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RWTH, Department of Architecture, DC Team

RWTH

• Since 1870

• 47.173 Students, 10k staff, 550 profs. 

• “excellent”

Dept. of Architecture

• 1800 students, 22 chairs

• ~ 280 students BA per year

• MSc tracks: Architecture, Urban Planning, 

Construction Robotics, Transforming City Regions

Design Compuation

• 1,5 permanent lecturer & research staff

• 4 researchers funded by projects

• 3 PhD students via scholarships (DAAD, CRC)

• 2 industry lecturers with 3 ECTS 

• 4 ~ 7 student assistants
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Design Computation

Prof. Dr. Jakob Beetz

chair

• > 15 years BIM in research, development and 

standardization, e.g. bimserver.org, ifcOWL

• EU-projects Inteligrid; DURRARK (Long term preservation

BIM), BIM4Ren (BIM for existing buildings)

• DIN, CEN, ISO, bSI Technical Board, Board 

buildingSMART DACH

• CIB W78 Co-Chair. Board EG-ICE, ECPPM, 

• Co-editor and -autor BIM books
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• The Built Environment

• The Construction Sector

Digital Twin topics by example
− Data Aquisition / Reality Capturing

− Micro: Sensors

− Meso: Bridges

− Macro: System of Systems: Road Networks

Academic Teaching

• Some tools

• IfcOpenShell-Jupyter-Notebooks

Some opinions & recommendations

Overview

The Challenges
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The Built Envrionment : Scale and impact

Elhacham, Emily, Liad Ben-Uri, Jonathan Grozovski, Yinon M. Bar-On, and Ron Milo. 

“Global Human-Made Mass Exceeds All Living Biomass.” Nature 588, no. 7838 

(December 2020): 442–44. https://doi.org/10.1038/s41586-020-3010-5.

https://doi.org/10.1038/s41586-020-3010-5
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• About  80% built before 1990

The Built Environment : State of the Products
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The Built Envrionment : Scale and impact

United Nations Environment Programme with International Energy Agency IEA. (2019). 2019 

Global Status Report for Buildings and Construction. ISBN 978-92-807-3768-4
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The Built Envrionment : Scale and impact

Dobbs, Richard, H Pohl, D Lin, J Mischke, N Garemo, J Hexter, S Matzinger, R Palter, and R Nanavatty. 

“Infrastructure Productivity: How to Save $1 Trillion a Year. McKinsey Global Institute.” McKinsey Co 

January, 2013. 



Facilitating Digital Twins 

Jakob Beetz eduBIM 2021 

9

The Built Envrionment : Scale and impact

Dobbs, Richard, H Pohl, D Lin, J Mischke, N Garemo, J Hexter, S Matzinger, R Palter, and R Nanavatty. 

“Infrastructure Productivity: How to Save $1 Trillion a Year. McKinsey Global Institute.” McKinsey Co 

January, 2013. 
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The Construction Sector: !Innovation

Welcome to the building industry!

idea: A. Kiviniemi. Image Sources:

[Dailymail 2015], [Protocars 2015] [Uregiana 2015]
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The Construction Sector: People
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The Construction Sector: Productivity

Source: OECD (2021), "Productivity and unit labour cost by 

industry, ISIC Rev. 4", OECD Productivity Statistics

(database), https://doi.org/10.1787/data-00687-en
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The Construction Sector: Digitalization

Manyika, et al ,2015  “Digital America: A Tale of the Haves and Have-Mores.”

Source: unknown. Cobie Man "Lyle" from Bill East 

presentation 

https://www.youtube.com/watch?v=MKdjdc2IxfE&feature=youtu.be
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• Multiple gaps between what is designed / 

simulated / "twinned" and how it actually

perfoms!

The Construction Sector: Building Performance Gaps

source:carbonbuzz.org
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The Construction Sector: Corruption
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1. What is what: Acquisition of information from static model to 

"living" Twin for the existing environment
▪ inventory: what do we have, what is it made of?

▪ different models at different levels of scale, 

▪ with design intent (not just "what we see")

2. how are things? status monitoring 
- by the minute

- by the day

- by the year

- throughout an ownership lifecycle

- across generations (!)

