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Agenda 

• The Web3D community & Web3D Consortium 

• Value-chain examples – 3D Printing  

• CAD Working Group Progress 

– ISO X3D 3.3 

– Validator, tools, examples 

– X3DOM support 

• Call for Compression technologies (Open) & 
June Workshop review 



Open Standards for  
Interactive 3D on the Web 

 
www.web3d.org 

 

 

• Portability 

• Durability 

• Interoperability 

• Royalty-free 

• International recognition  

 and support 



The ISO Standards 
for interactive 3D on the Web 

“X3D enables the communication of real-time 3D across networks  
and XML-based web services” 

Shared between 
applications 

Shared between 
systems 

Shared world 
wide 

Lasts the Test 
of 

Time 

Royalty-free; 
Numerous 

implementations 
including Open 

source 



Web3D Collaboration & Convergence 

Web3D Consortium 
  

- Extensible 3D (X3D) 
 - Humanoid Animation (H-Anim) 

 - VRML 

W3C 
 - XML 

 - HTML 5 
 - SVG 

OGC  
- Web3DS 
-CityGML 

- KML 

DICOM 
- N-D Presentation 

State 
- Volume data Khronos 

- OpenGL, WebGL 
- COLLADA 

  

ISO 

Interoperability  
& Access 

Across Verticals 

IETF 
- Mime types 

 
 

- DIS 



Adoption 

Too many to list them all! 



Extensible 3D (X3D) , VRML, H-Anim 

See videos and case studies at web3d.org: 
• http://www.web3d.org/realtime-3d/case-studies 
• http://www.web3d.org/realtime-3d/videos 
• http://www.youtube.com/vtvisionarium  

http://www.web3d.org/realtime-3d/case-studies
http://www.web3d.org/realtime-3d/case-studies
http://www.web3d.org/realtime-3d/case-studies
http://www.web3d.org/realtime-3d/case-studies
http://www.web3d.org/realtime-3d/case-studies
http://www.web3d.org/realtime-3d/videos
http://www.web3d.org/realtime-3d/videos
http://www.web3d.org/realtime-3d/videos
http://www.youtube.com/vtvisionarium


Web3D Community 

This means You! 

• We all want our assets to be portable and durable 

• We all have a stake in a royalty-free future for 3D 
on the web 

• Active Working Groups organized around vertical 
applications of the X3D spec: CAD, Geospatial, 
Medical, Augmented Reality 

• Join us – we are member-supported organization! 



Events @ SIGGRAPH 

• Web3D Booth # 233 

• Tuesday  
– BOFs in 201D: CAD, Carto, Medical, TownHall Mtng 

• Wednesday 
– BOFs in 201C: X3D Futures w/ HTML5, AR/MR 

– TechTalk (Exhibit Hall 3:45pm) 

 

• ACM 19th Annual Web3D Conference to be Co-
located with SIGGRAPH 2014, Vancouver 

 



Value-chain example – 3D Printing  

• Lots of excitement for custom and on-demand 
manufacture 

– VT Dreams Lab: http://www.dreams.me.vt.edu/ 

– Navy use case 

– X3D keychain FOB 

http://www.dreams.me.vt.edu/


• ISO X3D 3.3 CAD Component (clause 32) 

– Specification public and in FDIS 

– http://www.web3d.org/files/specifications/19775
-1/V3.3/Part01/components/CADGeometry.html  

• NURBS vs. B-Reps deep-dive 

– NURBS can represent the same construct 
geometries as BREPs, with a lot less complexity 

CAD Working Group Progress 

http://www.web3d.org/files/specifications/19775-1/V3.3/Part01/components/CADGeometry.html
http://www.web3d.org/files/specifications/19775-1/V3.3/Part01/components/CADGeometry.html
http://www.web3d.org/files/specifications/19775-1/V3.3/Part01/components/CADGeometry.html
http://www.web3d.org/files/specifications/19775-1/V3.3/Part01/components/CADGeometry.html


