












Tanslation from English into Dutch by P. J. Teerds - SAMENVAT-
TING:

Dit onderzoek richt zich op een kritische beoordeling van computerg-
estuurde systemen in het domein van de architectuur, met betrekking
tot de verwerving van aspecten van intelligentie. Digitaal aangestuur-
de architectonisch ontwerpprocessen worden geclassificeerd op basis
van procedurele en objectgeoriënteerde studies. Verder worden meth-
oden van digitaal ontwerpen geïntroduceerd, die gebaseerd zijn op in-
telligente computergestuurde systemen. Deze methoden impliceren
de ontwikkeling van software-prototypen, om het ontwerpproces te
ondersteunen. 

Het eerste hoofdstuk geeft een overzicht over de stand van zaken in
het veld van de computergestuurde instrumenten en processen. Het
tweede hoofdstuk gaat in op de invloed hiervan op ontwerpconcepten
en -methoden. Dit onderzoek poogt een antwoord te geven op de
vraag hoe aspecten van intelligentie in ontwerpsystemen opgenomen
kunnen worden en op welke manier dit het proces en het ontwerp kan
beïnvloeden. 

De intelligente software-prototypen, die in dit onderzoek ontwikkeld en
in de praktijk en in ontwerpstudio's getest zijn, worden door de TU
Delft verder ontwikkeld in ontwerp- en onderzoeksprojecten. Obser-
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vaties, hypothesen en theorieën zijn in dit onderzoek methodologisch
beproefd door middel van praktische experimenten in internationale
workshops. De software-prototypen zijn voornamelijk ontwikkeld en
getest op de TU Delft. 

Aan de experimentele beoordeling en classificering van de comput-
ergestuurde systemen in relatie tot de opgenomen aspecten van intel-
ligentie, voegt dit onderzoek een beschrijving van de ontwikkeling van
prototypen toe, zowel in tekst, als ook in afbeeldingen, tabellen en dia-
grammen. De software-prototypen, die binnen het onderzoek
ontwikkeld zijn, zijn geïmplementeerd in Java door middel van het ge-
bruik van de open-source 'Integrated Development Environment
Eclipse' in combinatie met de bibiliotheek en 'OpenGL Application
Programming Interface for 3D rendering' van Processing; deze kun-
nen geraadpleegd worden op website www.hen-ro.eu. 

Het onderzoek richtte zich op de aspecten van intelligentie, die op-
genomen zijn binnen de computergestuurde instrumenten en proces-
sen en hun invloed op het architectonisch ontwerp. De nadruk lag
daarbij niet op de representatie, maar op de capaciteit van de comput-
ersystemen om complexe berekeningen binnen het domein van de ar-
chitectuur uit te voeren. De focus lag op complexe systemen, waarbij
de complexiteit gedefinieerd wordt door de veelvoud aan interacties
binnen architectonische sub-systemen, zoals de fysische en sociaal-
technische systemen. 

De software-prototypen, samengevat in een systeem met de naam
SpaceCustomizer [SC], functioneren als een Expert System [ES] en
tonen verschillende gradaties van intelligentie, afhankelijk van de
complexiteit van de specifieke taken van de prototypen. Het basisniv-
eau van intelligentie is de intelligentie van de op automatische beweg-
ingen gebaseerde SpaceGenerator [SG]. Verder gevorderde niveaus
van intelligentie dragen aan de ene kant bij aan interactieve ruimtelijke
veranderingen, door de toepassing van Artificial Intelligence [AI], met
name door het gebruik van 'computer vision and sensor-actuator'
technologieën. Aan de andere kant vergemakkelijken de prototypen
de automatische ruimtelijke opzet, waarbij gebruik wordt gemaakt van
Boolean Satisfiablity [SAT].  

