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Performance study of an omnidirectional mobile
robot
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Abstract: In this work we introduce the kinematic model and
dynamic model of an omnidirectional mobile robot with three-center
directional wheels. These models allow us to simulate the behavior of
the robot and evaluate its performance.
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I. INTRODUCTION:

In the framework of robotics and unlike the industrial
manipulator robots which work in many automated factories,
mobile robotics plays an integral role. The space within which
mobile robot should move is often very large, geometrically
unknown and owning a proper dynamic

Some mobile robots, wheeled robots occupy a privileged
place. The relative simplicity of their structure and mechanical
energy consumption, make the wvehicles most frequently
encountered, both in indoor environments that use
external. Wheeled vehicles have limited capacity to cross
directly related to the size of their wheels. Maneuvers are
often required to perform specific movements or to move in a
cluttered environment.

As for robot manipulators, the control of a mobile robot
requires knowledge of the kinematic model and dynamic
model of vehicle. Estimating the position of a mobile robot
can be derived directly from the measuring position of its
joints. Each configuration of the joints is not a unique position
of the platform. Connections wheel / ground are the seat of
friction phenomena that induce significant inaccuracies in
control and in the estimation of vehicle position.

. KINEMATIC MODLING [7]:

The posture of a vehicle is the position of the marker linked
to the wvehicle in a coordinate system related to the
environment. It is a non-homogeneous vector, whose first two
components define the position of the reference robot in the
reference mark and the latter defines the orientation of the
robot reference relative to fixed frame.
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Variables of the robot:

@

Fig. 1. variable (a) absolute position and (b) modeling of robot omni
kinematics

Vector notation:

X=[£89]"

E=[xy#] " describes posture of the robot in the Galilean
reference

B =1[B; B, B3 1T describes the steering angles of wheels

@ = [p190,05] T describes the angle of rotation of the
wheels

g = [# @] describes the joint variables

The inversed kinematic model links the derivate of posture
vector to joint velocities vector. Knowing the speed of the
vehicle in the space of postures, it allows calculating all
actuators speed instructions. This design is used to command
the robot. The relations between operational speeds and joint
velocities are gotten from the hypothesis of wheel/ ground
point contact and the non-sliding roll of vehicule wheels.

They allows the interference of wheels geometric parameters
as well as the architecture of the platform.
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To determine the kinematic constraint equations of the
steerable wheel off center, we make two assumptions:-roll
without slippage of the wheel-rolling without slippage of the
wheel in the horizontal plane.

o No skating:
[cos B sinf x, sin B — y, cos ﬂ]R(G).§+ rg =0(1)
o No slippage:

[sinf —cosBe—x,cosB —y, sinﬂ]R(G).§+ ef =0

(2
cos @ singd 0

With R(0) = (— sinf cos® 0) 3)
0 0 1

1. MOBILITY OF THE ROBOT :

The robots are classified according to their mobility and
number of independently steerable wheels centered [9]. For
this, we consider a general mobile robot equipped with wheels
N; fixed, centered orientable wheel N., Nqy -center directional
wheels or N= N¢+ N+ Ny the total number of wheels.

Vector of orientation variables

B = [g;] Vector of orientation variables for the centered
adjustable wheels and the decentered adjustable wheels

Vector of rotation variables

= [Z{] Vector of rotation variables for different
Pd

wheels

The kinematic constraints of the robot are written as
the following matrix:

{]1(,3c,,3d)R(9)§_+ rq"). =0 “
Ci(Be, BORO)E +ef =
with
Jif Cir
]1 = jlc 'Cl = Clc
]1d Cld
Or

Jis ,Cy¢ are matrices of (N x 3) dimension
Ji¢ ,Cyc are matrices (N, x 3) dimension
J14,C1q are matrices (Ng x 3) dimension

Differents types of constraints
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the equations of links between solids are of 2 types:

* holonomic equations, f (g, t) = 0.

Holonomic equations reflect geometric links between solids.
* non-holonomic équations, f(qg,g,t) = 0.

Non-holonomic equations reflect kinematic links between
solids.

