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a b s t r a c t

Focusing on the polar extreme environment, a composite control method is proposed to finish the polar
scientific research task in this paper. Based on the vector field and the linear quadratic regulator (LQR)
control method, the small unmanned aerial vehicle can realize precise trajectory following control under
wind disturbance. Through vector filed method, system constructs the corresponding vector fields for the
planed research trajectory, generates the desired course inputs for the small aerial vehicle. Furthermore,
the LQR control method is proposed and utilized as the inner control loop to realize the precise attitude
control. Lyapunov stability arguments are used to demonstrate the asymptotic decay of trajectory follow-
ing errors in the presence of wind disturbances. Experimental flight results are given to show that the
small unmanned aerial vehicle can get the high trajectory following performance in the polar
environment.
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1. Introduction

The interaction of ice sheets with the lithosphere, oceans, and
atmosphere is the important trace for the earth development.
Therefore, the polar science research has become one hotspot in
the recent years. With the development of the polar research, the
harsh polar environment, such as low temperature, strong wind,
blowing snow, have become a big burden for the polar science re-
search [1]. Compared with other land equipments, the aircraft has
advantages in cost and efficiency [2].

The small unmanned aerial vehicle (SUAV) is a remotely piloted
or self-piloted aircraft that can carry cameras, sensors, communi-
cation equipments or the other payloads to carry out observation
activity at dangerous area [3]. The SUAV has demonstrated its
effectiveness in military and civil applications [4]. There exists a
new trend that SUAV assists scientists in the polar region research
[5,6]. A small UAV with 2 m wingspan, developed by the British
Antarctic Institute and the Technical University of Braunschweig,
is used to get the temperature data of Weddell Sea area in the
end of 2007. Kansas University developed a Meridian SUAV to
study the decomposed speed and the depth of the ice sheet. With
the high precision camera, a small Aist-MUAV is developed by NII-
PEMKHAI Institute to investigate the links between the arctic
change and global processes to anticipate the changes of the earth.

However, the SUAV has payload and power constraints in the
flight process. Thus, low performance sensors and control units

based on the micro electronic mechanic system (MEMS) are often
used in the SUAV. Moreover, there exists wind disturbance in the
flight process. The wind speed is commonly 20–50% of the desired
airspeed. Therefore, the SUAV may have a poor performance of the
flight trajectories. Since wind disturbances vary quickly, it is hard
to construct the precise model for wind disturbance. The capability
to realize precise trajectory following control in the large wind dis-
turbance environment is a challenging problem for SUAV system
[7].

To realize the autonomous trajectory tracking, several control
technologies have been proposed [8,9]. Basically, the tracking con-
trol methods can be classified into traditional PID control, robust
control, intelligent control, etc. [10,11]. Since the PID control meth-
od has the simper structure, it is often used in the trajectory track-
ing [12]. Composite PID control has been used to adapt to the wind
disturbance to realize the straight line and the arc line following
[13]. However, the PID control has little robustness for environ-
ment disturbance. The robust control, H2, H1, LQR, are also used
in the SUAV trajectory control [14,15]. The criteria function based
on the LQR has been constructed to get optimal matrix parameters
for the SUAV to realize stable trajectory following function [16].
But the robust control has its limitation for its parameter
uncertainty, real time, and dynamic response characteristics. The
intelligent control can cope with parameter uncertainties with a
self-organizing capability [17,18]. Fuzzy control and adaptive
neural network have been used to realize the precise 3D position
control for the SUAV system [19]. However, it requires exten-
sive computation and thus compromises its application for real
time.
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