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Introduction
This contribution provides an updated working draft document for V-PCC bitstream conformance. In addition and because of the release of V3C/V-PCC FDIS [ 1 ], we would also like to solicit volunteer organizations to participate and submit bitstream(s) for conformance test.


[image: ]ISO/IEC JTC 1/SC 29/WG 11 	N19548370 
ISO/IEC JTC 1/SC 29/WG 11
Coding of moving pictures and audio
Convenorship: UNI (Italy)



Document type: 	Approved WG 11 document


Title: 	Working Draft 1 of Conformance Testing for Visual Volumetric Video-based Coding (3VC) with Video-based Point Cloud Compression (V-PCC)


Status:	Draft


Date of document:	2020-04-24


Source: 	3DG


Expected action:	


No. of pages: 	14


Email of convenor: leonardo@chiariglione.org	


Committee URL: mpeg.chiariglione.org


ISO/IEC 23090-20:2020(E)
ISO/IEC JTC 1/SC 29/WG 11
[bookmark: CVP_Secretariat_Loca]Secretariat: JISC
Information technology — Coded Representation of Immersive Media — Part 20: Conformance Testing for Visual Volumetric Video-based Coding (3V3C) with Video-based Point Cloud Compression (V-PCC)

WD stage

Warning for WDs and CDs
This document is not an ISO International Standard. It is distributed for review and comment. It is subject to change without notice and may not be referred to as an International Standard.
Recipients of this draft are invited to submit, with their comments, notification of any relevant patent rights of which they are aware and to provide supporting documentation.


ISO 23090-20:2020(E)
© ISO/IEC 2020 – All rights reserved

2	© ISO 2020 – All rights reserved
© ISO/IEC 2020
All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of the requester.
ISO copyright office
CP 401 • Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org
Published in Switzerland
Contents
Foreword	v
Introduction	vi
1	Scope	1
2	Normative reference	1
2.1	General	1
3	Terms and definitions	1
4	Abbreviations	2
5	Conventions	2
6	Conformance for ISO/IEC 23090-5	2
6.1	Introduction	2
6.2	Bitstream conformance	3
6.3	Decoder conformance	3
6.4	Reconstruction conformance	3
6.5	Procedure to test bitstreams	4
6.6	Procedure to test decoder conformance	5
6.6.1	Conformance bitstreams	5
6.6.2	Contents of the bitstream file	5
6.6.3	Checksum computations for atlas bitstream conformance testing	6
6.6.4	Requirements on output of the decoding process, reconstruction process, and timing	7
6.6.5	Bitstream validation	7
6.6.6	Recommendations (informative)	7
6.7	Specification of the test bitstreams	7

[bookmark: _Toc353342667][bookmark: _Toc39662465]Foreword
ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO member bodies). The work of preparing International Standards is normally carried out through ISO technical committees. Each member body interested in a subject for which a technical committee has been established has the right to be represented on that committee. International organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
The procedures used to develop this document and those intended for its further maintenance are described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any patent rights identified during the development of the document will be in the Introduction and/or on the ISO list of patent declarations received (see www.iso.org/patents).
Any trade name used in this document is information given for the convenience of users and does not constitute an endorsement.
For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions related to conformity assessment, as well as information about ISO's adherence to the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.
This document was prepared by Subcommittee 29, Coding of audio, picture, multimedia and hypermedia information.
A list of all parts in the ISO/IEC 23090 series can be found on the ISO website.
Any feedback or questions on this document should be directed to the user’s national standards body. A complete listing of these bodies can be found at www.iso.org/members.html.
[bookmark: _Toc353342668][bookmark: _Toc39662466]Introduction
Advances in 3D capturing and rendering technologies have unleashed a new wave of innovation in Virtual/Augmented/Mixed reality (VR/AR/MR) content creation and communication. Point clouds have arisen as one of the main representations for such applications. A point cloud frame consists of a set of individual 3D points. Each point, in addition to having a 3D position, i.e., spatial attribute, may also be associated with a number of other attributes such as colour, reflectance, surface normal, etc. A point cloud consists of a sequence of point cloud frames. The number of points, their positions, and their attributes may vary from one frame to another. Such representations require a large amount of data, which can be costly in terms of storage and transmission. Therefore, the ISO/IEC Moving Picture Experts Group (MPEG) developed a new International Standard, which aims at efficiently compressing point cloud representations. 
Advances in 3D capturing and rendering technologies have unleashed a new wave of innovation in Virtual/Augmented/Mixed reality (VR/AR/MR) content creation and communication, of which visual volumetric video is an integral part.
Visual volumetric video, a sequence of visual volumetric frames, if uncompressed, may be represented by a large amount of data, which can be costly in terms of storage and transmission. This has led to the need for a high coding efficiency standard for the compression of visual volumetric data.
Visual volumetric frames can be coded by converting the 3D volumetric information into a collection of 2D images and associated data. The converted 2D images can be coded using widely available video and image coding specifications, such as ISO/IEC 14492-10 and ISO/IEC 23008-2 and the associated data can be coded with mechanisms specified in this document. The coded images and the associated data can then be decoded and used to reconstruct the 3D volumetric information. This document specifies a generic mechanism for visual volumetric video coding, i.e. visual volumetric video-based coding. The generic mechanism may be used by applications targeting volumetric content, such as point clouds, immersive video with depth, mesh representations of visual volumetric frames, etc.
In addition to the generic mechanism of coding volumetric content, this document specifies one of the applications of visual volumetric video-based coding targeting point cloud representations of visual volumetric frames. In a point cloud sequence, each point cloud frame contains a collection of points. Each point has a 3D position, i.e., geometry information, and each point may also be associated with a number of attributes, such as colour, reflectance, surface normal, etc.
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[bookmark: _Toc353342669]Information technology — Coded Representation of Immersive Media — Part 20: Conformance Testing for Video-based Point Cloud Compression (V-PCC)
[bookmark: _Toc39662467]Scope
This International Standard[footnoteRef:2] specifies a set of tests and procedures designed to indicate whether encoders or decoders meet the normative requirements specified in ISO/IEC 23090-5. [2:    	This International Standard includes an electronic attachment containing the conformance bitstreams identified within the text. The bitstreams can also be downloaded from the ITU-T Test Signal Database.] 