We call pseudo-holonomic equations, equations of non-
holonomic type that could be reduced to holonomic equations
through integration.

mobility Degree —Degree de directionality [7]

the expressions of kinematic constraints of fixed wheels and
centered orientable wheels are written as follows:

CifR(O)E =0

CifR(O)E =0 )

At each moment, the robot motion is equivalent to a pure
rotation around the instantaneous center of rotation (ICR) the
position of which varies. The instantaneous velocity vector of
each point of the robot is orthogonal to the straight line joining
this point to RIC. Consequently, all the axes of fixed and
orientable centered wheels are concurrent to ICR.

R(G)f belongs to the core C;" defined as follows :
cr = (le )
! Clc

The rank of C,” expresses motion possibilities of the robot.
the mobility degree of the robot 3, is defined from the rank of

i
dm = dim(ker(C;)) = 3 — Rang(Cy) (6)
ifRang(Cy) = 3, 8,= 0, no motion is possible
ifRang(Cy) = 0, 8,,= 3, all motion are possible
if the robot is mobile 1< §,< 3:

if the robot possesses at least 2 fixed wheels, their axes of
rotation should be confused otherwise robot displacement is
limited to rotations around competition point of these axes,
that to say rank ( C;)< 1.

the degree of mobile robots directionality is expressed as
follows : §;=Rang(C)

with 0 < §;<2

ds presenting the number of centered wheels possible to
orient the ones from the others independently, in a way that
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the instantaneous centre of rotation exists we can orient only
centered wheels ; the extra wheels will necessarily have a
movement coordinated with the two first ones.

Classification of mobile robots by their degree of
mobility 6,, - 3s degrees of directionality [9]

Table I: Classification of mobile robots by type (8, )

Type Excempie de robot Matrice X Dinifn)
=
6.0 :’ﬂ I, 5
&
C (0 0)
(2, 0) D—{ 1 2
Lo 1)
@ g —sin(@,) 0}
2.17) L;ﬂ cos(f,) 0 3
& o 1)
| N
(1, 1) %/\ . Lsin(B5) 2
= \ COE‘(PSCS } z'll
(=2Lsin(g,, )sin( 8., )]
(1,2) cp-—&i Lsin(f,, + B5.,) 3
Sin{:ﬁcl - 1851 JI| s

IKM (inverse kinematics model) allows the robot to move:
Cartesian variables derived & joint variables derived g or

i=fEER

It follows that VV (CE€ Wheel/R0) = 0
So:
V7 (C€E Wheel /Ro)= V(CE pl IRo)+ V(CE Wheel /pl) @)

The kinematic equations are expressed in the landmark was
Rp

oL
7(CE Wheel /pl)=| —e4j- ®)
0
7(CE pl IRo)= V(A€ pl IRy)+Q (pl [Ry)A AT )
V(A€ pl IRg)= 7 (PE pl IR)+Q (pl IRy)A PA (10)
0
With & (pl /Ro)=| 0 (12)
0Z,
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In writing these equations for each wheel, we obtain the
inverse kinematics model of the robot in the following matrix

orm: {le(e)i+r<€= 0 (12)
CiR(6)¢+ef =0
With
cos B1 sin B1 Xg1 SIN B1 Va1 cos B1
J1=|cos B2 sin By xq2 sin B2 =Ya1 cos B2 (13)
cos B3 sin B3 xq3 Sin B3—Ya3 cos g3
sin f1  —cos f1 e—xqg1 Sin B1 —YVa1 cos B1
C1=[Sin B2 —cos By e—xg2 sin B2 —Y41 cos ﬁzl (14)
sin B3 —cos B3 e—xq3 Sin B3—Va3 cos g3
- 1 =
¢ =—-J1R(6)¢
. 1 . (15)
f=-1cRO)E
orX =S(X)é (16)
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I3X3

S0 = |~ GRO)
1

—-/1R(6)

17

If =0, then X =0 . There is no joint movement
possible without moving the platform; it can not be any
internal reconfiguration of the robot. This point is important
for design. Indeed if you look matrices j; and C;, we see that
the position of the wheels is required to calculate the joint
velocities, especially at the start of the movement. Now, we
can reconfigure the wheels. Simple encoder stepper requiring
research tops of zero are not sufficient. It is necessary to know
the absolute positions of wheels relative to the platform. The
absolute position encoders are needed.

