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Facts & Opinions  -– Actors & Results

Michel Böhms, Summer 2008



2

Overview

• BIM@TNO
• Why BIM?
• Facts & Opinions BIM Framework & our current views
• Actors & Results our projects/results

• EU SWOP
• EU InPro
• EU ECTP FA Processes & ICT (PICT)
• IAI (IFC, IFD & IDM)
• R&D Integration
• EU FP7 CP IntUBE
• NL PAIS, COINS, VISI, ProClient, EOD [under construction]
• TNO Open Source BIM Server

• More info 

wide
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ep

far
time
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BIM@TNO
Largest Dutch Applied R&D centre
Five Core Areas (#5000 people)

TNO Quality of 
Life

TNO Defence, 
Security and 
Safety

TNO Built 
Environment 
and 
Geosciences

TNO Science 
and Technology

TNO Information 
and 
Communication 
Technology
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BIM@TNO
Built Environment and Geosciences (#750), scope

Geosciences

Buildings (NL: B&U) Infrastructures (NL: GWW)

Built Environment
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BIM@TNO
Built Environment and Geosciences: organisation

• Team “Building ICT” (BICT)      (#7)
• Michel Böhms
• Peter Bonsma
• Peter Willems
• Léon van Berlo
• Frank Verhofstad
• Pim van den Helm
• Charles Sekanyambo 

– Team Lead, IntUBE, IOS
– IAI IFC, SWOP, EOD, InPro
– Manubuild, COINS, VISI
– ProClient, GIS, Web2.0
– InPro
– ICT development
– Graduation work 2008
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BIM@TNO
Primary (current) Affiliations Team BICT
• Member of IAI Model Support Group (MSG)
• Member of IAI German & Benelux Chapters
• Developer of IFC Engine/Viewer software (www.ifcbrowser.com)
• Chair of W3C XG (Incubator Group) on Product Modelling

• http://www.w3.org/2005/Incubator/w3pm/

• Our EU friends: CSTB, VTT, FRAUNHOFER, SINTEF & AEC3
• Technical Coordinator of EU InPro project

• BIM/IFC application at NCC, YIT, Hochtief, Bouygues, Max Bögl
• Modelling partner of EU Manubuild & SWOP projects

• Semantic Product Modelling Approach (PMO)
• ~ ‘IFC+’

• Member of ECTP Focus Area (FA7) PICT: Processes & ICT
• WG3 “Project”

• Involved in all major BIM initiatives in NL
• PAIS, COINS, VISI, ProClient, EOD, IOS, …
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BIM, an Image …
(© iBuild)

• ICT
• Integrated
• Enabling to communicate
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BIM, another Image …

• People
• Working together
• Willing to communicate
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BIM, yet another Image …
(© Mark Dietrick)

Core Drivers
• Microsoft Excel
• Google SketchUp
• Autodesk Revit
• Google Earth
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BIM, our (BICT) image …

• Open
• Smart (“Semantic”)
• WWW-based

• Building Objects
• Modelling &
• Configuration

IAI’s IFCSWOP’s PMO
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Why BIM ?

• Consumer-orientation
• Individualisation
• Value Thinking
• Safety

• Sustainability
• Partnering / Collaboration

• PPS
• Performance based contracts
• Industrial (IFD) Building
• Efficiency

• Failure Cost reduction
• Half-time
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BIM Framework
• BIModelling

• 17 relevant orthogonal dimensions:
• Applicability
• Scalability
• Transparency (/Integration Facet)
• Life-cycle & Supply Chain
• Abstraction
• Semantics (“smartness”)
• Structure
• Flexibility
• Interoperability (“openness”)
• Web-awareness
• Orientation
• Concretisation
• Disciplines
• Facets
• Integration Approach
• Accessibility
• Maturity

• BIModel : “modelling approach” in context of  
• 5 relevant orthogonal dimensions:

• Archetype
• Instantiation
• Specialization
• Decomposition
• Concretisation (“again!”)

