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Abstract

Autonomous  agent  use  internal  models  as  a  representation  of  the  sensorimotor
relationships.  This  enables  them  to  predict  future  sensory  inputs  or  compute  control
signals.  Models  can  be  characterised  by  criteria  such  as  capacity,  expressiveness,
flexibility,  robustness,  and  generalisation.  In  a  non-stationary  environment  or  for  a
developing robot, models have to balance flexibility with robustness in order to be able to
incorporate new information without deleting earlier information that is still relevant. We will
briefly discuss previous work where we have studied a robot that explores an environment
using a homeokinetic controller and predicts future sensor inputs with an internal model.
We compared the performance of a number of training algorithms for this model and found
that reservoir computing works particularly well in terms of a Pareto maximisation of the
exploratory coverage of the environment and the predictability of sensory input, but also
simple linear models can yield good results. This led to the preliminary conclusion that a
complex model with higher robustness can be as useful for exploration as simple model
that flexibly adapts to the current situation in the environment. Obviously, in more complex
environments this relation might not hold, and a more complex model can provide more
resources for an exploitation of the acquired information.

In  this  contribution  we  follow a  more  general  approach  to  the  problem of  learning  in
autonomous  agents  in  terms  of  information  theory.  The  two  aspects  of  availability  of
information in the explored environment and the representation of this information in the
internal  model  can be combined naturally  in  a  free-energy approach that  is  similar  to
Friston's  formulation  [3,4].  It  deviates  from  this  formulation,  firstly  by  a  restriction  to
sensorimotor  dynamics,  secondly  by  a  genuine  temporal  formulation  based  on  the
principle of immediacy, thirdly by explicitly taking into account the control of actions, and
finally with respect to the resulting behaviour of the agent. The latter claim is demonstrated
analytically in a Gaussian approximation, but the approach can be evaluated also more
generally by relating it to formulations of the agent learning problem based on predictive
information [2] and the homeokinetic principle [1]. In addition it is also possible to identify
relations of the approach to theories of learning in neural systems.

The results of the before-mentioned model-learning experiment are now considered in the
information-theoretic approach which indicates that a high information flow enabled by a
flexible simple model is equivalent to a moderate flow that is required to keep a more
complex model in sync with the environment. 
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