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.abstract. 

This thesis is an exploration of digital technologies and their application in architectural design. It begins 
with a history of digital media in architecture and investigates the tools and techniques that are 
currently available. Particular focus is given to evolutionary design, a method of design that uses the 
neo-Darwinian model of evolution to solve complex ill-defined problems. Whilst solving many issues, 
evolutionary design is still being developed for architectural problems and as a result, this research 
looks at various different digital techniques including animation, scripting and the use of advanced 
CAAD software. 
 
A series of three experiments are conducted via a digital architectural design studio at the Faculty of 
Architecture, Design and Planning, The University of Sydney. Each experiment has a unique focus, 
allowing for a broad investigation into the subject.  
 
Experiments in Generative Design looks at methods of generating complexity through simplistic rules, 
resulting in unique architectural spaces and facades.  
 
Erosion and Cellular Automata explores the system of cellular automata, and uses nature as a vehicle 
for experimentation. The underlying rules and process behind the natural course of erosion are 
deciphered and encoded via scripting in the software Digital Project. The result is the generation of 
space that is similar to the sculptural forms seen in the slot canyons of Arizona.  
 
Finally, Erosive Fluidity explores the technique of animation and digitally controlled manufacturing to 
create a responsive system based in the city. A liquid form is given almost life-like behaviour, weaving 
through the city, causing and responding to events. A featureless city is transformed into a vibrant 
place, embedded with the life and energy reminiscent of an event and the reactions that occurred at 
some point in time. This final experiment shows the potential of using advanced machinery to construct 
unconventional 3D form and space. 
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There is an opportunity for a new type of architect to emerge; an architect that embraces the digital 
realm, fluent in the technique of programming, animation and advanced CAD /CAM software. Complex 
problems can lead to complex solutions and these can be constructed using digitally controlled 
machinery. Advancements in technology provide opportunity for efficiency, complexity and innovation 
in architecture and it is up to the architects of the future to thrive on this chance. This work 
demonstrates great potential in the use of emerging digital technologies for future architects. The 
experiments offer inspiration, innovation and a basis for further research into the architectural 
applications these systems offer. 



.contents. 

v 
 

.contents.  

 
acknowledgements ................................................................................................................... ii 
abstract .................................................................................................................................... iii 
contents .................................................................................................................................... v 
list of illustrations ................................................................................................................... vii 

PART ONE 

01 introduction  .......................................................................................................................................... 4 

02 review of related work  ...................................................................................................................... 6 

2.1 Computers and Design ........................................................................................................ 8 
2.2 Evolutionary Design ............................................................................................................ 9 
2.3 The Future ......................................................................................................................... 12 
 

PART TWO 

03 experiments in generative design  ...............................................................................................15 

3.1 Complexity in Design ........................................................................................................ 17 
3.2 Technology ........................................................................................................................ 18 
3.2 Complex Parametric Form ................................................................................................ 20 
3.3 Interactive Form................................................................................................................ 22 
3.4 Summary ........................................................................................................................... 24 

 

 



.contents. 

vi 
 

 

04 erosion and cellular automa ta .....................................................................................................25 

4.1 Nature and Design ............................................................................................................ 27 
4.2 Rocks and Geology ............................................................................................................ 28 
4.3 Cellular Automata ............................................................................................................. 29 
4.4 Erosion Script .................................................................................................................... 30 
4.5 Script Parameters.............................................................................................................. 31 
4.6 Script Analysis ................................................................................................................... 32 
4.7 Summary ........................................................................................................................... 37 

05 erosive fluidity  ...................................................................................................................................38 

5.1 Animation and Architecture ............................................................................................. 40 
5.2 The Story ........................................................................................................................... 41 
5.3 The System ........................................................................................................................ 50 
5.5 Manufacturing Complex Form .......................................................................................... 54 
5.6 Summary ........................................................................................................................... 60 
 

PART THREE 

06 conclusion  ............................................................................................................................................62 

6.1 Discussion ......................................................................................................................... 63 
6.2 Summary ........................................................................................................................... 64 
6.3 Further Work .................................................................................................................... 66 

07 appendi x ...............................................................................................................................................67 

08 references  ......................................................................................................................................... 139 

 



.list of illustrations. 

vii 
 

.list of illustrations . 

1. Evolutionary design has its roots in computer science, design and evolutionary biology. 
(Source: Bentley, 1999b, p 35) ........................................................................................................................ 9 

2. Searching for a solution in an example search space of house designs. (Source: Bentley, 
1999b, p 6) ...................................................................................................................................................... 9 

3. Four generations of evolving houses using a population size of four. Parents of the next 
generation are circled. (Source: Bentley, 1999b, p 6) ..................................................................................... 9 

4. Evolution of Tuscan columns by genetic algorithms John Frazer with Peter Graham, 
research assistant, 1993. (Source: Frazer, 1995, p 64) ................................................................................. 10 

5. Emergent forms under solar influence : Guy Westbrook, 1993 (Source: Frazer, 1995, p 64) ...................... 10 
6. Structure of Lego bricks generated by our evolutionary process. (Source: Funes and 

Pollack, 1999, p 394) ..................................................................................................................................... 11 
7. A hospital floor-plan design evolved by GADES. (Source: Bentley, 1999c, p 421) ........................................ 11 
8. One member of a family of designs. (Source: Janssen, 2006, p 58) .............................................................. 12 
9. A set of generated (but not evolved) designs. (Source: Janssen, 2006, p 60) ............................................... 12 
10. A 12-Point deformable closed spline. ........................................................................................................... 20 
11. Geometry duplicated at a set spacing. .......................................................................................................... 20  
12. A surface is lofted between the geometry creating space ............................................................................ 20 
13. Radius of closed splines changes regularly ................................................................................................... 21 
14. Radius of closed splines changes regularly, however the points have a limited freedom to 

create more complex form. .......................................................................................................................... 21 
15. Each point location can be placed at a random distance from the centre of the form. Two 

variations showing complete randomness in the form. ............................................................................... 21 
16. Initial Façade Surface .................................................................................................................................... 22 
17. Deformer Applied ......................................................................................................................................... 22 
18. Process repeated using curved geometry ..................................................................................................... 22 
19. A series of unique solutions based on the same system demonstrating variation in an 

unpredictable fashion.  The differences occur due to variations in the random values used 
to deform the initial surfaces. The form could be representative of architectural facades. ........................ 23 

20. Various Slot Canyons. Photos : Anand Muralidharan (Source : 
http://www.imprin tsoflight.com) ................................................................................................................. 27 

21. Various rocks with different characteristics.................................................................................................. 28 
22. Sandstone Canyon ........................................................................................................................................ 28 
23. Stratified Rock ............................................................................................................................................... 28 
24. High Density architecture for Aomori / Japan by Cero9 (Source: Herr C. & Kvan M., 2005, p 

254) ............................................................................................................................................................... 29 
25. Alternative cellular automata-generated versions of CŜǊƻфΩǎ ŘŜǎƛƎƴ ό{ƻǳǊŎŜΥ IŜǊǊ /Φ ϧ YǾŀƴ 

M., 2005, p 256) ............................................................................................................................................ 29 
26. Diagrammatical section cut through arbitrary rock. ..................................................................................... 30 



.list of illustrations. 

