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Abstract—This paper presents a method for neural network
sliding mode control design (NNSMC) to track the maimum
power point (MPP) for a photovoltaic pumping systemFor the
best use, the photovoltaic (PV) panel must operatat its
maximum power point (MPP). Sliding mode control (SMC) can
be used for non linear systems with small uncertaties.
However, for complex nonlinear systems, the unceriaties are
large and produce higher amplitude of chattering de to the
higher switching gain. In this work, sliding mode ontrol
approach is combined with the neural network (NN) & adjust
the duty cycle control law. NN is used for the preddtion of
model unknown parts. Performance of the proposed caroller
is compared with the traditional SMC and investigaed by
simulation.

I. INTRODUCTION

neural network [6] and sliding mode control [7]. this
paper, sliding mode control approach is combineith Wie
neural network (NN) to adjust the duty cycle cohteav of
the converter. The network weights are adjustedndur
online implementation by using the gradient descesthod
(GD) [8]. The proposed control consists of the sdled
equivalent control with added robust control terfrhe
neural network predicted unknown terms are incafsat in
the equivalent control component. As a result,résponses
will be fast without any oscillatory behavior.

This study is organized as follows. The next seci®
PV pumping system description. In Section 3, theppsed
neural network sliding mode controller is shownctim 4
presents the simulation results. Finally, a cornialga@demark
is given in section 5.

Solar energy is one of the most important renewable

energy sources in the world. The use of photowvoltai the
power source for pumping is considered as one efbst
promising areas of PV application. Pumping phottaiol
systems are particularly suitable for water supplyemote
areas where no electricity supply is available.

The efficiency of the PV pumping system dependsereral
climatic factors such as the solar radiation, tmebiant
temperature and the state of the solar panelsSitte the
maximum power point varies with radiation and terapére,
it is difficult to maintain optimum matching at athdiation
levels. In order to improve the performance of afeivhping

system, a DC-DC boost converter known as a maximum L ]

power point tracker (MPPT) is used to match comirsly
the solar cell power to the environment changeghénlast
decade,
developed for the MPPT [2, 3]. It should be noteat tmany
of them cannot reduce the tracking error and actismthe
operation with accuracy process. Since the systlymamics
of photovoltaic pumping are highly nonlinear andialky
contain uncertain elements. All the uncertaintiestime

varying could affect the system’s control perforcan

seriously [4]. Many methods to control the dynanggstem
have been made to get an appropriate solutionhieee the
precise tracking control; these are namely fuzaytrod [5],
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many algorithms and controllers have been

Il. PHOTOVOLTAIC PUMPING SYSTEM MODEL

A. Systemdescription

The figure 1 shows the structure of the considd?®d
pumping system.
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Figure 1. Block diagram of photovoltaic pumping

Photovoltaic generator model:

The characteristic equation for the current andaga of
PV module is given as flows [5, 7].
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the led, R is the resistance of motorK & Coefficient of
proportionality andK _ is the strength’s constant against
electrometrical. The useful power of the motor’s isugiven

| ;» — photocurrent] , — cell reverse saturation
current, | — cell saturation current a , | ., — short
circuit current at 298.15 K and 1 kW/mg,  — short

by:
circuit current temperature coefficient , A —solar —
circuit curre p Blr P=K & @)
irradiation in W/m2,E, — band gap for silicory, - Equation (8) show power as a function of rotatipaeg,
ideality factor,T. — reference temperature, T — cell the power for a certain value is maximum at a denalue

of rotational speed called optimum. In order to éav

temperature, K — Boltzmann’s constant and q — edact . : .
P ' q maximum possible power, the rotational speed shawdys

charge. i )
In this system we considered a DC motor of nomin&Perate at it optimal valueg, .

tension 400V and nominal current 12.2A .We theadna

PVG constituted by NS=20 modules in series helpdou B. Dynamic model of the systemin state space

rise the required direct voltage value. And NP in parallel

helps us to rise direct current value. Letdefine:, =@, X, =@ and X =4 . By the

V, +R,| combination of various equations we succeed irvatg
g :Iphg_log(eXF(Ab(Vg +ng|g))_1)_gRg1|g (@) model:
9" g )(1 =X
where Vg : the PVG output voltage, Ig: the PVGporit % = )2( 9)
current, Ag = A/Ns — the PVG constant, Rsg = (NB/NRs: 23
the PVG series resistance, Rshg = (Ns/Np)Rsh P& %= 1, (X X, %)+ € + gn(|g)u
parallel resistance, Iphg = Np Iph: the photocurtdrihe Where u is the control law ands deducted from the
PVG, 10g = Np 10 : the saturation current of the@Ws: following relation:
the number of PV connected in series and Np: timebeu of _
u=1l-a (10)
parallel paths.
Boost converter: o (X0 %50 %5) =

The DC-DC boost converter as voltage elevator takes ay,X, + 8yXs + 8,% X, + A% X + 8, X7 + 8,,%X5
intermediate position between the generator andnitier in R RK

