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Abstract— This paper presents the sliding mode control (SMC)
of a low pressure discharge lamp and links the theyp to
practical power supply. Analysis and experimental sidy of boost
converter, considered as variable structure systenis presented.
The paper focuses on modeling and control circuit in
Matlab/Simulink and implementing it to DC/DC converter. The
efficiency of sliding mode control forvariable structure systems
is proven.
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I. INTRODUCTION

The theory of variable structure systems with slidmodes
is currently one of the most important researchicemvithin
the control engineering domain. Moreover, receatlyumber
of important applications of the systems primaniythe field
of power electronics, control of electric drivesbotics and
position regulation of sophisticated mechanicaktesys have
also been reported. Therefore, the objective af plaiper is to
present the sliding mode control of a dischargeplpowered
by electronic ballast using a DC/DC boost converter

Output voltage regulation is the general contrgéoctive in
boost power conversion. The usual approach woudgdehe
action of the switch, the control action, basedjualy on the
output voltage error called direct control. Thigpegach will
not be successful in general [15]-[19]. An indiregtproach,
based on lamp output current is needed to achiebest
regulation.

The paper is organized as follows. Section 2 stdtes
sliding mode control strategy for variable struetwystems.
Section 3 presents the modeling of low pressurehdige
lamp and electronic ballast. In section 4, we dbedhe steps
implement sliding mode control for the low pressdischarge
lamp. Section 5 gives results showing the effeciss of the
proposed method.

Il. SLIDING MODE CONTROL

The control in sliding mode has the primarily radeobtain,
in closed loop, of a dynamics largely independenthat of
the process and especially of its possible vanatidn this
direction, it can be regarded to belong to a clalssobust
control [14]. On the theoretical level, it usesiscdntinuous
control to maintain the evolution of the system an
judiciously selected commutation surface, whichedixthe

desired performances. In other words, the consronily used
to bring and maintain the evolution of the systemsarface.
On the practical level, the use of a discontinuomstrol can
obviously pose, priori problems, since, ideallye tbontrol
beats in high frequency called chattering, whici loa largely
reduced by using a control law made up of two comepds:
A continuous component called the equivalent cérdral a
discontinuous component (of reduced amplitude) whic
maintains the evolution on the chosen surface ite g the

parameter variations of the process. Moreover, the

discontinuous component can be replaced by a smooth

function to avoid the obstructing phenomenon ofttehiang.
We consider the following state space model ofas<lof
non linear systems:

X(t) = A(x, 1) + B(x, u(t) 1)
Where AOIR™ and BOIR™™ are  state

matricesX JIR" is the state vector anduJIR™ is the
control vector.

It is supposed that the trajectory of state reathesliding
surface at the time t0 and that a sliding modetefs t=10.
The sliding condition is given by:
s(x)= Oand §(x)= 0.

Where s(x) is the switching function.
The substitution of (1) leads to write:

LM ZE[A(x,t) +B(x, tlueq(t) = 0. )

OX OX

Where ueq (t) is the equivalent control which selife
equation (2).

The calculation of the equivalent control is poksibf

oS
(8_ B(x,t)) is invertible for any t and x. Then,
X

1§A(x,t).

oS _
ueq(t)= - [E-1B(x, 1)] (3)
OX OX
The preliminary mode with the sliding mode, on Hasis
of an unspecified initial condition to reach thilisig surface
is called reaching mode. The complete definitiotthig mode
requires the definition of a reaching conditionveal as the
definition of the nonlinear control law and itsustture.
The reaching law approach of Gao [8] is easy taldish,
and can be summarized in a differential equatioriclhvh
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specifies the dynamics of the switching functiox)sénd
represents at the same time the sliding condition.

The choice of the parameters of this equation makes

possible to control the dynamics of the system. fdnen of
this law is:

's:—KHB sgn(s 4)

Where K ang (0<B<1) are a design parameters.

This law increases the commutation rate when thie stf the
system moves away from the sliding surface; it ceguit
when the state approaches to this surface.

1. MODELING OF A LOWPRESSURBISCHARGE LAMP

A. ELECTRIC CIRCUIT OF THE LAMP

In discharge lamps, the power supply mterveneg_—a' (t)+ blg(t)+ bzg (t)

significantly in luminous efficiency and overall engy and
defines the possibilities of the system time mansayd.

