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Abstract:

Solar energy is a clean and promising source of energy that can be adapted pertfectly with multiple systems. The
electrical characteristic of the Photovoltaic generator contains an optimal operating point generally called the
maximum power point. For this, the implementation of a tracker of the maximum power point is necessary. 1They
play a critical role in photovoltaic (PV) power system for maximize the power of the GPV under different
rrradiance conditions. This paper deals a strategy for optimizing the performance of a photovoltaic system under
real climatic conditions. The maximum power point tracking “MPPT” used in this paper is the perturbation and
observation (P&O) algorithm. A controlled Boost DC-DC converter was implemented and connected to a
SunTech STPOS5B PV panel to verily the accuracy of the proposed method. Matlab/Simulink was used for the
simulation studies. A digital signal processor (ASPACE ACE1104) based controller was constructed to implement
the proposed MPPT control, and the experimental results are presented.
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1. Introduction

The renewable energy plays a very important role in
the production of electricity, mainly in developed
countries. The sun 1s a clean, renewable and not
polluting source to generate electricity. The electricity
production in systems based on solar cells, where the
solar photons are absorbed by a semiconductor is
directly converted mnto electrical energy [1].

The characteristic of the photovoltaic generator (PVG)
depends on the temperature, and the irradiation solar.
The electrical characteristic  voltage/power of the
photovoltaic generator (PVG) represents the variation of
the power according to the voltage across the
photovoltaic  generator. In this charactenistic, the
photovoltaic generator contains an optimal operating
point generally called the maximum power point,
located in a non-linear zone. To improve the efficiency
of the photovoltaic system, the implementation of a
tracker of the maximum power point (MPP) is
necessary.

There are several methods to obtain the maximum
power of the photovoltaic generator [2- 4] can be
divided mto two groups; offline methods and online
methods[5]. These methods differ in terms of
complexity, speed of response, amount of investment,
the number and types of sensors required and the
hardware 1mplementation [5]. Offline methods
commonly used the short circuit current and open
circuit voltage of the GVP. Generally there are two well-
known methods are; the open circuit method [6], and

the short circuit current method [7], the authors [8] have
been proposed the new offline method based in
Artificial Neural Networks (ANN).

In online methods, the current and voltage of the solar
panel are measured instantaneous; the most famous in
this group are: Perturbation and Observation (P & O)
[9], incremental conductance [2], the Ripple Correlation
Control (RCC) [10], hill climbing, the three point’s
comparison and the feedback methods of power [11].

There are author used the methods based on «artificial
mtelligence»  such as the authors [12 14] have
proposed the maximum power point tracking (MPPT)
algorithm based on artificial neural networks. The
author [13] proposed genetic algorithms, and the author
[15 - 17] have used fuzzy logic to obtain the optimum
power point

In this paper, optimizing the performance of a
photovoltaic system with Perturbation and Observation
(P & O) algorithm, In Section 2 The solar panel
modeland a Boost converter model are presented.
Section 3 the photovoltaic system for tracking maximum
power 1s introduced. Section 4 our method for tracking
the maximum power 1s presented “the P and O
algorithm” section 5 the experimental setup and results
are presented to demonstrate the efficiency of the
proposed system. Finally the conclusion are presented
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2. Photovoltaic generator

There are several models mathematics used for simulate
the photovoltaic generator. These models differ in the
method of calculation and the number of parameters

mvolved in the current - voltage characteristic.
In our case, we chose a simple model that requires the
parameters given by the manufacturer.
We have implemented the five parameter model. The
equation for the model of the photovoltaic cell mvolves
the relationship between the output voltage and the
current. To increase the output power of the system,
solar cells are generally connected in series and/ or in
parallel to form PV modules.
This model can be summarized as follows: [18 -20]
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Figure 1. The solar cell

