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Abstract

HIS is a practical and theoretical thesis in visual robotics. It describes the develop-
ment and actual implementation (in a real world, real-time visual robot) of new ap-
proaches to three non-linear problems: how to ensure robustness under the harshest
conditions of unforeseen reconfiguration, how to provide specialised space-variant sam-
pling regimes according to which task is currently at hand, and how to automatically di-
rect attention using any number of adaptive response layers in concert. Additionally, the
descriptions of this practical work are preceded by the exposition of a new theoretical
framework for intelligent system evaluation, which offers performance silhouettes as a

schematic method.

The three practical methods stem from, and are embedded in, the theoretical framework,
and all have been suggested, to varying degrees, by knowledge of biological processes or
capabilities - self-organisation, visual periphery sensitivity, and adaptive reduction in sen-

sitivity, for example.

The overall goal of the research is to develop extremely simple algorithms capable of oper-
ating in real-time and endowing a robot with robust essential perceptual capabilities that

can operate in all environments.

The outcome of the work 1is a visual robotic system that exhibits seemingly intelligent be-
haviour in complex, changing, and noisy natural environments. That it does so with
minimal help from other sophisticated agents (such as computer science researchers) is a

credit to its autonomy and the adaptation of its design to arbitrary environments.

The unifying theme 1s the development, ultimately, of a set of algorithms that can be
dropped into an unknown sensor-motor apparatus, then wake it up and embark on a se-
ries of input-output experiments, resulting in the apparatus's ability to understand itself,

and thus understand the world; control itself, and thus control the world.

The magjor conclusion to be drawn from this work 1s that radically autonomous systems can
be built, and will work in the face of traumatic physical insults that would destroy the
performance of ordinary machines. In this respect, they can exhibit the adaptation and
graceful degradation of performance so often admired in biological systems.
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Preface

ay heeD. These three pages exist more because there was a need to write them than
that they must be read. Why does one, when there appear to be few measurable re-
wards, choose to take on long, arduous, and specialised projects like a PhD in AI?
In my case the simple answer is that the completion of a Master of Cognitive Science de-
gree had left me with a profound curiosity about the nature of intelligence, and the mo-
tivation to do more to assuage that curiosity. Which begs the question, why did I choose

to study cognitive science in the first place? The answer necessitates some digression.

Since the age of six or thereabouts, art was the only future I ever seriously expected. So it
is ironic that soon after enrolling in the Foundation Course in Art and Design, at Derby
College of Art and Technology (now Derby University) I set about removing myself, as
artist, from the art-making process, and let my paintings dictate their own development
through simple rule sets. I was fascinated by how complex the outcomes could be. This
work put me close to the Systems Art movement, making what 1s sometimes now called
algorithmic art. Coincidentally, The Selfish Gene, (Dawkins 1989) appeared in the course
reading list. I was struck by the implications of Richard Dawkins’s ideas, one of which 1s
that apparently purposeful behaviour can be driven blindly by low-level mechanical proc-
esses. | later read The Blind Watchmaker (Dawkins 1987) and remain impressed by the vir-
tuosity of Dawkins’s simple algorithm. I began to suspect that very simple pattern sys-
tems (as found in Systems Art) might share much with biology. I wanted to try this out
for myself, so I bought a copy of the then new Visual Basic and began to write programs.
Looking back at those programs, I see they were strange hybrids of artificial neural net-
works, genetic algorithms, and cellular automata. My research, though formless, had be-

gun.

At the Third International Symposium on Electronic Art, I saw work presented by Pattie
Maes (1992) and Karl Sims (1992) that excited me so much I had to talk to them both
about it. I learnt there were quite well established links between algorithmic art and ma-

chine intelligence. For example, my old favourite art journal Leonardo, once the abode of



art-science fringe-dwellers, appeared now, upon re-acquaintance, to be squarely in the

middle of a new movement - one embracing art and machines with a new vitality.

