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1. Introduction
This document co-exists with other output documents listed here after.
· WG04N00454  Overview of Lenslet Video Coding Activities [1]

This document defines common test conditions to support use cases and requirements of lenslet video coding (LVC). Lenslet videos can be captured by plenoptic 1.0 and 2.0 cameras or synthetically generated from the dense light field captured by camera array or moving gantry. The samples are shown in Fig. 1(a)-(c), respectively. For dense light field captured by camera array, the synthetic generation method is proposed by Tsinghua SIGS in MPEG 135 meeting.
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	(a)
	(b)
	(c)

	Fig. 1 Samples of lenslet video captured by: (a) plenoptic 1.0 camera; (b) plenoptic 2.0 camera and (c) synthetically generated from the light field captured by camera array.



2. Common Test Condition
According to the requirements for LVC, the LVC activities are foreseen to be followed in two phases. In the first phase, the focus will be on the technologies that are compatible with existing coding tools; namely Codec Agnostic Tools. In the second phase, the LVC activity will be exploring the technologies that can be embedded in the existing codec; namely coding tools.

Figure 2 shows the common test procedure for LVC in the first phase for codec agnostic tools. Version 11.0 of the VTM [2] software is expected to be used for the compression anchor of the LVC experiments. Table 1 defines the QPs for all of the test sequences. The coding configuration file of the VVC codec are shown in Table 2. The color format of input and output lenslet video is 4:2:0.
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Figure 2. Common test procedure for lenslet video coding in phase one.
Note: The input lenslet video can be either captured by plenoptic 1.0 or 2.0 cameras, or synthetically generated from the content captured by camera array.

Table 1. QPs for codec agnostic tools
	Camera Type
	Sequence
	QPs

	Plenoptic 2.0
	ChessPieces
	{22, 27, 32, 37, 41, 45, 49}

	
	ChessPieces-MovingCamera
	

	
	Boxer
	

	
	UnicornLinearCam
	

	
	ComplexObiectMove
	

	
	ComplexObiectMoveLinearCam
	

	
	ComplexObiectMoveRandomCam
	

	
	Tunnel_Train2
	

	
	Fujita
	

	
	Origami
	

	
	DataLeading
	

	
	Boys
	

	
	Experimenting
	

	
	Cars
	

	
	Matryoshka
	

	Plenoptic 1.0
	Toys
	

	
	Trees
	

	
	Teapots
	

	
	Mini-garden
	



Table 2. Codec and configuration files 
	Camera Type
	Sequence
	Total number of frames
	Codec Agnostic Tools

	Plenoptic 2.0
	ChessPieces
	300
	



QP (Table 1)
VTM-11.0


encoder_intra_vtm.cfg (AI) /
encoder_randomaccess_vtm.cfg (RA)

	
	ChessPieces-MovingCamera
	300
	

	
	Boxer
	300
	

	
	UnicornLinearCam
	300
	

	
	ComplexObiectMove
	300
	

	
	ComplexObiectMoveLinearCame
	300
	

	
	ComplexObiectMoveRandomCam
	300
	

	
	Tunnel_Train2
	300
	

	
	Fujita
	300
	

	
	Origami
	400
	

	
	DataLeading
	368
	

	
	Boys
	300
	

	
	Experimenting
	300
	

	
	Cars
	300
	

	
	Matryoshka
	300
	

	Plenoptic 1.0
	Toys
	300
	

	
	Trees
	150
	

	
	Teapots
	300
	

	
	Mini-garden
	300
	



3. Evaluation
Currently, 2D displays are used for evaluation of the technologies in LVC. Thus, the bitrate metrics are calculated under the lenslet format, while the quality metrics are computed in the Multiview format. 

3.1. Multiview format generation
Since the performance evaluation is conducted in multiview format, the multiview data need to be rendered from the uncompressed/decompressed lenslet video using reference lenslet conversion software (RLC).

3.2. Objective evaluation
Participants are requested to provide objective measures based on quality matrix of Peak Signal to Noise Ratio (PSNR). For objective quality evaluation, at least the PSNR vs bit rate metric is used, comparing the decompressed video with the input video. PSNR used for objective evaluation, shall be measured per view.  The PSNR of Image I (in dB) is defined as 



where MAXI is the maximum possible pixel value of the image I. When the pixels are represented using 8 bits per sample, MAXI is 255. Moreover, the average of the same value over all viewpoints shall be included as overall quality measure.
Participants are encouraged to provide other objective quality metrics like VQM and MS-SSIM that have been implemented as part of HDRTools made available to MPEG. Inside that package there is a tool named HDRMetrics for video quality analysis, while VQM can be computed using a tool named HDRVQM. The software can be downloaded from https://gitlab.com/standards/HDRTools.