viii 
 

27. Superimposed Grid over rock. ...................................................................................................................... 30 
28. Rock hardness attribute assigned to each unit. ............................................................................................ 30 
29. Eroded Section. ............................................................................................................................................. 30 
30. Various eroded sections. ............................................................................................................................... 30 
31. Array of Points. ............................................................................................................................................. 31 
32. Point Attributes. ............................................................................................................................................ 31 
33. Rock Hardness assigned via Excel Spreadsheet. Refer to Appendix B for full spreadsheet. ......................... 32 
34. Multiple Eroded Sections. ............................................................................................................................. 33 
35. Guide Lines added for fluidity. ...................................................................................................................... 33 
36. Lofted Form................................................................................................................................................... 33 
37. Computer generated Slot Canyon. ................................................................................................................ 35 
38. Computer generated Slot Canyon. ................................................................................................................ 36 
39. Emotions of a half-filled flour sack. (Source : Dahmen-Ingenhoven 2004, p 125) ........................................ 40 
40. National-Niederlanden in Prague. (Source : Dahmen-Ingenhoven 2004, p 128) .......................................... 40 
41. Liquid Form Affecting a Building causing discolouration and deformity. ..................................................... 41 
42. Explosive Collision. ........................................................................................................................................ 41 
43. Diseased Building. ......................................................................................................................................... 41 
44. Physical Form Revealed ................................................................................................................................ 41 
45. Seeking refuge in the depths of the city ....................................................................................................... 42 
46. Venom seeping out of building fabric. .......................................................................................................... 43 
47. Deformation in buildings. ............................................................................................................................. 44 
48. Collateral damage to neighbouring buildings. .............................................................................................. 45 
49. Discolouration and texturing to building fabric. ........................................................................................... 46 
50. Explosion preserved in time. ......................................................................................................................... 47 
51. Inside the liquid form. ................................................................................................................................... 48 
52. Volume of the liquid entity expands and contracts. ..................................................................................... 49 
53. A dynamic path is created in the city. ........................................................................................................... 50 
54. Various goals created on the path. ............................................................................................................... 50 
55. Twist deformer on a building. ....................................................................................................................... 50 
56. Liquid following a path. The liquid is attracted to a series of goals that have been created 

along the curve. The size of the goal can be altered to adjust the character and behaviour 
of the liquid. .................................................................................................................................................. 52 

57. Rendering of the liquid flow. The materiality determines the colour, transparency, 
reflectivity, bump and lighting characteristics of the liquid. The threshold of the liquid 
allows the individual droplets to merge when they are close together. A glow is an after 
affect that can be adjusted to give the character a sense of life. ................................................................. 53 

58. CNC Machined Sculpture for Disparallel Spaces Exhibition .......................................................................... 54 
59. Various views of the digital model of the sculpture created in Maya and Rhinoceros. 

The model is divided up into 16 unique pieces, each customized to achieve the character of 
fluid in a solid state. ...................................................................................................................................... 55 



.list of illustrations. 

ix 
 

60. The individual pieces are arranged onto sheets that represent the foam blocks. 
They are connected together with rounded elements so they will hold together when 
milling. ........................................................................................................................................................... 56 

61. A tool path is created on the computer ....................................................................................................... 57 
62. Digital simulation of milling process ............................................................................................................ 57 
63. Foam after first half has been milled out..................................................................................................... 57 
64. Completed form ........................................................................................................................................... 57 
65. /b/ wƻǳǘŜǊ ƳƛƭƭƛƴƎ ƻǳǘ ǘƘŜ ΨǎǇƭŀǎƘΩ ǇƛŜŎŜ ǘƻ ōŜ ŦƛȄŜŘ ƻƴ ǘƘŜ ǿŀƭƭ ............................................................... 58 
66. A hot wire is used to clean up and separate the pieces once milled ........................................................... 59



 

 

PART ONE 



 

 



 

 

01  

introduction



.introduction. 
 

1.0 PART ONE 5 

 
 
This research is an enquiry into the tools and techniques available to the digital architect. 
 
It is divided into three major parts.  
 

Part one consists of the introduction and background to the research. Chapter one gives an 
overview of the thesis, identifying the format and key topics that will be explored. Chapter two 
delves into the history of digital media in the discipline of architecture, highlighting the relevance 
and importance of using the computer to assist architects in design. It briefly looks at core 
movements and technologies, providing relevant case studies that shed light on the current body 
of knowledge. 
 
Part two revolves around the student work completed in Architectural Design Studio C during 
the Bachelor of Architecture at the Faculty of Architecture, Design and Planning, The University 
of Sydney, 2007. There are three chapters, each exploring separate ideas, under the broad family 
of digital design. These chapters provide a more detailed look at particular techniques and ideas; 
most specifically complexity, cellular automata, animation and manufacturing. Each chapter 
begins with a summary of relevant research in the area, followed by a description of the 
experimentation conducted throughout the digital design studio. 
 
Part three summarises the research through a discussion on the use of digital technology for the 
architectural profession and draws some conclusions on the importance of this research area. 
This part concludes with recommendations for further work. 

 



 

 
 

02  

review of related work



.review of related work. 
 

2.0 PART ONE 7 

 
 
The review briefly provides an overview of the relationship between architecture and computer-aided 
architectural design (CAAD). The first section deals with Computers and Design, outlining key problems 
in architectural design and the attempts to resolve them throughout history. This is further expanded in 
the second section; where the emerging field of Evolutionary Design, a possible solution to some of the 
issues addressed in section one, is explored in depth. This section provides several case studies of 
research that uses the techniques of evolutionary design for architectural problem-solving. The third 
part looks towards The Future, and speculates on the new skills and technologies that might be an 
ŜǎǎŜƴǘƛŀƭ ǇŀǊǘ ƻŦ ǘƘŜ ŀǊŎƘƛǘŜŎǘΩǎ ǘƻƻƭƪƛǘ. 
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2.1 Computers and Design 

Design is a description of something that does not exist, a search for possible solutions that achieve 
certain desired goals whilst minimising undesired outcomes. But how do we determine what these 
desired goals might be, and what dictates undesirable outcomes? Once a solution has been proposed, 
what are the processes for measuring the success or failure of the design? Architectural problems are 
often ill-defined, complex and have multiple criteria to satisfy. Subsequently, how does one initiate a 
search for design solutions to complex ill-defined problems? (Kalay, 2004, pp 5-6) 
 
The historic answer to these questions, offered by the Roman architect Vitruvius in his Ten Books of 
ArchitectureΣ ǿŀǎ ǘƻ ǇǊƻǾƛŘŜ ΨōŜǎǘ ǇǊŀŎǘƛŎŜΩ ǎƻƭǳǘƛƻƴǎ ǘƘŀǘ ǿƻǳƭŘ guarantee successful designs. 
Afterwards, the printing press allowed designs to be published, initiating a medium for theories to be 
distributed. The introduction of the scaled drawing by Leon Battista Alberti gave Architects a means to 
document buildings as a whole before construction began. This major breakthrough separated the 
conception of a building from the construction, giving birth to the profession of architecture. Thus, 
methods, tools and design process could now be taught and documented, an open forum to discussion, 
analysis and improvement. (Kalay, 2004, pp 6-9) 
 
/ƻƳǇǳǘŜǊǎ ǿŜǊŜ ƛƴǘǊƻŘǳŎŜŘ ƛƴ ǘƘŜ мфрлΩǎ ǿƛǘƘ Ǿƛǎƛƻƴǎ of assisting in the methodology of design. 
Architects would have access to a multitude of previous solutions, and there was hope that the 
computer could aid in the generation, analysis and even creation of new solutions. Early technology, 
successful in solving complex mathematical problems, became of interest to architects searching for 
methods of resolving design problems. This interesǘ ǿŀǎ ŜƴŎƻǳǊŀƎŜŘ ǿƘŜƴ LǾŀƴ {ǳǘƘŜǊƭŀƴŘΩǎ Sketchpad 
program was released in 1963, an interactive graphical design tool, allowing designers to use computers 
for drafting and modelling.  
 
