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Introduction



Definitions and Interpretations
• Definition: Model Based Enterprise (MBE) is an 

integrated and collaborative environment, founded on 3D 
product definition (Model Based Definition) shared across 
the enterprise, enabling rapid, seamless, and affordable 
deployment of products from concept to disposal.
• http://model-based-enterprise.org/default.aspx

• Interpretation: MBE is an environment with many 
distributed files and computational services supporting file 
sharing, visualization, file searching, tagging, 
commenting, licensing, source acknowledgment, file 
ranking, … 
• Files ~ Products = Technical Data Packages (TDP) 

plus models

http://model-based-enterprise.org/default.aspx�


Introduction: File Format Conversions
• Observation: File content is in many file formats and 

hence file format conversions are hard to avoid
• Motivation behind file format conversion 

services: 
• Visual exploration depends on various software 

packages
• Many formats are retired (deprecated) over time

• Applications of file format conversions:
• Manage content (keep you files current)
• Manage required processing to convert file formats
• Preserve content for a long term

Imaginations unbound



Illustration of 3D File Format Reality

*.dwg *.max, *.3ds*.blend

*.k3d

*.w3d

*.ma, *.mb, *.mp

*.iam*.lwo *.c4d

*.pdf (*.prc, *.u3d)



Introduction: Content-Based File Comparison
• Observation: File content is modified when managed 

and updated over time
• Motivation behind file comparison services: 

• Content in files before and after file format 
conversions might not be the same

• File content changes over time and space
• Replicas of files might not have provenance 

information
• Applications of file comparisons:

• Select software for file format conversion
• Relate new files to existing files
• Reduce cost of preservation due to redundancy

Imaginations unbound



Example: Conversion of X3D to STEP to X3D

STEP

WRLX3D

WRL

Software: 

X3dToVrml97

X3D

Software:

A3D Reviewer

Software: 

A3D Reviewer

Software:

Vrml97ToX3d
Nothing!

How do we provide a content-based file-to-file comparison service?



Example: Torpedo Weapon Retriever 841 

• How to establish relationships among the 3D CAD models 
and 2D engineering drawings during a product lifecycle?

Imaginations unbound
Hypothetical Distribution of 3D CAD models for TWR 841



Services for Consumers, Content 
Contributors, and Service Integrators



A Stack of Prototype Solutions

Conversion Engine 
(Polyglot)

Conversion Software 
Registry (CSR)

Content Management 
(Medici)

3D-2D Relationship 
Discovery 

(File2Learn)

Closed Source Software

Software Reuse 
(AutoScript)

Electronic Records Hardware

Document Appraisal
(Doc2Learn)

Image Provenance 
Evaluation (IP2Learn)

Computational 
Scalability 

Testbed

Image Understanding
(Im2Learn)

Geospatial Image 
Understanding 

(GeoLearn, SP2Learn)

Comparison (Versus)

Distributed 
Computation

(Cyberintegrator)

3D File Comparison
(Model Browser)
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File Format Conversion Services:

+Find file format conversion software to 
convert from any file format to any other file 
format
+Execute file format conversions with any 
available third party software

*Open source software
*Web services are available to the general 
public



• Conversion Software 
Registry (CSR)

• Conversion Engine 
(Polyglot)

How to ingest content coming in many file 
formats and many data representations?



Conversion Software Registry (CSR)



File Format Conversion Engine: Polyglot



File Comparison Services:

+Comparison services for any files
*Comparison of files containing one object 

type
*Comparison of file containers with multiple 

types of objects
*Sharing, curation and selection of files for 

comparison
*Comparisons to evaluate information loss 

due to file format conversion over a set of files



3D Comparison Example (ModelBrowser)

• Software: Adobe 3D Reviewer
• Original File: WRL
• Converted Files: STP, STL, 

IGS, U3D
• Comparison Method: Light 

Fields [Chen, 2003] compares 
silhouettes from various viewing 
angles around the objects

heart.wrl

heart.stp

heart.stl

Conclusion: Information loss(WRLSTP)=Information loss (WRLSTL)>0



Comparison of File Containers (Doc2Learn)

• Content Based Comparison of Files in the Same 
Format:  Given hundreds of versions of the ‘same’ 
Adobe PDF file, which file version(s) are similar? 