V. DYNAMIC MODEL

The dynamic model of the robot represents the
relationship between pairs of actuators and the accelerations,
velocities, joint positions and external forces. They are
expressed as follows:

r=£(X X,XF)
With the vector T couples joint

The direct dynamic model is written:

X=fX X,ET)

The use of this model is very new for the synthesis of
control laws for mobile robots[14],[15].
To calculate the dynamic model of wheeled mobile robots, the
most common approach is the use of Lagrangian formalism.
There is the advantage of providing an explicit model directly
usable for the simulation model directly under the general
form:

J=Q.+Q+L (18)

or
J represents the vector of generalized actions of inertia
Q, represents the vector of external actions
Q;represents the vector of internal actions
L represents the vector of generalized action liaison

The dynamic model of the robot is determined by assuming
that the robot is a material system composed of non-
deformable, hence Q;=0

The previous equation reducesto ] = Q, + L (19)
A.  Shares generalized inertia
Issue 1, Volume 5, 2011
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The generalized action of inertia J; is calculated from the
Lagrange formula for the q; :

) - G
aXi axi
The calculation of partial derivatives of the energy Ec

can, by arrangement, to obtain expression measures
generalized inertia:

J(X %,X) = T®X +K(X X)
Or T(X) is the matrix of inertia
H(X ?) is the vector of centrifugal terms and the terms of

d

Ji=% (20)

21)

Coriolis

B.  External actions

The vector of external actions Q, can be decomposed into
three terms:

Q =0Qy+0n+0Q4 (22)
With Q, actions due to gravity.
Q,,, shares due to the engine.
Q, actions dissipation due to viscous friction and dry.
. Review Q, : the dynamic model is
established on a ground plane and horizontal.
Shares of zero gravity are:
Q=0 (23)

. Review Q,,: actions engines are due only to
torque provided by motor-driven actuators in the
joints:

Qm = Blmot

Or B (9x9) is a matrix selection motorized joints.
Review Q : the dissipation due to viscous
and dry friction in wheel movement in tension and
guidance:

Qd = _frés

(24)

(25)

These frictions preclude couples directly applied on the
joints.
The external actions are as follows:
Qe = Bfmot - frés

(26)

C.  Shares Generalized Relation

Shares generalized liaison representing the forces and
torques due to bonds of contacts. For wheeled mobile robots,
this condition reflects the rolling without slipping. These
actions are the product of the kinematic constraint matrix by a
vector of Lagrange multiplier.

L=AT(X).2 27)
: Ci elzxs O3x3] 5
With A = , 4 (6x1) vector of Lagrange
Ji O3xz  7.l3x3
multipliers
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D. Equation of dynamics

TEOX +B(X X ) = Bfoe — Tres + AT(X). (28)

E. Kinetic Energy

The total kinetic energy is equal to the sum of kinetic
energies of the different bodies constituting the system.
< Kinetic energy of the platform (pl)
Gpl is the centroid of the platform, we can then write

speed Gpl:
V(Gyi € pl /Ro)=V(PE pl IRo)+Q (pl /R)A PGy (29)
X
avec PG, = |’
w=e
kinetic energy of the platform reads:
1 1 :
ECp[ = Empr(,gpl + 51,,192 (30)

With my, is the mass of the platform
I denotes the moment of inertia of a platform relative
to vertical axis passing through Gpl

«  Kinetic energy of the wheels

Writing the absolute velocity of center of gravity
Gpi the rotating part:

Fig. 2 center of gravity Gy

V(Gpi IRo)= V(PE pl IR)+6.Zy APGyy + .Zg A AGyy

(28)

Calculating Xgp :

We assume that the center of gravity of the yoke FHAG is at a
distance e / 2 point A; anchorage on X,

- X :
We have 4G, = [ gpl] with x ¢, :g + mmr 2 (31)
Rb W heel _i

The kinetic energy of the wheel i:

1 T P Iy
Ecwheel « = 5 Mwheet Vap Vopt + 5102 + 515 (0 + B)

(32)
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With Myhee i IS the mass of the rotating part of the wheel i
(wheel tread)
l,i moment of inertia of the wheel i about the axis of
traction (horizontal rotation)
Isi moment of inertia of the wheel tread i around the axis
direction (vertical rotation)

% Total kinetic energy

Total kinetic energy of the robot is written in the quadratic
form:

Ec = Ecy + Ty Ecnea = 2K T(DOX (33)
with T (X)the matrix of inertia symmetric positive definite
of dimension 9x9
RT(6).F.R(6) RT(8).G 03,3
GTR(®) Ig

03x3 I(p

T(X) - 03x3 (34)

03x3

F. Action Motors

They are represented by the vector 7,,,, (dim = 9x1) or
assuming all joints are motorized.

fmot = [0 00 Tﬁl TBZ Tﬁ3 T¢1 T¢2 T¢3] T (35)
The selection of the engine is made by the selection matrix B
appropriate.

