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Welcome to X3D4!

 Web3D has published updated X3D4 working draft 2 for public review
e Full compatibility demonstrated for full X3D and VRML ecology

 Now is time for earlier adopters to improve codebases, test models

e Successful implementation and evaluation of excellent results

 Review draft available at Web3D 2020 Conference November 2020 as
Web3D Consortium members decide on readiness for ISO ratification

* Your questions, comments and improvements are always welcome.
e Execution is a team sport — have fun with X3D4! © © © ©


https://2020.web3dconference.org/

X3D4 Changes, Capabilities and Opportunities

e X3D version 4 is a major upgrade to the Extensible 3D (X3D) Graphics
International Standard, and the seventh formal ISO revision since VRML97.

e X3D4 supports HTMLS5 integration, advanced Physically Based Rendering (PBR)
with gITF, shadows, high-fidelity audio graphs, Texture Projector nodes,
Humanoid Animation (HAnim2) and numerous other improvements.

e Available file encodings include XML ClassicVRML and JSON, and complete open-
source programming libraries are available in JavaScript, Java, and Python. Strict
validation of models allows exceptionally high levels of Quality Assurance (QA).

 Much execution work is accelerating the implementation and evaluation of X3D4
forward. Much activity is moving ahead with X3D4.

e This tutorial summarizes new capabilities and describes author support in
modern browsers, updated tools and a growing set of examples.


https://www.web3d.org/x3d4

X3D H igh | ights https://www.web3d.org/x3dv4-highlishts

e Major: HTMLS integration allows X3D on any web page
e Major: multiple file formats and programming languages

 Major: gITF asset materials, shadows, Physically Based Rendering (PBR)
Phy5|ca Material and Non-Photorealistic NPR) UnlltMaterlaI nodes

* Major: integrate Web Audio API for high-fidelity audio graphs

e Major: PointProperties, Texture Projector nodes, navigation
Improvements

 Major: no plugins required, multiple open-source implementations

e Major: backwards/forwards compatibility with X3D and VRML

e Numerous and growing set of converters, tools, models, support

e Active working groups & community continue driving forward steadily...
e Here we go! ©


https://www.web3d.org/x3dv4-highlights

X3D4 Highlights: Benefits and Opportunities

e Benefits of International Standard with ISO review: rigor, reliable, reuse
* 3D Printing, 3D Scanning, CAD models, general metadata architecture

e Humanoid Animation (HAnim) upgrades: anatomically correct skeleton,
motion animation, emerging work on internal organs and medical records

* Partnerships with other Standards Development Organizations (SDOs)
including 1SO, W3C Khronos, hopefully Open Geospatial Consortium (OGC)

 Semantic Web and structured metadata for querying 3D models

* Influential enabler for emerging new work: Medical representations,
cultural and natural heritage, Web3D User Experience (Web3DUX)

e Shared pool of knowledge, forums for tackling tough challenges



X3D Version 4 Strategy: Straight Ahead | 27 %2020 Annue

Milestones Follow

X3D® Version 4 is a major upgrade to the Extensible 3D (X3D) Graphics International
Standard that aligns with the HTML5 Recommendation. This is major work in
progress, expected to include several future versions. This effort is driven by the
X3D Graphics Working Group with regular community outreach.

X3D is always evolving, and the Web3D Consortium Standards Strategy carefully
guides all these improvements. X3D Version 4 enables authors to publish any
interactive 3D content anywhere on the Web, without restrictions or plugins.

Next-generation evolution + revolution is combined with archival compatibility of
existing legacy content.

e X3D Implementations Status and X3D Version 4.0 Development show specific
details and planned evolutionary changes to the baseline X3D architecture.

e Next year: X3D Version 4.1 can add Mixed Augmented Reality (MAR) capabilities
and consider improved geometric compression.



http://www.web3d.org/x3d4
http://www.web3d.org/working-groups/x3d
http://www.web3d.org/strategy
http://www.web3d.org/x3dv4-implementations
http://www.web3d.org/wiki/index.php/X3D_version_4.0_Development
http://www.web3d.org/working-groups/mixed-augmented-reality-mar

W3C Workshop on Web and Virtual Reality

Samsung San Jose, October 19-20, 2016; San Jose, CA, USA

Thank You
White paper: X3D Capabilities for Declarative Virtual Reality |mitch Williams



https://www.w3.org/2016/06/vr-workshop/report.html
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwiK_bOZ0OTbAhWGB5oKHXPuATQQFggxMAI&url=http://www.web3d.org/sites/default/files/attachment/node/2230/edit/Web3dX3dW3cTpacDecWebVrPresentation2017November5.pdf&usg=AOvVaw0iZhhDY0pzGlE4iZfdg0pz

Web3D 2017, Brisbane Australia: Future of X3D

"Future of X3D" presentation and detailed notes from Web3D 2017
Conference, Brisbane Australia, 7 June 2017 (photograph).



http://www.web3d.org/sites/default/files/page/X3D%20Version%204/FutureOfX3D.pdf
http://www.web3d.org/sites/default/files/page/X3D%20Version%204/FutureOfX3dWeb3d2017June7.pdf
http://www.web3d.org/sites/default/files/image/wg/X3D%20Version%204/PresentationPanoramaFutureOfX3dPaulGrimm20170607_135611.1600x492.jpg

Web3D 2018, Poznan Poland: Future of X3Dv4

"Future of X3D" progress presentation from Web3D 2018 Conference,

Poznan Poland, 20-22 June 2018. Continued scrutiny and development.

Web3D 2018

20-22 June 2018, Poznan, Poland - T8
ence venue: building CEUE (4th floor), Towarowa '
Co-located with VR'Hackathon: 17-20 June 2018 50



http://www.web3d.org/sites/default/files/page/X3D%20Version%204/X3dFuturesWeb3d2018PoznanPolandBrutzman.pdf
https://web3d2018.web3d.org/
https://web3d2018.web3d.org/

Web3D 2019, Los Angeles: X3Dv4 Working Draft

First X3Dv4 Working Draft Specification release, numerous execution

discussions in group meetings and technical sessions. Onward we go!

4 Sl

WEB3D 2019

The 24th International ACM CO‘ﬁference on 3D Web Technology
Los Angeles July 26 - July 28 Co-Located w1th



https://www.web3d.org/x3dv4-public-working-draft
http://web3d2019.web3d.org/

SIGGRAPH 2020, Working Draft 2 Public Release

Second X3Dv4 Working Draft Specification released, now reviewing
examples implementations and evaluations. Results matter!