¢ƘŜ мфтлΩǎ ǿƛǘƴŜǎǎŜŘ ƴƻ ŦǳǊǘƘŜǊ ǇǊƻƎǊŜǎǎ ƻƴ ǘƘƛǎΣ ŜƳŜǊƎƛƴƎ solutions could now be visualised however 
the computer could not measure how successful a design was, and they could certainly not assist in 
generating new design solutions. This called for research and development of computational methods 
and tools that could assist architects in searching for successful solutions. This search was influenced by 
the growing interest in artificial intelligence; methods of problem solving that would seem intelligent if 
done by humans (Kalay, 2004, pp ix-xii).  
 
Hence, the emergent field of evolutionary design was found, elevating design methods to a new level. 
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2.2 Evolutionary Design  

Evolutionary design systems unite the neo-Darwinian model of evolution with computer technology in 
order to solve complex ill-defined problems. Frazer (1995) and Bentley (1999a; 1999b) provide an 
introduction to the subject, summarising 30 years of research, outlining the exciting potential for these 
systems. Today, the field of evolutionary design is becoming increasingly popular with applications in 
biology, computer science, engineering, art and architecture (1) (Bentley, 1999a; Bentley, 2002).  
 
These systems are based on the principles of natural evolution. Populations of individuals are 
generated, and undergo processes that manipulate and transform them, gradually allowing the fittest 
to survive. Generally, each individual is represented by a genotype and phenotype. The genotype 
contains encoded information that is used to describe the design, whilst the phenotype is the actual 
design representation. 
 
The primary role of the evolutionary system is to search for possible solutions to a problem (2). 
Evolutionary algorithms, inspired by nature, differ to the typical computer science algorithms by 
considering populations of solutions at once (3) (Bentley, 1999a, p5).  
 
The four main types are:  
 

Genetic Algorithms (Holland, 1975), 
Evolutionary Programming (Fogel, 1963), 
Evolution Strategies (Rechenberg, 1973), 
Genetic Programming (Koza, 1992).  

 
Whilst these vary in the individual rules and representations, an underlying architecture can be 
identified. 
 

Reproduction generates new individuals from their parents through cloning, crossover or mutation to 
allow inheritance and variations.  
 
Evaluation determines the fitness of individuals via criteria with a focus on guiding evolution towards 
better solutions. 
 
Selection determines which solutions will survive based on their scores in the evaluation process. 

Figure 1.Evolutionary design has its roots in 
computer science, design and evolutionary biology 

(Source: Bentley, 1999b, p 35) 

Figure 2.Searching for a solution in an example 
search space of house designs 
(Source: Bentley, 1999b, p 6) 

Figure 3.Four generations of evolving houses using a population 
size of four. Parents of the next generation are circled. 

(Source: Bentley, 1999b, p 6) 
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Evolutionary design is generally classified under two categories; 
 

Parametric Evolutionary Design takes a predefined design and searches for optimal solutions to 
smaller parts which have been parameterised. Examples include Rasheed, 1998; Rasheed and 
Davison, 1999; Dasgupta and Michalewicz, 1997; Caldas, 2001, 2002. 
 
Generative Evolutionary Design is useful for approaching more complex, ill-defined tasks. This 
system uses evolutionary algorithms to design solutions for problems that may involve multiple 
or differing criteria, which may produce unpredictable results. Examples include Frazer and 
Connor, 1979; Graham et al., 1993; Frazer, 1995; Bentley, 1996; Rosenman, 1996a, 1996b; Shea, 
1997; Coates et al., 1999; Funes and Pollack, 1999; Sun, 2001; Janssen, 2004. 

 
The paradox that evolves from the two types of systems is referred to as the variability problem 
(Janssen, 2004). As the criteria are relaxed, designs evolve that are unpredictable and creative (5) but 
often unintelligible or difficult to evaluate. The parametric approach is useful for optimizing solutions; 
however it will not provide any radical alternate solutions (4).  
 
Applications of this technology in the domain of Architectural design have great potential. Parametric 
design has been quite successfully used to optimise structure (exemplified in the Beijing Aquatic Centre 
designed by PTW and ARUP), and smaller aspects of design. The more exciting ideas are linked into 
using generative design to produce solutions that would allow whole buildings to be evolved. 
 
Various experimental projects have been developed using a range of techniques such as Shape 
Grammars, L-Systems and Cellular Automata. The design projects range from the generation of spatial 
forms using L-Systems (Coates et al., 1999; Jackson, 2002) to the evolution of structural trusses (von 
Buelow, 2002). These techniques provide a digital toolkit for architects to explore design and space, as 
illustrated in the following examples; 
 
 
 
 
 
 
 

Figure 4.Evolution of Tuscan columns by genetic algorithms 
John Frazer with Peter Graham, research assistant, 1993 

(Source: Frazer, 1995, p 64) 

Figure 5.Emergent forms under solar influence :  
Guy Westbrook, 1993 

(Source: Frazer, 1995, p 64) 
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Funes and Pollack (1999) have successfully developed an evolutionary system to generate buildable 
designs such as bridges, scaffolds, cranes and tablŜǎ ǳǎƛƴƎ ƳƛƴƛŀǘǳǊŜ ǇƭŀǎǘƛŎ Ψ[ŜƎƻΩ ōƭƻŎƪǎ ό6). Through 
the use of tree structures borrowed from genetic programming techniques, they were able to 
primitively reuse successful parts. This however became a limiting factor in the complexity of the 
designs, and it was hypothesised that the use of modular recombination tools (Angeline and Pollack, 
1994) would allow more complex composite patterns, i.e. various bricklayer patterns, which may be 
structurally more efficient. 
 
Rosenman and Gero (1999) present two alternate solutions for generating architectural floor plans. The 
initial solution adopts a learning strategy that evolves simple genes into complex structures, whilst the 
other uses a hierarchical growth approach, dividing the floor plan into zones and rooms. This 
experiment demonstrates the benefits of shortening the genotype representation, hence improving the 
search efficiency, by using complex gene structures. The limitations of this scheme lie in the evaluation 
criteria. Important aspects of floor plan design must take into account environmental factors such as 
solar access, orientation and site constraints. Whilst this provides a method for optimising room 
relationships and area ratios, it does not address the fundamental criterion for designing floor plans. 
 
Bentley (1999c) has used the program GADES to demonstrate the possibilities of creating original 
designs from scratch. The research described has established the success of the computer to evolve 
consistently acceptable designs for sixteen different design tasks ranging from coffee tables to the 
department layout for a real hospital building (7). The complexity of hospital floor planning was 
overcome through the use of layering and grid systems.  
 
Janssen (2004) provides a methodology and demonstration for generating families of three-dimensional 
buildings (9), which are complex, intelligible and unpredictable, based on codified guiding principles. An 
important development is in the use of pressure values to generate spaces. Whilst generating designs 
that are recognisable as buildings (8), this project did not perform any evaluation, and hence was not 
used to evolve designs. Due to the complexity of the designs, professional builders and architects would 
need to be involved, and since there is no consideration of environmental constraints and context, the 
system is limited at this stage as a tool for design. 
 
Evolutionary design provides hope to many of the questions architects have been seeking; however it is 
not perfect at this stage. I believe the fundamental breakthrough in this new method of design is the 
inclusion of time. We progress into the future with the ability to now use time as our ally.

Figure 6.Structure of Lego bricks generated by our 
evolutionary process. 

