CONTROL IN A PROBLEM OF AIRCRAFT
COLLISION AVOIDANCE!

S. I. Kumkov

kumkov@imm.uran.ru

Institute of Mathematics and Mechanics,
Russtan Academy of Sciences, Ekaterinburg, Russia

S. G. Pyatko
psg@nita.spb.su

Academy of Civil Avation, St. Petersburg, Russia

Problem of creation of practically valid algorithms for control in
aircraft collision avoidance is urgently important for providing se-
curity of air traffic.

Consideration of now existing statements of practical problem of
avoidance shows that the analysis of possible collision and recom-
mended control for avoidance are rather approximate in the virtue
both of multi-criteria nature of this problem and by technical rea-
sons [3]. Attempts of strict mathematical statements of the aircraft
avoidance problems [4] can lead to solutions and algorithms that
are unacceptable from the point of view of technology of the air
traffic control.

In this work the problem of aircraft collision avoidance is solved
on the basis of methods of the optimal control under conditions of
uncertainty.

Motion of two aircrafts is considered in the horizontal plane
along the axes of their routes. Dynamics of motion of each air-
craft is described by a non-linear differential equation system of
the third order. Two phase coordinates give an aircraft position
in the plane, the third one is the heading of the aircraft motion.
The velocities of aircrafts are assumed to be constant and known.
According to the rules [3], only one aircraft is to be taken for con-
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trol. The second aircraft does not manoeuvre. The forecast of
the aircrafts approach is carried out and analyzed. The analy-
sis provides to chose an optimal aircraft for manoeuvering and to
compute its necessary control. The control is found constructively,
i.e., it directly (by building) provides guaranteed avoidance of air-
crafts collision and takes into account the technological demands
[3]. These demands are: the aircrafts flight-by on the given safe
distance, the minimal deviation of the manoeuvering aircraft from
its route, and the minimal-time return of the craft back onto the
route. In the phase state the obtained control realizes the manoeu-
vre onto a terminal set of a special type [1,2].

The elaborated algorithms and software allow in the real-time
mode to implement detection of possible collision and to built a
control for collision avoidance. The algorithms are designed for
application to advanced air traffic control systems.
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