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Abstract—In this paper two algorithms of maximum power
point tracking controller applied for photovoltaic power gener-
ation systems are presented, one classical and the other one is
based on the principe of the sliding mode theory. A comparative
study between the two controllers is applied to the photovoltaic
system using different topologies of DC/DC converters based on
boost, SEPIC and Cuk converters.

The performance comparison between the two controllers has
been carried out to demonstrate the effectiveness of MPPT
controller based on the principe of sliding mode theory against
change in working conditions. Matlab/simulation results show
that both techniques give improved performance in a transient
state, steady state and sliding controller gives better efficiency
compared with PandO. In this work the SEPIC converter shows
better operation than the boost and the Cuk converter.

Index Terms—Perturb and observe controller, sliding mode
approach, photovoltaic system, Boost converter, SEPIC converter,
Cuk converter.

I INTRODUCTION

The future global economy is likely to consume ever
more energy, especially with the rising energy demand of
developing countries [1]. We rely on coal, oil and gas (the
fossil fuels) for over 80% of our current energy needs this
energy demand is expected to grow by almost half over the
next two decades. This energy demand is expected to grow
by almost half over the next two decades. We need to look
at both the short-term and long-term to help reduce carbon
emissions, we already have many technologies at our disposal:
from wind, wave, solar and biomass for heat and power. Solar
technology is at the heart of the renewable energy [2] and has
been a key source of new electricity generation for the last
few years. The photovoltaic characteristic is nonlinear and
changes with irradiation and temperature. In general, there
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is a point on the voltage-current or voltage-power curves,
called the maximum power point (MPP), where PV panel
operates with maximum efficiency and produces its maximum
output power. The state of the art techniques to track the
maximum available output power of PV systems are called
the maximum-power point tracking (MPPT). Controlling
MPPT for the solar array is essential in a PV system. There
are many techniques have been developed to implement
MPPT, these techniques are different in their efficiency,
speed, hardware implementation, cost, popularity [3, 4]. One
of the most widely used techniques in MPPT is PandO due
to its simple and easily implementation [5]. Switch Mode
Power Supply topologies follow a set of rules. A very large
number of converters have been proposed, which however can
be seen to be minor variations of a group of basic DC/DC
converters built on a set of rules [6]. Many consider the basic
group to consist of the three: Buck, Boost and Buck-Boost
converters. The Cuk, essentially a Boost-Buck converter,
may not be considered as basic converter along with its
variations: the SEPIC and the zeta converters. In this paper a
comparison between three types of converters the boost, the
SEPIC and the Cuk is presented . Also, a control technique
using the principe of sliding theory is associated with an
MPPT controller in order to improve energy conversion
efficiency and compared with PandO method. The difference
between the three converters topologies is also presented via
simulation work.

I MODELING AND CHARACTERISTIC OF SOLAR PANEL

The model of solar cell can be categorized as p-n semi-
conductor junction, when exposed to light, the current is
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generated. The PV cell equivalent circuit can be represented as
an ideal current source, diode, parallel resistance and a series
resistance as shown in Fig.1, where the current source is the
light generated current which is directly proportional to the
solar irradiation. The series and the shunt resistances represent
a voltage loss on the way to the external contacts and the
leakage current in the shunt path respectively [7, 8].

I R I

ph . s

- I satT
D
DR V

Fig. 1: Equivalent model of a solar cell.
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Equation (1) describes the output current of the cell:

I =TIy — Ly eGF2TAV) _ 1} (1
The generated photocurrent I, is given as:

G
I = o [Loer + Ki (T = T3] @

T

The diode saturation current is given by:

3 qEq 1 1
Isat = Irr |:;Z::| e[KbA (W_T)} (3)

It is clear from Fig.2, and Fig.3 that the PV module has a
nonlinear P-V characteristic which differs according to solar
irradiation and temperature. Each curve has a different point
at which the module can produce its maximum power. Hence,
in order to overcome this problem, an MPPT controller is
required.
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Fig. 2: P-V characteristic under different irradiation values and
constant temperature T=25°C.
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Fig. 3: P-V characteristics under different temperature and constant
irradiation G=1000W /m”.