[bookmark: _Ref18670923][bookmark: _Toc39662468]Normative reference
[bookmark: _Toc39662469]2.1	General
The following International Standards contain provisions which, through reference in this text, constitute provisions of this International Standard. At the time of publication, the editions indicated were valid. All Standards are subject to revision, and parties to agreements based on this International Standard are encouraged to investigate the possibility of applying the most recent edition of the Standards listed below. Members of ISO maintain registers of currently valid International Standards.

[bookmark: _Toc353342671][bookmark: _Toc39662470]Terms and definitions
For the purposes of this International Standard, the terms, definitions, abbreviations and symbols specified in ISO/IEC 23090-5. apply. The following terms are further clarified for purposes herein as follows.
3.1 [bookmark: _Ref52965874]
bitstream
an ISO/IEC 23090-5 V3C bitstream.
3.2 
coded V3C component
an ISO/IEC 23090-5 V3C coded representation of a V3C component (3.10)
3.3 [bookmark: _Ref51268449]
component bitstream
an ISO/IEC 23090-5 bitstream (3.1) representing a V3C component (3.10)
3.4 
decoder
a ISO/IEC DIS 23090-5 V3C decoder, i.e., an embodiment of the decoding process specified by ISO/IEC 23090-5. The decoder does not include the display process, which is outside the scope of this  International Standard.
NOTE – The decoder does not include the rendering and display process, which is outside the scope of this International Standard

3.5 
encoder
an embodiment of a process, not specified in this International Standard (except in respect to identification of the reference software encoder), that produces a bitstream.
3.6 
bitstream conformance
An embodiment of a process specified in annex E.4 of ISO/IEC 23090-5.
3.7 
decoder conformance
an embodiment of a process specified in annex E.5 of ISO/IEC 23090-5.
3.8 
reference software decoder
a software decoder provided in ISO/IEC 23090-19.
3.9  
reference software encoder
a software encoder provided in ISO/IEC 23090-19.
3.10 [bookmark: _Ref52965894]
V3C component
atlas, occupancy map, geometry, or attribute if present, of a particular type that is associated with a V3C V-PCC volumetric content representation, as defined in ISO/IEC 23090-5 V3C.
[Ed. (All): it is a minimum requirement that the atlas component of the V3C bitstream is present for conformance testing]

