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COLLISION AVOIDANCE ALGORITHM FOR UNMANNED AERIAL
VEHICLES

The paper considers the industries of unmanned equipment application. There had been analised the
existing collision avoidance systems.On the base of the mathematical model of material point movement
there had been suggested the algorithm for avoiding the collision of unmanned aerial vehicles. It may
become the background for future developments and algorithms in this sphere.
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Introduction. Now there is a considerable increase in interest to unmanned aerial vehicle
(UAV). Absence of a man onboard allows to carry out manoeuvres, inaccessible for manned planes.
UAVs were first employed extensively to make reconnaissance missions during the Vietnam War.
Today’s UAVs incorporate the latest technologies, including TV cameras, radars and infrared
sensors. They range from small, remotely controlled drones resembling the model airplanes to
glider-sized UAVs that can fly independently for hundreds of miles on preprogrammed missions [1-
4].

Unmanned aerial vehicles are usually applied for the solution of tasks, the implementation of
which can not be done by manned aircrafts. Such tasks are: monitoring of air space, earth and
aquatic surfaces, ecological control, air traffic control, control of marine navigation, development of
communication networks and other.

The main problem during disigning of unmanned aerial vehicle is the development of algorithms
for avoidance of their collision.

Analysis of previous researches. Today there are hundreds of the UAVs of different types and
classes - from miniature, size of which is a few tens of centimetres, to the big strategic vehicles.
The most famous are the systems TCAS[5] and ADS-B[6].

TCAS is a tool designed to prevent midair collisions of aircrafts. Operational experience has
demonstrated the utility and efficiency of TCAS. At the same time, operation of TCAS has
identified areas in which its design and algorithms needs improvement or further increase in its
efficiency and its interaction with controllers. TCAS also cannot prevent all the risks of collision
and the system may involve an additional risk.

Special attention is payed today to the unmanned aerial vehicle which use the system of
supervision-prognostication — Automatic dependent surveillance — broadcast (ADS - B). From other
systems the ADS — B differs by the improved visual possibilities: possibility conducting the
operations on the surface, possibility of conducting the operations under any weather conditions,
diminishing of space for the eventual approaching.

However there are a lot of problems, which must be solved in the development of unmanned
aerial vehicle, equipped by such a system. At first, the operators of unmanned aerial vehicle and
controllers can not fully manage the flight, since they physically can not see all the motion round
the pilotless system; secondly, the algorithms of collision avoidance are imperfect and do not allow
to provide for collision avoidance with other flying vehicles totally and under any conditions. One
more and also important issue duringf the design of flying vehicles equipped with ADS - B system
is that not all the existing algorithms and approaches for collision avoidance are coordinated with
the principles of ADS - B.

Therefore the task of development of the improved algorithms of unmanned aerial vehicle
collision avoidance is a very urgent one.

The objective of the paper is to improve the collision avoidance systems for unmanned aerial
vehicle using algorithm for collision avoidance based on mathematical model of a material point motion.

Materials and results of the research. A motion of the unmanned aerial vehicle consists of
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forward movement of its centre of mass which determines the trajectory of the flight, and the
circulating movement round the centre of mass which determines the angular position of unmanned
aerial vehicle in relation to the inertial space [7]. During the movement of unmanned aerial vehicle
in the Earths’ atmosphere, these two constituents of general motion are interconnected and must be
considered together.

The basis of mathematical model for unmanned aerial vehicle motion is constituted by the
nonlinear system of differential equation, which describes the motion of UAV in space.

Let’s introduce some definitions. The vector of position is a vector, drawn from the beginning of
chosen system of coordinates to the point of vehicles’ location (T (t) and T,(t) for both UAVs

accordingly). A vector of position and speed of its change shall be written down in projections on
axis of the chosen (cartesian or spherical) system of co-ordinates. A vector which is directed from
one UAV to the other along the line of sight and on its value equals the distance between the
centers of the masses of these UA Vs is the vector of relative distance D .