CAD Working Group Progress 

• Online X3D Validator: 

https://savage.nps.edu/X3dValidator  

• X3D-Edit 3.3: 

https://savage.nps.edu/X3D-Edit/  

• X3D basic examples repository: 

http://www.web3d.org/x3d/content/examples
/Basic/CAD/index.html  
 

.x3d XML encoding 

.x3dv 
Classic VRML 
encoding 

.wrl VRML97 encoding 

.x3db 
X3D Compressed 
Binary encoding 

.xhtml HTML5 

https://savage.nps.edu/X3dValidator
https://savage.nps.edu/X3dValidator
https://savage.nps.edu/X3D-Edit/
https://savage.nps.edu/X3D-Edit/
https://savage.nps.edu/X3D-Edit/
https://savage.nps.edu/X3D-Edit/
http://www.web3d.org/x3d/content/examples/Basic/CAD/index.html
http://www.web3d.org/x3d/content/examples/Basic/CAD/index.html
http://www.web3d.org/x3d/content/examples/Basic/CAD/index.html
http://www.web3d.org/x3d/content/examples/Basic/CAD/index.html


Example: CATIA Hub_Assembly model 

 

H 

H Hub_Assembly(1) 

disc_with_holes(2) 

cap(3) 

sleeve_sub_assembly(4) 

gasket(5) 

bushing(6) 

CATIA Hub Assembly 
(6 Files) 

300KB  

13 



Simple Conversion of Hub_Assembly into X3D 

Save as 
VRML/X3D 

300KB 126KB 

Product Structure 
disappeared!! 

14 



– Product structure : CADAssembly, CADPart 

– Geometry : CADFace 

CatiaHubAssembly.X3D 

<CADAssembly name=“Hub_Assembly”> 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
</CADAssembly> 

<CADAssembly name=“sleeve_sub_assembly”> 
 
 
 
 
 
 
 
 
 
</CADAssembly> 

<CADPart name=“bushing” ...> 
    <CADFace> ... </CADFace> 
</CADPart> 

<CADPart name=“gasket” ...> 
    <CADFace> ... </CADFace> 
</CADPart> 

<CADPart name=“cap” ...> 
    <CADFace> ... </CADFace> 
</CADPart> 

<CADPart name=“disc_with_holes” ...> 
    <CADFace> ... </CADFace> 
</CADPart> 

T(2) 

T(3) T(4) 

T(5) T(6) 

T(1) 

CATIA Hub Assembly 
(6 Files) 

Representing a CAD assembly in X3D I 

CAD2X3D 
conversion 

Transform information is 
applied to the leaf nodes 
which include geometry 
information. 

ex) Tbushing = T(1)*T(4)*T(6) 

H 

H Hub_Assembly(1) 

disc_with_holes(2) 

cap(3) 

sleeve_sub_assembly(4) 

gasket(5) 

bushing(6) 

15 



– Using externally referenced geometry files(parts) only 

• One product structure file 

 

Representing a CAD assembly in X3D II 

CatiaHubAssembly.X3D 

<CADAssembly name=“Hub_Assembly”> 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
</CADAssembly> 

<CADAssembly name=“sleeve_sub_assembly”> 
 
 
 
 
 
 
 
 
 
</CADAssembly> 

<CADPart name=“bushing” ...> 
    <CADFace> ... </CADFace> 
</CADPart> 

<CADPart name=“gasket” ...> 
    <CADFace> ... </CADFace> 
</CADPart> 

<CADPart name=“cap” ...> 
    <CADFace> ... </CADFace> 
</CADPart> 

<CADPart name=“disc_with_holes” ...> 
    <CADFace> ... </CADFace> 
</CADPart> 

Transform 

Transform 

Transform 

Transform 

Transform 

Transform 

Reusable geometry files 

 
CatiaHubDiscWithHoles.x3d 

CatiaHubCap.x3d 

CatiaHubGasket.x3d 

CatiaHubBushing.x3d 

--- 
--- 
--- 

--- 
--- 
--- 

--- 
--- 
--- 

--- 
--- 
--- 

T(2) 

T(3) T(4) 

T(5) T(6) 

T(1) 