“Way of Thinking
about BIM”

“Way of Modelling
for BIM”

given
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Applicability

• Generic
• Applicable to any product

• Industry Segment
• AEC / LSE (typically “large, complex, multi-stakeholder products”)

• Industry Sector
• Construction (“all related to the Built Environment”), Mechanical, Process 

Plant

• Product Type
• Buildings, Infrastructures, Automotive, Aerospace, …

• Product SubType
• Houses, Offices, Schools, Technical Buildings, Hotels, Hospitals, Factories, 

Tunnels, Fly-overs, …
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Applicability

• Only generic (sector-independent) solutions
• No fragmentation
• Less choice
• More critical mass
• Typically simpler solutions

• Ultimate consequence
• IFC is no good, Collada would be better
• 12006-3 is no good, no construction-specific language
• BIM is no good, application area only !
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Scalability

• Built Environment
• Construction Object

• Buildings
• Infrastructures

• System
• Component
• Material
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Scalability

• Don’t focus on one scale level only
• Put things in perspective/context or more specifically

• Put Products in their Enrvironment/Surroundings

• Example: combine modelling of ‘building objects’ in their ‘built 
environment’

• Technically: BIM is always connected to GIS
• BIM <> GIS Worlds start to merge (or is it ‘collide’?)

• Relevant recent article:
• http://www.geoinformatics.com/asp/default.asp?t=article&n

ewsid=3661



17

Transparency
(“stack of innovation layers”)

Business Concepts

Business Products & Processes

ICT Information & Functionalities*

ICT Technologies

������������	

����
�	����	
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����	

��		�
���	

Why?

How?

What?

Integration Facet
IC

T
B

us
in

es
s

* ICT Applications & Services
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HTTP

TCP

/

IP

Ethernet

Twisted pair

IMAP4

TCP

/

IP

HSDPA

n.a.

“Mobile E-mail”“Internet at Work”

More explanantion
Compare with Internet protocol stack
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Transparency

• All levels relevant

• Connect ICT levels to business via IAI IDM apporach
• Information Delivery Manual

• Starts with modelling business processes with OMG’s BPMN
• Business Process Modelling Notation

• Next link to ICT functionalities & information: neutral (IFC) and 
native

• Issue: link BIM to Business Information System (BIS)
• I.e. like CAD-ERP links like ADT-2-SAP
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Life-cycle & Supply Chain
Example LC

Building Process

Concept Design
(3a)

Detailed Design (3b)
&

Construction 
Design (3c)

Build/Construct
(3d)

Brief Design
(“Business Case”)

(1+2)

Operational Process
(Exploitation, Management & Maintenance*)

Manufacturing (2)

����� ����	
��	
���
�	������

�
�����
��
����
VO DO

UO

* NL: ‘Exploitatie, Beheer & Onderhoud‘

Design ……………… ..... Build/Construct……………… Operate

PvE

Cars (1)
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Life cycle & Supply Chain
• Forward LC Integration

• NL: “Waarde vasthouden”

DESIGN > BUILD > OPERATE

NOW 

THEN

FRICTION

FLOW     
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Abstraction

• Meta-information (information about information)
• EDM, PDM, PLM, Content Mngt. (CM), Workflow Mngt. (WfM)
• Dublin Core Meta-data Initiative (DMCI)
• OMG’s PLM Services open standard

• Information
• CAD, Structural Analysis, Energy Analysis, Cost Estimation, 

Time Scheduling, …
• IFC, Ontologies/Object Libraries/Dictionaries

• Hybrid (both related/integrated)
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Abstraction

• Go for a ‘hybrid approach’

• More models need more management

• Only (mostly) meta-level is not enough
• Autodesk’s (former Naviswork’s) Jetstream 3D Design Review 

is not the solution in the end
• “BIM” as used, ok with partial IFC links, in recent “BIM 

Case Week 2007” by working group of 
BouwendNederland “Platform Virtueel Bouwen” (PVB) 
spondered by PSIBouw
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Semantics

• Analogue (“paper”)

• Digital (“electronic”)

• Visualisations (“pixels”)

• Documents & Drawings  

• Semantic (object) Models
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Semantics: ODA – Ontology Driven Architecture

