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ABSTRACT

In this work, the authors propose a combined approach based on a controller architecture that is able
to generate locomotion for a quadruped robot and a global optimization algorithm to generate head
movement stabilization. The movement controllers are biologically inspired in the concept of Central
Pattern Generators (CPGs) that are modelled based on nonlinear dynamical systems, coupled Hopf
oscillators. This approach allows for explicitly specified parameters such as amplitude, offset and fre-
quency of movement and to smoothly modulate the generated oscillations according to changes in these
parameters. The overall idea is to generate head movement opposed to the one induced by locomotion,
such that the head remains stabilized. Thus, in order to achieve this desired head movement, it is neces-
sary to appropriately tune the CPG parameters. Three different global optimization algorithms search
for this best set of parameters. In order to evaluate the resulting head movement, a fitness function based
on the Euclidean norm is investigated. Moreover, a constraint-handling technique based on tournament
selection was implemented.

DOI: 10.4018/978-1-4666-4253-9.ch003

Copyright © 2014, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.



Head Motion Stabilization During Quadruped Robot Locomotion

1. INTRODUCTION

Visually-guided locomotion is important for
autonomous robotics. However, there are several
difficulties; for instance, the locomotion of quad-
ruped, biped or snake-like robots induces head
shaking that restricts stable image acquisition
and the possibility to rely on that information to
act accordingly.

This kind of disturbances, generated by lo-
comotion itself, introduces image oscillations,
increasing the difficulty in achieving image
depending tasks like: search, visual navigation,
distance measurement, etc. On the contrary, the
robotics counterpart biological mechanisms are
able to stabilize the head movement, even when
they change the type of gait or adapt to the terrain.

In this work, we propose a combined approach
to generate head movement stabilization on an
ers-7 AIBO quadruped robot that walks with a
walking gait, using Central Pattern Generators
(CPGs) and an optimization algorithm. Our aim
is to minimize the head movement induced by
locomotion. We propose to generate head move-
ment on a feedforward manner, such that the head
moves in a manner opposed to the head movement
induced by locomotion, in an open loop fashion.
For this, we save the head movement induced by
a certain walking gait, on a certain floor, during
a certain amount of time. The generated head
movement has to be opposed to this one.

We propose two movement controllers based on
CPGs, one to generate locomotion and another to
generate head movement. The first one generates
movement for the joints of the robot limbs and
the second one generates trajectories for tilt, pan
and nod head joints. The CPG controller gener-
ates movement according to a set of parameters.
A different tuning of these parameters results in a
different movement. Moreover, this CPG approach
enables to modulate the generated trajectories
according to explicit changes in the controller
parameters, such that movement is generated
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as required. This provides for a set of controller
parameters that constitute the feedforward model,
setting in an open loop manner.

In order to determine the best set of CPG con-
trol parameters that generates the head movement
opposed to the one induced by the locomotion
when no stabilization movement was performed,
we apply optimization algorithms. We apply three
stochastic optimization methods: evolution strate-
gies (Schwefel, 1995; Goldberg, 1989) and the
electromagnetism-like mechanism (Birbil & Fang,
2003). These approaches were adopted since, from
the optimization point of view, this problem can be
seen as a black-box type because the evaluation of
the objective function implies running the model
that is testing the solution by simulation. We want
to remark that these optimization methods have
been developed for problems with simple bounds.
Hence, because several constraints are imposed in
this optimization problem two constraint-handling
approaches are implemented: a repairing method
and the tournament based constraint method
(Deb, 1998).

The usefulness of the proposed controller is
verified in a physically realistic simulation envi-
ronment, and the experimental results show the
effectiveness of the proposed controllerinreducing
head motion during walking. These results enable
to compare the performance of the three opti-
mization algorithms and the distinct constraint-
handling techniques, in terms of the simulation
time, rate of convergence and robustness.

Thisrepresents afirst step towards the achieve-
ment of head stabilization. The final solution
should integrate both feedforward and feedback
controllers, probably according to visual sensory
information.

Considering real-world applications of visual
sensors, such as visually-guided locomotion, errors
inthe head orientation rather than in head position
should be considered and taken into consideration.
However, the available degrees-of-freedom of the
used ers-7 AIBO robot do not enable to directly



23 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/head-motion-stabilization-during-quadruped-

robot-locomotion/80056

Related Content

Unveiling the Power of Neuromorphic Computing: An Introductory Overview

Shubhi Gupta, Divya Singh, Ankur Singhal, Deepak Dadwal, Bikram Kumarand Anil Garg (2025).
Revolutionizing Al with Brain-Inspired Technology: Neuromorphic Computing (pp. 79-98).
www.irma-international.org/chapter/unveiling-the-power-of-neuromorphic-computing/362948

Software-Based Validation of the Differentiation Scheme for Ethernet and Wireless LAN Access
Network Types Using an End-to-End Approach

Pritee Parwekar, Adilya Bakambekova, Talgat Bizhigitand Yeldar Toleubay (2020). International Journal of
Natural Computing Research (pp. 51-60).
www.irma-international.org/article/software-based-validation-of-the-differentiation-scheme-for-ethernet-and-wireless-lan-

access-network-types-using-an-end-to-end-approach/250256

Particle Swarm Optimization Algorithm as a Tool for Profile Optimization
Goran Klepac (2015). International Journal of Natural Computing Research (pp. 1-23).
www.irma-international.org/article/particle-swarm-optimization-algorithm-as-a-tool-for-profile-optimization/164539

Identifying Subtypes of Cancer Using Genomic Data by Applying Data Mining Techniques
Tejal Upadhyayand Samir Patel (2019). International Journal of Natural Computing Research (pp. 55-64).
www.irma-international.org/article/identifying-subtypes-of-cancer-using-genomic-data-by-applying-data-mining-
techniques/231573

Interaction of Olfaction with Vision or Other Senses using Olfactory Display

Tomohiro Tanikawaand Michitaka Hirose (2013). Human Olfactory Displays and Interfaces: Odor Sensing
and Presentation (pp. 86-104).
www.irma-international.org/chapter/interaction-olfaction-vision-other-senses/71920



http://www.igi-global.com/chapter/head-motion-stabilization-during-quadruped-robot-locomotion/80056
http://www.igi-global.com/chapter/head-motion-stabilization-during-quadruped-robot-locomotion/80056
http://www.irma-international.org/chapter/unveiling-the-power-of-neuromorphic-computing/362948
http://www.irma-international.org/article/software-based-validation-of-the-differentiation-scheme-for-ethernet-and-wireless-lan-access-network-types-using-an-end-to-end-approach/250256
http://www.irma-international.org/article/software-based-validation-of-the-differentiation-scheme-for-ethernet-and-wireless-lan-access-network-types-using-an-end-to-end-approach/250256
http://www.irma-international.org/article/particle-swarm-optimization-algorithm-as-a-tool-for-profile-optimization/164539
http://www.irma-international.org/article/identifying-subtypes-of-cancer-using-genomic-data-by-applying-data-mining-techniques/231573
http://www.irma-international.org/article/identifying-subtypes-of-cancer-using-genomic-data-by-applying-data-mining-techniques/231573
http://www.irma-international.org/chapter/interaction-olfaction-vision-other-senses/71920

