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Abstract:

This paper reflects upon and interrogates an artwork that
explores the internal unattended workings of a machine through an 
implementation of the Ganzfield Effect and Closed Eye Visualization. 
The work explores ideas about generative machine vision and how it
gives rise to unbidden and unexpected images and patterns in
streams of unstructured data.  Through an examination and analysis 
of visual system noise expressed as spatio-temporal voxel volumes, 
the work explores the product of these investigations as machinic 
hallucinations.

Using a classic Ganfield effect [1] experimental apparatus, a 
monochromatic colour field, undifferentiated by tone or hue is 
analysed for tiny inconsistencies in the colour field. Invisible to the 
human eye, these inconsistencies are tracked, built as voxel 
volumes, and analysed and sampled as they pass across multiple 
planes in the volume.

Over time patterns gradually emerge as the sampled frames 
are accumulated and are multiplied together. What starts as pure 
noise gradually resolves itself into patterns with structure and form. 
The patterns that emerge bear a striking resemblance to patterns that 
are normally associated with those seen in closed eye hallucination
and Ganzfeld effect experiments in which subjects stare for long 
periods at monochrome uniform fields of colour.

Past work has investigated the relation between perception 
and memory where memory is characterized as an index. New work 
suggests the possibility of using machines and their generative
interiorities (subjectivities) in a phenomenologically driven 
investigation to discover hallucinatory tendencies that can create 
false memories.

Contact:

alan.dunning@acad.ca
Keywords:

Ganzfield effect, closed eye hallucination, pattern recognition, art and 
science
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ColourBlind, 2010, installation view 

Premise

The Einstein’s Brain Project is a group of scientists and artists working together 
to develop installations and environments exploring ideas about consciousness 
and the new constructions of the body. Recent work has used strategies taken 
from paranormal science and psychology to explore how interpretation in shared 
machine-human environments contributes to the construction of our worlds.

The paper briefly introduces and contextualizes a new, developing work – 
ColourBlind - that explores the internal workings of a machine through an 
implementation of the Ganzfield Effect and Closed Eye Visualisation insofar as 
they relates to ideas about hallucination in human and machine hybrids. The work 
explores ideas about machine vision and how hybrid interpretation gives rise to 
unbidden and unexpected colours, images and patterns in streams of 
unstructured data, and how undifferentiated monochrome colour can affect 
interpretation imagination. Through the inspection and analysis of visual system 
noise expressed as spatial temporal voxel volumes, the work considers the 
product of these investigations as machine hallucinations.
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1. INTRODUCTION

In recent times the development and dissemination of computer generated 
imagery has made commonplace constructed visual spaces that are 
fundamentally different from the mimetic and naturalistic representations of 
traditional media like painting, photography and film. But it is the increasing 
prevalence of machine and computer vision, and seeing machines, which has 
produced the most radical shift in the manner in which the world is perceived and 
constructed. This habitual employment of technological devices and programs 
has reconfigured both our conceptual and perceptual frameworks to the extent 
that what might be called natural vision is beginning to be superseded by machine 
vision. This suggests that vision is becoming disengaged from human needs and 
is now transferred to a technological plane.

The Project’s exploration of hybrid perception and interpretation in shared 
machine-human environments concentrates on the idea that any visualization is a 
complex expression and indication of internalized machinic activity. In previous 
work we have been forced to acknowledge that our visualizations are constructs 
that are not uniquely related to the information that generates them. They are a 
complex hybrid of machine analysis, human interpretation, and scientific and 
artistic vision, which promotes a remapping of information beyond its immediate 
functional value. The drive to fill in the spaces opened up by those parts of an 
entity that resist their informational links, produces what we might only think of as 
false positives, but in doing so brings into focus acts of cognition that are 
inextricably linked to the building of meaning, the understanding of narrative, and, 
in turn, to the techno-subjective restructuring of the body. 

The Ganzfeld Effect

The Ganzfeld (complete or open field) effect [1] is 
a phenomenon of visual perception caused by 
staring at an undifferentiated and uniform 
monochrome field of colour. Usually this is 
accomplished by the subject wearing tight fitting 
goggles that block out all but one colour of the 
spectrum. In the 1930s psychologist Wolfgang 
Metzger, investigating gestalt theory, established 
that when subjects gazed into a featureless 
colour field they were unable to see anything after 
even a few seconds. In further experiments 
subjects that are immersed in the monochrome 
field for extended periods of time consistently 
hallucinated and recorded distinct EEG patterns 
of activity.
It is a well-known phenomenon with historical 
precedents in the followers of Pythagoras entering Ganzfeld modified CCD
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dark caves to gain wisdom through visions [2], and in reports of trapped miners 
hallucinating and seeing ghosts. Similar experiences are often cited by Arctic and 
Antarctic explorers who report altered states of mind while travelling across large 
featureless landscapes.

It is thought that the hallucinations in extended Ganzfeld experiments are the 
result of the brain amplifying neural noise in order to look for the missing visual 
signals, and it is this noise that is interpreted in the higher visual cortex, giving 
rise to hallucinations.

A Ganzfeld experiment is a technique used in the field of parapsychology to test 
individuals for extrasensory perception. In the context of ColourBlind its similarity 
to scrying – an ancient system of revelation through prolonged observation of an 
object - should be noted. Martin Howse’s experiments in scrying, in so far as they 
relate to our electronic environment and the revelation of a hidden world [3] have 
particular resonance, as does Friedrich Kittler’s exposition on the electro-
mysticism of Thomas Pynchon’s novels. [4]

 
Closed Eye Hallucination

In Closed Eye Hallucination an individual sees blobs, colours in motion and 
sometimes objects, even though the eyes are closed. Closely linked to the 
experiences of subjects in Ganzfeld experiments there are often patterns 
discovered within the blobs – most cited are webs, grids, honeycombs and other 
geometric and repeating structures.

CEH experiences can take a number of forms: visual noise - seemingly random 
noise of pointillist light/dark regions with no apparent shape or order; light/dark 

Patterns typically reported in CEH  
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flashes - regions of intense black or bright white that appear in the noise; patterns 
– highly organized motion and colour forming complex geometric patterns and 
shapes; and finally objects and things.

ColourBlind

A camera is turned on, covered with a single Ganzfeld goggle [5] and bathed in a 
pure yellow light. The only light passing to reach the camera’s CCD is yellow light 
of 570 nm. The video stream is sent to a computer where the input is cropped and 
adjusted for fall-off at the edges of the camera so that the monochrome colour 
field is undifferentiated by tone or hue. The camera image is processed in 
Max/MSP to construct a voxel volume that is analysed for optical features within a 
specified region of interest. Tiny inconsistencies in the colour field, invisible to the 
human eye, false positives if you will, are tracked as they pass across 3 planes in 
the x, y and z dimensions of the volume. These inconsistencies are amplified and 
rendered as pixels on a video plane that becomes increasingly densely populated 
through additive blending.

This video plane is streamed to a projection on the wall. Over time patterns 
gradually emerge as video frames are accumulated and multiplied together. Two 
other screens show, in turn, the light that is seen by the camera and the volume 
of data that contains the analyzing planes. What starts as pure noise gradually 
resolves itself into patterns with structure and form. Sometimes these form 
rapidly, but usually these are the results of many layers of noise blended together 
over very long periods of time – days and weeks. 

Visualisation of emerging pattern
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The patterns that emerge bear a striking resemblance to patterns that are 
normally associated with those seen in closed eye hallucination and Ganzfeld 
effect experiments in which subjects stare at monochrome uniform fields of 
colour. Most often loose grid-like patterns with regularly spaced nodes emerge 
first, to finally resolve themselves as lines radiating out from single focal point.
The patterns take the form of organised blobs that develop into lines and 
patterns. Usually asymmetrical they still retain enough symmetry to suggest 
cobwebs, wheels or mazes that recall many descriptions of hallucinations 
experienced during Ganzfeld experiments.

The inconsistencies in the field come from the image sensor itself, and the 
quantization processes at work in the patch, but the patterns that emerge suggest 
that there are unseen structures embedded in the streams of data that surround 
us and feeds the imagination that is at the heart of the Project’s work on hybrid
cyborgian systems of representation and interpretation.

A CCD is an electronic photon detector, converting photons into electrons, as
photons strike each pixel of the device. The number of electrons amassed in each 
pixel is directly proportional to the number of photons that strike the pixel, and 
indicate how dark or light each particular pixel should be in an image file.
Theoretically, each and every photon would be converted into one electron, the 
number of electrons indicating exactly how much light struck each pixel.  
However, thermal noise, amplified background electrical noise, and the fact that 
not all pixels in a CCD have the same sensitivity to light, introduce variations that
affect the representation of the image.

Noise in these images manifests itself in many ways; grain in dark areas,
horizontal or vertical lines visible in low signal areas of the image, blotchy 
gradients between darker and lighter areas, gradients from one edge of an image 
to another.  

The introduction of noise into an image creates numerous fictions, and the link to
direct representation is attenuated. At the extreme a noisy image is a fiction filled
with hallucinatory elements. It is these hallucinatory elements and their 
consequent fictions that form the patterns in the work. But their fictive character is 
moderated by their lack of any indexical, physical relationship to reality.

The installation is a generative, closed system. An algorithm looks for any 
disruption in a uniform field of colour. Any pixel values that fall outside a finite and 
limited range are stacked additively on previous instances of disruption. Over time 
there are many, many instances of the tiniest of ruptures in the visual field that, 
multiplied together, begin to organize the previously vacant colour field. These
patterns are nothing more than the chance interaction and collision of one slight
variation in pixel value with another, but the Project’s interpretation of them hints 
at an analytic that forms in the interstice between machine and body within 
pattern and information flows, as the brain’s cenophobic response to absence and 
randomness.

The patterns that emerge from the random flickerings in the machine hint at an 
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immaterial hybrid body that exists in the pattern and information flows that were 
fusion of body and machine, suggests that there might be real information 
contained within the random noise of the work, but its lasting impression is to 
acknowledge an ontological anxiety that imagines a remembering body so 
inextricably enmeshed with its surroundings and the technologies that support it, 
that it becomes indistinguishable from the processes, systems and mechanisms 
of storage and distribution.

Tracked pixels accumulated over time

But the real question is whether machines can imagine too, whether in the 
darkness there is anything that might cause the machines to see as humans do - 
to see things where there are none and to recognize within these visual mistakes 
optical and aesthetic possibilities? [6]

Previous Work

Earlier work used ideas found in Electronic Voice and Video Phenomena to 
explore ideas about presence and absence, and pattern and randomness. 
Installations took the form of blinded cameras that sent visual and audio noise to 
a computer that analysed it for patterns that looked like human faces and 
sounded like human speech.

In these installations the computer did the hard work of analyzing complex data, 
but the task of meaning making was left to the observer. Algorithms that found 
faces or human speech in the data stream found many barely meeting the 
requirements. The interpretation of noisy pixels as faces, or noise as speech was 
left to the observer. On occasion these faces and voices were utterly convincing. 
They were, to all intents and purposes, real faces, real voices. They were not 
images of people, but another kind of image loaded with meaning, which arose 
accidentally, but irresistibly, from the hybrid interaction between machine and 
body. To all intents and purposes when these patches of pixels looked like faces, 
they were images of faces.
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The faces and voices that emerged from the random flickerings in a machine 
hinted at an immaterial hybrid body that existed in the pattern and information 
flows that were fusion of body and machine, suggesting that there might be real 
information contained within the random noise of the work.  

Ghosts in the Machine, Mexico 2008

Later work extended these ideas by organising noise and its visual equivalents as 
spatio-temporal volumes to enmesh an observer in a stack of noise slices, 
delivered by directional speakers. These works used pattern recognition 
algorithms to identify unusual repetitions, noticeable clusters, loops and so on, in 
concert with a moving observer who gave form to shapes and sounds. Enlarged 
to architectural scale an observer is enveloped by volume of noise slices, 
delivered by directional speakers. The observer gives form to shapes and sounds 
that might seemingly only have an attenuated indexical relationship to the data.
These works form the beginnings of a new means to develop installations and 
visual systems that use the relationship between an observer actually within the 
data to build a picture of the machine/human that is the mediatized body. 

It is this work that informs the recent exploration of pattern emerging from a 
monochrome colour field.

Conclusion

The work of the art and science collective the Einstein’s Brain Project has long 
been closely associated with issues surrounding memory, time and the means by 
which we access the past. In particular, works that have been engaged with the 
deep analysis, through pattern and feature recognition, of information accreted 
over long periods of time, have contributed to a core understanding of memory as 
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a shared construction between machine and human. In these works the task of 
archiving the data has been consigned to machine memory, but analysis and 
interpretation has remained with the human element in the symbiotic, cyborgian 
systems that constitute the works. The relationships between time, human 
interpretation and distributed and archived memory, together with the irresistible 
shifts that occur in the false continuities of reconstruction, have suggested new 
ways to consider memory and the body as its instantiating agent, as is 
increasingly distributed throughout a diffused and expanding world. They suggest 
that memory may not only be discrepant - dynamic and neomorphic - but also 
more purely hallucinatory and more bound up in the complex processes of 
remembering that lay beyond both the recall of persistent memory, and the 
paroxysm of involuntary memory.

In ColourBlind very large amounts of data culled from noisy colour streams are 
processed in attempts to perceive pattern and form in apparently random 
streams, or in undifferentiated monochrome fields of colour. Extremely large 
amounts of data are written to disk and analysed both in real time and after the 
fact. In each work, the task of archiving data is consigned to a machine, with 
analysis occurring in the interstice between machine and human as both attend to 
the task of searching for pattern. What the analysis reveals is that patterns and 
forms assert themselves that are neither properly in the data nor indexed 
elsewhere. While representing the data exactly, these forms arise through simple 
differences that recalls Deleuze’s notions of difference intensity:

Every phenomenon refers to an inequality by which it is conditioned. Every 
diversity and every change refers to a difference that is is sufficient reason. 
Everything which happens and everything which appears is correlated with orders 
of differences: differences of level, temperature, pressure, tension, potential, 
difference of intensity. [7] 

Simple differences in tone, or colour or hue result in a morphogenesis based on 
emergence, on becoming and driven by intensity differences. The machine 
archive – machine memory – contains its own mechanisms for generating form 
from within. Unexpectedly, machine memory suddenly appears less finite, less 
closed to discrepancy than first imagined. Form and pattern is generated through 
the very intensities of difference that are the quintessence of code - ones and 
zeros. It is as if algorithmic access to an archive – machine memory if you will – 
is, and must be, fundamentally hallucinatory.

All of the Project’s pattern recognition work has much in common with the psychic 
spectres of Abraham and Torok [8], Jonathon Crary’s bodies [9], and with recent 
explorations into sonic hauntology [10], particularly in its investigation into 
changing ideas about what constitutes authenticity, and with earlier explorations 
into EVP [11], but its lasting impact is to acknowledge an ontological anxiety that 
imagines a body so enmeshed with its surroundings and the technologies that 
support it, that it becomes indistinguishable from the mechanisms of its 
representation and disappearance.

The work of Einstein’s Brain Project explores machine vision and computational 
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analysis to examine a machine’s interiority –  its phenomenal self-model. The
question remains:  where is this model to be found? It is not located within the 
artifacts themselves and neither is it properly located within the machine. It is the
product of a relation. Past work has investigated the relation between perception 
and memory where memory is characterized as an index. New work suggests is 
possible to use machines and their interiorities (subjectivities) in a 
phenomenologically driven investigation to discover hallucinatory tendencies that 
can create not only false memories, but machine imagination. 

Increasingly our machines see and discriminate much as we do, and in turn 
change our perception of the world. ColourBlind explores ideas about how we and 
machines see and experience the world, and raises questions about the capacity 
of both to discriminate. In the search for pattern in randomness, for colour where 
there is none, when faced with the horror vacui of sensory deprivation the brain, 
and in this case the machine, continues its processing regardless, creating its 
own colours and forms as interpretative hallucinations, as part of a grid of a 
memoriously relational world [12]:

In his electro-mysticism, the triode was as basic as the cross in  Christianity. 
Think of the ego, the self that suffers a personal  history bound to time, as the 
grid. The deeper and true Self is the  flow between cathode and plate. The 
constant, pure flow. Signals - sense data, feelings, memories relocating-- are put 
onto the grid, and  modulate the flow. We live lives that are waveforms constantly 
changing  with time, now positive, now negative. Only at moments of 
great  serenity is it possible to find the pure, the informationless state of  signal 
zero." [13]
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Abstract:

The installation Varia … models a specific notion of how deep sea 
communication  between  specimens  and  across  species  might 
happen,  inspired  by  the  work  of  zoosystematicien Louis  Bec  and 
philosopher Vilem Flusser.
A  number  of  parallel  threads  informed  the  collaborative  design 
process:  Discussion  of  the  theoretical  background  from  diverse 
domains  (cross-reading  texts  by  Darwin,  on  evolutionary  art,  AI 
literature,  and  sound  synthesis),  long  series  of  experiments  with 
generative systems (in the programming environment SuperCollider), 
and practical developments of hybrid music/visual/movement systems 
based on an Arduino variant (the JeeNode system developed by J.C. 
Wippler). 

The model emerging from all these threads differs considerably from 
much evolutionary art.  It  avoids classic  concepts like predator/prey 
interaction, and sexual reproduction models, focusing instead on the 
core of communicative behavior, the exchange of ideas. A number of 
actants  ("creatures")  transmit  symbols  ("letters")  to  each  other, 
assemble them into longer chains ("words"), and sometimes express 
these  "words"  by  emitting  sound,  light,  or  motion  patterns.  Some 
creatures generate rhythmic pulse sequences, some almost melodic 
phrases. Others let hues of colours flash over their skins, while others 
again float  up and down in space in response to the conversation 
between  them.  The  concept  has  been  influenced  by  its  intended 
location (a big empty water reservoir in Berlin), focusing it on acoustic 
communication in reverberant settings, with light only playing a very 
localised role. 

The installation was shown during the SuperCollider  conference in 
Berlin, to very positive responses from both expert audiences and lay 
persons;  e.g.  the  children  in  the  neighbourhood  were  extremely 
intrigued by it (once they had overcome their fear of the dark), and 
brought in friends and parents... 
Beside describing the details of the piece, the paper aims to reflect on 
the role the interdisciplinary design process has played for its eventual 
form; in short, we find that the approach taken has been extremely 
interesting  and  successful  from  both  didactical  and  artistic 
perspectives. 

[More detailed documentation on the installation is currently being 
prepared, and will be made available on the website soon.]
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Abstract

The installation Varia Zoosystematica Profundorum models a specific notion of how 
deep sea communication  between specimens and across  species  might  happen, 
inspired by the work of zoosystematicien Louis Bec and philosopher Vilem Flusser. 
A number of parallel threads informed the collaborative design process: Discussion of 
the  theoretical  background from diverse  domains  (cross-reading  texts  by  Darwin, 
texts on evolutionary art, AI literature, and sound synthesis), a series of experiments 
with  generative  systems  (in  the  programming  environment  SuperCollider),  and 
practical  developments  of  hybrid  music/visual/movement  systems  based  on  an 
Arduino variant (the JeeNode system developed by J.C. Wippler). 

Beside describing the details of the work, this paper aims to reflect on the role the 
interdisciplinary design process has played for its eventual form; in short, we find that 
the  approach  taken  has  been  extremely  interesting  and  successful  from  both 
didactical and artistic perspectives. 

1. Background

One starting point for the project was a recurring practical question: how to teach 
Generative Art / Computational Art to very inhomogeneous groups. At UdK Berlin, 
some students in our class have a background in Visual Communication; some have 
good programmings skills, some very little coding experience; some are highly skilled 
musicians and sound artists, some have no formal music training; and we often have 
outside guests who may be future candidates for the class, or independent artists 
seeking  a  stimulating  learning  environment.  One  common  method  is  having  a 
semester topic in order to explore specific areas in both theory and practice, and the 
approach we took was a special variant of that strategy.

The  second  starting  point  could  just  as  well  be  called  a  landing  point:  Carsten 
Seiffarth  from Singuhr Hörgalerie kindly invited me and the class to present a project 
at  the  Großer  Wasserspeicher,  which  is  one  of  the  most  spectacular  sites  for 
presenting sound art works in Berlin. It is a former water reservoir for the city, built 
into an artificial hill, with a diameter of 40m, and five concentric rings of brick walls to 
hold  the  pressure  from the  water  contained.  The architecture  is  quite  striking:  it 
consists of 6m high circular corridors with vaulted ceilings, no daylight (except for an 

1
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entrance cut into the hill later on), and it is highly reverberant (ca. 18 seconds reverb 
time overall, and more at lower frequencies). 

So,  the  semester  began  with  the  open  question  “what  shall  we  show  at 
Wasserspeicher?”, and keeping this opportunity in mind provided a focus for which 
lines of experiments to pursue further.

2. Context of Courses

We addressed the didactic question with a polyphony of interweaving courses: 

an exploratory course “Experiments with open generative systems”
a theory/reading course “The Nature of Nature – How Arty is Darwinism?”
a practical course on hybrid music systems “cc – communicate, creatures!”
a more loosely coupled course on audiovisual programming.

“Experiments ...” (Alberto de Campo) covered many basic concepts, beginning with 
Cantor sets, fractals, coastlines, on to feedback systems, particle systems, agent 
systems, and communication systems. These were discussed conceptually, and with 
very simple code examples, so participants could do their own experiments freely; 
much time  went into coming up with variants in class, and trying them out 
immediately, using the Just In Time Programming style in SuperCollider. [1, 2, 3] 

“The Nature of Nature” (Renate Wieser) went from reading excerpts of Darwin's 
Origin of Species [4] and Descent of Man [5] to papers on Evolutionary Art [6] and on 
code and its performativity [7]; crossreading Microsound [8], classic swarm behaviour 
[9], and an approach that combines them [10]; from computational simulations of 
evolution [11, 12] to classic and newer AI literature [13, 14].

“cc - communicate, creatures!” (Hannes Hoelzl) covered building simple analog/ 
digital audio synths (such as [15]), and programming Arduino-like microchips to 
control these synths, various light sources (e.g.arrays of  LEDs), and motors, 
solenoids and relays, as well as to communicate with computers. 
The chips are the JeeNode system by JC Wippler [16], which are open source 
hardware, have a built-in little radio sender/receiver chip, a wide choice of sensor 
designs and kits (so called Plugs), and accompanying Arduino software classes and 
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examples to re-use and adapt. The interaction between different parts of the 
installation to be designed could be based on these chips.

“Audiovisual Programming” (Fredrik Olofsson) focused strongly on the praxis of 
programming, so much time was spent on learning how to explore concepts by 
experimenting with code. Special emphasis is on tying together sound and visuals by 
having the same models control both modalities; thus a change made to the model 
that is intended to affect the sounds in a specific way may well have interesting side 
effects on the visual behavior one would never have thought of directly. This 
experience was very useful for experimenting with mapping sounds, light and 
movement from the same control information in the creatures. 

This was accompanied by informal “tinkering meetings”, which people could attend 
optionally to build things together, and get help from colleagues who have more 
experience with, say, soldering, programming, mechanics, etc.

3. Shared Design Process

Within this setting of parallel activities, the design for the eventual installation 
emerged in a shared process of discussions, experimentation, practical 
simplifications, and later on, individual ideas of what one's own creature could be like. 
These could be really heterogeneous, which would make it more challening to find 
ways to bring them together. Beside the authors, the participants in that process were 
mostly students of UdK, and some guests: 
Bernhard Bauch, Constantin Engelmann, Dominik Hildebrand, Akitoshi Honda, 
Florian Kuehnle, Ingrid Ladurner, Karin Lustenberger, Rita Macedo, Naomi Mulla, 
Sarah Rechberger, Johanna Tauber, Andre Wakko, Christian Zollner; Peter Bartz, 
Tiago Cutileiro, Annie Goh, Tobias Purfuerst.

Initially, there was no preconceived general idea what the eventual system would be 
that ties the different aspects together. Thus, rather than describing the finished work, 
we will here try to reconstruct the flow of ideas. 

2.1Aquarium
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One of the simplest possible examples for a real-world simulation is a simulated 
aquarium (a Chinese import shop find), which runs a bluish foil with images of fish 
and little bubbles on it across an illuminated background – this is a very simple 
system of agents. We re-wrote the aquarium as a little drawing patch, and began to 
amend its biggest simplification, which is that all the fish always swim in parallel. So 
we introduced different speeds, up/down drift, ways to avoid collisions, etc. 

2.2 Communication systems – Agent behavior

What messages should be communicated? The simplest solution was to use 
subsymbolic tokens (such as single letters), which can be assembled into “words”, 
which stand for concepts, or units of meaning; note that the resulting “words” need 
not have any semantics known to the human experimenters (i.e. us); in fact, how 
should we know anything beforehand about how and with what concepts meanings 
are communicated in species very different from humans? Even in cross-cultural 
comparisons, semantics are by no means straightforward.

Most of the time, an agent would listen (or observe); only sometimes would it become 
obviously active by doing something (make a sound, show light or movement). 
So in practice, it would listen and wait for letters from outside; for communicative 
symmetry, an agent would also emit/send letters every now and then that the others 
would listen for; it would want to form a word of its own out of the incoming, or 
remembered, or preferred letters. When this personal word is finished, it can do 
something based on the word: It can translate it as a time pattern, and/or a value 
sequence, to inform a rhythmical sound, light, or movement pattern that is specific to 
this “word”.

2.4 Deep Sea 

Pondering the aquarium and the idea of "abstract" communication between unknown 
creatures; the idea emerged that communicating deep sea creatures are a very 
fascinating subject of study: there are so many known cases of very strange 
creatures that even unlikely new ones seem just as plausible or implausible. This 
idea immediately energised the flow of the (until then somewhat vague) project, 
and it led to a number of happy coincidences:

First of all, the book Vampyroteuthis Infernalis, a wonderful collaboration between 
philosopher and founder of communicology, Vilem Flusser, and artist and 
“zoosystematicien” Louis Bec. It shows detailed biological drawings of hypothetical 
deep sea creatures with complex names for body parts whose functions remain 
mysterious; and it compares the radically different worlds deep sea squids and 
humans experience, juxtaposing them as figurative mirror images. This freewheeling 
variation on Flusser's research into the manifold connections between 
communication research, informatics, cybernetics, and being-in-the-world in general 
became a major source of inspiration for our venture. As the Flusser archive is also 
hosted at UdK Berlin, we even had the luxury of a highly informative lecture and 
discussion with Flusser expert Claudia Becker.

Secondly, 2010 was an important year in biology: The Marine Life Census project 
[17], a large coordinated research effort in which more than 2700 biologists 
worldwide systematically looked for new species in many different kinds of oceanic 
habitats, went into its concluding phase; furthermore, 2010 was declared the Year of 
Biodiversity; and finally, Jacques Cousteau's 100th Birthday was in June 2010. 
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2.5 More preferences

While experimenting with different communication models in SuperCollider scripts, 
the following design ideas and preferences of the working group emerged:

no sex, no death - reproduction/genetics is already explored in so many 
biologically inspired art projects that we need repeat these
no predator/prey modeling, no search for food - for the same reason 
mental energy level - listening to incoming letters or words is a way of 
acquiring mental energy, while sending or expressing words spends energy; 
there are several activity levels: creatures become hyperactive from high 
energy, or go into hibernation to recover from low energy
background is assimilated - like songbirds adapt car alarms, our creatures 
would adapt Morse code patterns they may have perceived from submarine 
vessel communication.
"God words" - All creatures share a list of "magic words", and when a newly 
formed word is similar enough to one of them, the creatures get excited and 
repeat variants of the new word for a while ("Song and Dance Mode").

2.6 Sketching with SuperCollider

All stages of the communication model that would run on the microchips eventually 
were first explored in code examples in SuperCollider, in a kind of second order 
simulation. The final version of these is available online [18], and is structured as 
follows: 

All creatures are modeled as continuously looping tasks which
send individual characters to all, and listen to incoming characters
build words from these, based on their own letter preferences
when their word is complete, play their sound, and have their 

respective little GUI window's frame flicker briefly
send their words, and when these match a “magic word”, 
go into a special, more active mode (“song and dance”)
keep a three-stage energy level: normal, hyperactive and hibernation

The GUIs for the simulation represent a lot of the inner state of the creatures, so one 
can follow the slow growth of a word, and see and hear when it is finally expressed; 
watch the energy level of a creature change as it absorbs letters sent by the others; 
and much more; see the screenshot below. 

This very rich representation helped understanding what was going on, and how new 
variations in the code changed the collective and individual behavior. Many special 
behaviors can be triggered from code, e.g. one can induce e.g. Song and Dance 
mode, change words while they build, manipulate the energy levels, etc etc. This 
flexibility even allows drastic changes to the entire system while it is running (which 
some people like to compare to open heart surgery). 

The design sessions in the generative systems course took full advantage of that: we 
could try simpler ideas immediately, almost as fast as typing it, then observing for 5 
minutes again, then discussing the change, and deciding how to move on. More 
complex ideas were postponed and prepared in advance for the next session.  
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 4. Commonality and Differentiation

The common model shared by all creatures emerging from all these threads, the 
creatures' brain design if you like, differs considerably from much evolutionary art; 
rather than following classical biologistical concepts (predator/prey, sexual 
reproduction, fight for resources), it focuses on the core of communicative behavior, 
the exchange of ideas. Very briefly, a number of actants ("creatures") transmit 
symbols ("letters") to each other, assemble incoming elements into longer chains 
("words"), and sometimes express these "words" by emitting sound, light, or motion 
patterns. Obviously, the concept has been strongly influenced by its intended 
location, both in terms of the habitat it refers to, as well as in focusing on acoustic 
communication in very reverberant settings, with light only playing a localised role.  

