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Abstract: This paper proposes a new robust control strategy for the maximum power-point tracking
(MPPT) of a photovoltaic (PV) generator coupled to a DC water pump. The proposed strategy is based
on the sliding mode theory and allows a direct non linear control of the power converter. Stability and
robustness issues are addressed, and a control design scheme is carried out. This work is motivated by
the need to track the maximum power from the PV generator which is a non-linear device having
insulation-dependent volt-ampere characteristic. Because of its relatively high cost, the system designer
is interested in optimum matching of the motor and its mechanical load to the PV source so that
maximum power is obtained during the entire operating period. The advantages of the proposed control
scheme are indicated in comparison of the conventional pulse switch modulation (PWM) approach.
Reliable results are presented and discussed in the last part of the paper.
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1 Introduction
The application of photovoltaics has been
increasingly popular, especially in remote areas,
where power from utility is not available or is too
costly to install. PV powered water pumping is
frequently used for agriculture and in households.
However the major disadvantages of using PV arrays
are their associated energy conversion efficiency,
which is quite low. Therefore, in order to enhance the
cost effectiveness of PV array-powered systems, the
electric power generated by the PV arrays should be
efficiently utilised, and any improvement in efficiency
is considered to be precious.
In a direct coupled (with no battery storage) PV
system, the solar cell array is directly connected to
the motor load couple. These systems are relatively
simple and inexpensive to operate. A direct coupled
system may include a maximum power point tracker
(MPPT) to improve its performance at starting and at
steady state operation whenever it is needed [2,7].
The DC motor is supplied from the PV generator
whose volt-ampere characteristics depend non-
linearly on the solar insulation and temperatures

variations and on the current drawn by the DC motor.
To match the point  at which the PV generator power
is maximum, the system designer use an electronic
device (converters) known as MPPT, which
continuously matches the output characteristics of the
PV generator to the input characteristics of the DC
motor [1]. The MPPT consists, generally,  of a power
processing circuit, as buck or boost converters. The
classical control approach of the system is made
through the duty cycle of the converter. However, in
this case the PV generator is characterised by a
strongly non-linear current-voltage characteristics
giving a non-linear state equation and a linearised
model around a given steady-state condition of the I-
V characteristic.(peak power point).
This paper presents a new control approach for
MPPT of a PV generator coupled to a DC water
pump during the entire operating period, and using
only the linear part of the system. The proposed
strategy is based on the sliding mode control theory
and allows a direct non linear control of the power
converter. The optimum matching is achieved by
imposing the PV current as a reference value which is
proportional to insolation level.



2  PV Generator Characteristics
A PV generator consists of an array of photovoltaic
cell modules connected in series-parallel combination
to provide the desired dc voltage and current. The
corresponding I-V characteristic, strongly non-linear,
can be represented by the following equation [6]:
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where I p  is the current, is the photo current, Is is the

reverse saturation current, q is the electron charge, Vp

is the terminal voltage , Rs is the serial resistance ,

A is the ideality factor , k is the Boltzman constant,
T is the absolute temperature and Rsh is the shunt

resistance. Fig.1 and Fig.2 show I_V and P_V
characteristics respectively for two values of solar
radiation and two values of panel temperature.
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The condition of a maximum power point is given by:
d

dV p

Vp I p[ ] = 0                              (2)

The corresponding voltage Vpo and current I po  are

determined by solving equation (2) with an iterative
method.
Reference [1] show that for maximum power the
current drawn from the PV generator, noted mpI ,

must be directly proportional to the photo-current

phI  which is it self directly proportional to insolation

level, and the linear relationship is approximated by

phmp II   85.0=                               (3)

This remarkable property of the PV generator is
useful in achieving an adaptive matching of the DC
motor and its mechanical load to the PV generator so
that matching is optimum at any insolation level.

3 Design Procedure of Variable
Structure Controller
Consider the following linear time-invariant system:

BuAxx +=&                            (4)
where x(t)  ∈ Rn  is the state vector, u(t) ∈ Rm is the
control input. The constants matrices A and B are of
appropriate dimensions. We suppose that the pair
(A,B) is controllable, B has full rank m, and n>m.
The two steps of the design approach, namely the
existence step  and the reaching step, will now be
presented.