. . . 1 K K — =2 r
order to regulate its supply with a maximum powsr ba,=- ot I‘*_Jm 1893 = L a, = L
regulating its gain. It is containing at least two 0
semiconductor switches (a diode and the switclypgally a,=a,= _zﬁ, a,=- K, g, = Kn | andgis the
MOSFET). J " e, " LG

The dynamics of this converter operating amttuous yncertain model part.
conduction mode is given as flows:

al
V, = L-a WV, + Ly—=2+ 1,0, +aRyl, ®)
ot I. NEURAL NETWORK SLIDING MODE CONTROL SYSTEM
Iy = (1— a)l 6~ CO% (4)  The proposed method combines the neural networét use
ot for the prediction of model unknown part, with titazhal

Where LO — the inductor of the converter, CO —®€pUt  gjiging mode control to track the maximum power rpoi

capacitor of the converter, r0 — the indyctor egl@nt &MPP) for the considered photovoltaic pumping syste
resistance and RDS - the MOSFET resistance ON. The

switch state is also governed by a control signiahwa A Traditional Siding mode control
period T and a duty cycle Define the fundamental theory of SMC may be foumd i
[9-11]. The main objective is to design a contesV lto drive

The group motor pump model: ] the system state presented in (9) to a properlygded
The dynamics of a DC motor and centrifugaipumay sliding surface.

be expressed as Let define some variables as:
Vm=RIm+Laa|—tm+ Ec ®) l:[xl X2 Xs]T
E. = K.« (6) The tracking error is the derivative speed ofriator:
The mechanical equation of the system given by: e(t) = Xz(t) (11)
L0 ) The relative degree= 2, then the sliding variable can be
Kl n=K @ “]ﬁ defined as: .
Where& and J are respectively the rotation speed and S= :Be(t) + e(t) (12)

the moment of inertia of the groupk _ is the Constant of =~ Where§ is a positive constant.
the electric couple | is the inductance of the rolling-up of

ThBB.2 287



The difference between the actual and nominal fands
given as follows: y (X) = WyTg(WjT X) (18)
¢=f-f, (13)
o . o Where 0(.)represents the hidden-layer activation function
The slldmg varlllable dgrlvatlve IS considered as a sigmoid function given by:
s(t) = Be(t) + &(t) = x,(t) + B, (t) 1
= o) A+ gl (@4 a(s) =
To ensure that a sliding mode exists on a switckungace,
and this switching surface can be reached in fitite, one Wy = [\I\ﬁ_y w2y " WNy]T and
has to satisfy the condition given below:
$<0 (15) w; = |_W1j Woj WNJ-JT are  respectively  the
The control law that satisfies (15) is given as:

19
1+e>® !

interconnection weights between the hidden andotitput
layers.

f (x)+ Bx (t)+ ksat (5)

0 S (16)  The actual outputy,(X) (desired output which is the

u(t)= -
_ no . . difference between the actual and nominal funcjiems
Where sat is the saturation function, given by:

Ye(¥) =y (¥) +& (%) (20)
s/o if |s| <d Where: & (2() is the NN approximation error.
sal(s) = sgn) otherwise (17) The network weights are adjusted during online

implementation. The method used is based on theiegra

With dis the boundary layer thickness, sgn is the Sigfegcent method (GD), which is a simple and fashaefor
function and k is the positive switching gain tavgensate jine adaptation.

the uncertainties. In the presence of large unictida,
increase, and we will need a height thicker bounttarer to
eliminate chattering. Thus only guarantees thatstiage be
driven to the boundary layer, but with no slidingdma.

The essence of GD consists of iteratively adjgstime
weights in the direction opposite to the gradidriE,cso as to
reduce the discrepancy according to:

In this paper a neural network sliding mode stratisg awiy =-n OE (21)
proposed, here, NN is used for the prediction ofdeho ot awjy
k t dh bl I itchai . . .
Eg Ssog\c/jn parts, and hence enable a lower switchig ® Where/] >0 is the usual learning rate. And the gradient
_ terms 9 can be derived using the backpropagation
B. Neural Network Design ow,,
In this paper, we consider A NN with two layers ofyigorithm[8]. And the cost functiol is defined as the error
adjustable weights [12] (Fig. 2). 3 index and the least square error criterion is choae
X is the state input variable and the output vaeiadal follows:
y:E(X,t) E = lgz (22)
2
C. diding mode neural network strategy
Let denote and assume that the NN approximatiar err
) £ =& (X) is bounded.
Wiy Let denote the upper bound of the network errodiption
* *
y by £ , as:”é’Q(,t)” <& .
Theorem: Consider the pumping system modeled by (9)
— in the presence of large uncertainties. If theesystontrol is
designed as:
_l o
Input Layer @ Output Laye u= gn (l()(‘ fn (x)-&(X1) - ﬂxs(t) - ksat(s))
*
Hidden Layer with & <K The trajectory tracking errors will converge to
zero.