G.  Scrubbing action

For the dynamic model of the robaot, it is necessary to take
into account friction. These phenomena are in practice
difficult to model. For axis traction, we used a simplified
model consisting of dry Coulomb friction and viscous friction
as a function of speed. These frictions are taken into account
in the actuators and transmission. They are written as follows:

Ci = fs.sign(q;) + fv.q; (36)
With fs:  dry friction coefficient of coulomb
fv: coefficient of viscous friction

when changing direction of the robot, the steering axis must
overcome a resisting torque of friction of the wheel on the
ground. contact with the wheel on the ground is not reduced to
a point but is a surface due to deformation of the tread under
the load of the robot.

If we consider that the wheel is cylindrical and non-ring,
the contact surface wheel-ground is a rectangle of length L
and width W. The pressure distribution on the ground is
parabolic[12].

Different methods are used to express the pressure. We have
chosen the term of the pressure given by Nikravesh:

_ 4 Pmax x
P=4—=x (l B 7)
With Pmax=1,5 Fz/WL
Fz is the force of gravity on the wheel.

@37)
(38)
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By integrating the pressure on the surface, we obtain the
torque required to pivot the wheel to stop:

1
fol (x - E)anwdx

Mpa = (39)

With g, = p. P tangential coefficient
u the coefficient of friction.

The coefficient of friction depends on the nature of the tread
of the wheel and the soil. When the wheel is in motion, the
equation can no longer calculate the torque for pivoting the
contact surface and the coefficient friction change. Pacejka
proposes to model the pair of swinging motion as follows
[13]:

M pm— Krss-@ (40)

With  Krés factor proportionality torque  pivot
The amount of pivoting ¢ is defined as the ratio of the speed
guidance on the linear speed of the wheel, r is radius of the
wheel.

(41)

Pacejka determine experimentally the proportionality
coefficient K, of a wheel supporting a mass my. the coefficient
of proportionality Kres is in the following form:

m

K,se = Ko (m—o) 5/2
It expresses Mpi, the pair of pivoting by:
If M, | > [Myo| = My, = sign(B). My |
Otherwise M,; = sign(p).|Myp |
The friction for the guiding i written:
C; = fs.sign(q) + fv.q; + My,

(42)

(43)

The vector of shares of friction is written:
[000C, C, C3 C4 Cs Cg]T

(44)

Trés

V. DYNAMIC MODEL

Given the various terms of kinetic energy, engine
friction and the equation of the Lagrange formalism is
written as follows:
(a(%ﬁTTo‘oi)

X

1T  _ =
a [o(3% ToOX)
dt oxX

) = Bfmot - frés +
AT(R). % (45)

The elimination of Lagrange multipliers is done using the
kinematic constraint matrix A7(X)and relation X = S(X)¢ .
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Since S(X)belongs to the kernel of AT(X), we multiply the
above equation by ST (X) [3].

We obtain a new form for the equation:

MEX + (X X)) = Tpe — Tres (46)

With M(X) = ST(X). T(X) (47)
AR ) =760, [ A

ST(X).h(X, X) (48)

ot = ST(X). BT (49)

Tres = ST Tres (50)

The kinematic and dynamic models of robot 3-center
directional wheels allow us to simulate the kinematic model
and dynamic model.

The inverse dynamic model of the platform incorporating the
terms of Coriolis, centrifugal terms and the terms of friction
allows for a realistic design of the platform and its

components. For a motion ?desired platform, the simulator
provides couples to apply to the wheels.

Ll
>l

KM

==l
—
ksl

Fig. 3. Open loop simulator
Parameters and values of friction:
Dry friction and viscous friction on the axes :

The coefficients of dry and viscous friction were drawn
from the results obtained for the robot MELODY of 'IRCYN
(Institute of Research on Cybermetric of Nante) The
coefficients of dry and viscous friction were drawn from the
results obtained for the robot during the identification phase
dynamic parameters [14].

