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Abstract — This paper deals design of control algorithms usim
approximate linearization method, namely PD and st control
algorithm for nonlinear simulation model Ball&Beam. In this
paper is given a mathematical — physical model wheby was
created nonlinear simulation model Ball&Beam in theSimulink
environment. The proposed control algorithms are impemented
into control structures with the aim tracking desired position of
ball along beam. The programmed simulation schemesf dhe
control structures for tracking reference trajectory are verified in
the Matlab/Simulink language.
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|l. INTRODUCTION

Model B&B is a simplification of Ball&Plate (B&P) odel,
which is located at the Laboratory of Cybernetid¢stte
Department of Cybernetics and Artificial Intelligen[1].

The model B&B is divided into two subsystems namely
subsystemMovement of ball along beamand subsystem
Servomotor(Fig.2). To detect of position of ball along beam
is added sensor to the model.
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Fig. 2 Ball&Beam — subsystems

Model Ball&Beam is the typical example of a natural

nonstable system, which is mostly used in teachiaged on
its properties, in the validation and testing afi®as proposed
control algorithms in control structures [2].

In this paper are designed PD and state contrairigthgn
for control of the simulation nonlinear model, whiis based
on mathematical — physical model Ball&Beam. Theposed
control algorithms are implemented into simulatsmeme in
Maltab/Simulink language with the aim to track dedi
trajectory, which represents the position of bldhg beam.

The control algorithms based on linear model inutnp
output or state description were used for comparigith
algorithms, which are designed by nonlinear methaid
synthesis of exact linearization in my work to tlissertation
exam for model Ball&Beam [8].

The model Ball&Beam (B&B) (Fig.1) is nonlinear dyna
SISO model with one inputuf — voltage that control
servomotor) and one output< position of ball along beam).

MATHEMATICAL — PHYSICAL MODEL BALL & BEAM

servomotor

Fig. 1 Ball&Beam model

In compiling of the mathematical — physical moddl o
subsystenMovement of ball along beaimbased on the Euler
- Lagrange equations in the shape
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whereL(t) = L = Ec - E, is Lagrangian, gi(t) is i — th
generalized parameter aMit) is work, that undertaken by
the nonconservative forces. The result after detertion of
total kinematic E, and potential energyg, and defining
generalized parameters;(t) = r(t) a gp(t) = ¢(t)) are two
nonlinear differential equations
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wherer(t) is current position of the balp(t) is angle of the
rotation of the beamk, is force acting in direction of the
beam,my is mass of the ballR, is radius of the ball), is
moment of inertia of the balll; is moment of inertia of the
beam andg is acceleration of gravity. The equation (2)
expresses impact angle of the beam on the moveofighte
ball and equation (3) expresses impact ball oratigge of the
beam, which neglects. Programmed simulation schefntiee
subsystenMovement of ball along beaisin Fig.3.
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Fig. 3 Simulation scheme of the subsystem of Moveroé
ball along beam

A complete description of the model B&B is stillagssary
to define subsystenServomotor which can be described
nonlinear differential equation in the shape

dzit) = wsigriuyy (t) —uy ()] prefuyy () —u,(t)] = sens(4)
resp.
@ =0 pre [uMU (t) - U¢(t)] <sens (5)

wherew is nominal angular velocity of the servomotor and
sens is characteristic for nonlinear element type three
the subsyste
from

position relay. Simulation scheme of
Servomotor (Fig.4) was programmed
differential equations (4) and (5). [1], [2]
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Fig. 4 Simulation scheme of the subsystem of Seotom

For proposal control
linearization method is necessary linearized nealinmodel
B&B in point [0,0]. In this case is necessary linead both
subsystem#ovement of ball along bea(2) andServomotor
4, (5).