Figure 2. The architecture of a multilayer neurtivork for the
prediction of uncertain model part
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Proof.

. . . 1,
Consider the candidate Lyapunov functidh:= E S
V=ss
Replacing the expression &fgiven in (14) we have:
V= S(f (le X2, X3)+ ,8X3('[)+ gn(l g)u)

By replacing the expression 8fgiven in the theorem we
have:

V = s(é(xt) - £(x.t) — ksat(9))

= se(x,t) — ksat(s) < |s|¢| - kssat(s)

<|9 —kssat(s)

By choosing 8* <k, with K is a small gain which is

responsible only to compensate the network errors
prediction, we have:

Foranyd >0, if |[§= J,sat(s) = sign(s) , the
functionV = (5* - k)|S| < 0. However, in a smalb -

S
vicinty of the origin (boundary layergat(s) = 5 is

continuous, the system trajectories are confinea to
boundary layer of sliding mode manifolsl=0.

[I. SIMULATION RESULTS

The simulations are performed with Matlab. The

considered uncertainty affecting the solar irrddiatis a
random noise. The system is controlled by both,sting

mode controller and the proposed NNSM. The compared
performances are shown on Figure 3 and Figure € Th

rotation and power trajectory converges quickly dodvthe
theoretical nominal value when the SMNNC is appliddhe
PV generator is then better forced to operatesanaximum
power point by using the proposed NNSM controliEne
duty cycle control is judiciously adjusted to itstional value
(Figure 5).
approximation error.
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The Figure 6 shows the neural network

106

1055

rad/s)

—

=)

&
T

045+

Rotation Speed

1041

8000

Time (s)
Figure 3. Rotation speed of the motor

7000
- N\~
o
i}
gzooo .
200

1000F

——-SMC
—— NNSM |

Time (s)
Figure 4. PVG Power

——-SMC H
— NNSM |

Time (5)
Figure 5. Duty cycle

289



fonctionnant en régime optimal,” Revue des Energesouvelables,

A. Bagheri, J. Javadi Moghaddam, “Simulation aratking control
based on Neural Network strategy and sliding-modatrol for
underwater remotely operated vehicle,” unpublisinescience direct.

M.Farhat and L.Sbhita, “Advanced Fuzzy MPPT Con#lglorithm for
in science Academy Transast on
Renewable Energy Systems Engineering and Technolayyl, no.

A. Saadi and, A. Moussa, “Neural network use in MEBPT of
photovoltaic pumping system,” Rev. Energ. Ren.: WER 39-45

A. El Jouni, R. El Bachtiri, J.Boumhidi, “Slidinghode control
strategies for PV pumping System using boost cdeveiConference
16-18, Meech,

Rumelhart, D.E., Hinton, G.E., and Williams, R.le&rning internal
D.E. Runmélhal.L.
Distributed Procesdiiy, Press,

J. J. Slotine, & S.S. Sastry, “Tracking controlmafnlinear systems
using sliding surfaces with applications to roboamipulators”,

J.J. Slotine, “Sliding controller design for ndondar systems”,
Utkin, “Sliding modes in control optimizatid, Springer-

V.F.L. Lewis, S. Jagannathan, and A. Yesildireketikal Network
Control of Robot Manipulators and Nonlinear Systénaylor and

1400 vol. 11, no. 1, 1-17, 2008.
1200} i (4]
S1000¢ . 4
= Neurocomputing, no .72, 1934-1950, 2009.
= 800+ R [5]
= &0 Photovoltaic Systems,”,
o 1, March 2011.
=40 1
bt (6]
R ]
= 2003.
= 0
= ( [7
-200 g
on Systems and Control (CSC'2007) Mai,
_400 | | | | | | | | |
0 1 ) 3 I 5 6 7 8 9 m Morocco, 2007.
Time(s) [8]
Figure 6. The NN approximation error. representations by error propagation”,
McClelland (Eds.), Parallel
Cambridge, MA, (1), 318-362, 1986.
[l
Parameters used in the simulation: International Journal of Control, 39, 465-492, 1983
r% _ [10]
L=012H, J=&g , w, = 1047rad/ S, International Journal of Control, 40, 421-434, 1984
- _ _ - 1] V. I
P, = 488W, R = 011X, R, =6500, y =1.7404, o ki,
| or = 345A, |, = 4482A, K, =410*A/K, [
N, =20, N, =5, V., =400/, I, =122A, Francis, London, 1999.
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[lIl. CONCLUSION

In this paper, we proposed the sliding mode coletrol
using neural network for pumping photovoltaic systehe
SMNN strategy has been proposed to control the @C-D
boost converter for maximizing the power's PVG. 8&
compare the proposed controller with classic SM@ge T
simulation results proved that the proposed coleiras a
robust and insensitive controller and it is veryl\saited for
systems with uncertain or unknown variations innpla
parameters.

The application of the practical chosen sliding madural
network controller with cheap available electronic
instruments rests an objective for generalizing gpeéading
the use of photovoltaic.
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