16 



Extraction of geometry 
in multiple files 

Extraction of product 
Structure information 

Mesh reduction and 
data compression 

Integration of product structure 
and geometry files 

Example I: CATIA  to X3D conversion with 
product structure conserved 

H 

H Hub_Assembly(1) 

disc_with_holes(2) 

cap(3) 

sleeve_sub_assembly(4) 

gasket(5) 

bushing(6) 

17 



Extraction of geometry in 
multiple files 

Extraction of product 
Structure information 

Mesh reduction and data 
compression 

Integration of product structure 
and geometry files 

Mesh reduction and data compression: 

Processing geometry data (parts) 
 

18 



• Size (X3D/X3DB) : 25 MB 
• # of files : 905 

cf) ‘Save’ as a single VRML 
 => Size : 385.5 MB 

Result 1 

A battle ship 
• Size (CATIA) : 413 MB 
• # of files : 1023 

19 

The total number of files decreases 
as noted earlier in the slide 15.  

A battle ship 
• Size (CATIA) : 413 MB 
• # of files : 1023 



Result 2 

Format 
# of 
files 

Size 
(MB) 

Size 
(%) 

VRML’s 3890 491 43 

VRML’s 
(reduced) 

3890 427 38 

X3D’s 3890 455 40 

X3DB’s 3890 65 6 

3DXML 1 136 12 

HOOPS 1 105 9 

VRML 1 1,136 100 

IGES 1 1,934 170 

STEP 1 1,287 113 

20 

A battle ship 
• Size (CATIA) : 1,154 MB 
• # of files : 4054 



Example II: STEP-to-X3D conversion of CAD 
assembly 

21 

• Extraction of Product Structure information 
using STEP 

CAD-to-X3D Conversion Process: 
 
Guimok Cho, "Translation of 3D CAD 
Data to X3D Dataset Maintaining 
Product Structure for Web-based 
Visualization”, Master Thesis, 
Chungnam National Univ., Feb. 2011. 
 
 



CAD Working Group Progress 

• X3D Binary Encoding [ISO/IEC 19776-3.2:2011] 
based on FastInfoset 

• EXI in the mix for next iteration 

• X3DOM support 

– CAD Component implemented 

– Binary Geometry container 

– Assembly tree browser 

 



Fraunhofer IGD 

• Johannes Behr, demonstrating X3DOM and 
Instant3DHub: 

– Massive models into X3DOM / html5 (tens of 
millions of polygons, JTOpen models, etc) 

– Assembly/Part browsers & configurators in 
X3DOM / html5 

 



Call for Compression technologies 
(Open) 

• Web3D C released an open call for contributions 
of royalty-free compression technologies 

• Work in X3D Binary has helped defined the 
problem 

• Scope includes: geometry-specific schemes, 
volumetric data, streaming shapes and 
animations  

• Available at:  
http://www.web3d.org/realtime-3d/working-
groups/x3d/compressed-binary/x3d-compressed-
binary-encoding-call-contributions  

http://www.web3d.org/realtime-3d/working-groups/x3d/compressed-binary/x3d-compressed-binary-encoding-call-contributions
http://www.web3d.org/realtime-3d/working-groups/x3d/compressed-binary/x3d-compressed-binary-encoding-call-contributions
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Parametric History 

• History of constructive solid geometry 
elements and operations 

• Generative steps can reconstruct and then 
tessellate the final CAD product state  

• Great compression approach that eliminates 
the need for the storage and transport of 
explicit vertices! 

 



Web3D 2013 

 



Review:  
X3D Compressed Binary 

Encoding (CBE) 
  

Call for Contributions Workshop 
 

Web3D 2013 Conference 
 

San Sebastian Spain 
19 June 2013 



Workshop objective 

• 3D graphics compression technology continues 
to steadily improve. The Web3D Consortium has 
issued an X3D Compressed 

• Binary Encoding Call for Contributions 

• We are looking for component technologies that 
can help improve the current X3D Compressed 
Binary Encoding Standard 

• Geometric or information compression 
technologies are of particular interest. 