In this context, the power supply produced, wasgihesl
to power an UV lamp using 24V battery. This poweran
inverter which converts the DC voltage provided tne
battery to a sine wave high frequency voltage neé¢odgower
a low pressure UV lamp.

DC/DC DC/AC Resonant

circuit &

discharge
lamp

Battery

converter inverter

Sliding Mode control

Fig. 1 Main circuit topology of SMC of a discharigenp

The discharge lamps require a special circuit foirt
correct operation, which is carried out through thedlast
which can be only structured by its traditionalnfiowith the
passive components (reactive ballast) or by condoatings
and passive components R, L, C (electronic balldsig].

The typical model of the electric circuit of a discge
lamp is given by the following figure:

ity  Ballast
— Y Y ¥\
1 Upull) Uirg (1)

1=

Lamp Starter

Fig. 2 Resonant circuit of a discharge lamp

The ballast is represented by a resistance R and ?LI[

inductance L such as we can establish the equations

uIamp =u- uball
©)

U, = Ri+ Lg

dt

The circuit of the figure (2) makes possible toteuri

u(t) = Ri(t) + L% + U0 (D) (6)
Knowing that:
Iamp(t)
Iamp( ) (t) (7)

Where g(t) is the lamp conductivity expressed leyriation:
8
dt

Such as a, jpand B are constants determined using many
method. In this paper, we use the particle swartimigation
algorithm to identify these parameters.

B. PARAMETERSIDENTIFICATION OF THE CONDUCTIVITY MODEL

Parameter identification problem is a problem toneste
the unknown parameters of the mathematical modsddan
a system of nonlinear equations by using experiatetdta
obtained from well-defined standard conditions.

For a system with known model structure but unknown
parameters, the parameter identification problerm d¢ee
treated as an optimization problem. The basic idedo
compare the system output with the model outpute Th
difference between the system and model outputs is
minimized by optimization based on a fithess fumtiThe
fitness function is defined as a measure of how thelmodel
output fits the measured system output [5]-[7].

The system’'s dynamics can be described using a
differential equation such us:

do(t) _
& (po®).i) ©)

Where g(t) is the lamp conductivity defined asatgput and
i(t) is the current which represent the lamp input.

P is the vector of three unknown parameters (P=fa]pand
fis a nonlinear function.

To formulate the problem equation (9) can be wmittéth the
next form:

9="f(p.g.i) (10)
To identify p, a model of the system is introduesd
g="f(p,4.i) (11)

From equation (10) and (11), the same input “igjplied
to the system and its model which has the sametstau of
eal system.

o evaluate parameters to be identified, the systetput

" is compared with each of the model.

The problem we consider here is to identify theiroptn
parameter vector as accurate as possible usinggitren
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experimental data, and this is a minimization peablwhich
minimizes the fitness function defined by:

~ . . .12
J(Pp) =min) [g(ti, p)- gi] (12)
Where g(ti,p) ang gi are the numerical solution tioé
mathematical model and experimental data pointtHeri-th

data point respectively.
The fitness function can be used to find the bssimation,

so that the identification problem is then treatesl an

optimization problem.
The identification was held for a low pressure diasge
lamp with the characteristics mentioned in the natte.

TABLE 1

CHARACTERISTICS OF THE LOW PRESSURE DISCHARGE LAMP

Diameter Length Powe Nominal current

15 mm 400 mm 60 W 0.52 A

The PSO algorithm was coded in Matlab R2008b, aed t

simulations were run on an Intel Core 2 Duo CPW 2%z
with 4 GB memory capacity.
The PSO algorithm gives model parameters:

a2=93.33

b2=582036.5
bl=1994.7

IV. SLIDING MODE CONTROL OF THE LOW PRESSURE
DISCHARGE LAMP

The sliding mode control is used to maintain camistae
lamp current with reference to an imposed valuerther to
keep a constant radiation.