V-PCC reconstruction
an ISO/IEC DIS 23090-5 V3C V-PCC content, i.e., a recommendation of the reconstruction process specified by Annex H in ISO/IEC 23090-5.
[bookmark: _Toc19035106][bookmark: _Toc19036043][bookmark: _Toc19035107][bookmark: _Toc19036044][bookmark: _Toc529875144][bookmark: _Toc529878694][bookmark: _Toc529879663][bookmark: _Toc529880789][bookmark: _Toc529881596][bookmark: _Toc529882031][bookmark: _Toc529882338][bookmark: _Toc529893824][bookmark: _Toc529959429][bookmark: _Toc529875145][bookmark: _Toc529878695][bookmark: _Toc529879664][bookmark: _Toc529880790][bookmark: _Toc529881597][bookmark: _Toc529882032][bookmark: _Toc529882339][bookmark: _Toc529893825][bookmark: _Toc529959430][bookmark: _Toc529875146][bookmark: _Toc529878696][bookmark: _Toc529879665][bookmark: _Toc529880791][bookmark: _Toc529881598][bookmark: _Toc529882033][bookmark: _Toc529882340][bookmark: _Toc529893826][bookmark: _Toc529959431][bookmark: _Toc529875147][bookmark: _Toc529878697][bookmark: _Toc529879666][bookmark: _Toc529880792][bookmark: _Toc529881599][bookmark: _Toc529882034][bookmark: _Toc529882341][bookmark: _Toc529893827][bookmark: _Toc529959432][bookmark: _Toc529875148][bookmark: _Toc529878698][bookmark: _Toc529879667][bookmark: _Toc529880793][bookmark: _Toc529881600][bookmark: _Toc529882035][bookmark: _Toc529882342][bookmark: _Toc529893828][bookmark: _Toc529959433][bookmark: _Toc529875149][bookmark: _Toc529878699][bookmark: _Toc529879668][bookmark: _Toc529880794][bookmark: _Toc529881601][bookmark: _Toc529882036][bookmark: _Toc529882343][bookmark: _Toc529893829][bookmark: _Toc529959434][bookmark: _Toc529875150][bookmark: _Toc529878700][bookmark: _Toc529879669][bookmark: _Toc529880795][bookmark: _Toc529881602][bookmark: _Toc529882037][bookmark: _Toc529882344][bookmark: _Toc529893830][bookmark: _Toc529959435][bookmark: _Toc529875151][bookmark: _Toc529878701][bookmark: _Toc529879670][bookmark: _Toc529880796][bookmark: _Toc529881603][bookmark: _Toc529882038][bookmark: _Toc529882345][bookmark: _Toc529893831][bookmark: _Toc529959436][bookmark: _Toc529875152][bookmark: _Toc529878702][bookmark: _Toc529879671][bookmark: _Toc529880797][bookmark: _Toc529881604][bookmark: _Toc529882039][bookmark: _Toc529882346][bookmark: _Toc529893832][bookmark: _Toc529959437][bookmark: _Toc529875153][bookmark: _Toc529878703][bookmark: _Toc529879672][bookmark: _Toc529880798][bookmark: _Toc529881605][bookmark: _Toc529882040][bookmark: _Toc529882347][bookmark: _Toc529893833][bookmark: _Toc529959438][bookmark: _Toc529875154][bookmark: _Toc529878704][bookmark: _Toc529879673][bookmark: _Toc529880799][bookmark: _Toc529881606][bookmark: _Toc529882041][bookmark: _Toc529882348][bookmark: _Toc529893834][bookmark: _Toc529959439][bookmark: _Toc529875155][bookmark: _Toc529878705][bookmark: _Toc529879674][bookmark: _Toc529880800][bookmark: _Toc529881607][bookmark: _Toc529882042][bookmark: _Toc529882349][bookmark: _Toc529893835][bookmark: _Toc529959440][bookmark: _Toc529875156][bookmark: _Toc529878706][bookmark: _Toc529879675][bookmark: _Toc529880801][bookmark: _Toc529881608][bookmark: _Toc529882043][bookmark: _Toc529882350][bookmark: _Toc529893836][bookmark: _Toc529959441][bookmark: _Toc529875157][bookmark: _Toc529878707][bookmark: _Toc529879676][bookmark: _Toc529880802][bookmark: _Toc529881609][bookmark: _Toc529882044][bookmark: _Toc529882351][bookmark: _Toc529893837][bookmark: _Toc529959442][bookmark: _Toc529874725][bookmark: _Toc529874794][bookmark: _Toc529874886][bookmark: _Toc529874947][bookmark: _Toc529875158][bookmark: _Toc529878708][bookmark: _Toc529879677][bookmark: _Toc529880803][bookmark: _Toc529881610][bookmark: _Toc529882045][bookmark: _Toc529882352][bookmark: _Toc529893838][bookmark: _Toc529959443][bookmark: _Toc529874726][bookmark: _Toc529874795][bookmark: _Toc529874887][bookmark: _Toc529874948][bookmark: _Toc529875159][bookmark: _Toc529878709][bookmark: _Toc529879678][bookmark: _Toc529880804][bookmark: _Toc529881611][bookmark: _Toc529882046][bookmark: _Toc529882353][bookmark: _Toc529893839][bookmark: _Toc529959444][bookmark: _Toc529874727][bookmark: _Toc529874796][bookmark: _Toc529874888][bookmark: _Toc529874949][bookmark: _Toc529875160][bookmark: _Toc529878710][bookmark: _Toc529879679][bookmark: _Toc529880805][bookmark: _Toc529881612][bookmark: _Toc529882047][bookmark: _Toc529882354][bookmark: _Toc529893840][bookmark: _Toc529959445][bookmark: _Toc529874728][bookmark: _Toc529874797][bookmark: _Toc529874889][bookmark: _Toc529874950][bookmark: _Toc529875161][bookmark: _Toc529878711][bookmark: _Toc529879680][bookmark: _Toc529880806][bookmark: _Toc529881613][bookmark: _Toc529882048][bookmark: _Toc529882355][bookmark: _Toc529893841][bookmark: _Toc529959446][bookmark: _Toc511952608][bookmark: _Toc39662471][bookmark: _Toc353798249]Abbreviations
For the purposes of this International Standard, relevant abbreviations and acronyms are specified in clause 4 of ISO/IEC 23090-5..
[bookmark: _Toc529874730][bookmark: _Toc529874799][bookmark: _Toc529874891][bookmark: _Toc529874952][bookmark: _Toc529875163][bookmark: _Toc529878713][bookmark: _Toc529879682][bookmark: _Toc529880808][bookmark: _Toc529881615][bookmark: _Toc529882050][bookmark: _Toc529882357][bookmark: _Toc529893843][bookmark: _Toc529959448][bookmark: _Toc39662472][bookmark: _Toc353798250]Conventions
[bookmark: _Toc33005123][bookmark: _Toc219707772][bookmark: _Toc219707773][bookmark: _Toc219707774][bookmark: _Toc219707775][bookmark: _Toc219707783]For the purposes of this International Standard, relevant conventions are specified in clause 5 of ISO/IEC 23090-5.
[bookmark: _Ref34468389][bookmark: _Toc77680345][bookmark: _Toc118289011][bookmark: _Toc226456482][bookmark: _Toc248045185][bookmark: _Toc287363741][bookmark: _Toc311216724][bookmark: _Toc317198689][bookmark: _Toc390728012][bookmark: _Toc511952622][bookmark: _Toc39662473] Conformance for ISO/IEC 23090-5 
[bookmark: _Toc39662474]Introduction
[bookmark: _Toc20134233][bookmark: _Ref81058824][bookmark: _Toc77680347][bookmark: _Toc118289013][bookmark: _Ref205023600][bookmark: _Toc226456484][bookmark: _Toc248045187][bookmark: _Toc287363743][bookmark: _Toc311216726][bookmark: _Ref317173305][bookmark: _Toc317198691][bookmark: _Toc390728014]The following clauses specify normative tests for verifying the conformance of V3C bitstreams as well as decoders. Those normative tests make use of test data (bitstream test suites) provided as an electronic annex to this International Standard and the reference software decoder specified in ISO/IEC 23090-5.
-	Define conformance testing procedure for conformance point A and soft conformance testing procedure for conformance point B.
[Ed. (All): Figure 1 indicates the conformance points A and B interpretations]
[Ed. (All): The conformance points A and B are specified by Annex A.2 of ISO/IEC 23090-5, in addition at the conformance point A the block to volume information may be reconstructed in a form of volumetric boxes that corresponds to the block to patch information].
-	Compile a list of the type of conformance tests that need to be performed.
-	Set up a repository for conformance bitstream exchange.
Note. It is a requirement of this specification that the checksums hash values calculated independently for the Tiles and the Atlas frame.
[Ed. (All): During the projection process from 2D into 3D information the 2D tiles shall be used, the 3D tile definition mechanism seems to be redundant and can be handled by the encoder, in addition the Volumetric Annotation SEI message defines the 3d bounding box].