(Source: Funes and Pollack, 1999, p 394) 

Figure 7.A hospital floor-plan design evolved by GADES. 
(Source: Bentley, 1999c, p 421) 
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2.3 The Future   

The interesting underlying process behind these evolutionary systems is the necessity of time. Designs 
now have the ability to evolve in time, and respond to events. They have taken on the characteristics of 
living organisms, and an increasing number of current architects are relying on animation techniques as 
generative and explanatory design tools; (Burry, 2001; Tschumi, 2001; Rahim, 2001). Whilst these 
projects are half a decade old, they represent the technique and tools that will most likely become 
standard in the near future. This method of thinking is also heightened by the increasing awareness of 
digital technologies in education institutions, with many Universities worldwide starting to offer post-
graduate opportunities in the area of Digital Architecture. 
  
I postulate that the architect of the future will require new skills as their role becomes more complex. 
This research is an enquiry into this claim, showing that there is a strong potential for architects to be 
fluent in programming, animation and advanced CAD software. I will demonstrate that the use of 
various software and digital techniques can be beneficial to architects, providing insight into the 
potential of the digital realm in architecture. We are at a stage where the design and creation of almost 
any conceivable object is achievable, and I believe it is up to the architects of the future to thrive on this 
opportunity. 

Figure 8.One member of a family of designs. 
(Source: Janssen, 2006, p 58) 

Figure 9.A set of generated (but not evolved) designs. 
(Source: Janssen, 2006, p 60) 



 

 
 

PART TWO



 

 

Part two documents the experimentation and exploration of new technologies in a digital design studio 
(See Appendix A) co-ordinated by Dr Marc Aurel Schnabel at the Faculty of Architecture, Design and 
Planning, The University of Sydney. The first half of the semester involved individual experimentation 
which is documented in chapters three (experiments in generative design) and four (erosion and 
cellular automata). The fifth chapter (erosive fluidity) was completed by a group of four students 
(Benjamin Coorey, Henry BerrŜǎŦƻǊŘΣ bƛŎƻƭŀ ¢ŀƴ ŀƴŘ WƻǎƘ ¢ƘƻƳǇǎƻƴύ ŀƴŘ ŜȄƘƛōƛǘŜŘ ƛƴ ǘƘŜ Ψ5ƛǎǇŀǊŀƭƭŜƭ 
{ǇŀŎŜǎΩ ŜȄƘƛōƛǘƛƻƴ ŀǘ ǘƘŜ ¢ƛƴ {ƘŜŘ DŀƭƭŜǊȅ ŦǊƻƳ нпǘƘ aŀȅ ς 16th June 2007 (Schnabel & Bowller, 2007). 
 

Experiments in Generative Design makes use of Gehry Technologies Digital Project software to 
explore methods of generating complex form through the use of simplistic rules. It deals with 
parameterization of geometry and manipulation of data through the use of Microsoft Excel 
spreadsheets. 
 
Erosion and Cellular Automata explores the concepts of cellular automata and time to generate 
forms inspired by the naturally sculptured forms of slot canyons. This experiment deals with 
scripting and the idea of an indivisible intelligent cell that can respond to its neighbours and be 
eroded over time. 
 
Erosive Fluidity illustrates the use of animation to demonstrate the effect of a system 
progressing through a city. This system causes and responds to events, affecting the surrounding 
context as it passes through. The project also contains a manufacturing component, where 
complex 3D form is visualized, modelled and produced using CAD / CAM techniques. 
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This chapter explores the notion of complexity and the idea that complex form can be generated via the 
use of simplistic rules. The chapter is divided into four sections. Complexity and Design explains briefly 
the concept of complexity and places the following experiments in context. The next section, 
Technology, takes a brief look at the progression of technology over time, concluding with a general 
description of third generation CAAD systems, the apparatus used to conduct the subsequent 
experiments. The next two sections, Complex Parametric Form and Interactive Form, are descriptions 
of experimentation into complexity using simple geometry that has been parameterized. Once 
parameterised, the geometry is manipulated via Excel to produce complex 3D form. These experiments 
were conducted in the Digital Design Studio C (See Appendix A) at the Faculty of Architecture, Design 
and Planning, The University of Sydney in 2007. 
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3.1 Complexity in Design 

Chaos theory delves into the processes and origins of complex behaviour. Uncertainties in the initial 
conditions of a system can lead to unpredictable behaviour over time. It is this behaviour and 
randomness that has intrigued the minds of scholars throughout history. This chaotic behaviour can be 
observed in countless systems in nature from global weather patterns to the complexity of living 
ƻǊƎŀƴƛǎƳǎΣ ŀƴ ŜȄŜƳǇƭŀǊ ōŜƛƴƎ ǘƘŜ ƘǳƳŀƴ ōǊŀƛƴ ǿƘƛŎƘ άƛǎ ŀǊƎǳŀōƭȅ ǘƘŜ Ƴƻǎǘ άŎƻƳǇƭŜȄέ ŎƻƳǇƭŜȄ ǎȅǎǘŜƳ 
ƻƴ ǘƘƛǎ ǇƭŀƴŜǘΦέ  (Ilachinski 2001, p 612). 
 
Whilst this behaviour can be observed in nature, scholars have been attempting to decode and use this 
to solve and understand complex problems. Michael Batty attempts to decode the complexity of cities 
using cellular automata, agent based models and fractals, concluding that highly organised spatial 
patterns emerge from simple rules and processes. Stephen Wolfram also demonstrates this by applying 
simple rules to simple computer programs, generating random complex patterns. Wolfram extends his 
theories to state that a universality exists in the complex behaviour that occurs independent of their 
underlying rules. (Wolfram 2002, p 298) 
 
Although this experimentation does not deal with complexity at the level of these scholars, they do 
provide inspiration and technique for generating complexity in architectural form. Simple geometry is 
created and parameterized. The data from these systems are exported into an Excel spreadsheet where 
they can be manipulated via a series of formula. Slight variations to the formula can generate unique, 
unpredictable complex forms. 
 
There are two experiments documented in this chapter (See 3.3 Complex Parametric Form and 3.4 
Interactive Form). The first deals with a single simple geometry that is manipulated to form complex 
spatial form. The second uses two geometries that are based on the same initial conditions, generating 
a unique interactive architectural form that has resemblance to building facades. 
 
It is important to understand the significance of these experiments in relation to the history of 
computer-aided design. We are at a point in time where there is a breakthrough of technology, and 
there is opportunity and potential to push this to the limits, hopefully achieving an architecture that 
may not have been conceived in the past. The following section will explore briefly the journey of 
thoughts and work that have led to the technology we currently have available.
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3.2 Technology  

¢ƘŜ ŦƛǊǎǘ ŎƻƳǇǳǘŜǊ ŀƛŘŜŘ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ŘŜǎƛƎƴ ό/!!5ύ ǎȅǎǘŜƳǎ ǘƻ ōŜ ǊŜƭŜŀǎŜŘ ƛƴ ǘƘŜ слΩǎ ŀƴŘ тлΩǎ ǿŜǊŜ 
developed in academic circles. The software being developed branched in two directions: the first was 
geared towards the needs of engineering industries for automotive and aerospace design, whilst the 
second supported the needs of the construction industry. The engineering strand was directed by 
leading industry such as General Motors, requiring a need for complex curves and geometry, and the 
ability to manufacture these in a factory. The software for the construction industry was taken on by 
university-based research groups in the US and Britain. This technology focused on developing a system 
for describing buildings and planning spaces that would support all building-related operations in one 
package. Results from this included the software Building Description System, Graphical Language for 
Interactive Design, OXSYS and Harness, all with a focus on developing programs that will assist building 
design. These programs failed, as they were based on a intuitive, architectural framework, rather than a 
formal computer science understanding.  (Kalay, 2004, pp 67 -68) 
 