3. who else is out there?
− Connect, align, map

− orchestrate systems of systems

4. Planning
− informed decision making based on the above

How can Semantic Digital Twins for the BE help?
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• Positioning Paper "Enabeling an 

Ecosystems of Digital Twins", 2020
− Jakob Beetz, Aachen University 

− Léon van Berlo, buildingSMART International

− André Borrmann, The Technical University of Munich

− Mark Enzer, Mott MacDonald/the Centre for Digital Built Britain

− Christian Frey, Siemens

− Ulrich Hartmann, Oracle

− Wolfgang Hass, Siemens

− Aidan Mercer, buildingSMART International

− Frank Weiß, Oracle

− Natalie Weiß, Oracle

Semantic Digital Twins in the Built Environment

illustration: David McNamara, Oracle

buildingSMART

https://buildingsmart-1xbd3ajdayi.netdna-ssl.com/wp-content/uploads/2020/05/Enabling-Digital-Twins-Positioning-Paper-Final.pdf
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Digital Twins for the built environment: Lifecycle concepts

Source: Bormann, König, Koch, Beetz 2015

Construction

Planning

Operation

Design

Refurbishment

Demolition

Facility Management, Maintenance

Cost estimation
Variant Design

Simulations, Calculations

Construction site logicstics

4D Simulation

Cross-domain coodrination

Conceptional Design

Spatial allocation

Recycling

Revitalization

Accounting

Building Information Model
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Linked, heterogeneous Building Information Modelling – BIM 

Interoperability buildingSMART IFC and beyond
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Semantic DTs: interlinked, interoperable information : W3C Linked Data for DT
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Semantic DTs: interlinked, interoperable information : W3C Linked Data for DT

Breaking out of the silos…
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Linked Data and legacy Building Information Models

C
o

n
n

ec
te

d
n

e
ss

Specific to the Built Environment

http://www.okstra.de/
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Greetings from the past : Reasoning with Linked Data | Semantic Web [Beetz 2006]

CAAD package
User Agent

Partial Model 

Extraction

IFC Ontology 

ifcOWL

ifcOWL Instance 

Model

Designer

Performance 

analysis

from simulation

Simulation agent

IFC to ESP-r 

model converter

ESP-r simulation

ESP-r

model

Negotiation agent

Reasoner

ifcOWL partial Model with 

sufficient spatial relations

ifcOWL partial 

Model with 

incomplete 

spatial 

relations

Inference rules

ifcOWL partial 

Model with 

incomplete spatial 

relations
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ifcOWL official buildingSMART standard
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Validation of pre-alignments by experts/crowds

http://bw-dssv19.bwk.tue.nl/interlink/

http://bw-dssv19.bwk.tue.nl/interlink/
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Linked DT Data Breaking out of the silos…
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Future: Linked DT Data Information Container Document Delivery – ISO 21597

[Beetz et al 2015]
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Source: [Fisher et al 2018] BDD100K: A Diverse Driving Video Database with Scalable Annotation Tooling

Digital Twins Reality Capturing:
Why we need more annotated data
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3

0

source: [van Schaijk 2016]
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Publicly available dataset Schependomlaan
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Publicly available dataset Schependomlaan
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[Vermeulen, 2019]

file:///d:/jakob/teaching/B4/2019SS/2019_lukas_vermeulen/190705_BA_LukasVermeulen_Video.mp4
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Massive PC Data for DTs in IFC with HDF5

Krijnen, Thomas, and Jakob Beetz. 2017. 

“An IFC Schema Extension and Binary 

Serialization Format to Efficiently Integrate 

Point Cloud Data into Building Models.” 

Advanced Engineering Informatics 33 

(Supplement C):473–90. 

https://doi.org/10.1016/j.aei.2017.03.008.

https://doi.org/10.1016/j.aei.2017.03.008
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[Schulz 2019], [Schulz & Beetz]
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CAIA: Image Aquistion for existing buildings

Schulz, O. & Beetz, J. (2019) Context-Aware Image 
Acquisition Approaches for Renovation Building 
Process Using AR and Linked Data7th Regional 
International Symposium on Education and Research in 
Computer Aided Architectural Design in Europe 

0
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MSc thesis Julian Dorow SoSe 21

Cost estimation using AR on Tablet



Facilitating Digital Twins 

Jakob Beetz eduBIM 2021 

40

MSc thesis Julian Dorow SoSe 21

Cost estimation using AR on Tablet



Facilitating Digital Twins 

Jakob Beetz eduBIM 2021 

41

• Integration of existing heritage data

structures

MSc Thesis Felix Hüning SoSe 21
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Future: Linked DT Data – SAREF [Poveda 2019]