Web3D Webinars SIGGRAPH
3-6 August 2020 24-28 August 2020



https://s2020.siggraph.org/
https://www.web3d.org/x3dv4-public-working-draft
https://www.web3d.org/webinars
https://www.web3d.org/webinars
https://s2020.siggraph.org/
https://s2020.siggraph.org/

Web3D 2020 Conference — 25t Anniversary Event

Papers, Posters, Tutorials, Workshops and Industrial Use Cases can all inform
Web3D Consortium member vote for ISO Committee Draft (CD) submission

https://web3d.siggraph.org



https://2020.web3dconference.org/
https://web3d.siggraph.org/

Keeping track of what is happening

Strategy: X3D Version 4 Weekly Videoconferences
e https://www.web3d.org/x3d4 X3D Working Group

x3d-public mailing list archives all discussion

e https://www.web3d.org/mailman/listinfo/
x3d-public web3d.org

Twitter announcements
e @Web3DConsortium
e https://twitter.com/Web3Dconsortium

Web3D Standards
e https://www.web3d.org/standards
e https://www.web3d.org/specifications



https://www.web3d.org/x3d4
https://www.web3d.org/mailman/listinfo/x3d-public_web3d.org
https://www.web3d.org/mailman/listinfo/x3d-public_web3d.org
https://twitter.com/Web3Dconsortium
https://twitter.com/Web3Dconsortium
https://www.web3d.org/standards
https://www.web3d.org/specifications
https://twitter.com/Web3Dconsortium

X3D4 Working Draft 2 Public Release, August 2020

* Ready for early adopters! X3D4 work is accelerating forward.

https://www.web3d.org/x3dv4-public-working-draft

Final Working Draft 2 Update
includes Editors Markup
November 2020



https://www.web3d.org/x3dv4-public-working-draft
https://www.web3d.org/x3dv4-public-working-draft

X3D4 Assets: Lots!

e X3D Training and Tutorials plus new learning site 3D for the Web

e X3D Draft Specification for early adoption and final review

e X3D Resources available to support both X3D and VRML

e X3D Scene Authoring Hints and X3D Quality Assurance (QA)

e X3D Tooltips and X3D Validator and X3D Regular Expressions (regexes)
e X3D Example Archives: over 4000 models in regular regression testing
e Humanoid Animation (HAnim2) Specification and Examples

e X3DJSAIL Java, X3DPSAIL Python, X3D to JSON, X3D Turtle, X3DJSONLD
e Other programming languages planned

e Twitter announcements and Web3D Videos



https://www.web3d.org/x3d/content/examples/X3dResources.html#Tutorials
https://webx3d.org/
https://www.web3d.org/specifications/X3Dv4Draft/ISO-IEC19775-1v4-WD2/Part01/X3D.html
https://www.web3d.org/x3d/content/examples/X3dResources.html
https://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html
https://www.web3d.org/x3d/content/examples/X3dResources.html#QualityAssurance
https://www.web3d.org/x3d/tooltips/X3dTooltips.html
https://savage.nps.edu/X3dValidator
https://www.web3d.org/specifications/X3dRegularExpressions.html
https://www.web3d.org/x3d/content/examples/X3dResources.html#Examples
https://www.web3d.org/documents/specifications/19774/V2.0
https://www.web3d.org/x3d/content/examples/HumanoidAnimation/
https://twitter.com/Web3Dconsortium
https://www.youtube.com/c/Web3DConsortium

https://www.web3d.org/x3d/content/examples/X3dResources.html#Books



https://www.web3d.org/x3d/content/examples/X3dResources.html#Books

X3D4WA book

http://x3dgraphics.com



http://x3dgraphics.com/
http://x3dgraphics.com/
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https://www.youtube.com/channel/UCSOnGlgAFxkWg8ilg-JEbAQ/featured

https://www.web3d.org/x3d/content/examples/X3dResources.html#Tutorials



https://www.web3d.org/x3d/content/examples/X3dResources.html#Tutorials

webx3d.org



https://webx3d.org/

https://www.web3d.org/x3d/content/examples/X3dResources.html



https://www.web3d.org/x3d/content/examples/X3dResources.html

https://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html



https://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html

... eb|3D
<@IX3D> Extensible 3D (X3D) 4.0 Tooltips O] cmcun

X 3D Tooltips provide aothoring hints for each node and field found in X3D Architecture Specification version 4 draft.

X3D Tooltips provide context-sensitive support for authors and are usable within tools (such as X3D-Edit). Each node's table entry also provides appropriate links to the 230 Abstract Specification,
3D Schema Documentation, X3D DOCTYPE Documentation, 23D JSON Documentation (draft), 3D Regular Expressions (regexes), and X3D Java SAI Library (M3DJSAIL).

AconsticProperties  Analyser Anchor Appearance AredD  ArcCloze?D  AndioClip AndioDestination Backsround Ballloint Billboard BiguadFilter BlendedVblumeStyle BooleanFilter BooleanSequencer BooleanToggle BooleanTrigger
EBoundaryEnhancementVolumeStyle BoundedPhysieshlodel Box BufferAudicSource CADAssembly CADFace CADLaver CADPart CartoonVolumeStyle Channelberser ChannelSelector ChemnnelSphitter CircledDd ClipPlane CollidableQffset
CollidableShape  Collision CollisionCollection  CollisionSensor  CollisionSpace  Color  ColorChaser ColorDamper  ColorInterpolater  ColwRGEA  component  ComposedCubeMapTexture  ComposedShader ComposedTexturelD
ComposedVolumeStyle Cone ConsEmitter comnect Contact ContowD ConfowPolylinedD Conwvolver Coordinate CoordinateChaser CoordinsteDamper CoordinateDouble Coordinatelnterpolator Coordinatelnterpolator?D  Cylinder
CylinderSensor  Delay  Directionzllight DISEntityManager DISEntifyTypeMapping Disk?D  DoubleAxisHinpeJont DynamicsCompressor  EaselnFaszeCut  EdgeEnhancementVolumeStyle ElevationGrid Espdulransform  ExplesionEmitter
EXPORT ExternProtoDeclare Extruzion field fieldValue FillProperfiez FlostVertexAtinbute For FogCoordinate FontStyle ForcePhysicshlodel Gaim  GenerstedCubehapTexture GepCoordinate GeoElevationGrid Geolocstion GeolOD
Geolletadats GeoOmgin  GeoPosifioninterpolater GeoProximitySensor  GeoTouchSensor  GeoTransform  GeolViewpeint Group HAnimDisplacer HAnimHumsneid HAnimloint HAmimMotion HAnimSesment HAnim3ite hesd
ImageCubehapTexture ImapeTextire ImageTextre3Dd INMPORT IndexedFaceSet Indexedl meSet IndexedQuadSet IndexedTnangleFanSet IndexedTnangleSet IndexedTmiangleStripSet Inline InfeperSequencer InfeserTrizger IS
IzoSurfaceVolumeData KeySensor Layer LayerSet Layout LayoutGroup Layoutlayer LinePickSensor LineProperties LineSet ListenerPomtSource LoadSemsor LocalFog LOD  Matenal Matnx3VertexAtimbute MatnxdVerfex Atinibute