This led to the second-generation of CAAD systems, developed by external disciplines, focusing on the 
primary task of drafting. These programs were designed for the personal computer, and although they 
were intuitive and easy to learn, they were quite limited in their ability to assist designers. As 
technology improved, new companies such as AutoDesk, VersaCad and Microstation began to write 
packages that specifically supported the drafting requirements of architectural firms. This technology 
ironically took a step backwards from the first generation of CAAD software, the unique attributes 
associated with building design were removed, turning the software into simply a more efficient  
method of hand drafting. This generation had lost the ability to handle building-specific objects such as 
doors, windows, columns and slabs, making it very difficult to interpret and evaluate the buildings 
performance. Architects were thus given a computer-assisted drafting package with rendering 
capabilities, yet they lost the diagnostic components which were the fundamental motive for the 
introduction of technology into the profession. (Kalay, 2004, pp 68 -70) 
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Whilst architectural CAAD systems were becoming less functional, other disciplines such as the 
electronics industries were advancing. They designed their software to handle more intelligence, 
allowing it to recognize objects from simple geometric shapes; a rectangle was treated as a resistor, 
capacitor or transistor. Furthermore their systems could offer analysis, alerting the engineers where 
excessive heat might build up. This technology allowed improvement in the productivity of electrical 
engineers and more importantly, the capability of the integrated circuit. It has now reached a stage 
where it is impossible to design an integrated circuit without the use of computer-aided circuit design 
software. (Kalay, 2004, pp 71 -72) 
 
Efforts to develop similar systems in the building industry constitute the third generation of CAAD 
systems. Recent advances in object-oriented programming, artificial intelligence and database 
management have led to the drive for better systems in the building industry. At this point in time, 
companies such as AutoDesk, Bentley, Graphisoft and Gehry Technologies are working to develop 
commercially viable software packages with the same ambition as the first generation systems. 
Software such as Revit, Generative Components, ArchiCAD and Digital Project allow designers to assign 
information and meaning to their digital models. Finally, the computer can recognize solid shapes as 
walls, slabs, roofs, windows and doors. These intelligent objects store information on how they should 
be manipulated; parameters allow the end user to easily adjust door sizes without distorting the 
geometry. Non-graphical information can be stored in databases, providing cost summaries, schedules 
and reports at ease. Floor plans, elevations, sections and details are generated from a single model, 
improving consistency, efficiency and workflow.  
 
A major benefit of these systems is the increased time for design. Co-ordination and 2D drawing 
generation have been bundled into an automated process allowing designers increased flexibility in 
design decisions. Changes that would normally require too much work can be completed faster with 
more reliable and consistent results. The advancements in machining is also allowing designers freedom 
to create more complicated geometry. Research into complexity now has the possibilities of being 
realized into physical form. This exciting new potential has prompted the following experiments; 
attempts in generating a geometry that can be parameterised and manipulated to produce complex, 
variable 3D form. 
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3.3 Complex Parametric  Form  

The following experiment looks at creating complex spatial qualities by manipulating simple forms.  
 
A parametric modeller, Digital Project, is used to conduct this experiment. Parametric design often 
requires the designer to contemplate the result before beginning their work. Every piece of geometry 
that is constructed contains a history, and can be manipulated after it has been created. This means the 
designer must be careful to construct the geometry in the correct way, so that it can be manipulated 
correctly in the future. 
 
There are two stages to this experiment. The first deals with creating the geometry, whilst the second is 
manipulating the form. To create the geometry, a 12-point deformable closed spline is constructed (10). 
This is done by generating 12 lines that radiate out from the centre at equal angles. A point is placed on 
each of these lines so that the distance of each point from the centre of the circle is parameterized. A 
spline is drawn over the points to create a closed geometry. This results in 12 variable data points for 
each spline.  
 
The geometry is duplicated at a set spacing (11) and a surface is lofted between them to create space 
(12).  The geometry has now been setup to accept manipulation of the data points. The trick in this part 
is to control it to achieve the results you desire.  All the results are exported to Excel (See Appendix B), 
allowing us to manipulate the data with ease. The examples following will show that slight manipulation 
of the initial data via simple formulas produces resulting surfaces that range from repetitive simple 
forms to complex random surfaces. The variations in spatial form are achieved by variations in the 
formula structure used to control the spline data points. The images on the following page show the 
form growing in complexity as the variables are tweaked. The first form (13) is controlled by varying the 
radius of each deformable spline. The result is repetitive and simple. The second form (14) undertakes 
the same process; however each data point on the spline has a limited range of freedom. This starts to 
produce slightly more complex form. The final two images (15) show the result of giving total freedom 
to all data points. The result is a much more complex spatial form. Since the process includes random 
numbers, an infinite amount of unique designs can be generated.  

  

Figure 10.  
A 12-Point deformable closed spline. 

 

Figure 11.  
Geometry duplicated at a set spacing. 

 

Figure 12.  
A surface is lofted between the geometry 

creating space 
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Figure 13.  
Radius of closed splines changes regularly 

 

Figure 14. 
Radius of closed splines changes regularly, however the points have a 

limited freedom to create more complex form. 
 

Figure 15.  
Each point location can be placed at a random distance from the centre of the form. 

Two variations showing complete randomness in the form. 
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3.4 Interactive Forms  

The following experiment also explores the notion of complexity through the use of parametric design. 
However, the previous example used a closed volume to create a space, whilst this experiment uses an 
open profile. The research is extended by adding a secondary form that interacts with the first form. 
 
Similarly to the previous example, seven points are constructed in 3D space. They are positioned via 
coordinates that can be manipulated in a 2D plane. The general shape is designed to represent 
requirements for an architectural façade. Two sets of geometry are constructed from the seven data 
points; a rigid polyline connects the first, whilst a smooth spline curve connects the second. The 
geometry is duplicated at a set spacing, and a surface is lofted between to create the initial façade 
surface (16). To generate variety and complexity, every data point is allowed a range of freedom in both 
the x and y directions (17). This makes use of random numbers to allow for an unlimited range of 
solutions. The same process is repeated using the curved spline geometry (18). 
 
Both surfaces are thickened to represent wall and glass, and the geometry is superimposed on each 
other. The differences in behaviour between rigid polylines and spline curves produce an interesting 
pattern of wall and glass. Depending on the values of deformation applied, completely unpredictable 
results emerge. Four examples have been shown below that could form quite interesting architectural 
facades (19).  
 
 
  

Figure 16.   
Initial Façade Surface 

 

Figure 17.   
Deformer Applied 

 

Figure 18.  
Process repeated using curved geometry 
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Figure 19.  
A series of unique solutions based on the same system demonstrating variation in an unpredictable fashion. 

The differences occur due to variations in the random values used to deform the initial surfaces. 
The form could be representative of architectural facades. 
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3.5 summary  

This section looked at complexity in design, and the history of computer systems that have evolved to 
allow such exploration to occur. A series of experiments show that via the manipulation of data in Excel, 
complexity can be generated with architectural intent. Use of advanced CAAD packages such as Digital 
Project allows the parameterisation of geometry, providing an easy method for generating complexity.  
 
These experiments are an initial exploration of the idea behind complexity, the creation of unique, 
unpredictable forms via a series of simple rules. Whilst they have not been designed to perform any 
function, the resultant forms become inspiration for architectural spaces and facades. Perhaps with 
further experimentation, the initial conditions can be tailored for a specific purpose, and the 
manipulative algorithms can be customized for more specific functions. 
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This chapter explores the techniques associated with cellular automata (CA), using nature as a vehicle 
for exploration. The chapter is divided into two sections. The first section provides a theoretical 
background to the following experiment, whilst the second section deals with the erosion script 
developed in the studio. 
 
