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Introduction

Wings were not designed to let animals
fly. They probably were at first heat-
regulating devices, the structure of which
happened inexpectedly to give some gliding
capacities. Because it gave a selective
advantage, this "side-effect" evolved and
became the main function of the
structure-- eventually yielding the wings
we know (Gould 1991b).

Many phenomenons, from biological
structures to key arrangements on
keyboards (Gould 1991b), are better
explained a-posteriori, through such an
evolutionary perspective, than by the pure
functional view that they were a-priori
designed for their current use.1
"Contingency" is the notion that the origin of
important facts are often unexpected
events- "accidents", as it were- which
yet happened to yield important
consequences in the particular context of
their occurence.

Though beeing an essential aspect of
animal evolution, contingency was never
considered in building robots. The goal of
this paper is to claim that the notion of
contingency is yet necessary to understand
the particular nature of "embodied" artificial
systems (robots) vs. "disembodied" ones
(symbolic or simulated systems). 
"embodied system", we mean a system
which is in sensori-motor interaction with a
natural environment.

l See the books from S.J. Gould (1988, 1991a,

1991b) for arguments against the "adaptationist"
view that every detail of evolution was directed
toward optimal adaptation.

Embodiment and opportunistic behavior

The fact that a robot is in sensori-motor
interaction with its environment is usually
considered a problem, rising many hard and
tedious constraints like calibration,
mechanical or electronic adjustings, motor
powering, sensor noise, etc. These
constraints are regarded as taking time and,
all things considered, parasitic compared to
"truely" interesting cognitive issues like high-
level navigation, planning or task selection.
Thence, in order to "get to the point" more
easily, many robotic systems are developed
as computer simulations, somewhat
assuming that a physical implementation
would rise purely technical problems. Doing
this, however, just hides the specificity of
robotics compared to e.g. artificial
intelligence, which is, indeed, the embodied
nature of robots. The consequences of
embodiment are not just parasits- they
are the very ones to be understood and,
even, exploited. Far from being just a
technical engineering problem, embodiment
can be considered a scientific subject to
study and experiment with.

This idea, however, requires an unusual
perspective on robotics. This field has been
usually approached with an engineer’s point
of view: given a task to perform, the
engineer tries to build a robot or computer
program achieving it. Robotic systems, thus,
are designed as problem-solving or task-
achieving ones. But robotics can also be
considered within cognitive science. The
purpose of cognitive science is to model
animal and human cognitive abilities, i.e.
understand and reproduce the mechanisms
of "intelligent" behaviour. Though task
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achievement is an aspect of intelligent
behaviour, there are other aspects that can
be approached through building robot. In
particular, our own research subject is
opportunistic behavior.

"Opportunistic behavior", here, does not
mean watching for an expected opportunity
to do something that you were somehow
intending to do. Rather, the idea is, in
response to an unanticipated situation, to
really invent or improvise a new task, or to
alter an existing one. This is in contradiction
with the engineer’s "functional" approach,
where design is completely guided by and
toward predefinite high-level tasks. Tasks
are no longer predefinite, but may change
through a development process. It is a
major conceptual change in the usual
design of robots, proposing that the very
tasks of the robot might change
opportunistically, and no longer be a
constant guide for design.

Yet, animal evolution suggests to robotics
that this idea is worth trying. The wing
example above showed a given physical
device having its function modified for
contingent reasons (from heat regulation to
gliding). Generally, the functional evolution
of biological structures seems an important
process for animal diversity and adaptation
(Gould 1988, 1993). The first lesson 
animal evolution that we wish to consider in
artificial systems is that structures are not
developped toward predefinite functions, but
that there is a co-evolution of structures and
functions.

Let’s illustrate by an example how this
abstract idea can lead to concrete research
in a robotics framework.

A true story

Some years ago, we observed an
unusual robot behavior, which was the
origin of our current concerns.

The KitBorg is a small mobile robot2,
commanded by its left and right wheel
speeds, and using three photocells, one
frontal, one 90° right and one 90° left. It was
behaving according to the most activated
cell: for the frontal cell it drove ahead, for
the left cell it turned left, for the right cell it
turned right. This was just a test reflex to
make the robot follow a lamp. But when
unlighting the lamp, the robot did something
totally unexpected- which the witnesses
recalled spontaneously several years later.
The robot turned back, heading toward a
large window and avoiding obstacles in its
path, then turned toward a half-closed door.
It managed the narrow passage to the office
room behind, and finally kept "dancing"
under the lightbulb, as if showing that it had
reached its goal. This was what everyone
usually try to do with mobile robots!

After thought, this behavior is no longer
surprising. Obstacles were avoided because
of their shades, then the robot was caught
by the light cone coming through the door,
which guided it to the office. The final dance
was just indecision in a local maximum of
light intensity.

But, though every witness knew how the
KitBorg was programmed, this interpretation
in navigation terms forced itself upon each
of them.