• Legacy sensor integration

• RDF transformation sensor DB into SAREF

• Interlinking into ifcOWL model SPARQL queries

• [source http://www.oeg-upm.net/]

This material is partially based on “Extending the SAREF ontology for building 

devices and topology” by María Poveda Villalón and Raúl García Castro”
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• Semantic Sensor Network Ontology

• W3C Recommendation 19 October 2017

• self-contained core ontology called SOSA (Sensor, Observation, 

Sample, and Actuator)

• Has PROV-O alignment to capture provenance

Future: Linked DT Data – SSN Semantic Sensor Network Ontology

Image source: www.kossmanndejong.nl
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Future: Linked DT Data – SAREF case study [Yu 2016]

• Integration of 48 legacy 

sensors

• RDF transformation 

sensor DB into SAREF

• Interlinking into ifcOWL

model

• SPARQL queries over 

many parameters
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• Kalpoe, Rakesh (2016): The integration of domain-specific building data 

using linked data. MSc Thesis (prospective)

• Scheduled compliance checks in performance-based (DBFMO) 

contracts.

• Example: Room sensor data for National Military Museum, Soest

• Use of DUL, SSN, QUDT ontologies augmented with custom 

Requirements ontology

Future: Linked DT Data – SSN case study [Kalpoe 2016]

Image source: www.kossmanndejong.nl

rdfs:SubClassOff

SE

XSD

se: specifiesBoundaries

se: categorizedBy

se: specifies se:ResponsibilityFor

rdfs:SubClassOff

rdfs:SubClassOff

se:lowerBoundary

se:upperBoundary

XSD: Float

rdfs:SubClassOff

rdfs:SubClassOff

XSD: Float

se:Unit

XSD: String

se: Condition

se: Room se: Requirement se: Organization

se:QuantityValue

owl: Thing
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The Concept

Design Phase Construction Phase Use Phase

Repair and Maintenance Planning

Figures: (in read direction) 5, 6, 7, 8, 9, 10, 11

MonitorPlace Sensors and Receiver

Digital Model

Signal Converter
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SHM Viewer
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Demonstration

Viewer: https://christine-lappe.github.io/christine-lappe.github.io/embeddedDemos/assign_color_to_object.html
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User Surface and Interaction
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Use cases: Predictive maintenance

SIB-Bauwerke
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TwinGen

Linking and long-term DT for SIB-BW graph with IFC Model, Pictures, Plans

Convert IFC Model to LBD Graph   

(IFC  WL, B T,…)

Mapping of IFC (Bridge) Ontology to

ASB-ING Ontology

Linking of building elements intances

between SIB-BW and IFC OWL graph

Creating ICDD Structure for SIB-BW 

Data, Model, Pictures, Damages..

Linking Damage Pictures to

building elements

Locate damages in the model, Link 

between damages and elements

Data

SIB-BW, 

Tabular

Daten

Legacy 

Documnts / 

Draings
Inspection

Photos Data

Point cloud

measurements

Ontologie

ASB-ING 

Schema

Ontologie

Damage 

Topology

Daten

IFC Modell

Ontologie

ifcOWL

Graph

Instance 

Model

Gefördert durch:

Göbels, Beetz (2021). Conversion of legacy domain models into ontologies for 

infrastructure maintenance. In Proceedings of the 9th Linked Data in Architecture and 

Construction Workshop.
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Index

Ontology resources

Payload documents

Payload triples

ICDD Container
ISO 21597

ICDD Container Structur

Links.ttl

ASB-ING Ontology

Container Ontology

XC0MMCPQ_Schaden

a ct:Internal Document

Linkset Ontology

a ct:Link Element

XYZ_Bild

a ct:Internal Document

a ct:Link Element

Link01

a ct:Link

ls:hasDocument

ls:hasDocument

ls:hasLinkElement

ls:hasLinkElement



Facilitating Digital Twins 

Jakob Beetz eduBIM 2021 

52

inst:wall_4e99b1ef-d1cf-4df6-824b-1b26b5836045
a bot:Element ;
props:baustoff_simple "Stahlbeton" ;
props:bauteilklassifikation_simple

"N_WDL_SA" ;
props:betonguete_simple "C30/37" ;
props:betonstahl_simple "B500B" ;
props:bewehrungsgrad_simple "149.74"^^xsd:double ;
props:bezeichnung_simple "Widerlager" ;
props:einheit_simple "m\\X2\\00B3\\X0\\" ;
props:expositionsklassen_simple