II' MODELING THE DIFFERENT DC/DC CONVERTERS

A static converter is a meshed network of electrical com-
ponents that acts as a linking, adapting or transforming stage
between two sources, generally between a generator and a load.
we present respectively the Circuit schematic of a BOOST
converter, a SEPIC converter and a CuK converter with their
average models.

III-A  Modeling the BOOST converter

The electronic circuit of the Boost converter, also known
as the up converter, is shown in Fig.4.

Fig. 4: Equivalent model of a BOOST converter.

To obtain the dynamics of the Boost converter, we may apply
Kirchoff’s laws in each one of the circuit topologies arising
as a consequence of the two switch positions. The first circuit
topology is obtained when the switch position function is set to
adopt the numerical value 17, and the second circuit topology
is obtained when the switch position function takes the value
707,
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III-B  Modeling the SEPIC converter

Fig.5 shows the SEPIC DC-to-DC converter circuit with
switches realized by means of semiconductor devices (Sw
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and diode D). These operate in a complementary fashion, i.e.,
when the transistor Sw is in the conducting mode, then the
diode D is inversely polarized and vice versa.

Fig. 5: Equivalent model of SEPIC converter.

The model of the converter is derived to be:

% = 77 (u=D(ve, +ve,) +vey)

5 _ .
S = -

N &)
(}ﬁz _ L%.(u.vcl — (1 —w)ve,)

ove, 1 4y i 1 L

9002 = A (i, +in,)-(1—u) — UC2)

III-C  Modeling the CuK converter

A typical example is the cascade connection of the Boost
and the Buck converter which produces the well known Cuk
converter. This converter is shown in Fig.6

Fig. 6: Equivalent model of Ctk converter.

The Ctik converter dynamics is then described by:
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we consider d the duty cycle of the switching control u. HI,
H2 and H3 are input voltage and output voltage conversion
ratio respectively for BOOST, SEPIC and Cuk converters as
illustrated in TABLE.I:

BOOST converter
=L,

SEPIC converter

__d
H2=155

Cuk converter
H3= 1ida

TABLE I: Different input voltage and output voltage
conversion ratio

Fig.7 shows that for the Step-up (Boost) converter the
output voltage is higher than the input voltage, but in the case
of SEPIC converter the output voltage can be lower or higher
than the input voltage, the Cuk converter allows bidirectional
voltage conversion with the output voltage of inverted polarity.

Vout/Vpv

Fig. 7: Different input voltage and output voltage conversion
ratio.

IV  TECHNIQUES OF MAXIMUM POWER POINT TRACKING
IV-A MPPT based on the principe of the sliding mode theory

The first theoretical work on sliding regimes emerged
in the early 60s. Sliding Mode Control is known to be a
robust control method appropriate for controlling switched
systems. High robustness are maintained against various kinds
of uncertainties such as external disturbances and measurement
error [9,10].



Generating a sliding regime can be summarized in two
steps : the first step is the determination of the sliding surface
S = 0. The second step allows finding a discontinuous signal
input which leads the system trajectories to S = 0, from any
initial condition. Define the sliding mode S (t) as follows:

S(t) = {2\S(a, ) = 0}

we try to use the principe of the sliding theory to make an
MPPT controller For the photovoltaic system, the switching
surface will be selected as:
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This switching surface is here presenting the MPP under
certain condition, the nontrivial solution of (7) is:

Do, Ve
Oy ' Ipy

)=0 ®)
Thus, in the state space, a proper sliding manifold can be
determined through:

OV,
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This surface expounds the rule for proper switching. When
the trajectory state is away from the corresponding surface,
a control law tries to return it and maintains its movement
around the selected switching surface. The most important
and serious mission is to conceive a control law that will
drive the trajectory state to the sliding surface and maintain
it on the surface this is the second step. To constrain the
trajectories of the PV system we propose a control based on
sliding mode theory to reach the performances and then, to
stay onto the sliding surface Chosen according to the control
objectives, the control law is presented in this form :

d= deq + ddis (10)

deq is called equivalent control. Note that, under the action
of the equivalent control d, any trajectory starting from the
manifold S(x) = 0 remains on it, since S(z) = 0.