De ontwikkelde software-prototypen zijn specifiek gerelateerd aan ge-
ometrie, beweging en functie. De kwesties die gerelateerd zijn aan de
vorm, structuur en materiaal zijn alleen in de context betrokken,
waarmee de bredere context van de geometrie, beweging en functie,
zoals deze onderzocht en verkent zijn, weerspiegeld wordt. 
De geometrische aspecten duiden aan de ene kant op de omzetting
van een op 'NURBS' gebaseerde in een 'voxelized' geometrie en aan
de andere kant op de transformatie van een door NURBS oppervlakte
naar een in driehoeken opgedeelde oppervlakte. 

Geometrie, met name de niet-euclidische geometrie, en beweging
worden waargenomen als onderling verbonden fenomenen omdat be-
weging speelt binnen dit onderzoek een rol als ruimte-gerenerende



kracht. Verder is de functie onderling verbonden met de beweging.
Beweging in een ruimte kon daarom vastgesteld worden door de met
haar samenhangende functie en is opgenomen in functionele object-
en. Een etenswaren-kiosk, die in dit onderzoek als casus is genomen,
vraagt bijvoorbeeld om een specifiek aantal toepassingen om het op
deze manier te laten functioneren. Deze toepassingen zijn echter al-
leen bruikbaar als de ruimte die nodig is voor de operatie ook beschik-
baar is. 

De ontwikkelde software-prototypen verstrekken elkaar daarom op
een fundamenteel niveau de benodigde informatie. De functie beïnv-
loedt immers de beweging, de beweging beïnvloedt het gebruik van
de functie en beide beïnvloeden op hun beurt van binnenuit de geom-
etrie van de ruimte. 

De prototypen opereren semi-automatisch. Complete automatisering
van ontwerpproces, van het idee tot het daadwerkelijke bouwen, is ni-
et toepasbaar:. Allereerst omdat dit even complexe berekeningen
vergt, als het proces zelf en bovendien is de totale automatisering, als
het al geïmplementeerd kan worden, onuitvoerbaar. Niet alle taken
worden door computers beter opgelost dan door mensen. Computers
hebben bijvoorbeeld geen 'common sense'. Daarentegen zijn ze in
staat complexe berekeningen in relatief korte tijduit te voeren. Neem
bijvoorbeeld Combinatorial Optimization, zoals in dit onderzoek geïm-
plementeerd is. Dit impliceert niet alleen de berekening van alle
mogelijke, maar ook de best mogelijke ruimtelijke combinaties van
functies in programmatisch ontwerp. Terwijl architecten het misschien
moeilijk vinden een overzicht over de functies, hun bijbehorend vol-
ume en hun juiste positionering te houden, kunnen de functionele
delen gemakkelijk computergestuurd uiteengelegd worden, in
overeenstemming met de van te voren opgestelde regels een voor-
waarden. 

Computers zijn daarom in dit onderzoek vooral gebruikt in de domein-
en waar ze het ontwerpproces verrijkten door machinematige intelli-
gentie op te nemen. Hiermee compenseerden ze de menselijke
besluitvorming op de momenten dat deze begrensd is of overvraagd
wordt. 

Intelligentie, die opgenomen is in computer systemen, maakt de con-
tinue interactie tussen de ontwerper en de semiautomatische intelli-
gente ontwerpinstrumenten mogelijk; Deze instrumenten kunnen
daarom alleen als ondersteuning voor de ontwerper gezien worden. 

De software-prototypen, die in dit onderzoek ontwikkeld zijn, zijn
getest in de casus van de eerder genoemde etenswaren kiosk. Voor
deze kiosk zijn niet-euclidische ruimten ontwikkeld, gebaseerd op de
patronen van beweging van een menselijk lichaam door de ruimte.
Bovendien is de functioneel ruimtelijke opzet geoptimaliseerd. 

Door het testen van de protoptypen zijn de meest relevante aspecten
van intelligentie vastgesteld. Deze zijn opgenomen in de zoekma-



chine, die ontwikkeld is voor de geautomatiseerde driedimensionale
indeling van functies in dubbelgekromde 'voxelized' ruimten .