[bookmark: _Toc39662475]Bitstream conformance
The bitstream conformance of ISO/IEC 23090-5 is specified by clause E.4 of ISO/IEC 23090-5.
For conducting conformance testing, we should define and elaborate on the followings:
-	Bitstream conformance testing at the conformance point A.
-	Decoder conformance at conformance point A and soft conformance at the conformance point B.
-	Bitstreams generation and verification
[bookmark: _Toc19035125][bookmark: _Toc19036062][bookmark: _Toc39662476]Decoder conformance
The decoder conformance of ISO/IEC 23090-5 is specified by clause E.5 of ISO/IEC 23090-5.
[bookmark: _Toc39662477][bookmark: _Toc39662478]Reconstruction conformance
The reconstruction conformance of ISO/IEC 23090-5 is specified by Annex B and clauses H.10, H.11, and H.129 of ISO/IEC 23090-5.
[Ed. (VZ/ATA/DBG): The reconstruction conformance is performed on a voxelized point cloud data, and excludes the adaptation process specified in clause H.13.]

The V3C reconstruction decoder for the V-PCC conformance for components as frame rate normalization, resolution conversion, chroma format conversion and attribute transfer processes are specified by annex B of ISO/IEC 23090-5.The V3C reconstruction decoder for the V-PCC conformance for components as conversion of the decoded video frames to a nominal format (e.g. a nominal resolution, bit depth, chroma format, etc.) or a conversion operation (e.g. map extraction, multi-dimensional attribute packing, etc.), as described in subclause B.2 of the ISO/IEC 23090-5 specification.
[Ed. (VZ/ATA/DBG): The reconstruction process must follow a specified order of the operations for reconstruction conformance. It is suggested to follow the TMC 2 implementation. However, in future it is preferred to be following the Annex B, in coordination with further reference software development.]
An example ofThe how to perform decoded synchronization conformance forof the decoded V3C components of ISO/IEC 23090-5 is specified specified inby Annex B of ISO/IEC 23090-5.
[Ed. (VZ/ATA/DBGAll): A method of the synchronization of the components is shown in the following reference D. Graziosi, A. Tabatabai, V. Zakharchenko and A. Zaghetto, "V-PCC Component Synchronization for Point Cloud Reconstruction," 2020 IEEE 22nd International Workshop on Multimedia Signal Processing (MMSP), Tampere, 2020, pp. 1-5,. Should this be added to the bibliography list? not yet defined in the ISO/IEC 23090-5]
It is the recommendation of this specification that the decoded V3C output units are stored in an intermediate buffer, for reconstruction purposes. The V3C output units may be placed into the intermediate buffer at the output time of the corresponding V3C output unit processing, and the reconstruction process can start at the time when all required V3C output units are available for processing.
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[bookmark: _Ref1745753]Figure 1 – V3C bitstream conformance evaluation for V-PCC content