The sliding surface being selected of the form:

s(x)= i(t)- iref(t) (13)

Wherei(t) is the lamp current, anitef(t) is its reference
current of the form:
iref(t) = irefmax[Binot
During the sliding mode:
$(x)=0ands(x)=0
di(t) _ diref(t)
dt dt
To develop the sliding mode control of the low prag

discharge lamp we use next configuration of thectatzal
circuit of our system;

(14)

S(x)= (15)

I - L I I N ’
S SR y AN - ° +
A A I i o T% = 1

U -/ |2 G4 Us rj U v 3
| t 5
| 2 )
i I
i Iref
ieimiad PWM Sliding mode control

Fig.3 Sliding Mode Control implementation

The objective is to generate a control law for Hvatcher
(boost converter) which can make the lamp currelibwis a

reference value considered as a desired form.

To simplify the calculation of the control law, wappose that

all switchers are ideal:
U, =+U,=+U,
U, = |U3|
L=l

(16)

The discharge lamp voltage is considered as nanliredation

betwen its current | and conductivity g:

u=1
g

The nonlinearity is coming from the conductivity deb
which is written:

%:a.lz—bl.g— b g

Where a and bi are parameters to be identified with
particle swarm optimization.

u,=rI+L 34y
dt

(17)

(18)

(19)
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In the boost converter, the relation between irgnd output The lamp conductivity is shown

voltage is given as
Ul
Uz2=——
1-a
Wherea is the duty cycle of the dc/dc converter.
When we derive the sliding surface, equation (1&) be

written as
di _dlref 1, u —(R+—1)
g

E dt L 1-a

By solving equation (21), expression of the dutyley called
the equivalent control is given by

Ul

L diref F(R+
dt

(20)

diref
N-———=0 (21
) at (21)

ueq=a = 1-

22
1 (22)
]
g

The nonlinear component of the control law is givsing the

approach of Gaol[8].
From where, the control law is given by:

Ul

u=1 diref

B .
I - k|§” sign(s (23)
+(R+6)I

L
Where k is a properly chosen coefficient ahds less

thanl.

V. SIMULATION RESULTS

We carried out simulations by using the numericalugs
given in the table (2).

TABLEII

NUMERICAL VALUES OF MODEL PARAMETERS

R
30

bl
-994.7

b2
-582036.9

irefmax
0.52A

L
0.2H

a2
93.33

cu

in the next figure.
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Fig.4 Lamp conductivity waveform

The waveform of lamp conductivity is exactly theeded
form, so we can deduce that particle swarm optitiina
makes as an intelligent optimization technique igery good
method to identify nonlinear system parameters.

The following figure (Fig.5) illustrates, respedly, the
evolution of the lamp current and the referenceeniras well
as the sliding surface.

In the first part of this figure, we plot the desrcurrent
waveforms, and then we plot the lamp current wavefand
the sliding surface which is the difference betwé®se two
waveforms.

rent of reference

current[A]

timels]

current[A]

0.05
timefs]
sliding surface

current[A]

Fig.5 Waveforms of reference

timels]

and lamp current didahg surface
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current so that the control attends its target tiécto make
the lamp current waveforms follows to a desiredettry
which is imposed to have an optimal power wave frm
The lamp power waveforms is given as

60
6

e N S|

5 0.1

Fig.6 Lamp power waveform

We deduce that the lamp current goes to the raferen

(5]

6l

(7]

8

19

[10]

[11]

The lamp power is nearly the same that desired lafdgl

power. So we can assume that our strategy of thestb 13]
converter control, with sliding mode control, isryefficient
and satisfy its objectives.

VI. CONCLUSION

pressure discharge lamp is presented. The applicati the
SMC is analyzed in details with respect to boostvester.
Simulation results show that this control can dizbithe
power supply and the lamp current. The efficien€yiwen
control proves the increasing importance of the ais&MC
tool for the robust control of nonlinear systemieTontroller
is simply implemented and for this reason, slidimpde
control is usually used to control physical compdggtems.

(1

(2
(3]

(4]

REFERENCES

George Zissis, Jean-Jacques Damelincourt, «Elattréoductivity

models for discharge lamps used for electronicudirdesign», IEEE,
2001.