meta MetadatsBoolean MetadataDouble MetadatsFloat MetadataInteger MetadataSet MetadataString MlicrophoneSource MotorJoint MovieTexture MultiTexture MultiTextureCoordinate MultiTextureTransfonm —NawvigationInfo Nommal
MNormmallnterpolator  NurbsCurve — NurbeCurvedD — NurhsOmentsfioninterpolator — NurbsPatchSurface — NwbsPositioninterpolator — NurbsSet  NurbsSurfacelnterpolater  NurbsSweptSurface  NurbsSwungSurfsce  NurbsTextureCoordinate
NurbsTnmmedSurface  OpacityhlapWolumeSiyle OmnentationChaser OnentationDamper Omnentstionlnterpolator  OrthoViewpomt OscillatorSource PackagedShader ParticleSystern PenodicWawve PhysicalMatenial PickableGroup PixelTexture
PizelTexture3D) PlaneSenzor PomtEmitter Pointlight PontPickSensor PointProperties PomtSet  Polyline?D  PolylineEmitter Polypomt?D)  PositionChaser PositionChazer?D)  PositionDamper  PositionDamper?D  PositionInterpolator
PositionInterpolator2D  PrimutivePickSensor ProgramShader ProjectionVolumeStyle ProtoBody ProtoDeclsre Protolnstance Protolnterface PromimifySensor QuadSet EeceiverPdu RectanpledDd ERigidBody RigidBodyCollection ROUTE
ScalarCheser  ScalatDamper Scalarinterpolator Scene  ScreenFontStyle ScreenGroup Senipt  SegmentedVolumeDiata  ShadedVolumeStyle ShaderPart ShaderProgram  Shape SignalPdu  SilhouetteEnhancementVbhmeStyle  SingleAxisHinzeloint
SliderJommt Sound SpatialSound Sphere  SphereSensor  SplinePositioninterpolator  SplinePosihioninterpolator?  SplineScalatinterpolator  Spotlight SquadOmentationinterpolater  StaticGroup  StreamAwdioDestimstion  StreamAudioSource
StringSensor  SurfaceEmitter Switch TexCoordChaser?D TexCoordDamper?Dd Text TextureBackperound TextwreCoordinate TextwreCoordinate3D TextwreCoordimatedD TextwreCoordinateGenerator TextureProjector TextureProjectorParalle]
TextureProperties TextureTransform  TestureTransform3D  TextwreTransformbiain=3D) TimeSensor TimeTngger TonehdappedVolumeStyle TouchSensor Transform TransformSensor TransmitterPdu ToangleFanSet TrangleSet TnanpleSef2D

ToangledtripSet TwoSidedhaterial wnit Universalloint Unlithatenal Viewpoint ViewpomtGroup Viewport VisibilitySensor VolumeData VolumeEmitter VolumePickSenzor WaveShaper WindPhysicshodel Worldinfo 35D

accessTipe Definitions  fype Definitions XML data fypes Ranpe Intervalz Field Type Definitions Credits and Translations 33D Besources  X3D Scene Authoring Hints

SEEoo]l MFBool SFColor MFColor SFColorBGBA MFColorRGBA SFIng3! MFInt32 SFFloat MFFloat SFDouble MFDouble SFImaze WMFImape SFNode MFNode SFEotation MFRotation SESiring MFEString SFTime MFTime
SEVecdf MFWec2f SFWec?d AFWecdd SEWec3f MFWec3f SFWecdd MFVec3d SEVecdf MFEVecdf SFiecdd MFVecdd MFMamig3f SFMatrix3d MEMatrixdd SEMainxdf MFhaimzdf SFhIatrixdd MFMatnxzdd

https://www.web3d.org/x3d/tooltips/X3dTooltips.html



https://www.web3d.org/x3d/tooltips/X3dTooltips.html

https://savage.nps.edu/X3dValidator



https://savage.nps.edu/X3dValidator

X3D Validator https://savage.nps.edu/X3dValidator



https://savage.nps.edu/X3dValidator
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<a 3D> X3D Regular Expressions (regexes) web

Open Standards for
RealTime 3D Communicotion

Overview | Design Considerations and Whitespace | X3D Patterns | XML Patterns | References | Tools | X3D Resources | Contact

X3D Regular Expressions (regexes) are used to validate the correctness of string and numeric array values in an X3D scene.

XML | DOCTYPE | Bool | Color | ColerRGEBA | Double | Float | Image | Int32 | Botation | String | Time | Vec2 | Vec3 | Vecd | Matrix3 | Matrixd | bboxSize

<2 Overview <osD>
Regular expressions (regexes) define string grammars that efficiently and rigorously define allowable character patterns making up a data value.

Eegexes themselves are carefully defined sequences of characters that form a search pattern, mainly used for string pattern matching. For example, this technique allows detection of well-formed (or incorrect)
MFEVec3f arrays of three-tuple floats 1 an X3D scene.

X3D regexes are utilized judiciously when the base tvpes of XML Schema are insufficient to capture the necessary richness of X3D content validation. Like all aspects of X3D Schema validation, regex
validation 1s typically high performance and optional for end-user content display.

Note that not all regex languages are completely consistent, thus small (but fundamentally inportant) variations can occur. This work strictly follows regex syntax for XML Schema, which in turn permits
consistent application using other variations of regex languages.