How the creatures express their inner state, i.e. communicate their "words" to the 
others, is very open to the interpretation of the individual participants: various 
manifestations of a single evolutionary thread, if you will. And in fact, the 
diversification of creatures was astounding! Some generate rhythmic pulse 
sequences, some create almost melodic phrases. Others have hues of colours that 
flash across their skins, while others again float up and down in space in response to 
the conversation between them. The following sections discuss each creature very 
briefly; the evolving documentation on all of them is available online [18], along with 
documentation movies of the preview show and the show at Wasserspeicher. 

4.1 Paulantinautius divinatio

P. d. are deep sea octopuses belonging to 
the family of Bathypolypus arcticus. They 
normally live in depths from 1900m and 
below. Their most famous specimen was 
brought back to its original environment 
after playing the widely publicised role of 
Paul the” world championship oracle”. 
After Paul [19] died on October, 26th, 2010, 
Paulantinautius is the only descendant 
beeing alive.

Model created by Bernhard Bauch.

4.2 Anarchiteuthis benjolinensis semiprofundus

A. b.s. is a deep sea octopus belonging to 
the Subclass Octopoda. They are known 
to communicate by electromagnetic 
means. They produce moving 
bioluminscent hues on their skin, which 
are considered likely to be a form of 
communication; details on what they 
communicate are unclear.

The model shown here  focuses on its 
acoustic expression; its visual 
communication is only sketched here. 

Model created by Alberto de Campo. 
Sound and light production use the Benjolin instrument designed by Rob Hoordijk. 
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4.3 Flexotheuthis elongabilis

F. e. is an extremely rare species which lives 
exclusively in very deep marine crevices, below 
at least 2500 meters. They are extremely 
sensitive to changes in the electromagnetic field. 
Current research suggests that this sensitivity 
aids them in fleeing and seeking shelter when 
submarine earthquakes occur. 
F. possesses a bioluminiscent nervous system; 
interestingly, the nodes (two for each body 
segment) also create wide-spectrum sonic 
pulses, which can be heard over considerable 
distances. It is assumed that these sounds serve 
communication purposes with fellow specimens. 
Some researchers favor the interpretation that 
their "song" is a form of self-entertainment, and 
expresses their subjective well-being; their 
nervous system appears complex enough to 
justify the existence of such mental states. 
The model shown here is a baby F. of ca. 3m 
length when extended; until today only sub-
adults have been found. Adult specimens are 
expected to continue growing as long as they 
live, and may easily reach lengths of 10-15 meters and more.

Model created by Dominik Hildebrand.

4.4  Monatom (also Monon)

M. is a very primitive unicellular organism 
probably belonging to the Rhizaria taxon. 
They are believed to be among the oldest 
life forms still in existence, and in very 
early phases of life on earth, it was the 
dominant life form across the globe. 
Today, Monatoma survive in the benthic 
zone. 
Strangely their life activity appears to be 
based on binary code: They exchange 
information by means of bioluminiscent, 
directional light-beams in timed patterns, 
which bear some resemblance to Morse 
code. They have no fixed form or size, but are often observed to assemble in 
hexagonal forms; larger rhizomatic bodies composed of such hexagonal assemblies 
are observed up to very large sizes, going into hundreds of meters. 

Model created by Akitoshi Honda.

4.5 Vuvuzeloida diaboli silvestris bandaniensis 

V.d.s.b. are deep sea worms belonging to the family of Vuvuzeloida infernalis. The 
cone-shaped worm has first been observed in deep crevices in the Banda Sea 
(South Moluccas in Indonesia). As the genus is phylogenetically very old, it is 
expected that isolated populations of V. will be found in far apart submarine 
environments.
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V.ae are known to communicate by 
producing crackling sounds, which are 
somewhat similar to the Indonesian 
traditional instrument called "Forest Devil". 
When Vuvuzeloidae appear in larger 
flocks (also called schools), they tend to 
produce a pandemonium of loud 
monotonous sounds.

Model created by Ingrid Ladurner. 

4.6 Suithisaurus turbulens spasmodicus 

“Sweetysourus” (Suithisaurus turbulens 
spasmodicus) has first been found in the Indian 
Ocean, off the Island of Sri Lanka. Initially it was 
believed that the found object was only the 
skeleton of a previously unknown tropical saurian 
that has sunken into the deep sea after being 
dislocated by a monsoon storm. Later sightings 
have revealed that it is in fact a living being, which 
has quite complex behavior patterns; e.g., it has 
what looks like shiver spasms about 30-40 times 
per hour. It was named by an Irish marine biologist 
after the Gaelic word for skill (with the vernacular 
name being an unfortunate example of scientist 
humor).

Model created by Karin Lustenberger.

4.7 Laufwerk (Testudo marino-digitalis monopedes)

Laufwerke are marine testudides, and 
as such, members of the order 
stomatopoda. They live in the benthic 
zone of the deep sea and reach a 
typical length of 19 cm, and 31cm 
with their mouth open. Due to their 
extravagant mouth-apparatus, 
Laufwerke are the only species 
known that appear to grow by half of 
their normal body-length during 
ingestion.
Lacking a stomach, brain and almost 
everything except for the mouth, the 
predominant task in life of a laufwerk 
is eating. Due to the absent stomach, and the resulting inability to store food, 
Laufwerk requires a constant supply of nutrition.

Model created by Naomi Mulla. 
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4.8 Cyclops Significans

S. is an as yet unclassified inhabitant of 
the deep sea, arguably belonging to the 
Oculopodae. With its elaborate eyelashes, 
C. S. produces an rather spectacular gaze 
based on bioluminescence and sonic 
endo-resonance.

Model created by Christian Zollner.

4.9  Humilis coconis

First traces of H. c. were found in the deep waters 
of the Lapulapu Ridge in the northern Pacific 
Ocean during underwater audio recordings. 
Instead of the expected whale song that was the 
intended object to be studied, interference signals 
were picked up; since then researchers have tried 
to locate the origin of the sounds. Months later, a 
first picture of the humilis coconis could be taken 
(shown above) about 4200 meters below sea level 
almost at the same place.
Since then speculations abound about their 
taxonomical classification, their way of reproduction 
and their communication behavior. Researchers 
assume that the humilis coconis uses its inner 
organs to create some kind of feedback 
frequencies and is able to amplify them through the 
resonating shape of its body. Nuclear radiation 
seems to have caused mutations in H.C. which 
enables them to reuse industrial waste in multiple 
ways, e.g. for their sound-producing body shells.

Model created by Tobias Purfürst.

4.10 Variotuethis

Variotuethis was first sighted very shortly before 
the V. Z. P. installation. It appears that Variotuethis 
can split into multiple segments, which can survive 
as independent organisms after this giant version 
of cell proliferation. 
Variothuetis were found in association with 
hydrothermal vents. It is very likely that Variothuetis 
evolved out of the Siboglinidae (worms that grow in 
tubes), which overgrow the steep gradients of the 
black smokers. The mystery about Variothuetis is 
the enormous size it developed in an obviously 
very short period of time. First speculations call 
hydrogen sulfide to account for the rapid growth. 
Hydrogen sulfid is produced during the 
hydrothermal activity of the black smokers. Tube 
worms depend on this chemical, which is highly 
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toxic to most known organisms.
Variothuetis seems unable to produce organic material through the process of 
chemosynthesis out of hydrogen sulfide. Instead the gas appears to accumulate 
within Variothuetis, which results in an inflation of the whole organism.

Model created by J. Tauber and N. Mulla.

4.11 Meteor Deep

The exact origin of this periodic submarine noise is 
unknown. Its sounds can reach over several 
hundred kilometres. It is believed to come fro 
volcanic eruptions or seismic oscillations, as high 
amounts of energy are needed to send these 
signals over such distances. 
The crackling sound, shifting rhythmically from high 
to low frequencies is also modulated from time to 
time showing resonances of specific frequencies. 
The peaks in the frequency spectrum seem to 
show morse code like messages in some of the 
signals. 
By sonic triangulation, the source was located in the South Sandwich Trench, the so 
called Meteor Deep (55°40'S, 025°55'W) in the South Atlantic, at 8428m depth.

Model created by Constantin Engelmann.

4.12 Glomus Raucus Pellucensis

G, R. P. is a small multicellular organism 
that lives in the very deep areas of the sea 
(8000 - 9000 m). His overall corpus consists 
of several discs that resemble each other in 
shape and function. By repeatedly shifting 
the single discs in relation to each other, 
the Glomus R. P. is able to advance through 
the water. The sounds resulting from those 
movements are of a scratchy and coarse kind, 
which explains the origin of the Glomus' 
name. To Face the tremendous water pressure 
that exists in his habitat, the fragile-
looking Glomus R. P. makes use of a semi-open 
cell design; thereby annulling the human-made 
dichotomy of "inside/outside".

Model created by Florian Kühnle. 

4.13 Spongia naturalis misericordiae commota 
and Spongia domestica neurotica

In the family of sponge organisms, the Porifera, 
this recent discovery has been nicknamed “Gary”. 
Gary consists of many sponges of Spongia 
naturalis misericordiae commota (S.N.M.C.) living 
in a symbiotic network structure with  Spongia 
domestica neurotica (S.D.N.). 
The image shows what is called Gary's heart. This 
sponge is moving consistently and rhythmically like 
a mammalian heart muscle and this movement 
produces a sound similar to human breathing. 
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Furthermore, clear blue light is emitted by this heart muscle. Two rays appearing 
irregularly suggest that this structure is also Gary's eyes. Some researchers 
hypothesize deep philosophical (bordering on spiritual) implications here. 

Models created by Petja Ivanova.

4.14 Hydrophis Profundorum 
Illuminatus

H. P. I. belongs to the omnivorous sea 
snakes. Besides chasing prey actively, it 
also maintains a permanent stream of 
water through its body, which is filtered for 
nutrition. It is the object of speculations 
whether H. communicates mainly by 
hydroacoustic means or also 
electromagnetically.

Model created by Peter Bartz.

4.15 Auralia Oscillia

The Wobbling Moon Jellyfish, commonly 
known as the 'Wobble Squid' is a sea jelly 
that resembles a floating mushroom, 
closely related to the Aurelia Aurita or 
common Moon Jellyfish (dt. Ohrenqualle). 
Four horseshoe shaped gonads situated 
at the bottom of the stomach are a 
distinctive feature of the Moon Jellyfish.
In Eastern mythology, the jellyfish tried to 
deceive the dragon king Rinjin, who then 
beat him and pulled out all the bones of 
his body. Indeed, Moon Jellyfish possess 
neither bones nor brain, heart, blood, 
head, eyes or ears and consist basically of a floating mouth/anus and digestive 
system. Thus, the Moon Jellyfish can be appreciated for its simplistic anatomy and 
vengeful and poisonous nature.
In contrast to the common Moon Jellyfish, the Auralia Oscillia emits a low frequency 
oscillation perceived as a low wobbling sound as their sting cells (nematocysts) 
prepare to emit poison in order to capture prey. This mutation is currently understood 
to function by stunning prey before stinging as an additional mode of attack. 

Model created by Annie Goh.

4.16 Pringuzela Sospirosa Succubita 

Pringuzela S.S.'s long-stretched body is surprisingly angular for a marine animal, with 
the cylindrical gastro-oral apparatus most prominently developed around a tendinous 
structure with what seem to be two solar plexi, each attributed to a strong muscular 
texture, while the brain is only about 9% the weight of comparable Pringuzelae.
Its digestive cavity seems to have co-evolved into a resonant tube for deep sea 
acoustic communication. Projection of the sound is highly directional and it is vaguely 
resembling humanoid phonemes at varying pitches, with sentimental glissando 
motives being as common as short disrupted utterings.
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P.ae seem to appear in great masses at periodic 
intervals of 2 or 4 years in the warm season, 
coincident, for no apparent reason, with global 
events of sporty nature. Yet, this is the first 
specimen ever brought to surface and kept alive.

P.ae feed on anything salty from the oceans, but 
seemingly also a root of hitherto unknown origin, 
rich in carbohydrates. A better known fact is, that it 
serves as a main source of nutrition for a great 
number of bipedal animals, especially when in a 
state of relaxation.

Model created by Hannes Hoelzl, inspired by Ralf 
Schreiber.

5. Visitor Experience and Responses

Visitors to the exhibition were given two handouts: a map showing the layout of the 
space, which creatures are where, and short explanatory texts; and little LED light 
sources that could be turned on for orientation, like marine searchlights, which were 
tweaked to be darker than they usually are.

The typical experience a visitor would have was: 
One enters a tower on the top of the hill, goes down circular stairs within the tower, 
and arrives in full darkness, hearing a dense soundscape of strange sounds. With 
help  from the little  LED light,  one could barely  make out  the  round walls  of  the 
corridor, and slowly moving along one finds the first creature, a giant eye dramatically 
opening every now and then. Moving on, more and more creatures are encountered; 
over time, one adapts to the darkness, and after maybe 10 minutes, one can move 
freely in the dark without extra light. 
Watching a creature from up close, it does very little most of the time; sometimes it 
bursts out in sound, light,  motion patterns. When it  is calm again, one hears the 
sounds from the neighboring creatures one may have seen already. When these are 
also silent, one can hear further away creatures drenched in reverberation.  
This feeling of depth is closely modeled on the experience one would have in the 
deep sea: light would only be present from (soft) bioluminescent sources, and get 
absorbed at short range, while sound carries much further, and allows more overall 
orientation. 

More attentive visitors would find out that some creatures interact with them: they are 
sensitive to light, and may become very active when hit by artificial lights; whether 
this is irritation, curiosity, aggression, or panic is hard to read  from the creature's 
behavior; however, for animals one has never seen before, it should not be obvious.
They might also begin to notice several time layers of collective behavior: 
The drifting energy levels and their superimposition creates a slow drift  of overall 
activity levels, so occasional sparse phases (reminding one of lulls in conversations) 
can alternate with long denser episodes – and both will be punctuated by occasional 
short bursts of activity caused by “magic words” occurring.  

The installation was shown during the SuperCollider conference 2010 in Berlin [20], 
and  was  extremely  well  attended  (with  probably  record  numbers  for  sound 
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installations). While visitors were not systematically asked for opinions, we had very 
positive responses from both experts and lay persons. Some visitors stayed in the 
space for very long times and reported sensing the slow changes of atmosphere 
described.  Some  objects  triggered  protective  instincts  in  visitors  (especially 
Laufwerk);  some visitors  formed their  own speculative ideas about  the creatures' 
particularities and living conditions and discussed them at length with the students 
who were on guard duty.  Last  not  least,  the children in  the neighbourhood were 
extremely intrigued by the show - once they had overcome their fear of the dark, they 
kept coming back, and enthusiastically dragged along their friends and parents.

 5. Considerations and Future Work

To the authors, Varia Z. P. seems to strike a happy balance between maintaining a 
strong, consistent overarching concept, and wide individual freedom to create very 
diverse, highly differentiated contributions. 

Tackling  a  group  project  with  considerable  technical  complexity  (computational 
behaviour modeling, wireless communication of microprocessors) is not trivial, and in 
our understanding, we succeeded by people voluntarily taking over responsibilities 
based on all the different skills, such that all participants not only identified with their 
own creature(s), but also with the jointly created larger work. 

This self-organizing work process turned out extremely felicitous: a kind of vertical 
differentiation of labour emerged, where a core group of teachers and particularly 
skilled participants solved the demanding questions in the infrastructure shared by all 
creatures with collective technical design decisions. People with less technical and 
more  design  background  were  equally  involved  in  the  overall  conceptual  design 
sessions and experiments, and further along the differentation axis, they had more 
time to focus on the physical design and practical building of the creatures and their 
electronics. This created an effective synergy: The “object designers” would not have 
realised  a  communication  system  of  comparable  complexity  without  electronics/ 
computer expert help; the “system designers” would not have realised as interesting 
a variety in physical appearances and behaviors if left to their own devices.

The working process was also very rewarding for all, due to the pervasive spirit of 
generous  helpfulness  –  participants  helped  others  with  any  tasks  they  were 
experienced  at,  so  knowledge  flowed  freely  in  all  directions;  and  much  of  the 
daunting  number  of  various  organizational  tasks  got  taken care  of  graciously  by 
volunteers. As a didactic strategy, the approach seemed highly motivating to learn 
new techniques by this kind of immersion, for all participants. 

A number of aspects were not fully realised in the existing version of the installation, 
mainly in the form of quick temporary fixes never getting replaced by “real” solutions. 
However, to an extent this is a feature: as an open work form, both the concept and 
the realisation is extensible in many ways. 

One can easily  imagine refining the behavior  of  the existing creatures,  and their 
described habitats and ecological context. Given the occasion of further shows, we 
will  happily  dive  deeper  into  the  biological  background  by  reading  more  of  the 
relevant  research literature;  this  fell  somewhat shorter  than intended due to  time 
constraints. 

New creatures could then be based on a context that is “closer to nature” - which 
may be an advantage or not, but worth experimenting with. As captured in some of 
the code comments, the group had many more ideas than could be realised within 
the  project,  so  we  are  looking  forward  to  creating  special  versions  for  the  next 
presentation(s) at other locations. 
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Finally, it seems that Sonobiology is a promising emerging artistic/scientific field: 
The Sonobotanics project [21] has been evolving for several generations of plants 
and installations with accompanying research papers. The Spiritus Coloris project 
[22]  is  a  particularly  unusual  case  of  models  of  living  beings  that  exhibit  highly 
idiosyncratic  behavior,  if  only  from a carbon-lifeform-centric  perspective.  One can 
easily imagine more explorations in  other related domains. 
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Abstract:

The purpose of the study is to create a computational tool that 
generates unique urban block alternatives by mimicking the site’s 
built environment. The necessity to create such a tool has stemmed 
from observations of physically un-harmonious neighbourhoods. This 
tool is claimed as the initial phase of a new urban tool that generates 
urban blocks that respond to their built environment and help 
establish harmonious neighbourhoods.
The plug-in refers to built environment of the site in terms of facades. 
It mirrors neighbour building façade forms vertically onto four sides of 
the site border. Then a “for loop” in the script starts generating new 
depth values for the façade forms therefore it creates new plan 
combinations while referring to neighbour buildings in terms of 
façade.
Although it establishes symmetric streets, the plug in helps creation 
of unique plan alternatives which can be customized by the user to 
become a whole building or a building complex with inner gardens 
and outside spaces. 
With the establishment of symmetric streets, the attention of the 
audience is aimed to be dragged on how architects should elaborate
on creation of new buildings that reflect qualities of their built 
environment therefore create buildings that respond to their 
environment.
This study is only a first step for an urban generative system and 
continues to ask how other layers –especially context- can be 
integrated and coded into the system so that the products have 
stronger identities and ties to site.

 
Two alternatives generated with Catia.
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General

This paper will present a study in which a plug-in is developed for an early phase of 
site planning process and discuss elements necessary for urban generative systems. 
An urban block is chosen as a reference point and the plug-in is designed to 
generate design alternatives referring to its built environment aiming at establishing a 
coherent city image as a result. A coherent city image has been taken as the first 
step for an urban generative system. 

Today, matter of designing responsive environments is being discussed. Many 
design projects consist of a set of sensors either responding to humanly actions such 
as movement or climatic conditions such as heat or humidity. However, there are not 
enough design projects that respond to their built environment even at the most basic 
level, which in this study is considered as the visual level. Taking the environment 
into consideration has almost been forgotten among mechanically responsive 
devices, robotized and iconized buildings so that today, it is harder to give a 
neighbourhood a character because every building block in a neighborhood is 
disconnected. Therefore, an alternative generation system that generates an urban 
block in response to its built environment would help initiate neighbourhoods that are 
visually in harmony.  

The aim of this study is to draw attention to ways in which urban blocks can respond 
to built environment. This study claims that the face of the city is important and the 
built environment should be valuable enough to look upon, mimic and even to learn 
from.

On the other hand, this study prepares a platform to discuss layers of an urban 
generative system. Although a coherent city image has been taken as the first step to 
an urban generative system, what are other layers to such a system? How can 
harmony be further established through other layers? How can identity of the urban 
entity come forward in such a study? 

1. Generation of an Urban Block

Many efforts to design beautiful and healthy cities had been spent throughout the 
history. However, all of them had imposed a grand plan to be applied on a city. This 
study is related to city design at a scale of urban block. The urban block is perceived 
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as the building block of a city. If the building block is well developed, it consists of a 
very high potential to become a well-developed city as well. The method applied in 
the study offers a bottom-up approach to urban design allowing the method and the 
design of future cities to be unexpected and surprising. 

In this study visual harmony, a consistency in physical form of architecture is sought 
after. This method is applied to establish consistency of visual form and act as a 
manifesto, when applied to most sites in a given city, which underlines the fact that 
appreciation of aesthetic values is degrading. 

The method used in this study has been to develop a plug-in suggesting a way to 
design an urban block that responds to its built environment. A literal approach has 
been followed in responding to the environment. Simply, the plug-in mimics its 
environment to generate forms in elevation by taking mirror images of its neighbour
building contours across the street and placing the 2D image on the side border of 
the site. The plug-in computes new site design alternatives by converting the 2D 
image into 3D by giving it depth values. This process is applied on all four sides of 
the site generating new plan alternatives with elements merging inwards from all 
sides while the elevations are filtered down to their contour lines and are represented 
abstractly as solids that establish harmony with the neighbourhood.

The application has been accomplished through using Microsoft Excel to generate 
and store values necessary to be able to draw the mass models; and Catia has been 
used to visualize the model by linking the Excel Design Table. In the Excel file, the 
user can create an imaginary environment by using randomly generated values, 
adjust the proportions of the buildings, how they are distributed on the edge or enter 
real dimensions of a measured environment manually; the user can also generate all 
the possible depth values that the recently created urban block elements can take as 
well as the minimum and the maximum value range between which the depth values 
are picked. This approach yields the designer to be more in charge of the restrictions 
through changes made in Excel Table.  

First, the user either generates the environment randomly or by putting in values 
manually, saves the Excel file and updates the Catia file. After Catia generates the 
environment, the user has to go back to the Excel file to stabilize the environment 
building values if he has created it randomly by typing in 0 in the related rows of the 
3rd column and copying the values in the 5th column which are resulting values for 
randomly generated environment and paste it into column 2 from where Catia will 
read the values. The user also needs to type in 1 for depth values of generated 
building rows in the 3rd column so that they can generate new values within the 
specified limits. Then the user saves the file and goes back to the Catia file and 
updates it and Catia generates a new alternative. 

page 93



13th Generative Art Conference GA2010

 

 

Figure 1: Excel Table

Figure 2 : Linking Excel Design Table to Catia and Scene Update. 
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Figure 3: Example of a generated alternative.

2. Further Steps for an Urban Generative System

This study takes a concrete step towards an urban generative system with a concrete 
approach regarding the visual coherence of a city. This brings up questions about 
how to proceed to further steps of the system and other layers of such a generative 
system.

Harmony is a key issue when dealing with any architectural element. So far harmony 
is considered in terms of visual coherence. However, there is more to an urban 
organization than visual harmony. Identity of each city is unique to itself. History,
social and economic considerations, geographic properties and many more 
programmable and un-programmable issues affect an urban development. This point 
is important and brings subjectivity on the table. The question of how context can be 
integrated into urban generative system may come up with answers that are 
subjective and may be hard to code. It is important to find answers to integrating 
context issue since only then generated urban entity will have a strong identity.  
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3. The Bottom-Up Approach and Others

 
Attempts to improve quality of life have been made at city scale by numerous 
planners. In this study, it is advocated that the character of a city should not be 
imposed with a grand plan but rather, should be adopted starting with the simplest 
urban unit, a block, which is referred to as the building site. The new urban block in 
itself embeds a bottom-up approach. Addition to that, it allows for further studies on 
clustering strategies for growing future cities. 

Fieldwork regarding urban morphology generation is explained in the study are 
selected depending on different aspects that links the project with this study and the 
plug-in that is developed. The projects analyzed in this study include CityEngine 
(Müller and Parish, 2001), The Melinkov Grammar (Cardoso and Nagakura, 2007), 
CityZoom (Turkienicz and Golçalves and Grazziotin, 2008), Urban Design with 
Patterns and Shape Grammars (Duarte, Beirao, 2009) and Smart Solutions for 
Spatial Planning (SSSP) [2].  

It has been observed that most of the efforts combine Shape Grammars and all of 
them are composed of Rule Based Systems, similar to this thesis. However, this 
thesis is unique and differentiates by focusing only on block generation, which is 
rarely seen in the approaches explained. 

CityEngine has presented a different method in defining an urban block by applying a 
recursive algorithm on the site boundary defined by roads established by applying 
various steps provided by the software. CityEngine also differs the way in which it 
approaches to design of a city : top-down. This thesis follows a bottom-up approach, 
which makes the result unpredictable, unlike CityEngine.   

This thesis takes urban block generation into consideration in a bottom-up approach 
similar to the Melinkov Grammar where the end result is complex although the 
process and the initial shapes are very simple. However, this thesis differentiates 
from the Melinkov Grammar approach in that the Melinkov Grammar is a 2D 
generation tool where this study generates solid urban blocks in 3D rather than a 2D 
city network.

CityZoom is highly oriented to enable the user visualize a city according to 
regualtions and modify it as a result of a set of performance models. It aims at finding 
a balance between design needs and regulation requirements. The software does 
not offer a system that creates a city from scratch as it is intended with this thesis.   

Urban Design with Patterns and Shape Grammars Studio does not offer a 
computational product. This study has been explained within this thesis to present as 
an experiment that proves efficiency of Rule Based Systems as well as because it 
consists of approaches developed to generate an urban block at a level that is not 
present in other models explained.  
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Smart Solutions for Spatial Planning is another software developed which takes 
generation of a city into consideration from urban scale to building scale including a 
step to generate urban block alternatives. The software presents an approach on 
building block generation depending on generation of allotments with reasonable 
dimensions for development of buildings and open spaces following a recursive 
search method. Building masses are created taking climatic considerations into 
account and making a distinction between public and private realm. This step of the 
software relates to this thesis in terms of intention to create urban blocks with building 
masses but differentiates with its methods. SSSP uses a recursive search method in 
dividing the plot into allotments depending on optimization rules. However, this thesis 
simply mimics the environment to create a new design.  

As seen in precedent works, systems are not as complex to integrate contextual 
information and they heavily depend on geometric associations, which is similar to 
this study’s approach.  

4. Conclusion

The proposed plug-in has been developed in order to help the architect or the city 
planner with creative design alternatives that are also in visual harmony with its built 
environment. The generated solutions are desired to force the user and the readers 
of this study to put emphasis on responding to environment when designing cities.  

In the future, this study has the potential to be further developed to form clusters of 
urban block growing in accordance with other layers of urban generative system. This 
study will act as the first step of a future city generation engine with a bottom-up
approach growing computationally from inside out and it is currently still assessing 
questions regarding mentioned layers and how to incorporate context within the
system to establish a stronger identity of the product. 
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 Abstract   
The are many type of prototypes or ornament and deferent method to

created it , the ornament are considered as one of the most important
architectural elements on which several fields of design are depending on .
These fields include (Architectural Design, Interior Design, Planning,
Furniture Design, etc) . So it is important to study these element , their
methods of composition, mechanisms and engineering characteristics in
addition to the geometric relationships on which such engineering
prototypes generation is depending on It’s important to know that one of
the important engineering properties generating a certain pattern are,
center , type of branch , and repetition and in some time using size ,In
addition, there are other properties including the possibility of repetition of
the prototype total composition so as to form a coordinated fabric that
ensures no distortion in the repetition .In other word, every part of these
prototypes has its intimate connection with the other parts to constitute
positive and negative parts as shown in figure below. In this study we will
take the ornament that use Irregular shape in the start point of creating it
.the selection ornament sample will be from important Italy (Roman-style)
buildings . 
After finding these features, they can be used in designing a program using
AUTOLISP language to create The Auto-generate program for making the
ornament or prototypes with new compositions in fully automated way by
just entering the data of a certain prototype.
The basic shape, for example path line for leafs
 Properties of organic shape , for example rotation with the

determination of the rotation point of rotation and angle , path line
repetition , and size

 Repetition for example four times repetitions and the direction of such
repetitions round a certain point, like the point of the center . 

The number of repetition times of a certain prototype like four times per
each prototype
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Abstract:

There are many types of patterns and different methods to create it. Patterns

are considered as one of the most important architectural elements, on which

several fields of design are depending on it . These fields include (Architectural

Design, Interior Design, Planning, Furniture Design, etc). So it is important to study

these elements , their methods of composition, mechanisms and geometric

characteristics in addition to the geometric relationships that patterns generation

depend on it. It is important to know that one of the important geometric properties

for generating the certain pattern are center, path , type of branch or shape ,

repetition and in some times the scale using .There are other properties include the

possibility of repeating the whole composition pattern to form the coordinated fabric

which ensures no distortion in the repetition. In other word, every part of these

prototypes have intimate connections with the other parts to constitute positive and

negative parts. In this study we will apply the patterns using Irregular shape with

path shape in the start point in its creation. Pattern samples will be selected from

the important Italy (Roman- style) buildings .
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After finding these features, we can use it in designing a program using

AUTOLISP language to create The Auto-generate program for making the pattern or

prototypes with new compositions in fully automated way by just entering the data

of a certain prototype.(Figure 1 & 2)

-The path of pattern . 

-The basic shape, for example path line for leafs  . 

-Properties of organic shape , for example rotation with the determination of the

rotation point of rotation and angle , path line repetition , and size.