The unmanned aerial vehicle moves in space together with other flying device. To receive the
equations of relative motion of these two aerial vehicles we use the known theses of theoretical
mechanics. Using the above definitions, it is possible to assert that the position of vehicles is
determined at every time by vectors T, (t) and T, (1) .

Thus, vector of distance and relative velocity shall be written as:

{S(t)%(t)—e(t), "
V=D®)=n1)-h(1);
Vector equations of relative motion shall be written as:

V=DM=a 1) -a; ()

where @, (1),a, (t) - vectors of accelerations of both UAV accordingly.

Futheron we describe the relative motion of flying vehicles in the connected co-ordinates system
which moves relatively to the inertial co-ordinate system. In this case a transition from the absolute
vectors’ derivative to local one is carried out according the known formulas:

d Zf =T +2[ar]+[@[aT]]+[or],

at 3)
Iy fary;

d b

Absolute motion of the unmanned aerial vehicle that is approaching to it in the related to the
flying vehicle system will be determined by expressions:

V, =V, + D +[@D],
a, =3, +D +[@[@D]]+[zD]+[2@D;
Kinematic and dynamic vector equations of relative motion of the two UAVs in the connected
co-ordinate system we get from (4):

“)

D=V, -V, -[@D],
D =a -a, -[@[wD]]-[zD]-[2@D];

Thus, the equation of relative motion of two flying vehicles enables to calculate the distance they
will cover in certain interval of time, the distance between them in certain interval of time, the co-
ordinates they will accept in certain interval of time. The developed algorithm for collision
avoidance at each step of calculation considers the motion of one flying device in relation to the
other.

Let’s assume that the given aircraft moves in a horizontal plane and must reach a certain target,

)
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remaining in the same plane.

Other flying device moves opposite to it. Permissible distance between flying devices must not
be less than some number R. According to the equations of relative motion, we consider the robot
plane as a material point which moves, and other flying object - as obstacle which stands not
moving. Thus a task is to "go" round this obstacle in a short cut.

Let’s project both flying devices on the XOY plane of three-dimensional net in a specific scale.
A cell where the second flying vehicle was projected we designate as an obstacle, considering
minimum possible distance between them. We also designate as an obstacle those squares of net,
which are located round a flying vehicle and are in the range of impermissible distance between
airs. Fig.1 shows the projection of the flyng objects on the XOY plane.

YA

© >

Fig 1. Projection of aircrafts on the plane of XOY

The developed algorithm is based on such principles:

1) We divide the three-dimensional space to a net. A specific square of net is a "cell" which may
be occupied by UAV (as was mentioned above, we consider its motion as that of the material
point).

2) The step of net equals the minimum relative motion of one airplane in relation to other after
the interval of time chosen by us. Since the system is inertial and we calculate the relative motion of
one flying vehicle in relation to other, we assume, that UAV moves with that speed which we
determine as a relative, and the other flying vehicle doesn’t move. Thus the algorithm of collision
avoidance is considerably simplified.

3) If difference of coordinates z, —z, between these UAVs is bigger or equals the possible
distance between flying vehicles, then the motion of UAV does not need to be corrected. If
difference of coordinates z, —z, between UAVs is less than possible distance between them or

equals zero, - it is then needed to search for the short cut for passing the obstacle.

Conclusion. Presently there is a considerable increase of interest to Unmanned Aerial Vehicles.
In the systems of avoidance of collisions of Unmanned Aerial Vehicles a task of steering of one
airplane from the initial point to the set area in a necessary moment of time, avoiding collisions
with other flying vehicles, as well as with static obstacles is actual. A key question in the solution
of this task is the development of collision avoidance algorithm. The suggetsted algorithm uses
mathematical model of relative motion of two material points. This algorithm can be used for
navigation systems, as well as for ADS - B system.
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