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Abstract:

This paper presents a method for motion planning for
a group of mobile robots. The goal of the group is to move
through an environment and to reach a destination while
maintaining the desired formation. The map of the
environment is represented as a grid of cells. A state of
each cell is determined. It can be free, occupied by the
obstacle, occupied by a robot. The trajectories of the robots
are planned using the modification of diffusion method.
The algorithm is implemented using Cellular Neural
Network. This kind of implementation allows of efficient
path planning and to solve conflicts between robots.
Computer simulations were preformed in order to proof the
efficiency of the approach.
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1. Introduction
Multi-robots systems have become very popular.

It is motivated by development of communication and

computation. There are complex tasks that are difficult or

inappropriate for a single robot to deal with, but a team
of cooperating robots could accomplish them easily.

Examples include automated transport system, formation

flight control, and exploration of an environment. Arkin

[2] divided cooperation tasks into following groups of

applications:

1. Grazing, in this kind of tasks an environment should
be swept by robots' sensors. Vacuuming and search-
and-rescue operations are examples of grazing
problems.

2. Consuming, the tasks for the robot is to find and carry

objects placed in their environment.

Traffic control.

4. Moving in a formation, where the robots form some
geometric pattern and maintain it. The formation
flight controlis the example of the application.

w

When the group of mobile robots operates in a limited
environment avoiding collisions and blockages is the
biggest problem, which should be solved, so an efficient
path-planning algorithm is the essential part of all multi-
robots systems.

Path planning and the pattern formation methods are
divided into two groups: centralized and decentralized
approach.

In the centralized approach [1][6][7] the central unit
plans the paths for the robots. Based on global informa-
tion the commands are sent to the vehicles. Itis assumed

that there is a communication channel between the
robots and the central unit. The cost of the system
increases with the number of robots and it is not robust
to failures.

An alternative method is to use decentralized path
planning strategies [4][3][10][11]. In this approach
each robot generates its path based on local information.
Usually gradient methods are used in order to control
arobot [5][12][15]. This approach is less costly and more
robust that centralized one but it suffers from local
minima problems and low precision of pattern formation.
This paper considers the problem of path planning for
a team of robots. It is assumed that the robots share the
same goal. Two kinds of behaviours have been imple-
mented: robots are moving trough the goal indepen-
dently or in desired formation. The method described in
this paper is a decoupled approach to coordinated path
planning. It applies the modification of diffusion method
presented in [14]. The same method is used for global
path planning, pattern formation and for solving colli-
sions avoidance problems. No additional rule based sys-
tem is required to solve conflicts between robots. The
method is implemented using Cellular Neural Network.

2. Cellular Neural Network
The cellular Neural Network was introduced by Chua
[8] in 1988. CNN is a single-layer network defined on
regular lattices. The dynamics is described by a system of
NxM differential equations:
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where x; denotes the state of a cell ¢; and ij € NxM.
N, denotes the neighbourhood of a cell ¢, a)is an
interconnection weight between cells ¢,,and ¢, b} is the
feed forward template parameter, u; - an input signal,
and [ is bias term, f is a linear saturation function. The

dynamic of discrete-time CNN is described by equation:
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Chua extended the definition of CNN in 1997 [9]. Itis
assumed that it consists of cells that interact locally. This
type of CNN can be view as a generalization of cellular
automata. The neurons can be modelled as locally
connected finite states machines. The state of a cell
depends on the states of the neighbouring cells, values of
input signals, and values of templates. The neurons are
usually arranged in rectangular network. Each neuron
communicates with nearest neighbours. CNNs are widely

Articles



Journal of Automation, Mobile Robotics & Intelligent Systems

VOLUME 2, N°2 2008

used for image processing and patterns recognition but it
can be used for path planning.
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Fig. 1. Cellular Neural Network.
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Fig. 2. The neighbourhood of the cell.

3. Path planning for a single robot

CNN, which allows path planning for a single robot,
can be described as follows:

The robot's environment is divided into NxM rectan-
gular areas. The map of an environment is represented as
a 2D NxM CNN, each cell represents the corresponding
area of the environment. The algorithm consists of follo-
wing stages:

3.1. Initialisation
Weights of connection between corresponding cells
are computed using following formulae:

ay, = dist (py, p,) (3)

where dist (p;, p,,) is the distance between areas p, and
Pu» Which are represented by cells ¢, and ¢;,.
Initial values of CNN's cells equal:

G>>0 if cellisthe goal
% (0= 0 in

The initial values of inputs signals 1, are computed as
follows:

0 1 if the cell is free
u.. =
Y 0 if thecellisoccupied

(4)

other cases

(5)
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3.2. Diffusion process

uy () maxyey (xy (O -ay) if x,(N<G

) . (6)
u, (1) G if x,()=G

x,.j(t+l)—{

where N, is neighbourhood of the cellc;, a; is the weight
between ¢;, and ¢,.. If an environment is static the process

is continued until stability, that until:

Vij X, ()= x,(t+1) ()

In a dynamic environment the diffusion process is
performed continually. If ¢, corresponds to the current
position of the robot, then the motion direction is
indicated by that of neighbouring cells which value x; is
the largest.

(a) (b)
Fig. 3. The environment and its diffusion map.