Base
Model-based

* Pixels, Documents & Drawings

Base
Model-based

Primary
Semantic

Derived

Semantic

Non-
semantic*

Derived Linked

References to Paper

Ontologies
(taxonomies,
dictionaries,
object libraries, …)



26

Structure

• Structured
• Unstructured

• Related to level of Human (Mis)Interpretation

• Relevant for all semantic levels!
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Flexibility

• Agree on meaning of a set of annotation tags
• E.g., Dublin Core

• Limited flexibility and extensibility
• Limited number of things can be expressed
• Top-down (‘holistic’) versus Bottom-up (‘evolutionary’)

• Agree on language used to define meanings
• E.g., an ontology language

• Flexible and extensible
• New terms can be formed by combining existing ones

• Meaning (semantics) of such terms is formally specified

(extended based on © Horrocks, Oxford University)
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Flexibility

• Do not try to standardize data structures
• Stop one level below

• Physical products in reality that are modelled are also not the 
having the same structure

• Use evolutionary approach
• Let all ontologies blossom (resue based on succes not on 

topdown decisions)

• Ultimate consequences
• Stop trying / be carefull to develop predefined semantics as in 

IFD, Barbi and/or LexiCon initiatives
• More effort in generic semantic mediation/mapping
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Interoperability

• Closed
• Proprietary Open
• Open Standards

• Related to dependence level with respect to:
• User (Group)
• Software Vendor

• ICT Operating Platform
• ICT Applications
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Interoperability: Open Standards* Essential

For any sustainable BIM solution…

• As defined in EIF – European Interoperability Framework:
Available for all for (almost) free !
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Interoperability: reasons why?

Rationale “Internally”

>Each ICT Vendor has to stick/focus to his core 
business/competence for success.

>No ICT-Vendor can deliver full optimal ICT solution for an end-
user. 

>Always multi-vendor solution (best-in-class ICT Application 
portfolio) requiring open communication for integration. ”One-stop-
shop” scenario is doomed. No innovation limitations (locking in).

>Need for ICT Infrastructures based on Open Standards.

Rationale “Externally”

>Always multi-party construction projects all having different 
software that they want to use.
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Web-awareness

• None (desktop-only)
• Web-enabled

• Example: HTML-export
• Fully web-based

• Data stored on the WWW
• Accessed via URIs
• Deployed via WWW
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Web-awareness

• Fully web-based preferred
• Web 1.0, Web 2.0 (Ajax), Web 3.0 (SW)

• Ultimate consequences
• STOP using STEP technology (EXPRESS, SPFF & SDAI)
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Orientation

• Data
• Storage

• Functionalities
• Applications
• Services

• Objects
• In the OO-sense
• Integrating data & functionalities
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Concretisation

• Requirements
• Specifications
• (Software) Implementations

• ICT Functionalities in ICT Applications
• ICT Technologies in ICT Tools
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Disciplines

Building Information Model



37

Facets

• Amounts & Materials
• Shape

• Topology (“spatial relationships”)
• Geometry

• Time
• Cost
• …
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Integration Approach

Application A Application BIFC
fileToday

Data 
sharing 

environment

Application A

Application B

IFC
file

IFC
file

Intermediate
Step

Data 
sharing 

environment

Application A

Application B

Client-Server
Solution

API

API

IFC
file

© AEC3

Data transfer
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Integration Approach

• Use of Application Programming Interfaces (APIs) or Query 
Languages (QLs) instead of file import/export

• Fine-grain Data sharing instead of global data transfer
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Integration Approach
SECOM/SABLE Example: multiple-client, multiple-server
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Accessibility
• Access Factors

• Wiredness
• Wired
• Wireless

• Mobility
• Fixed
• Semi-mobile (‘nomadic’)
• Mobile

• Coverage
• Personal Area Network (PAN)
• Local Area Network (LAN)
• Metropolitan Network (MAN)
• Wide Area Network (WAN)

• Performance
• Narrowband [0-1 mbps]
• Broadband [1-100 mbps]
• UltraBroadband [>100 mbps]

