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Abstract. The rescarch presented in this paper highlights the importance of
prediction and action as part of the perceptual process of a cognitive system.
Through interaction with its environment a forward model is trained to predict
multi-modal sensory representations formed by visual and tactile stimuli. The
forward model is mounted on a simulated artificial agent and implemented as an
artificial neural network, the data used for training comes from the simulated
environment of the agent. Once trained, the predictions of the network are
thoroughly analysed, the forward model is then implemented on the simulated
agent in a typical obstacle avoidance task with a phototropic bchaviour. Results
show that forward models can represent a very important tool for the behaviour
of autonomous agents.

1 Introduction

Classical views of cognition explain behaviour as a product of a direct, unidirectional
line of information processing. Sensory inputs create a sensory representation and ac-
cording to this a motor action is performed, actions are regarded as reactions, responses
to stimuli. Most of the observed behaviour is considered a consequence of an innate
stimulus-response mechanism that is available to the individual [1]. Known as the in-
formation processing metaphor, this framework thinks of the perception processes as
modules that receive, modify and then pass the information available from the envi-
ronment.

A novel approach to perception considers sensory input and action (motor output)
as part of the same cognitive process. Only in recent times the idea that the anticipation
of actions and/or sensory states influence behaviour is been appreciated. In the field of
cognitive psychology these ideas have recently received much attention. Anticipations
are now seen to play an important role on the coordination, planning and realisation
of behaviour [2]. The linear information processing approach has given way to new
frameworks according to which the direction of information flow is not anymore a
one-way path.

At the centre of this view is the importance played by the body of the agent and
its dynamic relation with the environment. An interesting proposal is presented by
Hommel et al. [3]: The Theory of Event Coding (TEC) which is "... based on the
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central notion that perceplion, attention, intention and action share, or operate on, a

common representational domain"[3]. TEC links perception and action functionally. It

is this link and its coordination that provides the basis for 
adaptive behaviour [3].

Within this framework, sensory representations are also considered as consequences

of actions. Any action realised by an agent on th
e environment has effects (action

effects) and are the main reasons for behaviour. R
epresentations that code for the

environmental and bodily consequences of a movement
 become associated to motor

representations coding for that actual movemen
t [4]. The planning and control of aс-

tions becomes anticipatory when it is driven by the desired sensory situations or desired

action effects.

The cornerstone of this research is the importance of predictions and actions as part

of the perceptual process of the cognitive system. The cognitive model is l
earned and

tested through interaction of the agent with its surroundings. The qualitative testing

of the decisions the agent takes is based on the needs of the agent to act within its own

world. For these reasons, we argue that the agent is grou
nded in its environment [5].

The objective of the research reported here is the better understanding of the effects

and extent of the abilities the implementation of cognitive models 
affords an artificial

agent.

2 Forward Models

of
A computational equivalent proposal are forward models. Ma

inly used in the field

motor control, a forward model is an internal model which incorporates knowledge

about sensory changes produced by self-generated actions of an agent ([6],[7]). Given a

sensory situation S and a motor command M (intended or actual action) the forward

model predicts the next sensory situation St+1.

Forward models provide an alternative to the classical information processing views

on perception. Möller [8) suggested forward models as a possibility to integrate visual

perception and action generation.

In the realm of artificial autonomous agents anticipation and for
ward models can

be used as a base for coherent behaviour. Autonomous agents interact with their envi-

ronment in a direct way. A basic need for them to deal with their world is to predict the

events happening. An anticipatory agent learning and using a forward model should be

able then to have sufficient information to form planning strategies avoiding undesired

situations and reacting timely to the hazards of its environment. Very interesting re-

sults have been presented by Dearden et al. [9), where a robot learns a for
ward model

that successfully imitates actions presented to its visual system. Other implementations

of cognitive approaches are discussed in Section 5.

The work presented in this paper attempts to provide an artificial age
nt with the

necessary tools to predict undesired situations. The prediction of the agent is based on

the inputs to the forward model, this prediction is characterized by the association of

visual and tactile stimuli. In the context of TEC, this association can be considered an

event composed by the motor command and the sensory situations (actual and desired)

[3].
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A form of anticipation is presented by Ziemke et al. [12], however their resultsfor long term prediction are very constrained by the environment in which the robots
evolved. In our case the model is capable of solving diferent scenarios, performing the
necessary predictions and reacting timely to obstacles on its path.

Although the task presented here can be solved by different and simpler systems,this model presents the advantage of anticipation. The implementation of more complex
tasks in the robot environment should prove that an anticipatory agent is capable of
avoiding typical problems in which a reactive agent fails such as corners and dead-endsituations.

6 Future Work

Further use of the system here presented can include behaviour in which the un-
derstanding of ego motion and its consequences is necessary. Current work, not re
ported here, includes analysis of the system predictions to distinguish between, changesbrought up in the environment because of its own movement and those changes in the
environment brought up by other agents and their respective actions.

The multi sensory representation of stimuli (visual and tactile) should also bepresent in the internal dynamics of the network. These dynamics should become more
interesting with non-constant motor commands. As proposed by TEC [3], hidden units
of the system would share resources when coding of actions and multi-sensory percеp-
tion.
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