3.3. Subjective evaluation
Sweep over all views on a 2D display (no integral photography display). Participants are encouraged to have the viewing materials for subjective evaluation. The proponents shall provide YUV file for sweeping views following a pass defined for 5x5 multiveiw video, synthesized by Reference Lenslet content Convertor (RLC) from the decoded lenslet video. In this case, viewing content starts with frame 0 following the pass in the until the frame 299. When synthesizing a pose trace, per viewpoint, equal number of frames shall be assigned. Figure 3 shows examples of pose traces for subjective evaluation.
The pose trace used for subjective evaluation will be defined after a comprehensive investigation. 
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Figure 3. Sample pose traces for subjective evaluation.

4. LVC Software Platform description 
The purpose of LVC Software Platform is to identify global solution aspects which will have to be addressed precisely during a Call for Proposal process. By making this platform open, it is an invitation to MPEG members to start thinking on the agnostic tools for LVC techniques and contribute collectively to a general framework. It is also reasonable to think that this software platform also prepares for the LVC Reference Software which will have to be developed after the CfP response. However, it will be of course not mandatory for proponents to base their solution on this software platform for the response to the CfP. 

4.1. Requirements 
The software platform should match the following requirements.

Compliance with CTC and future CfP
1. The software platform should be able to comply with the totality of the test conditions described in the CTC.

Platform independence
1. It should be possible to build and run the software on modern Linux distributions (with GCC 4.9.x or newer) and Microsoft Windows 10 (with Visual Studio 2015 or newer). 
2.It shall be possible to build and run the software without GPU-acceleration.

External libraries
1. The software model shall be available to MPEG experts as a source distribution to avoid licensing issues.
2. Any supplied software including all source files and header files including parts of external libraries shall have a license that allows for use in MPEG-I standardization and academic use.

4.2. Platforms Description  
Software Platform for Lenslet Data Coding
The software platform is designed to improve the compression efficiency for lenslet data. Coding evidences suggests that codec-agnostic tools, such as Microimage Cropping and Aligning (MCA), a lenslet preprocessing tool proposed by Tsinghua SIGS during the MPEG 144 meeting, exhibit superior coding efficiency for lenslet data compared to the VVC standard. Consequently, the internal codec of the software platform is VVC encoder and decoder, while externally implemented codec-agnostic tools, handle the preprocessing of the original lenslet video and the postprocessing of the decoded content of VVC. 

5. Future activities
	meeting
	Events

	MPEG 145
	Release of public draft requirements 

	MPEG 146
	Release of final requirements and the draft of Call for Proposal

	MPEG 147
	Release of final Call for Proposal

	MPEG 148
	Response to the Call for Proposal (submission of bitstream/decoder)

	MPEG 149
	Response to the Call for Proposal (submission of technical description) and Working Draft 1

	MPEG 150
	Working Draft 2

	MPEG 151
	Working Draft 3

	MPEG 152
	Committee Draft

	MPEG 153
	Draft of International Standard

	MPEG 155
	Final Draft of International Standard



6. Test sequences and conversion tools
Table 3 presents the characteristics of the test sequences along with their download links. Table 4 provides a list of conversion tools, including links and functionalities.

Table 3. The characteristics of test sequences.
	Camera type
	Sequence Name
	Content features
	Object Movement
	Camera Movement
	Parameters
	Download

	Plenoptic 2.0
	Tunnel_Train_2
	Indoor, Toys
	Rotation
	Static
	300 frames, 30 fps, 2048x2048 pixels
	http://www.fujii.nuee.nagoya-u.ac.jp/multiview-data/

	
	Fujita
	Indoor, Toys
	Rotation
	Static
	300 frames, 30 fps, 2048x2048 pixels
	

	
	Origami
	Indoor, Toys, Non-Lambertian
	Rotation
	Static
	300 frames, 30 fps, 2048x2048 pixels
	

