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Abstract. The problem of local motion planning for mobile oté in an unknown environment is
considered. The new algorithm of a field bug isgasied. The main feature of the algorithm is a
combination of Bug algorithms and potential fielsh&thodology.

AJITOPUTM ITOJIEBOTI'O KYKA B 3AJJAYE JIOKAJIBHOI'O
INJIAHUPOBAHUSA ABUKEHUSA MOBUJIBHBIX POBOTOB
bapawikos A.A.

KaroueBble ciioBa: MOOWIbHBIE pOOOTHI, JIOKAaTbHAS HABHUTAlWS, IUIAHUPOBAHUC JBIDKCHHUS,
AITOPHUTM JKyKa, HCKYCCTBEHHBIC MIOTCHIIMANBLHBIC MOJIA, 33a/1a4a 00X0/a MPEsATCTBUN, HEU3BECTHAS
cpena.

AHHoTanus. PaccmarpuBaeTcs 3a7ada JJOKAIBHOTO TJIAHUPOBAHUS ABIKCHHUS MOOMIIBHBIX POOOTOB
B HEW3BECTHOH cpene. [IpemraraeTcss HOBBIM aJTOPUTM IMOJIEBOTO Kyka. OCHOBHON 0COOCHHOCTHIO
TpeylaraéMoro aIropuTMa SBJSIETCS COBMEIICHHE alrOpuTMOB Tpymmsl Bug m mertomonorun
MOTEHIMATBHBIX TOJIEH.

Task of the Local Planning

One of the relevant issues in modern robotics & phoblem ofmotion
planning of a mobile robot (MR) when performing various kasMethods for
solving this problem can be divided into global nping methods and local
planning methods.

Global planning allows MR to construct the optimmaute along which it
should move from the initial position to the go@lobal planning algorithms
require complete information about the shape aadtion of obstacles. In this case,
this problem can be successfully solved using élgyos on graphs.

To implement the movement of MR along the consediatoute, which is
obtained by global planning methods, it is necgssarsolve the problem dbcal
planning. The need to solve this problem may be due tonhgficient amount of a
priori information, as well as the non-stationamgture of the environment. For
local planning, the robot needs to have only infation about its position, the
position of the goal and the position of the nelambstacles.

Algorithms of Bug Group

The most popular methods of local planning in aknaavn environment are
algorithms of the Bug group [1fhey are based on observing the behaviour of a
bug: having encountered an obstacle, it bypassasditcontinues to move in the
same direction.

The first representative of this group is gl algorithm. This algorithm
assumes that the MR follows the contour of theasidstand continuously measures
the distance from its current position to the gpaint. After the robot makes a
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complete turnover around the obstacle, it retuonthé point at which the distance
to the goal is minimal. The main drawback of theggBalgorithm is the necessity to
move through all the points around the obstaclethgorobot needs to cover a
distance exceeding the perimeter of the obstadbgpass it.

The evolution of algorithms of this group is thHgug2 algorithm. Its
fundamental difference is that when an obstacleeiected, the robot remembers
the vector directed to the goal point. The robotvesoalong the boundary of the
obstacle and, when crossing the remembered vectmnges its trajectory,
following directly to the goal. Bug2, as well asdu requires the robot to perform
unnecessary movements, but in less quantity. FijuskRows a comparison of the
trajectories obtained during movement of MR ushyBugl and Bug2 algorithms.

Also, algorithms of this group includengent Bug [2], which is based on the
search for an optimal route along the graph of ¢atgyto the edges of obstacles.
The advantage of this method is the ability to fiodtes which are close to optimal.
The main disadvantage of the algorithm is the clitty of its implementation.

TR

b)
Fig. 1. Obstacle bypass trajectories with Bug)l énd Bug2l§) algorithms

All algorithms of the Bug group consider the rolasta material point, and
therefore do not take into account the width offihesage between obstacles.

Methodology of Potential Fields

Another popular method of motion planning for mehibbots is the method
of potential fields (PF), proposed by A.K. Platonov in 1970 [3]. Therent state of
the method and features of its application in rmisois discussed in [3-9]. The PF
method can be used both in global planning, wherap of the area is known, and
in local planning, in conditions of incomplete infmation.

The PF method is as follows: it is assumed thatgibed has some positive
charge, and the obstacles are negatively chargbd. rébot appears to be a
negatively charged point, which is capable of mgvikunder the influence of
potential forces, the robot will be “attracted” tbe goal and “repelled” from
obstacles.

The main advantage of the PF method is the sintplmi calculating the
potential forces that specify the direction of roatof the MR.

The main disadvantage of the PF method is the gnoldf so-called ['ocal
minima" — existence of regions where the gradient ofgbtential field equals to
zero. When the robot gets there, it gets stuck.efisure the way out of such
regions, the use of additional heuristic rulesepuired [5].
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An Idea of Field Bug Algorithm

This article proposes a new algorithm for localnpiag in non-deterministic
environments, which combines methods borrowed fifuerbug algorithms, as well
as from the method of potential fields.

The motion of a ground MR is observed in a fixedebaeference system
(BRS) of two-dimensional physical space (Fig. 2)eTposition of MR is given by
the vectorr =(x, y). The goal of the MR's movement is set in the BR& badius
vectorr, . The robot and the goal are connected by vett{dr) :

dy(r)y=ry-r.

The environment contains impassable points (olesacFor each position
of MR is given a vectod (r), connecting the robot and the nearest impassable
point.

