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Abstract: This paper proposes a cooperative control method for multiple mobile robots to track two passive targets in
unknown enviranment on the basis of a particle swarm optimization (PSO). By adjusting the left and right wheels speed
of the mobile robot using the proposed control method, cach mabile robot can move towards the target on the basis of
information about the previous best location of each particle and its neighbors. The simulation results demonstrate the
validity of the proposed cooperative control methad of multiple mobile robots for tracking two passive targets.
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eticle swarm optim (PSOY'is'a population
based heuristic minimization technigue based on social
behavior. and had been proposed by Kennedy and Eber-
hart in 1995 [1]. PSQ achieves optimization using three
primary principles: evaluation where a quantitative fit-
ness can be determined for some particle location: com-
parison where the best performing location for some par-
ticle can be selected out of multiple possibilitics: and an
imitation where the qualit@§ of betier particles are mim-

wiors. Each particle then determines its move-
ment through the search space by combining some aspect
of the history of its own current and best (best-fitness) lo-
cations with those of one or more members of the swarm
with some random perturbations. The next iteration takes
place aficr all particles have been moved. Eventually the
swarmn as a whole, like a flock of birds collectively forag-
ing for food. is likely to move close to an optimum of the
fitness function [2].

This paper treats of the cooperative control of multi-
ple mobile robots. The mohile robot has limited mobil-
ity range and energy availability: there for it should be
have an effective motion to reach the two different posi-
tion of passive target [3].PSO for the moving actions of
each mobiles robot is preferable to be used in multiple
mobile robots (swarms) that can explore in the unknown
environment with the goal of reaching two passive targets
[4]-

A decentralized PSO is used in this project for each
mobile robot to determine the velocities of the left and
right wheels for reaching known two targets in unknown
environment. Some issues in design and implementation
of an unsupervised distributed PSO for target locations
include robot dispersion and deployment, localization,
obstacle avoidance, overshooting targets, effect of par-
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ticle neighborhood sizes on performance and scalability
[5]. Generally, PSO is more than just a collection of par-
ticles. A particle by itself has almost no power to solve
any problem; progress occurs only when the particles in-
teract and can be used to evolve parameters for robotic
controflers.

In this paper, the PSO-based target tracking control
method for multiple mohile robots, to determine the ve-
locities of the left and right wheels to two different tar-
gets, is proposed. That is, PSO is not used as an opti-
mization algorithm. Each mobile robot as a particle has
responsibility for another robot and themself, which eval-
uates the nearest position into the target at each iteration.
After each evaluation, the robots communicate to share
the fitness information needed to progress to the next it-
eration. Each mobile robat can decide by themself, which
the target position will be selected. The simulation results
demonstrate the validity of the proposed cooperative con-
trof method.

2. PROBLEM STATEMENT

The focus of this research is creating algorithm for
moving action to reach two different passive targets po-
sition in unknown eavironment. And the robots have the
information of the target position and the mobile robots
use a fitness function, during the simulation. We adopt
PSO algorithm to solve this problem. During simulation,
the mobile robot we make full use of the real-time in-
formation attained by updating the coordinate position of
each mohile robot, in this case the Euclidean distance of
the individual robots relative to the target, to analyze the
status of their current position. The basic PSO algorithm
is slightly modified to accommodate for the obstacle (i.e.
Walls or ather robots) avoidance and collective robatic
search applications.

in the Simulation. the size of working space is
640x480 pixels with random style a wall surrounded.
Each mobile robot is programmed in order to find the
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moving action without crashing the wall and other robots
using PSO method. Here.jt is assume that each robot have
information about two different target position, itself po-
sition and another robot position close to the robot.

3. PARTICLE SWARM OPTIMIZATION
FOR TRACKING TWO PASSIVE
TARGET

3.1 Definition of Particle Swarm Optimization

The problem space is initialized with random solutions
in which the particles search for the optimum. Each par-
ticle randomly searches in the problem space by updating
itself with the best solution it ever found and the social
information gathered from other particles. Within the de-
fined problem space, the system has a population of par-
ticles. Each particle is randomized with a velocity and
flies in the search space. The velocities and positions of
the particles are constantly updated until they have all
reached the target.each mobile robots as particles com-
municate with each other while learning their own experi-
ence in the population begins with a randomized position
P () and randomized velocity P (#) in the 2 dimensional
search space.

The problem in unknown environment is initiatized
with random solutions in which the robots search for the
optimum. Each robot randomly searches in the prob-
lem space by updating itsclf wim the best solution it

) }'I‘hc velncme,-. and positions ol‘
tfle mhot\ are com:tanﬂy updated until all robot reached
the target position,

Velocity update equations based on the PSO are given
by (1) and (2).

L_":(F +1) = m‘ﬁ[!} + eyrand(«){(pBest, — fa,(f)}
+  eyrand(x)(gBest; — P (1)) 1

Pe+1) = P(t) + V(e + )H Q)

where, fl: sampling time in the simulation with O.1s. )
and cp: the balance factors between the effect of self-
knowledge and social knowledge in moving the parti-
cle towards the target. rand(+): a random number be-
tween ( and 1,and different at each iteration. w- iner-
tia weight. pHest;: the best position of a particle (mo-
bilc robot).gBest, : the best position within the swarm.
Pt + 1) fhc new position of mobile robot for next
iteration. F%(t) :the current position of mobile robot.
Vi(£+1): the velocity of mobile robot. Since, in the above
algorithm, there is the possibility of particles movement
to out of the problem space. an upper velocity bound for
particle movement is specified.
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3.2 The mobile robot model
Kinematic equations of the two-wheeled mobile robot
are:
hedo cos{l)  cos(f#)

?3; _ !iil;G} sil?(ﬂ} [h]
L

u 2

3

where 42 and % are coordinates of the center of mobile
rohot gear, ¢ is the angle that rep the oricntation
of the vehicle, V7, and Vi are velocities of right and left
wheels and 2/ is the mobile robot base length.

ya

0
Fig. | Model of two wheeled mobile robot,

Each particle remembers the position that achieved its
highest performance also a member of some neighbor-
hood of particles, and remembers which particle achieved
the best overall position in that neighborhood. Fig. 6
shows the deseription of a two-wheeled mebile robot
madel. Where, P;(x, y) is coordinates of the mobile robot
pasition, & is a heading angle and ¢ is a linier velocity of
the mohile rohot.