De drie prototypen die in dit onderzoek ontwikkeld zijn, bevatten zowel
statisch-dynamische als ook interactieve concepten. Terwijl Space-
Customizer : FunctionLayouter [SC : FL] functies plaatst en SC :
SpaceGenerator [SG] ruimte dynamisch genereert door de beweging
van het lichaam in de ruimte te volgen, is de resulterende ruimte
statisch. SC : FL en SC : SG zijn daarom alleen in het ontwerpproces
gebruikt, terwijl SC : Space Interactivator [SI] niet alleen gebruikt is
gedurende het ontwerpproces, maar ook als de dynamische, interac-
tieve motor voor het controleren van interactie van gebouwcompo-
nenten en gebouwen.
 
SC : SG laat het statische tweedimensionale gezichtspunt op de
relatie tussen het  lichaam en de architectonische ruimte, zoals
breschreven in de Modulor [Le Corbusier, 1948], achter zich. Het ves-
tigt de aandacht op de dynamische en driedimensionale beweging
van een lichaam door de ruimte, die ruimte-genererende karakter-
istieken oplevert.

SC : SI laat de statische blik op de architectuur achter zich, door toe-
passing van interactieve architectuurprincipes [Oosterhuis, 2006].
Deze verschaffen een prototypisch instrument, dat de interactieve
verbinding legt tussen de beweging en dubbelgekromde gebouwen-
veloppen.

SC : FL verbetert het voorgaande tweedimensionale functional-
ruimtelijke onderzoek, door nieuwe benaderingen voor de zoektocht
naar optimale oplossingen voor de plaatsing in drie dimensionale
ruimten voor te stellen. SC : FL genereert, in vergelijking met andere
prototypen, zoals die van Loos en Wright [Flemming U. et al, 1992]
een functionele plaatsing op een vergelijkbare schaal en realistische
toepasbaarheid. Loos en Wright, echter, handelen slechts met de
plaatsing van functionele objecten in twee dimensies, terwijl SC : FL
de plaatsing in drie dimensies voorstelt. SC : FL verkavelt de functies
binnen een complexe, vrij-gevormde 'voxelized' geometrie, in plaats
van in een simpele orthogonale ruimtelijke geometrie. 

Toegepast op het ontwerpen van complexe driedimensionale struc-
turen behoeft deze software prototypen echter verdere ontwikkeling.
Somige delen van de prototypen zijn slechts conceptueel ontwikkeld,
terwijl anderen als software al zijn geïmplementeerd. Verder de toe-
passing op verschillende niveaus is nog niet uitputtend onderzocht.

Toekomstperspectieven voor het inregelen van intelligentie in comput-
ergestuurde systemen in architectuur duiden daarom aan de ene kant
op een intensiever onderzoek naar de ontwikkeling en het gebruik van
intelligente computergestuurde systemen in architectuur, en aan de
andere kant bewuste differentiatie tussen de problemen die opgelost
kunnen worden bij dergelijke middelen, afhankelijk van hun natuur en
schaal. Verder vereist het inregelen van de intelligentie in computerg-







Founded on the imperative to understand, evaluate and consciously
decide about the use of digital media in architecture this research not
only aims to analyze and critically assess computer-based systems in
architecture, but also proposes evaluation and classification of digital-
ly-driven architecture through procedural- and object-oriented studies.
It, furthermore, introduces methodologies of digital design, which in-
corporate intelligent computer-based systems proposing develop-
mentof prototypical tools to support the design process.

Vast references included in this research attempt to make this work-
self-contained: However, material which is too lengthy to explain, but-
which has been well documented elsewhere, has been either
onlyshortly mentioned or completely left out. 

While the first chapter enumerates state-of-the-art computer-based-
tools and processes, the second chapter engages in interpretative-
work dealing with the influence of those computer-based tools
andprocesses on design concepts and methods. The third chapter in-
tro-duces innovative work describing prototypical tools - developed
withinthis research - incorporating aspects of machinic intelligence.