Interestingly, various data validation tools provide expressive power that 15 able to validate values to different degrees of fidelity.

a. DOCTYPE (DTD). DOCTYPE validation can only check that attribute values are strings. In some cases, a strict set of allowed enumeration values is defined (such as legal names for profiles and
components).

b. XML Schema. Schema validation can check a large set of built-in data tvpes. However, XML Schema validation 1s tvpically not able to fully check the correctness of array values. For example, an
SFVec3f triplet (3-tuple) or an MFVec3f array can be checked to only contain floating-point values, but cannot be checked to have a multiple of three floats.

c. Regular expressions (regexes). Eegular expressions can define any regular grammar, and thus have arbitrary expressive power. Although definitions may be tricky to define, character patterns of
arbitrary complexity are theoretically achievable.

d. Regexes found on this page are included in the data-type definitions of each X3D XML Schema and X3D Unified Object Model (Z3DTUOM).

X3D Regular Expressions are an important part of 23D Quality Assurance {(QA) to maximize the correctness of X301 scene content.

https://www.web3d.org/specifications/X3dRegularExpressions.html



https://www.web3d.org/specifications/X3dRegularExpressions.html

&7 Quality Assurance (QA) o>

X3D Quality Assurance (QA) identifies errors and warnings in order to make X3D scene content more portable and reliable. Improved Quality Assurance (QA) helps achieve intended results in X3D scenes
and metadata.

 X3D Validator provides a server-based suite of tests to help ensure the quality of X3D scenes and metadata. Validation tests include:
o XML header and DOCTYPE checking for correct document headers
Well-formed XML checking for syntactic correctness
X3D Specifications: Schema and DOCTYPE Validation checking for valid X3D nodes, fields and values
X3D to ClassicVRML conversion checks a variety of legal X3D constructs
Eegular expression (regex) checking (design discussion) for malformed floating-point numbers and excess leading zeros.
X3D Schematron rule checking verifies semantic correctness and completeness, detecting internal-consistency problems to help assure the quality and correctness of X3D scenes
X3D Tidy helps authors automatically correct fixable errors in X3D scenes.
X3D to XHTML conversion pretty-print listing to check online URL links, document ROUTE connections, and provide node tooltips
Support for html xhtml pages contamning X3DOM support for X3D models. Errors or warnings are provided as appropriate for experimental attributes and interspersed HTML elements.
o X3D Validator 1s written in Java using publicly available source code.
» X3D-Edit authoring tool also provides further tools and tests (individually or in combination) for checking 23D scenes.
o 33D Canonicalizer (C14N button) applies X3D Canonicalization (C14N) _xml to reformat scenes into X3D Canonical Form.
o Additional test: ExternProtoDeclare field venfication checks that field signatures match the original ProtoDeclare definitions, providing author with the option to apply updates.
o Additional test: url list editor checks for resource availability (green=found, black=retrieving, red=unavailable, ).
o 33D JSON Schema (documentation) detects type and svntax errors in the expermmental X3D JSON Encoding. Currently authored manually by Roy Walmslev. Eventually this tool will be auntogenerated
for all 33D versions.
JSONLint validation has been added for all json versions of scenes in the X3D Examples Archives.
Altova XML Spv includes X3D as a native file type with full validation support.
Funning individual X3D plavers and applications often can reveal errors in the browser console. For example, Xj3D iz very strict about plaving content with perceived errors.
Example diff image reveals subtle changes following an 333D renderer update. Established capability: offscreen rendering of X3D example scene viewpoints unlock 10, 000+ helpful unit tests.
X3D Fegular Expressions (regexes) are used to validate the correctness of string and numeric array values in an X3D scene.

[= O = T = = T = I T < I |

Detailed build logs for the 353D Examples Archives provide comprehensive conversion records of test processes.

https://www.web3d.org/x3d/content/examples/X3dResources.html#QualityAssurance



https://www.web3d.org/x3d/content/examples/X3dResources.html#QualityAssurance

(7 Examples: Scene Archives for X3D >

The X3D Examples Archives demonstrate how 33D nodes and scenes work. Thousands of scenes are provided in all X3D encedings. You can browse them individually online or download fully complete, separately installable zip
archives. Links to thousands of additional 33D example scenes are provided.

A simple example test scene 1s HelloWorld x3d provided in a variety of X3D enceodings: x3d XML x3dv ClassicVEML | wrl VEMI Y, himl listing, himl X _ITE xhtml X3DOM. java Java source. json JavaScript Object
Notation, .pv Python source (experimental), ttl Turtle source (experimental) with SPARQL query, x3db compression, XML canonicalization (C14N), and .png image

Quick Links X3D for Web Authors X3D for Advanced Modeling Basic Conformance Nist Humanoid Animation (HAnim) VRML 2 Sourcebook Savage SavageDefense
Overview, references: README README README README README README README README
Archive examples: Online Online Online Online Online Online Online Online

Local links (if present): Local Local Local Local Local Local Local Local
Java conversions: Javadoc Javadoc Javadoc Javadoc Javadoc Javadoc Javadoc Javadoc
3003 total X3D scenes: 268 109 784 761 66 416 1250 405
Catalog metadata XML: Content catalog Content catalog Content catalog  Content catalog Content catalog Content cataleg Content catalog Content catalog
Ant build scripts: build xml build. xml build xml build. xml build.xml build. xml build xml build. xml
Quality Assurance (QA) build log txt build log tut build log txt build log txt build log txt build log txut build log txt build log txt
regression testing: (history) istory) (history) istory) (history) 1story) {history) {history)
Full dovwnload: _zip o zp Zip o p .zp ] Zip Zip
(MD5 checksum) (MD3 checksum) (MD5 checksum} (MD5 checksum) (MD5 checksum) (MD5 checksum)  (MDS checksum) (MDS checksum)
Additional details: see below see below see below see below see below see below see below zee below

Special testing distribution. A comprehensive collection of all JSON example scenes 1s available at X3dExampleArchivesJsonScenes.zip (MD5 checksum) plos current output from the X3D JSON build process at build.log json.txt.

Production notes:

« BEEADME txt summarizes archive contents and lists key links.

« Build scripts are written using Ant with build xml files in each archive's root.

» Please install a player plugin in vour Web browser to view X3D/VEML scenes and browse these examples. Alternatively vou can view 3 3DOM versions by selecting the xhtml links.

» These examples are maintained by the Web3D Consortium and are all protected vnder an open source license, provided free for any use.

» The Scurceforse X3D Project is the site where master versions of most 23D examples are maintained.

o (Juality Assurance ((JA) regression testing provides exhanstively thorough validation checks on all X3D example scenes.