-Repetition for example four times repetitions and the directions of such repetitions

round a certain point, like the point of the center.

- Amount of repetition times of a certain prototype like four times per each Prototype.

1-Introduction:
Roman Architecture known by using many types of patterns and shapes

which reflect the identity of its style, The plant patterns has been used ,which

depict some of religious , life scenes and often used type of plants and leaves in

the implementation of these patterns . In this part of study will identify what kinds of

patterns? , how to generate it? and what the main shapes for these patterns and

original shapes , after identified these types of patterns, will be placed on patterns

that contain a horizontal direction or a vertical direction that is typically used to

create form and also used at the bottom and top of the wall besides using it in the

floor and furniture . 

(Figure 1) The direction of path in the Roman patterns and ornaments . [1]
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(Figure 2)The processing of re-construction of new shape model of Roman pattern
[By researcher ] 

2. What is the Roman Patterns
The Roman civilization classified as one of the rich civilizations and contain

many types of patterns. The Roman architectural style compatible with nature

through engravings, plants and geometrical patterns, and proportionality among all

parts. Patterns give formality value for the architectural environment shape using it

in Columns or buildings elevation. The most Roman patterns types are:

2.1.Botanical element:

Roman used most elements that used by the Greek Architecture, the most

important of these are the Acanthus where the roman increase the number of his

leaves and end rotate and also used another types of plants leaves like Ivy plant

leaves, Grape leaves, Lotus leaves and Papyrus leaves and often make use of

collars leaves, flowers and fruits which end by linking edges, also can contain thin

strips. Sometimes adorned with images of human , animal or bird (Figure 3).

(Figure 3) Some types of botanical element .[1]

2.2. Animals elements

Roman Artist used heads of animals, women and children, which their bodies

take shape of Plants like acanthus plant, as also used in the three-dimensional form
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in some places such as buildings elevations, palaces' fountains and palaces' garden

as shown in figure No. 4 below .

(Figure 4) Sample from using human figure and animal to create pattern.[2]

(Figure 5) Using human face and rhythm order.[5]

2.3. Geometrical elements

Roman used geometric shapes in their works and characterized by accuracy

distribution, Consistency and perfect spatial relations. The organic and geometric

patterns have a different shape, but it generated from same rules in partial case.

The path and space used to fill the area in the regular shape with some rhythm and

repetition . (Figure 6)

(Figure 6) The square shape and the processing of generating patterns .[1]

3. Roman Prototype Grammar
The basic reference for the Roman prototypes are the works of the Greek

with some modifications in proportion. Where Roman distribution these prototypes

in the column and to create the order and styles of each historical column. The most
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Page 5

important geometric relationships that exist in the Roman patterns are:

- Repetition.

- Rotation

- axial

- Scale

- Proportion

There are many relations among these rules, as example, the prototype can

contains repetition with scaling in the same time (Figure 7). These rules can put in

the AutoLisp Language easily and control of the design process with the other

choice of this language as classify the one from these rules to two or three type as

the next point in this study . 

(Figure 7) Repetition with scaling to create prototype . [By researcher ] 

4- Deconstruction of the prototype shape :
In this stage of study, the Roman prototype will be analyzed by geometric

method. The selected sample will be minimised to the linear Roman patterns that

are reality present in the palaces and churches where will discover its elements,

components and mechanism of installed and configured, as the following figures

.(Figure 8)

(Figure 8) part of pattern from Romanian wall , [4]
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(Figure 9) Primary analysis for one of the Romanian prototype. [By researcher ] 

After reviewing the installation mechanism, deconstruction of the prototype

and completion the geometric analytical study for prototypes elements, we can

define prototypes installation variables, these variables discovered when some

selected samples were analysis and deconstructed [9] , which are three causes:

4-1 Path

Roman buildings characterized by strict forms and stability Therefore, the

patterns considered one of Architectural supplements which gave the Roman

architecture simplicity and lightness where characterized by its horizontal and

vertical direction besides curve direction like circular and arc windows frame. So we

can say that these patterns have a specific path.

In this paper, the meaning of path is the whole form of prototypes where it

may be linear or polygonal or closed. The path compatible with the form that intends

to put the prototypes in or around. Through the program that will be design give the

prototype paths directly to the Autolisp software to fill in or complete the prototype

that has been destroyed or disappeared by drawing a prototype path. This element

of creating prototypes used only to make linear prototype , so it is not for filling the

large area like floor or ceiling decoration [1].

(Figure 10) Many types of path and direction . [By researcher ] 
4-2 Shape’s type:
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Identify the main shapes are very important, where the designer can generate

prototypes through this process, and whenever the database of the main shapes

large, the designer can obtained multiple forms of prototypes easier, while the type

of shapes can be line or curved shape or basic form such as square and circle [8],

The Roman prototypes used mixed of shape to create one pattern [1], so we can

find large number of shape’s type in the Roman prototypes . 

Stander shape lines Carve

(Figure 11) types of shape that can use to generate pattern.[ By researcher]

From this shapes , The Roman prototype can be generated with the other

type of shapes like part of planet as acanthus flower and the human picture as we

see in the previous point.[1] (Figure 3-4-5).

4-3 Rules and Relations

Many types of geometrical relations can be found in the Roman prototypes [4],

that can be used to generate new models of patterns , the repetition ,rhythm ,rotate

,and size are the largest used in this prototype [10], so we can identify the rule and

relation of prototype in three element [8] , as following ( we used circle shape here

to indicate any shape or element can using it in the future)  : 

4-3-1 Repetition

Three types of repetition can be discussed in this stage , some repetition

have two or three transformation process as repetition with rhythm [10], besides

the direction of repetition , can be found as columns , raws , radiant or linear

path [8] , as following : 

-Type of repetition : two type can be used to generate prototype . 

1-Repetition with rhythm : 
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(Figure 12)The designer can select the rhythm and repetition shape and

make a connection with the selective path  .[ By researcher]

2- Repetition with shape transformations : many type of transformation can be

used to create prototype , but in our prototype we can use shape stretch and

reflection or mirror as following :

(Figure 13)Repetition with shape’s stretch & mirror reflection.[ By researcher]

- Repetition Direction : the are four type from this rule element :

1- Vertical (columns): if the value of raw less than 2 unit, the column

direction will be the active direction in the prototype . 

                                                                             If x < 2 , y >2 = y direction

2- Horizontal (raws ): the opposite processing of the previuse point . 

                                                                             If y < 2 , x >2 = x direction

In most case the value of x and y direction more than two ,then the pattern

shape contain columns and raws , as figure No.14 , The designer can select

the value of x and y direction and distance between raws and columns .

3- Radiant : in this type the designer should specify the center point and

the angle of repetition . 
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4- Continuous Path line : this rule link with one line that draw before

selected the object .

Column raw Radiant Path line

(Figure 14)Four type of direction .[By researcher]

(Figure 15)The mixed type of Raw and Column.[By researcher]

4-3-2 Rotate

This element was using within repetition ,but in this section we show the type

of rotation, that relate with the position of the start point of rotation as following : 

- Round start point : (figure 16)

(Figure 16)Rotate the object round the center point .[By researcher]

- From start point : (Figure 17)

(Figure 17)Rotate the object from the center point .[By researcher]

4-3-3 Scale

There are three scales used to create Romanian prototype as Hamlin suggest,

the three types are [1] [6] (figure 18):
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- X * 1

- X * 2

- X * 3

X1 X2 X3

(Figure 18)Three X scale .[By researcher]

5- How can use these rules to De and Re- construction of pattern ?
The designer can use these rules to generate a new models of prototype by

using rules and applying it manually , but we make all this paper to make this

processing Auto to generate this prototype by design sub software in AutoLisp

language , and all above are as a database to apply the software , in other hand the

designer can deconstructs the pattern manually by geometric analysis study as

shown in figure No. 9. , this figure is sample from important ten samples were

analysis to discover the rules of constructed the prototype and the ratio of using

these rules and properties in these samples (table 1) : 

(Table 1)The final ratio of using selective rule from selective sample.
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6-Re-construction for prototype by AutoLisp :
After the geometrical analysis completed for the Romanian prototype , and

discovered the main processing to create pattern shape , The re-construction stage

will be active by depending to the Autolisp language to generate new prototype with

Auto generate method , so this program will need a correct data for getting a new

patterns related with the Romanian style  . 

AutoLisp language taking the command manually form the user or designer

(Figure 19), the main commands were programmed before running the software .
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when program start [3] , The first selection shape will be active to began the

processing or in the command bar the following question will appear ( Select the

shape for prototype ?) . 

(Figure 19)The text box for Virtual Autolisp editer .[3]

After shape selected , The second question will appeared in the command

bar ( select path ?:( draw path/ select path /no path), this question for create path

that the selective shape of prototype link with it, the designer can select or draw

new path and in addition to design the prototype without path as following : 

6-1 select path :
If the path is select as a choice, the next stage will be to select the rule of

prototype that shown in the section five and table No.1 by giving the type of

repetition , rotate and scale .

6-2 No path :

If no path is a choice , the next stage will be to select type of repetition only

and the prototype will be as Raw and column . 

The next stage for auto generate for the prototypes are select start point (

can use all input method , digital value , mouse , digital pen ..), then if the designer

want to make his prototype as 3d pattern , he can select the z axes and run the

design , below some sample of designed by auto generate method (Figure 20 -21-

22).
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(Figure 20)Curve shape and the model of prototype . 

(Figure 21)2D and 3D prototype from curve shape . 

(Figure 22)Raws and colume may be create the path . 

7- Conclusion

When the designer need to create any shape or prototype , this processing

needs three sequent stages , the first one should need a trusty information from any

architecture or art style or any information that related with region of work ,like
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historical background ..etc, the second stage should be geometrical analysis and

de-construction to its main shapes of selective prototype and discover the

architecture rules that have been used to generate it, that used to re-construct the

new models of prototypes by depend the Autolisp language in the last stage, this

paper can be project to create a new software or sub-software with in Autodesk

programs. In the other hand Roman’s style contain three important grammars and

elements to generate prototype like paths , shape’s type and rules element that

consists of three object , repetition with its three type , rotate within two type and

scale and its three sizes, these grammars can change from style to style , so it is

consider identity rules for any Architecture style . 
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Abstract: 

 

Art design, especially graphic design, is an abstractive and intuitive process which is 

difficult to formulate apart from visualization. Shape Grammar can be a powerful tool 

using the elements of shapes and rules for transformations. With a rule base, the 

application of Shape Grammar can orient the future shape development to a 

promising direction. Yunnan embroidery patterns have a long history and local 

cultural features. They are created by villagers who lived in the country close to 

nature, with imaginative natural curves, shapes and colours. Most of the applications 

on Shape Grammar so far are based on the orthogonal lines. However, this study 

creates curvy patterns with different colours by analyzing the characters of the 

existing embroideries created by the villagers, aiming at achieving auto-generation of 

new patterns with the similar features. The whole process is based on a generative 

system with a Shape Grammar representation in two-dimensional space. The intent 

of this study is to show that such SG and representation can support human 

designers to create newer styles easily, faster and visually. 

 

 

1 Introduction 

“Much good design evolves: the design is tested, problem areas are discovered and 

modified, and then it is continually retested and remodified until time, energy, and 

resource run out” [1]. This is the characteristic natural design process. During this 

process, the bad features are changed and good ones are reserved. However, at 

present, designers face many challenges, including the changing requirements of 

business, increased pace of society and the fastidious consumers. These challenges 

do not allow a slow, careful selection of an object over a long time.  Many design 

decisions have to be made quickly during design process. 

Originally, as the analysis tools of classical architecture structure, Shape Grammar 

was introduced by Stiny and Gips in 1972 [2]. Then more and more researchers 

noticed its excellent potential and creative ability as an assistant method in design. 
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Although there are many works which showed the validity of the Shape Grammar 

schema for generating and analyzing new designs, we still argued that it did not 

make use of the advantages as an explorative and creative design tool to decrease 

design time and enhance the effectiveness. The first reason is that many designs are 

produced manually. The instantaneous inspiration and the unfixed design methods 

make it difficulty to develop a general design model in computers. Secondly, even in 

a digital system, the applications are mostly restricted in orthogonal fields because of 

the difficulties in orientation in coordinate systems [3]. The third reason is that 

multiple knowledge representation for subjective and perceptive design objects does 

not exist. Lastly, there are some barriers of human-system interaction, which does 

not only affect human-machine interface, but also the bilateral communication 

actions. 

In this paper, we attempt to overcome the limitations mentioned above. We present 

an auto-generation system embedding the method of Shape Grammar to design 

Yunnan embroidery patterns which a have long history in the southwest of China. 

The features of this system are followed: 

� Auto-generation based a computer digital system; 

� Curvilinear pattern generation by Shape Grammar; 

� Multi-level knowledge representation abstracted from the existing art work; and 

� Improved communication between user and system. 

2 Shape Grammar 

2.1 Shape Grammar Development on Design 

The mature Shape Grammar theory and its wide applications cooperated with 

computational support can be used as one of the core powers for computational 

design systems. The digital virtual technology and visual interface can be 

conveniently used to show the results directly for the designers and consumers. 

There are some previous works on this field. Tapia [5] presents a general paradigm 

for a computer implementation supporting computation in 2-dimensional spaces. 

Smyth and Edmonds [6] describe a system supporting design-aided conception 

using Shape Grammar for the early stage of design process, i.e., the strategic phase. 

Chase [7] discusses a Grammar-based production system as a powerful design tool 

by its ability to generate sets of designs adhering to user-specified constraints. CGA 

shape [4], which is a powerful adaption of Stiny’s seminal Shape Grammar idea for 

computer graphics, which can generate the image of massive city models in a short 

time.  

In a generative system, the solutions generated form system may be unexpected. 

Then, these unexpected solutions must be evaluated properly. Obviously, 

computational systems can create more generations than human designers by using 

the powerful computational ability, with whatever qualities. So, it is possible that 

some strange and novel creations could stimulate designers’ inspiration. On the 
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other hand, it is difficult to find reasonable and interesting productions in a huge 

solution space without assessment mechanisms during generation process. An 

accurate evaluation function, for producing the “good” and “useful” solutions, is 

necessary for this kind of systems. For these reasons, the evolutionary methods can 

be combined with Shape Grammar in product design and pattern design applications. 

Choo [8] integrates Shape Grammar with Genetic Algorithms and demonstrates 

using a Coca-Cola bottle grammar as a case study. Lee and Tang [9] construct a 

framework for camera design using shape grammars. O’ Neill [10] makes use of GE 

for shape representation and grammar rules for more sophisticated product design 

tasks. 

2.2 Shape Grammar as a Design Language 

The recursively applied rule-bases, visual shape representation and powerful 

analysis abilities have good work performance for design applications as assistant 

tools or design models. In our opinion, the role of Shape Grammar in design is 

similar to that of language grammar to linguistics and that of melodised rules to 

music composition. There are two main parts in a design application, the ‘outside 

representation’ and ‘inside representation’. The ‘outside representation’ means what 

we see from the design, and the ‘inside representation’ means what we feel about 

the design. The initial shape and the generated shape set by specific rules are 

elements of the ‘language’ for the outside representation. There is no means for a 

single shape in the ‘shape set’, while the arrangement of shapes under the guidance 

of rule-bases will represent the thinking of designers. This same situation can be 

found in music and art creation. The rules can be used to generate new shapes, just 

as linguistic grammars provide a finite set of rules capable of generating an infinite 

set of linguistic constructions [11]. So, when we treat Shape Grammar as a design 

language, it is possible to generate infinite instances of shape arrangements from 

the finite shape set and rule-base with the aim to represent special style of the 

design. Based on this idea, we present a system framework for generating graphic 

pattern designs – the Yunnan embroidery pattern design – for studying the influence 

and effect of Shape Grammar on design. 

 

3 Shape Grammar application on Yunnan Embroidery Pattern 

3.1 Yunnan Embroidery Pattern 

The Embroidery Patterns come from the weaving work of women artisans in Pingzhai 

village, Yunnan province, southwest China (see Fig 1). It is created by the resident 

ancestors who lived in the village. The creators got the inspiration from their labour in 

nature. The embroidery patterns with natural colourful shapes are evolved and came 

down from generation to generation by the local artisans. Nowadays, the ethnic 

designs are integrated with some modern features used to weave shoes, slings, 

clothes and other accoutrements (see Fig 2). 
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Fig 1 the Yunnan Embroidery Pattern                Fig 2 the picture of the accoutrement 

3.2 Modeling of a graphic pattern 

In this paper, we divided these embroidery patterns into three categories: the single 

stem pattern, the double stem pattern and quadrilateral pattern. We focus on the 

single stem pattern (see Fig 3) as their definite structure and simple combination are 

easy for analysis and shape rule generation. Through data information collection, we 

could clearly recognize that the shapes are composed of smooth curves which are 

difficult to generate using mathematic functions. The B-spine curve is used to depict 

the curvilinear pattern in pursuit of a natural shape style.  We divide three main 

sections in the work space for different design aim: the flower pattern area, the leaf 

pattern area and the root pattern area. This kind of method is usually used in the first 

stage of sculpture and painting generation process. Then, we build a recursive model 

to create the pattern step by step until the end. The last step is to colour the pattern 

with specific colour algorithms. The whole process is based on the Shape Grammar 

theory and method. 

 

Fig 3 the three design area of single stem pattern 

3.3 Shape Grammar on Pattern Design 

As a design language, Shape Grammar is used to describe the feature of embroidery 

pattern. The elements of the ‘language’ are petals of the pattern, which are 

represented in parametric rectangles for the location at the early stage of process, 

then changed to the curve shapes at the following stage.  
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One difficulty for the curve shapes in Shape Grammar is the orientation problem and 

the sub-shape detection problem. At the early design process, we use the rectangle 

to locate the petal pattern to the proper position, which can overcome the orientation 

problem. To the sub-shape detection problem, Ramesh Krishnamurti [12] algorithm 

is capable of solving the most sub-shape related problems, but not suitable for the 

curve shape system. So, based his algorithm, we use some reformation methods for 

this problem in our project. We use the Minimum external rectangle of the petal to 

represent the position (Plefttop, Prightdown) in 2D coordinate system, then we use the 

angle �  based X-axis to represent the orientation (See Fig 4). Of course, 

considering the uncertain shape of the curve petal, there will be more overlaps in the 

border area. We add another factor ‘sub-direction’ to the curve petal, which means 

the main work area in the rectangle.  So, we need a triple set to make sure the range 

and position of a curve petal {(Plefttop, Prightdown), � , sub-direction} is properly 

represented. 

                                  Plefttop 

 

 Prightdown      

Fig 4 the triple set for curve shape 

For the rule base, we generate three kinds of rules: the original rule, the transitional 

rule and the terminal rule for different phases. The original rule is used to locate the 

shape on the different main section (mentioned in 3.2). The transitional rule focuses 

on the recursive generation of petal position. The terminal rule is used for the curve 

petal replacement. The whole shapes in the rule-base are all based on parametric 

shapes. 

The Shape Grammar on embroidery pattern: 

SGpattern = {S, L, R, I} 

S = <Rectangle, Petal> 

L = < � > 

R = <original rule, transitional rule, terminal rule> 

I = <    > 

Part of the rules: 

Original rule: 

 

 

 

 

 

 

 

 

 

 

                  �

Sub-direction 
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Transitional rule 

 

 

y 

                                                                   y + y’ 

x 

                                              x + x’ 

x’ � R and y’ � R 

Terminal rule 

 

 

 

 

Sub-direction = “up”                                       sub-direction = “down”  

4 System Framework 

4.1 Structure of System 

For the higher flexibility and compatibility, we present an open structure system, 

which is composed of four layers:  User Layer, Transport Layer, Application Layer 

and Element Layer. From the higher to the lower, services and data flow are 

transported from the system under the MFC framework and Message System of the 

OS. The program can contain the data and services from the same layer and the 

lower layer, while it only require the services from the higher layer, which is the same 

as the Ring-Protection Mechanism in Operate System.  

This four layers structure allows everyone focus only on their personal function. So, it 

is convenient to update the system, in order for the designer to concentrate all the 

efforts on single aspect without many interferential factors. The User Layer mainly 

collects the data information from the users, such as the mouse movement affairs, 

keyboard affairs and user-system interaction affairs. The Transport Layer looks like 

an interpreter which can translate the collecting information into system calls. The 

Application Layer controls the functional operations and takes charge of the main 

algorithm implementation. The Element Layer is for saving all the operational objects. 

The reason of increasing to this layer is to separate the operation and operational 

object for the convenience of enlarging the system implemental range (See Fig 5). 

 

 

 

 

 

 

 

Fig 5 the system structure 

Element Layer 

Application 
Layer 

Transport 
Layer 

User layer 

Data Flow 
Service 
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4.2 Knowledge representation 

For most art design systems and researches, knowledge representation always 

becomes the key issue or a difficulty, since the important thing is to bridge between 

subjectivity and objectivity. Especially in the digital system, to find a reasonable 

model to represent the knowledge and to introduce a proper paradigm used in 

computational framework is the essential step to connect the design patterns and the 

virtual production. Gero and Ding’s work [13] give us a good sample for this point. 

We introduce a complex net relationship to represent the pattern design knowledge. 

The top end represents the physical features of the pattern, and the bottom end 

means the evaluation factors of the system (See Fig 6) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6 the Embroidery Pattern representation model 

5 Experiment 

We present an auto-generation system embedding Shape Grammar to create 

Yunnan embroidery patterns by the characters of the existing products. The 

generative computational model is implemented in Microsoft Visual 2003 C++ 

environment on 2-dimensional space. 

5.1 Initial Experiment 

In this study, we wish to determine if it is possible to generate the similar patterns by 

the characters abstracted form the real ones. Under the Shape Grammar theory, 
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there are four steps to generate a complete pattern (See Fig 7). With the transitional 

rules and original rules, we can build many pattern distributions untill we feel satisfied.  

       

(a)                        (b) 

                 

                                       (c)                                                                  (d) 

Fig 7 the snapshot of single step generation 

(a) Stem Creation Step,         (b) Control Point Creation Step 

(c) Framework Creation Step,  (d) Pattern Confirmation Step 

 

5.2 Communicational Interaction 

Shape Grammar is treated as a design language in this system. So we add some 

interaction operations to it. Obviously, the output of the system, the visual result form 

work space, is what the system tells us. There are two types of input excepted the 

parameter input: the petal generating input and the evolutionary input. 

As the open structure system, we can increase new petal generating method easily 

by programmer in the Element Layer. What we increased is a generation method, 

not the specific shape, which is useful to operate by Shape Grammar rules. As a 

result, system users could choose their favourite petal patterns to save in a XML 

database for the terminal rules (mentioned in 3.3). We offer the auto-variation 

function for users to choose the pattern through generative computer model, which is 

the designer’s accepted working way. It means that users could press “variation” 

button and wait in front of the screen to watch the different visual patterns one by 

one. When finding the interesting one, they could press “stop” and “save” button to 

save it to the database. Different system users can build their personal XML 

database to persist their own design thinking (See Fig 8). 
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Fig 8 the snapshot of pattern generation work environment 

5.3 Evolution Method 

After the initial experiment, we collected some useful data and analysed the rusults. 

Unfortunately, the result is not satisfactorying as there are many overlaps in the 

patterns, and some unexpectation transformations appeared in the final pattens as 

the transitional rules operating. Through Shape Grammar model, we could get 

various petal patterns in a huge amount, with some interesting but some more 

uninteresting. To find the best solution in a huge space is not the advantages of 

Shape Grammar, which is only good at generating. For improving the qualities of 

products, we need another communicational interaction – Evolution Method. 

When the generation is finished, we can evaluate the result by the digital evalutaion. 

The Appearance Assessment, Visual Assessment and Pattern Assessment are all 

involved in the evalutation process. Every assessment depends on the auto-

evalution by computer and user evalution mechanism. For example, the Visual 

Assessment focused on the petal numbers and the intersecting area.  

Evisual = �*Enumber + �*Eintersection + ����*Euser, where�, �is Impact factor 

                           factor1           number>=5 

Enumber =              factor2           number� [2, 4] 

                           factor3           number<2&&number>=0 

, where factor1, factor2, factor3 are impact factors operating in the next generating 

process. 

Eintersection=factori,  (arcsin(abs(yPleft-Pright)/sqrt(xPleft-Pright^2 + yPleft-Pright^2), sub-direction) 

, where factori is impact factors operating in the transitional rules chosen process for 

the next generation. 
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The Euser is a pipe for user to intervene in the evolutionary direction. User could 

orient the system development to their favourite direction. Some results of evolution 

are showed in Fig 9. 

    

             (a)                              (b)                           (c)                              (d) 

Fig 9 Part revolution result 

(a) the 1 generation   (b) the 5 generation 

(c) the 15 generation  (d) the 25generation 

 

6 Conclusion and Future Research 

In this paper, we presented a generative system embedding Shape Grammar on 

Yunnan embroidery Pattern design, which can stimulate designers’ inspiration and 

reduce the design time effectively. With the knowledge representation used in this 

system, we could build the connection between the physical characters of the real 

products and the digital features of the computer model. The auto-variation petal 

mechanism is a good beginning on visualizing generative systems, especially for the 

design environment. It can support plentiful reasonable solutions through the 

powerful computational ability of the digital system for designers, while the 

generation method is specified by programmer at present. The communicational 

function based on the open structure framework proved the improtance between 

users and system, supporting interactive activities in a cooperative work group. 

There are many improvements which need to be done in the future for more practical 

and valuable purposes. Firstly, the communicational function should be improved 

with more friendly interface for designers, which can reduce the exception by 

unintentional operations. A comfortable and easy-operational working environment is 

our aim. Secondly, how to evaluation the curve lines is always a puzzle in non-

orthogonal graphic system, which is important to the petal pattern evalution. Thirdly, 

a more free general petal auto-variation mechanism is required. The petal pattern 

generation method should be specified by users, not the programmers, in the same 

way as the artists’ pencil and paper work. Then, color is essential for the visualization 

system. It is worthy to improve the color algorithm in this system for more pretty 

visual effect. Lastly, we need do more researches on evolutionary method in order to 

find more interesting solutions effectively in the solution space. 
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1. Introduction

Cycles  employs  an  interactive  generative  system  to  create  visuals  that  become 
perceivable on the surface of the visitor’s hand. It draws from conceptual ideas and 
technological  means  that  have  been  developed  throughout  various  projects  in 
engineering  and  art  that  employ  video  projection  on  the  human  body.  Artistic 
motivations for employing this technology usually center around a desire to transform 
the human body into something more malleable and ephemeral than it usually is and 
to blur the boundaries between the physical and the intangible. The flexibility and 
visual quality of body projection has increased alongside technical developments in 
video projection, video tracking and video processing. In particular, the combination 
of contemporary dance and new media has been and still  is an important driving 
force to adapt and transfer these technological advances into the domain of the arts  
[1]. 
The application of body projection as a real time and interactive aspect in an artwork 
or stage performance has long been hampered by a lack of computational power. 
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Earlier dance performance works by Klaus Obermaier such as D.A.V.E (premiered in 
1999) and Vivisektor (premiered in 2002) employ finished movies as visual content  
for body projection [2]. Similarly, the dance trilogy De Humani / Corporis / Fabrica by 
Pablo Ventura that was premiered in between 2002 and 2005 and that employs body 
projection  as  important  choreographic  element  also  relies  entirely  on  pre-made 
movie material  [3]. Accordingly, these performances required a perfect timing and 
positioning  of  the  dancers’  movements  in  order  to  achieve  the  desired  overlap 
between the dancers’ appearance and the video projection. 
With the advent of more powerful computers and graphics hardware, the possibility 
for live processing of camera images and real time generation of visual feedback 
freed the artists and dancers from the constraints of  entirely predetermined body 
visuals  and  allowed  for  a  much  higher  degree  of  spontaneity  and  personal  
expressivity  than  previously  possible.  More  recent  works  such  as  Apparation  by 
Klaus  Obermaier  (premiered  in  2004)  [4]  or  Mortal  Engine  by  dance  company 
Chunky Move (premiered in 2008) [5] emphasize this newly gained freedom in body 
projection by employing real-time generative visuals that are very responsive to the 
dancers’  movements.  The  authors  of  this  article  have also  been  involved in  two 
dance projects that employ real time interactive visuals for body projection. Here, the 
visuals are generated via swarm simulations that react to the dancers’ movements 
[6]. The first performance entitled Gods and Dogs was choreographed by Ji í Kylián
and premiered in 2008. The second performance entitled 2047 was choreographed 
by Pablo Ventura and premiered in 2009. 
Contrary to body projection in dance choreography, the application of this technique 
in installation art is very rare. One notable example is the work entitled Mutsugoto by 
DistanceLab [7]. This installation displays the movement of remote touch gestures as 
white traces on the bodies of the two interacting participants. Even rarer is video 
projection on only parts of the human body such as the human hand. Here, one of  
the  most  famous  examples  stems  from  a  research  project  in  human  computer 
interaction (HCI) entitled Sixth Sense. This project employs a wearable camera and 
beamer  setup  to  display  visual  information  on  physical  objects.  In  one  of  the 
scenarios of this project, the human hand is transformed into an interface via video 
projection [8]. Another HCI project entitled Information Falls Like Rain also employs 
the hand as surface to display visual information [9]. But contrary to the Sixth Sense 
project, the setup consists of a stationary camera and beamer and allows several 
users to cooperate in accessing and manipulating information via their hands. The 
authors are aware of only one installation artwork that employs video projection on 
the visitors’ hands. This artwork by Chris Sugrue is entitled Delicate Boundaries [10]. 
It is of particular relevance here, since it not only shares the hand projection aspect  
with Cycles but also employs visualizations of virtual creatures that move over the 
visitor’s body.