This research atempts to answer questions regarding how aspects of
intelligence are incorporated in design systems and how these influ-
ence the design process and the design: Generative Design, for in-
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stance, has been focus of current design research and practice largely
due to the phenomenon of emergence explored within self-organizing-
systems, generative grammars and evolutionary techniques. 

In this context, system-embedded intelligence has often been re-
ducedto the mechanics of working with these systems. 

This research, in response, not only critically reveals what these tech-
niques offer architectural design, but also addresses challenges in-
their application and development. Its relevance as reference for de-
veloping an understanding for computer-based systems in relation
totheir incorporated aspects of intelligence has been meanwhile con-
firmed in projects implemented internationally. 

Furthermore, intelligent software-prototypes developed within this re-
search have been tested in practice and in design studios and will be-
further developed in prospective design and research projects  under-
taken at TU Delft.

Methodologically seen, observations, assumptions and theories have-
been verified in practical experiments implemented in international-
workshops, whereas, software-prototypes have been mostly devel-
oped and tested at TU Delft.

In addition to the experimental assessment and classification of com-
puter-based systems with respect to their incorporated aspects of in-
telligence, this research describes software-prototypes development.
This is presented in textual descriptions incorporating images, tables,
and diagrams as well as a self-starting presentation incorporatingmov-
ies delivered on an additional DVD. 

Implemented in Java using the open source Integrated Development-
Environment Eclipse in combination with open source libraries and
OpenGL Application Programming Interface for 3D rendering of the
programming environment Processing, software-applications devel-
oped within this research are not included as machine-readable exe-
cutables on this DVD, but will be published on the website www.hen-
ro.eu.

This research represents the result of 3 3/4 years intensive work sup-
ported and in part implemented by experts in programming such as
R.Schmehl, J. Galle, H. van Maaren, M. Heule, A. de Jong, N. Brouw-
ers, and G. van der Hoorn, T. Nakata, K. Steinfeld, D. Rutten and A.
Feldman. 

In addition, this research has benefited from the conceptual input of-
collaborators such as K. de Bodt and O. Vazquez- Ruano, as well as
the constructive critique of fellow researchers such as L. Sass, R. Ox-
man, and N. Biloria. 

It also has benefited from the support of A. Graafland, L. van Duin, M.
Schoonderbeeck, F. Geerts, P. J. Teerds, A. Kilian, M. Male-Alemany,



P. Marone, and D. Spencer. Last but not least, this research could not
have been implemented without the support and critical input of U.
Barbieri, K. Oosterhuis, and T. Knight as well as the active participa-
tion of students from TU Delft, TU Innsbruck, TU Karlsruhe, Roma
Tre, and HIAS Antwerpen. 





1. Tools and Processes:  

2. Concepts and Methods:

3. Visions and Perspectives:

1.1 Digital Design
1.1.1  Computational Tools: Topological Spaces, Isomorphical
Surfaces, Motion Kinematics and Dynamics, Parametric and
Generative Designs 
1.1.2  Computational Processes: Collaborative Systems, Build-
ing Information Modeling 

1.2 Digital Fabrication 
1.2.1 Computer-Numerically Controlled Processes: CAD-CAM

2.1 Typology 
2.2 Morphology [of the Double-Curved]  

2.2.1 De-Formation and De-Construction: F.O.Gehry and Coop
Himelblau
2.2.2 Software-Intrinsic Morphogenetic Features: Digital Design
Strategies - The Curvilinear and the Facetted 
2.2.3 Architectural Avant-Garde: Curvilinearity as Negation of
the Past - Euclidean and Non-Euclidean Geometries in Architec-
ture

2.3 Methodology
2.3.1 Diagrams > Patterns > Computations

2.4 Ideology
2.4.1 Principles of Digital Media Revisited 
2.4.2 Hyper- and Super-Modernity: Digitally-Driven Architecture