» Fach example scene is provided using all X3D file encodings.
o ML .x3d, ClaszsicVEML .x3cv, VEMLOT .wrl and pretty-print HTML .ntml form. Compressed Binary Enceding .x3db and X3D Canonicalization (C14M) .xml formats were added in 2006.
o H3IDOM .xhtml formats were added in 2013,
o The viewpoint snapshot slidesets (with images taken by Xj3D in offline-rendering mode) were added in 2014

» Zipped example archives start with the directory structure www.web3d. org/x3d/ content/examples in order to match the online addreszes for most examples, and alse to allow side-by-side installation of local archives for easier

User access.

https://www.web3d.org/x3d/content/examples/X3dResources.html#Examples



https://www.web3d.org/x3d/content/examples/X3dResources.html#Examples

https://x3dgraphics.com/examples/X3dForAdvancedModeling



https://x3dgraphics.com/examples/X3dForAdvancedModeling

https://x3dgraphics.com/examples/X3dForAdvancedModeling/ShayDPixel/ShayDPixelVersion2Index.html



https://x3dgraphics.com/examples/X3dForAdvancedModeling/ShayDPixel/ShayDPixelVersion2Index.html

1 { "™X3D": {

2

3

4
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; JavaScript
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12| H

1| 5 ; conversion
14

15 in default pose from original realfFtime model for SIGGRAPH 2017, approximately
la|

17| {

18

19

20( |

Transform (DEF='Eyes',translation=(0.000425&63,55.4652,14.4673),

children=[ PythOn

Transform(translation=(-0.00042%963,-55.4652,-14.4673),

children=[ x3d PY
Group (DEF='"Eyes geometry', ConverSion

children=[
Shape (

appearance=Appearance |

material=Material (DEF='map2',ambientIntensity=1,shininess=1,specularColor=(0.5,0.5,0.5}),
texture=ImageTexture (DEF='pixed 3D Default texture',url=["pixelModel BaseCDlDr.EEH","https:ffodgrqphics.cnm
textureTransform=TextureTransform(), ).,
geometry=IndexedFaceSet (coordIndex=[1453,777,776,1452,-1,1452,776,775,1451,-1,1451,775,774,1450,-1,1450,774,77
coord=Coordinate (point=[ (-7.85606,89.4308,11.5314), (-7.80428,859.4076,11.4733), (-7.74223,859.3883,11.435), (-7.
normal=Normal (vector=[ (0.0854615,0.974458,0.207675) , (0.0854615,0.574458,0.207675) , (0.0854615,0.574457,0.207¢6
texCoord=TextureCoordinate (point=[ (0.353705,0.987305) , (0.354152,0.9859%98), (0.355505,0.986313), (0.355112,0.98
Transform (DEF='Face',translation=(0.000431061,46.8829,0.466633),
children=[
Transform(translation=(-0.000431061,-46.8829,-0.466633),
children=[

Group (DEF='Face geometry',

https://x3dgraphics.com/examples/X3dForAdvancedModeling/ShayDPixel/ShayDPixelVersion2Index.html



https://x3dgraphics.com/examples/X3dForAdvancedModeling/ShayDPixel/ShayDPixelVersion2Index.html

Autoconversion of .x3d XML to X3DJSAIL .java source, also available for Python JSON ClassicVRML VRML97 etc.

143
144
145
148
147
143
145
150
151
152
153
154
155
156
157
158
155
1&0
1al
162
1&3
la4
1&5
1a6
1&7
1la8d
1645
170
171
172
173
174

Create and initialize the X3D model for this object
public final woid initialize() Java
{
x3dModel = new X3D{).setProfile (X3D.PROFILE INTERCHANGE) .setVersion (X3D.VERSION 2 3) X3DJSAIL
.setHead (new head() ConverSion
.addMeta (new meta () .setlame (meta.NAME TITLE ) . secContent ("Shay ®x3d4"}))
.addMeta (new meta() .setName (meta. NAME DESCRIFPTION) .setlContent ("Shay ing in default pose from original re
addMeta (new meta () .setName (meta.NAME CREATCOR } «setContent ("Maric ¥
.addMeta (new meta () .setName (meta.NAME TRANSLATCOR ) .setContent ("Don Brutzman") )
.addMeta (new meta () .setlame (meta. NAME CREATED } . sectContent (& r
addHeta (new meta () .setlame (meta. NAME TRANSLATED ) .setContent ("¢
.addMeta (new meta() .setName (meta.NAME MODIFIED } .secContent ("2E
.addMeta (new meta () .setlame (meta. NAME TMAGE } .setContent ("ima 01.3pg™))
.addMeta (new meta () .setlame (meta. NAME ITMAGE } .sectContent ("ima 2.3pg™}))
addHeta (new meta () .setHame (meta.NAME IMAGE } «setContent ("ima 02.7pg™})
.addMeta (new meta() .setName (meta.NAME TMAGE } .sectContent ("ima shot04.3pg™))
.addMeta (new meta() .setName (meta. NAME TODO ) .setContent ("inv ] for HI skeleton™) )
.addMeta (new meta () .setName (meta.NAME IDENTIFIER ) .setContent ("hLtps: dgr Mc
addMeta (new meta() .setName (meta.NAME GENERATOR ) .setContent ("XZD-Edit 2.3,
.addMeta (new meta() .setName (meta.NAME GENERATOR ) .setContent ("PolyTrans HuGr
.addMeta (new meta () .setlame (meta.NAME LICENSE } - setContent ("Attribution-Hon:
.ZetScene (new Scene()
»addChild (new WorldInfo () .setTitle ("ShavDPixelVersiond.x3d"))
LAddChild (new Viewpoint ("ViewFromFront™) .setDescription("Front 21") .setCenterOfRotation(0.0,0.5,0.0).
.2ddChild (new Viewpoint ("ChligqueCamera") .setDescription("Chligue ixel") .setCenterCfRotation(0.0,0.5,0.0
LaddChild (new Viewpoint ("View mLeftSide™) .setDescription("Vi , ohay D Pixel").setCenterOfRotation (0
LaddChild (new Viewpoint ("View ck") .setDescription("View £ Pixel") .setCentexrOfRotation(0.0,0.5,0.
LAddChild (new Viewpoint ("View( alder™) .setDescription ("C iew, Shay D Pixel").setCenterOfRotatio
.2ddChild (new Viewpoint ("ViewOverHead") .setDescription("View from overh 2y D Pixel") .setCenterOfRotation(0.0,0.
»a2ddChild (new Viewpoint ("ViewFromEightSide") .setDescription{"View from right| side, Shay D Pizel").setCenterOfRotation