2. Concept

The project Cycles has emerged from the authors long standing interest into the 
relationships  and  roles  that  can  be  established  between  humans  and  simulated 
artificial organisms. Cycles experiments with an extreme form of relationship, one 
that fuses the human body with artificial organisms and thereby gives rise to a hybrid  
entity  that  blends  natural  and  artificial  properties.  This  fusion  was  achieved  by 
projecting  a  visual  rendering  of  the  artificial  organisms  directly  onto  the  visitor’s 
hands. The hand as a projection surface was chosen since it constitutes a prominent 
part  of  the  human body. It  is  one  of  the  few body  parts  we are  almost  always  
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consciously  aware  of.  It  is  an  integral  component  for  our  perception  and  action 
capabilities. It provides detailed tactile sensations, it is almost always present in our  
visual  field  and  it  is  essential  for  active  exploration  and manipulation.  For  these 
reasons,  we  concluded  that  the  transformation  of  the  visual  appearance  of  the 
visitor’s hands via body projection would have a strong effect on the visitor’s self 
observation and awareness. 
In  order  to  explore  various  manifestations  of  such  a  close  relationship  between 
natural  and  artificial  organisms,  the  properties  and  behaviors  of  the  artificial 
organisms gradually change during a visitor’s interaction with the installation. During 
certain stages, the artificial organisms treat the visitor’s body as a host in either a 
symbiotic  or  parasitic  relationship.  During  other  stages,  the  artificial  organisms 
become part  of  the visitors body by behaving as cells or cell  groups.  The visitor 
witnesses  the  occurrence  of  these  changes  while  the  hybrid  entity  progresses 
through a brief live cycle. The visitor experiences the birth of the hybrid entity at the 
beginning  of  the  interaction,  observes  its  growth  and  maturation  and  is  finally 
confronted with its death. The design of the life cycle draws inspiration from Buddhist  
philosophy. According to Buddhist philosophy, the concept of self and the experience 
of  identity  undergoes  a  continuous  process  of  development  and  change.  Every 
attempt to cling to a fixed notion of identity results in the painful experience of the 
four sufferings of life: the suffering of birth, aging, sickness and death. Cycles revisits  
this notion of identity. It creates a situation that causes the visitor to experience his or 
her own body in a state of mutability and transience. The life cycle of the hybrid entity  
reenacts the four Buddhist sufferings.

3. Implementation
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Figure 1: Cycles Installation. The photo depicts the table version  
of the installation.

Figure 2: Cycles Installation Detail. The photo shows the 
structure that houses a video projector, a camera and an infrared 
light source.
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Figure 3: Hand-Tracking Software. The screenshot depicts the 
hand’s contour as yellow lines, the fingers’ and wrist ’s 
orientation as red lines, and the boundaries of the palm as gray 
lines. 
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Figure 4: Simulation Software. The screenshot depicts the 
chemicals and agents that respond to the hand’s presence 
during the stage of sickness
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Figure 5a: Stage of Birth, Phase 
1

Figure 5b: Stage of Birth, Phase 
2

Figure 5c: Stage of Birth, Phase 
3

Figure 5d: Stage of Birth, Phase
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Figure 6a: Stage of Growth, 
Phase 1

Figure 6b: Stage of Growth, 
Phase 2

Figure 6c: Stage of Growth, 
Phase 3
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Figure 7a: Stage of Sickness, 
Phase 1

Figure 7b: Stage of Sickness, 
Phase 2

Figure 8a: Stage of Aging, 
Phase 1

Figure 8b: Stage of Aging, 
Phase 2
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Figure 9a: Stage of Death, 
Phase 1

Figure 9b: Stage of Death, 
Phase 2

Figure 9c: Stage of Death, 
Phase 3

4. Results and Discussion
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Figure 10: Visitor Interaction. Most visitors learned from each 
other how to interact with the installation.

Figure 11: Visitor Interaction. The installation encouraged some 
visitors to engage into social interactions to exchange creatures.
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5. Conclusion and Outlook

6. References
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Abstract 

This paper describes a work of generative art called “Programmed Life” which 
automatically generates abstract images by means of evolutionary operations such 
as variation, mutation, and selection. The aesthetics of this work is described in 
terms of Color Field Painting and self-generated images are considered to be color 
painting that transfers emotional message.

1. Introduction 

This paper describes an experimental work of evolutionary generative art that
generates abstract images by genetic algorithm. It automatically generates 
unpredictable images. The main artistic sources of this work are Color Field Painting,
data visualization, visual abstraction, and color construction, spatial composition. 
Abstract artist, Mark Rothko, often used abstract images to give an idea of the world. 
In this paper, we use evolutionary generative art for a similar purpose. The processes 
used in evolutionary generative art, e.g. variation, mutation, reproduction, and 
selection are considered as new ways of color construction and formation for visual 
abstraction.

We first review our works of evolving images produced by a genetic algorithm. Then 
we try to provide aesthetics for it.  At the end, future work related to the present one 
will be discussed.

2. Genetic Algorithms and Generative Art

Genetic Algorithm or Evolutionary Algorithm was designed to solve the problem of
complex physical world by simulating the process of natural evolution in virtual world. 
The concept of genetic algorithm was initiated from the pure curiosity of the 
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passionate scientists. In 1975, John Holland, American scientist and the father of 
genetic algorithm, introduced evolutionary computation based on the notion of natural 
evolution [4].  British ethnologist and evolutionary biologist, Richard Dawkins built an 
evolutionary algorithm called  ‘Biomorph’. Biomorph is a mathematically designed 
organism whose shape is defined by its genome [5]. It was designed to show that an 
evolutionary process can produce things that look like intentionally designed. This 
work has had a great impact on Karl Sims who used Genetic Programming to evolve 
a population of images. In Genetic Programming, the genetic code of each individual 
‘genotype’ is a program represented in tree structure.  When programs in the form of 
tree structure are evaluated, they becomes  ‘phenotypes’, images in this case. The
better suited genotypes have higher probabilities of being selected to form the next 
generation, which is generated by recombination and mutation of the genetic codes 
of the selected individuals [6,7]. To begin evolution, this technique randomly 
generates images which are represented by tree structures where the terminal nodes 
are the captured images, and the non-terminal nodes are functions which transform 
the images represented by the children nodes. These trees are called image trees. In 
each generation, 100 new image trees for the next generation are generated by 
mutating and crossing over members of the 100 image trees.  A tree is mutated by 
selecting a node in it randomly and replacing it with a new random tree. The cross-
over exchanges a subtree of one tree and a subtree of another three, creating two 
new trees. When trees are selected for mutation and cross-over, those with higher 
fitness are selected with more probability.  

We have experimented with the following setting. The functions used as non-terminal 
nodes in the tree are selected from the function set F: F = {“mul”, “add”, “sine”, 
“cosine”, “avg”, “add2”, “sine2”, “cosine2”, avg2”}. The terminal nodes are selected 
from the terminal set T:  T ={“varX”, “varY”, “max”, “max2”, “div”, “divT”, “velT”, “timT”, 
‘basic_img1”, “basic_img2”, “basic_img3”, “basic_img4”}.  The number of nodes in 
the tree is 9. The number of generations used is 20. The program is written in
Processing [11]. Examples of generated images are shown in Fig. 1. 

The work typically produces a large scale of informal shape. The viewer is fully 
immersed in the color environment and feels the space. The work is installed on the
edges of the unframed canvas; it blurs borders and represents the infinite by means 
of emotional unconsciousness. This technique of spatial composition is expressive 
and moody and reveals a rich range and delicate color variation. In this piece, the 
artist displays images on irregularly stacked boxes (Fig 2). The ten boxes suggest 
the sense of boundlessness. The viewer continuously appreciates newly generated 
images. Therefore, he/she could feel the significance of space where unique images 
are shown. Like Rothko’s huge paintings, the unlimited composition represents an 
unknown space.  
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Fig 1. Resulting images

     
Fig 2. Programmed Life vo1. : Birth, at 2008 LIFT Asia conference 

3. The Aesthetics of Generated Images 

Generated images from our system look interesting. However, the aesthetic value of 
evolutionary art has been frequently questioned; it is rather depreciated because it 
has been considered just as a mixture of the various interdisciplinary studies: art, 
computer science, and biology etc. The absence of aesthetics for evolutionary art 
makes it less appreciated as an art piece. Finding an appropriate aesthetic value and 
establishing its background theory for evolutionary art is an open problem [8]. This
paper tries to address the problem by comparing this work with Color Field Painting.   
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3.1 Mark Rothko and Color Filed Painting

Abstract Expressionism was an American movement that has had a great influence. 
The movement refers to all types of non–geometric abstraction with emotional
intensity and anti-figurative aesthetics. There have been various styles of abstract 
expressionism; however, two distinct styles are prominent: irregular, idiosyncratic 
constructions of energetic action paintings and informal formation with deep concern 
with color.  Especially, gestural, action painters have utilized surrealistic techniques 
of automatic art and Color Filed artists have worked with simple, unified blocks of 
color [1].

Color Field Painting, which emerged in New York City during the 1940s and 1950s,
pursues the field of flat, simple color spread across the canvas. During the late 1950s 
and 1960s, Color Filed painters spread all around world various formats of stripes, 
targets, simple geometric patterns and references to landscape imagery to nature  
(Fig 3,4,5). 

  

Fig.3 Left > Mark Rothko, Untitled (Violet, Black, Orange,Yellow on White and Red), 
1949. Oil on canvas, Solomon R. Guggenheim Museum  
Right > Mark Rothko, No.3 (Magenta, Black, Green on Orange), oil on canvas, 1949, 
Bequest of Mrs. Mark Rothko through The Mark Rothko Foundation, Inc. 

Mark Rothko was a distinguished Color Filed Artist.  Especially, in his early works 
during the 1940s and 1950s, he showed bright vivid, vibrant colors, multi-formative 
and expressive spiritual energy, and ecstasy [2]. He sought the essence of abstract
painting in his own ways. His styles emphasized symmetrical rectangular blocks of 
two or three opposing or contrasting colors. His best-known method of painting was
blocked color formation [3]. He always resisted to interpret his paintings and was 
concerned with the viewer's experience, the merging of work and recipient beyond 
verbal comprehension: 

“ I am interested only in expressing basic human emotions — tragedy, ecstasy, 
doom, and so on. And the fact that a lot of people break down and cry when 
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confronted with my pictures shows that I can communicate those basic human 
emotions . . . The people who weep before my pictures are having the same religious 
experience I had when I painted them. And if you, as you say, are moved only by 
their color relationship, then you miss the point.”  - Mark Rothko 

                                     

Fig 4. Morris Louis, Where, oil on canvas, 1960, Hirschhorn Museum and Sculpture 
Garden
     

            
     
Fig 5. Gene Davis, Black Grey Beat, 1964, acrylic on canvas, Smithsonian American 
Art Museum collection 

3.2 Digital Color Field Painting 

“The greatest value of a picture is when it forces us to notice what we never expected 
to see.” – John Tukey 

“ … not a copy or a tracing, but ‘pure’ or ‘absolute’ creation and  ‘a work of pure, 
living art in infinity’....”   - Kasimir Malevich, founder of Suprematism [11]

The aesthetics of generated images can be partially addressed by linking them to 
color field painting, that is, by treating them as “digital color field painting”. In this 
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century, visualization has changed from simple graphical information to emotional 
imageries. Visualization is classically defined as visualizing information data to be
easily understood [9]. Symbolic and graphical models are elements of information. 
Visualization by means of colors and formations to depict unseen, unpredictable 
information is recognized as a new way of expression and representation. The
concept of genetic algorithm can be viewed as a fresh method to create the images 
of “basic human emotion” with regard to this visual abstraction experimentation [2,10].
Freed from facts of accuracy, digital visualization produces enthusiastic and dynamic 
aesthetic appeal.  

Images and paintings are considered as visual forms of human perception of color,
form, and line.  It is a kind of represented meaning, which is intentionally put by 
artists. Abstract art uses unique color formation and composition to express 
emotional intuition. In our work, the generated images produce aesthetic values like 
hand-paintings do.   RGB color model is an additive color model in which red, green, 
blue light is added together to reproduce colors in electronic system [10].  The
generated images are related to the Rothko’s concept of blurring and vanishing 
boundaries, where two or more colors having similar values in saturation merge 
seamlessly into one another.

4. Conclusions and Further Research

This work shows that computer codes can be designed to produce images with 
aesthetic values and artistic purpose. The aesthetics of generated digital images is 
provided by the comparison with that of Color Filed Painting. But our generated 
images have no notion of development of phenotypes from genotypes, as in 
embryological development, but directly map genotypes to phenotypes. One way to 
incorporate development into evolutionary generative arts is to use the mechanism of 
cellular automata. When an image is represented as a cellular automata, the image 
can develop into a new form as each pixel interact with its neighbors in various ways.    
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produced by designers need not always be optimal performance-
wise; on the other hand, they include unquantifiable traits
irrelevant of any performance factor that still need to be
maintained.
Given the potential of optimisation-based generative and
transformative methods, this study will focus on the development
of an optimisation environment suitable for the architectural
design process, that relies on simple mathematical principles  and
can produce design variations rapidly, conforming to design traits.
The tool that has been developed operates on arbitrary surfaces
supplied by the user in the form of a polygonal mesh and
produces an enriched egg-crate or dual-surface (sandwich)
representation of the structure considering parameters  of
structural efficiency such as stiffness. The output of the process
can be exported for further processing. Case studies as  well as
evaluations of the tool’s  efficiency by commercial Finite Element
Analysis software will be presented.y p
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3. Background

“[...] The problem is anyway approached not  with the intention of f inding op -
t imal solutions, but challenging and creative ones. It is not  answers the com -
puter  should provide, but  questions about  the problematic of  the design. It  
is  in  this  context  of  “problem-  worrying”  (as opposed  to  problem  solving)  
that the work has been carried.”
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Abstract:

     Generative design has been applied and discussed 
comprehensively in architecture. There are also similar applications 
to generate structures or patterns for particular product in industrial 
design. However, due to the essential difference between 
architecture and industrial design, the developments of generative 
design in both are different. Most applications in industrial design 
were based on manipulating parameters of a completed 3D model, 
but not a conceptual idea. The power of generative design maybe 
restricted by the frame of existed model, therefore the generative 
function should be activated in an earlier stage. The sketch is an 
initial and necessary step in the design process, thus this paper leads 
to the possibility to apply the generative method on the sketch 
drawing.

     For explain, a generative system will show the ability to generate 
various sketch outlines of product’s side view by the drawing rules 
transited from the designer’s experience. To archive above functions, 
a modelling software and a scripting plug-in language were used in 
the process. The system accepts the input data in a visualized way. 
The designer edits various placements of necessary components for 
the 2D input action, but not deals with the drawing directly. The 
system executes a series of drawing commands based on those
placement figures and reacts with parameters and the editable order 
of commands. The command order maybe adjusted or developed by
the designer after evaluating prior solutions.

    In the final, we will discuss the step, rules of operating process, 
and limitation from the experiment, then review potential benefit, 
influences from generated results and the evolutional cycle of system 
under the designer’s manipulation.
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In this paper, a set of general drawing actions mind activities are identified from a
preliminary protocol of human sketch behaviour, and transited into a modular 
procedure of generative design system. The research object is developing an outline
generating system of product’s side view. The system takes an internal component 
placement that decided by users as an initial state, and this 2D input involves mass 
parameters in a visualized way. By comparing the original sketch thinking and the 
solutions generated in the system process, an autonomic sketch drawing procedure 
is rebuilt reversely. The sequence of system actions is updated from a default 
arrangement to a multi-path framework for dealing with more possible initial inputs. 
The each shape feature evolves in a main merging outline, and all shape evaluations 
and parametric decisions are took based on the considering integral composition 
repeatedly.

This experimentation explores the feasibility and integrity of this sketch transition,
and reviews solutions generated in different time point on the sketch developing
process.

1. Introduce

The generative design system has been applied for helping designers to systemically 
explore the solution space by computation, [1]. Designers modify the input, algorithm 
construction, and parameters of the system to instead of operating the solutions 
directly,[2]. A evolutionary concept also join in the generative design theory [3].  

When review the human sketch behaviour, the form features are evolved and 
evaluated with the entirety together. A shape feature influenced by others around or 
the scale of whole body, then the relation makes a feature disappears, comes up and 
transforms. They are not generated separately and then assembled together.  

Although CAD technology updates rapidly, the sketch is still an irreplaceable tool in 
the conceptual stage of current product design than other design fields. Thus 
undeniable, the flexibility and possibility make the sketch equips the essential to 
represent and develop human’s creativity. In spite of human mental activities of 
sketching are difficult to perceived and realized well, the fragmental drawing actions 
and thinking still could be expressed and identified obviously by designers and on-
lookers. These facts support the sketch approach evolve in a generative design 
context.
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2. Definition

2.1 Theme

In this research, a product type is set to the theme for the experiment. The working 
principle of power tool is quite fixed, and most new designs on the market seek better 
conviction on the visual image. The design scope concentrates on the main shape, 
colour and integral composition, and towards a consumer trend. Thus, power tool is 
quite suitable to be the target.  

2.2 Format of Results 

In the product design process, the 3-view drawing is used to be a concrete 
representation for a long period. Due to the type of power tool, its side view 
expresses most features and details. Therefore, our format of generation in the 
experiment is a closed outline of power tool ‘s side view that covers a range of 
necessary components, as the right side of Figure 1. The placement of components
decided by the designer in the initial. 

Figure 1.

2.3 Format of Inputs

For simplifying the prototype of system, the internal placement consists of only 2 
basic components, includes a motor and a battery, as the left side of Figure 1. The 
components are presented by 2 rectangles with their rational size, and took as the 
2D input in the next protocol and system procedure. The position and direction of 
motor are fixed, so interviewees just need to decide the battery’s placement. The
range of placements has a rectangular boundary to limit the whole product size. The 
motor is fixed on the left middle of boundary and its working axis towards to the left 
side. This input contents mass parameters with a functional consideration in a visual 
way, includes the component’s relative position, size, and axis direction. The third or 
more components are possible to be added in the initial placement based on a 
maturer construction.
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3. System Rebuilding  

The process is divided into 4 phrases to collect the elements of sketch behaviour and 
transit them into a drawing procedure. The phrases include the protocol, action 
classification, prototype rebuilding and verification.

 3.1 Protocol 

The 5 interviewees are asked to draw 5 outlines of power tool’s side view that based 
on various component placements. The detailed curves with the outline are allowed 
to draw on the paper, but the main result is focus on the outline. The first placement
is the same one for all interviewees, and it’s a normal gun type placement. The other 
placements depend on their various designs, but the last one is required to set a 
irrational placement by themselves. The basic requirements for their sketch are to
cover the placement with a well shape to be hold, and express the style for better 
visual image. When processing each sketch, they need to write down all steps of 
both drawing and thinking as possible for a script. If those detail curves influence 
their thinking, they also should be recorded in the script. Their drawing records and 
sketches are analyzed in the next phrase to infer the types of fragmental action. 

3.2 Action Classification 

Only the obvious drawing actions and thinking that could be enumerated and 
explained by the interviewees in their sketching would be collected. Several basic 
types of actions and mental activities are classified as sketch drawing, visual 
perception, and evaluation. Then they are transited into several main categories 
based on modelling and programming commands. They are shown as table 1., such 
as geometry drawing, measurement, calculation and logical judgements.  

Interviewee’s action Category Execution

Geometry drawing Bezier curve, tangent line, rounding, etc.

Curve editing Trim, join, skew, divide, Boolean, etc.

Drawing,
adjustment,
invisible drawing

Parametric
adjustment

Bezier curve editing, radius, angle, etc.

Measurement Distance, angle, vector, scale, position, 
etc.

Visual perception

Calculation  Mathematical operation with the value 
from the measurement.

Visual evaluation Logic judgement If, comparison, condition, etc.

Unexplainable
preference

Radom function Parametric input, action jump.

Table 1.
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Some obscure actions in our inference are discussed with interviewees and then 
explained as below. (1) The drawing behaviour based on the interviewee’s 
experience and preference, some actions are probably be skipped by skilful 
interviewees. Those skipped actions have to be reduced and back to a part of system 
drawing execution. (2) A short staring of designer on a partial sketch probably 
combine visual observations and evaluation, and this complex mental activity should 
be decomposed into continual but separated thinking. (3) Designers unexplainably 
take a new action that they have never do, or another action different from the one 
from the same context before. These judgements are inferred to a random under 
interviewee’s agreement.

3.3 Prototype Rebuilding

Then, the interviewees were asked to arrange the commands to finish all sketch 
outlines as their work by hands in the protocol. If they feel difficult to finish a sketch 
by these commands, that means their records lose necessary steps. They can 
suggest new command or category after our necessity estimation in above situation. 

The simple placements confirm their basic drawing logic, and the irrational 
placements test their solutions to complete the sketch in a bad situation. The other 3 
scripts with different placements are compared to the first one for realizing the 
strategy and what fact effect them to make this decision. We found the 2 main facts, 
the relative position of battery and its direction, because they cause a different design 
strategy in the early steps. Therefore, the boundary of placement is divided into 4 
quadrants after making their threshold clear, and this will applied to be the strategic 
parameter in the initial state.

In their results, several specific sequences consist of 2 or more actions are frequent 
and could be identified. For example, the measuring command usually follows the 
drawing action to detect the new change of outline, and the calculation or judgement 
usually follows the measuring command to deal with new measuring value. A few
interviewees also use a command loop to express their repeated drawing or 
adjustment. When they could finish sketch by these commands, the Rhino and 
Grasshopper plug-in are used to rebuild these generative drawing procedures. Their
sketching models are selected to be default system procedures in the following 
verification. In the rebuilding, our purpose isn’t simulating the human behaviour only, 
but also inserting the parameters or options on the necessary points in the process 
as possible. 

3.4 Verification

Based on each interviewee’s scripts, similar constructions of drawing procedure are 
merged, and integrated into 3 prototypes. The original placements are inputted to 
these system prototypes, and compared the results to the hand sketches. If a 
difference happens, the procedure will be reviewed and adjusted for correspondence. 
This review helps interviewees to clear more potential mental activities, but due to 
the limitation of commands or interviewee’s expression, few details of result can’t be 
refined well as the hand sketch. The procedures with high correspondence are 
combined into the final prototype.  
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4. System Architecture

4.1 Operation 

 In our protocol, the sketch of interviewees can be divided to 2 stages generally, 
the integral drawing and then the detailed drawing. Therefore, the system procedure 
also contents these 2 stages. The below describes the shortest process to generate 
a basic outline, as the Figure 2 & 3.

Figure 2. 

When user decides the component placement, the system will extend the axes of 
2 components to find the shortest path to connect each other. If the axes don’t 
intersect in the boundary, the system will insert an empty component to fit the gap. 
All components will generate curves on the each side of the presenting rectangles 
with a distance, and the curvature and distance of curves are parametric.  Then 
system will determine the intersection points from all curves, then trim and join all 
segmental curves to be a closed shape, the main body. These curves could be 
exploded and adjusted again by following drawing. 

Figure 3. 

      The handle of power tool is an important detail in this side view and it’s a closed 
shape generated by another drawing procedure for enhancing the hands-hold. The 
handle shape acquires parameters that recall from the curves of main body. The 
system will determine the distances between all intersection points for placing the 
handle shape. If more than one place allow put the handle shape, the procedure will 
divide to more paths and continue to evolve. If no place fit the hand shape, the 
system will adjust curves to generate a longest distance to fit the handle shape. 
When handle shape overlaps on the main outline, system will make a difference 
Boolean command to trim the curves inside the shape. The last step is deciding the 
rounding parameter in every corner.  
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4.2 Generation and Evaluation 

There are many logic judgements in the procedure, and usually more than one option 
happens. Every option will create a new path to develop the sketch with other options 
in the same time. In a lateral aspect, one input will acquire various sketches in all 
branch ends of this development tree, as Figure 4.

In a vertical aspect, the system actually generates sketches at each step in a linear 
process. For example, a sketch takes 7 steps to finish a single process, and the 
sketches in the early steps usually don’t mean any thing or over rough. The sketches 
in the last 2 steps may match the user’s requirement, and later sketch doesn’t mean 
better than its previous generation absolutely.  

Summarize the both aspects, the system generate results in a concept of array. In 
other words, the users don’t need to process be completed, they can take the results 
in any step if they are satisfied.  

If a sketch accepted by the user, the related date which includes parameters and 
command sequences will be output and recorded for updating the parameter value 
and procedure architecture. 

Figure 4. 

4.3 Parameter’s Construction  

     Besides the visual placement, the system includes many parameters unavoidably.
These parameters appear in the process for the user to decide by evaluating the 
sketch’s development, and the decisions will influence the next command provided 
by the system. 

All parameters in the procedure are classified by functions and tracked, thus they 
can influence other same kinds by this connection. If a curvature parametric value 
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was used once, it will have higher rate to be referred by new curves. If a rounding 
parameter was modified, all rounding inherit the parameter from it will be modified in 
the same range. After accumulating enough sketches took by users, random or 
parametric values could be converged in a specific range, and the system will update 
with higher autonomy. 

4.4 Sequence and modularity 

In the prototype rebuilding, several command sequences already be identified so 
far, and integrated into modular sets. These sequences include: (1) drawing-
measure- judgement, (2) parametric modification- measure, (3) measure- calculation-
parametric modification. The integrations will help us to understand their applied 
frequency and context in the valid using.  

5. Result

The system was provided to those interviewees only to do more inputs, and they 
tried to input the placements that they can’t image, generated by random and add the 
handle as the third component in the placement. They found the system generated 
interesting sketches as figure 5 that different from their works, although the 
parameters are quite similar their style.  In the following discussion, they admitted 
that these results inspired them in some way and encourage them to consider the 
possibility and innovation of those sketches. Some errors in the results were inferred 
to the mental activities are unable to explained or expected in the protocol, and that 
causes the necessary procedure connection lost in the system rebuilding.

Figure 5. 

6. Conclusion

This research focuses to explore the possibility and feasibility to transit sketch 
drawing into the generative design system and the appearance of the sketch results. 
This approach shows essential and importance of a sketch procedure. The feature 
elements should be developed in a completed framework and process.

The approach extends designs in a single view, thus the innovation exists in 3D 
space have difficult to express by this method. The method also fit for the product 
with obvious shape and functional expression.  
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Although our operation and generation base on the 2D curve drawing, but this format 
also bring the freedom and full support from current computer geometry drawing. The 
2D outputs provide important indications and hints for the 3D generative system or 
modelling work. 
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Abstract

K-dimensional trees, abbreviated as k-d trees in the following, are binary search and 
partitioning trees that represent a set of n points in a multi-dimensional space. K-d 
tree data structures have primarily been used for nearest neighbor queries and 
several other query types, for example in database applications. 

In the context of a research project at the Bauhaus-University Weimar concerned 
with the development of a creative evolutionary design method for layout problems in 
architecture and urban design, spatial partitioning with k-d trees has been applied as 
a partial solution to generate floor plan layouts. Unlike, for example, packing 
algorithms and slicing tree structures, the employment of k-d tree algorithms in 
combination with evolutionary algorithms to generate floor plan layouts has not 
previously been examined in the scope presented here.

In the application developed in this project the k-d tree algorithm is initially used to 
subdivide a given rectangular area. The dividing lines thereby correspond to eventual 
spatial boundaries. By combining the k-d tree algorithm with genetic algorithms and 
evolutionary strategies, layouts can – in the current version - be optimized in three 
criteria dimensions (size, ratio and topology). Through user interaction the layouts 
can be dynamically adjusted and altered in real time. The result is a generative 
mechanism that provides an interesting and promising alternative to existing well-
established algorithms for the creative and evolutionary solution of layout problems in 
architecture and urban design. 

1. Introduction 

K-dimensional trees (k-d trees) are binary data structures originating from the field of 
computational geometry which are employed in numerous search algorithms. Due to 
the efficiency and the speed with which they can be traversed k-d trees are employed 
in different areas such as data base applications and ray tracing methods. Their 
efficiency stems from the space partitioning algorithm with which they organize 
objects in k-dimensional space and code the data structure. In addition, the space 
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partitioning algorithm produces a geometrical, plot-like structure, whose creative 
potential has as yet not been investigated in detail. 

Algorithms such as this and their generative and creative potential have, however, 
been studied for a while in the field of generative architecture and have, for example, 
been applied to generate floor plan layouts.  The first attempts in computer-aided
layout generation date back to the 1960s [1]. The design and development of layouts 
i.e. the arrangement of rooms, buildings and building complexes in architectural and 
urban contexts are a central task in architecture and urban planning. As this involves 
both functional as well as creative problem solving, generative processes are often 
combined with evolutionary methods. The work of Elezkurtaj [2] is an example that 
combines a packing algorithm with evolutionary strategies and genetic algorithms. 

In the scope of a research project at the Bauhaus University Weimar on the 
development of a creative evolutionary design method for layout problems in 
architecture and urban planning (Kremlas) we developed a mechanism which, for the 
first time, employs space partitioning by k-d trees to generate floor plans in 
combination with generative algorithms and evolutionary strategies. 

Chapter 3 of this paper gives an insight into the current development and results of 
our investigations in the Kremlas research project. Chapter 4 discusses the potential 
of the k-d tree algorithm as a creative and generative means whose possibilities for 
further development are described in chapter 5. To begin with chapter 2 provides a 
short introduction to k-dimensional trees along with a brief overview of the current 
state of research and related work in the field of generative architecture. 