"XC4 XD2 XF2 WA" ;
props:globalIdIfcRoot_attribute_simple

"1EcR7lqSzDze9B6oQrWs15" ;
props:iFCBauteilklasse_simple "IfcWall" ;
props:klassifikation_simple "Widerlager" ;
props:lOD_simple "400."^^xsd:double ;
props:lebensphase_simple "Neubau" ;
props:modellelement_simple "N_WDL_SA_01" ;
props:nameIfcRoot_attribute_simple

"Widerlager" ;
props:objektname_simple "Wand" ;
props:richtzeichnung_simple "Fl\\X2\\00FC\\X0\\ 1, Bild 1" ;
props:standardleistungsnummer_simple

"12.914.2/110 09 08 05 01 TA" ;
props:volumen_simple "436.72"^^xsd:double ;
owl:sameAs inst:IfcWall_48304 .

Linking SIB-BW Graph with IFC Model

ifcOWL

Graph

LBD

Graph

IFCtoLBD

Converter

(Jyrki Oraskari)

SIB-BW Graph

IFC Model
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Linking SIB-BW Graph with IFC Model

IFC OWL 

Graph 

SIB-BW Graph

LBD Graph
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Linking SIB-BW Graph with IFC Model – Mapping of classes and elements

IFC OWL Graph

(Instance) 

SIB-BW Graph

(Instance)

ASB-ING Ontology IFC (Bridge) Schema / 

ifcOWL Ontology

rdf:type
rdf:type

asb:Balken

ifc:Beam
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Linking SIB-BW Graph with IFC Model – Mapping of classes and elements

IFC OWL 

Graph

Right

Left

Oberhausen

Frankfurt
9.

SIB-BW Graph

(Instance)

ASB-ING Ontology

rdf:type

asb:Balken

asb:Schaden

ifc:Beam

inst:IfcBeam_22787

IFC (Bridge) Schema / 

ifcOWL Ontology

XC0MMCPQ_Schaden

XYZ123_Balken
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− Find a route for a heavy freight transport across different countries

− Query traffic cameras along international roads → traffic forecast

− Orchestrate construction and maintenance work across major transportation axes in Europe

Use cases: Linked Road information models

Example use cases:

[Beetz & Borrmann 2018]
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• German Road Data Model

• Very comprehensive data model

• More than 3,800 entities, 

14,000 attributes

• Covers design, condition, maintenance, equipment, 

traffic, accidents, etc.

• Mandatory in public projects

• Implemented in commercial products

• Modelled in UML, 

mapped to XML-Schema

• Geometry: GML

• German denominators

OKSTRA → okstraOWL



Facilitating Digital Twins 

Jakob Beetz eduBIM 2021 

59

• Ontology of the Dutch 

Ministry of Transport
− Multiple domains, including roads

• Part of the Dutch BIM for Roads practice

• Defined in OWL

• Describes network, roadway, layers

• Geometry outsourced to common GML format 

and linked in containers

• Lin ed to national “upper ontology” Concept 

Library CB-NL

Rijkswaterstaat Object Type Library (RWS-OTL)

source: https://otl.rws.nl/publicatieomgeving/#/

https://otl.rws.nl/publicatieomgeving/#/
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Linking okstraOWL and RWS-OTL

owl:sameAs

owl:equivalentClass

▪ Semantically strong links almost never applicable

▪ Weak semantic links prevent incorrect inferences

▪ Automated pre-alignment useful but not sufficient

Strassenkante

Weglink

Explicit linking
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• okstraOWL and CB-NL instance data 

• Additional classifications of road sections through schema mappings 

and SPARQL rules

• Graphs of > 140 Mio triples 

• Queries across (physically distributed) graphs

Linked Data in Road Construction: Scenario 1: 
Explicit mapping of RWS-OTL and OKSTRA data sets

[Beetz & Borrmann 2018]
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• Integration of LOD2 CityGML data sets 

(Open Geo Data NRW federal state)

• Intensive use of GeoSPARQL functionalities

• “Retrieve all kindergardens with a distance < 100m to highways“

Scenario 2: 
Implicit mapping OKSTRA with CityGML

[Beetz & Borrmann 2018] [Zheng 2017]
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Design Computation Curriculum in Arch. B.A.