3.1  Organic-Inorganic Relations 
3.1.1 Machinic Reasoning: Artificial Intelligence, Human-Com-
puter Interaction
3.1.2  Cybernetic Organism

3.2  Semi-Automation

3.3 System-Embedded Intelligence

3.2.1 Semi-Automated Design and Fabrication Processes in Ar-
chitecture: Spacecustomizer - Geometry Triangulator and Un-
folder
3.2.2 Robotics

3.3.1 Software Prototypes: SpaceCustomizer - SpaceGenera-
tor, SpaceInteractivator, GeometryVoxelizer, FunctionLayouter
3.3.2 Spatial Prototypes: Motion, Interactive, Mass, and Func-
tional Spaces

1.1 - 1.6

1.6 - 1.7

1.7 - 1.12

2.1 - 2.2

2.2 - 2.2

2.2 - 2.6

2.6 - 2.9

2.9 - 2.10

2.11 - 2.14

2.15 - 2.22

3.1 - 3.2

3.2 - 3.2

3.2 - 3.10

3.10 - 3.12

3.12 - 3.44

3.44 - 3.48
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aproximate curved surfaces by increasing the number of polygons in
order to create smooth transitions. Decreasing the number of polygons
creates angular discontinuities in the surface accentuating its angular-
facetted character in opposition to a continuous curvilinear surface. 

Considering the transformation process as consisting of a series of
evolving spatial configurations, and the choice of a stadium in accor-
dance with targeted formal and programmatic conditions as being a
feasible methodology of design development and evaluation, the work-
shop gave insight into the influence of computer-based design tech-
niques on design. 

In this context, Shape Grammars provided a systematic approach to
the generation of designs: According to Stiny [1980] Shape Grammar
is defined as a set of rules based on shape, used to generate designs
by applying rules such as a->b where a and b denote shapes, and a
rule is applicable only if shape a is part of shape b.

In terms of Shape Grammar, the vocabulary used in the workshop con-
tained one initial shape: A cylindrical object - 1a. The spatial transfor-
mations applied to this object were multiplication, translation,
reflection, rotation, whereas the rules represented a selection of spatial
transformations chosen in accordance to the constraint that shape a is
part of shape b, which in turn is part of shape c. The rules consist of
three consecutive operations involving two spatial transformations -
multiplication and translation.

F2.02 shows the primitive 1a and its duplicate 2a in an axonometric
view. The extended duplicate is translated and positioned adjacent to
the primitive 3a. Operations such as parallel translation of the front-
face are shown in 3b and 4b in side and front views, whereas front face
translation, rotation, and torsion of primitive and duplicate are shown in
3c and 4c side and front view, respectively.

F2.02
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From analysis of the original to development of a replica and a mutant,
the process is based on the exploration of NURBS-geometries and de-
velopment of alternative designs through trans-FORMATIONS of the
digitally modeled object into so called MUTANTS. 

Considering the mutant a new organism resulting from a genetic
change in the parental type, the gene of the Denari-object can be seen
as the CURVE. 

Furthermore, assuming that curvilinear architecture is being developed
by generating space through following the movement of the body in
space based on ergonomic principles, the workshop implemented intu-
itively generation and modeling of the double-curved skin in accor-
dance to estimated movement within the proposed program. Basic
idea has been to generate space by following the movement of the hu-
man body, whereas the volumetrical outlines of the body in motion es-
tablish an initial framework for spatial development. 

The third part of the workshop focused on the implementation of the
digital into physical models: 

[3] Spaces implied the development of a coherent architectural space
and generation of physical models by means of contouring, whereas
contouring is a process in which supporting primary and secondary
structure is generated by sectioning the object. 