LaddChild (new
addChildinew Transform("oixel v

Transform("5c

[aT]
I
o

ght") .setS5cale (0.00%62,0.00%62,0.00%62).5ecTranslation(0.0,0.004,0.0)

https://x3dgraphics.com/examples/X3dForAdvancedModeling/ShayDPixel/ShayDPixelVersion2Index.html



https://x3dgraphics.com/examples/X3dForAdvancedModeling/ShayDPixel/ShayDPixelVersion2Index.html

https://x3dgraphics.com/examples/X3dForWebAuthors



https://x3dgraphics.com/examples/X3dForWebAuthors

https://www.web3d.org/x3d/content/examples/Vrml2Sourcebook



https://www.web3d.org/x3d/content/examples/Vrml2Sourcebook

https://www.web3d.org/x3d/content/examples/ConformanceNist



https://www.web3d.org/x3d/content/examples/ConformanceNist

Humanoid Animation (HAnim?2) Specification



https://www.web3d.org/documents/specifications/19774/V2.0

https://www.web3d.org/x3d/content/examples/HumanoidAnimation



https://www.web3d.org/x3d/content/examples/HumanoidAnimation

Web3D Consortium YouTube Channel



https://www.youtube.com/c/Web3DConsortium

X3D4 Players and Authoring Tools

e X ITE open-source JavaScript for HTML pages

e X3DOM open-source JavaScript for HTML pages

e Castle Game Engine: view3Dscene open-source Object Pascal

* FreeWrl open-source C

e Titania authoring environment (Linux)
e Others in progress: X3D-Edit v4, White Dune

e Blender export improvements are continuing

 Meshlab export improvements deserve scrutiny


http://create3000.de/x_ite
https://www.x3dom.org/
https://castle-engine.io/view3dscene.php
http://freewrl.sourceforge.net/
http://titania.create3000.de/
https://savage.nps.edu/X3D-Edit
http://wdune.ourproject.org/
http://www.blender3d.org/

X_ITE

X_ITE is a new 3D JavaScript
library entirely written in
JavaScript and uses WebGL for 3D
rendering. Authors can publish
X3D and VRML source online
within an HTMLS5 page with X_ITE
that works with Web

browsers without prior plugin
installation. This gives X3D
authors the ability to displays
content in 3D, using WebGL 3D
graphics technology to display
X3D content in several different
browsers across several different
operating systems. Since X3D is
backwardly compatible, X_ITE can
also be used as a VRML viewer.

https://github.com/create3000/x ite/wiki



https://github.com/create3000/x_ite/wiki

X_ITE

https://github.com/create3000/x ite/wiki



https://github.com/create3000/x_ite/wiki
https://twitter.com/Web3DConsortium/status/1307749641560100866
https://twitter.com/Web3DConsortium/status/1079186162898497536

Titania X3D Editor

Titania authoring tool (Linux)
https://github.com/create3000/titania/wiki



https://github.com/create3000/titania/wiki

https://www.x3dom.org



https://www.x3dom.org/

x3dom.org/examples



https://www.x3dom.org/examples

https://castle-engine.io



https://castle-engine.io/

https://castle-engine.io



https://castle-engine.io/

http://freewrl.sourceforge.net/examples.html



http://freewrl.sourceforge.net/examples.html

X3D4 Code Libraries and Tools

e X3DJSONLD: JavaScript, JSON, Node.js

e X3DJSAIL: Java

e X3DPSAIL: Python

e X3D C++:  proposed, under development

e X3D Ontology for Semantic Web

e X3D JavaScript Object Notation (JSON) Encoding

e X3D Quality Assurance (QA): schemas, doctypes, schematron

e X3D Validator: battery of comprehensive tools as online test page,
rebuild/redeployment for X3D4 in progress

e Vast suite of XML tools — all still work!



https://github.com/coderextreme/X3DJSONLD/blob/master/README.md
https://www.web3d.org/specifications/java/X3dJavaSceneAuthoringInterface.html
https://pypi.org/project/x3d
https://www.web3d.org/x3d/content/examples/X3dResources.html#Programming
https://www.web3d.org/x3d/content/semantics/semantics.html
https://www.web3d.org/wiki/index.php/X3D_JSON_Encoding
https://www.web3d.org/x3d/content/examples/X3dResources.html#QualityAssurance
https://savage.nps.edu/X3dValidator

We are here!

Common basis
for every kind
of X3D model,
confirmed by

round-trip tests

2021 Updates:
File Encodings
Language Bindings

X3D Specification Relationships

-

~

Online


https://www.web3d.org/specifications/X3dSpecificationRelationships.png

http://www.web3d.org/specifications/java/X3DJSAIL.html



http://www.web3d.org/specifications/java/X3DJSAIL.html

https://www.web3d.org/x3d/stylesheets/python/python.htm|



https://www.web3d.org/x3d/stylesheets/python/python.html

https://pypi.org/project/x3d



https://pypi.org/project/x3d

<&l 3D)> X3D to JSON Stylesheet Converter web 3DH

Open Standards for
Real-Time 30 Communication

The X3D to JSON stylesheet converts x3d XML to json, supporting the forthcoming JSON Encoding for X3D Graphics.

Overview | Goals | Data Types | Design Patterns | Design Cormrespondences | Examples | Issues | Options | BEeferences | Belated Work | Tools | Contact

Status: developmental work 1s mature and provides full coverage. Design pattern being assessed by X3D community.

Overview . ..}\e_m ,

This work supports X3D JSON Encoding efforts by the X3D Working Group. It 1s summarized in the Web3D 2016 paper "A JSON Encoding for X3D".

The Web3D Consortium standards strategy has the fundamental objective to enable the open publishing of interactive 3D graphics models on the Web, enabling real-time 3D communication. Web3D carefully
improves and evolves X3D Graphics and related standards while maintaining long-term archival stability.

JavaScript Object Notation (JSON) 15 "a lightweight data-interchange format. It 1s easy for humans to read and write. It 1z easy for machines to parse and generate. [t 15 based on a subset of the JavaSeript
Programming Language”. (from json.org)

X3D scenes can be encoded in various encoding formats. In order to consistently take advantage of JSON capabilities, the 33D Working Group 1s preparing a new ISO/IEC 19776-5 specification X3D JSON
Encoding.