Multiple Object Comparisons (Doc2Learn)
Adobe PDF documents ~ {text, images, vector graphics, ….}



Service: Share, Curate and Select Files for 
Comparison (Medici)
• Multimedia content 

management



Service: Content-based File Comparison 
(Versus)

LOADERS FILE SIGNATURES MEASURES



Comparison Framework: Versus



Information Loss Evaluation: Computational 
Requirements

• Files: one file in STP file format
• Software: Adobe 3D Reviewer, Cyberware PlyTool
• Comparison Method: Light Fields [Chen, 2003] 
• Number of closed paths: 10 (28 individual conversions)

Phase I: Find
Phase II: Execute

Phase III: Compare



A Discovery of Relationships Among 2D and 
3D Digital File Collections:

+Characterization of file content
+Automation of content signature extraction
+Semi-automated comparison and relationship 
discovery



Imaginations unbound

OCR

Relationship Discovery: Approach

File Descriptors/Signatures
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Author, 

Software, 
Date, …



Content Analyses: Optical Character 
Recognition (OCR) of 2D Drawings

Reference Block

Title Block

MMC Block (Marinette Marine Corporation)



Content Based Extraction from STEP Files 

• 3D CAD models in STEP file format are searched for any ASCII 
strings matching English dictionary and following STEP 
metadata specification.

STEP METADATA SPECIFICATION EXPECTED STEP METADATA PARSED STEP METADATA

FILE_DESCRIPTION( /* description */ 
(''), 
/* implementation_level */ '2;1'); 
FILE_NAME( 
/* name */ '',

/* time_stamp */'', 
/* author */ (''), 
/* organization */ (''), 
/* preprocessor_version */ ' ', 
/* originating_system */ '', 
/* authorization */ ' '); 

FILE_DESCRIPTION((''), 
/* implementation_level */ '2;1'); 
FILE_NAME( 
'120 TORPEDO WEAPONS RETRIEVER, 
TRANSVERSE BULKHEADS BELOW, MAIN 
DECK', 
‘04-10-86', 
('LDOBSON'), 
('NAVAL SEA SYSTEMS COMMAND'), 
' ', 
'IDA-STEP', 
' '); 

FILE_DESCRIPTION((''),
'2;1'); 
FILE_NAME(
'D:\\NARA\\Archieve_data_samples\\BHD_FR12\\
U2110_BHD12_2007_05_09.stp',

'2007-05-10T13:45:37',
('rakowpj'),
(''),
'Autodesk Inventor 11',
'Autodesk Inventor 11',
'');

Example Metadata for TWR841 ship deck



Exploratory Framework – User Interface 
Overview

Files Files

Filter for Files Filter for Files

Preview of 
Selected 

Data

Preview of 
Selected 

Data

Graph of Relationships 
Between Selected Files



Comparison of Files

Color encoding:
• Predicates 

and values 
match

• Predicates 
match

• Predicate 
occurs only 
in one file



Establish File Relationships



Establish File Relationships: Logical Link



Summary
• Model Based Enterprise (MBE) can benefit from 

distributed file format conversion and comparison 
services

• In general, finding relationships is still an open problem
• Automation and scalability are the keys to keeping 

files current, to dealing with the quantities, and to 
finding information

• MBE and Preservation Solutions
• Forward looking solutions should be based on 

standards
• Contemporary solutions have to be based on 

understanding historical electronic records 



Software Summary

• The technologies are documented at 
http://isda.ncsa.uiuc.edu/

• Most of the software is available for 
downloading at 
http://isda.ncsa.uiuc.edu/download/

• Feedback is very welcome

• Questions: Peter Bajcsy –
pbajcsy@ncsa.illinois.edu

http://isda.ncsa.uiuc.edu/�
http://isda.ncsa.uiuc.edu/download/�
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