This process, basically, emulates the CAD-CAM fabrication process
and informs students about the implementation of complex non-Euclid-
ean geometries in architecture: While the physical model has been
considered a working model, which means that input coming from the

CIRCLE CENTER  

      ORIGINAL                                          REPLICA
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model has been taken in consideration to eventually change the de-
sign, the digital model contained all data and became source of fabri-
cation. 

Students employed intuitively principles of space-customization for the
development of a mutant named THE KIOSK. 

The space accommodates activities related to the operation of a food-
kiosk, wherein equipment and movement patterns have been estimat-
ed with conventional sketching methods. The inner-space accommo-
dates movement and operation of equipment components, which are
placed in the space located between the outer- and the inner-skin on
two levels accessible for users: 0.00-0.90 m and 0.90-1.80 m.

The NURBS-based space has a degree of spatial complexity, which
proves to be difficult to control on the operational level - how much
space is available for equipment components and their operation can
only be roughly estimated. 

The workshop showed that computer programs and their intrinsic mor-
phogenetic features are determining and influencing not only the de-
sign but also the design process: While experiments in digital design
offer clues to HOW software influences design and design processes,
new design strategies can be established by gaining expertise in the
creative use of software. 

The workshop employed a two-phase procedure: [1] DESIGN: 3D-
modeling, rendering, visualizing, and [2] FABRICATION: Contouring,
which implied construction of a physical model by extracting sections
from the digital model. 

While Denari developed his design based on circles, the workshop em-
phasized the use of NURBS: The workshop departs, therefore, from
modernist language as historical reference and rejects Euclidean-ge-
ometries, in order to explore NURBS.

Based on the premises that students had no preliminary knowledge of
the employed 3D-modeling computer program and the design task was
restricted to the transformation of an object designed by Denari, the
workshop established a link between design and software on the geo-
metrical-formal level. 

F2.07
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Students implemented 3D-modeling experiments revealing intrinsic
morphogenetic features of computer programs and their influence on
design: The developed experiments implied generation and control of
complex double-curved geometries, wherein deformation has been the
major focus. Control of deformation and manipulation of the NURBS-
geometry has been achieved by establishing a methodology in which
the volumetrical outlines of the body in motion generate architectural
space. Even though applied intuitively this methodology established
rules to generate and transform space. 

This workshop not only assessed 3D-modeling tools and their intrinsic
morphogenetic features but redefined strategies of design and en-
sured their implementation in education. 

The use of a case study, such as Denari‘s design has been supporting
the development of an initial understanding not only for design based
on curvilinear shapes but also for the difference between curves based
on circles and NURBS-geometries. It offered a primitive to start the 3D-
modeling with, connecting the learning of the software with the devel-
opment of the replica, reinforcing the idea, that software taught from
within a design task is beneficial for the associative learning process.

Computer-based design methodologies can be traced back to, inter
alia, Alexander’s pattern language [1977], Newell’s information pro-
cessing theory [1957], and Wolfram’s concept of computational equiva-
lence  [2002] that views any process natural or artificial as a computa-
tion of equivalent sophistication.

In this context, design is conceived as emerging from a process of de-
fining design problems by diagrammatically assessing recurring prob-
lem characteristics and identifying problem solutions, which are corre-
spondingly encoded in patterns. These, according to Alexander, not only
describe design problems but also incorporate generic solutions, which
describe spatial arrangements customizable to particular contexts. 

          MUTANT

2.3 Methodology
2.3.1 Diagrams > Patterns > Computations
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[8] Dynamic & Static Architecture: Projects such as Decoi’s Aegis Hy-
po-Surface and Hyperbody’s MuscleTower are prototypes for not only
dynamic but also interactive architecture: 

While the Hypo-Surface transposes an up-and-down movement of pis-
tons into undulating movements of a triangulated surface, the Mus-
cleTower is a structure rotating, bending and twisting in the 3D-space.