The couple of dry friction on the axe of MELODY is about
8 Nm, and the viscous friction coefficient de 1.5 Nm/rad/s. the
mass of MELODY is 410 Kg while the mass of our platform
is about 250 Kg. the dry friction has been estimated in the
masses report, that to say a couple of dry friction of 5 Nm
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reported to the wheel. The viscous friction coefficient is taken
to the identical.

Couple of pivot, H.Pacejka model

To entirely determine the model of H.Pacejka, we should
evaluate the pure pivot couple My, and the parameter Ky of
pivot couple in motion of My, .

Couple of pure pivot

Returning to the equations (39) et (40), the couple of pure
pivot is expressed as follows :

=Jo (x=3)x(L=7) [awmw] ax

. F
with P, = 1.5W—j

M

pa (51)

To evaluate the characteristics of the wheel print on the
ground we estimate its vertical crushing. For a hard rubber
bandage, the vertical rigidity is equal to 340.000 N/m. The
vertical deformation & for a charge of 250 Kg distributed on 3
wheels is on the order of 2.4 mm.

- / &
V7777777777

For a radius of 100 mm, the length of the print | is of 28.2
mm. the wheel width is of 40 mm. the value of the static
friction coefficient u is equal to 0.35 a rubber wheel on a
plastic covered ground .after the integration of equation (39)
we find the de pivot couple when stopping, M= 6 Nm

Pivot Couple of the wheel in movement

Recall that the couple required to pivot is expressed as
follows:
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Mpm = Krés % (52)
5
with K., = K, (mﬂo) 2 (53)

For a wheel supporting a vertical charge of 75 Kg, K=
0.80Ncm? [13]. Applying formula (36), we find

5
K, = 0.80 X (%) 3 = 1.09 Nem?

Hence the following overall model of pivot:

If | My | > My | = My = sign(B). |My, |

Otherwise M,,; = 1.09 sign(p). |£|

VI. CONCLUSION:

We took the kinematic modeling of a robot with three-
center directional wheels. The analysis of this type of robot
provides the following information:

This model of robot must be powered on to avoid singular
configurations.

The robot can configure its wheels without moving so it is
necessary to consider an absolute position sensor on each axis
direction.

We have presented the different conventions allowing the
study the mobile robots of conventional wheels as well as
characterizing them by their degree of mobility and
directionality we have done a ranking, in term of mobility, of
the different structures of the robot using the conventional
wheels. The only way to obtain an omni-directional robot of
conventional wheels is through the only use of decentred
orientable wheels.

We have afterwards described the dynamic model of the
robot taking into consideration a model of wheel friction on
the ground.

REFERENCES:
[1]  Julien Aragones Geovany A. Borges and Alain Fournier, Accuracy
improvement for a redundant vehicle, proceedings of the IEEE

International Symposium on Robotics, Stockholm, Sweeden, october
2002



[2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

INTERNATIONAL JOURNAL OF MATHEMATICAL MODELS AND METHODS IN APPLIED SCIENCES

B. Bayle, J.-Y. Fourquet and M. Renaud, Manipulability analysis for
mobile manipulators, proceedings of the IEEE International Conference
on Robotics and Automation, (ICRA), Seoul, Korea, May 2001, pp
1251-1256

A. Betourne, Etude de robots mobiles omnidirectionnels: modélisation
et simulation, thése de doctorat de 'université de Montpellier 2, 1995

G. A. Borges, M.-J. Aldon , T. Gil, "An optimal pose estimator for map-
based mobile robot dynamic localization: experimental comparison with
the EKF". Proc. of IEEE Int Conf on Robotics and Automation, May 21-
26, Seoul, Korea, 2001.