• Our goal is to produce a revision in 2013 

http://www.web3d.org/realtime-3d/specification/19776-3/v32/x3d-compressed-binary-encoding-v32
http://www.web3d.org/realtime-3d/specification/19776-3/v32/x3d-compressed-binary-encoding-v32
http://www.web3d.org/realtime-3d/specification/19776-3/v32/x3d-compressed-binary-encoding-v32


Workshop agenda 

• Introductions 

• Project summary and progress updates 

• Existing Compression for X3D and VRML97 

• Polygon Reduction and Geometric Compression 

• Data-Centric Binary Encodings, Network Streaming 

• X3D Implementations and Benchmark Testing 

• Quicklooks at new candidate technologies, 
both proposed and presented at conference 

• Next steps, group plans, and timeline for 
continues progress 

 



Workshop speakers   1 

• Web3D Strategies and Liaisons 

• Nicholas Polys and Anita Havele 

• X3D Compressed Binary Encoding (CBE) 

• Don Brutzman 

• MPEG4 Capabilities and Plans 

• Marius Preda 

• Khronos Activities, glTF Transmission Format 

• Neil Trevett 



Workshop speakers   2 

• MPEG4 Capabilities and Plans 

• Marius Preda 

• Khronos Activities, glTF Transmission Format 

• Neil Trevett 

• Multi-View X3D Binary Transmission 

• Peter Schickel 

• Fraunhofer Technical Capabilities and Plans 

• Johannes Behr 



Workshop Focus 

 
Call for Contributions:  X3D 

Compressed Binary Encoding (CBE) 

back to Table of Contents 



 

Website link 

http://www.web3d.org/realtime-3d/working-groups/x3d/compressed-binary/x3d-compressed-binary-encoding-call-contributions


Compressed binary encoding 

Two types of compression for .x3db encoding 

•XML-centric ISO Fast Infoset 

•Geometry-centric for coplanar polygons, quantization 
of points, colors & normals, etc. 

Java3D (Deering) algorithms are default for 
geometry compression 

Alternate geometry compression is allowed... 
however better baselines are possible 

Implementations: XIOT, Xj3D, Instant Reality 

 

http://en.wikipedia.org/wiki/Fast_Infoset
http://en.wikipedia.org/wiki/Fast_Infoset


X3D CBE Call for Contributions   1 

• Prior work is essential, useful and relevant. 

• First-generation X3D Compressed Binary Encoding 
Request For Proposals (RFP) from August 2003 
illustrates this steady evolution. 

• The first-generation process successfully created the 
current X3D CBE International Standard. 

• This provides a flexible framework for further 
contributions 



X3D CBE Call for Contributions   2 

• All submitters must meet certain requirements 
prior to consideration. 

• Primary:  Web3D Intellectual Property Rights (IPR) 
protections for X3D specification. 

• Patented technologies can be considered, but only 
when eventual use will be royalty free for X3D use (if 
eventually accepted). 

• Submitters can restrict access to patented 
submissions during member-only working group 
review, if desired. 



CBE Requirements (from 2003) 

• X3D Interoperability 

• Interoperability 

• Multiple, separable 
data types 

• Processing 
performance 

• Ease of implementation 

• Retrieval, streaming 

• Authorability 

• Compression 

• Security 

• Bundling 

• Intellectual Property 
Rights (IPR) 

 



Existing Compression Capabilities for X3D 

• Solid foundation exists to continue progress 

• Approved ISO standard Compressed Binary 
Encoding (CBE) for X3D 

• Based on ISO Fast Infoset (FI) for XML 
compression, Java3D geometric compression 

• Optional, alternative gzip compression and MIME 
Type definitions for X3D. 

• XML encoding (.x3dz/.x3d.gz), ClassicVRML 
encoding (.x3dvz/.x3dv.gz) and Compressed 
Binary encoding (.x3db.gz) file extensions. 

 



Existing Compression Capabilities for VRML97 

• Optional, alternative gzip compression 

• Original compression technique of applying gzip to 
.wrl compressed VRML97 files was called .wrz. 