In addition to being dynamic, these prototypes are interactive, which
implies that they respond to external inputs; They incorporate sensor-
actuator technologies enabling them to interact with their surrounding
in a self-organized manner. The MuscleTower, for instance, incorpo-
rates movement-sensors. As soon as movement is detected in the
neighboring area the tower responds by twisting and bending in this di-
rection.

In this context, interactivity denotes responsiveness, and can be seen
as a communication process in which each message is related not
only to the previous messages exchanged, but also to the messages
preceding them.

If modernist architecture is about top-down control, digitally-driven ar-
chitecture is about integrating bottom-up organization in the design
process.

[9] Self-organization & Control: Self-organization refers to a process, in
which the organization of a system is not only generated but also in-
creases automatically without being controlled from outside. In archi-
tecture, the exclusive control of the architect has been in part replaced
by emergent design processes based on swarms, cellular automata,
and genetic algorithms. 

F2.15

















































P3.18

[2] Alternatively, SI [SpaceInteractivator] generates space interactively
by following the movement of the body in space: The input - movement
- is being electronically processed in such a way that the output repre-
sents a continuous, real-time modification of the space. 

For this purpose an on-site-built InterFace employing sensor-actuator
technologies enables translation of the recorded movement into spa-
tial configurations. The InterAction between the body and the architec-
tural space gives insight into, HOW the human body shapes space. 

Interactive Spaces have been explored in the project SpaceCustomiz-
er : SpaceInteractivator [SC : SI] within a workshop held 2006 at the
Henry van de Velde Academy in Antwerp.

BACKGROUND: At the time being large scale architectural projects in-
corporate interactive systems focusing on light. Kunsthaus in Graz, for
instance, has a light installation incorporating a matrix of fluorescent
lamps integrated into the acrylic glass façade enabling display of mov-
ies and animations. 

Small scale installations seem to target more complex configurations
such as dynamic, interactive systems: Glynn's project Reciprocal
Space [2005], for instance, is a room where the walls change shape in
response to inhabitant's movements. 

Similarly, Poenisch's Dynamic Terrain [2005] is an interactive surface,
which changes shape in correspondence to spatial and/or bodily re-
quirements in real time. Other projects such as Decoi's Aegis Hyposur-
face work with triangulated surfaces in a similar way. However,
Hyperbody's MuscleTower adds 3D-dynamics to the movement by en-
abling rotation and torsion of the structure.

All these projects work with input, processing and output tools, such as
sensors, camera tracking systems, projectors, speakers, and software
such as Macromedia Shockwave, Max/MSP, and Virtools. 

SC : SI uses Max/MSP, camera tracking, and projection to study and
implement double-curved space generation by following the move-
ment of the body in space. 

SC : SI
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order is achieved by defining distances between objects of the same
type and objects of different type, meaning that same type objects are
clustering while not related type objects disperse.

The development of this sub-tool involved several steps pertaining
spatial configuration: 

[2.1] Organization: Functional objects have configurable distances to
each other enabling them to group together or to spread out depend-
ing on which group they belong to.

[2.2] Structure: Objects are square or spherical and their orientation is
in a grid-like or radial structure, respectively. This enables develop-
ment of specific layouts.

[2.3] Representation: Relations between objects are represented as
magenta lines, when relations are established between grouped ob-
jects. Green lines indicate nearest object relations. This representation
enables reading and evaluation of the dynamic 3D-diagram.

[2.4] Databases: FunctionsDistributor uses three arrays pertaining to
the program of requirements, building regulations, which defines di-
mensions of the objects, and the master array, which is a dynamic ar-
ray containing all data about functional objects. 

[2.5] Min-max component number: Several tests have been imple-
mented in order to define a min-max number of spatial units. The max-
imum number of components has, however, dropped from 100-150 to
50-100 due to increasing complexity.  

Placement of all functions in 3D-space is controlled by FunctionsDis-
tributor:

SizeDefiner generates functions depending on their Building Regula-
tion values as well as their external placement defined by Functions-
Distributor or by the user/designer. 

