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Predicting the internal model of a robotic system from its mo. ~holugy

Angel J. Duran, Angel P. del Pobil

Robotic Intelligence Laboratory, Jaume I University, Castellon, Spain

Abstract

The estimation of the internal model of a robotic system results from t! ~ interactior of its morphology, sensors and
actuators, with a particular environment. Model learning techniques, bas. * on supervised machine learning, are
widespread for determining the internal model. An important limitation of such pproaches is that once a model has
been learnt, it does not behave properly when the robot morphology 15 “anged From this it follows that there must
exist a relationship between them. We propose a model for this co.. 'ation ...ween the morphology and the internal
model parameters, so that a new internal model can be predicted when ." = morphological parameters are modified.
Different neural network architectures are proposed to address - wugu uunensional regression problem. A case study
is analyzed in detail to illustrate and evaluate the performance of tu. ~nproach, namely, a pan-tilt robot head executing
saccadic movements. The best results are obtained for - - ~rchitectmc with parallel neural networks. Our results
can be instrumental in state-of-the-art trends such as self-re nfis uav.e robots, reproducible research, cyber-physical

robotic systems or cloud robotics, in which internal models w

«d available as shared knowledge, so that robots with

different morphologies can readily exhibit a particular .~ 2vior . - a given environment.
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1. Introduction

A robot system interacting with a partic .lar eny ‘on-
ment is characterized by its morpholo¢ - and inter al
model. The morphology could be considere.. <are re-
sentation of the physical properties ( the robou sys-
tem. Most of these properties ce . be " .easur>d. In
turn, the internal model represents . ~ .nter2 don be-
tween the robot system and the .nvironn.. * Different
research areas within Roboti > *~ve been established
that differ in the way in whic.. the rei. “~ns among these
three elements are handle” Thus, in some cases, the
morphology of a robot s del rmined by its interac-
tion with the environmc * 1" whereas in other cases,
the simulation of the nviron. ~nt and incomplete self-
knowledge models e ro’ ot behavior [2]. A third per-
spective estimates he i .ernal nodel from the interac-
tion of a particular ki.. of rc yot with the environment.
These model J- ...ung appic «ches typically consider ex-
clusively the relationst s between states and actions,
and the infor. ‘ation abc it the states and actions of the
past, present an.. e expected future is needed to
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model the robot behavior. The process of learning is a
regression problem where the training samples are ob-
tained from the state and controls of the plant along time
[3]. Internal-model-based control theory is well estab-
lished, but internal models are typically expressed as
mathematical models of the plant, normally by means
of a set of differential equations [4].

While classical robotics relies on those manually gen-
erated models, an autonomous cognitive robot needs to
automatically generate internal models based on infor-
mation extracted from data streams accessible to the
robot from the environment [5]. From an operational
point of view, there are two approaches to deal with the
adaptation of the robot internal model: adaptive control
and model learning. Whereas the former uses on-line
parameter identification [6], the latter uses supervised
learning. In our research, we adopt the model learn-
ing approach because it makes no assumption about the
structure of the model and includes all phenomena in a
general function built out of experimental data.

A relationship always exists between the internal
model and the morphology, and they are inseparable
from each other because both affect how information
is processed in the robotic system [7]. The first aim
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