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a b s t r a c t

The present work describes an optimal operation of a small scale photovoltaic system connected to a
micro-grid, based on both sliding mode and fuzzy logic control. Real time implementation is done
through a dSPACE 1104 single board, controlling a boost chopper on the PV array side and a voltage
source inverter (VSI) on the grid side. The sliding mode controller tracks permanently the maximum
power of the PV array regardless of atmospheric condition variations, while The fuzzy logic controller
(FLC) regulates the DC-link voltage, and ensures via current control of the VSI a quasi-total transit of the
extracted PV power to the grid under a unity power factor operation. Simulation results, carried out via
Matlab–Simulink package were approved through experiment, showing the effectiveness of the
proposed control techniques.

& 2015 Published by Elsevier Ltd. on behalf of ISA.

1. Introduction

As conventional energy sources are vanishing fast with a conse-
quent rise in cost, considerable attention is being paid to other alte-
rnative sources. Nowadays, solar energy, which is free and abundant
in most parts of the world, has proven to be an economical source of
energy in many applications. Nowadays, grid connected PV systems
have acquired a mature technology, and is receiving more attention in
recent years as decentralized sources, to share the power demand in
case of grid disturbances, improving therefore the stability of the
interconnected networks. In this topic, various studies have been
carried out on sizing [1,2], matching [3], and optimizing [4]. Different
optimization strategies were proposed to improve the overall system
efficiency, by extracting and then injecting the maximum PV power
into the grid. The first task deals with tracking the maximum power
point (MPP) of the PV array, where many algorithms are used;
whereas, the second task consists in injecting this power with
minimum losses. As exposed in [5,6], the conventional Perturb &
Observe (PO) method does not provide a good accuracy and response
time, since oscillation occurs around the optimal point in steady state

[7]. To overcome this drawback, several intelligent and complex
control methods, such as fuzzy logic [8,9] genetic algorithms [10,11],
neural network [12], neuro-fuzzy MPPT strategies [13], were devel-
oped in recent years to improve accuracy and response time.

Compared to the classical algorithms, artificial techniques proved a
notable superiority, since the maximum power point is always tracked
very fast regardless any sudden changes of solar insolation, and
without oscillation in steady state [14]. As an interface with the AC
side, two or multi-level VSI with various pulse width modulation
techniques, are currently in use. They are controlled either in current
or voltage mode to allow the PV power flow of the PV power to the
utility under a controlled power factor operation.

In this scope, the present paper describes how an operation of a
small scale PV system connected to a microgrid can be achieved.
The main tasks assigned to the proposed control strategies are

1. A permanent tracking of the maximum power point of the PV
array, by a proper tuning of the boost chopper duty cycle, using
sliding mode based MPPT control.

2. A total flow of the extracted PV power to the utility, via current
control of the VSI, under a unity power factor operation.

In order to investigate the system performances, and prior to
numerical simulation, each part of the system is modeled, taking into
account the following assumptions: the synchronization of the PV
systemwith the grid is not considered in this study, power converters
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are supposed lossless. Thus, the paper is organized as follows: Section
2 shows the modeling of different system components, while in
Section 3, the proposed control strategies are presented. To test the
effectiveness of these techniques, Section 4 illustrates both the
practical and simulation results. Section 5 concludes this work.

2. System description and modeling

The synoptic schematic of the studied system is shown in Fig. 1.
The first stage of the conversion chain is composed of a PV array and a
boost DC–DC converter, which rises the relatively low optimum solar
voltage into a suitable DC link value. The second stage is composed of
a three phase voltage source inverter connected to the grid via an
inductive filter and a step up transformer.

2.1. PV array modeling

Photovoltaic arrays are neither voltage nor current sources, but
can be approximated as current generators with dependent
voltage sources, where the I–V characteristic can be expressed by
an implicit Eq. [15]:

IPV ¼ Isc� I0 exp
VPV þRs IPV

Vth

� �
�1

� �
ð1Þ

I–V curve is crucially influenced by solar insolation and tem-
perature variations. The adaption of Eq. (1) to different levels of
these inputs can be handled by the following equations:

ΔI ¼ β
E
Er

� �
ΔTþ E

Er
�1

� �
Isc ð2Þ

ΔV ¼ γΔT�RsΔI ð3Þ

V ¼ VrþΔV ð4Þ

I¼ IrþΔI ð5Þ

2.2. DC–DC converter model

To test the control techniques on continuous dynamic systems, the
state space average models of power converters are generally used,
neutralizing so the system's discontinuity caused by the switching
phenomena. Referring to Fig. 2, the continuous dynamic model of the
boost DC–DC converter is obtained through the combination of the
switching modes, as follows:

For S¼0, the following expressions are deduced for storage
elements L1 and C:

L1
diL1
dt

¼ VPV �VDC ð6Þ

C
dVDC

dt
¼ iL1�

VDC

RL
ð7Þ

Nomenclature

VPV photovoltaic array voltage (V)
IPV photovoltaic array current (A)
Isc photovoltaic short circuit (A)
Io inverse saturation current (A)
Voc PV open circuit voltage (V)
Vth thermal voltage (V)
Rs array series resistance (Ω)
⍺ chopper duty cycle
σ sliding surface
ΔT temperature variation

VDC, VDCref actual and reference DC link voltage (V)
E, Er actual and reference insolation (W/m²)
Ia, Ib, Ic grid currents (A)
ea, eb, ec grid voltages (V)
Va, Vb, Vc inverter output voltages (V)
θ grid estimated angle (rad)
FLC fuzzy logic controller
I, Ir actual and reference current (A)
V, Vr actual and reference voltage (V)
β, γ current and voltage change coefficient depending on

the temperature

Fig. 1. Synoptic of the grid connected PV system.

Fig. 2. DC–DC boost converter schematic.
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