J. Weymouth, «Electric discharge lamps», the M.hidar, Cambridge,
1971.

C.Blanco,J.C.Anton,A.Robles, F.J.Ferrero, J.C.CampbGanzalez,
G.Zissis, « A Discharge Lamp Model Based on Lampndbdyic

Conductance », IEEE TRANSACTION ON POWER ELECTROSNI|C
VOL.22, NO.3, MAY 2007.

C.Blanco,J.C.Anton,A.Robles, F.J.Ferrero, J.Calier S.Bhosle,
G.Zissis, « Comparison Between Different Dischatgenp Models

[14]

A sliding mode control for DC/DC converter and avlo [15]

[16]

[17]

(18]

[19]

[20]

161

Based on Lamp Dynamic Conductance », Industry &ppiins Society
Annual Meeting, 2008, IAS 08, IEEE Volume, IssuB-9 Oct. 2008
Page(s):1 — 6.

M. Clerc, «The Swarm and the Queen: Towards a Brnéstic and
Adaptive Particle Swarm Optimization». In Proceedinf the Congress
on Evolutionary Computation, Washington DC, USAIl. &) pp. 1951-
1957, IEEE Press, 1999.

A. El-Gallad, M. El-Hawary and A. Sallam. «Swarming Intelligent
Particles for Solving the Nonlinear Constrainedi@ation Problem».
Li Liu, Wenxin.Liu and David A.Cartes, «Particle amn optimization-
based parameter identification applied to PMSM»,giBgering
Application of Artificial Intelligence 21 (2008) B2-1100.

John Y. Hung, Weibing Gao, James C. Hung, « Vagiadtiucture
control: A survey », IEEE transactions on industeiactronics, vol 40,
NO1, February 1993, pp 02-16.

Weibing Gao, James C. Hung, « Variable structurgrobof non linear
systems: A new approach», |IEEE transactions onsinidl electronics,
vol40, NO1, February 1993, pp45-55.

Weibing Gao, Yufu Wang, Abdollah Homaifa, «discrétee Variable
structure control of non linear systems», IEEE seentions on industrial
electronics, vol 42, NO2, April 1995, pp 117-222.

Katsuhisa Furuta, « sliding mode control of a diteisystem », systems
& control letters 14, North Holland,pp 145-152, 099

Stefen Hui, Stanislaw H. Zak, «on discrete-timeialde structure
sliding mode control », systems & control lette8s 3999, pp 283 —288.
K.C. Veluvolu, Y.C. Soh, W. Gao, « Robust discréee non linear
sliding mode state estimation of uncertain nondmgystems », Int. J.
Robust non linear control, 2007, 17, pp 803-828.

Vadim I. Utkin, « Variable structure systems witidisg modes: survey
paper », |IEEE transaction on automatic control, &at22, NO2,pp 212
— 222, April 1997.

V. F. Pires, J. F. A. Silva, « Teaching Nonlineanddling, Simulation,
and Control of Electronic  Power  Converters Using
MATLAB/SIMULINK», IEEE TRANSACTIONS ON EDUCATION, VOL.
45, NO. 3, AUGUST 2002.

Alberto Cavallo and Beniamino GuidaSliding mode control for DC/DC
converters, 51st IEEE Conference on Decision and Control Deegmb
10-13, 2012. Maui, Hawaii, USA, pp 7088-7094.

Messaoud Bensaada, Amine Boudghene Stambouli,irghode
Controller for Buck DC-DC Converter»"gnternational Multi-
Conference on Systems, Signals and devices.

Lijun Hang, Sensen Liu, « A Novel Robust Slidingdé Controller for
Half-bridge Converter », The 2010 International EopvElectronics
Conference, pp 1618-1621.

Murat Seker and Erkan Zergeroglu, « A New Slidingdd Controller
for the DC to DC Flyback Converter», 2011 IEEE tntgional
Conference on Automation Science and Engineeririgsie, Italy -
August 24-27, 2011, pp 720-724.

R. Osorio, M. A. Oliver, M. Ponce, «Analysis andsigm of Discrete-
Sliding-Mode Control for a Square-Waveform-Ballag®soceedings of
the 44th IEEE Conference on Decision and Controd, the European
Control Conference 2005 Seville, Spain, Decembef5,22005, pp
584-589.


PC
Typewriter
161