[ became very receptive to related ideas, and began to discover new sources: Stuart
Kauffman’s autocatalytic networks (Kauffman 1991), The Beauty of Fractals by Peitgen and
Richter (1986), Chaos by James Gleick (1988), but most significantly, Artificial Life by Ste-
ven Levy (1992). Browsing in Ariel bookshop one day, casually flicking through the pages
of this book, I was suddenly astonished to see, in an oddly-coloured triangular image,
what I thought was a reproduction of one of my paintings, painted when I was a Fine Art
student at Liverpool School of Art (now Liverpool John Moores University)! My first
thought was that the painting (one of many I had left at the college) had somehow found
its way into Levy’s hands, and printed without attribution. On reading the caption, I
found the truth was much more intriguing. The idea I had used in the painting had been
co-discovered by Stephen Wolfram (1983) at about the same time. Yet while I was content
to merely create images, his work resurrected the field of cellular automata. I bought
Levy’s book and read it immediately, noticing that many of the people mentioned in its
pages worked in cognitive science. At the time I had no idea what cognitive science
meant. Later, when by chance a friend showed me a brochure for a course in the same
subject at the University of New South Wales, I was interested enough to call the Univer-

sity for more information. The following day I enrolled.

There 1s more to it than that, of course. To return to University after an absence of thir-

teen years 1s no casual undertaking. A braid of processes had combined to get me there.

First, my interest in computers began in 1973 when my school mathematics class made a
visit to “The Computer’ at Derby College of Art and Technology. I wrote a silly program
in FORTRAN. Two years later, having enrolled in the Foundation Course, I ran a series
of iterative graphics programs on the same IBM mainframe. Later, at Liverpool, I toyed
with some of the very first microcomputers to reach England. They were Tandy TRS-80,
Apple II, and Commodore PET machines, but I had little idea of what to do with them,
and few tools. I bought a Sinclair ZX81 after graduating, and taught myself BASIC late at
night. This new skill eventually led into a wide-ranging marketing career in the burgeon-
ing computer industry. Yet the commercial world I experienced proved quite shallow; the
intellectual sloppiness worried me, and I feared degeneration. I knew I needed a good in-

tellectual challenge.
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A number of MBA graduates had worked with me, in various jobs. This had begun to
make me feel the need to improve my qualifications, but simply acquiring an MBA
seemed pointless. I would only be catching up with them. I wanted something that some-

how leapfrogged what they had, and was at the same time more fundamental.

Working on large marketing cycles in equally large companies, I began to see, belatedly
perhaps, that the most significant variable of any system is its people. I developed sensi-
tivity to the importance of individuals within systems, to their minds, and attitudes. I

wanted to know more about how people learn and think.

Questions about the operation of the brain seemed to lie at the end of a number of in-
teresting subjects. I often read or listened to vague discourses on the curious topic of
creativity, always feeling that somehow the authors did not really know what they were
talking about. What is creativity? Intelligence, or something different? I was always being
told I was creative, but what did people really mean by this? What, if anything, was I do-
ing? Being sinistral, as were many of us at art school, I had always been curious about
chirality. Different people appeared to think quite differently. What was it about their
brains (or mine) that made this so? I was puzzled by these questions, all leading to the

brain, but I suspected that no single discipline could offer adequate answers.

Equally long-standing (though less actively pursued) interests in philosophy, psychology,

and linguistics enhanced the pull of cognitive science, once I’d stumbled on it.

Meanwhile, instead of notepaper, graph paper, and canvas, the computer became my ul-
timate medium, the arena for the exploration of ideas. It may therefore have been natural

that I move towards a course that studied the computer at an abstract level.
All these threads combined to make cognitive science (and thence Al) a natural step.

So, an apparently strange transition, from the paintbrush to the keyboard, from colour to
robots, actually makes very good sense. When we talk about artificial intelligence we
must, in the long run, mean intelligence like our own, only better. A strange attractor
indeed. I offer the thought that a machine of this kind will be a creative machine, capable
of aesthetic decisions, and perhaps even an artistic machine too. That was what I always

wanted really, 'm just trying a different tack.

Mark Peters, Sydney, 1999.
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