[bookmark: _Toc39662479][bookmark: _Toc39662480][bookmark: _Toc39662481]Procedure to test bitstreams
A bitstream that claims conformance with ISO/IEC 23090-5 shall pass the following normative test:
The bitstream shall be decoded by processing it with the decoder. When processed by the decoder, the bitstream shall not cause any error or non-conformance messages to be reported by the reference software decoder[footnoteRef:3]. This test should not be applied to bitstreams that are known to contain errors introduced by transmission, as such errors are highly likely to result in bitstreams that lack conformance to ISO/IEC 23090-5. It is a minimum requirement that the atlas component of the V3C bitstream is present for conformance testing. [3:  While the reference software decoder project is in development, the Test Model shall be used in place of the reference software decoder, the MD5 checksum of the V3C output units shall be used for the conformance testing.] 

Additional tests may be necessary to more thoroughly check that the bitstream properly meets all the requirements specified in ISO/IEC 23090-5 including the hypothetical reference decoder (HRD) conformance (based on Annexes E	, F and G). These complementary tests may be performed using other point cloud bitstream verifiers that perform more complete tests than those implemented by the reference software decoder.
[Ed. (VZ): This maps to 23090-5 annexes E – HRD, F – SEI, G – VUI]
ISO/IEC 23090-5 contains several informative recommendations that are not an integral part of that International Standard. When testing a bitstream for conformance, it may also be useful to test whether or not the bitstream follows those recommendations.
To check the correctness of a bitstream, it is necessary to parse the entire bitstream and to extract all the syntax elements and other values derived from those syntactic elements and used by the decoding process specified in ISO/IEC 23090-5.
A verifier may not necessarily perform all stages of the decoding process specified in ISO/IEC 23090-5 to verify bitstream correctness. Many tests can be performed on syntax elements in a state prior to their use in some processing stages.
[bookmark: _Toc39662482]Procedure to test decoder conformance
[bookmark: _Toc39662483]Conformance bitstreams
A bitstream has values of ptl_profile_codec_group_idc and ptl_profile_pcc_toolset_idc, and ptl_level_idc corresponding to a set of specified constraints on a bitstream for which a decoder conforming to a specified profile and level is required in Annex A of ISO/IEC 23090-5 to properly perform the decoding process.
[bookmark: _Toc39662484]Contents of the bitstream file
The conformance bitstreams are included in this International Standard as an electronic attachment. The following information is included in a single zipped file for each such bitstream.
· short description of the bitstream. A “textual” description could, for example, be: “All tiles are coded as I_TILE. Each atlas frame contains one tile”, and a “functional stage such as “Test the reconstruction process of I_TILE”.
· output picture log (*_picture_log.txtopl) file which contains, one row, for each output picture (e.g. occupancy, geometry and attribute, if present) in the bitstream, in output order:
· A key {occupancy|geometry|attribute} that indicates the type of V3C component
· vuh_map_index (for geometry and attribute V3C components)
· vuh_auxiliary_video_flag (for geometry and attribute V3C components)
· vuh_attribute_index (for attribute V3C component)
· vuh_attribute_partition_index (for attribute V3C component)
· PicOrderCntVal; 
· pic_width_max_in_luma_samples;
· pic_height_max_in_luma_samples;
· MD5 checksum for the i-th colour plane.	Comment by Tabatabai, Ali: For geometry or occupancy we have only one color plane – shall we be more specific?
· 
· a trace file to show the generated results during the bitstream decoding process, an output atlas frame.
[Ed. (DBG): what is the content of this trace file? Would it dump the values of the patches? Should we specify a certain expected format? What is the output atlas frame, and how do we distinguish this from the output tile group?]
· [Ed. (VZ): We have a trace functionality in the TMC2 software, it contains most of the required information, MD5 checksums can be added on top of this functionality]