Geovany Araujo Borges, Cartographie de [’environnement et
localisation robuste pour la navigation de robots mobiles, thése de
doctorat de 1’Université de Montpellier 2, mai 2002

K.S. Byun, S.J. Kim and J.B. Song, Design of a four wheeled
omnidirectional mobile robot with variable wheel arrangement
mechanism, proceedings of the IEEE International Conference on
Robotics and Automation, Washington, DC, 2002, pp 720-725

Guy Campion, Georges Bastin and Brigitte d’Adréa-Novel, Structural
properties and classification of kinematic and dynamic models of
wheeled mobile robots, IEEE Transactions on Robotics and Automation,
Vol.12, No 1, February 1996, pp 47-62

G. Campion, R. Hossa, Adaptive ouput linearizing control of wheeled
mobile robot, proceedings of IFAC symposium on robot control, Nantes,
France, September 1997, pp 261-266

C. Canudas de Wit, B. Siciliano and G. Bastin, Theory of robot control,
Springer Verlag, 1996

Luc Chevalier, Mécanique des systémes et des milieux déformables,
édition Ellipses, 1995, pp 106-109

Yann Le Corre, Conception et commande d'un robot Omnidirectionnel,
theése de doctorat de I’Université de Montpellier 2, décembre 1998

P.E.Nikravesh,G.Gim,An analytical model of pneumatic tyres for
vehicule dynamic simulation. Partl: Pure slips, International Journal of
vehicule Design,vol11,n°6,1990

H.B Pacejka and R.S Sharp Shear Force Development by Pneumatic
Types in Steady State Conditions :A review of Modeling Aspects,
Vehicule System Dynamics, n°20,1991,pp 121-176

Tounsi M.,Contribution a [’étude des robots mobiles, Thése de doctorat,
Ecole central de Nantes, Nantes, France, octobre 1995

B.d’Andréa-Novel,G.Bastin and G.Campion,Modelling and Feedback
Control of non holonomic systems :the case of mobile Robots,|IEEE
International Conference on Robotics and Automation, pp 1130-
1135,Avril 1996

S. M. Killough and F. G. Pin, “Design of an omnidirectional and
holonomic wheeled platform design,” in Proc. IEEE Con$ Robotics
and Automation, Nice, France, 1992, pp. 84-90.

B. d’Andr6a-Novel, G. Bastin, and G. Campion, “Modeling and Control
of nonholonomic wheeled mobile robots,” in Proc. IEEE Con&
Robotics and Automation, Sacramento, CA, 1991, pp. 1130-1135.

L.Ferriére, B. Raucent , Base mobile omnidirectionnelle , Belgian Patent
n°09700058, janvier, 1997

Takaaki Yamada, Keigo Watanabe and Kazuo Kiguchi,
Dynamic model and control for a holonomic omnidirectional
mobile robot, Autonomous Robots, Vol. 11, 2001, pp 173-189

Issue 1, Volume 5, 2011 32

[20] K. Thanjavur and R. Rajagopalan, Ease of dynamic modelling of
wheeled Mobile robots (WMRS) using Kane'’s approach, proceedings of
the IEEE International Conférence on Robotics and Automation
(ICRA), Albuquerque, New Mexico, April 1997, pp2926-2931

[21] T. Gil,M.Benoit, A Transputer Based Distributed System For
Automous Vehicule Control , Proceedings of IEEE International
Conference on intelligent Vehicules, Tokyo, Japan, june 1993

[22] A. Salerno, S. Ostrovskaya, J. Angeles, The development of
quasiholonomic wheeled robots, proc. Of the IEEE International
Conference On Robotics and Automation(ICRA), Washington 2002
[23] Matthew Spenko, Haoyong Yu and Steven Dubowsky, Analysis and
design of an omnidirectional platform for operation on non-ideal
floors, proceedigns of IEEE International Conference on Robotics and
Automation, Washington, DC, may 2002, pp 726-731

[24] Byung-ju Yi and Whee Kuk Kim, The kinematics for redundantly
actuated omni-directional mobile robots, proceedings of the IEEE
International Conférence on Robotics and Automation (ICRA), San
Francisco, CA, april 2000, pp 2485-2492

[25] Xiaoping Yun and Yoshio Yamamoto, Stability Analysis of the internal
dynamics of a wheeled mobile robot, Journal of Robotic Systems, Vol.
14(10), 1997, pp 697-709

[26] O.Hachour and N.Mastorakis Behaviour of intelligent autonomous
roboticiar, IASME transaction,issue 1 , volume 1 ISSN 1790-031x
WSEAS January 2004,pp76-86.

[27] O.Hachour and N.Mastorakis Intelligent and Control and planning of
IAR,3" WSEAS International Multiconference on System Science and
engineering. In Copacabana Rio De Janeiro,Brazil, October 12-
15,2004.www.wseas.org.





