participants:

· Kui Fan(CNNB)
· Ronggang Wang (CNNB)
· Seung-ho Lee (KNB)
Coordinator: Ronggang Wang, rgwang@pkusz.edu.cn (CNNB)
4.5.3 Description of block structure in ITM14.1
In ITM14.1, for intra coding, 16x16, 8x8 or 4x4 blocks are supported; for inter coding, 16x16, 16x8, 8x16 and 8x8 blocks are supported.
4.5.4 Experiment tasks
The objective of this subset of EE is to:
· Implement potential techniques, such as enlarging the block-size of intra & inter prediction and corresponding prediction residue coding up to 32x32, 64x64, 256x256....
· Evaluate compression efficiency and complexity of the large block with recursive block structures studied in this EE.
· Report the results and conclusions of these experiments.
4.5.5 Test conditions

The following test conditions shall be used for this EE:

4.5.5.1 Software
ITM14.1 shall be used for these experiments. 
4.5.5.2 Test configurations

The frame type shall be set as intra coding for each coding frame, and all the sequences defined in [4] which is based on the IVC cfp [1] shall be tested. 
4.5.6 Evaluation Criteria
4.5.6.1 Compression efficiency

To obtain objective rate-distortion measurements, four point BD-Rate and BD-PSNR metrics shall be used to evaluate coding efficiency. Rates and PSNR values obtained for all test points shall be provided as well. Compression efficiency and encoder/decoder run time results shall also be reported with the common spread sheet template that is being used for most IVC contributions. 
4.5.6.2 Computational complexity
Run times for the tests should be provided. In addition, proponents are encouraged to provide additional complexity analysis voluntarily using measures such as arithmetic operations, memory requirements, hardware considerations (gate count, latency etc.)
4.5.6.3 IPR issue
Proponents are encouraged to give the public references of the intra coding method under testing, to ensure the proposed technique would be type-1 licensing.
4.5.7 Timeline

2016/03/15: ITM14.1 available

2016/02/27: Final EE description uploaded

2016/05/02: Software with exploring techniques is available and sent to all EE participants so cross-checking can begin

2016/05/09: Proponents report results to EE subset coordinator
2016/05/16: Input documents uploaded

4.6 EE Subset 6: OBMC

4.6.1 Objective
By investigating the use of overlapped block motion compensation in ITM14.1. 
4.6.2 Participants:

· Kui Fan(CNNB)
· Ronggang Wang (CNNB)
· Euee S. Jang (KNB)
Coordinator: Ronggang Wang, rgwang@pkusz.edu.cn (CNNB)
4.6.3 Description of block structure in ITM14.1
In ITM14.1, overlapping motion compensaion is not supported.
4.6.4 Experiment tasks
The objective of this subset of EE is to:
· Implement OBMC in ITM
· Evaluate compression efficiency and complexity of the various block structures studied in this EE.
· Report the results and conclusions of these experiments.
4.6.5 Test conditions

The following test conditions shall be used for this EE:

4.6.5.1 Software
ITM14.1 shall be used for these experiments. 
4.6.5.2 Test configurations

The frame type shall be set as intra coding for each coding frame, and all the sequences defined in [4] which is based on the IVC cfp [1] shall be tested. 
4.6.6 Evaluation Criteria
4.6.6.1 Compression efficiency

To obtain objective rate-distortion measurements, four point BD-Rate and BD-PSNR metrics shall be used to evaluate coding efficiency. Rates and PSNR values obtained for all test points shall be provided as well. Compression efficiency and encoder/decoder run time results shall also be reported with the common spread sheet template that is being used for most IVC contributions. 
4.6.6.2 Computational complexity
Run times for the tests should be provided. In addition, proponents are encouraged to provide additional complexity analysis voluntarily using measures such as arithmetic operations, memory requirements, hardware considerations (gate count, latency etc.)
4.6.6.3 IPR issue
Proponents are encouraged to give the public references of the intra coding method under testing, to insure the proposed technique without royalty-bearing.
4.6.7 Timeline

2016/03/15: ITM14.1 available

2016/02/27: Final EE description uploaded

2016/05/02: Software with exploring techniques is available and sent to all EE participants so cross-checking can begin

2016/05/09: Proponents report results to EE subset coordinator
2016/05/16: Input documents uploaded

5 Fixed QPs of ITM14.1 for CE
Four QPs of I frame for each sequences in ITM14.1 are listed in the following table
The QP value is set for I frame. The QP of P fame is that of I frame plus a constant value.
	Class 
	Sequences
	QPs of I frame
	QPs of P frame
	QPs of B frame

	Class 0

4K
	PeopleOnStrCEt
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9

	
	Traffic
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9

	Class A

1080p
	Kimono
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9

	
	ParkScene
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9

	Class B

WVGA
	BasketballDrill
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9

	
	BQMall
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9

	
	PartyScene
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9

	
	RaceHorses
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9

	Class C
WQVGA
	BasketballPass
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9

	
	BQSquare
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9

	
	BlowingBubbles
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9

	
	RaceHorses
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9

	ClassD

720p
	FourPeople
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9

	
	Johnny
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9

	
	KristenAndSara
	27, 32, 38, 45
	QPI + 8(CS1)
QP + 5(CS2)
	QPI + 9
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