· An output tile log file (*_tile_log*.txtotl) file which contains, one row for each output tile with tile ID in atlas ID in the bitstream, in output order. Each row contains the following information, as CAS.
· AtlasFrameOrderCntVal
·  AtlasID
· TileID
· 
· TileType
· TileOffsetXTopLeftTileColumn
· 
· TileOffsetYTopLeftTileRow 
· TileWidth
· TileHeight
· tile_width_max_in_luma_samples (BottomRightTileCoulmn)
· tile_height_max_in_luma_samples (BottomRightTileRow) 
· MD5 checksum for decoded tile, with tile ID equal to j (equivalent to the daih_atlas_tile_md5[ j ][ i ] syntax element specified in ISO/IEC 23090-5) group
· MD5 checksum for the derived block to patch per tile (equivalent to the daih_atlas_tile_b2p_md5[ j ][ i ] syntax element specified in ISO/IEC 23090-5)
· [Ed. (DBG): How to calculate the MD5 for the decoded tile group?] 
[Ed. (VZ): I suggest we use the text description of the decoded tile in a text format for the patch, the patches are in the precedence order, we also need to explicitly indicate the origin of the tile within an atlas frame.]
· An output atlas log for atlas ID (*_atlas_log.txt.ofl) file which contains, a number of rows for each output tile  group in the atlas frame in the bitstream, in output order. Each row contains the following information, as CAS.
· 
· AtlasFrameOrderCntVal
· atlas_frame_width_max_in_luma_samples
· atlas_frame_height_max_in_luma_samples
· AtlasID
· AspsFrameSize
· vps_map_count_minus1 + 1
· ai_attribute_count
· ai_attribute_dimension_minus1 + 1
· afti_num_tiles_in_atlas_frame_minus1 + 1
· AtlasTotalNumProjPatches
· AtlasTotalNumRawPatches
· AtlasTotalNumEOMPatches
· 
· MD5 checksum for decoded atlas frame
· MD5 checksum for the derived block to patch per atlas frame
· MD5 checksum for the patch to volume per atlas frame
· An output point cloud frame log (*_pcfrm_log.txt.opcl) file which contains, one row for each output point cloud frame in the bitstream, in output order. Each row contains the following information, as CAS.
· PointCloudFrameOrderCntVal 
· NumProjPoints
· NumRAWPoints
· NumEOMPoints
· MD5 checksum MD5 for decoded point cloud frame provided.
Log-files are in textual format and each file is made of a sequence of rows whereas each row contains the parametric information associated with each tile, atlas frame and point cloud frame in the key, value format. Below shows an example of a row for atlas frame related parameters.
·  Atlas Frame Index = 0, 
AtlasFrameOrderCntVal=0,atlas_frame_width_max_in_luma_samples=1280, atlas_frame_height_max_in_luma_samples = 1536, AtlasID = 0, ASPSFrameSize = 1966080, vps_map_count_minus1 + 1 = 2, AttributeCount = 1, AttributeDimension = 3, NumTilesAtlasFrame = 3, AtlasTotalNumProjPatches = 54,  AtlasTotalNumRawPatches = 0, AtlasTotalNumEOMPatches = 0,  Atlas MD5 = 35f4dce1a03495f4b4cbb2998a56c6e0, Atlas B2P MD5 = 1b2a35d8ea9ebaaaca7f658342efa80e, 

In cases where the decoded pictures or hashes of decoded pictures are not available, the reference software decoder shall be used to generate the necessary reference decoded pictures from the bitstream.
[bookmark: _Ref215994896][bookmark: _Toc246350677][bookmark: _Toc287363916][bookmark: _Toc390728352]Table 1 – List of the files for conformance testing

	Item
	Extension
	Description
	Requirement

	1
	*.bint
	coded bitstream
	mandatory

	2
	*_dscr_bitstr.txt
	a short description of the bitstream
	mandatory

	3
	*.trc
	trace file
	optional

	4
	*.cfg
	the configuration files used to generate bitstream with a software encoder provided in ISO/IEC 23090-20x.
[Ed. (DBG): we usually use multiple configurations, how to handle this?] 
	mandatory

	5
	*.md5
	MD5 checksum of the entire bitstream file
	mandatory

	6	Comment by Tabatabai, Ali: Should we also make this a text file?
	*_.picture_logopl.txt
	output picture log for occupancy map, geometry and attribute (depends on input configuration).
	optional

	7
	*_*_atlas_log.txtatl.ofl
	output atlas log
	mandatory*

	8
	*__tile_log.txtatl.otl
	output tile group log
	mandatory*

	9
	*_pcfrm_log.txt.opcl
	output point cloud frame log
	mandatory

	10
	*_dec.vid
	decoded image for occupancy map, geometry and attribute (depends on input configuration).
	optional

	11
	*_dec.atl
	decoded atlas frame
	mandatory

	12
	*_dec.tig
	decoded tile group  
	optional

	13
	*_dec.ply
	unordered reconstructed decoded point cloud frames. The decoded point cloud does not necessarily need to be ordered. However, for performing conformance test voxels in the point cloud need to be sorted in a certain order (e.g. using a generalized Morton based order sorting).
	soft/optional



* it is defined by the particular test if the atlas frame of the collection for the separate tile checksums are required.

[Ed. (VZ/ATA/DBGAll): Use annex B for reconstruction process. Rec0. What should we follow for the reconstruction and to generate the MD5 checksum for the decoded point cloud frame ply?] 