After treatment will have nonlinear differentialuedion (2)
shape

DESINGPD CONTROL ALGORITHM

F(t) =K sing(t) (6)
Whereas the rolling of the beam is limited in rasgg% for
linearization of equation (6) is used fact thatgin ¢ for the

small angles, then transfer function of the sulesyst

Movement of ball along beaisiin the shape
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Subsystentservomotor(Fig.4) contains hard nonlinearities
and therefore can not linearized equation (4) &jdu6ing
Taylor series. Therefore method of gradual intégnatvas
used to obtain a linear approximation of the sulesys
Servomotof4].

After applying algorithm of the identification mefth was
obtained linear approximation of the subsystem @antor in
the shape

KS
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S

(8)

nonlinear,

algorithms using approximate

The sensor with static characteristic, where thesmes
constant isKg, is used to detect position of the ball along
beam. The resulting transfer function of the moB&B is
then in the shape
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The obtained linearized model of input — outputcdi@sion
(9) is used to design the PD control algorithm waim to
track the given trajectory, that includes contrah the
equilibrium [0,0] and also control on the steadtest

The aim is design the control algorithm, which eastuhat
control error converge to zero during tracking refee
trajectory i.e.e(t) - 0.

Based on the resulting transfer function of the ehdk.B
(9) was proposed the parameters for PD control rilhgo
using programmed algorithm of method of standaapeh of
Graham — Lantrop for consider control law in thenfo

F= anFmFs
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u(t) = K(e(t) +T,
m

de(t)
— 10
r (10)
The proposed simulation scheme of closed — loofesyss
in Fig.5, where is implemented the proposed PD robnt

algorithm to control nonlinear model B&B.
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Fig. 5 Simulation scheme of feedback control streeusing
the PD control for the model B&B
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The resulting graph of the tracking reference timjey
using PD control algorithm is in Fig. 6, from which seen
that output of the nonlinear model B&B tracks refase
trajectory. The oscillations around steady statescaused to
the fact that the proposed control is applied ® nbnlinear
model.
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IV. DESING STATE CONTROL ALGORITHM represent one of the subsystems its simpler vawérhe

The another proposal control algorithm using apjpnaxe Model B&P. [1]
linearization method is state control algorithm,ckhrequires
a linear model B&B (9) in state space 0.2

tracking reference trajectory - state control algorithm
T T

= reference trajectory
0.151 = position of ball M

X(t) = Ax(t) +bu(t)

y(t) =cx(@®)
where state matrix of the model B&B are considehashape

(11)

position [m]

01 0 0 _
A=[0 0 Kgl|. b=| 0|, c"=[1 0 0 (12) ol |
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Base on the matri, b, ¢’ of the state description of the Fig. 8 Tracking reference trajectory — state cdrafhgorithm
model B&B, suitable chosen roops = [py,p2,ps] and using

function of Control Toolboylacebased on pole — placement V. CONCLUSION
method is designed vector of gaidgor consider control law  The paper presents the design of PD and state atontr
in the form algorithm for nonlinear simulation model B&B. The
approximate linearization of the nonlinear modeised in the
u(t) = —Kx(t) + Nw(t) (13)  poth proposals and based on the obtained lineanzippation
The gainN of the control algorithm, which ensures trackingf system is designed control for nonlinear modehese
trajectory is determined from the relation [7] proposed control algorithms will serve as standdod
comparison with the proposed algorithms using mesal
N = 1 (14) methods of synthesis, namely exact linearizatioain g—

scheduling method and control based on the Ljapunov
function, for model B&B resp. B&P in my future déssation
work, where the main aim is create a software foodesign

of control algorithms for nonlinear physical sysgem

c' (I -(A-DbK))™b
The proposed control algorithm ensures control ba t
equilibrium but it not sufficient for control ondhsteady state,
therefore the chosen rootp were optimized using
programmed genetic algorithm yet, that was achietresl
desired behavior of the nonlinear simulation mdieB. [9]
The proposed simulation scheme using the desigtegd s This contribution is the results of the Vega projec
control for nonlinear model B&B in the feedforwacdntrol ~implementation: Dynamic hybrid architectures of the
structure is in Fig.7. multiagent network control systems (No. 1/0286/11),
supported by the Scientific Grant Agency of Sloapublic.
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