Cellular automata are self-organising elements that can generate complex behaviour via a series of 
simple rules. They are responsive elements that generate patterns quite often seen in the complexity of 
nature. This chapter will explore the historical relationship of nature and architecture, setting up a 
framework for experimentation. The natural system chosen for this experiment is erosion, as it 
produces amazing sculptural form in solid material. The following chapter rocks and geology start to 
investigate the properties of rocks, allowing a deeper understanding of the erosion process before 
continuing to develop a CA system that emulates it. Finally, Cellular Automata looks briefly at the 
characteristics of CA, and describes some recent architectural applications. 
 
The second part provides a detailed analysis of the erosion script created in Digital Project.  Erosion 
Script provides a narrative-like description of the programs function. This is further expanded in Script 
Parameters and Script Analysis where a slightly more complex explanation of the program code is 
offered. 
 
The full Visual Basic programming code and Excel data is located in Appendix C and D.
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4.1 Nature and Architecture  

Architects are intrigued by nature and the possibilities it offers for Architectural design. History has 
been riddled with environmentally responsive architecture; the Picturesque and its experimentation in 
aesthetics without regulation; the Sublime with its exaggeration of scale and jagged compositions to 
invoke astonishment; Organic Architecture, the harmony of building and nature, designed to integrate 
as one unified composition; to current climatic concerns resulting in debate about the preservation of 
natural resources.  (Bergdoll 2000, pp 7 ς 73) 
 
What is of particular interest is the relationship between natural objects and emotion, and the ability of 
Architecture to drive or even recreate these feelings mentioned. This ability is gained by studying 
nature, analyzing its form, structure and growth patterns. In saying this, to use a system, one must 
understand how it works. The rules must be documented and tested, and once it is comprehended, it 
can be manipulated and controlled for different intentions. 
 
Documented rules can be translated into a language the computer understands. Subsequently, the 
power of the natural world and computer combine to emulate the rules and systems of nature. 
Thousands of years of evolution can be simulated in a matter of minutes, and with this control, nature 
can be manipulated with innovative flair. 
 
This chapter discusses the system of erosion, and unlocks the secrets to the sculpture of rock, 
phenomenon of fluid form in solid material. The characteristics of rock and the process of erosion will 
be analysed, and a simplified system will be documented. As a result, the system will be programmed 
into the computer as a set of manipulative rules, allowing technology to recreate simplified 
environments that are subject to weathering forces. 
 
This weathering simulation can be applied to different scenarios, a building façade or an urban 
environment with various constraints and limitations, generating original architectural form that is 
based on the natural erosion phenomena. 
 
The following section will look into the characteristics of rocks and geology, providing a framework to 
develop the erosion script.

  Figure 20.  
Various Slot Canyons. 

Photos : Anand Muralidharan 
 

(Source : http://www.imprintsoflight.com) 
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4.2 Rocks and Geology 

Layers of rock, deposited over time, harden and form the unique strata that tell the history of the Earth. 
Each layer consists of continuous rock of the same characteristics and is generally layered in parallel. 
These bands can be classified by their mineral composition and the processes that form them. 
 
Key Rock Characteristics 

Hardness, Colour, Texture, Density (21) 
 
Origin of Rocks 

Aqueous Rocks 
These rocks are the result of deposits of mud, sand and gravel, delivered by the mechanical force 
of moving water. 
 
Igneous Rocks 
These rocks are formed by fire, distributed in molten form by volcanoes. As a result, they run 
along cracks and are formed in no particular order. 
 
Metamorphic Rocks 
Rocks in this category were originally aqueous or igneous, however they have undergone 
physical changes that alter their structure. 

  
The most significant aspect of rock formation relevant to this research is the geological sequence of 
rocks. It is important to note that rocks occur in discrete masses, ordered in a definite series.  
 
The order does not vary, however it may be incomplete. Comparison of the different rock layers can 
shed light on the history of the rock, and the history of the Earth at a given location. 
 
The fact that there are discrete layers of rock with different characteristics is the key to the process of 
erosion. A combination of air exposure, water exposure and rock strength will determine the rocks that 
will be eroded (22, 23), and this becomes the fundamental process that will be emulated in the erosion 
script. To recreate this process, I have used techniques borrowed from the system of Cellular Automata. 
The following page will briefly explain this system and provide some examples of its use in an 
architectural context.

 

Figure 21  
Various rocks with different characteristics 

 

Figure 22  
Sandstone Canyon 

 

Figure 23  
Stratified Rock 
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4.3 Cellular Automata  

ά/ŜƭƭǳƭŀǊ ŀǳǘƻƳŀǘŀ ό/!ύ ŀǊŜ ŀ Ŏƭŀǎǎ ƻŦ ǎǇŀǘƛŀƭƭȅ ŀƴŘ ǘŜƳǇƻǊŀƭƭȅ ŘƛǎŎǊŜǘŜΣ ŘŜǘŜǊƳƛƴƛǎǘƛŎ ƳŀǘƘŜƳŀǘƛŎŀƭ 
systems characterized by local interaction and an inherently paralƭŜƭ ŦƻǊƳ ƻŦ ŜǾƻƭǳǘƛƻƴΦέ όLƭŀŎƘƛƴǎƪƛ 
2001, p5) 
 
Introduced in the 1950s by von Neumann, the study of this system has gained interest in many 
disciplines (mathematics, computer science, physics, geology, chemistry, architecture and more) due to 
the ability of generating complex behaviour from relatively simple rules. Whilst there is much variety in 
CA models, most possess the following five generic characteristics (Ilachinski 2001) 
 

Discrete Lattice of Cells : one, two or three dimensional  
 
Homogeneity : All cells are the same 
 
Discrete States : Each cell can exist in one of a finite number of discrete states 
 
Local Interactions : Each cell interacts with its neighbouring cells 
 
Discrete Dynamics : At each discrete unit in time, each cell updates its current state according 
transitional rules taking into account the state of its neighbouring cells. 

 
¢ƘŜǎŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀǊŜ Ƴƻǎǘ ŎƭŜŀǊƭȅ ŘŜƳƻƴǎǘǊŀǘŜŘ ƛƴ WƻƘƴ IΦ /ƻƴǿŀȅΩǎ ƎŀƳŜ ƻŦ ƭƛŦŜΦ [ƛŦŜ ƛǎ ǎƛƳǳƭŀǘŜŘ 
using an infinite grid of square cells, each individual cell existing in either one of two states; alive or 
dead. Three rules (birth, death and survival) are applied repeatedly in discrete time steps; the rule 
applied depends on the status of the surrounding neighbours. Hence, the initial state of the cells will 
determine the future generations of the system. Similar applications have been applied architecturally; 
Batty (2001) uses CA as a tool for understanding the complexity of cities, extending his research to 
explore the notion of mobile agents and fractals. Herr and Kvan (2005) explore the use of CA to 
generate variety and complexity in high density buildings (25) for Asian cities, where mass production of 
repetitive building form results in context-insensitive designs. 
 
The subsequent experimentation is an initial exploration of responsive cells and rules using simple 
scripting in Digital Project, setting the foundation for future investigations. 

  

Figure 25.  
Alternative cellular automata-generated  

ǾŜǊǎƛƻƴǎ ƻŦ /ŜǊƻфΩǎ ŘŜǎƛƎƴ 
(Source: Herr C. & Kvan M., 2005, p 256) 

 
 
 

Figure 24.  
High Density architecture for Aomori / Japan by Cero9 

(Source: Herr C. & Kvan M., 2005, p 254) 
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4.4 Erosion Script  

This script uses techniques common to Cellular Automata to simulate the natural process of erosion. 
 
