© Freund & Pettman, U.K.

Reviews in the Neurosciences, 14, 145-180 (2003)

Design for a Brain Revisited:
The Neuromorphic Design and Functionality
of the Interactive Space ‘Ada’

Kynan Eng, David Klein, Andreas Bébler, Ulysses Bernardet, Mark Blanchard, Marcio Costa!, Tobi
Delbriick, Rodney J. Douglas, Klaus Hepp, Jonatas Manzolli', Matti Mintzz, Fabian Roth, Ueli Rutishauser,
Klaus Wassermann, Adrian M. Whatley, Aaron Wittmann, Reto Wyss and Paul F.M.J. Verschure

Institute of Neuroinformatics, University/ETH Zurich, Switzerland
'Nucleo Interdisciplinar de Comunicacao Sonora, University of Campinas, Brazil
?Psychobiology Research Unit, Tel Aviv University, Tel Aviv, Israel

SYNOPSIS

While much is now known about the opera-
tion and organisation of the brain at the
neuronal and microcircuit level, we are still
some way from understanding it as a complete
system from the lowest to the highest levels of
description. One way to gain such an integrative
understanding of neural systems is to construct
them. We have built the largest neuromorphic
system yet known, an interactive space called
‘Ada’ that is able to interact with many people
simultaneously using a wide variety of sensory
and behavioural modalities. ‘She’ received
553,700 visitors over 5 months during the Swiss
Expo.02 in 2002. In this paper we present the
broad motivations, design and technologies
behind Ada, and discuss the construction and
analysis of the system.
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1. INTRODUCTION

Mankind has a long history of building suc-
cessively more elaborate approximations of natural
organisms. Early examples from the 1700s include
the humanoid automata of the brothers Droux and
Jacques de Vaucanson’s mechanical duck. Modern
artificial organisms, such as the robot dog Aibo
(Sony) and humanoids SDR-4X (Sony) /3/ and
Asimo/P3 (Honda) /44/, display more advanced
capabilities than their predecessors. Each case is an
example of the application of some of the known
operating principles of an organism to the instanti-
ation of a particular artefact. Since all known
animals above a certain level of complexity have
brains, it is only natural that some sort of
approximation to a brain often finds its way into
these artificial systems.

It could be argued that building this sort of
system is merely the mechanical application of a
known principle, without generating new know-
ledge. Indeed, the above examples were mainly
constructed for entertainment purposes. In the o
century, however, a more deliberate effort was
commenced to construct machines, such as Grey
Walter’s turtles /58/, in order to advance our under-
standing of the brain (see /13/ for an overview). In
this tradition Ashby published his influential
proposal ‘Design for a brain’ in 1952, in which he
proposed that the principles of cybernetics could
be applied to the study of the brain /5/. This
pioneering work explored different applications of
feedback control to neuronal circuits. Absent from
this proposal, however, was the physical realisation
of such a control scheme in a real-world behaving
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system. The process of building a real system
provides a reality check that can be used to elimi-
nate potential models. Real-world systems must
satisfy constraints such as power consumption,
physical appearance and real-time behavioural
performance that many models do not consider
/57,62/. In particular, the construction of a real-
world artefact requires that an explicit link between
neuronal control structures and overt behaviour be
elaborated. In addition, being forced to address
real-world constraints can also have side benefits in
the form of new technologies that are developed to
address specific problems, yet find different fields
of application.

The exercise of building artificial organisms
allows multi-level testing to a degree that would
not be possible in a natural organism. For example,
many animal experiments in neuroscience try to
link neural activity with observed behaviour by in
vivo cell recording during behavioural experiments.
While recording techniques are constantly improv-
ing, the range of data that can be collected from
any one experiment is small since it is difficult to
record from multiple sites simultaneously. As well
as this, the need for recording electrodes attached
to cumbersome equipment makes experiments with
free-roaming subjects even more difficult. If we
then want to add further simultaneous data record-
ing using techniques such as optical imaging, fMRI
or EEG scans, the technical problems become
insurmountable. We encounter the problem of our
measurement techniques interfering with each
other, as well as with the functioning (or even the
lifetime) of the organism itself. Artificial organisms
offer a way to avoid these problems. They can be
designed to allow extensive data recording without
affecting normal operation. When designed to
incorporate models of brain function based on what
has been learned from natural systems, artificial
organisms also serve to help validate or invalidate
different theories. In addition, the use of a synthetic
approach allows the systematic manipulation of
components of the nervous system and the environ-
ment in which the system operates that cannot be
achieved using biological systems. Another important
feature of this approach is that it supports highly
controlled repeatability of experiments that is diffi-
cult to achieve in complex behavioural paradigms.