This system enables adjustment of spaces to their surrounding spac-
es, whereas distances to other objects are defined by:

[1] Bounding-box, in which all functional objects are supposed to fit in,
establishing 3D-boundaries for the building to be designed. [2] Pre-
ferred distance to the nearest functional object, preferred distance to
the nearest object within its own functional group, and preferred dis-
tance to center and inside/outside boundaries follow the elastic-cord
principle: The bigger the distance, the harder the object tries to get to
the preferred distance. And [3] collision detection enforces at the mo-
ment an object touches another object that they both move for 0.1 sec-
ond in the opposite vectorial direction. 
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These values or combinations of values can be used by other sub-
tools running at the same time. Furthermore, they can be exported to
other programs:  Positions, dimensions and scale of objects can be ex-
ported to other 3D modeling programs such as Rhino, Maya, etc.  

The database, therefore, establishes connectivities between different
software and functions as a parameter-pool containing geometric and
functional data: A 3D-model developed with the BoundingBox sub-tool
could be saved to an online database, for instance, from which Func-
tionsDistributor would take data to generate a functional model within
the parameters defined by the 3D-model.

BR, therefore, is being used interactively and in combination with other
software, to achieve non-deterministically designs. It is a design sup-
port system, since it supports the user/designer in the functional lay-
outing process rather than prescribes a solution. 

Its current implementation, even though diagrammatic, demonstrates
an obvious capability to support functional layouting of large and com-
plex buildings based on swarm principles, ON CONDITION THAT glo-
bal optimization mechanisms are incorporated into it - which is the next
step in the development of this software. 

The inability to achieve a consistent functional layout with this software
prototype goes back, in part, to the definition of local optima: 

The software generates endlessly many local optima. It does not,
though, generate a global optimum.

The further development of this tool aims, therefore, to incorporate glo-
bal optimization mechanisms. It also aims to address issues related
not only to functional organization of space but also issues of spatial
coherency.
 
Section Contributors: D. Hoffers, M. Frederiks, and S. Korebrits script-
ed in Virtools SizeDefiner, FunctionsDistributor, and BoundingBox, re-
spectively. 
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A second call is then made to the SAT-solver, with an additional con-
straint that fixates the occupancy to the previously found maximum
value. During this second run, an ergonomic target is used, based on
the empirical findings formalized, inter alia, in the kitchen work triangle
by the Building Research Council.

The procedure that MiniSat+ uses to find the optimal solution is to find
an initial solution while ignoring the minimization function. It then com-
putes the value of the goal function, and adds a constraint that all new
solutions should be better. The solver then continues its search with
this new constraint. This procedure is repeated until no new results are
found, where the last result is the optimal one.

Ergonomic Rules: Since translating the kitchen work triangle target to
a pseudo-Boolean goal function would be too complex, a different ap-
proach has been chosen. An exhaustive search is performed for all dif-
ferent layouts of the sink, stove and refrigerator. This is implemented
by running the solver repeatedly, while adding constraints to exclude
sink-stove-refrigerator configurations that have previously been found.

RESULTS: FL90 generates 11 possible layout solutions from which 4
are optimal.  All 4 optimal solutions satisfy occupancy maximization as
well as SK, ST, and RF triangle optimization.

Generated solutions are shown as 2D-layouts at 0.90 m and 1.80 m
relative space height. The triangle spanning between SK, ST, and RF
shows gradient from possible to best possible solutions according to
the principle the smaller the triangle, the better the solution. 

The figure - F3.28 - shows one of the four optimal layouts for 90/90/90
voxelization resolution as 2D-representation of the levels at 0.90 and
1.80 m relative space height. Sub-optimal solutions are marked in the
table dark gray.

FlexFL30 generates 28 layout solutions incorporating about 23 differ-
ent triangle configurations from which all are sub-optimal, since the
maximum triangle edge length is exceeding 391cm. However, 9 trian-
gle configurations are close to optimal. 
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