2. Background and related work 

2.1 An introduction to k-d trees 

K-dimensional trees, according to Bentley [3], are binary search trees that organize a 
set of n points in a multidimensional space [4] and thus represent data structures that 
can be used for space partitioning [5]. 

K-d tree data structures are commonly used for nearest neighbor queries [6] and 
other search algorithms, in particular for traditional database applications [4]. K-d tree 
data structures in connection with search algorithms are used for diverse applications 
(see for example [7, 8, 9]) due to their high traversal speed, accuracy and efficiency 
of use. This includes, for example, facial recognition in the interactive tracking of 
facial features in video frames [10], for which the speed and accuracy of the results is 
highly relevant. The use of k-d tree data structures in ray tracing techniques has also 
proved worthwhile (see, for example, [11] and [12]). 

Previous applications of k-d trees have, therefore, focused on their capacity to 
organize and store spatial data as well as to search and traverse data structures 
quickly and efficiently. 

Starting from a known, finite set of points, the k-dimensional space is divided by so 
called partition planes perpendicular to one of the coordinate axes. In two-
dimensional space, subdivision corresponds to a line, in three- and multidimensional 
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spaces it corresponds to a hyper-plane that is aligned to one axis [5]. For this 
purpose, the median or average of the point coordinates based on the point set P is 
calculated in the split dimension. The result is the first node N with the calculated 
median or average as split value, which divides the point set P into two subsets P1 
and P2, the so-called sub-trees. All points whose coordinates are smaller than the 
split value in the respective split dimension, form the left branch and are part of sub-
tree P1; all points whose coordinates are larger form the right branch and are part of 
sub-tree P2. N is considered as the root node for the sub-nodes N1 and N2 of the 
sub-trees P1 and P2; N1 and N2 are child nodes of N. These subsets are then further 
subdivided following the same system described for the initial point set. The 
subdivision continues until further subdivision is no longer possible, or a certain 
threshold or a given depth has been reached. 

A region is assigned to every node which in turn can contain child nodes and 
subspaces. Within the search tree, nodes are called internal nodes. They divide the 
space by a split plane in one of the k dimensions [4]. In addition, the internal nodes 
store information on the partition plane as well as references to the right and left child 
nodes. The endpoints of the tree are referred to as leaves, or as external nodes, or 
buckets [4]. 

The data structure thus performs three functions at once: it stores the data set, 
subdivides the space into hyper-rectangles and at the same time provides a directory 
for these hyper-rectangles [13]. 

Fig. 1: Space partitioning with a k-d tree structure 

The structure of the tree, and with it the geometric representation, depends on the 
splitting rule, i.e. how, in which dimension and in which sequence the partition planes 
are built [14]. One can distinguish two basic types, point-based and region-based k-d 
trees [5], which are based on different splitting rules. 

How subdivisions are performed depends on the distribution of points in k-
dimensional space for point-based k-d trees. An affiliated splitting rule is the standard 
splitting rule based on [15] where the split is performed in the dimension in which the 
points have the maximum spread [5]. The split value is in this case calculated from 
the median value of the points’ coordinates. The sequence of split dimensions may 
also differ from the one used in the standard splitting rule. It can be set as a 
continuous sequence of splits along the x-, y- until k- axis [3, 16]. The cycle starts 
anew after the split in the kth dimension. 

A region-based k-d tree can be built by applying the midpoint splitting rule [14]. The 
partition plane runs through the center of the region intersecting its longest side. The 
sliding midpoint rule presented in [14] is a further development that combines point- 
as well as region-based features. At first it also subdivides the region through its 
center but then moves the split plane to the nearest point.
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As already stated, split values can also be determined by calculating the average 
instead of the median of the points’ coordinates resulting in k-d trees with different 
structural compositions. If a k-d tree is built by median calculation, the partition 
planes run through the median points so that a point is assigned to each internal 
node. By contrast, all points in a tree built by average calculation lie in a leaf region 
as the partition planes run through new points whose coordinates are generated from 
the average value of the point coordinates.

2.2 An overview of automatic layout generation 

The design and development of layouts is a central key task in architecture and 
urban planning and spans several levels of scale. The composition of plots, buildings 
or rooms in architectural and urban contexts respectively is supposed to be functional 
as well as creative. For several decades, architects and planners have increasingly 
made use of by software tools to assist in solving such layout problems. Research 
has been conducted not just in the development of drawing, modeling or 
representation tools but also in the development of generative systems to support the 
creative problem solving process. 

The first approaches for computer-aided layout generation date back to the 1960s 
[1]. Numerous projects emerged in this field dealing with different algorithms, 
structures and models for generating urban and architectural layouts and assisting in 
the automation of the design process. Among the generative mechanisms developed 
and implemented are cellular automata which have been employed at both an urban 
and regional scale [17] and for architectural space [18], as well as Lindenmeyer 
systems [19], constraint- [20] and physically-based systems [21] and shape 
grammars, which, for example, have been used for the generative description of 
styles and to generate floor plans based on existing architectural archetypes [22]. 

Fig. 2: Cellular Automata [18] 

Fig. 3: Jose Duarte, Customizing Mass Housing [22] 
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With respect to k-d trees, a number of recent projects on Voronoi-Diagrams and 
slicing tree structures are of particular interest. Like k-d trees, Voronoi-Diagrams also 
partition space into subspaces, so called cells, dependent on the distribution of 
objects in space. The objects are referred to as cell centers. Each cell contains all the 
points that lie closer to its center than to any other [23]. The subdivisions, and with it 
the diagram, are formed by the borders of the cell, i.e. those points that have the 
same distance to several centers [16]. Foam-like structures and topologies emerge 
which are defined by the cell centers and their position, number and distribution. 
Voronoi-Diagrams have been employed to generate urban designs (see [24]) and 
architectural spaces (see for example [23, 25]).

Fig. 4: Voronoi-Diagram [25] 

Another method also based on space partitioning is the slicing tree structure. This 
was presented by Kado [26] to solve facility layout problems. Like k-d trees, they 
subdivide a region in a top-down-approach with split lines into sub-spaces which 
correspond to facilities. The split sequence is also represented as a tree structure; 
the partition planes, however, are not dependent on the distribution of a point set. 

The most promising approach with regard to automatic layout generation offers a 
combination of generative structures and evolutionary algorithms. First attempts in 
the field of architecture can be found in Frazer [27] and Coates [28]. A design model 
for space layout planning with evolutionary methods has been developed and tested 
by Jo and Gero [29], for example. When using evolutionary methods one needs to 
differentiate between the optimization of existing floor plans and the generation of 
new floor plan layouts [19]. The second case is incomparably more complex as the 
creative design process incorporates the solution of operational as well as non-
operational criteria. Criteria are operational when they describe a problem clearly and 
therefore incorporate the solution in their description. Non-operational criteria 
describe ambiguous problems for which there is no objectively correct solution. 

A relatively advanced prototype which combines generative methods with 
evolutionary algorithms and also takes non-operational criteria into consideration can 
be found in the work of Elezkurtaj [2]. The system which he developed uses a 
packing algorithm which calculates and displays optimized layout proposals in real 
time. At the same time the user is given the opportunity to interact with the layout and 
customize it according to his own needs. 
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Fig. 5: Tomor Elezkurtaj, Interactive Layout System [2] 

3. K-d Trees for the generation of floor plan layouts 

3.1 Research background  

In the scope of the Kremlas research project we look at layout problems on different 
levels of scale ranging from the urban neighborhood to the building structure and 
floor plan organization. Unlike other studies, which predominantly employ computer-
based tools to optimize floor plans, our focus lies on the development of a method 
which includes the creative component and takes non-operational criteria into 
account (see [30]). 

The design process is cyclical and consists of the consideration of a problem, the 
definition of criteria to solve the problem, the generation of solutions and their 
evaluation and optimization by adaptation of the criteria. It does not follow a linear 
sequence and is therefore characterized by the continuous adaptation of the solution 
space by the designer over the course of the working process. Consequently a 
design system has to be flexible and applicable for different design problems. Top-
down and bottom-up strategies i.e. starting with both a minimal as well as a highly 
restricted description of the problem, need to be combined seamlessly with one 
another. In [30] we suggest the development of an adaptive design system for layout 
problems that allows the user to define, adapt and explore the design space flexibly. 

Furthermore designing very often takes place on various scales at once. A system 
that solves layout problems should therefore be adaptively applicable on different 
levels of scale. Layout problems generally entail the sensible arrangement of different 
elements such as plots, buildings, functional areas, rooms, furniture et cetera. The 
definition and the requirements of the elements change on different scales and with 
them the demands they place on the system. In order to enable a seamless transition 
between scales during the design process with as few constraints as possible, we 
chose a quite universal definition of layout for the data structure of the system. 
Layout is defined as nested elements, i.e. the arrangement of elements in elements, 
in elements [30].  
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Fig. 6: The same layout at different scales with different interpretations of the 
elements [30] 

This results in a hierarchical structure across many levels in which homogenous as 
well as heterogeneous elements can mix. In general it has to be possible to create 
relationships between elements of different hierarchical order as well as across 
different layout levels. This concerns, for example, the formation of required or 
desired neighbor relations between elements in both horizontal and vertical 
dependency. The resulting data structure is object oriented. A layout element is 
defined as an object with properties and constraints as well as defined relations to 
other objects. 

As previously stated, the design process is cyclical which means that some problems 
are only identified during the process. Consequently, the design system used cannot 
be purely linear and solution-oriented but has to enable the designer to adjust and 
even redefine the problem during the design process. Consequently we follow an 
explorative approach based on a recursive, circular trial and error system [30]. 

The system employs generative and evaluative mechanisms based on evolutionary 
algorithms. An important role in evolutionary algorithms is played by the evaluative 
function which evaluates the generated solutions according to certain criteria and 
therefore determines the direction of the solution space. These criteria vary from 
designer to designer and according to design task which is why we propose 
employing criteria which are as neutral and multifunctional as possible so that they 
are valid for all scales and can be flexibly assigned to elements as well as controlled 
by parameters [30]. These include criteria such as topology, orientation, proportion 
and size. A multi-criteria fitness function facilitates flexible and problem-oriented
weighting during the evaluation process. Criteria specific to a certain scale, such as 
density, building line, opacity and connectivity, can also be applied to evaluate the 
layout.

We have studied several generative strategies to build a generative mechanism that 
leads to results with different formal characteristics. The first strategy assesses and 
evaluates the quality of elements. In this case we applied a packing algorithm to 
generate solutions in which possible spatial configurations arise from the 
arrangement, relocation and proportional adjustment of the elements. The second 
approach focuses on the implementation of space partitioning rules. We employed a 
k-d tree algorithm as well as a slicing tree algorithm. Initially both strategies only 
support rectangular forms. 
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3.2 Generative mechanism 

The idea of using a k-d tree algorithm to form a generative mechanism emerged from 
the examination of its geometric characteristics, the potential of its partitioning 
structure as well as its data structure. The data structure of the k-d trees fits the 
concept of the nested elements. Layout elements correspond to external nodes i.e. 
elements of a subordinate hierarchical level that can subsequently be assigned 
specific functions within the layout. Internal nodes represent elements of super 
ordinate hierarchical order that can bundle subordinate internal and external nodes 
into, for example, functional areas. Internal and external nodes represent central 
objects in the implementation which are defined by properties, such as data point and 
position as well as region. At the same time the k-d tree itself can be seen as an 
object that represents the tree structure as references between root and child nodes. 

At first the investigation was explicitly limited to the application of k-d trees to the 
building scale, to generate floor plan layouts. The first step consisted of the 
realization of a simple k-d tree algorithm which subdivides a given area by mean 
value calculation. Thus each point of the point set represents a room. The form of 
representation described has the advantage that the size of the point set determines 
the number of rooms generated in the floor plan. The split lines correspond to 
potential space boundaries. 

The generative mechanism builds up on that in a second step. The generation of 
solutions is a combination of an evolutionary strategy to optimize room sizes and 
genetic algorithms to optimize topology as well as room ratios. The following section 
describes the three generative mechanisms which are assigned three populations 
(one per criteria dimension).  

The first mechanism searches for specific predefined room sizes. The problem of 
room size in relation to the k-d tree algorithm is determined by the sizes of the 
generated rooms through partitioning which depend on the position and distribution 
of the points in space. Evenly distributed points usually generate subspaces of similar 
size. In order to optimize the sizes the positions of the single points have to be 
manipulated in such a way that their distribution after partitioning creates the desired 
size. The use of an evolutionary strategy proved to be useful for optimizing which 
locations are mutated. The desired room size can be set by the user for every single 
room and interactively modified. 
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Fig. 7: Optimization of room sizes 

The second criterion concerns neighbor relationships between points and the 
assigned spaces respectively. The problem of topology consists in the assignment of 
functions to spaces so that they have the desired topological relationships [31]. The 
optimization can be supported by a genetic algorithm in which the indices, coded as 
a genome, represent the spatial sequence. Mutational operations exchange the 
indices of individual rooms. The desired neighbor relationships between rooms are 
defined by the user and set in the topology. 

The third mechanism is for finding sensible room proportions. The problem of 
proportion regards the ratio of the longest to the shortest side of a rectangular sub 
space and arises from the split dimension chosen. The solution to this problem is 
implemented using a genetic algorithm in which the split sequence (the sequence of 
splits in x and y direction) is coded as a genome and is recombined and mutated. 
Unlike conventional k-d trees the split dimensions in the nodes are not determined 
statically in advance or by the distribution of the points but vary dynamically. The 
ideal proportion of a room depends on its function in the floor plan and is set by the 
user. As long and narrow rooms are not practical for most uses square room ratios 
are deemed advantageous. Access spaces such as corridors and entrances 
represent an exception to this rule. 
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Fig. 8: Optimization according to three criteria 

The three populations are optimized in a co-evolutionary fashion resulting in 
permanently changing and dynamic problem descriptions. Through migration they 
approach a collective Pareto front of optimal solutions over time. The employment of 
populations in evolutionary algorithms can be regarded as an analogy of the 
characteristics of the architectonic design process. Each population represents a 
design solution whereby several different solutions are developed in parallel, 
compared with one another and combined. This description also applies for the early 
phases of the design process when the aim is to initiate creative thought processes. 
The evolutionary generative methods assist the designer by facilitating a complex 
and computer-aided search for design solutions [32].

3.3 User interaction 

The user should be able to search the solution space created by the generative 
mechanisms flexibly and to adjust it according to his needs. By means of direct user 
interaction non-operational criteria are incorporated in the solution-generating 
process, which was previously only based on the description and optimization of 
operational criteria through automatic floor plan generation. The system has to offer 
sensible functions and interaction possibilities to allow the user to influence the 
optimization process directly.  The impact of such changes has to be reflected 
instantly, i.e. the system has to work in real-time [30]. 

User intervention takes places directly in the graphical representation of the solution 
by mouse click, mouse movement or keyboard input. As the generative mechanisms 
work on a k-d tree basis, the interaction possibilities encompass first and foremost 
functionality for point manipulation. This includes adding and deleting as well as 
moving points by which the user can influence the number of rooms as well as their 
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distribution and shape. The values for desired room sizes can be manipulated by 
manual input. In addition, the user can define neighbor relationships between room 
functions in the representation of the topological structure. 

The actions of the users result in the immediate adaptation of the populations based 
on the changed properties of the objects. As the evolutionary process continues to 
run in the background, new solutions are almost simultaneously generated allowing 
the user to readjust immediately. 

Based on the software prototype described it is possible to examine how the 
generated layouts react to user interaction. The adjustments usually take place 
gradually and are easily understood by the user even when, for example, the point 
distribution changes considerably through relocation so that a new split sequence 
and new topological relationships emerge. 

4. Evaluation and outlook 

During the realization of the generative mechanism we were able to demonstrate that 
k-d tree algorithms, in combination with evolutionary strategies and genetic 
algorithms can generate interesting and useful solutions for floor plan layouts due to 
their splitting rule and geometrical structure. The evolutionary algorithms applied 
have a positive impact on the geometrical properties of the k-d trees in return. They 
can help to control ratios, sizes and topologies of the regions and therefore influence 
the character of the overall structure. The layout solutions generated also appear 
more flexible and diverse as they are no longer subject to strict splitting rules but the 
split dimensions are dynamically adjusted instead. 

A next step entails integrating the k-d tree data structure into the overall system 
which, due to its hierarchical structure, should benefit similarly. Connected to this is 
the examination of the application of the partitioning algorithm across scales as well 
as the interconnection of layout elements across levels and scales. An aspect that 
will need special consideration is the extent to which k-d trees support the 
arrangement of elements with fixed properties, for example staircases and other 
access and infrastructure units that often connect multiple levels. The relocation of a 
point in a k-d structure causes the dynamic adjustment of the size and ratio of 
hierarchically adjacent elements, which is inherently problematic for items with fixed 
properties.

The point-based approach of the k-d trees also complicates the design of the user 
interaction. The primary means of interaction by manipulating points is not very 
intuitive. When combining the generative mechanisms of the k-d tree with the overall 
system, it will be essential to devise a consistent user interface that facilitates the 
seamless transition between different levels of scale as well as incorporating other 
generative mechanisms which may employ area- or line-based interaction 
approaches.

A first prototypical application allows the movement of lines and regions. The difficulty 
resides, however, in calculating the location and distribution of the point set based on 
the location of split lines and regions, which is in effect an inversion of the current 
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algorithm. Herein too also lies the key to resolving the handover of areas of fixed 
position, size and ratio across levels and layers as mentioned above. 

As part of the future development of the proposed system we also plan to extend the 
multi-criteria optimization model. Further investigations will examine extending the 
model through topological criteria such as direction as well as the integration of 
classical tools for analysis such as the angle of the sun and visibility. 

Furthermore the generative mechanisms presently access only a limited part of the 
potential solution space as the examination was originally restricted to orthogonal 
partitions and rectangular spatial structures. Future developments could potentially 
also examine the generation of complex geometries, extending the present 
orthogonal pattern of splitting to non-orthogonal planes. 

5. Conclusion 

In the investigations presented in this paper we examined the geometrical qualities 
and creative possibilities of space partitioning with k-d tree algorithms to solve layout 
problems in architecture and urban design. Initially, we looked at the application 
areas of generative mechanisms on the scale of a building with a view to generating 
floor plan layouts. In combination with genetic algorithms and evolutionary strategies 
we developed methods for optimizing floor plans according to multiple criteria. The 
user can actively intervene in the generative method while searching for a solution. 

The k-d tree algorithm supports the general data model of the design system as well 
as appropriate geometric layout solutions based on space partitioning due to its data 
structure. The point-based characteristic of the algorithm is advantageous for the 
generation of solutions as well as their evolution. However, there is still need for 
development with regard to the design of seamless user interaction and the seamless 
transition between hierarchical and layout levels. 

To conclude we have demonstrated that space partitioning with k-d trees in 
combination with evolutionary algorithms presents an interesting and promising 
alternative to already well-known strategies for the creative algorithmic solution of 
layout problems in architecture and urban planning. Future investigations into the 
aspects referred to in chapter 4 will be of interest in helping to explore the 
possibilities that k-d data structures provide for this area of research. 
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Abstract:
In this paper I present the interactive video painting art work “Acqua del 

Velluto Sospesa”.  I will describe the viewer interface for the interactive 
component as well as the conceptual approach to the project.  Additionally, 
a comprehensive survey of works related to fluidity, interactivity, installation,
video, and 3D imaging is included.

In section II of this paper I present an overview of work from the past five 
years.  Section III covers a survey of related works focusing on fluidity, 
interactivity, installation, video, and 3D imaging.  Section IV speaks to my 
methodology including the concept, code, and interactive viewer interface.  I 
conclude with a description of the results and a summary of the future 
direction of the work.
     The act of swimming underwater defies the sense of equilibrium the 
body requires: gravity, sight, hearing, balance, etc.  I place the viewer as 
voyeur, inside my shifting ground that contains both figure and water as one 
amalgam.  The point of view is always from outside looking in and under, 
operating in a kind of « lussuria ossidionale » ; as sublimations of 
unattainable acquisition, just out of reach by the nature of our imperfect 
vision into water. 
     I have created a water environment that responds to viewer controlled 
movements and encompasses the viewer in the environment that I put 
myself into in my images.  I want the viewer to experience the feeling of 
being submerged in and enveloped by the water and to be able to “paint” 
with the liquid video imagery. Each stroke that I perform under water 
pushes and drags millions of molecules along.  The movie painting activity 
relates to this as the viewer interacts and drags dynamic pixels across the 
screen.

The interactive aspect of this work provides a rich environment to 
explore connections between physical bodies and the myriad of 
representational systems possible in the digital realm.  Physical-digital
interfaces, ranging from the mouse and keyboard, to the iPhone or iPad, or 
further to unusual sensing systems, provide the connective tissue between 
our bodies and the codes represented in our machines.  The viewer 
interface is both a practical and conceptual element in the work.  Interactive 
systems can determine the grammar of our interaction with digital media,
and ultimately open up the possibilities for meaning in the work. 

Still image from video. Screen capture from video painting.
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Abstract:
We see buildings but, do we understand their geometry? This paper 
is a perceptual approach to the comprehension of architectural 
composition. As we know, Gestalt Psychology is concerned with the 
principle of simplicity in our perception, understanding by this the way 
simple patterns are “easier to see” because we are inherently 
predisposed to find them. Gestalt principles tell us the characteristics 
that a figure or group of figures should have to be considered simple: 
continuity, closure, similarity, proximity, etc. We compose our visual 
world of the simple elements we find in it. Every shape would in 
theory be reduced to simple collections of interconnected shapes. 
But, while simple things are easily visible, and therefore easily 
comprehensible, there are some kinds of patterns, the complex ones, 
which are difficult to see and to comprehend. We will focus on those 
designs that evade to be simplified and that does not allow us to use 
the Gestalt laws that help us in perceiving normal objects, therefore 
making us difficult the creation of a mental idea of their composition. 
This paper is about complexity of conception and difficulty of 
perception. We will focus on the ways we can “hide” or take out of 
view the ordering principles of architectural shapes. All ordered 
structures are susceptible of complication, and in architectural 
compositions ornament has an important role. 

A,B.- The masking of a shape is the addition of figures or lines to a 
basic configuration causing it to be less evident, in some cases 
turning the original shape impossible to find. C.- The clear 
differentiation of the iterated pieces in St. Peter’s Dome is an aid in 
understanding the whole. D.- As in Islamic patterns, in the Rome 
Mosque the continuity and ramifications of the linear pieces makes an 
entanglement that escapes from our view and mind. E.- The fact that 
each piece has a different colour makes this Moresque frieze less 
complex, because each component is easier to see. F,G.- Disobeying 
the grouping by proximity principle makes the order of the 
composition in G more difficult to see, even though the underlying 
order is the same as in F.
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Abstract:

One can affirm that there are only 3D forms in the natural, material,
world,  bounded by surfaces  without  boundaries and impossible  to
remove from the forms, and consequently that lines (which would be
boundaries  of  those  surfaces)  don’t  exist  (not  to  mention  points,
which would be the boundaries of these non-existent lines).
Opposed to this extreme topological point of view, human beings, and
architects  particularly,  through  their  means of  representation,  deal
with  shapes :  they pretend to draw  lines,  to  cut  and fold  surfaces
(made  of  paper  or  other  thin  material)  ;  those  pseudo-lines  and
pseudo-surfaces are not strictly speaking 1D, nor 2D, since they have
some thickness. They may however be considered and conceived as
such.
Forms constitute a  space, as soon as we consider the physical and
mental operations that we can make on them [1] ; shapes constitute,
as well as real forms, a space, i. e., a set on which we can imagine
operations [2].
Contemporary architecture introduces the notion of diagram, which is
obviously related to topological and geometrical operations on forms
and  shapes,  as  it  appears  in  Peter  Eisenman’s  list  :  « extrusion,
twisting,  extension,  interweaving,  displacement,  disassembling,
shear,  morphing,  [...] »  [3].  Diagrams  may  be  related  to
transformational grammars, and to generative processes [4].

This paper attempts to explore the signification of diagrams, and their
relationship  to  operations  on  forms  and/or  shapes.  It  focuses  on
some diagrams,  and discusses their  use  in  generative  processes,
illustrated through works by the author.
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Abstract:

As illustrated by a great number of works in the literature (e.g. [1], 
[2]), many efforts have been devoted to the task of determining the 
defining properties of art.
Such enterprise was made ever more difficult by revolutionary as well 
as disruptive statements by renowned artists in the 20th century (e.g.
[3]), who have opened the door of the art world to works that defy all 
attempts of defining art made until then.
Being faithful to reality (realism), expressing and provoking emotions 
(expressionism), or providing aesthetic pleasure through colour and 
form (formalism) cannot be considered as canonical criteria to 
distinguish art from simple craftsmanship any longer. 
In such a context, the only stance that seems to hold is the 
institutional one: a work is 
considered an art work if 
and only if it is recognized
as such by a significant 
number of members of the 
institution of the art world.
To verify such hypothesis, 
a visual test has been 
created, with figures 
depicting different works, 
some of which are shown 
in what appears to be a 
typical art world setting like 
the exposition space of a 
museum. The test aims at 
verifying whether the works 
depicted in such a specific 
environment get higher 
scores in terms of "artistic 
dimension" by a selected 
audience.
Moreover, by enriching the 
experiment with generative 
art works [4] side by side with non-generative, man-made works, a
further hypothesis, orthogonal to the first one, can be tested: in the 
verification of the institutional stance the computer-generated works 
obtain similar results to the others, and, thus, are undistinguishable 
from this point of view.
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Figure 1: Generative art in an art world setting
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Figure 1: generative artwork  (left)  inserted  into  a typical  art  world  setting  
(right)
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Figure 2: a painting  by Sarah Morris  (left)  in a typical  art  world  setting  (right)
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Abstract:
Martha Gelarden, artist, birth mother and Adam Lazar, artist, adoptee
share their adoption experience through the solo artworks created on 
Parallel Tracks (1996-2000) when they lived and worked, literally walking in 
one another’s footsteps, searching and waiting. Both artists use remarkably 
similar sensibilities to produce image and soundworks, works that while 
developed separately have a silent conversation. They were strangers that 
instinctively knew one another.

Legacy in Limbo, 2010 is part of  the fantastic voyage they have shared in 
one short calendar year. This installation and soundwork, is their story and 
the story of the 4 million  U.S. children surrendered in the Baby Scoop years 
(1940-1973) before Roe vs. Wade (court decision that granted women the 
right to choose abortion). It is a legacy generated by secrecy, shame, 
identity, and the unknown. What does every hidden Mother and Child want 
to know? Old school vinyl LPs serve as stand-ins for the censored Birth 
Records. Legacy in Limbo stores secrets real and imagined, questions 
sealed and stored, a never ending lament. Apparently there is no one 
answer, only questions longing to be heard, locked without a key to identity.

Legacy in Limbo, 2010 (Installation Detail)

Contact:

mgelarden@moore.edu
Keywords:

installation, identity, adoption, art
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Abstract: 
In spite of all correlations and coincidences between art, science, 
philosophy, and manufacture, with a deep root in the history of 
human’s evolution and civilization, this phenomenon has been 
disclosing a new phase in close conjunctions with new technology of 
computers in the past decades and years. Appearance of very 
modern transdisciplinary discoveries with dependency on 
interdisciplinary fields is the prominent property of the new current. 
One of the well-known examples is fractal mathematics which 
drained many imprecise traditional apprehensions toward the 
essential concepts of several majors and presented unbelievably new 
ideas and sights. Several pieces of fractal imaging software showed 
up to grasp the aesthetics of fractal images crossing the new findings 
of mathematics, programming and new technology toward the artistic 
beauty. One of such software is Incendia [1] with a significant 
difference than the others. Seemingly, in spite of its preliminary goals, 
Incendia, due to its direct dependence on basically Euclidean shapes 
and following different fractal patterns, provides some kinds of 
familiar fractals. Many fractal artists use this software as a creative 
fractal medium to create 3D fractals. Due to their conjunctions with 
basic Euclidean constituents and architectural selective materials, 
some of its results are completely innovative architectural fractal 
designs, most of which could be performed in reality. This paper 
attempts to display some architectural fractal examples created by 
Incendia, almost all collected from very interactively evolutionary web 
site DeviantArt [2]. 

1 2 
Fig.1: The Medieval Fractal, by Aexion, 
http://aexion.deviantart.com/gallery/#/dtwd98
Fig.2: Rock Solid , by AureliusCat, 
http://incendiaryart.deviantart.com/gallery/?set=24024939&offset=48#/d2ria88               
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mehrdad_fractal@yahoo 
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MYRTO THEODORAKI Paper ‘Flows of movement: intensities, singularities and 
attractors as event generators’
The aim of this research is to analyze the built fabric under the effect 
of extreme conditions using pedestrian movement, organization of 
flows, agent based modeling and event occurrence and generation.
Extreme conditions are defined as ‘events’ taking place within the 
urban fabric that create intense density fluctuation, social interaction 
that affects decision making and peoples’ aggregation.  An event is a 
temporal phenomenon, a singularity that occurs in time, an ‘emergent 
phenomena’ that causes disturbances and irregularities.
The built environment is understood as a complex adaptive system 
(CAS) and is governed by all their properties. As all CAS, spatial 
systems are best examined when under ‘critical conditions’ reach 
their limits. In every organism there needs to be a ‘critical point’ in 
order for the system to become unstable, bifurcate and evolve into a 
new state of equilibrium.
Pedestrian movement, whether on open urban spaces such as 
squares and pedestrian ways, or in a micro-scale of a building, such 
as a museum, shopping mall, or transport station plays a key role in 
the way the space is occupied and determine the way it should be 
designed.
In order to analyse pedestrian movement under tension, agent based 
modeling is introduced. The aim is to create a system that self-
organises itself according to the generation of events. More events 
are introduced and act as attractors to pedestrian interest and 
movement in order to stabilise the system and to enhance social 
interaction.
The proposed analysis inserts a choreography of movements, flows 
and generic events within a simplified grid, at first, and onwards to a 
promenade within central Athens thus creating a continuously 
evolving homeostatic event space.