• This emerged as a common practice when gzip was 
originally used. No formal specification of .wrz or 
corresponding mime type was produced. 

• Occasionally authors might also gzip .wrl files while 
retaining the .wrl file extension. 

 



Critical areas of interest 

• Polygon Reduction & Geometric Compression 
 

• Data-Centric Binary Encodings 
 

• Network Streaming 
 

• X3D Implementations & Benchmark Testing 
 

• Looking Ahead – Next Steps 



X3D Binary Capabilities & Plans 

• X3D Binary Compression Capabilities & Plans 
updates are maintained online. 

• X3D solutions currently support a wide range of 
author requirements. 

• Further improvements and standards-based 
partnerships are possible for achieving broader 
industry interoperability. 

• We seek next-generation improvements that 
further advance the technical capabilities of the 
X3D Graphics International Standard. 

http://web3d.org/wiki/index.php/X3D_Binary_Compression_Capabilities_and_Plans


Presentation 

 
Web3D Consortium Strategies 

 
 

Nicholas Polys, Web3D President 
 

Anita Havele, Executive Director 

back to Table of Contents 



Concepts 

 
X3D Compressed Binary 

Encoding  (CBE) 

back to Table of Contents 



X3D CBE Topics 

✔ X3D CBE Call for Contributions 

• X3D CBE Specification quicklook 

• Composition framework matches all X3D encodings 

• Node and field compressors 

• CAD Distillation Filters: repeated refinement as X3D 

• Geometric compression algorithms 

• Many, we are looking for best combination 

• Information/data compression algorithms 

• Fast Infoset (FI), Efficient XML Interchange (EXI) 

• XML security:  encryption, digital signature 



X3D specifications “honeycomb” diagram 

X3D Specification 
 is equivalently 
defined for all 

file encodings and 
programming APIs 



X3D Compressed Binary 
Encoding 

Matched functional capability of X3D encodings 
• XML .x3d, ClassicVRML .x3dv, CBE .x3db 

Combines two types of compression 
• Geometric compression: polygon reduction, 

flattening/merging, representation techniques 
using Java3D compression (Deering algorithms) 

• Information-theoretic compression using XML-
based ISO standard Fast Infoset (FI) 

Web3D Consortium, ISO approval late 2010 
• Now aligning three independent implementations 

• Considering W3C Efficient XML Interchange (EXI) 
as likely future addition to Fast Infoset 



X3D compression algorithm 



X3D decompression algorithm 



.x3db CBE Implementations 

XIOT : X3D Input/Output Tool library 
• http://forge.collaviz.org/community/xiot 

• Open source C++ 

• Collaviz Remote Collaborative Visualizer project 

Xj3D toolkit   
• http://www.xj3d.org, 

http://xj3d.org/tutorials/filters.html 

• Open source Java 

 

Other X3D browsers sometimes experiment 

Improved online test suite needed 

http://forge.collaviz.org/community/xiot
http://forge.collaviz.org/community/xiot
http://www.collaviz.org/
http://www.xj3d.org/
http://xj3d.org/tutorials/filters.html
http://xj3d.org/tutorials/filters.html


Efficient XML Interchange (EXI) 

W3C XML Binary Characterization 
• Established common needs among hard use cases 

W3C EXI Recommendation: approved 
• http://www.w3.org/XML/EXI 

Technical approach: aligns well with X3D XML 

• Better compaction + decompression speedup 

• Type aware, schema-informed or not 

• Adaptive tokenization, compression tables 

• Can stabilize on a document type or further 
refine based on statistical analysis of corpus 

http://www.w3.org/XML/EXI
http://www.w3.org/XML/EXI


Example: EXI compression 



EXI implementations 

http://www.w3.org/XML/EXI/#implementations 

 

• Exificient, Siemens AG, open source 

 

• Efficient XML, AgileDelta, commercial 

 

• EXIP, Luleå University, open source 

 

• OpenEXI, Fujitsu and NPS, open source 

http://www.w3.org/XML/EXI/
http://www.w3.org/XML/EXI/


X3D’s XML and Compressed Binary encodings 
allow use of W3C’s Security recommendations 