[bookmark: _Toc39662485]HashChecksum computations for atlas bitstream conformance testing
In general, the hash value is derived separately for common vs. application specific high level syntax, atlas, and tile level parameters, respectively and according to the indicated hash type i.e.MD5, CRC, or Checksum. Common high level syntax refers to the ASPS and AFPS parameters, as described in subclauses 8.4.6.1 and 8.4.6.2 of [1]. Application specific parameters refers to the parameters defined in clauses B and H of [1] []. Regarding atlas-level or tile-level patch parameters, cConformance test needs to be done directly on the patch related information, and by processing the patch information in atlas or tile and patch coding order. That, as well as comparing common and application specific essential high-level syntax information that allows appropriate interpretation of the tile and patch information (e.g. tile position within the atlas, use of interleaving, etc.). These parameters are defined in F.3.16.2.2.1 - F.3.16.2.2.4 of [1].  Common atlas patch parameters are defined in section F.3.16.2.3.1 and application specific atlas patch parameters F.3.16.2.3.2. As an example, In in case of specifying a hash SEI message that could be used for the verification of common an atlas patch decoder, such hash value should be computed by going through all elements associated with each PROJECTED patch, e.g. for non EOM and RAW patches the variables AtlasPatch2dSizeX[ atlasPatchIdx ], AtlasPatch2dSizeY[ atlasPatchIdx ], AtlasPatch2dPosX[ atlasPatchIdx ]Patch2dPosX[ p ], AtlasPatch2dPosY[ atlasPatchIdx ]Patch2dPosY[ p ], AtlasPatch3dOffsetU[ atlasPatchIdx ]Patch2dSizeX[ p ], AtlasPatch3dOffsetV[ atlasPatchIdx ]Patch2dSizeY[ p ], AtlasPatch3dOffsetD[ atlasPatchIdx ]Patch3dPosX[ p ], AtlasPatch3dRangeD[ atlasPatchIdx ]Patch3dPosY[ p ], AtlasPatchProjectionID[ atlasPatchIdx ]Patch3dPosMinZ[ p ], AtlasPatchOrientationIndex[ atlasPatchIdx ]PatchOrientationIndex[ p ], AtlasPatchLoDScaleX[ atlasPatchIdx ]PatchLoDScaleX[ p ], and AtlasPatchLoDScaleY[ atlasPatchIdx ] PatchLoDScaleY[ p ], 

Moreover, application specific atlas patch parameters include AtlasPatchRawPoints[ atlasPatchIdx ], and AtlasEpduPatchCount[ atlasPatchIdx ] in a prespecified order[footnoteRef:4]. Patches should be processed in tile followed by patch coding order indicated by atlasPatchIdx. Adding onto the hash computation HLS information essential for reconstruction, e.g. position of each tile on the atlas. [4:  It is also similar for EOM/RAW patches depending also on whether these are related to the regular or the auxiliary streams. The example is just for illustration purposes] 

Common and application specific atlas tile patch parameters are specified in sections F.3.16.2.4.1 and F.3.16.2.4.2 in [1]. respectively. Hash value for these parameters 
may be calculated, optionally, per each tile, indicated by tileID, independently. In this case the common tile patch hash value should be computed by going through all elements associated with each patch p within a given tile tileID: Common atlas tile patch parameters include: TilePatch2dSizeX[ tileID ][ p ],TilePatch2dSizeY[ tileID ][ p ], TilePatch2dPosX[ tileID ][ p ], TilePatch2dPosY[ tileID ][ p ], TilePatch3dOffsetU[ tileID ][ p ], TilePatch3dOffsetV[ tileID ][ p ], TilePatch3dOffsetD[ tileID ][ p ], TilePatch3dRangeD[ tileID ][ p ], TilePatchProjectionID[ tileID ][ p ], TilePatchOrientationIndex[ tileID ][ p ], TilePatchLoDScaleX[ tileID ][ p ], TilePatchLoDScaleY[ tileID ][ p ], TilePatchRawPoints[ tileID ][ p ], TileEpduPatchCount[ tileID ][ p ], tileOffsetX, and tileOffsetY.