Topic: Architecture

Authors:
Myrto Theodoraki
PhD Student
National Technical 
University of Athens,
School of Architecture,
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N. ONUR SÖNMEZ
Paper: AUTOMATED EVALUATION AND GENERATION OF 
GRAPHIC ARRANGEMENTS THROUGH ADAPTIVE EVOLUTION

Abstract:
This study explores methods to automatically generate graphical 
arrangements through adaptive evolutionary algorithms. A first 
experimentation with this idea, where all the parameters for 
evaluations had been manually pre-determined, had resulted in a
proliferation of parameters each of which were quite sensitive, hence
shown impracticality of the manual approach. Therefore a new 
approach is adopted, mainly inspired by 2D shape retrieval studies
[1][2]. In the current implementation, although manual parameters 
can also be given, the main interface between the user and the 
system is a series of vector and bitmap images (newly created 
graphics, existing images, sketches, groups of images etc.)
Through these images features like desired colour distributions, 
textures and spatial graphical arrangements for a series of 2D design 
units can be determined separately. This separation enables us to 
create novel images using different targets for each feature type. 
Three usages for these features are proposed: 1. As distribution 
maps and color palettes for the initiation steps of the evolutionary 
processes. 2. As 1D-2D histograms, to measure similarity to the 
desired page layout or color distribution. 3. As character strings, for 
grid-based layout evaluation, which reorganizes and compares the 
layouts as rows, columns, cells and neighbor lists. 
A highly adaptive evolutionary process is implemented, which is
suggested to mimic the human generate-and-test procedure. Both 
constraints (i.e. overlap), and the proposed evaluation approaches, 
together with corresponding mutation operations are utilized at the 
same processes consecutively, according to the course of the 
processes.
Expected benefits of this study are: 1. Extracting styles from given 
images may supply us with a huge style-base implicit in existing 
graphics. 2. For formal parameters, images/graphics constitute a 
more intuitive and fast interface compared to a fully parametric 
approach. 3. Adaptive evolution alleviates the burden of technical 
parameter setting procedure. 4. Consecutive fitness functions
approach enables us to apply a multitude of possibly conflicting 
fitness criteria at the same process while avoiding combinatorial 
explosion. 

Process Scheme

Topic: Graphic design, 
illustration
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Nikolay Popov Paper: Exploring Architectural Possibilities with Flocking 
Algorithms. 
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Abstract: 
Complexity theory offers a new way of understanding spatial patterns 
as self-organising morphologies. This provides a promising paradigm 
for exploring spatial organizations as the emergent outcome of 
dynamic relations between simple elements bounded together by 
multiple feedback loops. Self-organising spatial morphologies can be 
defined as a part of a process, usually a simple one, and modelled 
employing iterative algorithms.  
 
This paper reports on how various versions of the canonical flocking 
[1] algorithm can be utilized to interactively evolve emergent spatial 
patterns. The reason for selecting flocks as a study area is the 
fascinating asymmetry between the simplicity of the rules and the 
spatial complexity of the outcomes, when observed from a synoptic 
viewpoint. The flocks are modelled as Agent Based Systems using 
Netlogo [2] language. Together with traditional behaviours (separate, 
align, and cohere) the models employ up to five additional rules and a 
variety of parameters. The focus of the models range from obstacle 
avoidance, to learning and evolutionary flocking. The aim of the 
research is to investigate how complex architectural possibilities can 
be generated bottom-up, using distributed representation.  
 
Theoretically the research is related to the work of Paul Coates [3], 
Sebastian von Mammen, Aaron Westre, James Macgill, and many 
others. 
 
 
 
 
 

 
Image. Some initial outputs of flocking models. 
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npopov@unitec.ac.nz 
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Architectural Possibilities, Agent Based Modelling, Flocks, Distributed 
Representation, Complexity, Emergence. 
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Complexity, Neuroaesthetics, and Computational Aesthetic 
Evaluation

Human artistic creativity typically includes a self-critical aspect that 
guides innovation towards a productive end. It seems likely that truly 
creative computers in the arts will require a similar ability to make 
aesthetic evaluations.  Attempts to build such systems, however, 
have so far mostly failed.

Part of the challenge is understanding the actual mechanisms that 
underlie aesthetics as experienced by humans.  To date scientific 
progress towards such understanding has been incomplete. 
Nevertheless some useful contributions include suggested theories 
from the field of evolutionary psychology, models of human esthetics 
from psychologists such as Arnheim, Berlyne, and Martindale, various 
empirical studies of human aesthetics, and a growing literature in the 
nascent field of neuroaesthetics.

A common thread found in all of the above is the notion of complexity 
as applied to the aesthetic perception of art objects and events.  It is 
suggested here that notions of complexity regarding art have lagged 
the new paradigms offered by complexity science, and that a more 
contemporary conception of complexity can integrate and improve 
older theories of aesthetics.  This may be where the path to improved 
computational aesthetic evaluation begins.
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ive art using genetic algorithms, Brunell University, London 2010
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Abstract:

Interdisciplinary debates focusing on the cybernetic and 
biotechnological advancements of semi-natural systems in 
architecture have contributed a great deal to the creation of new 
design imperatives and theoretical discourse in the field of 
experimental architecture (Cruz and Pike, 2008). This paper explores 
interim stages of such advancements theoretically and practically 
derived from biology and cybernetics, based on the writings of 
Francisco Varela and Sanford Kwinter, as well as the work of Marcos 
Cruz and Steve Pike. 

The paper will exhibit and illustrate through a simulation elements of 
cellular automata and autopoietic system behaviour (Maturana and 
Valera, 1980). This research establishes that such principles and 
processes in biology have a direct impact on the creation of 
generative situations in architecture. Furthermore, it illustrates the 
difference between the being of architecture as an outcome of the 
process of design and the becoming of architecture as a generative 
and collective process of situations. Situations as opposed to mere 
forms and spaces in architecture are the elements of this paper.

Situations imply a spatio-temporal generation of objects, forms, 
spaces and events that exhibit unstable states in a system. They are 
considered as seeds of emergence in the process of becoming in 
architecture – singularity in-between complex systems and 
architecture (Kwinter, 2002). This is a theoretical paper – with an 
element of practice – that seeks to distinguish between generativity 
for the process of being in architecture and generativity for the 
process of becoming, where the latter is the central focus of this 
research.

Snapshots of the Cubeolony simulation (Murrani 2010).
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sana.murrani@gmail.co
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Situations, Cybernetics, Autopoesis, Generativity, Complex Systems, 
Process of becoming, Experimental Architecture. 
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Abstract

Interdisciplinary debates focusing on the cybernetic and biotechnological 
advancements of semi-natural systems in architecture have contributed a great deal 
to the creation of new design imperatives and theoretical discourse in the field 
of experimental architecture. This paper explores interim stages of such 
advancements theoretically and practically derived from biology and cybernetics, 
based on the writings of Francisco Varela and Sanford Kwinter, as well as the work 
of Marcos Cruz and Steve Pike. 

The paper will exhibit and illustrate through a simulation elements of autopoietic 
system behaviour. This research establishes that such principles and processes in 
biology have a direct impact on the creation of generative situations in architecture. 
Furthermore, it illustrates the difference between the being of architecture as an 
outcome of the process of design and the becoming of architecture as a 
generative and collective process of situations. Situations as opposed to mere forms 
and spaces in architecture are the elements of this paper. 

Situations imply a spatio-temporal generation of objects, forms, spaces and events 
that exhibit unstable states in a system. They are considered as seeds of emergence 
in the process of becoming in architecture – a singularity in-between complex 
systems and architecture. This is a theoretical paper – with an element of practice – 
that seeks to distinguish between generativity for the process of being in architecture 
and generativity for the process of becoming, where the latter is the central focus of 
this research. 

Interim Stages: Experimental Architecture 

The influence of interdisciplinarity in architecture accounts for the change in its 
generation through the media of representation from the past, present and future of 
design tools, presentation techniques and drawings to the experience of architecture 
as a whole, and is also the motivation of this paper. Both representation and 
experience have a direct impact on the development of the tools of design and 
generation as well as interactivity in architecture. This is due to the tools of 
representation and methods of generation that have changed and developed 
dramatically under the influence of the technological/digital and biological 
advancements of the current age [1]. This has had a great impact on the way we 
perceive and conceive architecture and to some extent has called for a divided age 
of representation. As a consequence our experience of architecture as well as our 
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consciousness is constantly changing to adapt itself to new trajectories of perception 
and cognition [2]. The inputs of this paper – experimentation in architecture under the 
influence of the biotechnological age and the principles and processes of generativity 
– are at the core of interdisciplinary debates concerning complex systems and 
technological generation that have contributed a great deal to the dynamism of the 
architectural system of generation, representation and experience [3]; [4]. 

Nature builds architectures composed of trillions of moving components; the number 
of interactions between these components increases exponentially with the number 
of the components themselves and so these architectures are inevitably complex. 
This complexity confounds conventional design methods. Thus, superficial attempts 
to copy nature in which rigid modularity is enforced - for example by claiming a 
correspondence between cells and bricks – will be certain to fail. Architectural design 
methods must have some kind of basis in natural systems in order to model natural 
survival, but the outcome of such methods does not necessarily have to be the same 
as that of nature. In fact, this paper focuses on obtaining relevant knowledge from 
natural systems, analysing it, reconstructing it, and using it to build a new hypothesis, 
a hypothesis for design and generation evoked by experimental representation in 
architecture.

Attempts at reaching some levels of investigation in this field of semi-natural systems 
can be seen stretching from the work of artists such as Oron Catts and Ionatt Zurr in 
their Tissue Culture & Art Project (initiated in 1996), the work of architects such as 
Marcus Cruz and Steve Pike in their prosthetic architecture, and extending to Philip 
Beesley’s immersive and interactive environment created for Venice Biennale 2010 
Hylozoic Ground. Cruz and Pike’s projects deliver a degree of integration between 
biological entities and design practices on a conceptual and experimental level. This 
can be seen in their publication Neoplasmatic Design which is full of vivid examples 
of experimentation and explorations of the field of biology in relation to design and 
representation practices in architecture. This collection features their own work such 
as Contaminant and that of invited guests from Comfo-Veg Club (1970s) by Peter 
Cook to Density Fields in Viscous Bodies (2008) by Tobias Klein [4]. In their own 
words, Cruz and Pike describe such new bio-architectures as composites that 
sometimes appear as constructed entities and other times as living beings, 
explaining “The line between natural and artificial is progressively blurred” [4].

In their work, Cruz and Pike strive to connect design processes to current biological 
phenomena such as genetic engineering, cloning, and transgenics. Such attempts to 
model biological principles in architecture are not unprecedented. They extend 
historically back to Le Corbusier’s suggestion of buildings that function as an 
organism, passing by designs by Buckminster Fuller and Frei Otto (inspired by 
D’Arcy Thompson’s key work On Growth and Form), reaching the Neoplasmatic 
designs of Cruz and Pike. In fact, this historical background of the use of different 
techniques in design and representation in relation to the current tools and media of 
representation has played a great part in shifting the purpose of technology from the 
use of mechanical and clinical machines into the involvement of prosthetic 
technoscientific devices that have become an extension of our own bodies. Such a
shift was reflected in the tools and media of representation and communication. 
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Cybernetics and Architecture: Between Principles and Processes

Architecture, like nature, is composed of overlapping and interacting complex 
processes based on the methods and designs of its generation, tools and 
representation as well as the media in which it is experienced whether it is physical, 
digital or hybrids of both. Most such complex patterns in nature are formed out of 
equilibrium; i.e., they are not in their most thermodynamically stable state [5]. In other 
words, they are systems, which never reach equilibrium, and their processes always 
have a cyclic nature, such as, the flow of rivers, the growth of cities, and the 
complexity of networked societies. 

Architects, engineers and designers have always been fascinated by nature’s various
patterns and their formation on multiple scales and levels of sophistication. 
Nevertheless, there is a single aim; it lies in learning techniques and rules that can be 
taken into another field, such as architecture, which have been tested in nature. Thus 
nature is the medium of all interim stages of experimentation and exploration on 
different scales, relating to the technology and potentiality of materiality, principles 
and processes of formation and existence, or meta-perception and cognition of its 
innovative speculations. The methodology of extracting principles and processes 
from a certain field and applying them into a different field is in its essence a 
cybernetic approach “[…] the science that studies abstract principles of organization 
in complex systems” [6].

In addition to this, cybernetics focuses on the possible behaviours of its variables 
rather than their material presence [7]. Most important for this paper is second-order 
cybernetics (also called the new order) and this is defined as “[…] the study of the 
role of the (human) observer in the construction of models of systems and other 
observers” [6]. Cybernetics was popularized in the late 1940s by Norbert Wiener, a 
mathematician and scientist who was especially interested in the structure and 
behaviour of machines. More importantly he focused on principles and processes of 
control and communication in self-regulating systems such as the animal and the 
machine as well as their elementary mechanisms of behaviour [8].

In an attempt to define behaviour in architecture based on Wiener’s findings; change 
can occur to any architectural form and space in their environment and context. In 
architectural terms, output would mean changes in the material and immaterial 
representation of architectural form and space, while input can mean changes in the 
architectural experience; such as, the behaviour of the observer/user as well as 
changes in the environment, day and night, etc. Therefore, and in order to establish 
the behaviouristic approach to architecture as a system; generation, representation 
and experience are vital processes that feed back into each other, and hence, cannot 
be separated [9].

To imply behaviour in architecture through cybernetic principles does not mean 
referring to architecture which attempts to illustrate cybernetic processes, nor to an 
architecture which embodies cybernetic machines such as robots. On the contrary, it 
is the relationship between the underlying forces which construct a cybernetic system 
in architecture that is the crucial concern here. These underlying forces are what 
Wiener refers to as the changes between the output and the input which result in 
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behaviour. On a deeper level the underlying forces link directly to the circularity, 
feedback and communication processes of cybernetic systems, such changes in 
behaviour will alter our perception, and allow us to realise and utilise new techniques 
of representation which in return will evoke new experiences, experimentations and 
conceptions in architecture on a theoretical and practical level.  

Cybernetics contributes a great deal to inventions of current contemporary design 
and presentation tools in architecture such as Computer Aided Design (CAD) 
programmes. However, this is just the superficial relevance of cybernetics to 
architecture. Gordon Pask in 1969, described a deeper level of this relationship, 
where he states “The argument rests upon the idea that architects are first and 
foremost system designers who have been forced, over the last 100 years or so, to 
take an increasing interest in the organizational (i.e. non-tangible) system properties 
of development, communication and control” [10].

Pask referred in his famous article The Architectural Relevance of Cybernetics in 
1969, to examples of system designs such as the ingenuity of Temple Meads Station 
(1840 by I. K. Brunel) and the Crystal Palace Exhibition (1851-1936 by J. Paxton).
Their inventions of the use of iron and glass to fulfill certain emerged needs in 
society, were excellent examples of system designs. Pask had predicted a cybernetic 
theory of architecture which would make use of Computer Aided Design (CAD) 
programs to help develop useful instruments in design, and principles and processes 
in different disciplines such as psychology, ecology and economics. A cybernetic 
theory will have a greater unified influence on architectural theory for analyzing or 
generating system designs. Architecture will “act as a social control” where it will be 
difficult to isolate or separate it from its users and their experiences, and eventually 
be able to generate dialogues between the architectural environment and its 
inhabitants, users and observers through new material innovations and involvements 
in Artificial Intelligence (AI), Virtual Reality (VR) and later on Interactivity [10]. These 
predictions meant that architects will eventually be able to create complex 
architectural systems out of simple inputs. This is in principle what architecture in the
mid 1800s evidenced by the innovative designs of Paxton and Brunel achieved, and 
this is at the core of the elementary principle of complex systems from which 
cybernetics as a field emerged.  

The key writings by Gordon Pask of the New Cybernetics are about putting the 
observer in the heart of the system of observation [11] and emphasising von 
Foerster’s vision for “a cybernetics of cybernetics” where the observer enters the 
system and is allowed to stipulate his or her own purpose [12]. The cybernetics of 
cybernetics (also known as second-order cybernetics) carries principles of the first-
order. It in fact came into being in the 1970s as a continuation rather than a break 
between the generations with its elementary focus on autonomy, self-organization 
and more fundamentally, cognition [13].

In their book Autopoiesis and Cognition: The Realization of the Living, Humberto R. 
Maturana and Francisco J. Varela define living systems as units of interaction that 
follow the structure of their organization while maintaining the circularity of their 
interactions with the observer [14]. “A living system defines through its organization
the domain of all interactions into which it can possibly enter without losing its 
identity, and it maintains its identity only as long as the basic circularity that defines it 
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as a unit of interactions remains unbroken. Strictly, the identity of a unit of 
interactions that otherwise changes continuously is maintained only with respect to 
the observer, for whom its character as a unit of interactions remains unchanged” 
[14]. 

This indirectly leads to the assumption that the cognition of spatial architecture is 
dependant on the articulate organizations recognized in patterns that can be derived 
from abstractions of biological systems. Concurrently, returning to the assumption 
that irregular patterns are formed out of equilibrium, meaning they never reach a 
stable state, we can conclude that architectural forms and spaces are patterns that 
are potentially transient too. As a consequence, layers of patterns of articulated 
organizations and abstractions become part of the spatial and temporal architectural 
system, which will evoke constant change in the outcome, whether the outcome is 
the entire system in general, or form and space in particular. 

Generativity between Being and Becoming: Situations

One of the leading architectural critics, the first to write extensively about the effect of 
the complexity of natural systems on architecture, is Charles Jencks. In 1995 Jencks 
wrote a book The Architecture of the Jumping Universe, A Polemic: How Complexity 
Science is Changing Architecture and Culture. In this book he endeavoured to 
explain sudden changes in architectural influences at the time, from the idea of the 
static to the mechanical universe of the Modernist Era, eventually reaching a 
Cosmogenic Era in which development is constant [15].  Many architects such as 
Peter Eisenman, Rem Koolhaas, Greg Lynn and others, have written and practiced 
the extensions of a cosmogenic universe with its dynamism and complexity in 
architecture. They drew on the critical philosophies of Deleuze, Derrida, and 
Foucault, as well as cutting-edge scientific debates, to reach a supercritical position 
in architecture [16]. Eisenman comments on the supercritical future of architecture, 
where he states “A future as a constant becoming rather than being, not an avant-
garde of the perceptually new but the becoming of the critical act of an art that can 
only destroy itself, and which only by destroying itself can constantly renew itself” 
[17].

The process of being ends when the object or architecture is represented physically 
and/or virtually, while the process of becoming implies constant change, transience 
and dialogue due to the reflections of the observer’s interpretations of his/her own 
consciousness and experiences onto architecture. The process of becoming implies 
that architecture is not a static experience but rather unfolds patterns of behaviour 
reflected in its generation and representation and this is experienced both spatially 
and temporally. Hence the outcome of the process of becoming can be seen as an 
event or a situation generated through interactions between rules and processes to 
create unstable formative relational patterns rather than a descriptive form or space. 
For Doreen Massey and other contemporary philosophers, not only generation and 
experience, but also representation is a dynamic process. Representation produces 
space-time not through the process of fixation, but rather through the continuation in 
production of the process of becoming rather than being [18]. This paper takes on 
Massey’s attributes of representation as an active and productive engagement within 
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the process of becoming and a constitutive rather than a mimetic experimentation of 
the world in which its notions of materiality and immateriality are constantly 
influencing one another in an exchange of states. 

Among the wide range of designers and architects who have attempted to 
generatively produce formative relational designs through the use of algorithms are 
Michael Hensel of the Architectural Association in London, Celestino Soddu, founder 
of the Generative Design Lab in Milan Polytechnic University, and others such as 
Benjamin Aranda and Chris Lasch who in their architectural pamphlet Tooling
explored principles of morphogenesis in design by utilizing an algorithmic language 
for each process they suggested, creating, at the basic level, the first seed for the 
growth and development of patterns and later on forms. It seems that by inventing
such algorithms they have created patterns of form that can be assembled according 
to the rules governing the formation of this particular pattern [19]. Kwinter undeniably 
expresses his support of such methods of form exploration, where he argues “[…] 
design must not focus uniquely on first order regulatory processes but must target 
the second order controls that regulate the regulatory processes themselves. The 
genius of nature and design meet precisely here” [20].

Mathematically and with the aid of digital computers Turing establishes a theory of 
morphogenesis where he explains the effects of random disturbances to the 
equilibrium of systems of chemical reactions. Based on the assumption that each 
organism – when slightly disturbed – develops from homogeneity into a pattern rather 
than from one pattern into another, Turing develops a non-linear theory of instability 
due to differences in reaction rates as functions of concentrations in patterns, later 
known as Turing Instability [21]. Such theories were the basis for the emergence of 
speculative and inspiring fields of computer science such as Artificial Intelligence 
(AI), and Artificial Life (AL), which have had a great impact on generation, pattern 
formation and experimentation in art and architecture. 

Sanford Kwinter echoes much the same when he recalls Alan Turing’s breakthrough 
of algorithms, where “numbers could be automated within functions” in order to 
explain the complexity of nature [20]. Kwinter goes on to describe the benefit of 
algorithms and the way they function in design when derived from complex natural 
systems, stating: “The rule derives the algorithm and the rule is not a number. The 
rule is a pressure that is always limited by another rule. Rules do not make forms – 
the limitations that rules impose on one another do” [20]. Kwinter in representing the 
world as a complex dynamical system and fluid manifolds identifies two kinds of 
influence that occur in time during the process of becoming. Kwinter distinguishes 
those that are random, and incoherent, passing through the system without 
influencing it, and others that leave a trace in the process and are called singular. 
The singular ones are the ones that “give rise to potential or real morphogeneses 
within and across the system” [3].

Kwinter builds his idea of singularity on the existing knowledge of the field of 
computer science and in particular the promise of ultra-artificial intelligence which will 
be marked by the development of machines or robots that achieve superhuman 
intelligence. Those machines will later be capable of building still more sophisticated 
intelligences creating what is known as “intelligence explosion” [22]. This hypothetical 
event in time is called “The Singularity”; the term was originally coined in the 1950s 
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by the American mathematician John von Neumann as he described the impact of 
technological advancements on societies, cultures and their consciousness. In his 
book The Singularity Is Near: When Humans Transcend Biology, Ray Kurzweil 
predicts the “technological singularity” of human-like intelligent machines 
revolutionising most aspects of human consciousness where humans and machines 
will become one and the same [23]. The connotations and interpretations of the word 
Singularity were not limited to the field of Artificial Intelligence (AI), but rather 
extended to its use in architecture. 

A model was created (Cubeolony) to illustrate the impact of simple rules that 
influence simple components to create complex patterns and structures based on 
notions of singularity. The description of the Cubeolony model is as follows: 

Phase one: Growth, division and formation 
- This phase is limited to generating cubes on the screen according to a given 
number, which can be altered by the user of the model. 
- Each face of the cube will have six amino acids (a combination of six of the 
main four amino acids found in any DNA: Adenine (A), Cytosine (C), Guanine (G) 
and Thymine (T) where G is always attracted to C and similarly T to A, and vice 
versa.).
- In this initial phase, the cubes are not attracted to each other. It is merely a 
generation process. 

Phase two: Gravity power (feedback) 
- The simulation begins to identify matching pairs of faces (eg. AACATG 
matches TTGTAC). As each pair is identified, the faces become connected by a 
virtual spring that draws the cubes towards each other with a strong attractive force 
proportional to the distance between them where the force at a greater distance is 
higher than at a lesser distance. 
- As a consequence of this process, small clusters of cubes begin to appear. At 
this stage the interactions between the elements of the system are simple and 
stereotyped (Figure 1).  

Phase three: Energy flow (local rules – self-organization) 
- In phase three, the simulation continues to progress according to the above 
rules; however, the resulting dynamics are very different due to the increasing level 
of organization of the system. 
- Clusters of cubes begin to merge together to form bigger clusters. Larger 
clusters contain more faces (which are targets for potential connections to other 
cubes) and so have a greater ability to attract smaller clusters and single cubes. 
- The system reorganises itself when the larger clusters are hit by a small 
cluster as the strength of the impact of the collision is higher than the strength of the 
springs holding the cluster together which are relatively relaxed due to the small 
distance between the cubes. 
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Figure 1: Connections and potential emerging generative form and space. 

The simulation  (Figure 2) can be found at:
http://sanamurrani.me.uk/cubeolony/Cubeolony.htm. It provides the ability to control 
the number of cubes to be generated, the speeds at which cubes and springs are 
created, as well as the strength and damping of the springs.  The display can be 
rotated using the W, A, S, and D keys and zoomed using the up and down arrow 
keys. The expand button temporarily causes all springs to be extended, which 
causes the forms to become unstable; they will be regenerated in different 
configurations when the button is released.  

Figure 2: Snapshots of the simulation through time showing its behaviour. 

The simulation exhibits generative behaviour for some time, however, it will 
eventually reach a stable state. This depends on various parameters of the 
simulation, most importantly the number of cubes given at the start of the simulation. 
The design of this simulation exhibits a complex relationship between the rules of the 
simulation and the physics of the environment leading to highly dynamic and 
unpredictable behaviour. A cube within a cluster exhibits collective behaviour in 
relation to the other cubes in the same cluster, at the same time, any cube can 
exhibit powerful individual behaviour when it becomes attracted to a cube outside its 
own cluster. Simple rules guide the whole system which results in the generation of 
different spatio-temporal forms. This simulation can work as a model for further 
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projects to assist in the creation of emergent interactive architectural spaces and 
forms.

The simulation takes inspiration from the field of Cellular Automata and particularly 
Conway’s Game of Life, where each unit follows a straightforward rule that produces 
emergent behaviour in the system as a whole. The initiated simulation is in fact an 
autopoietic system as it exhibits self-production behaviour through interactions 
between its constituting agents or components. The term autopoiesis is adopted from 
Maturana and Varela’s descriptions of the processes of living machines. “An 
autopoietic machine is a machine organised (defined as a unity) as a network of 
processes of production (transformation and destruction) of components that 
produces the components which: (i) through their interactions and transformations 
continuously regenerate and realise the network of processes (relations) that 
produced them; and (ii) constitute it (the machine) as a concrete unity in the space in 
which they (the components) exist by specifying the topological domain of its 
realisation as such a network” [14]. 

The essence of this paper lies in both its explanation of the trajectories of the folds 
and thresholds of cybernetics in extracting life processes and principles of complex 
systems in their collective states, as well as its examination through a simulation of
the possibilities of generating behaviour in architectural situations and declaring 
architecture as a transient product of the process of becoming. Thus, the influence of 
the field of biology and the technological generation has affected architecture directly 
and indirectly, through both bottom-up and top-down trajectories. This effect was 
embodied in its processes of representation and experience for the generation of 
unstable states and situations (Figure 3). “To be human, indeed to be living, is 
always to be in a situation, a context, a world. We have no experience of anything 
that is permanent and independent of these situations” [13]. Accordingly, the 
collective generative situations of architecture that emerge out of interactions 
between the processes of their formation, generation, representation and experience, 
exhibit notions of Maturana and Varela’s autopoeitic system [24]. Through 
oscillations between the processes of being and becoming, the generative situations 
of architecture maintain their existence, instability and incompleteness. 

Figure 3: Map of spatio-temporal situations. 
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Abstract: 

This paper presents preliminary discussions of an ongoing research 
that aims to produce experimental installation artworks, based on 
fractal structures analogous to biological systems, using comparative 
relationships that come from the evolutive chain originated in the 
spider web culminating in the intelligent synthetic meshes. In this way, 
the concept of morphogenesis is discussed that, analoguely to the 
biology, there would be generative evolutions and agroupments in the 
chain: thread, web, cocoon, synthetic fabric and intelligent textile – 
textiles which involve the application of technology to the integration of 
the mesh to the human body [1]. 
To the understanding of this generative agroupment in this work, 
adjacent concepts to the fractal geometry will be used – the study of 
several irregular objects, as well as those mathematical obtained by 
successive iterations and the natural ones, which can be wrinkly, 
leaky or fragmented, but in the same level, in all the scales [2]. 
Although fractals are more known as objects resulting from 
matemathical algorithms in successive iterations in computer science, 
in this research the natural structures of irregular fractal geometry, 
those found in many organic and mineral systems will be more 
focused so that analogies with textile production can be made, from 
biologic threads until those that only use concepts of natural 
structures for production of high technology fibres. 
By experimentations in the major of installation art along this PhD 
research, it is intended that the conceived space user can be able to 
enter the webs, cocoons or bubbles which remind environment 
completely different from the exhibition space of the kind “white cube”, 
focusing sensoriality. This kind of site-specific works will intend to 
modify the architectonic characteristics traditionally found and make it 
become an immersion experience. 
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Abstract 

This paper introduces some ideas that are been developed in a doctorate research 
context which aims to produce experimental installation artworks, based on fractal 
structures analogous to biological systems, using comparative relationships that 
come from the evolutive chain originated in the spider web culminating in the 
nonwovens and intelligent synthetic meshes. In this way, the concept of 
morphogenesis is discussed that, analogously to the biology, there would be 
generative evolutions and aggroupments in the chain: thread, web, cocoon, synthetic 
fabric and intelligent textile – textiles which involve the application of technology to 
the integration of the mesh to the human body. 

