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COMPLEX MODELLING
CITA / MARTIN TAMKE 



WHAT IS CITA



DESIGN BY NATURE 2019

ROBOTIC FABRICATION



DESIGN BY NATURE 2019

NEW MATERIAL PROCESSES
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BIG DATA AND MACHINE LEARNING
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A CHALLENGE TO MATERIAL PRACTICE

a new relevance ...



CRISIS OF SUSTAINABILITY:POPULATION GROWTH AND URBANISATION



WE ARE SITTING ON AN EXPONENTIAL CURVE



BY 2050, THE WORLD’S URBAN POPULATION IS EXPECTED TO NEARLY DOUBLE, MAKING  
URBANIZATION ONE OF THE TWENTY-FIRST CENTURY’S MOST TRANSFORMATIVE TRENDS.



OUR RELIANCE ON INDUSTRIALISED FABRICATION HAS FOCUSSED MATERIAL PRACTICE ON  
A SUBSET OF VERY SPECIFIC MATERIALS



WHERE WE FIND OURSELVES DROWNING IN PLASTIC...



...WE ARE RUNNING OUT OF BASIC AGGREGATES AND MINERALS...



Zero Increase in Productivity in Construction Industry

Construction

Industry



Challenge of status quo through Demographic Change

31% over 64 41% over 64

EU

World

Population aged 65 years and over, as % of population aged 15-64
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Three ideas:

- Adaptation
- Hyper optimisations
- Machine Learning



ADAPTATION AS MODELLING PARADIGM



THE RISE EDF Foundation Paris, Martin Tamke, David Stasiuk, Mette Ramsgaard and Hollie Gibbons



ISOROPIA VENICE BIENNALE 2018 Martin Tamke, Mette Ramsgaard Thomsen, Yuliya Sinke with AFF and Str.ucture







2019



ISOROPIA: HYBRID STRUCTURES: COMPRESSION AND TENSION



CITA Masterthesis: MODELLING A COMPLEX FABRICATION SYSTEM. Gabriella Rossi
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Three Communalities

- Integrated multiscalar modelling practice
- Agency – Automatisation and Machine Intelligence
- Feedback - awareness of Environment



Framing Research Projects

www.innochain.netwww.complexmodelling.dkwww.duraark.dk



INTEGRATION OF PROCESSES THROUGH THE DIGITAL CHAIN 

The Digital Chain



THE OPPORTUNITY OF FEEDBACK IN THE DESIGN CHAIN





THE INNOCHAIN PARTNERSHIP



INTERDISCIPLINARY & INTERSECTOR

FOSTER + PARTNERS -
ARCHITECTURE

STR.UCTURE -
ENGINEERING

S-FORM -
FABRICATION



Projects



PROJECT DESIGN: APPLIED RESEARCH <--> BASIC RESEARCH

E S R 9 - VAS ILY S I T N I KO V / I C E F O R M E D CO N C R E T E C AST I N G



ACADEMIA – INDUSTRY:
SHARED METHODS AND PRACTICES

ESR 2 - TOM SVILANS - ROBOTIC TOOLSET AT CITA AND INDUSTRIAL PARTNERS BLUMER LEHMAN















HOW ARE MODELS ORGANISED?
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Three Perspectives

- Integrated multiscalar modelling practice
- Agency – Automatisation and Machine Intelligence
- Feedback - awareness of Environment



Assembly Information Modeling (AIM)
Ayoub Lharchi, Mette Ramsgaard Thomsen and Martin Tamke

Institution
Center of Information Technology and Architecture (CITA)
Royal Danish Academy of Fine Arts – Copenhagen, Denmark





Source: Blumer Lehman



Source: Blumer Lehman



Source: Shigeru-Ban

Architects



Source: Blumer 
Lehmann



Courtesy: Design to Production





HOW CAN WE ENABLE ASSEMBLY DECISIONS IN THE 
EARLY DESIGN PHASES USING DIGITAL ASSEMBLY 

MODELS?



123





ASSEMBLY INFORMATION MODELING (AIM)



Source: Design To 
Production



127
Source: Design To 
Production







RELATION QUERIES:

Component

Spatial Relations

Issues

Documentation

QUERIES

Digital Assembly Model
(Database)

SQL
Results



AIM Core

Grasshopper Plugin

Rhino Plugin

Revit Plugin

ArchiCAD Plugin

CAD SOFTWARE

Digital Assembly Model

.NET Core Library .adm File



DIGITAL ASSEMBLY MODEL

Cloud-based 
Collaboration 

Augmented 
Assembly 

Automatic 
Assembly 
Planning

Robotic
Assembly

Automatic 
Joining

Algorithmic
Optimization

Potentials use of the Digital Assembly Model



CLOUD BASED COLLABORATION



BOM/
Cost Info

Design
CAD

Factory  
Management

Engineering  
Data

CRM
Customer  
Data

Usage  
Data

YOUR CONNECTED  
DATA

AUTODESK FORGE
DEVELOPER PLATFORM





AUGMENTED ASSEMBLY



DIGITAL ASSEMBLY MODEL

Autodesk Forge Platform Augmented Reality Device User

*.adm File

OVERVIEW OF THE AUGMENTED REALITY SCHEME
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Three Perspectives

- Integrated multiscalar modelling practice
- Agency – Automatisation and Machine Intelligence
- Feedback - awareness of Environment



Feedback: Semantically Poor and Rich Data

Carlsberg Brewery/Copenhagen Source LE34



source: J.-F. Hullo, G. Thibault, C. Boucheny (2015) Advances in multi-sensor scanning and visualization of 
complex plants: the utmost case of a reactor building. In: The International Archives of the Photogrammetry, 
Remote Sensing and Spatial Information Sciences, Volume XL-5/W4, 2015 

Global Time allocation for creation of Architectural Data from 3D Laserscans

Laser acquisition

Laser processing

RGB Acquisition
RGB processing

CAD reconstruction

Workflows with Point Clouds - The challenge



BIM

SCAN

IFD

bSI

image

ccs

dbk

bips

ifc

DURAARK 
Create semantic linkage with web technologies

BIM Scan Foto



Automatic Reconstruction - Point Cloud to BIM



Automatic Reconstruction - Point Cloud to BIM



Automatic Reconstruction - Point Cloud to BIM

359 scans
Screenshot from a subsampled version loaded into Volvox
(Rhino Grasshoper Plugin) with 84 Mio. Points



Automatic Reconstruction – Cad-Q Højskolan

Automatic reconstruction of BIM model from PointCloud.
Resulting BIM model (output as IFC Format).
Time needed for automated reconstruction: 10min per
Floor/Building



Detection of Spaces / Room Connectivity



Detection of Spaces / Room Connectivity

Autodesk Revit Solibri Model Checker



Detection of Spaces / Room Connectivity

Neighbor

0 1 2 3

654

Connection



Semanticaly aware Difference Detection

Point Cloud Data BIM

?



Semanticaly aware Difference Detection

Point Cloud Data BIM

?



Main Outcome: Tools and Techniques

Volvox for 
Grasshopper/Rhino
3259 Downloads within 1. 
Year

Research Prototype:
Automation of 3D-Scan to 
BIM processes

Point Cloud Identification of Elements and 
Spaces

BIM models
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Towards:

- Integrated multiscalar modelling practice
- Agency – Automatisation and Machine Intelligence
- Feedback - awareness of Environment