• QoS wrt SLA

• -, +/-, +
• Cost

• -, +/-, +
• Power Consumption

• -, +/-, +

“Towards Ambient Access”
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Maturity

3.Research

4.Development

5.Take-up

6.Use

2.Roadmap
&

Strategy

1.Vision & Mission

Each Stakeholder (or 
stakeholder group) has his 
own Mission w.r.t. a Vision 
and a view on the ways to 
accomplish this mission 
(‘Roadmap’) of which he 
has to choose his way or 
‘Strategy’.
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BIModel dimensions, quick view

• Archetype
• Product

• (Material)
• (Space)

• Process
• (Actor)

• Instantiation / Classification
• Meta-classes
• Classes
• Individuals

• Specialization (‘subclassing’) / Generalization (‘superclassing’)

• Decomposition (‘hasParts’) / Composition (‘partOf’)

• Concretization (“again!” but now for product)
• Requirements (as-required including as-allowed; problem, needs, FU, 

function, …)
• Specifications (as-proposed or more specific: as-designed ("what", TS) + as-

planned ("how"))
• Implementations (as-realized; product, solution, …)
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BIModel dimensions
instantiation <> classification

Now... that should clear up a few things around here

(© Horrocks, 

Oxford University)
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BIModel dimensions
specialization <> generalization

(© Horrocks, 

Oxford University)
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SWOP

• ISO STEP Technology SPFF+EXPRESS
• XML Technology

• Plain XML Technology XML+XSD
• Semantic Web (SW) Technology RDF-XML+OWL/OWL1.1

• (Gellish; Shell)

• PMO (Product Modelling Ontology) layer around OWL1.1
• Decomposition
• Units
• Default Values
• Rules (assertions & derivations)

• Derivations used (also) to derive IFC
on-the-fly in STEP Technology

• PMO-API (late-java binding)
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SWOP
W3C Semantic Web (SW) On top of the web as we know it



48

SWOP
W3C Semantic Web (SW)
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SWOP
W3C Semantic Web (SW)
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SWOP
W3C Semantic Web (SW)
(recursive meaning triangle)

ContentContent
W3C

RDF-XML

semantics

syntax

W3C
OWL syntax

Ontology

HOW?

WHAT?
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SWOP, Overall Product Structure

Specialization (disjunct)
Class

Decomposition (could be inherited)
(data type) Property

Data Type (base or user defined)
Min / Max Cardinalities

Unit
Default Value

Rule (assertion or derivation)
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SWOP deployment scenarios

�
��
��������

�
��
��������
���

���
��������

���
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���
��������
���

Scenario 1 Scenario 3
(ideal)

Scenario 2
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SWOP Application in Manubuild: Taylor Wimpey House
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OWL IFC+

SWOP Application “De Digitale Dakkapel”
(i.s.m. De Twee Snoeken)
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Applications plugging into the InPro Open ICT Platform 
(OIP)
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description of 
final state

(product model) 

quantity take-off

time scheduling
cost estimation / 
procurement

boundary 
conditions

boundary 
conditions

tender / contract

InPro
Example Key Process: Time Scheduling at Hochtief /1
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IFC data flow 
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red - modified

black - read only

only if granularity of CAD objects was 
refined for scheduling 
(IfcRelDecomposes)

InPro
Example Key Process: Time Scheduling at Hochtief /2



58

InPro Roadmap
From AS-IS to TO-BE to TO-WARDS
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ECTP FA7 Processes & ICT
Our Layers <> ECTP FA7 Layers

• WG1 Process
• Performance driven processes.
• Value adding, Sustainability.
• Open markets

• WG2 Product
• Smart buildings.
• Embedded systems.
• Energy usage. Industrial 

production

• WG3 Project
• Information sharing over LC.
• Semantics, Interoperability

• WG4 Enterprise
• Business models.
• Human aspects, Knowledge.