The point of the trajectory at which the MR chantfesdirection of motion is
calledthe turning point.

AV
Goal
' d,(r) MR
d,(r)
r\i.’
r ¥ Obstacle
Obstacle
N ( _ ) Obstacle ¥

Fig. 2. An environment where the robot operates

The algorithm is based on the following rules.
1. The movement of MR in free space is carriedioat straight line towards
the goal.

2. If the MR approaches the obstacle at some pointthen it changes
direction and begins to move along the border af dhbstacle. In addition, he
remembers the coordinates of the turning point

3. Movement along the border continues until thmtpof departure from the
obstacle is reached , which is determined by two conditions:

1) r~ is closer to the goal compared to the turning pointi.e.
s ] <[ds )
2) the direction of movement to the goal is free.
4. Then the MR performs a straightforward moventewards the goal.
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Application of Potential Fields

To determine the vector of the control actiorio the actuators of the robot at
each discrete time instaftt, it is proposed to apply the method of potenieibk.

The goal of the movement forms an attractive figlg (r) , and the obstacles
— repellent U (r). The antigradients of these fields are potentiatcds
Fatt (r) = _DUatt (r) and I:rep (r) = _DUrep(r) .

These forces are used to form the vector of thdrabaction u, which
determines speed and direction of movement of tRe e vector is calculated
according the rules on which the field bug algontis based.

It is decided to take a parabolic function nearttiget and a linear far from it

as an attractive potential [6]. Such a potentiaicfion generates to the following
potential force:

S, 19, 0)lisey,
Fa)=) 4 ) (1)
“d, O lldg ©)1I>p,.
where p, >0 - radius of the area around the goal, within whéchparabolic
potential function is usedk, >0 — a constant; ang| ¢ || - Euclidean norm of a
vector.

The repulsive field creates a “potential barrief’ width p, around the

obstacle, in which the potential increases shawitgn approaching the obstacle
[6]. Potential force created by this field:

1 1) d,(r)
-k B e  ld, ©)I=p
Fep(r)= (Ildo(r)ll prjlldo(r)lf
0, lld, ©)II>p:,
wherek, >0 is a constant.
A Field Bug Algorithm

The robot, controlled by the field bug algorithmashtwo modes of
movementfree movement andobstacle bypass.

In the absence of obstacles located near the ilzotadius ofp,”, the robot

(2)

performs free movement. The valuemf >p, is a constant that sets the width of

the zone of influence of obstacles in free movemnmate. The control action is
determined by the attractive potential force (1):

u= Fatt (r) '
In the case when the distance from the MR to tlaeast point of the obstacle
becomes smaller than the valuemf , and this point is on the route of the robot,
the robot begins to bypass the obstacle. It isidensd that the point lays on the
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MR's way if the scalar product of vectaig(r) andd,(r) is greater than zero. At

the beginning of the obstacle bypass, the roboenebers the turning poimt”.

The obstacle bypass mode is based on the idea [Bor6], where it is
proposed for the robot to go around the obstadesgathe equipotential lines
(isolines) of the repulsive potential field.

In the obstacle bypass mode, the width of the clestafluence zone is set by

the constantp,” >p,". The control action vector is primarily formed hiye
tangential force F_,(r) , which is directed along the tangent to the isolafi the

repulsive potential field of the obstacle and, é&ere, perpendicular to the vector
d,(r). The absolute value of the forde,, r (i9 set equal to the magnitude of

F.. (r). Thus, the tangential force vector is found frdra solution of the following
system of equations:
{<Ftan (), do(r))=0,
"Ftan (r)|| = ”Fatt (r )"
where the angle brackets, ) denote the scalar product of vectors.

System (3) has two solutions corresponding to thextions of bypassing the
obstacle on the left and right sides. In this papes proposed to bypass by the left
side. Thus, the tangential force is determinecdhieyfvllowing expression:

[Fae O] R0 )||]
Fan (1) = —d, , d, ,
t { “do @] do )]
whered,,, d,, — coordinates of vectat, (r) = (d,,, d,,)-

To avoid the collision of the robot with obstaclése repulsive force (2) is
added to the tangential force (4):
u= Ftan (r) + I:rep (r) .

Obstacle bypass must be completed when the folpwiree conditions are

@)

(4)

met.
1. The vector directed to the goal and the vecicected to the nearest

obstacle point form an obtuse angjel'g (r), do(r)> <O0.

2. The distance from the current position to thalgse less than from the
remembered turning poimt’:

s @] <[eta )
3. There are no obstacles at a distance from thet,root exceeding, , in
the direction of the vectad (r).

If the first two conditions are met, but the thiigl not satisfied, the new
position of the turning point should be remembered=r .
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Also, the bypass should be completed if no obssaate found in radiup,

from the robot.

Computer Simulation Results

To study the developed method, a robot motion satran environment was
created using Python 3 programming language.

Robots were modelled by material points that aresimed and are able to
move in any direction. The motion of the robot isscribed by the following
equation:

Ti+r =ku,
whereT, k — constants and = 0.20;k = 1.00.
The radiuses of the zones were taken as follows:

P, =0.27m, p, =0.18m, p,” =0.50m, p,° =2.00m.

When calculating the potential forces (1), (2), fibléowing coefficient values
were usedk, = 0.60;k, = 0.12. The simulation results of bypass of oldstaof

various types are presented in Fig. 3.
oo £ LI
- ®

Fig. 3. Trajectories of bypassing simple obstaofesrious kinds by MR
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