The output current of the solar cell is given by

I = Ipl\ - Id - I\I\

By considering the electrical characteristics of a junction,
this current can be given by
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When one replaces the term VT = K'T/q, one finds
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The output voltage of the cell becomes

Iy —1+1
U= —IR, + %m(phli”)
0
Where:

R.: series resistance

R.: shunt resistance

I.: short circuit current

L: current of the diode

L current of the parallel resistor Rp
I: output current and of the solar cell
U: output voltage of the solar cell

L.: reverse saturation current of the diode
q: charge of the electron

A: diode 1deality factor

K: Boltzmann constant

T: temperature in °K

3)
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For the rest of our work, we have chosen a STPO85B
PV module. It consists of 54 polycrystalline silicon solar
cells connected 1n series and provides a nominal power
85W. The electrical parameters are given in Table 1.

Table 1. Module STP085B

I short - V()|m1 - V,\meum I.\lu\un\un P.\Lx\unum
5.15 21.9V 17.8V 4.83 86W
A A

The photovoltaic generator (PVG) is composed by cells
solar connected serially and/or parallel. Voltage and
current of PVG is proportional to the number of series
and parallel cells respectively.
From the last equation, the characteristics of the solar
module I = f (V), with a variable illumination, will have
the following form (for a junction temperature of 25 ° C
and a spectral distribution of said radiation of AM 1.5).
Note that the voltage Voc varies very little according to the
illumination, unlike the current I. increases strongly with
the illumination.
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Figure 2. (a) I-V characteristics and (b) P-V
characteristics with varying irracdiation.

3. DC-DC Converter

The boost converter is a type DC-DC converter
composed principally by Electronics components. It is
used In several domamns. In this case, the boost
converter coupled with PVG. Maximum power point
tracking “MPPT” controller generated the duty cycle
will be controlled the MOSFET of Boost converter to
maintain the power of PVG it near from the maximum
power point, whatever of the variations of the



Implementation of a maximum power point tracking (MPPT)..... JNTM(2015) M. N. Amrani et al.

llumination. The following figure shows circuit the There are different type’s algorithms of the MPPT
boost converter: [20] controller [22].
i L L d o PV Panel DC-DC converter DCLoad
- - ﬁ - +
S
'_ —
Y-S | 4% 3!
! T = T Vo
MPPr
Algorithm
Figure 8. The Boost converter. ] ) ] ]
Figure 4. Maximum power point tracking MPPT
controller of PV system
The mathematical model of the DC-DC

converter expressed by the following equations: [20, 21]

5. The P & O algorithm

Yo 1L )

Vi 1-D . .

I 1 - The P & O algorithm 1s the most commonly

b 1-D ©) exploited to search the point of maximum power, due

L = - c, i 6 to its simplicity and requires only voltage and current

L — 4 1 d ( ) ~ N
t DV, measurements of the PVG.
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V.= (1-D)Vy+R, I, L DIy ®) voltage and Obsgr\ ing the impact of this change on the

Where: dt output power of the PV panel. At each cycle, and L,
Li tere. ent V.are measured to calculate P, (k). The value P, (k) is
- mput curren compared with the value P, (k -1) calculated in the
To: output current previous cycle
x' : mlt) ut tvoltl?ge If the output power has increased, Vpvis adjusted

. 74 o . . . . . ~
1_“' 10 u 1}) ut voltage in the same direction as i the previous cycle. If the
lel(xe | power output has decreased, Vpvis adjusted in the

: J /i . . . . . .
I-"lltl} ctyce opposite direction as the previous cycle direction. It
S m(.lulc ance uses an iterative method. The table 2 bellow
- swieh summarized the operation of the P&O-MPPT algorithm
C,, Cu: capacitances
Z:: output impedance Table 2

The principle operation of the P&KO-MPPT algorithm

The critical values of the inductance and

capacitance can be calculated using the following Case AP AV Action
equations: 4 PKk) > P(k-1) V) > V(k-1) V++
(1-DY2DR 3 | PO>PhD) | VIO<VkD | V-
L= —"— &) D) PK) <Pk1) | VK> V) V-
C= & (10) 1 PK) <Pk1) | VR <V(kID) | V+r

A scheme of the algorithm is shown in Figure 5.