Evaluation function of distance between each mohile
rabot and the goal,means the distance o hetween the cur-
rent position £;(x, y} and the desired position Py(x . y4)
of the robot at next sampling.and is defined by

(#g — ) + (a — y)? )
And the angle to the goal as follows:
8, =tan™! (iJ_d_:__‘a‘_) (5)
P ]
g.=6.-# (&)

where the error angle to the goal is defined as equation
(5), and in the next sampling program will minimize the
error angle. From the equation (3) we can know where is
the nearest target position with the robot position and the
mobile robot will decided and choosed the final target.
The nearest position of the mobile robot with the target
will become gfesi. The equation (4) for determining
direction toward of mobile robots into the goal.




3.3 Moving action of mebile robot

The moving action algorithm of each mobile is shown
in Fig. 2. In initialization ¢ = (.first each mobile robot
has some information such as own position in the un-
known environment position of anather mobile robot sur-
rounding near position of two target. These information
will be used for PSO, each mobile robot will check the
distance between his own position with targets position
and mobile robot will decides the target. Next, performed
tracking the shortest path to reach the target using PSO
method.
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Fig. 2 Flowchart of Moving Action.

In iteration, the mobile robot updates the nearest tar-
get position by. The target will be determined by gBest,
and the distance of the nearest mobile robot to the nearest
target position will be determined by pBesf. After we
have information about the current position of each mo-
bile robot, gBest, pBest and V(£ + 1) for the velocity of
mobile robot will be caleulate by PSO algorithm to obtain
a new position of each mobile robot. During moving ac-
tion to reach the target, mobile robot also check availabil-
ity of the obstacle {i.e.walls or other robots} using avoid-
ance algorithm. [f have a obstacle during moving action
to reach the target, mobile robot will use his last position
closest 1o the obstacle as an input to the PSO algorithm

to get the next new position to avoid the obstacle.

4. SIMULATION RESULTS

In this research, we have proposed the use of PSO
methad in order to cooperative control multiple mobile
robot to reach two different position of target in unknown
environment. Fifteen mobile robots are used in this sim-
ulation. The conditions that accompany the goal were
fixed position during robot reached the target and moving
condition after the mobile robot closed it. The parameters
of PSO in the simulation are set as follows: ¢j=e2=1.5, w
=0.5, rand(+) = [0, 1], and maximum velocities of mo-
bile robot is 9.4 cm/s.

Figures 3(a)-3(f) show snap shots during the maving
of 15 mobile robots to the two different positions of the
target in unknown environment. Each mobile robot can
move towards the two target quickly and cooperatively
during avoid wall and another mobile robot.
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Fig. 3 Tracking actions of the 15 mobile robots using
PSO method.

At the beginning of simulation, position of each mo-
bile robot and the targets position in unknown environ-
ment is shown as Fig. 3(a). In Fig. 3(a). the mobile
robot will moves from the current position to the one of
target with its velocity. At thats time each mobile robot
have three important information; current position of the
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mobile robot; another mobite robot position; distance be-
tween cach mobile robot and distance between each mo-
bile to the target.

Figure 3(b) shows the moving actions of each mobile
robot to reach their selected final target by avoidance the
obstacles and through the narrow path. At the f=48s in
Fig. 3(c). some of mobile robot can pass through the nar-
row path with obstacle, while others mobile robot still
find the way to reach the target.

In the f=60s shown in Fig. 3(d), each mobile robot
moves to the nearest selected target and some mobile
robot already arrived in the final tget position shown
in Fig. 3(d). Figures 3(¢) and 3(f) show that almost all of
mobile robot already reach their selected target at #=110s,
umtil t=120s two mobile robot still tracking the way go to
their selected the final target.

Figures 4(a)-(d) show g Best and the distance between
the mobile robet and two targets.

The mobile robot #3 in the initial position select target
I. During reach to the target. this mobile robot change
the direction to target 2 because at this time it is closer to
the target 2 and tracking the path to go there until reach
this target that showed in Fig. 4(a).

Figure 4(b) shows that the mobile robot #1 | have three
intersection during the way to reach the target 1. it means
mobile robot #11 changes the target three times. In the
t=0s, this mobile robot select target | for the final target
but around £=32s changes to the target 2, because the dis-
tance into target 2 is nearest than target .Around #=45s
mobile robot confused because the distance between two
target is same until get some disturbance. then this robot
keep select target 2 as final target. Finally this mobile
robot select the target 1 as final target until finished., he-
cause it get some interference from another mobile robot
so changed the target to the target 1. The mobile robot
#14 have same reason with the mobile robot #11, but
in this case only have two intersection, thats means only
changed target two times to reach the final target.

In Figure 4(d), there is no intersection line at alt which
means the mobile robot #15 never changed the target dur-
ing the simulation.

5. CONCLUSIONS

In this paper, we proposed cooperative control mul-
tiple mobile robot using particle swarm optimization
(PSO) for tracking two passive target. The simulation re-
sults show that the PSO-based method succesfully gener-
ates moving actions ta the two passive target while avoid
the wall and collision other robot in unknown environ-
ment.
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