The X3D JS0ON Encoding needs to meet multiple interoperability requirements:

* Bepresenting any X3D scene graph found i another encoding (such as x3d XML, x3dv ClassicVREML, and x3db Compressed Binary Encoding, CBE).

* Bound-trip conversion capability as primary requirement to show that features in the X3D Abstract Specification can all be represented 1n an X3D JSON file.
# File extension (js 1s also used by Script nodes, json is common, x3dj 15 unused/unambiguous) and MIME type.

* Forward compatibility with the evolving X3D version 4.0 revision.

The 33D abstract specification (ISOTEC 19773-1) governs X3D semantics and presentation for all scene encodings. Thus no new X3D functionality for graphics rendering or scene interaction are needed for
the 33D JSON encoding.

X3D to JSON Stylesheet Converter



https://www.web3d.org/x3d/stylesheets/X3dToJson.html

https://www.web3d.org/x3d/content/semantics



https://www.web3d.org/x3d/content/semantics

Scene Access Interface (SAl) autogeneration, X3D
Programming Language binding “wish list”

e Looking to develop best-practice design patterns for

* EcmaScript (JavaScript)
e X3DJSONLD Codebase by John Carlson

 C,C++, CH

 Exemplar codebases by Dr. Myeong Won Lee

e Others?



HTMLS and Open Web Architecture

 Harmonization of ID linkages and event models, HTML DOM and X3D
e Composition with Cascading Style Sheets (CSS)

e Compatibility + usage of Scalable Vector Graphics (SVG)

e Accessibility, annotations, internationalization (118N), etc.

e X3D as presentation layer compatible with Semantic Web

e Linkage of hybrid model data and information

Some aspects are standardization, others can simply align good design.

 Now active. Web3DUX User Experience Working Group established to
share, assess, and promote best practices for X3D + HTML usage.



https://www.web3d.org/working-groups/web3d-user-experience

Rendering progress is significant, what’s next?

X3D version 4, HTML5/DOM

* Inline

e g|TF model assets, JSON or binary
e Optional support STL, PLY, others

e Physically Based Materials: gITF
* Advanced lighting, PBR, NPR

e Shadow-capable lights, shapes
e Cloud-based, offline rendering

Next year opportunity...

X3D version 4.1, VR/AR/XR/MAR

e Co-develop 4.1 might easily follow
completion of X3D v4.0

 WebXR as baseline capability set

e Composing see-through/360 video,
high-definition, green screen, etc.

e Push “settled issues” to X3D v4.0,
defer final WebVR support to v4.1

* Emerging: user health, safety, privacy
and personal physical security




X3D Security considerations

e Each section of specification notes relevant security considerations

* Few vulnerabilities noted, please report if known. X3D is quite secure!
* Also listed as hints in X3D Tooltips wherever they occur

e Collected security considerations at X3D Resources: Security

Strong security for scene content available with XML encoding
XML Encryption (for privacy)

XML Digital Signature (for authentication, non-repudiability, etc.)
e Example provided online: X3D Security Examples (README)



https://www.web3d.org/x3d/content/X3dResources.html#Security
http://www.web3d.org/x3d/content/examples/Basic/Security
http://www.web3d.org/x3d/content/examples/Basic/Security/X3dSecurityReadMe.html

3D Printing and 3D scanning

e 3D Printing: bits into atoms
e 3D Scanning: atoms into bits

Uh, approximately everything?!

CAD Design Printing Scanning Working Group is building profiles

e Geometry requirements essentially complete

* Metadata and annotations getting close scrutiny, building exemplars
e Contributing to multi-standard ISO tech committee, Byoung Nam Lee
e Also STEP Visualization group, Soonhung Han, Christophe Mouton

Simple use case: scan, print, view any object archivally published to X3D.
Share via NIH 3D Print Exchange and possibly NPS X3D Model Exchange



http://3dprint.nih.gov/
https://modelexchange.nps.edu/

Audio

W3C Audio Working Group
e Web Audio, Web Midi, Web Audio Processing: Use Cases and Requirements
e Web Audio APl is now W3C Candidate Recommendation (CR) !

)

“High-level APl or processing and synthesizing audio in Web applications’
High-fidelity audio processing chains, AcousticProperties for materials
Excellent support emerging in Web browsers plus additional codebases
Audio graphs, realistic audio rendering with configurable pipeline
Doppler shift for sound from moving objects

Now matching online examples and refining design, more to follow!
White paper achieved: Strategies for Improved Sound Support in X3D



https://www.w3.org/2011/audio
https://www.w3.org/TR/webaudio
http://www.web3d.org/sites/default/files/attachment/node/2230/edit/X3Dv4StrategiesToImproveSoundComponent2017November9.pdf

Humanoid Animation (HAnim) + Medical

New HAnim version 2 International Standard (IS) available online
 HAnim Architecture (skeleton, skin, hands and feet, precise naming)
* HAnim Motion Animation (e.g. motion capture, BVH mocap conversion)
 HAnim tool, player, validation and example updates ongoing to match X3D4

Medical Working Group meets regularly with accelerating progress
e Liaisons with DICOM imaging, Health Level 7 (HL7), etc.
e Diverse applications and uses, demonstrate using test cases

e Shared strategy: suitable for archival Electronic Health Records (EHR)
e Especially cooperative work with HL7 FHIR standard for health care data exchange

e Metadata and annotations, security, compression, ontologies, standards
e Building all the way to X3D Semantic Web ontologies for all models and domains
* Full package of necessary technical capabilities now available for proof of capability



https://www.web3d.org/documents/specifications/19774/V2.0/index.html
https://www.web3d.org/x3d/content/examples/HumanoidAnimation/
http://hl7.org/fhir
https://www.web3d.org/working-groups/x3d-semantic-web

X3D 4 Summary #1

First X3Dv4 Public Working Draft specification released for Web3D 2019!
Scrutiny, feedback and engagement are welcome.

Big detailed Big Picture: see X3Dv4 Strategy and X3Dv4 Implementations Status.

Following the path projected by Web3D 2017's Future of X3D session, building on
steady progress at Web3D 2018, daily email posts and weekly meetings, multiple
Web3D Consortium working Eroups and community participants continue to
build on the architectural stability of the Extensible 3D (X3D) Graphics
International Standard.

Two open-source implementations (X3DOM and X ITE) adapt X3D content for
HTMLS integration, with excellent results showing compatible event models for
user interaction and model animation.

Considering a 3D Printing and 3D Scanning profile for hardware interoperability.