To the understanding of this generative aggroupment in this work, adjacent 
concepts to the fractal geometry will be used – the study of several irregular 
objects, as well as those mathematical obtained by successive iterations and the 
natural ones, which can be wrinkly, leaky or fragmented, but in the same level, in 
all the scales. Although fractals are more known as objects resulting from 
mathematical algorithms in successive iterations in computer science, in this 
research the natural structures of irregular fractal geometry, those found in many 
organic and mineral systems will be more focused so that analogies with textile 
production can be made, from biologic threads until those that only use concepts of 
natural structures for production of high technology fibres. 

By experimentations in the major of installation art along this doctorate research, it 
is intended that the conceived space user can be able to enter the webs, cocoons 
or bubbles which remind environment completely different from the exhibition 
space of the kind “white cube”, focusing sensoriality. This kind of site-specific 
works will intend to modify the architectonic characteristics traditionally found and 
make it become an immersion experience. 
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Keywords: biomimetics; techno textiles; fractal growth patterns; site-specific 
installation art. 

1. Introduction 

This is an investigation about biotechnology where the artistic process is one of the 
means, together with theory, to achieve the objective of the study - to investigate 
the evolution and morphogenesis as generative group in the chain: wireless, web, 
cocoon, and synthetic weaves and smart nonwovens, which is the initial hypothesis 
of this research and whose cut are fractal growth patterns in plants and some 
systems of the human body.  

The design and architecture appear as illustration of possible applications of this 
investigation, while installation art here is used as the research process. That is, in 
terms of position methodological foundation, biotechnology applied to techno 
textiles is the "how" of research, i.e., the means to achieve immersion discussed in 
fractal art tridimensional with sensory matters. 

The idea of this investigation came from some aspects of a master's research 
[TITOTTO, 2008] on experimental production of 'site specific' artworks. The 
references were large scale built environments that keep relations with their origins 
in the natural world, such as numerous kinds of spider silk orb webs and also 
cocoons of Mulberry silkworm. These productions were a starting point for further 
studies on structures found in nature and its relations with bionic creations mankind 
wishes to develop [OTTO, 1985], and also encouraged more ambitious 
experimental aesthetic practices.  

For this, we studied the physical and geometrical principles of natural structural 
systems, with emphasis on caterpillar cocoons to study paraboloids surfaces; 
cobwebs to study the behavior of cables, eggshells and soap bubbles for 
understanding of geodesic domes, establishing the relationship between possible 
design solutions, methods of implementation and fidelity to the materials used in a 
state of tightness. 

Traditionally the term morphogenesis is applied to the concept of process 
biological structures modeling (cells, tissues, organs, systems, organisms). But for 
a better understanding of what this work considers how morphogenesis seeks to 
organize and discuss the relationship between the morphological structures found 
in nature, bionically produced for the textile industry for developments - of great 
interest to the design - and those designed by artists, regardless of pre-established 
function.  

Although many fractals can be found in nature, as exemplified in special figures 
throughout this text, outside the object of study, they posed for a clear introduction 
to the subject, and that the crop will be bound to fractal models of movement in 
plants and some units of the human body closely. 
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1. TITOTTO, Silvia. “The Poetics of Tension”, 2008. Solo Exhibition at Museum of 

Contemporary Art — MAC-USP anexo, Sao Paulo - Brazil. Photo: Eliza Ramos.  

2. TITOTTO, Silvia. “Caviar Project”, 2010. Off Biennale, Sao Paulo - Brazil. Photo: 

Jeferson Chicarelli. 
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2. State-of-the-art 

Japanese artists have prominence in this field of study. Machiko Agano studied 
weaving at the University of Art of Kyoto in the postgraduate level in 1979. Her 
works are inspired by nature and she works with very fine steel filaments, nylon 
and Japanese paper-art to produce large scale installation art.  

Another international artist that can be cited is the Argentine Tomas Saraceno who 
develops his projects in Germany on the border between aesthetic practices and 
inflatable architecture, with which the man may experience unusual 
sensations. Pursuing the idea of a "realizable utopia”, his work produces visions of 
transport infrastructure, cities and other kinds of floating construction. The objects 
we have been developing are the first step towards the realization of these 
images. His installations, sculptures and photographs go beyond the restrictions of 
the human habitat and suggest a new way of perceiving the nature [Rivitti, 2006].  

The work of Arne Quinze has much to do with what is aimed to be conducted 
experimentally during the doctorate, because the focus of the immersive 
environments production is between the difficulty of building structures with 
complex geometry and wide possibilities for user interaction at the sensory level. 

3. TITOTTO, Silvia. “Wings of desire”, 2008. Slaviero&Guedes Gallery, Sao Paulo - 

Brazil. Photo: EloirTS. 
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3. Theorethical research 

A decade after Mandelbrot published his physiological speculations; some 
theoretical biologists began to see that the fractal organization controlled structures 
throughout the body [Mandelbrot, 1987]. Therefore, other points of interest are the 
analogous relations between the human body and other natural forms, such as 
plant leaves and human blood vessels. This will be treated experimentally with 
aesthetic practices in research and sensory interaction with the user's exhibition 
space. 

The arterial system form another type of continuum, branching off from the aorta, 
originating from the heart, And becoming so narrow that red blood cells are forced 
to slide in single file in your last link, the capillaries. The nature of these 
ramifications is fractal. As a matter of physiological necessity, the blood vessels 
they need to perform certain magic dimensional.  

Just as the Koch curve, known for modeling the snow flake, compresses a line of 
infinite extent in a small area, the circulatory system adapts a huge surface area in 
a limited volume. The fractal structure imagined that nature operates with such 
efficiency that, in most tissues, no cell is at a distance of more than three or four 
cells of a blood vessel [Gleick, 1990].  

Something similar occurs in human lungs, which account for an area larger than a 
tennis court [Gleick, 1990]. The description "exponential" classic of the 
ramifications of the bronchi was wrong: a fractal description is best framed in the 
data [Gleick, 1990]. The urinary collecting system has proven to be fractal, as well 
as the bile duct in the liver and the network of special fibers of the heart, which 
transmit pulses of current to the heart muscles.  

The importance of fractal structure is such as to scientists argue that a key to 
understanding the rhythm is the fractal organization of this network, arranged to be 
identical to itself at increasingly smaller scales [Gleick, 1990]. How does nature 
produce this architecture could be so complicated? Mandelbrot's thesis is that 
complications exist only in the context of traditional Euclidean geometry [Gleick, 
1990].  

Like fractals, branching structures can be described with transparent simplicity, 
with only some information. Perhaps simple changes that give rise to the form 
imagined by Koch, Peano and Sierpinski have their analogues in the coded 
instructions of the genes of an organism. DNA certainly cannot specify the vast 
number of bronchi, bronchioles and alveoli, or specific spatial structure of the 
resulting tree, but you can specify a process of repeated bifurcation and 
development. 
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4.  Methodology review 

In this work the threads are covered under the scientific and poetic points of view, 
taking as its starting point the spider web, through natural silk, synthetic production 
and seeking to achieve the latest developments in sensory research. Among these 
morphological passages Historical concepts of connection between science and 
design are studied, such as the attempts of Chinese for over 3000 years using 
rudimentary techniques to weave spider silk clothing and those of Americans and 
Europeans in the last century using biotechnology, intending to create synthetic 
yarn structure similar to the spider one. 

This leads to a 4-pillar methodology strategies: 

• Knowing in depth the concept and definition of terms that come from 
the fractal theory in the context of application to biological systems such 
as: classical and fractal self-similarity, boundaries and self-similarity, 
length, L-systems, images encoded by simple transformations, chaos 
game, recursive structures, order and chaos, strange attractors, Julia and 
Mandelbrot sets, strange attractors, algorithms for fractal image 
compression and multifractal measures. 

• Analyzing morphogenetic relations of the threads of spider webs and 
human tissues that, in addition to the basic function of covering and 
protecting function as an extension of the human body, providing new 
sensations or improving performance of some proposed activity. 

• Establishing relationships between architecture and bionics, the 
observation of scale and space. 

• Examining binomial relationships between cobwebs and Kevlar, silk 
and synthetic weaves, cocoons and bubbles, tissue and skin besides the 
human circulatory system and Knots theory. 

4. TITOTTO, Silvia. “Construction”, 2007. MuBE- Brazilian Museum of Sculpture, Sao 

Paulo - Brazil. Photo: Fabio Risnic. 
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5. Preliminary discussions 

This research seeks to materialize in installation artworks several concepts related 
to natural forms, sensing, industrial technology and architecture, using biological 
structures known as xylem and phloem of plants, for example, which closely 
resemble the industrial fabrics, being indeed inspiration for some advances in the 
textile industry. The biggest challenge of this research is to examine the 
possibilities for building immersive real space (not just virtual ones) from the 
fundamentals of biotechnology interconnected natural structures, like the spider 
and the cocoon, not only aesthetically, but considering the various levels of 
sensing that they allow. So far, few models of the simplest character in real space 
were performed by researchers around the world, and those were more related to 
experimental design than practical research on the border of technological 
innovation and installation art.  

The merit of this work specially relies on the possibility of transdisciplinary scientific 
advance beyond the ideas and discussions of the passage of mathematical models 
for computing fractal level penetrable prototypes and exploitable spatially on a 
human scale. Some experiments have been performed in the laboratory of Botany 
in 2009 by Silvia Titotto for comparison between fractal structures in cells of plants 
and movement of the human body, the basis for carrying out the sensory 
experiences to be achieved in 2011, with support from the Politecnico di Torino. 
The patterns are similar in some degree to the structures of nets, in this way it is 
intended to prove so morphogenetic relations between spiderwebs  and textiles. 

Since the implementation of experimental installation art would be the means of 
validating such structures in a free way, i.e. without a specific use, but as 
"potential" or generative spatial structure - to be applied in design or architecture - 
with a high degree of sensory immersion, the questioning must come from both the 
perspective of technology, and hence the necessity for complementation studies in 
the "technological innovation for the built environment” in the department DISET, in 
the Politecnico of Turin, intercalating with the more artistic approach, specially 
discussing poetics and artistic procedures  had been done in the home department 
- University of São Paulo under the supervision of Professor Clice Mazzilli. 

On one hand, it reflects on the interaction of the body with the space, immersing 
the user in sensory structures such as "cocoons," "webs", "sensing skins" 
(somewhat phenomenological), study of artists who have similar poetics. On the 
other hand, the very biotechnology and morphogenesis are studied as poetics. 

The challenge of building this argument rests on the difficulty of combining these 
two in the same poetic project: biotechnology and environment are the means and 
also the poetics at the same time. 
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Abstract: 
We propose a contents creation scheme as algorithmic art and 

pattern recognition collaboration. 
Generally, in the creation process of algorithmic art, computer 

programs, which are created by an artist, generate artworks randomly 
and automatically. Then, the artist judges whether each of them is 
truly an “artwork” or not. The judgment is considered to be a part of 
the artist's creation process, where he has to examine all of the 
artworks generated by the programs. 

On the other hand, pattern recognition technology has been 
studied past several decades by numerous researchers of computer 
science, and today its achievements are applied in various fields such 
as face detection, object and scene recognition, ITS systems using 
camera, etc. Pattern recognition methods classify input images into 
suitable categories using their shapes, colors and even high level 
features. To realize a complete automatic art-creation system, we 
utilize the pattern recognition methods. 

In this paper, a semi-automatic font creation system is shown, 
which is an experimental complete automatic art-creation system 
utilizing the pattern recognition methods. In fig.1, the module-1 
creates images by some mathematical algorithms. It continues to 
output random images automatically. And the module-2 decides 
whether each of them is a readable font or not. This module-2 was 
generated by learning of a handwritten character recognition method. 
The experimental result shows that our system produce unexpected 
various shapes of fonts with a very little human operation. This idea 
will provide new creation scheme of contents and artworks. 

 
Fig. 1 Outline of semi-automatic contents creation system 

 
Fig. 2 Examples of fonts created by the system 

Contact: 
tkobaya@cc.tuat.ac.jp 
 

Keywords:  
Font, pattern recognition, creativity, automatic contents creation 
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Abstract: The recent innovation of graphics processing unit (GPU) 
improved the calculation performance to be fast enough to realize 
breeding animations in real time on the personal computer. SBArt4 
compiles each expression in genotype into a type of shading 
language, Core Image kernel language, that directly runs on GPU. 
Even when it renders each frame of the animation in real time, it 
achieves enough speed for users to evaluate the product of an 
abstract animation immediately. The compiled code can be exported 
to another application that utilizes Core Image framework on MacOS 
X. Four types of video effect plug-ins for Final Cut Pro and an 
independent application for slide presentation were examined. It is 
useful not only to create an abstract animation in arbitrary size and 
duration but also to make a transition effect by deformation and/or 
discoloration.

A sample field window of SBArt4
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Premise

The recent innovation of graphics processing unit (GPU) improved the calculation 
performance to be fast enough to realise breeding animations in real time on the 
personal computer. SBArt4 compiles  each expression in genotype into a type of 
shading language that directly runs  on GPU. Even when it renders each frame of the 
animation in real time, it achieves enough speed for users to evaluate the product of 
an abstract animation immediately. The compiled code can be exported to another 
application that utilises Core Image framework on Mac OS X. Exportation of the code 
into a programmable patch in Quartz Composer, four types  of video effect plug-ins for 
Final Cut Pro and an independent application for slide presentation were examined. It 
is  useful not only to create an abstract animation in arbitrary size and duration but 
also to make a transition effect by deformation and/or discolouration.

1. Introduction

The progress of science and technologies has been always providing new media for 
artworks that sometimes causes revolutionary change in human culture. The 
improvement of speed and capacity of machineries  in both computing and 
communication in these decades is  one of the sources of such a revolution including 
the birth and the growth of generative art. Especially, the recent innovation on 
Graphics Processing Unit (GPU) for personal computers  brought revolutionary 
improvement of parallel processing required for real-time responses in computer-
based interactive artworks. This technology was originally developed for acceleration 
of rendering process for 3D graphics typically for gaming, design support system and 
visualisation, but it has  been recognised as a promising technology for any types of 
parallel computing for simulation and optimisation in large-scale problems.

Some of the researchers and artists have also been seeking new possibilities by an 
innovative hardware available in reasonable prices in the market. It is attractive 
because not only it is merely new but also it has possibility to produce quite a new 
experience for human by an algorithm inspired from natural phenomena and 
biological adaptation. In the field of Interactive Evolutionary Computation [1], one of 
the most powerful frameworks for evolutionary art, new experimental works has been 
always challenged. One of the pioneers of this field is  Karl Sims. His early project of 
artificial evolution system to breed abstract 2D images was utilising CM-2 super 
computer and 16 graphics  workstations in 1990 [2]. The similar system became 
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possible on the personal computer in some years later, such as  SBART by the author 
[3, 4]. SBART has been extended with embedding external images and movies [5, 6], 
but it still needed to wait for faster computation power on the personal computer to 
realise real-time breeding of abstract movies.

The processing speed of CPU in the personal computers  reached 3GHz, multi-core, 
and small-scale parallel calculation. It is  still not enough for real time breeding, but by 
combination with the power of GPU, it achieved the performance fast enough for the 
next stage in 2009.

The rest part of the paper describes a summary of SBART, the extension to utilise 
the power of GPU and an introduction of the applications for visual programming, 
video authoring system and a slide presentation system.

2. Summary of SBART

SBART [4] is a breeding system for abstract 2D images. The fundamental idea was 
proposed and implemented by Karl Sims in 1990 [2], that is based on a combination 
of the framework of Interactive Evolutionary Computation [1] and a type of Genetic 
Programming [7], that is, it is a breeding system using a genotype in a functional 
expression of tree structure for each individual. This chapter introduces a summary of 
SBART. The detail can be referred in [4].

The phenotype is an abstract drawing in a rectangle area, each of which pixel is 
painted with a colour calculated using the function of genotype accompanying with 
the coordinate. Figure 1 shows an example of the field window in which 20 
individuals are displayed. The users are allowed to breed their preferred image by 
mutation and crossover using this window.

Figure 1. A sample field window of SBArt4.
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2.1 Genotype

Each genotype is a functional expression constructed with a pre-determined set of 
terminal and non-terminal symbols. A non-terminal symbol acts  as a function such as 
addition, subtraction, multiplication, division, exponential function, trigonometric 
function, and so on. A terminal symbol is a constant or a variable. Because all of the 
calculations are executed over a domain of vectors of three scalar elements, the 
constants and the variables  are also vectors of this form. A variable vector is a 
permutation among three scalar variables, x, y, and t, where (x, y) is the coordinate 
of the pixel in rectangle area, and t is a time variable for movie.

Mutation is applied by replacing a symbol by another one based on random 
selection, and crossover is done by exchanging randomly selected sub-trees 
between two parents in a same manner of the genetic programming [7].

In addition to the gene of functional expression, we introduced some sets  of 
parametric genes of floating point numbers as follows. Time parameters  to determine 
the range of t value for movie, area parameters to specify the scale and offset for 
each 2D axis, colour parameters to modify the hue value, and scale parameters  to 
magnify for each scalar value in the result vector of functional expression. These 
genes are effective to expand richness of result images.

2.2 Phenotype

The phenotype is an abstract 2D image drawn by genotype. The result value of 
calculation of functional expression in the genotype is  interpreted as a HSB (hue, 
saturation and brightness) colour value and then is converted into a RGB (red, green 
and blue) vector to render the pixel. Each scalar value of the elements is converted 
so that the value is within a range between 0 and 1 using a saw-shaped function.

The drawing process requires much of computation time because it needs to 
calculate the value for each pixel. In case of movie, the computation cost is multiplied 
by the number of frames. For example, if you want a movie of one second with full 
high-definition and 30 frames per second, the total number of pixels is 30 x 1920 x 
1080 = 62 x 106. It is  difficult to draw each frame in time during movie playback only 
by CPU since the usual genotype of more than 20 function symbols for an interesting 
image consumes more than 100 machine cycles to compute the colour of pixel.

2.3 Embedding external images

The old version of SBART has a functionality to embed external images and movies 
to create a type of collage. It was implemented by introducing a special function 
named image that extract a colour value from the specified image data according to 
the given argument values as  the coordinate in the data. The phenotype becomes a 
discoloured version of the original image, if the genotype includes this function at the 
leaf side of the tree. The phenotype becomes a deformed version if this  function is  at 
the root of genotype. In addition, the new version of SBArt4 has options for two 
rendering methods to make deformation and discolouration. In the deformation 
mode, the result value of genotype is interpreted as the coordinate in the original 

13th Generative Art Conference GA2010

page 454



image. In the discolouration mode, the result value is interpreted as the modification 
vector from the original colour.

In both deformation and discolouration modes, it is  possible to make a movie that 
gradually changes the shape or the colour between the original one to modified one 
by changing a parameter of weighted summation between the original value and the 
modified value.

3. Compiling a genotype into Shading Language

To take an advantage of the power of GPU, the new version of SBArt4 compiles each 
genotype into Core Image Kernel Language [8], a subset of GLSL (OpenGL Shading 
Language) [9]. The language has a similar syntax with C language, and it is  compiled 
again into machine codes for GPU by API provided by the vender of graphics board. 
It is  also possible to use GLSL and API of OpenGL, but we use this subset because it 
is  guaranteed to be executable in any machine officially released with Mac OS X 
10.6. The GPU executes the machine code in parallel for each pixel. The throughput 
time depends on the number of processing units in GPU, communication speed 
between CPU and GPU for image data, and so on. It is ideal if the GPU has enough 
capacity to compute all of the colour values simultaneously. You can refer [10] to see 
the detail of compilation from a genotype to a kernel code and the result of 
benchmark test among different GPUs. The result showed it was not fast enough 
before 2009, but recent GPUs have satisfiable power for real-time rendering. 

4. Applications

The compiled code of each genotype is  possible to be exported to another 
application software that utilises Core Image Framework. One typical one is  Quartz 
Composer, Apple’s  powerful programming system for visual synthesis in a style of 
graphical programming. Another one is Final Cut Pro/Express, Apple’s  video 
authoring tool for professional quality. It also easy to build a new application that has 
a capability to import the code from SBArt4.

4.1 Visual programming

Quartz Composer is a powerful visual programming environment that allows the user 
to combine a number of patches connecting their inputs and outputs with well-
designed graphical user interface. It is useful to build visual effects  for a screen 
saver, a live performance, a stuff for video authoring, and so on. It includes many 
types of useful built-in patches of video filters, image generators, math calculator, 
image importer, and so on. One of the useful categories is  programming patch. A 
patch in this category accepts program codes in Java script or Core Image Kernel 
Language. The code bred in SBArt4 can be exported to this  type of patch by copy & 
paste operation. Figure 2 shows an example of the arrangement of patches in Quartz 
Composer’s editor. It is also possible to make a reactive visual effect against sound 
inputs and camera inputs by combination with built-in patches managing such audio-
visual inputs.

13th Generative Art Conference GA2010

page 455



Figure 2. A sample program of Quartz Composer to embed a code generated by 
SBArt4. The black round rectangle labeled SBArt4 Gene at the centre is a 

programming patch with Core Image Kernel Code.

4.2 Video effects

Apple is providing SDK (Software Development Kit) named FxPlug to build plug-in 
softwares for Final Cut Pro/Express, a video authoring tool. We tried to develop four 
types of plug-ins that allows the user to embed a code bred by SBArt4. All of these 
plug-ins are for video effects, but one is a generator to generate a new video frames 
of abstract movie, another one is  a transition between scenes, and the other two 
plug-ins are filters to modify video frames. The generator plug-in accepts  the code 
without an external image. The transition and one of the filters accept the code of 
deformation or discolouration mode. The other filter accepts the code including 
image function.

For the transition, the modification parameter is changing gradually from 0 to 1 and 
returning back to 0 along the time, that produces a scene continually changing from 
the original image of the former scene to the later scene mediated with a deformed or 
discoloured mixed image of both scenes.

In the case of filter with deformation or discolouration mode, the user is allowed to set 
up a schedule of the modification parameter along the time by a graphical user 
interface of the plug-in.

4.3 Slide presenter

A new version of slide presentation tool, such as Power Point by Microsoft and 
Keynote by Apple, always introduces new effects of animation and transition. To use 
such an effect is helpful to receive attention from audience. However, it easily 
becomes old-fashioned and less effective soon after audience have many times of 
experiences of similar types of effects. Especially for the young people in the 
generation of 3D video games, still images of texts look very boring.

We developed an application software for a slide presentation that shows an 
animation in the background of each slide and applies transition effect. Both 
animation and transition are generated by codes bred with SBArt4. The current 
version of this software reads a PDF file as a series  of slides, accepts  codes without 
external image as background animations, and accepts codes  of deformation mode 
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as transition effects. By using a variation of different codes, it is  effective to catch 
attention.

5. Concluding Remarks

The technological innovation on GPUs enabled breeding of abstract movies in real-
time on the personal computer. Due to the portability of compiled code in Core Image 
Kernel Language, a bred code is useful by exporting another software, such as 
Quartz Composer, Final Cut Pro, and the author’s original application for slide 
presentation. Because the complexity of abstract movies and video effects are much 
larger than the case of 2D image, there must be rich domain of applications of 
generative productions. This  also means there are a number of new technical issues 
for practical usage for any fields such as  engineering, entertainment, and art. To 
reduce the complexity of search domain, we implemented a functionality of partial 
breeding [11] in SBArt4 to lock mutability for each parametric gene. It is useful for 
trained users. The breeding process of movie has  a similar problem with the case of 
music [12] because the breeder needs to waste a time to evaluate each individual 
phenotype. By this reason, it is required to develop an effective method to reduce the 
user’s fatigue by combining with some intelligent algorithm for automated evaluation.

The author hope that this challenge of real-time rendering for breeding an animation 
inspire another idea in the domain of generative art. The binary code of SBArt4 is 
available from the following URL on the internet.

http://www.intlab.soka.ac.jp/~unemi/sbart/4/
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Abstract

The Chinese Classical Garden, also called Chinese Scholar's Garden, is a 
place for solitary or social contemplation of nature. Among the long history of 
china, the design of gardens always took the same position as architecture 
design especially to the bureaucracy. Nowadays , less people would pay 
attention to old, traditional methods of garden design which once was 
fashionable in china. Yet, in this paper, a research investigating main elements
in traditional way of designing of Chinese gardens would be conducted, and 
furthermore, these results would be applied into a generative tool which was 
aimed to gain poetic imagery of Chinese garden by new means.

In the first part of this paper, several elements in traditional Chinese garden 
design would be listed and analyzed to search how they constructed 
conception of garden design; and then these elements selected would be 
applied into a generative way, based on certain principle of generation, 
elimination and mutation, through the use of system defined by certain 
algorithms. This processed were not aimed to search for the similar mechanical 
or randomized autonomous results, it was an attempt to investigate the 
possibility of generative methods in other fields of design.

The results generated were complex forms of combination of high-density 
spaces and low-density spaces, sometimes it was unpredictable or unexpected. 
Yet, as the process’s advancing, the algorithms innovated simultaneously. The 
generative tools could help designers to gain the complexity by studying, 
analyzing and applying existing elements or behaviors into dynamical system.
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1. Routes in Chinese gardens

Chinese gardens, especially gardens of southern Changjiang delta, are 
different from western gardens in both forms and concepts. Traditional garden 
designers paid little attention to geometry forms, while which was a main 
stream in the design of western gardens, they focused on the feelings of the 
visitors wandering within the garden. A famous description of the principal of 
Chinese garden design is that “view changes with steps moving”.[1] The design 
of graceful landscapes mainly focused on two aspects---- “static landscapes” 
and “dynamic landscapes”. The description mentioned before distinctly 
characterized the latter. Generally speaking, “static landscapes” refer to the 
viewing spots, where visitors consumed more time to stay to enjoy the sight 
around, while “dynamic landscapes” contribute to the moving routes along
which the designers arranged their elaborate elements. The majority of 
large-scale gardens gained vivid scenery and riveting charms by the 
organization of routes (figure 1.1.1).

routes 
viewing spots 

The routes themselves are easily to understand though the reading of the plans
but it needs deeper description to decipher the connotation of these tortuous, 
seemingly irregular routes. Firstly, on the whole, garden designers followed 
traditional norms, from generation to generation, describing the space 
sequence of the routes, a sequence emphasized an insinuate and occluded 

Figure 1.1.1 
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long entrance to form a dramatic contrast with an inspiring appositive scenery.
While during the main course of wandering among the viewing spots, the routes 
turned succinct and open to provide enough viewing spaces needed to 
construct poetic imagery. Here, the direction follows the guidance formed by 
the dispersion of the force-field from each spots. Finally, the ending of the 
routes became circuitous and occluded again to gain the contrast with the 
wideness experienced before.

Actually, as a topic to a typical Chinese garden designer, there will not be such 
rational analysis and formalities, they called the formalities as some kind of 
fetters which confined their creativity[2]; but the great similarity of these 
features in the majority of Chinese gardens indeed provides us the chance to 
design a Chinese-style garden in an innovational way. 

2. Related works architecture phenomenon

Garden design was a fashion hundreds years ago in china, and nowadays, a 
similar idea ---- architecture phenomenon, focusing on the feeling of people 
while experiencing buildings, is gradually accepted. “Phenomenology” has an 
etymon coming from Greek, it referred to the subject to study the appearance, 
representation, indication and phenomenon of objects. It was first brought into 
architectural field by the work of Norberg Schulz ---- “Towards a 
Phenomenology of Architecture”.[3] Since then, it was applied by numerous 
architects.

The focus on the exploration of the field of spaces with materials to touch and 
the field of feeling and consciousness shares the same idea of the designs in
Chinese gardens. There are some attractive issues correspond to the unnamed
quality of the gardens. To construct the feelings by elaborate arrangement of 
different architectural elements such as the density of spaces, the combination 
of open and closed spaces and the placement of appositive scenery……  

In the layout of traditional Chinese gardens, the high density areas (mainly 
around the beginning and ending of routes) and the low density areas 
viewing spots dispersed rs. 
And the distribution of the spots also results the direction of routes ---- a route 
leading towards the spot to show the viewings or a route circling around certain 
spot to serve as a prelude. 

Rafael Moneo mentioned Siza in “Theoretical Anxiety and Design Strategies – 
In the Work of Eight Contemporary Architects”:’ We admired works of Siza 
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because we became conscious of that we can learn the architecture through 
our personal experience.’ A significant method to build a place where we could 
gain personal experience is to compose the whole space in dramatic sequence. 
In the stage of natural scenery, the arrangement of routes played the most 
important role to guide visitors to across gardens.[4]

In this paper, I do not want to focus on the sense of touch, acoustic design or 
the viewing elements; I try to gain the intricacy and abundant diverse feelings 
by the layout of routes and viewing spots. And following are some attempts I 
have made to express the “poetic feelings” in Chinese gardens in a totally 
different way.

3 generative methods

By analyzing essential components and patterns forming Chinese gardens, this 
research mainly investigate into the formation of paths. Even though focusing 
more on sensibility than ration in the progress of designing, there are still
certain regularities under covers, which indeed vivid the routes of gardens. I 
tried to search for the inherent organizations and then represent them through 
generative methods. It’s like the generation of some self – selection and 
development models, however, the principles I took did not mainly focus on the 
dynamic and developing process of themselves but on the feelings of people 
---- what I expected them to encounter and feel about at certain points (even 
these points were not decided in advance). The results generated may not be 
visually aesthetic but they represent a possibility to experience.  

The first part of this paper is to define the variables and parameters in the 
progression, taking the viewing spots as main objects to study.