deq is given by

S(t,z) =S(t,z) =0 11

This ensures the invariance of the sliding surface. The proposed
discontinuous control, dg4;s guarantees a convergence in finite
time on the surface; it is defined as:

dgis = M.Sign(S) (12)
1 deq + M - Sign(S) > 1

deq + M - Sign(S 0 < deq +M-Sign(S) < 1

if
0 deq + M -Sign(S) <0

(13

IV-B  MPPT based on the PandO algorithm

The PandO algorithm involves a perturbation in the operat-
ing voltage of the DC link between the PV array and the power
converter [11]. In this method, the sign of the last perturbation
and the sign of the last increment in the power are used to
decide what the next perturbation should be.

As can be seen in the scheme of the algorithm shown
in Fig.8, on the left of the MPP incrementing the voltage
increases the power whereas on the right decrementing the
voltage increases the power. If there is an increment in the
power, the perturbation should be kept in the same direction
and if the power decreases, then the next perturbation should
be in the opposite direction. Based on these facts, the
algorithm is implemented. The process is repeated until the
MPP is reached. Then the operating point oscillates around
the MPP.
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Fig. 8: The scheme of the PandO algorithm.



V  SIMULATION RESULTS

An extensive simulation for both techniques has been done
using MATLAB and some selected results are presented with
a comparison between the MPPT controllers based on sliding
theory and PandO algorithm.

We suppose that the irradiations trajectory takes this form:
it increases irradiation from 500 (W /m?) to 1000 (W /m?)at
t=0.06 s. This illumination change is applied to the three
different converters using every time one of the two MPPT
controllers, we start by using the MPPT controller based on
the sliding theory, we called it SMC. Fig.9 presents the power
response under the irradiation change, the simulation results
show that both systems with BOOST converter, CiiK converter
and with SEPIC converter succeed to track the maximum
power, it is the same thing in case we use the PandO controller
as mentioned in Fig.11, but, both Fig.9 and Fig.11 shows
that the MPPT controller based on sliding theory and PandO
algorithm with BOOST converter track the maximum power
point very fast compared to the system with SEPIC and CuK
converter. Moreover, the output power from the system with
CuK converter is not stable at maximum power as compared to
the system with BOOST and SEPIC converter,also, the SEPIC
is more stable with less power ripple as compared to two other
converters at maximum power output.

If we concentrate on the MPPT controllers, we could easily
note the good performances of the SMC against the PandO that
shows some oscillations but a rapid track of MPP. Fig.10 and
Fig.12 shows the waveforms of output voltage, again the PV
system with SEPIC shows a performing and precise response
but with the BOOST is occuring the most rapid response, the
CuK converter is producing a negative output voltage.

The load variation allows testing the robustness of the two
controllers against parametric changes. The load is changed
from 50 Q to 100 Q. As SEPIC converter shows good
operation we choose to make test of load variation using it
with the two MPPT controllers. Fig.13 and Fig.14 shows
that the two controllers resists with success to the parametric
changes and guarantees a stable optimal power and precise
output voltage for the SMC however the Pand occurs the
oscillations as usual, so, from this study we could say that
the MPPT controller based on sliding mode theory is more
performant that the classical PandO controller and that the
SEPIC converter is the most performing
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Fig. 9: Output power under variable irradiation using MPPT
controller based on sliding theory.
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Fig. 10: Output voltage under variable irradiation using MPPT
controller based on sliding theory.
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Fig. 11: Output power under variable irradiation using MPPT
controller based on PandO algorithm.
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Fig. 14: Output voltage under load variation.

VI CONCLUSION

In this work, a complete study of PV systems integrating
an MPPT controller was studied. The proposed PV system
is composed of a PV generator, a boost converter and a
resistive load. The maximum power point tracking techniques
are used to deliver maximum possible power from the solar
array. PandO with fixed perturb value is having tracking versus

oscillations tradeoff problem. MPPT controller based on slid-
ing theory showed better performance with lower oscillation.
Selection of one converter from the three depends on the
system requirements and budget. For good quality of output
power, SEPIC converter is favorable.
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