Figures 3a) - 3b) present the idea of path planning.
Figure 3a) presents the occupancy grid based map of an
environment. Black squares represent obstacles; G
represents the position of the goal. Figure 3b) presents
the result of diffusion algorithm. Coordinate z presents
the value x;. The value of the cell, which cannot be
traversed, equals 0.

(b)

Fig. 4. Path planning for a single goal.
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4. Path planning for a team of robots

Values stored in the diffusion array depend on an
environment and the position of the goal. They do not
depend on positions of the robot. That means that if the
goal is common for the team of robots, each robot can
generate its own collision free path based on the same,
common diffusion array. In order to avoid collision
between robots each cell receives additional input signal

v (2).

G thecellis the goal
Vi = (8)
0  another cases
and equation (5) is replaced by:
1 if the cell is free
u,(t)=4 0 if thecellis occupied by an obstacle  (8)
-1 if  thecellis occupied by a robot

x; (t+1) = u, () - max(v, (2), maxey, (| x, ()] —a;’ ) (10)

= -
a) 5)

Fig. 5. Stages of the swarm forming.

The next task of the robot is to reach the goal and to
form a swarm. The task is divided into following stages:

e The path to the goal is planned for each robot, the
robot which path to the goal is the shortest one,
starts to be a leader of a team. The width of a path is
also taken into account. CNN based methods that
allow path planning for different constrains are
presentedin [16].

e The leader follows the planned path.

The cell placed after the leader is the goal for another
robots. The equation (8) is replaced by the equation (11).

G>>0 if c; is behind the leader
v[,.(t) =

0 in other cases

(11)

The equation (9) is replaced by the equation (12).

1 if the cell is free (12)
u;(1)y=40 if thecis occupied or ahead of the leader
-1 if the cell is occupied by a robot

When the cell in is occupied by the robot the
corresponding value u; is temporally set to -1, this cause
the change of diffusion array and this cell cannot be
accessed by another vehicle. When the robot leaves the
cell ¢;. the original value of u, is restored then the
corresponding cell becomes traversable again.

Figure 4a) presents the idea of path planning method
for robots that have been assigned to get the same
target. Obstacles are presented as a grey squares. The
black circle presents the position of the goal. The dotted
lines presents the paths planned for each robot indepen-
dently, but based on the common diffusion array. Figure
4a) presents the initial positions of the robots (black
squares). Figure 4b) presents the final positions of the
robots. The robots surround the goal. This configuration
is obtained using CNN and no additional rule based
system is required. The main disadvantage of value iter-
ation methods is that the generated path is not smooth.
In the paper [13] the method, which allows of computing
optimal controls for the robot, based on a diffusion array
is presented.

4.1. Swarm of robots

Figures 5a) - 5¢) present the stages of path execution
by a swarm of robots. Figure 5a) presents the initial
positions of the robots (black squares) and the position
of the goal (black circle). Dotted line presents the path
planned for the leader. Figures 5b), 5¢) present stages of
the swarm forming. The final locations of the robots are
different than in the case when robots are moving to the
goalindependently.

4.2. Movinggoal
If the task for the robot is to surround the moving
target the equation (11) is replaced by the equation (13)

b, ()= {G >>0 if c¢; €N, (goal)

0 in (13)

other cases

The equation (13) is applied for a new position of the
goal. In order to force the robots to surround the goal
equations (12) is replaced by:

(14)

1 the cell is free
()=
u (1) 0 thec,is occupied by an obstacle or by a robot
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5. Movingin formation The equation (13) is replaced by the equation (15)
The next task of the robot is to move trough the goal e .

in desired formation. v, (1) = {G e -dist, lf es (15)
The task is divided into two stages: 0 in_ other cases

e The path to the goal is planned; the robot which path eisascaling factor. It is assumed that:
to the goal is the shortest one starts to be a leader of
ateam. Ve, eS8 e-dist; << a;‘f’ (16)
The leader follows the planned path.
Based on the position of the robot and the desired Figures 6a) - 6d) present the stages of creating chain
formation the set S of cells that robots should occupy formation. Figure 6a) presents the initial locations of the
is computed. The distance dist; between the leader robots. Dotted rectangles present the path of the leader.
and ¢; is computed for each cell of the set S. The set Figure 6b) - 6¢) present intermediate stages of the team.
of values dist; is static and depends on the formation Figure 6d) present the result of the team formation.

not the position of robots.
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Fig. 6. Chain formation Fig. 7. Triangular formation.
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Figures 7a) - 7d) present the stages of creating
triangular formation. Figure 7a) presents the initial
locations of the robots and the goal. Dotted rectangles
present the path of the leader. Figure 7b) - 7c) present
intermediate stages. If the desired formation is impossi-
ble to be kept (figure 7c) the robots change theirs confi-
guration automatically. Figure 7d) presents the final
locations of the robots.

The algorithm has been tested for different kinds of
formations: triangle, diamond and extended line. The
method does not fail in the case if one of the robot stops
working.

6. Conclusion

In this paper, a modified diffusion method is used for
designing cooperation between robots. The method is
implemented using CNN. It is shown that for different
values of initial states of neurons and different values of
input signals different behaviours of team of robots are
obtained. Using CNN it is possible to attain desired
geometric formation of robots and to simulate hunting
behaviours. CNN based path planning method does not
generate the controls for the robots, but the controls can
be computed based on method presented in [13].

Computer simulations have been performed in order
to proof efficiency of the method. Experiments with the
use of real robots will be performed in a future.
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