These considerations led us to construct ‘Ada’,
an artificial organism in the tradition of many that
have come before. However, ‘she’ has one import-
ant difference from any known organism: she is an
interactive space, developed for the Swiss national
exhibition Expo.02 located in Neuchatel. Concep-
tually, she can be seen as an inside-out robot with
visual, audio and tactile input, and non-contact
effectors in the form of computer graphics, light
and sound. Visitors to Ada are immersed in an
environment in which their only sensory stimula-
tion comes from Ada herself (and other visitors).
Like an organism, Ada’s output is designed to have
a certain level of coherence and convey an impres-
sion of a basic unitary sentience to her visitors. She
can communicate with them collectively by using
global lighting and background music to express
overall internal states, or on an individual basis
through the use of local light and sound effects.

The Ada project builds on the tradition of Grey
Walter and Ashby, but extends it further towards
the development of real-world artefacts that show a
complexity that approaches that of real biological
systems. We argue that it is through the construc-
tion of such systems that we can advance our
theories on brain function /57/. A key feature of
this approach is that it allows the incorporation of a
multi-level perspective from neurons to circuits and
behaviour, while allowing full experimental control
and analysis. In this respect we envision an
approach based on a constructive synergy between
experimental and synthetic methods.

To realise Ada, several simultaneous lines of
research and development were pursued. Topics
under investigation include:

e Auditory processing and localisation;

¢ Multi-modal visual and tactile tracking of
humans;

e Communication using visual and sonic cues;
¢ Real-time homeostatic control systems;

e Human-machine interaction via whole-body
locomotion of visitors;

* Large-scale sensory and behavioural integration;
e Learning of behaviour.

Development of Ada commenced in late 1998
and ramped up to a maximum team size of about 25
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people. The main milestones along the way were a
series of about ten increasingly complex public o] vy Gows iy B
demonstrations and tests that started with an inter- e ——

active music composition system at the computer
fair Orbit%8. The technical development team came
trom many ditferent disciplines, ranging from bio-
logical sciences through engineering and physics to
musical compesition, There was also a team of
architects, artists, publicists, scenographers, site
managers and guides for handling the production
and operation of the exhibit, A total of over 100
people were directly involved in the construction
and running of Ada. The exhibit ran continuously
for 10 to 12 hours a day during 5 months from 15
May to 20 COctober 2002, During this period
353,700 visitors interacted with the space.

This paper presents an overview ol Ada's
sensors  and  effectors, svstem architecture  and
behaviours, Three aspects of the system involving
neural processing are discussed in detail! auditory
processing, learning ol behaviours for influencing
visitor positions in the space. and a homeostatic
scheme for behaviour sclection and emotional
expression. An overview ol the operational results
and a description of the data collection stratepics
are also given. We show how data collected at
many different levels can be combined to gain a
coherent picture of Adu’s operation. The sysiem
presented here demonstrates how the construction
of real-world artefacts can facilitate the develop-
ment and evaluation of theories on brain function.
Mureover, Ada shows that we now have the tech-
nological capabilities o construct artefacts of a
level of complexity approaching that of biological
svstems,

2, SENSORS AND EFFECTORS

Figures 1 and 2 show an overview of the Ada
exhibition layout and the main Ada space. The
sensors and effectors within Ada consist of
(including auxiliary exhibition areas) 15 video
inputs. 367 x 3 tactile inputs. 367 x 3 temperature
sensors, 9 audio input channels, 46 mechanical
degrees of freedom. 17 output audio channels, 367
x 3 [loor tile lights, 30 ambient lights and 20 [ull-
screen video outputs. All of these inputs and out-
puls can be addressed independently, giving a tich
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Floor plan of the Ada exhibit. The regions are
labefled (a) 1o () respectively. (a) Conditioning
tnnel: Visitors were introduced 1o Ada’s compon-
ents. (b Voyeur corvidor: Semi-lransparent. nrirrors
allowed w view of what happened inside Ada selll
(€] Ada selfr The Ada main space for visitor
inferaction, (d) Brainarium: Fooam wilth six monitors
providing infonmation  and  real-time  praphical
displays showing the currenl dynamics in Ada's
contrel systen, (e) Explanatorium: Visitors were
provided with  background information on the
exhibit. The arrows indicate visitor flow, The total
surface arca of the exhibit was 427 . of which the
main Ada space occupied about 160 m’,
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Overview of Ada main space. The main space is
about 160 m” in area and 5 m high. The main sensory
and effevior components are indicated. The numbers
in parentheses specilfy the amount present, See (ext
for lirther cxplanation,






































































