If the step size is very small losses in states stable
or slowly changing conditions will reduced, but the
system has a slow response to rapid changes in
temperature or exposure.

The ideal value for the width of the system cannot
be determined experimentally or by simulation, thus
meet a compromise between rapid response and loss
power in stable state.

4. Maximum power point tracking

Maximum power point tracking “MPPT”
controller play a critical role in photovoltaic (PV) power
system for maximizes the power of the PVG. The role
of maximum power point tracking “MPPT” controller 1s
to search the maximum power point of the PV system.
The control principle is based on the automatic
variation of the duty cycle D to the appropriate value so
as to maximize the power output of the PV panel.

13
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Measure de Vpy(K), Ipy(k)

Measure de Vey(k), Ipv(k)

P(K) = Vev(K)* lpv(k)

P(K) - P(k-1) =0

Vey(K) > Vev(k-1)

Yes

Vpy = VpytAV

Vpy = Vpy-AV

Figure 5 Organization of the disturbance and

Observation (P and O) algorithmn.

6. Experimental Setup

The proposed MPPT algorithm is implemented
using a digital controller based on a dSPACE DSP unit.
The DS1104 R&D Controller Board upgrades your PC
to a development system for rapid control prototyping
(RCP). The real-time hardware - based on the
PowerPC 603e microprocessor - and its I/O interfaces
make the board ideally suited for developing controllers
in various fields - in both industry and university.

The dSPACE is a powerful tool to modify the
MPPT controller parameters real time and to monitor
real processes while an experiment is operated. The
system components are:

DC-DC
Boost Converter

PWM

Vev lov

DSPACE 1104
Controller Board

Figure 0.Configuration of a PV power Control
system
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The bench test was based on the following
equipment: four real Suntech85 W panels (used in the
LAS laboratory in Séuf, Algeria), a Semikron DC-DC
Boost converter operating with a switching frequency of
10 kHz and a variable resistor as a load. A Hall Effect
CT LEM (PR30) and a HAMEG HZ64 isolation
amplifier were used to detect the PV output current and
PV output voltage.

MPPT

Bad Link

DS11048L_DSP_PWM3

Digital Clock

Figure 7. Simulink model of the MPPT algorithm
for dSPACE implementation

7. Experimental Results

To test and verify the performance of the MPPT
controller with perturbed and observe algorithm were
performed on experimental prototypes designed and
built in LAS laboratory in Setif "Algeria". A system of
four PV solar panels was used as the resistance from 33

Ohm.

Figure 8. The bench test

The experimental results of the proposed system
were 1mplemented using DSPACE DS1104 is
presented in figure 9, 10, 11and 12.

The experimental duty cycle is shown in Fig. 9.
The experimental PV output voltage and current are
shown in Fig. 11 and 10, respectively. The electrical
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Duty cycle

Current (A)

characteristic of the photovoltaic generator (PVG), I =
f(V) and P = (V) are represents in Fig. 12.a and 12.b,

respectively.
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Figure 9. Duty cycle
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Figure 10. Experimental maximum PV current
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Figurel 1. Experimental maximum PV voltage
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Figure 12 (a) Experimental I-V curve of a photovoltaic
panel
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Figure 12 (b) Experimental P-V curve of a photovoltaic
panel

8. Conclusion

The principal objective of this study is to improve the
performances of a photovoltaic system under real climatic
conditions. For this, we have used the MPPT control
based on perturb and observe algorithm connected in
boost converter. The system demonstrates acceptable
response under real climatic conditions. A dSPACE
ACE1104 based controller was used to mmplement the
proposed MPPT and control algorithm. The experimental
results are presented to verify the performance.
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