 A theoretical section is cut through an arbitrary piece of rock (26). A grid is placed over this section 
(27), and each subdivision is considered an indivisible rock entity.  Each rock entity in this grid is 
assigned attributes that will govern its behaviour (28). The key characteristic is the rock hardness, which 
is assigned to each individual unit via an Excel spreadsheet (33) (See Appendix D). Similarly in nature, 
this is assigned in layers, each row consisting of similar rock hardness. The script then scans all the 
points, and sorts them into a variety of lists depending on their situation.  This takes into account if the 
rock is in contact with water or air, and how many neighbours it has protecting it. 
 
Once the initial scan is complete, an Annual Erosion process will take place. This will erode the rock 
according to the list each data point is in. Rock in contact with water will erode faster. The water 
contact is divided into two types, vertical and horizontal. As the water channels down, the vertical 
ŜǊƻǎƛƻƴ ǊŀǘŜ ƛǎ ƳǳŎƘ ŦŀǎǘŜǊ ǘƘŀƴ ǘƘŜ ƘƻǊƛȊƻƴǘŀƭΣ ŎǊŜŀǘƛƴƎ ŘŜŜǇ ŜǊƻǎƛƻƴ Ψǎƭƻǘ ŎŀƴȅƻƴǎΩΦ 
 
Elements that are not in contact with water will still be eroded at a slower rate. This is representative of 
the background wind erosion. The wind erosiƻƴ ǊŀǘŜ ƛǎ ŀŦŦŜŎǘŜŘ ōȅ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ΨƴŜƛƎƘōƻǳǊǎΩ ŜŀŎƘ 
rock has. The more exposed, the faster the rate of erosion. 
 
Depending on the rock hardness, certain points will erode faster than others. The annual erosion 
process progressively reduces the hardness value of the rock. When the hardness value reaches 0, the 
rock is then eroded and is removed. The rocks surrounding this void are now placed in contact with 
water, and their neighbour parameter is reduced by 1. 
 
The range of water contact starts from the uppermost row down to the deepest eroded row. As the 
canyon erodes and channels are created, the water will rush into these areas. To provide a simulation 
of the water progressing down through the valleys over time, a special procedure will be applied every 
3 years. This will drop the range of the water contact down the canyon.  
 
After a certain amount of years, the void is plotted into Digital Project (29). Multiple sections (30, 34) 
are taken side by side, and lofted together (35, 36) to form a computer generated slot canyon (37, 38).
  

Figure 26.  
Diagrammatical section cut 

through arbitrary rock. 
 

Figure 29.  
Eroded Section. 

 

Figure 30.  
Various eroded sections. 

 

Figure 27.  
Superimposed Grid over rock. 

 

Figure 28.  
Rock hardness attribute 
assigned to each unit. 
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4.5 Script Parameters  

These are the parameters associated with the geometry. An array of 400 points is created in Digital 
Project (31). Each one of these is assigned object parameters.  
 
There are three main types of parameters. Global parameters affect the whole system; erosion rates 
and logical information which the system uses to process the points. Each individual point then has a 
set of parameters associated with it (32). These parameters let the system know how many neighbours 
each point has and the hardness of the rock. The status parameter reveals the situation each point is in; 
whether or not it is in contact with water, and if it has been eroded. 
 
Global Parameters 

Water Erosion Rate Linked to Annual Rainfall. Horizontal is ¼ Vertical 
Annual Rainfall   From Weather Charts 
Wind Erosion Rate Fraction of Water Erosion Rate. Factor of Number of Neighbours 
Number of Years Time of Simulation 
Deepest Row  Deepest eroded point in array 
Upper Row  Highest row that is still affected by Water 

 
Status Parameter 

Not Exposed  (4 Neighbours) 
Exposure Level 1 (3 Neighbours) 
Exposure Level 2 (2 Neighbours) 
Exposure Level 3 (1 Neighbour) 
Eroded  
Water Contact1  Vertical Water Contact 
Water Contact2  Horizontal Water Contact 
Inactive   Do not perform any function on these elements  

 
Point Parameters 

Neighbours  Range: 0 - 4 
Water Contact  List: Horizontal, Vertical, None 
Rock Hardness  Range: 0 - 1000 
Row   Point Row

Figure 31.  
Array of Points. 

 

Figure 32.  
Point Attributes. 
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4.6 Script Analysis  

This is a breakdown of the script in a more detailed format. It takes the structure of a flowchart 
describing the three major tasks required to erode the geometry. This format and method of thinking is 
required to translate the simplified description in the previous section into programming code. It is a 
much more logical and basic language, anticipating the methodology required for the computer to 
interpret instructions.  
 
The three major tasks are the initial scan, which scans the array of points and processes them into a 
series of lists. This will allow the computer to understand the status of each individual point. After this, 
an annual erosion process will take place which affects the characteristics / status of each point 
depending on their situation. This procedure will also remove any rocks that have been eroded. Finally 
the special procedure is described which will be used to emulate water flowing down the canyon. 
 
The complete programming code, coded in Visual Basic, is available in appendix B. It contains specific 
commands associated with Digital Project. 
 
 

1. Initial Scan 

a. Scan through the array of points 1 by 1 

i. Assign Random Rock Hardness (To Start) 

 Range from 100 to 1000 ς Step 100 

ii. Count Neighbours 

 Assign No Neighbours to Point (Neighbour Parameter) 

iii. For top Layer in Array 

 Switch Water Contact to Vertical 

  

b. Distribute into lists  

i. Scan through the array of points 1 by 1 

 If Water Contact = Vertical 

Á Place into Water Contact 1 List 

 If Water Contact = Horizontal 

Á Place into Water Contact 2 List 

Figure 33.  
Rock Hardness assigned via Excel Spreadsheet. 

See Appendix D for full spreadsheet. 
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 If Water Contact = None 

Á Check No. of Neighbours and place in appropriate Exposure List 

- Not Exposed (4), Exposure1 (3ύΧ 9ȄǇƻǎǳǊŜ т όмύ 

Á Check Rock Hardness 

- If <= 0, Rock is Eroded (Sub Process)  

 

2. Annual Erosion Process 

 

a. Erode Water Contact 1 List at Water Erosion Rate 

 

b. Erode Water Contact 2 List at Reduced Water Erosion Rate 

 

c. Erode Exposure Lists by (Wind Erosion Rate x Exposure Level) 

 

d. Not Exposed List is left the same 

 

e. Add another year to Global Years Parameter 

 

f. Scan through the array of points 1 by 1   (Check for Erosion) 

i. Check Rock Hardness 

 If <= 0, Rock is Eroded 

Á Place point into Eroded List 

Á Point directly below  

- Change Water Contact to Vertical 

- Move into Water Contact 1 

- Neighbours = Neighbours - 1 

Á Points on left and right  

- Change Water Contact to Horizontal 

- Move into Water Contact 2 (Horizontal) 

- Neighbours = Neighbours ς 1 

Á Set Deepest Row to Row Number 

 

Figure 34.  
Multiple Eroded Sections. 

 

Figure 35.  
Guide Lines added for fluidity. 

 

Figure 36.  
Lofted Form. 
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3. Special Procedure 

 

a. Progression   (This represents the water passing down through any channels formed) 

i. Run process every 3 years 

ii. If Upper Row > Deepest Row 

 Turn the Upper Row points Water Contact to None 

 Place these points into respective Exposure Level 

 Upper Row = Upper Row ς 1 
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Figure 37.  
Computer generated Slot Canyon. 
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Figure 38.  
Computer generated Slot Canyon. 
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4.7 Summary  

This chapter has briefly explored the use of cellular automata, parameters and scripting to create a 
system with purpose. Unlike the previous experiment, this system has specific rules that aim to emulate 
a process of nature, namely erosion. The final computer generated results (37, 39) have a strikingly 
similar resemblance to the initial inspiration, the slot canyons of Arizona (20).  
 