Virtual, Augmented and Mixed Reality (VR/AR/MR) can all use X3D and continue
being explored to good effect — X3Dv4.1 to follow. Strategic timing is valuable.



https://www.web3d.org/x3dv4-public-working-draft
https://www.web3d.org/x3d4
https://www.web3d.org/x3dv4-implementations
http://www.x3dom.org/
http://create3000.de/x_ite

X3Dv4 Strategy

X3Dv4 Strategy



https://www.web3d.org/x3d4

X3Dv4 Implementations Status

X3Dv4 Implementations Status

... and now ready


http://www.web3d.org/x3dv4-implementations

X3Dv4 Summary #2

e Central to these efforts is an X3D Unified Object Model (X3DUOM) that
enables consistent implementation and presentation of content across
multiple file encodings (XML, ClassicVRML, JSON, binary) as well as
multiple programming language bindings (JavaScript, Java and planned
adaptations to C/C++/C# and Python).

e X3D JSON Loader (X3DJSONLD) and X3D JSON Encoding
e X3D Java Scene Access Interface Library (X3DJSAIL)
e X3D Python Scene Access Interface Library (X3DPSAIL) (aka x3d python package)

e Second-generation Humanoid Animation (HAnim) has stabilized motion-
capture (mocap) outputs for both general-purpose and human-specific
(i.e. medical) usage. Medical mappings and deployment efforts continue.


http://www.web3d.org/specifications/X3DUOM.html
https://coderextreme.net/X3DJSONLD/src/main/html/index.html
http://www.web3d.org/wiki/index.php/X3D_JSON_Encoding
http://www.web3d.org/specifications/java/X3DJSAIL.html
https://www.web3d.org/x3d/stylesheets/python/python.html

Object Model for X3D: Creation, Autogeneration

appinfo annotations
for inputOnly,
outputOnly fields

Existing X3D
Specifications

l l Xsd Xml Xslt
Specification prose Autogenerate X3D
defining new X3D Object Model for specification annexes

—» X3D XML Schema —— —
nodes, fields, types X3D (OM4X3D) e File encodings
and 3D semantics (annotated) e Language bindings

' I i __dson )

X3D file encoding X3D XML DTD, | | Autogenerate X3D Scene
standards updated ¥3D Schematron i)(3D JSON Schema: Access Interface (SAI)
x3d .x3dv .x3db etc. ] open-source code

! .dtd, .sch .xml.xslt Manually built, e Java X3DJSAIL v1
X3D language TODO autogenerate B

‘e JavaScript

‘e HTNMLS DOM?
i. C++/CH#

'e Python?

binding specs
updated: .js .java
(TODO .cpp/.cs .py)

X3D Unified Object Model (X3DUOM)



http://www.web3d.org/specifications/X3DUOM.html

X3D 4 Summary #3

e Over two decades of progress are steadily evolving to finally unlock
full promise of Interactive 3D Graphics within the Web architecture.

e X3D Resources, X3D Scene Authoring Hints, X3D Tooltips,
import/export support, forwards/backwards version compatibility,
X3D Quality Assurance (QA) validation tools, and a large corpus of
open-source version-controlled X3D examples are together ensuring
that consistent semantics are emerging for 3D on any platform.

« XML compression, encryption and authentication available already.

* This progress report outlines numerous parallel lines of effort, and
also points out individual opportunities to utilize and extend X3D

consistently across multiple domains.


http://www.web3d.org/x3d/content/examples/X3dResources.html
http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html
http://www.web3d.org/x3d/content/X3dTooltips.html
http://www.web3d.org/x3d/content/examples/X3dResources.html#QualityAssurance
http://www.web3d.org/x3d/content/examples/X3dResources.html#Examples

Web3D process
helps us work
together to get
a big job done!

Specification design process for new capabilities

Define use cases of
general interest
covering key tasks

v

Stable playing
field permits
due diligence
and reliability

Examine author
workflows for
content creation

v

Determine X3D
technical capabilities
for visual rendering,
3D printing, and

3D scanning

Implement and Evaluate <

A

Compare Alternatives

A

A 4

—

New, additional
X3D representation
is needed

—

Add new node/field,
default values match
current capabilities

v

ISO standard

means stable

evolution and
adoption

Survey whether
another standard
already exists

v

Existing, available
X3D representations
usable or adaptable

A

Node interface
hierarchy additions,
or modified to match

Y.

Update X3D
file encodings and
language bindings

T

Update X3D QA
guality assurance,
schemas, DTD,
appinfo, tooltips

T

Specification prose
in github archive
defining new X3D

A

Additional considerations

e Memory footprint

e Computational complexity <

e Hardware/software
implementations

Y

Y

nodes, fields, types
and 3D semantics

________ oo

iDetermine if new
'example scenes or
' SRC compression
imodifications are
also needed

|
|
L

Revised: 15 January 2017



Transparent and accountable: all specifications
maintained in github version control for members



https://github.com/Web3DConsortium

Member value: Mantis issue tracker is thorough
https://www.web3d.org/member-only/mantis/view all bug page.php



https://www.web3d.org/member-only/mantis/view_all_bug_page.php

Future Infrastructure Deployment Goals

 Web3D Conference: publish X3D models for every paper, poster, tutorial
e Wikipedia model publication

e Content production tools: Blender, MeshlLab, others

e Collaborative Web and VR Environments

e Your Application Here!



Thanks for many
contributions!!

... wWe continue tuning
testing and deploying
all of these great
new capabilities

Web3D
membership
has value!




Bottom lines all around

Our X3D + HTML future now arriving. Take advantage of new capabilities!
* An amazing amount of progress is available for early adopters, now.
 We have a formal path forward, proven process and good procedures.

Web3D membership has value!
e Can accelerate, focus attention, offer help, support for your project of interest
 Web3D needs you to Join Our Team as business, university, agency or individual

Community contributors adding major value too! Get involved,
* Ask questions, review, contribute code and models share benefits!


http://www.web3d.org/join

Contact

Don Brutzman, Ph.D.

brutzman@nps.edu
http://faculty.nps.edu/brutzman

Code USW/Br, Naval Postgraduate School
Monterey California 93943-5000 USA
1.831.656.2149 work

1.831.402.4809 cell


mailto:brutzman@nps.edu
http://faculty.nps.edu/brutzman

3D for a Hyperconnected World

The 25th International ACM Conference on 3D Web Technology
November 9-13, 2020, Virtual Conference, Seoul, Korea



https://web3d.siggraph.org/
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