Communicated by Dr Ding Wang

Accepted Manuscript

NEUROCOMPUTING

e s i

Adaptive Neural Network Control of a Helicopter System with Optimal
Observer and Actor-Critic Design

LvS Hager, K.R. Uren, G. van Schoor, A. Janse van Rensburg

PII: S0925-2312(18)30413-2

DOI: 10.1016/j.neucom.2018.04.004 e
Reference: NEUCOM 19447 PUBLICATIONS
To appear in: Neurocomputing

Received date: 20 June 2017

Revised date: 20 February 2018

Accepted date: 25 April 2018

Please cite this article as: LvS Hager, K.R. Uren, G. van Schoor, A. Janse van Rensburg, Adaptive
Neural Network Control of a Helicopter System with Optimal Observer and Actor-Critic Design, Neuro-
computing (2018), doi: 10.1016/j.neucom.2018.04.004

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.neucom.2018.04.004
https://doi.org/10.1016/j.neucom.2018.04.004

Adaptive Neural Network Control of a Helicopter
System with Optimal Observer and Actor-Critic Design

LvS Hager?, K.R. Uren®*, G. van Schoor?, A. Janse van Rensburg?®

%School of Electrical, Electronic and Computer Engineering, North-West University,
Potchefstroom, 2520, South Africa
bUnit for Energy and Technology Systems, Faculty of Engineering, North-West Unitersity,
Potchefstroom, 2520, South Africa

Abstract

This paper proposes a methodology for developing an adaptive neural network
controller for a simulated helicopter system. Since an indirect adaptive neural
network framework is chosen, the controller.comprises three interconnected
neural networks called the observer, actor andscritic. The actor and critic
networks rely on the observer network responsible for state estimation. The
main contribution of this paper is the ,development of an observer that has fast
convergence capabilities in order*to be used in a completely on-line stability
control scheme. This improved,convergence is obtained by uniquely modifying
the observer network structure/and update law. The observer parameters are
also optimised by means of a genetic algorithm (GA) for improved performance.
The developed/observer is firstly evaluated on a first principle linear model and
then on actual test flight data of an attack helicopter. The results indicate
excellent performance in terms of the state estimation capability of the observer.
Lyapunev’s direct method is used to derive update laws for both the critic and
actor networks and the control parameters of these networks are also optimised
by meéans of a multi-objective GA. Actual data from a wind-tunnel test set-up
were used for controller evaluation purposes.
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