	
	DataLeading
	Indoor, Toys
	Static
	Linear
	300 frames, 30 fps, 2048x2048 pixels
	

	
	ChessPieces
	Indoor, Toys
	Rotation
	Static
	300 frames, 30 fps, 3840x2160 pixels
	http://157.159.160.118/mpegcontent
Username: sc29wg11
1st Password: MPEG password
2nd Username:  mpegcontent
2nd Password:  gEpM93#_k0sanEE3!
Location: /mpegcontent/content/Explorations/DLF

	
	ChessPieces-MovingCamera
	Indoor, Toys
	Static
	Linear
	300 frames, 30 fps, 3840x2160 pixels
	

	
	Boxer-IrishMan-Gladiator
	Indoor, Toys
	Rotation
	Static
	300 frames, 30 fps, 3840x2160 pixels
	

	
	UnicornLinearCam
	Indoor, Complex, Non-Lambertian
	Static
	Linear
	300 frames, 30 fps, 3840x2160 pixels
	https://zenodo.org/record/8398406

	
	ComplexObjectMove
	Indoor, Complex, Non-Lambertian
	Back and forth
	Static
	300 frames, 30 fps, 3840x2160 pixels
	https://zenodo.org/records/10569052

	
	ComplexObjectMoveLinearCam
	Indoor, Complex, Non-Lambertian
	Back and forth
	Linear
	300 frames, 30 fps, 3840x2160 pixels
	https://zenodo.org/records/10571134

	
	ComplexObjectMoveRandomCam
	Indoor, Complex, Non-Lambertian
	Back and forth
	Random
	300 frames, 30 fps, 3840x2160 pixels
	https://zenodo.org/records/10571393

	
	Boys
	Indoor, Human
	Complex
	Static
	300 frames, 30 fps, 4080x3068 pixels
	https://dowload-1257891916.cos.ap-guangzhou.myqcloud.com/Boys.7z

	
	Experimenting
	Indoor, Human
	Complex
	Static
	300 frames, 30 fps, 4080x3068 pixels
	https://dowload-1257891916.cos.ap-guangzhou.myqcloud.com/Experimenting.7z

	
	Cars
	Indoor, Toys
	Rotation
	Static
	300 frames, 30 fps, 4080x3068 pixels
	https://dowload-1257891916.cos.ap-guangzhou.myqcloud.com/Cars.zip

	
	Matryoshka
	Indoor, Single Object
	Rotation
	Static
	300 frames, 30 fps, 4080x3068 pixels
	https://dowload-1257891916.cos.ap-guangzhou.myqcloud.com/Matryoshka.7z

	Plenoptic 1.0
	Toys
	Indoor
	Linear
	Static
	300 frames, 30 fps, 8656x6076 pixels
	https://dowload-1257891916.cos.ap-guangzhou.myqcloud.com/Toys.tar.gz

	
	Trees
	Outdoor
	Static
	Linear
	150 frames, 30 fps, 8656x6076 pixels
	https://dowload-1257891916.cos.ap-guangzhou.myqcloud.com/Trees.tar.gz

	
	Teapots
	Indoor
	Rotation
	Static
	300 frames, 30 fps, 8654x6074 pixels
	https://dowload-1257891916.cos.ap-guangzhou.myqcloud.com/Teapots.tar.gz

	
	Mini-garden
	Indoor
	Rotation
	Static
	300 frames, 30 fps, 8656x6074 pixels
	https://dowload-1257891916.cos.ap-guangzhou.myqcloud.com/Garden.tar.gz



[bookmark: _Ref529393538]Table 4. List of conversion tools
	Software
	Functionalities
	Version
	Link
	Source

	RLC
	Software for converting lenslet videos captured by Raytrix and Tsinghua cameras (Plenoptic 2.0) to Multiview format
	2.0
	https://gitlab.com/mpeg-dense-light-field/rlc
	ULB, Nagoya University

	Tsinghua Conversion Tool for Plenoptic 1.0
	Softwarefor converting Plenoptic 1.0 camera-captured lenslet videos to Multiview format (Modified based on Light Field Toolbox v0.4 by Tsinghua University)
	-
	Invertible version:
https://dowload-1257891916.cos.ap-guangzhou.myqcloud.com/Demo_Lenslet2MV.zip
	Tsinghua SIGS

	Tsinghua Conversion Tool for Plenoptic 2.0
	Conversion tool for plenoptic 2.0 data captured by Tsinghua plenoptic video camera
	-
	https://dowload-1257891916.cos.ap-guangzhou.myqcloud.com/TsinghuaPRA.zip (TODO)
	Tsinghua SIGS
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