2.1  Design of the sliding surface
The switching function has the form x~Cs = , where C
is an (mxm) matrix, and Rxxx −=~  is the error

between the system’s state vector and the reference
(constant) trajectory.
The equation 0=s  defines the m-dimensional sliding
surface.
Differentiating with respect to time and inserting  (4)

gives CAxCBueq
1)( −−= , when 1)( −CB  exists. As a

result, the dynamics xAAxCCBIx eq=−= − ))(( 1&

describes the motion on the sliding surface which is
independent of the actual value of the control and
depends only on the choice of  the matrix C.
The hyperplane design methods [3,4,8] can be used
to select the gain matrix C which gives a good and
stable motion of the system during the sliding mode.
By assumption, the matrix B has full rank m, as a
result, there exists an (nxn) transformation matrix T

such that: TB
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singular.

Fig.1. PV generator current-voltage characteristics

Fig.2. PV generator power-voltage characteristics





proposed MPPT variable structure control scheme is
given in the following figure:
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The DC water pump system can be described by the
following linear state equation model:

BuAxx +=&
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The input of this system is the motor control signal u.
The states x1 and x2 being the angular speed of the
motor shaft Ω  and the current mi , respectively.

4.2 Sliding surface design
In this current control system,

[ ] [ ]t21 0 R
t

RRR Ixxx ==  defines the reference

input. The design procedure of the sliding surface
0=x~C=s  is as follows. As B has the right form,

there is no need for the transformation, i.e., take T to
be the identity matrix.  Here, the closed loop systems
dynamics are then described by the equation

RIyFy 500)5001( 11 +−−=&        (11)

The eigenvalue of this first-order system can be
conveniently selected. To this end, we choose to set

020.F = , yielding a stable closed loop pole at -2.
Now, from Equation (8), it follows that
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4.3 Control law selection:
The relay control law approach is considered here,
and leads a control function of the following  general
form:
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where the relay gain pV is the PV generator voltage

witch is not constant and depends on the operating
point, but its value is not critical, as the reaching
condition is guaranteed if  0≠pV .

The choice of this control structure turns out to be
very interesting as it avoids the introduction of the
non linear I-V characteristic of the PV generator in
the system model, yielding linear state equation
system and a very simple control scheme in
comparison to the classical step-up converter driven
by duty-ratio pulse. In fact, the proposed strategy is
based on the sliding mode control theory and allows a
natural non linear control of the power converter.
Fig.3 shows that the power switch is controlled
directly by the sign of the switching function s(x).
Noting also that, in the sliding mode, the dynamics
behaviour of the system is totally invariant with
respect to a subset of uncertainties called matched
uncertainties, and the dynamics are completely
defined by the choice of the sliding surface. The
propriety of invariance during the sliding mode is
more strong that robustness.

5  Simulation Results
Since its hard to adjust the operating condition of the
PV array, such as the insolating level and
temperature in the real field test, the following
simulations are carried out instead to confirm the
performance of the MPPT-VSC technique by using
Matlab with Simulink package.
The open circuit voltage and the short-circuit current
of the PV generator used in this study are
respectively  A 15   and  V 52 == CCPO IV  at 100%

insolation (E=1000w/m2). The numerical simulations
were done for different level of insolation (small,
medium and high).
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Fig.3. Block diagram of the control scheme

Fig.4. System response at E=250w/m2 and IR=3.2A
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From Fig.4 to Fig.7 it is evident to see that an
optimum matching of the DC water pump to the PV
generator can be achieved at any insolation level.
Furthermore, the control signal frequency is adapted to
the operating conditions.

6  Conclusion
A novel MPPT control strategy based on the sliding
mode theory has been shown. to significantly solve
the problem of poor utilisation efficiency of PV

generator coupled to DC water pump system. Its
shown that maximum power output from a PV
source is achieved at all insolation levels. The
resulting control scheme is easily designed using only
the linear system model and allowing a direct non
linear control of the power converter.
The two steps of the design approach, namely the
existence step in which we choose the sliding surface
that gives good behaviour during the sliding mode,
and the reaching step in which we choose the control
to ensure that the reaching condition is met, are
investigated. Stability and robustness issues are
addressed. Numerical simulations have been
presented showing the applicability and the efficiency
of the proposed method.
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Fig.5. System response at E=400w/m2 and IR=5.2A

Fig.6. System response at E=650w/m2 and IR=8.4A

Fig.7. System response at E=800w/m2 and IR=10.1A