• Innovative Business
Concepts

• Innovative Business
Products & Processes

• Innovative ICT Solutions 

• Innovative ICT Technologies 
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IAI
IFC, IFD & IDM
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IAI
Assigning semantic information to subtypes of ifcRoot – from IFC2x3g 
(>IFC2x4)

ENTITY IfcRoot
ABSTRACT SUPERTYPE OF (ONEOF
(IfcObjectDefinition
,IfcPropertyDefinition
,IfcRelationship));
GlobalId : IfcGloballyUniqueId;
OwnerHistory : IfcOwnerHistory;
Name : OPTIONAL IfcLabel;
Description : OPTIONAL IfcText;

END_ENTITY;

ENTITY IfcRelAssociatesLibrary;  
GlobalId :   IfcGloballyUniqueId;  
OwnerHistory :   IfcOwnerHistory;  
Name   :   OPTIONAL IfcLabel;  
Description      :   OPTIONAL IfcText;  
RelatedObjects :   SET [1:?] OF IfcRoot;  
RelatingLibrary :   IfcLibrarySelect;  

END_ENTITY; 

RelatedObjects SET [11:?]

TYPE IfcLibrarySelect = SELECT
(IfcLibraryReference
,IfcLibraryInformation);

END_TYPE;

ENTITY IfcLibraryReference;  
Location :OPTIONAL IfcLabel;  -- is the WSDL url pointer to the actual instance
ItemReference : OPTIONAL IfcIdentifier;  -- Stores the actual GUID from the IFD library
Name : OPTIONAL IfcLabel;  -- Stores the name in the given language
Language : OPTIONAL IfcLanguageId;  -- language of the Name attribute

END_ENTITY; 

Rela
tin

g 
lib

ra
ry

Any relevant subtype 
of ifcRoot

This is not really the relating library 
but the instance within the library. 
Use IfcLibraryReference as the 
selected type

ENTITY IfcLibraryInformation;
Name : IfcLabel;      -- Name of the library e.g. BARBi
Version : OPTIONAL IfcLabel; -- Version of the library
Publisher : OPTIONAL IfcOrganization; -- Organisation publishing the library e.g. SINTEF
VersionDate : OPTIONAL IfcCalendarDate; -- Version date of the library used
PublicationLocation : OPTIONAL IfcIdentifier; -- URI of the library that is referenced

INVERSE
HasLibraryReferences : SET [0:?] OF IfcLibraryRefere nce;  -- Reference to all of the GUIDs from the IFD library

END_ENTITY;

The reference to the library(ies) 
used to tag the information. ReferencedLibrary OPTIONAL
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IAI
IFD properties management
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R&D Integration

PMO
[OWL/RDF-XML]

IFC2x3g
(ISO 16739)

[EXRESS/XSD]

IFD
(ISO 12006-3:2007 en)

[EXPRESS]

PMO Ontology
[OWL/RDF-XML]

configuration
data

[RDF-XML]

ifc data
[SPFF/XML]

object libraries*
[SPFF]

PMO
Services

* like Lexicon, CROW OB, Barbi, IFD Library or
any ontology generated from a PMO Ontology

SWOP
-knowledge- -information- -representation-

IFD IAI

PMO-API
[java]

SDAI
[C++, …]

IFD-API
[WSDL]

refs

“IAI IFD-Concept”

COINSVISI

CBIM
[UML]

VISI Systematiek I
[XSD]

CEM
[TXT]

VISI Raamwerk
[XSD]

VISI Raamwerk
[XML]

VISI Berichten
[XML]

Promotor
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R&D Integration, focussed

PMO
[OWL/RDF-XML]

IFC2x3 of 2x4 alpha
(ISO 16739)

[EXRESS/XSD]

PMO Ontology
[OWL/RDF-XML]

configuration
data

[RDF-XML]

ifc data
[SPFF/XML]

SWOP
-knowledge- -information-
-information- -representation-

IAI

PMO-API
[java]

SDAI
[C++, …]

Refs forP/P definitions

Ontology Backbone
[Structured MS Excel]

•Proxies
•Properties (Incl. Relations)

•Rules

Instances of Non-IFC related…
• Classes, becomes proxies
• Datattype Properties, become properties
• Object Properties, become properties (relations)
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R&D Integration, example InPro

• 4D Time Scheduling
• Relating entities ‘IfcProcess’ en IfcObjcet via 

RelAssignesToProcess

• In PMO the ‘RelatedObjects’ of the entity ‘RelAssignsToProcess’
should be treated as derived object property (with IFC-link) by a 
PMO derivation rules

• These derivation rules have to include splitting of IfcObjects 
where needed
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EU FP7 CP IntUBE
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TNO Open Source BIM Server /1

• Market Demand
• SMEs

• It will be based on our current IFC Engine Series tools.
• ifcbrowser.com 

• Storage will be (SPFF) file-based.
• Access will be Web Services (SOAP)-based.

