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Non-linear control algorithms for an
unmanned surface vehicle

Sanjay K Sharma, Robert Sutton, Amit Motwani and Andy Annamalai

Abstract
Although intrinsically marine craft are known to exhibit non-linear dynamic characteristics, modern marine autopilot sys-
tem designs continue to be developed based on both linear and non-linear control approaches. This article evaluates
two novel non-linear autopilot designs based on non-linear local control network and non-linear model predictive con-
trol approaches to establish their effectiveness in terms of control activity expenditure, power consumption and mission
duration length under similar operating conditions. From practical point of view, autopilot with less energy consumption
would in reality provide the battery-powered vehicle with longer mission duration. The autopilot systems are used to
control the non-linear yaw dynamics of an unmanned surface vehicle named Springer. The yaw dynamics of the vehicle
being modelled using a multi-layer perceptron-type neural network. Simulation results showed that the autopilot based
on local control network method performed better for Springer. Furthermore, on the whole, the local control network
methodology can be regarded as a plausible paradigm for marine control system design.
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Introduction
From the review by Motwani,1 it is clear that
unmanned surface vehicles (USVs) are now being used
in an array of different application areas in the com-
mercial, naval and scientific sectors. Indeed, they are
currently being used for mine counter-measures,2 sur-
veying3 and environmental data gathering,4 to name
but a few. In order to meet the ongoing challenges of
these sectors USV technology continues to be devel-
oped particularly in the field of navigation, guidance
and control systems. For such vehicles to be capable of
undertaking the kinds of mission that are now being
contemplated, they require robust, reliable, accurate
and adaptable autopilot systems which allow seamless
switching between automatic and manual control
modes. Such properties in marine control systems being
necessary for the changes in the dynamic behaviour of
the vehicles that may occur owing to the deployment of
different payloads, mission requirements and varying
environmental conditions. Thus, in order to meet the
testing demands being imposed by these sectors, autop-
ilots have been designed based on, for example, fuzzy,5

gain scheduling,6 H infinity,7 linear quadratic
Gaussian,8 sliding mode9 and neural network (NN)10

techniques that have met with varying degrees of
success.

Since management and monitoring of the environ-
ment is a major issue worldwide, an USV named
Springer, depicted in Figure 1, has been specifically
designed and developed to be a cost-effective and envir-
onmentally friendly USV primarily for undertaking
pollutant tracking, and environmental and hydrogra-
phical surveys in rivers, reservoirs, inland waterways
and coastal waters, particularly where shallow waters
prevail.

The dynamic characteristics of marine vessels are
invariably non-linear and the Springer USV is no excep-
tion. This is further confirmed in Sharma and Sutton11

by showing a non-linear model predictive controller
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outperforming a linear proportional�integral�derivative
(PID) controller. Thus, this article reports the applica-
tion of two novel non-linear autopilot designs for the
vehicle. Local control network (LCN) and non-linear
model predictive control (NMPC) schemes being used
in their designs. Details of the navigation and line-of-
sight guidance subsystems for the vehicle can be found
in Naeem et al.12

Yaw dynamics of the Springer vehicle
Full details of the Springer�s hardware can be found in
Naeem et al.12 The Springer USV having been designed
as a medium waterplane twin hull vessel which is versa-
tile in terms of mission profile and payload. It is

approximately 4 m long and 2.3 m wide with a displa-
cement of 0.6 tonnes.

A multi-layer perceptron (MLP)-type NN model of
the Springer yaw dynamics was developed using a data-
set recorded during full-scale trials. A genetic algorithm
(GA)13 was used to obtain the unknown parameters of
the MLPNN model which had a population of 20 chro-
mosomes, a crossover probability of pc = 0:65 and
mutation probability of pm = 0:03. The GA was run till
maximum of 10,000 generations or mean square error
(MSE) of less than MSE40:00001 was achieved on
normalised training dataset. A parallel architecture net-
work model was then tested on validation and test data
to check its predictive capability. The GA selected the
MLPNN with four hidden nodes and represented in
generic form as

ŷ(t) = fNN
u(t), u(t � 1), u(t � 2), u(t � 3), ŷ(t � 1), ŷ(t � 2), ŷ(t � 3), ŷ(t � 4),
e(t � 1), e(t � 2), e(t � 3), e(t � 4)

� �
ð1Þ

where e(t) = y(t) � ŷ(t). In the case of the MLP, inputs
are multiplied by the weights between the input and
hidden layer and then between the hidden and output
layer to produce the final output. Here tan h was used
as an activation function in the hidden layer and linear
in the output.

Figure 2(a) and (b) illustrates the performances of
the MLPNN on validation and test dataset which pro-
duced mean-squared errors of 0:00012567 and
0:00018626 rad2, respectively. Modelling of the yaw
dynamics of the Springer vehicle is detailed in Sharma
and Sutton.14

Thereupon this NN model was used to replicate the
non-linear yaw dynamics of the Springer USV and to
train a LCN autopilot to follow set point trajectories
and also used in the architecture of the NMPC
algorithm.Figure 1. The Springer unmanned surface vehicle.

Figure 2. Predictive capability of the MLPNN model on (a) validation and (b) test data.
MSE: mean square error.
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