Kontext im Curriculum des Bachelor Architektur

• [Borrmann König, Koch, 

Beetz 2015] auf Bew & 

Richards basiert

DC.B

4DC. M1, M2, M3
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Design Computation Curriculum | Bachelor

DC.littlebim

DC.BIGBIM

BIM.

Basic

Excercises

LecturesDC.start
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Design Computation Curriculum | Master

Lectures

• Advanced Fundamentals of Building Information Modelling

• GIS-Box: DataFactory (Blended Learning)

Projects

• Design Driven Project (Construction & Robotics)

• TCR Design Project (Transforming City Regions)

• DC.Prototype, Intelligence & Buildings,  

• M1, M2, M3

• Short infos: RingFrei, Virtuelle JAA, Fahrradparkaus

excercies

• BIM.Basic (Auflage), PixelStudio, Allplan….
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IfcOpenShell Programming in Jupyter Notebooks

https://github.com/jakob-

beetz/ifcopenshell-notebooks

https://github.com/jakob-beetz/ifcopenshell-notebooks
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IfcOpenShell Programming in Jupyter Notebooks
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IfcOpenShell Programming in Jupyter Notebooks
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IfcOpenShell Programming in Jupyter Notebooks

Student Reports
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Linked Data BIM / DT Programming

Basics of

- RDF(S), Linked Data

- SPARQL

- RDFLib (Python), Jena(Java)

- Node Red

https://github.com/linkedbuildingdata/SummerSchoolOfLDAC/
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• Imagine if bricks formats would be reinvented over and over

• Your laptop contains 250+ standards
− 44 % by consortia

− 36 % by formal standards organization

− 20 % by single companies

− 75 % Reasonable and non-discriminatory (RAND) terms, also known as fair, 

reasonable, and non-discriminatory (FRAND)

− 22 % royality free

− 3 % patented

Why standards matter

Biddle, Brad and White, Andrew and Woods, Sean, How Many Standards 

in a Laptop? (And Other Empirical Questions) (September 10, 2010). 

Available at SSRN: https://ssrn.com/abstract=1619440 or 

http://dx.doi.org/10.2139/ssrn.1619440 

https://ssrn.com/abstract=1619440
https://dx.doi.org/10.2139/ssrn.1619440
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• Standardized static DT (BIM)
− Industry Foundation Classes ISO 16739-1:2018

− buildingSMART Data Dictionary bSDD ISO 12006-3

− Properties and QA for bSDD – PPBIM ISO 23386

− HVAC VDI 3805

• Augmenting DT with standardized dynamic data
− Data Protocols for building-specific IoT

▪ BPS, BAS

- BACNet (ISO 16484, ASHRAE SSPC 135)
- MVD for BACNet

- KNX ISO/IEC 14543-3

- Simulation interoperability Annex 60, FMI 2.0

▪ SHM

- OASIS MQTT and Geo MQTT 

▪ Products

- Product Catalogues ISO 16757

Semantic DTs for the Built Environment: Overview 

• Semantic Enrichment and Organization and integration of 

heterogeneous DT data 
− OpenCDE API DIN SPEC 91391

− IDM ISO 29481-2:2012

− Multimodal Multi-models and ICDD ISO 21597-1:2019

− W3C SSN

− SAREF

− Linked Data, data silos and the long run: W3C RDF, OWL, SPARQL,  JSON-

LD, XML

− Solid

• Long term access to DT data
− Long Term preservation and the OAIS ISO 14721:2012

− Blockchain, Interplanetary File System IPFS
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ISO DIS 23247-2:2019 Automation systems and integration — Digital Twin framework 
for manufacturing 
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• Make compatibility with agreed upon OPEN

standards part of contracting (manufacturers, home 

automation, Facility Mangers, construction 

companies, HVAC engineering). 

• Create common, reusable reference IDMs (UCs, ER,  

EIR/MVD …) , for common use cases (Energy use in 

buildings, Structural Health Monitoring of 

infrastructure assets, construction logistics monitoring 

etc. 

• Extend in separate models, standards, descriptions 

only where necessary

• Agree on common decomposition and aspect model 

views (e.g. building, storey, space) 

How should Semantic Digital Twins for the Built Environment, such that …

… standardised yet extensible?
• Simplicity, reduction of complexity, transparency

• Privacy for personal data – home automation highly 

dependent on user behavior patterns

• include provenance information (data stemming from 

which sensors? measured how? date of last 

calibration? tolerances, margins of error?

• Move to collaborative, open source development

(Git etc.)