• Our idea is that this BIM Server is in fact a 'consolidating server' were 
• changes are always perfomed by the responsible building software 

applications/tools.
• Next, the changed data is uploaded/merged back to the BIM Server

again.
• So as a first step all connected software applications need ifc export 

capabilities.
• Finally consolidated data can be imported but only as underlayer for 

further changes.
• In short, we assume that data sets have only one owner application. 
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TNO Open Source BIM Server /2

“ROADMAP”

• Stage I: IFC Import/Export & Client-side Viewing (Summer 2008)

• Stage II: Alternative exports: Collada, Open Scene Graph (OSG), ifcXML

• Stage III: Autorisation & Versioning

• Stage IV: IFC File Merging & Extraction 

• Stage V: API-based IFC data access (incl. proxies/property sets)

• Stage VI: Semantic SWOP-PMO front-end support including: 
• IFC generation (incl. proxies/property sets with backlinks to PMO 

ontologies
• Structured MS Excel import for PMO 
• Generation of ISO 12006-3 as alternative backlink to object libraries 
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TNO Open Source BIM Server /3

• Non-OS developments at TNO already started in April 2008

• TNO “SME Knowledge Transfer” project
• Looking for Sponsers (min 5), currently
• File2share
• Cadvisual
• Arkey
• Bink
• Vabi
• De Twee Snoeken
• Henk van Zeeland Architecten BNA
• Van Meijel groep

• Deadline Support Form: 25 June 2008

• Contacts:
• Conceptually: Léon van Berlo & Michel Böhms 
• Technically: Pim van den Helm & Peter Bonsma

• More news later on: bimserver.org & http://sourceforge.net/projects/bimserver/
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More Info

• TNO
•www.tno.nl

• TNO BIM Wiki
• www.BIMinfo.nl

• Our IFC software tools: www.ifcbrowser.com

• Our  current main EU projects:
• www.swop-project.eu
• www.inpro-project.eu
• www.manubuild.org

• Processes & ICT (PICT) at ECTP: http://www.ectp.org/fa_pict

• W3C, The Semantic Web Activity: http://www.w3.org/2001/sw/

• IAI Benelux Chapter: http://www.buildingsmart.info/
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More Info

• STUMICO, Independent ICT-Platform for NL Construction
• http://www.stumico.nl/

• Bouwend Nederland, Platform Virtueel Bouwen (PVB)

• Platform Afstemming Informatietechnische Structuur (PAIS)
• http://www.paisbouw.nl/

• General BIM Wiki
• http://en.wikipedia.org/wiki/Building_Information_Modeling

• PSIBouw Brochure Bouw InformatieRaad (BIR) / BIM
• http://www.psib.nl/upload/documents/publicaties/BIR_BIM_brochure_quick_qliq_engels.pdf

• De BIM Specialist
• http://www.debimspecialist.nl/

• First Dutch Model (FIDUMO) Server (CadVisual/Portiva)
• http://www.fidumo.nl/
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Client Software

• Autodesk
• Architecture (former Architectural DeskTop (ADT))
• Revit
• JetStream (former Navision)

• Nemetschek
• Allplan
• ArchiCAD (former Graphisoft)

•Bentley
• Architecture

• SCIA
•ESA PT

• Oracle
• CBIM platform

• Synchro
• http://www.synchroltd.com/
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More Info
Generic Links

• ENCORD
• http://www.encord.org
• has Virtual Construction Platform (VCP) group

• ENBRI
• http://www.enbri.org/
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