Derivation of hash values for block to patch at atlas and tile level are specified in sections F.3.16.2.5 and F.3.16.2.6 in [1].
[bookmark: _Toc39662486]Requirements on output of the decoding process, reconstruction process, and timing
The output of the decoding process is specified in clauses 8, 9, and Annexes E, G, and H of ISO/IEC 23090-5. The input to this process is specified in the Annex B of ISO/IEC 23090-5.
For output order conformance, it is a requirement that all of the decoded V3C component frames (point cloud frames) specified for output in Annex E of ISO/IEC 23090-5 shall be output by a conforming decoder in the specified order and that the values of the decoded samples in all of the pictures that are output shall be (exactly equal to) the values specified in clause 8 of ISO/IEC 23090-5.
For output timing conformance, it is a requirement that a conforming decoder shall also output the decoded samples at the rates and times specified in Annex E of ISO/IEC 23090-5.
For the reconstruction conformance, it is a requirement that all of the decoded components are normalized to the nominal frame rate as specified in Annex B of ISO/IEC 23090-5.
The display process, which ordinarily follows the output of the reconstruction process, is outside the scope of this International Standard.	Comment by Tabatabai, Ali: display vs. rendering or both i.e. rendering and display?
[bookmark: _Toc39662487][bookmark: _Toc39662488]Bitstream validation
The uploaded bitstreams should be validated and verified by at least two organizations and the following aspects should be verified. 
· Confirm if the bitstream is decoded with the perfect matchConfirm if the decoded bitstreams are bit-exact
[Ed. (ATA): Shall we be more explicit as to what do we mean by “exact match”?] 
· Confirm if all intended features are included in the bitstream
The output for the conformance point A, comprised of the V3C components that form a point cloud frame at a given time instance are used as an input for the decoder reconstruction process that specifies soft conformance check for point B. 
[Ed. (ATA/VZ/DBG): For conformance point A the reference software must provide means to derive profile, tier and level limits identified in subclause A.6.2 of ISO/IEC23090-5]
[bookmark: _Toc39162176][bookmark: _Toc39662489][bookmark: _Toc39162177][bookmark: _Toc39662490][bookmark: _Toc39162178][bookmark: _Toc39662491][bookmark: _Toc533167145][bookmark: _Toc33005504][bookmark: _Toc33005508][bookmark: _Toc33005509][bookmark: _Toc33005525][bookmark: _Toc33005553][bookmark: _Toc33005569][bookmark: _Toc33005589][bookmark: _Toc33005613][bookmark: _Toc33005629][bookmark: _Toc39662492][bookmark: _Ref33101620][bookmark: _Toc77680368][bookmark: _Toc118289038][bookmark: _Toc226456515][bookmark: _Toc248045218][bookmark: _Toc287363748][bookmark: _Toc311216736][bookmark: _Toc317198700][bookmark: _Toc390728029][bookmark: _Toc511952626]Recommendations (informative)
This clause does not form an integral part of this International Standard.
In addition to the requirements, conforming decoders should implement various informative recommendations specified in ISO/IEC 23090-5 that are not an integral part of that International Standard. This clause lists some of these recommendations.
It is recommended that a conforming decoder be able to resume the decoding process as soon as possible after the loss or corruption of part of a bitstream. In most cases, it is possible to resume decoding at the next V3C slice unit header. It is recommended that a conforming decoder be able to perform concealment for the patches or V3C packets for which all the coded data of the V3C components has not been received.	Comment by Tabatabai, Ali: V3C unit header?

[bookmark: _Toc39662493]Specification of the test bitstreams
Some characteristics of each bitstream listed in Tables 1 are specified in this clause.
The following naming convention for the zip file shall be used:
· CodecGroup_Toolset_Feature_Reconstruction_Feature_Source_Version
· CodecGroup refers to a candidate codecGroup from table A-1 of V3C specification.
· Toolset refers to a candidate toolset from Table A-3 and A-4 of V3C specification
· The feature is summarized in Table 1.
· Reconstruction refers to the reconstructions from Table A-5 of V3C specification.
· Some candidate features are indicated in Table 1.
· 
· The source is the name of the volunteer organization that provided the bitstream. 
	Categories
	[bookmark: RANGE!A1]Tool description
	Feature
Name
	Bitstream features
	Submitter

	Patch type
	Inter patch type
	INTERP
	Test inter patch 
	

	
	Intra patch type
	INTRAP
	Test intra patch
	

	Tile structure
	Uniform tile 
	UT
	Test uniform tile structure
	

	Essential SEIs, type A
	Type A Essential SEI messages 
	ESEIA
	
	


· Version is the version number of the file, in case a bitstream must be replaced because of an identified problem (starting from 1).
	Categories
	Tool description
	Feature
Name
	Bitstream features
	Submitter

	Patch type
	Inter patch type
	INTERP
	Test inter patch 
	

	
	Intra patch type
	INTRAP
	Test intra patch
	

	Tile structure
	Uniform tile 
	UT
	Test uniform tile structure
	

	Essential SEIs, type A
	Type A Essential SEI messages 
	ESEIA
	
	


										Table 1 Example of features

[Ed (VZ/ATA/DBGAll): come up with a table to test Toolset. Example: tiles, intra tiles, uniform tiles, could be a very big table. Provide some fundamental things (categories) that need to be tested, and request volunteers to provide different types of bitstreams]
Basic features can be combineds into bitstreams to reduce the number of conformances bitstreams. 
Two volunteer organizations, for each category, is desirable. At least one person should become a volunteer to generate bitstream to be submitted from a company.

The zipped log file need to be uploaded to the MDMS content server on V3C conformance test.
[Ed. (DBG/ATA): Need to ask Christian to set this directory?]
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