• Release early, release often
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• reuse and integrate existing standards
− Alignments and mappings of existing 

• AEC/FM standards (IFC, gbXML, CityGML, BACnet ISO 16484-5, 

KNXm, LOD), 

• IoT protocols (HTTP, WebSockets, CoAP, MQTT, XMPP and 

WebRTC), modelling of sensor meaning SensorML, SSN ect.) and 

• Information Archival Strategies (ISO 14721:2012, OAIS)

• agree on common mappings, best practices and usage patterns

• publish reference data sets, 

• specify quality standards, certification and testing

How should Semantic Digital Twins for the Built Environment, such that  they are…

… able to address key use cases directly and 

specialty use cases with extensions?
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• Look at what is proven, simplify, embrace bottom up 

developments: e.g. JSON, JSON-LD, REST

• Specify simple, domain-specific APIs 

• move out of proprietary silos, use simple 

representations at least as derived

• stick strictly to protocols 

• secure and encrypt with authentication layers (OAuth 

etc.)

How should Semantic Digital Twins for the Built Environment, such that they are…

… cloud and computationally friendly?
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• Decentralize

• Look at what is proven, simplify, embrace bottom up 

and community developments and best practices: e.g. 

JSON, JSON-LD, REST, GraphQL

• Test-driven development

• Do not rely only on low-level technologies only 

(sharding etc.) 

• create common references

• include provenance information 

• checkums/fingerprints in aggregators for authenticity 

How should Semantic Digital Twins for the Built Environment, such that they are…

… scalable and verifiable?
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Thank you
j.beetz@caad.arch.rwth-aachen.de

source 7-set Venn diagram:

[Ortiz 2013]
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Semantic Digital Twins on the Building level : BIM4Ren 
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Semantic Digital Twins on the Building level : BIM4Ren (1 

Project : 2018-2022

Easy-to-use BIM tools and workflows for

collaborative and energy-efficient

renovation of residential buildings

Consortium: 23 partners from 10 

European countries

Coordinator: Nobatek/INEF4

Duration: 48 months

Start: 1st Oct 2018

Budget: 7M€

H2020 G.A. 820773
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H2020 G.A. 820773

Data collection

WHAT IS THE 
EXISTING DATA 
?

BIM4Ren CONCEPT

Year?

Local regulation?

Cost € ?

Energy performance?

Geometry?

Stakeholders 
expectations?

Type of occupants ?

Renovation potential ?

State of the existing
infrastructure ?

Data 

Management

Data- driven design

Stakeholders involved in the 
renovation

H2020 G.A. 
820773
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H2020 G.A. 820773

Data collection

WHAT IS THE 
EXISTING DATA ?

BIM4Ren CONCEPT

Data Management

Data- driven design

Stakeholders involved in the renovation

1. To create the BIM model
2. To organize, consolidate, secure
3. To exploit the BIM model

Digital inputs

H2020 G.A. 820773
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H2020 G.A. 820773

Data collection

WHAT IS THE 
EXISTING DATA ?

BIM4Ren CONCEPT

Data Management

Data- driven design

Stakeholders involved in the renovation

Exploit 

BIM

1. To create the BIM model
2. To organize, consolidate, secure
3. To exploit the BIM model

Digital inputs

H2020 G.A. 820773
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H2020 G.A. 820773

BIM4Ren CONCEPT

BIM4REN ONE STOP ACCESS 

PLATFORM

Data collection

Data Management

Data- driven design

Stakeholders involved in the renovation

H2020 G.A. 820773
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Proposed BIM4Ren Data Model

7

isA bot:Element

isA sot:SystemElement

isA

dot:DamagedElement
_:Boiler#

1 isA int:Element
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BIM4Ren Architecture
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BIM4Ren Architecture

Legend
WP6 One-Stop Access Platform

WP4 Distributed BIM Repository

WP3/WP5 Tools and Services

App App

App

App

App

BB BB
BB

BB

BIM DB

DB

DB

BIM DB

BIM DB

App

BB

BIM DB

DB

Application/

service

Database 

(non-BIM)

BIM Bot

BIM

Database

• File-based: IFC-SPFF, ifcOWL/B4R-DM-JSON-LD

• Direct access-based: SPARQL / GraphQL-LD

Applications/services & BIM Bots

• implemented as “ penAPI micro services”

• deployed in Amazon Web Services (AWS) & CSTB KROQI cloud platforms

Maestro

BB

“ rchestration”
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BIM4Ren Architecture