• XML Encryption 

• XML Digital Signature (for authentication) 

• XML Public key infrastructure 

Security based on Web standards lets authors 
and companies protect their 3D model assets 

• Rather than “security through obscurity” 

• X3D-Edit support uses Apache libraries 

Web Security standards are compatible 

demonstrated in NPS thesis, 
X3D Basic examples, X3D-Edit 

https://savage.nps.edu/X3D-Edit
https://savage.nps.edu/X3D-Edit
https://savage.nps.edu/X3D-Edit


Example: digital signature, authentication 



X3D compressed binary algorithm and XML Security 

X3D compressed binary uses Canonical X3D form 

•Strict formatting rules so that files with identical 
format can be shown to match 

Canonical form enables use of XML Security 

•XML Encryption 

•XML Digital Signature (for author authentication) 

http://www.w3.org/TR/xmlenc-core
http://www.w3.org/TR/xmlenc-core
http://www.w3.org/TR/xmldsig-core 


Demanding use case:  CAD 

Website link 

http://www.web3d.org/realtime-3d/working-groups/computer-aided-design-cad


X3D Conversion Process for CAD Models 



X3D CAD Model Data Reduction 



X3D “next specification” strategies 

• X3D version 3.3: complete 

• X3D version 3.4 plans 
• Evolutionary improvements, proven X3D  architecture 

• Working groups defining future goals, requirements 

• X3D version 4.0 plans 
• Development efforts are considering potentially major 

changes, additions to the baseline X3D architecture 
• Adapt, show maximum practical backward compatibility 

• Major technologies under consideration: 
• HTML5/Declarative 3D/X3DOM 

• Augmented Reality Continuum (ARC) 

http://www.web3d.org/files/specifications/19775-1/V3.3/index.html
http://www.web3d.org/files/specifications/19775-1/V3.3/index.html
http://web3d.org/wiki/index.php/X3D_version_3.4_Development
http://web3d.org/wiki/index.php/X3D_version_3.4_Development
http://web3d.org/wiki/index.php/X3D_version_4.0_Development
http://web3d.org/wiki/index.php/X3D_version_4.0_Development


Discussion is productive 

• Please contact us or respond publicly if  
additional technologies need consideration 

• X3D futures planning is 
• Topic of 1st Wednesday monthly teleconference 

• Web3D Consortium member-decided activity 

• All feedback is welcome 
• Sooner or later, all results get public review before 

Web3D approval and ISO review 
 

Thanks for considering the possibilities! 
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by Don Brutzman and Leonard Daly, Morgan 
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X3D Scene Authoring Hints 
•http://x3dgraphics.com/examples/X3dSceneAuthoringHints.html 

 

X3D Graphics Specification 
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The Web3D Consortium 2013 
Directing Members 
• Naval Postgraduate School 
• Virginia Tech 
  
Organizational Members 
• Bitmanagement 
• DFKI 
• EDF 
• Fraunhofer 
• George Mason University C4I Center 
• KAIST 
• KIST 
• MBARI 
• NIST 
• Suwon 
• Vicomtech 
  
Web3D Chapters 
• Korea 

 

http://nps.edu/
http://vt.edu/
http://www.bitmanagement.com/
http://www.dfki.de/web/welcome?set_language=en&cl=en
http://www.edf.com/the-edf-group-42667.html
http://www.igd.fraunhofer.de/en
http://c4i.gmu.edu/
http://www.kaist.edu/english/
http://eng.kist.re.kr/kist_eng/main/
http://mbari.org/
http://nist.gov/
http://en.suwon.ac.kr/
http://www.vicomtech.es/ingles/html/index.html
http://www.web3d.kr/


Join Us! 

Professional and Institutional opportunities! 
 
• Anita Havele, Executive Director 

– Anita.havele@web3d.org 
 

• Nicholas Polys, Ph.D., President 
– npolys@vt.edu 

 
 

www.web3d.org 

mailto:Anita.havele@web3d.org
mailto:npolys@vt.edu