As an initial look into cellular automata, this experiment highlights the fact that complex systems can be 
generated by simple rules. The key to creating a system is to understand the process before 
implementation on the computer. Once this research has been conducted, it becomes easier to 
document the process as a series of rules. There is potential for such systems to be used architecturally, 
creating buildings that have variety and complexity via their response to their local environment.  
 
An attempt to take this erosion script into 3D proved difficult and time-consuming. The amount of cells 
rose from 400 to 8000 units, increasing the processing time far too much. This resulted from a lack of 
efficiency in programming, and possibly inappropriate choice of software. For a more detailed system, it 
may be better to use software such as Mathematica, which is tailored for more complex calculations. 
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This chapter describes the work submitted for Architectural Design Studio C (See Appendix A) at the 
Faculty of Architecture, Design and Planning, The University of Sydney 2007. It was completed by a 
group of four undergraduate Bachelor of Architecture students under the co-ordination of Dr. Marc 
Aurel Schnabel. The work was exhibited in the Ψ5ƛǎǇŀǊŀƭƭŜƭ {ǇŀŎŜǎΩ ŜȄƘƛōƛǘƛƻƴ ƘŜƭŘ ŀǘ ǘƘŜ ¢ƛƴ {ƘŜŘ 
Galleries from 24th May ς 16th June 2007 (Schnabel & Bowller, 2007). 
 
The project consisted of a digital animation and Styrofoam sculpture suspended in the gallery space.  
 
The chapter begins with the description of the digital animation. The first section, Animation and 
Architecture, looks at the relevance of animation in the field of architecture, providing a background to 
the main benefits animation offers to design. The following sections describe the animation created in 
!ǳǘƻ5ŜǎƪΩǎ Maya software. The story is a description of the effect this system has on the city in 
narrative form, whilst The System describes the components and the decisions made in creating the 
animation. The final section of this chapter Manufacturing Complex Form deals with the physical 
model and the process behind designing and creating 3D form using digitally controlled machinery. 
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5.1 Animation and Architecture  

άCƻǊ ŀ ŘƛǎŎǳǎǎƛƻƴ ƻƴ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ǎǇŀŎŜ ŀƴŘ ǘƛƳŜΣ ƭŜǘ ǳǎ ǘŀƪŜ Ψǘƻ ŀƴƛƳŀǘŜΩ ŀǎ ƳŜŀƴƛƴƎ ǘƻ ƎƛǾŜ ƭƛŦŜΣ ŀƴŘ 
ΨŀƴƛƳŀǘƛƻƴΩ ŀǎ ǘƘŜ ŎƻƴŘƛǘƛƻƴ ƻŦ ōŜƛƴƎ ŀƴƛƳŀǘŜŘΦέ ό.ǳǊǊȅ нллмΣ Ǉсύ  
 
There are two key aspects that animation offers for architecture. The first relates to the definition of 
animation, and its ability to take static form and create the illusion of motion. The second deals with 
the aspect of time, and the ability for architecture to now respond and cause events. This has 
implications for an architecture that is not static, rather a reactive system that can evolve within a 
context. Both aspects are related, a reactive system evolving within space and time can still 
demonstrate animate qualities, however it is important to understand that these elements can be dealt 
with individually. 
 
Animation has the ability to give life, and when we refer to an animated architecture, one thinks of 
architecture with soul (Dahmen-Ingenhoven 2004, p 122). Walt Disney established twelve principles of 
animation that reveal how expression can be created by very simple means. Through his famous 
example of the half filled sack of flour, he demonstrates that small variations in the graphic contours of 
an image are enough to represent expression (39). Taking this principle into architecture, a building can 
also show signs of life, through manipulation of form and expression; this is portrayed in the office 
ōǳƛƭŘƛƴƎ ŦƻǊ ǘƘŜ Ψbŀǘƛƻƴŀƭ-bƛŜŘŜǊƭŀƴŘŜƴΩ ƛƴ tǊŀƎǳŜ ŘŜǎƛƎƴŜŘ ōȅ CǊŀƴƪ hΦ DŜƘǊȅΣ ǘƘŜ ǘǿƻ ǘƻǿŜǊǎ ŀǇǇŜŀǊ 
to sway back and forth personifying the motion of dance (40). 
 
The ability to animate implies that we have a certain control over time, allowing architects to now deal 
with systems that cause and respond to events. Current software allows us to work with natural forces 
such as gravity, wind and turbulence. Fluid dynamics can be easily simulated, and objects can be 
assigned joints and kinematics to create realistic or distorted motion. Cameras can be placed anywhere 
in space, and time can be slowed down. This gives architects potential to work with dynamic systems, 
hopefully opening the door to a more responsive, reactive architecture. 
 
It is these principles that inspired the erosive fluidity project described in the next section. 
 

  

Figure 39.  
Emotions of a half-filled flour sack 

(Source : Dahmen-Ingenhoven 2004, p 125) 
 

Figure 40.  
National-Niederlanden in Prague 

(Source : Dahmen-Ingenhoven 2004, p 128) 
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5.2 The Story   

A short animation created in !ǳǘƻ5ŜǎƪΩǎ Maya ǘŜƭƭǎ ǘƘŜ ǎǘƻǊȅ ƻŦ ŀƴ ƻōƧŜŎǘΩǎ ǇǳǊǎǳƛǘ ǘƘǊƻǳghout the city. 
 
 The object takes the form of a liquid entity drifting dynamically down the main street of a featureless 
city. The energy embodied in this character causes it to pulsate and rush past buildings. The volume of 
this form expands and contracts depending on its movement and intention (52).  
 
The embedded power associated with the entity affects the buildings it approaches. A sense of gravity 
pulls and deforms the buildings (49) as they are embraced with this liquid form. Buildings that have 
been affected begin to discolour, slowly altering to a dark green state (41). As the buildings change 
state, disease breaks out and a series of bumps start to form, growing in depth over time (49). 
 
The liquid form is aggressive, and at times collides with the city. This event causes an explosion; 
particles spray off and freeze in time preserving the memory of the incident (42, 50). Buildings in the 
range of the explosion also become exposed and react through discolouration and texturing (48). 
 
The climax of the animation shows the liquid form in a forceful collision with a high rise building. The 
resultant building is stricken by disease, continuous venom seeps from the building fabric (43, 46). The 
main character is affected, and loses velocity. It weaves into the fabric of the city, feeling vulnerable 
and requiring shelter. It makes a final leap, revealing its physical form in detail (44, 51), at last seeking 
refuge in the depths of the city (45). 
 
What remain are fragments of a featureless city, now embedded with life and energy reminiscent of an 
event and the reactions that have occurred in some point of time. The importance this animation has 
for the discipline of architecture lies in the inherent underlying process. Contrary to traditional design 
methods, this animation provides insight into an inverse process of design, where the buildings respond 
and change according to events occurring within the city. 
 

Figure 41.  
Liquid Form Affecting a Building  

causing discolouration and deformity. 
 

Figure 42.  
Explosive Collision. 

 

Figure 43.  
Diseased Building. 

 

Figure 44.  
Physical Form Revealed. 
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Figure 45. Seeking refuge in the depths of the city 
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Figure 46.  Venom seeping out of building fabric. 
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Figure 47. Deformation in buildings. 
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Figure 48.  Collateral damage to neighbouring buildings. 
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Figure 49.  Discolouration and texturing to building fabric. 
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Figure 50.  Explosion preserved in time. 
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Figure 51.  Inside the liquid form. 
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Figure 52.  Volume of the liquid entity expands and contracts. 