The second and third part of this paper state the program process with 
mathematical algorithm. In this part, the progression of viewing spots and 
routes would be represented. Based on the sense-related principles, a modern 
garden with traditional elements was built by generative tools.

3.1 Variables and parameters

Among the analysis of Chinese garden design, the most important element to 
form the progress of experiencing is the construction of the routes. Otherwise, 
in conventional Chinese conception, the beginning and the ending took the 
most fundamental parts, related to the density of the space around 
them.(figure3.1.1).
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To gain dramatic experience that cause people feel closed before the grand 
view and form the contrast between opening and blocking, The density of 
space concentrated from the start point (area 1) and circled around inside the 
boundary, rarefied as the distance get longer, to concentrate again around the 
ending point (area 2). Wandering around the entrance, the closed space 
separated visitors from the main body of the garden and veiled most of the 
views (red area at the corner part of figure3.1.1). As the progression continuing, 
out of the occluded entrance was a wide viewing space with several branch 
roads presented to follow. The grand space here mainly aimed to form the 
contrast to the entrance and was influenced by the appositive scenery (view 
from area 2), we took as the most exciting climax during the experience of the 
garden. On the axis of the main viewing platform (area 2), a wide range of vision
contribute to obtain scads of viewing communication with the viewing spots 
dispersed among the climax area, rarefying the density around the climax area 
(the yellow part on the axis of area 2). 

As what mentioned before, the whole organization of the sequence of spaces 
could be influenced dramatically by the layout of the start point and viewing 
platform. Thus the generative method utilized the distribution of viewing spots 
as a reference to define the density of the spaces, and also the space 
generated from the viewing spots define the direction of the routes, determined 
by the influence of start point and grand viewing platform. 

Taking the boundary of the layout and the pond as references, the generation 
of viewing points was based on the distance between the starting point and the 

Figure 3.1.1
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axis of viewing platform to determine the distribution of sequential spaces 
density along the routes.

3.2 Generating points and areas

The circular generation of viewing points focused on the influence of the 
attractors, where the density of the spaces fluctuated remarkably, which were 
organized according to the disciplines of settling, removing and mutation.

1. Settling: 
Each individual picked up a land to settle while all points were dispersed 
organically within the boundary following certain rule of elimination.  
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As seen from figure3.2.1, the purple points represented the main entrances 
while the red points refer to the dispersed view spots, located to define the 
routes and a doted axis. Through the observation, the red points tend to 
congest around the main entrance and become scattering as the they are 
father away from the entrance. Here we could take the density of the spots as a 
reference to the density of the space distribution, related to the influence by the 
location of entrance as an attractor; furthermore, when it turn to axis, there 
would be a different condition that the distribution of spots around the axis 
become rarefied to emphasize the importance of the main axis which act as
another influential attractor.

Thus I took three parts from the layout of traditional Chinese garden ---- the 
boundary, main entrance and the axis as predominant attractors to generate 
the routes. 

2. Removing:

After each point took its own position on the screen, they would be chosen to be
restored or removed according to the distance from the attractors.

Figure 3.2.2
We can learn from figure 3.2.2 that these points accumulate around right 

corner of the boundary and rarefied when located around the axis and left part 
of the map according to the rules set before which aimed to control the 
distribution of space density among the whole model. There was an interesting 
progress that sometimes the distribution of points cloud tend to diminish 
suddenly when there are too much points appear on the screen, thus I put a 
limit to limit the growth of spot points. The whole progress reached final stage 
around sixty or seventy times of elimination and generation. 

Figure 3.2.1 
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3. Mutation

During the progress, the distribution of points may became unbalance ---- that it 
was too concentrating in high-density area and too scattered when referring to 
the low-density area, my solution to this situation was the mutation of certain 
points when such kind of unbalance occurred. If the space density was too high 
to insert other spot points here, the area would turn into a landscape unsuitable 
to stay and thus some points would be chosen randomly to be removed to other 
areas where space density was likely to become compact. In the same way, if 
certain area was too broadened, points would be inserted randomly.

3.3 generating routes

The generation of routes were based on the algorithm of Voronoi. Firstly, it 
defined boundaries of each spot points and then generated such individual 
areas according to defined boundaries as represented in figure 3.3.1.

Figure 3.3.1 
Routes were derived from established boundaries of each individual areas and
connected to each other. The final form of routes were determined by the 
number of spot points generated before, here we see, from figure 3.3.2, the 
graphic on the left part of the screen is different to the right one which contained 
more points generated to define boundaries and represented more distinctive 
distribution of space density. 

page 467



Figure 3.3.2 
As tested before, to take points which have undergone the progress of 
elimination and generation about sixty to seventy times as a suitable reference 
to the density of space distributed into the gardens, thus we could get a
generative routes to organize views in the garden as we could see in figure 
3.3.3. Significant changes in the organization of spaces could be interpreted as 
reference points changed which could trigger massive changes in the progress 
of generation.

 Figure 3.3.3 
The whole routines encircle around garden area to construct different spaces 
with various density to construct interesting experience for tourists wandering 
among landscapes, basing on the principles that according to the attractors 
which greatly influence the distribution of reference points.

4. Conclusion and future study
The work presented in this paper focused on the progress of the generation of 
points and then to develop a route embracing the garden area through the 
generative methods. As far as I am concerned, generative tools and methods 
have been prevailing in architectural design and development processes. 
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These tools and methods do not provide a platform to act unlimitedly but are 
based on certain understanding of the progress how parameters and variables
are defined and then they could cause dramatic influence to the final results. 
Furthermore, as what I have tried to do in this work, it reveals the possibility to 
gain generated results with the help of merely certain references along with 
some mutations and settled rules. And also this result indicates that an analysis 
of main characteristics and features of certain design patterns could be dealt
with in a wider perspective to generate new designs. 

Yet, there are still some steps to be improved. Among the whole progress, the 
generation of points and routes, to some extent, does not interact with each 
other closely, it is just a unilateral transition of information serving as the 
structure of a tree. If the linear progress of the project could be turned into a 
reversible one, then it would be possible to utilize the references more 
subjectively and reach more possibilities. 

Another limitation among this work refers to the analysis of certain design 
pattern. It is the feeling of people about spaces that construct the whole frame 
of my design work, well, there still remains some other elements contributing to 
the poetic scenery of traditional Chinese gardens such as the scale of windows, 
the transmission of sound and the texture of materials…… it would grow into an 
endless list of design elements thus it’s almost impossible to conclude all of 
them in one project, however, the combination of several aspects 
simultaneously in the progress of modelling may bring us other possibilities or 
results.
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ALBERTO DE CAMPO Installation : VARIA ZOOSYSTEMATICA PROFUNDORUM

Abstract:
From a depth of ca. 700m down, the sea is completely dark, the only 
light sources being bioluminescent animals; it is plausible to assume 
that much communication in this habitat is acoustic. Inspired by the 
work of Louis Bec and Vilem Flusser, we (the class for Generative Art 
at  UdK  Berlin)  created  models  of  this  communicative  behavior:  A 
number of actants ("creatures")  transmit  symbols ("letters") to each 
other,  assemble them into  longer  chains ("words"),  and sometimes 
express  these  words  by  emitting  sound,  light,  or  motion  patterns. 
Some creatures  generate  rhythmic  pulse  sequences,  some almost 
melodic phrases. Others let hues of colors flash over their skins, while 
others  again  float  up  and  down  in  space  in  response  to  the 
conversation between them. 

Technical notes:                                        
The installation was created specifically for the Grosser 
Wasserspeicher in Berlin, thus good locations for showing it should be 
spacious and reverberant, very dark, labyrinthic, and best entered 
from above. The creatures currently number ca. 15; as a work in 
progress, the number will continue to grow. For practical reasons, one 
can reduce to show only a subset of the creatures. Also needed: two 
small good quality loudspeakers, a subwoofer, and a small computer, 
e.g. a recent MiniMac. 

Image of “Monatom” by Akitoshi Honda, one of the creatures in Varia 
Zoosystematica, taken in the Grosser Wasserspeicher. A 
documentation movie of the full installation is currently being 
produced, and will be available soon on the website.
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Authors:
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University of the Arts 
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Germany
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GAGANJIT SINGH Artworks : POLYHEDRA MORPHOLOGIES AND DRAWING 

MACHINES 

Abstract: 

I would like to present at this forum, a series of generative artworks. 
The medium of exploration of the artworks is rhinoscript- which is the 
scripting language of Rhinoceros (a 3d modeling environment). The 
artworks fall under the following schemas- 

1. Polyhedra Morphologies: A study into Generative Systems was 
carried through a research thesis titled- ‘An Investigation of 
Representation of Generative Systems in the Digital Medium’
submitted at the Faculty of Architecture, CEPT University, 
Ahmedabad, India (2009) for a degree in Architecture (2010). In the 
study, the idea of a generative system is illustrated through the 
generation of 3d polyhedron geometries and their geodecised 
versions as per specific triangulation type and subdivision methods 
through rhinoscript. Subsequently, the studies were continued 
independently, to explore further possibilities of morphological 
variations. 

2. Drawing Machines: The idea of a drawing machine has persisted 
through ages in different contexts. The rather contemporary ones 
include- the creations of Brian Eno (2006), Marius Watz (2003) and 
Desmond Paul Henry (1960). The drawing machine in focus here 
generates drawings/ rather diagrams, based on certain input 
parameters from the user into a specified 2d canvas space. Sort of 
repetitive, iterative representations of patterns at various levels of 
diagrammatic depth. 

Illustrated below are two in-focus outputs of the two schemas of 
exploration. 

Left: Surface of a geodecised Dodecahedron  
Right: An output from a drawing machine 

Topic: Image & Space 
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Silvia Titotto Installation: Möbius room 

Abstract: 

This installation is built using Möbius bands, an example of a non-
orientable surface (with boundary) constructed as an identification 
space from a rectangle by twisting through 180” and identifying the 
opposite edges with one another [1]. The idea came from a very 
simple experiment using Möbius bands manipulation. When a 
single band is cut in half, its extension doubles and also the number 
of half twists. If the number of half twists is even, it does not keep 
the one-surface caractheristic of the band. So, it means the public 
will be able to touch the string and realize where in space there is a 
single-border experiment and when it is a simple double faced, 
which had been twisted.  
The use of Möbius band and its geometrical properties enriches an 
artistic investigation field when art is supposed to experiment the 
space. As a non-orientable surface, the Möbius band permits a 
questioning of opposition binomials, which are caracteristic of the 
traditional space concepts - continuity and discontinuity, inside and 
outside, open and close, public and private, horizontal and vertical. 
Firstly the observer might be puzzled by the geometry of it. How 
many strings compress the artwork? Are they double surfaced or 
single surfaced? That kind of generated art space leads the 
observer to question and review his or her position in this 
differential geometry space.While the public stretches, touches the 
strings all along its possible borders, they can eventually explore 
the whole room space. 

Image of Möbius room simulation  
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Jason M. Reizner Quadruplicity Drinks Procrastination artwork, performance

Topic:

Generative Narrative

Author, artist:
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Bauhaus-Universität
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www.reizner.org
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Abstract:

Quadruplicity Drinks Procrastination is a participatory generative 
narrative environment that delves into the grey area triangulated by 
intuition, fluency and context, which underlies all human linguistic 
function and enables our daily social existence.  Constructed atop a 
new, standards-based implementation of the Generative Platform
Environment debuted at GA2009, this work relies on distributed 
interaction to relocate the heated and sometimes satirical academic 
discourse surrounding comprehensibility and meaning to a media-
saturated online realm that often can be devoid of both.

No ordinary language contains syntactical rules 
forbidding the construction of nonsensical sentences; 
e.g. the sentence "quadruplicity drinks procrastination" 
is not one that grammarians can condemn.

–Bertrand Russell, 1940

Pieter Bruegel the Elder, c. 1563
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Kenny K. N. Chow Artwork, Installation: Coding Landscapes, Crossing Metaphors

Topic: Generative and 

Interactive Visual Art
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Abstract:

This artwork is an example output of the Generative Visual Renku 
(GVR) project co-developed by the authors. GVR is a new genre of 
digital visual art form, inspired by the linked discourse structure in 
Japanese renku poetry, iconicity of Chinese character forms, and 
conceptual metaphor and blending theories from cognitive science. 
Traditional renku is a type of linked poetry, consisting of a series of 
links between topical elements. GVR works use modular iconic 
images in place of traditional written texts and generate evocative 
compositions dynamically through interaction between the user and 
the system [1]. 

Coding Landscapes, Crossing Metaphors presents fanciful 
topography in response to user input, articulating the nuanced 
interplay between organic (natural or hand-created) and modular 
(mass-produced or consumerist) objects that saturate our lives. On 
one hand, the user types on the keyboard with the nostalgic 
command-line completion feature, like coding, but instead resulting in 
a poetic landscape. On the other hand, his/her fingers run across the 
keyboard, like walking, with animated figures meanwhile crossing the 
landscape. The user makes metaphorical meanings of finger action 
and generative animation, traversing back and forth between 
consumerist settings and natural environments. 

As a work of art, Coding Landscapes, Crossing Metaphors is also 
self-reflexive in that the content concerns the modularity of 
consumption and production in many contemporary post-industrial
societies, while the computational framework reflects modularity of 
graphical elements and semantic units in digital media arts.

The GVR project has been introduced in other conferences [2, 3].
This artwork is the latest prototypical output.

Overview of the user interaction on a computer
Contact:

sdknchow@polyu.edu.hk
Keywords:

Conceptual blending, linked poetry, iconicity, interactive art, 
embodiment, animation, coding
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KAZUSHI MUKAIYAMA Artworks:  WAVO: an interactive ball to express light waves with 

Wave equation 

Abstract: 

WAVO consists of a PoSC micro-computer, an accelerometer and a 
16x16 matrix LED and express moving waves with LED. These 
waves are calculated by Wave Equation in real-time. Therefore, 
people can feel beautiful moving of lights which this equation makes. 
Yet, people can enjoy wave interaction as WAVO has an 
accelerometer. Interacting with people, this art work notices them 
fascinating aspects of mathematics. 
                                                                           

  
Fig.1 WAVO 

I’ll put them all (6 pieces) such as the following picture. I’m going to 
stay the exhibition space as long as I can. 

Fig.2 Exhibition Example 

A space to install a 1.5 m x 1.5m table. It isn’t need a big space 
because just putting 6 pieces of 8cm diameter capsules on a table. If 
possible, floor is soft surface such as carpet mat because I’m a little 
worried about falling WAVOs when audiences touch them. 
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WAVO: an interactive ball 

to express light waves with Wave equation

Kazushi Mukaiyama, PhD in Media Art

Faculty of System Information Science, Future University Hakodate, Japan
www.kazushi.info

e-mail: kazushi@fun.ac.jp

Abstract

WAVO is an interactive ball to display a wave with LED touching by audiences. Wave
is calculated with Wave Equation. This pieces had already been shown in many
places. And not only ordinal people but also a mathematician gave a comment. As
the result, mathematic visualization is important to see equations work certainly.
Additionally, making mathematics as art has an advantage to show ideal phenomena
of equation to ordinal people effectively.

1. Introduction

WAVO is an interactive ball to display a wave with LED touching by audiences. Wave
is calculated with Wave Equation.(Fig.1) It consists of a PSoC micro-computer
(CY8C29466), a 16x16 matrix LED (C-2AA0SRD), an accelerometer (KMX52-1050),
a 4-16 line decoder (74HC154), 330 Ohm resisters, a 5 voltage 3-Terminal regulator
and a switch. All parts are on two stack circuit boards. A matrix LED is put on the
upper board. The other parts are put on the lower. And, there is a 9 voltage cell
battery at the bottom. This battery acts a role of the weight, so that WAVO swings like
a pendulum when an audience pushes it on a table. In a 16x16 matrix LED the anode
common side (row) is controlled in PWM connected to a PSoC micro-computer, and
the cathode common side (column) is connected though a 4-16 line decoder for
dynamic drive blinking. The LED can display 16x16=256pixels, 32 steps of brightness
updating 30 frames per second. The colour is red only because there was no other
matrix LED in this proper size except it. An accelerometer which gets an audience's
action is connected to a PSoC micro-computer. A clear sphere capsule is made from
acrylic. This has been selected the proper case for aesthetics.

Fig 1: WAVO
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2. Related Works 

Moriwaki’s “Rayo=Graphy” [1] is a big board hanging on wall, attached many LEDs
and light sensors in a grid pattern. Each LED turn off if there is a light and turn on if
not. Therefore, an audience’s shadow shines when he/she stands in front of it.(Fig.2)

Kimoto’s “Imaginary·Numbers” [2] is computer graphics generated dots made with
one of non-liner dynamics formulas. We can see wonderful images generated by
numbers. (Fig.3)

Hiruta’s “Mr. Rolling” [3] is a 80 mm diameter cylinder displaying a human abstract
character on a red LED. This abstract character, “Mr. Rolling” is animated comically in
the cylinder. Once an audience pushes it, it rolls like a car wheel and “Mr. Rolling”
begins to run inside like a hamster. (Fig.4)

3. Wave Equation

Wave equation is a partial differential equation which describes the diffusion of
waves. Wave equation in two dimension is expressed as follows; [4]

2 u
t2 v2

2 u
x2

2u
y2 (1)

In WAVO, there is a virtual dot which moves on the matrix LED surface sensing a tilt
with an accelerometer. The micro-computer calculates wave topological values made
by this dot with Wave equation. Then, WAVO expresses the light water surface
mapping wave values to LED brightness.

4. Interview with Mathematician

Not Only ordinal people but also a mathematician who researches Nonlinear Wave
Equations appreciated WAVO. He mentioned that he had a confident about reliability
of Mathematics.

As he said, “Mathematics is considered just in an ideal world. And mathematicians
are interested in not making new equations but certifications to combine equations.”

Fig 2: Rayo=Graphy[1] Fig 3:
Imaginary·Numbers[2]

Fig 4: Mr. Rolling[3]
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It means mathematicians can deal with any phenomena even from the end of
universe to the beginning of time. However they can't certify their equations works in
the real world because they can't see these phenomena in their real eyes. Therefore,
they have a confident when something real to simulate with equations works
certainly.

5. Art and Mathematics

Mathematics expresses all phenomena. They are not only physical dynamics in our
daily life. It can expresses the vision of end of universe, the beginning of time and so
on.

Basically, however, it is so difficult to imagine them in our vision because
mathematics just uses “number”. Visualization is one of good way to understand the
result of calculation. It may be enough to certify equations. Additionally, showing
mathematics as an art piece helps to imagine it for not professionals but ordinal
people well. WAVO has shown the ideal wave phenomenon with an accelerometer
effectively. This effect is one of advantages about the art with mathematics called
Generative Art.

Acknowledgement

I'd like to say thanks to Dr. Hiroyuki Takamura, my colleague who researches
Nonlinear Wave Equations, for the interview.
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Fig 5: Exhibition
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MARIS CACKA Poster: DESIGN IDEAS IN THE CONTEXT OF DESIGN 

TENDENCIES IN LATVIA OF DU STUDENTS 

Topic: Design 
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Abstract:
Latvian design trends are determined by the Latvian Designers 
Society (LDS) and since 2004 Latvian design education develops as 
well as a variety of different design activities take place in accordance 
with the Design Information Centre (DIC). DIC operates as an active 
centre of design information circulation providing informative support 
to professionals, young students and design-oriented public, as well 
as develops and coordinates cyclical thematic target programmes. 
Daugavpils University (DU) takes an active participation in projects 
initiated by DIC since the moment it was founded, participating in 
conferences, seminars, exhibitions and design workshops, as a result 
– closing of the Design Days in October 29th and 30th, 2010 was held 
in Daugavpils, with interesting workshops on design, exhibitions and 
conferences.
During bachelor and masters study programs of art number of design 
ideas are fulfilled covering areas of graphic design, product design, 
web design, and animation. 
Students' works from Daugavpils University fit into the overall Latvian 
design policy, demonstrating their works successfully in Latvian and 
in foreign countries.
When acquiring Arts study programs at DU, each student has the 
opportunity to express himself creatively and carry out his work from 
the idea to the result in material and this is a very important condition 
for each author's implementation of future ideas. 

Images of Design works of DU students  
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MEHRDAD GAROUSI Artwork: SEVEN POINTED STAR 
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Abstract: 
This piece presents a seven-fold topological sculpture with a steady 
position in the screen but a continuously changing condition in its 
place. Being observed carefully, the animation is composed of two 
basically constructing elements, one: the constructing material of the 
actually existing shape which is known as the entity of the sculpture,  
like the substance of the universe and the other: the vacuum holes 
inside the arms of this sculpture which are the elbows of evolution of 
life . 
The sculpture, textured with stripes, has a steady movement from 
forth to back and vice versa. The arms of the sculpture like jelly arms 
can move and twist flexibly inside and get back forth again from the 
outside. The sculpture, condoning its incidental arms and holes, can 
be assumed as a tube with a main central hole at the centre. This 
tube can be easily supposed to rotate around its circular axis sited at 
the center of the constructing cylinder. 
The second property rises from the vacuum holes showing up 
between arms. When arms start to rotate, the caused holes between 
them start changing shape, too. The forms provided by these 
changes in the condition of the holes, due to symmetry of the whole 
shape, provide black symmetric shapes which present new 
characters apart from the main character of the sculpture. The most 
eye-catching result of such a property is the central black seven-
pointed star which is rotating and changing shape steadily. It can be 
seen that back-and-forth twists of the sculpture cause clockwise 
rotations for this central black star. For sure, even supposing such 
simple animation was impossible before the presence of computers 
which facilitate manipulation and adjustment of several elements 
simultaneously with the least inaccuracy. 
The main still shape of this piece has been created in SculptGen (1) 
and by changing a factor named “Turning Around Axis” separated 
frames for the animation have been provided one by one. This 
amazing software has been created by Carlo H. Sequin (2). 
My animation can be found here on the web:  
http://mehrdadart.deviantart.com/#/d2t965v 
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Sujin Lee Artworks: Time visualization by Other I’s
Abstract:
Project theme / concept 
This work is to visualize the motion of spectators by using a multi
layering three–dimensional structure in computer. Space and time in 
the real world belongs to a theory of relativity. We believe that the 
motion follows this rule of the relativity. In this work, the virtual space in 
computer has conceptually been shown that the relativity is depicted 
by spectators’ moving. The motion is a change in position of an object 
with respect to time[1] I have been studying not only to express time to 
visualize by space but also to be interactive between the work and 
spectators. In my work, only when spectators are moving, the features 
appear detected by a camera. Spectators make their feature by
themselves in a motion.   
“I wished to show that space-time is not necessarily something to 
which one can ascribe a separate existence, independently of the 
actual objects of physical reality. Physical objects are no in space, but 
these objects are spatially extended”[2] Albert Einstein said.
I wished to visualize his idea which I totally agree with
 Technical synopsis
The work based on multi-layer plane structure displays moving via 
spectators detected by a fire –I camera. Spectators are the standard of 
time in this virtual space. The goal of this work is to present 
visualization of time in a three-dimensional space. For the purpose, the 
program was coded in C using OpenGL and shader and the algorithm 
of camera detecting used DSVL.
Through the program, a three-dimensional representation of space and 
time based on a multi-layer display structure is portrayed in this work. 
The virtual space in computer makes it possible. The work with 
technologies that present space and time in the virtual space has 
brought the paradigm shift in perception of the work.  

Topic: Art 

Author: 
Sujin Lee
Sogang University, 
School of Media,
Seoul, Korea
www.gsmc.sogang.ac.
kr

my blog_ 
www.genegraphy.blogs
pot.com
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(c) A web camera, screen 
and a computer

(d) Human 
interface also 

page 506



(a) A muti-layer structure 
= several planes + images 

(b) Planes interval are 
controlled by user 
interfaces mouse, sensor, 
etc This is human

(c) Mapping images have 
transparency

(d) Perspective
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Yota Morimoto Poster: Exploring the Rule Space of Cellular Automaton in Sound 

Synthesis

Topic: Music
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Abstract:

The paper describes a novel approach to digital sound synthesis 
based on cellular automata (CA). One of the simplest CA system is 
chosen to investigate how the complexity of the system can be exploit
in an audio-domain.

An overview of the implementation using the SuperCollider 
software (a computer music programming language with a plug-in 
C++ framework) is illustrated, followed by discussions of the musical 
and compositional considerations involved in the approach [1][2]. 
Thirdly, some of the CA rules that are capable of generating 
interesting sonic dynamics are examined [3]. Timbral variations of 
self-modifying waveforms obtainable by the system are 
demonstrated, and conclusions drawn. 
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André Rangel Installation: SoLu Hiperinstrument

Topic: Architecture

Authors:

André Rangel
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Universidade Católica 
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Artes
http://artes.ucp.pt/
Anne-Kathrin Siegel

Faculdade de 
Engenharia,
Universidade do Porto
Portugal

References:
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Abstract:

Demonstration of a proposal of correspondence between Light and 
Sound. This proposal is materially exemplified by means of a new 
hyper- instrument, which gives its users the control over a multi-
sensorial algorithmic composition generated in real-time. The 
employed methodology and mathematical model are also presented 
with some detail, insofar as they pretend to be matter and reference 
for future developments in the field of multi-sensorial composition.

There is in contemporary art a growing interest in interactive and 
multi-modular works (Campos, Traldi, Oliveira & Manzoli, 2007). The 
power of modern computers and its processing ability offer new 
possibilities to musical, visual, multi-sensorial interactive composition. 
The Art of today is real- time Art, live Art where what counts is its 
instantaneity (Virilio, 2005): the hyperinstrument created to this 
demonstration is therefore part of that present Art trend, for it 
calculates audio-visual composition in real-time. As a hyper-
instrument, the main goal of its meta-conception was its easy and 
intuitive utilization by human beings.

The hyperinstrument prototype that we present allow people with few 
or very few skills, while users and creators of audiovisual, to 
participate in a process of generative algorithmic composition. 

Image of SoLu Hyperinstrument

Contact:

aa@3kta.net
Keywords:

Real time systems, Color, Music, Generative Art, Interactive 
computing, Interactive systems, Algorithms, Art, User interfaces
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Abstract 

Demonstration of a proposal of correspondence between Light and Sound. This 
proposal is materially exemplified by means of a new hyperinstrument, which gives 
its users the control over a multi-sensorial algorithmic composition generated in real-
time. The employed methodology and mathematical model are also presented with 
some detail, insofar as they pretend to be matter and reference for future 
developments in the field of multi-sensorial composition. 
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The hyperinstrument 

There is in contemporary art a growing interest in interactive and multi-modular works 
(Campos, Traldi, Oliveira & Manzoli, 2007). The power of modern computers and its 
processing ability offer new possibilities to musical, visual, multi-sensorial interactive 
composition. The Art of today is real- time Art, live Art where what counts is its 
instantaneity (Virilio, 2005): the hyperinstrument created to this demonstration is 
therefore part of that present Art trend, for it calculates audio-visual composition in 
real-time. As a hyper-instrument, the main goal of its meta-conception was its easy 
and intuitive utilization by human beings.  

The hyperinstrument prototype that we present allow people with few or very few 
skills, while users and creators of audiovisual, to participate in a process of 
generative algorithmic composition. 
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FERNANDA NARDY 

BELLICIERI

Live Performance: The road: Passengers 

Abstract:
The road: Passengers

The performance suggested to GA 2010 is a part of the play "The 
road: passengers" (A via: passageiros, in Portuguese) derived from a 
research about the relationship between the homeless and their 
contexts of world in big cities. In our case, São Paulo, but any other 
metropolis fits this reality.

The research that had its beginning with a master degree conclusion, 
titled "Treasures: the art of the homeless " ("Tesouros: a arte do 
morador de rua", in Portuguese), from Hania Cecília Pilan, came as 
the starting point for the development of literary and poetic texts 
about the theme. 

Fernanda Nardy Bellicieri, author and actress, developed a set of 
twenty texts and from these, Hania, director of the play, started a 
work to adapt them to a drama, in a monologue format.

We propose to GA 2010 submission the presentation of three scenes
that illustrate this complex relationship between marginal men and 
their surroundings. One of the stories talks about how a man deals
with the lack of poetry of the city, the other one shows the point of 
view of a driver over a marginal boy that menaces him , and the last 
scene shows the character of a rag picker who deals with his reality
dreaming despite all the faults and frustration.

Since the play is very focused in the text and in the actor himself, our 
work is very flexible considering presentation. We use digital images 
as scenery. We believe literature is generative art and supported by 
computer resources it becomes more powerful and in the case of 
theatre it can make presentations portable.

To GA 2010 presentation we suggest as resources to the scenes only 
a projector, screen and audio device. Our interest is to publicize the 
work that is, beyond entertainment, a process of research and 
reflection. An attempt to get us as a society to see the almost invisible 
pain of those men on the sidelines. Men that are human and 
passengers as far as we are.

Topic:

Authors:
Fernanda Nardy 
Bellicieri
Mackenzie University
Researcher
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Hânia Cecília Pilan
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LUCAS KUZMA Live Performance: SPUNK

Topic: Music
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Abstract:

This performance uses a particle system to visualize and control a 
granular synthesizer. Modern computing power can be harnessed to 
aid in further exploring this quite old [1] method of synthesis, creating 
new possibilities for music performance and composition. Our 
software, Spunk, allows real-time interaction with a 3-dimensional 
particle system which in turn controls the built-in granular synthesizer. 
Unlike other, more figurative approaches, e.g. [2], there is a very 
direct correspondence between the visual and aural in our 
implementation. We hope this creates a more visceral experience for 
the audience while simultaneously enhancing the performer’s control 
of the system.

Image of Spunk 0.11
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