To bring out the lesson of this story, let’s
focus on the unexpected property that a
light-seeking behaviour frequently drives a
robot to avoid obstacles. Here, obstacle-
avoidance was not intended, but the
particular context of the experiment let it
emerge from another behaviour. This was a
good surprise, but thanks to luck only; and
there was no systematic way to exploit this
fact.

However, the robot was equipped with
sonars-- useless this far. Imagine that
somehow it could automatically observe,

2 Designed and developed by Aleph Technologies,

Grenoble, France.
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while moving, an interesting relation
between the sonar signals and its rotation
speed:

¯ when the right sonars are more excited
than the left ones, I turn left,

¯ when the left sonars are more excited
than the right ones, I turn right,

¯ when there is no significant difference,
the movement is unconstrained.

This is a description of an empirically
observed relation. By changing this
description to a specification for a reflex (i.e.
how to act given an immediate sensory
situation), this relation could be exploited to
produce a new behavior, namely obstacle
avoidance)

In a sense, this dependancy can be seen
as representing an emergent functionnafity,
because it now allows to exploit it, to take
advantage of it, by making a new task
available (avoiding obstacles).

This example illustrates an incremental
methodology for robot opportunistic
development, which is one of our major
research areas.

Roughly, the idea is to learn "internal
representations" of a robot’s behavior as
relations between sensori-motor variables
that can be empirically observed in given
contexts. These are called "sensori-motor
representations", because they are
expressed in purely sensori-motor terms.
Technical and experimental developments
are outside the scope of this paper; let’s just
say that we use probabilistic structures on
which we can compute probabilistic
inference.4

3 Note that such a transformation is not immediate,
all inderterminations have to be solved first. For
example, the movement in free space is
unconstrained, but a definite value must eventually
be chosen to command the robot. We have chosen a
probabilistic framework to tackle these issues.
4 For French readers, full developments and
experimental descriptions are available in the
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The fundamental point is that the
interpretation (function) of any such
inference is not fixed but context-
dependant, and can be opportunistically
used to program different behaviours in
different contexts. If the context changes
due to unexpected and contingent causes,
the robot’s working can be opportunistically
"tinkered" to keep on being relevant. This
kind of development process, which is
usually regarded as a "debugging" process,
may now be approached as an open
opportunistic (if not creative) methodology.

Let us just emphasize some more points
about this approach that we are developing:
¯ Opportunistic development is not an

automatic process. For the moment, it is
still a methodology. However, we are
trying to make this methodology as
systematic as we can, and to automatize
as much as we can (for example, the
learning processes to experimentally
identify the sensori-motor
representations).

¯ The concern underlying this approach is
the origin and genesis of sensori-motor
representations more than their
performances.

¯ The inspiration from animal evolution has
to be adapted to the robotics framework.
We focus on software development,
because it is more amenable to
experimentation than animal-like
hardware evolution. However, doing this,
our purpose remains to understand the
specific nature of a sensori-motor (rather
than symbolic) system in a natural (non-
controled) environment.

¯ The inability to recognize and manage
unexpected (i.e., non a-priori modeled)
situations or events is currently one of the

author’s PhD thesis (Dedieu 1995), which can 
found on the website:
http://leibniz.imag.fr/LAPLACE/Mediatheque/Biblioth
eque/Abstracts/Dedieu95a.html.



strongest limits of artificial vs. natural
systems. Contingent re-interpretation of
opportunistically developped sensori-
motor representations seems a first step
to tackle this hard problem.

This can be related to the "symbol
grounding problem" (Harnad 1990),
which is the difficulty to relate functional
terms to sensori-motor terms and
experience. The solution sketched here is
to let the robot develop its own
representations (i.e. based only on
sensori-motor terms). Only after that, we
may try to interpret them depending of
how they actually may be used.

Let’s give another example, where the
"parasitic" effect of unexpected events is
more obvious than in the story above. A
mobile robot was doing path-planning and
path-following in our laboratory, using a
geometric map of it. When passing a door,
however, a small bulging copper door-step
caused it to slip and collide the wall. Such
an unexpected event can typically be dealt
with by removing the door-step (thus
controling the environment to make the
model valid), or by adding more rubber to
the wheels to prevent slipping (thus altering
the hardware to make the model valid). 
possible suggestion, however, would be to
use this empirical observation to help
recognize a door location (if you slip, you’re
likely to be at a door-step). Of course, this
was not an intended capacity for the robot,
and it hinders the intended navigation
abilities. Yet, it allows a continued
incremental software development of the
robot, without controling the environment
nor having to re-design the robot.

hard to model. Their nature is badly
conveyed by functional approaches,
because these approaches are guided by
predefinite tasks or functionalities, which
lead to regard unexpected events and
incompleteness of models as parasits to get
rid of. We would like, by contrast, to study
and explore the contribution (rather than
interference) of embodiment in developing
cognitive abilities. The notion of contingency
in animal evolution suggests that it is worth
considering a co-evolution of biological
structures and their functions together. This
paper presented a tentative approach to this
issue in a robotics framework.
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Conclusion

Robots, unlike computer simulations or
symbolic systems, are in sensori-motor
interaction with their environments. Sensori-
motor interactions are rich, complex, and
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