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Abstract

reduction of the chattering problem.

A novel non-linear power point tracking method of photovoltaic system (PV) based on synergetic control strategy
is proposed. This technique uses a synergetic control strategy to achieve the maximum power point output without a
chattering phenomenon. The PV system consists of a PV panel, DC-DC boost converter, MPPT controller and an output
load. Synergetic control is easy to implement, has controllable dynamics towards the origin and gives a good maximum
power operation under environmental changes (solar radiation and PV cell temperature).To show the robustness and
validity of this approach a mathematical model is presented and simulated using Matlab/SIMULINK under different
atmospheric conditions. Indeed, the simulation results showed the advantages of this new algorithm, especially the
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Introduction

Nowadays, solar energy has great importance because of its
sustainability and environmental friendly characteristic. The
photovoltaic module represents the fundamental power conversion
unit of PV system, the fact that the output characteristic depends on
the solar radiation and the cell temperature [1]. In order to get the
maximum of power from solar panels and enhance the PV system’s
efficiency, the selection of a maximum power point tracker (MPPT)
algorithm is necessary [2].

A significant number of MPPT control systems have been developed
for years to extract the maximum power that the photovoltaic module
can provide [3]. Each MPPT has its own advantages and disadvantages.
Due to their simplicity, perturbation and observation (P&O) algorithm
and incremental conductance (IC) method are the most widely
used [4,5]. The P&O algorithm consists of perturbing the PV output
voltage and observing the output power to determine the peak power
direction. The IC methods compare between the instantaneous and
the incremental conductance to track MPP [6]. However, these
methods have some disadvantages: P&O control fails to track the MPP
during the rapid solar irradiation changes and IC method around the
maximum power point [7].

To solve these problems many solutions have been reported in
literature. To get better performance to the PV system, an adaptive
perturbation step size has been proposed [8]. This method is effective
but it is complex in implementation as it needs the operation point
location. In addition, the implementation of this control is switched
between adaptive duty cycle and fixed duty cycle control.

There are also other techniques such as fractional short circuit
current method [9] and fractional open circuit voltage method
[10]. However, these two methods have a weaker and less accurate
performance.

In addition, a several number of intelligent methods have been
adopted to estimate the voltage and the load current values such as
fuzzy logic, artificial neural networks and genetic algorithms [11-
13]. Such methods are frequently complex and require considerable
knowledge in control system design.

Recently, sliding mode control (SMC) is used in photovoltaic

systems [14,15]. SMC is a non-linear control strategy which has several
advantages such as robustness, good dynamical response and simplicity
in its implementation. On the other hand, its major drawback is a
chattering phenomenon. Hence, this phenomenon induces many
undesirable oscillations in control signal [16]. Synergetic control (SC)
as a solution is proposed in this paper to ensure stability of PV system
with fast dynamic response. Synergetic control theory is introduced in
ref. [17]. SC, like sliding mode control, is a non-linear control strategy.
It allowed changing the system structure by switching from one set of
continuous functions of state to another at any instant [18]. Synergetic
control has the advantage of finite time convergence and tiny steady
state error. In addition, it should achieve similar performance as SMC
without chattering phenomenon [19]. A MPPT control strategy based
on SC has been presented in ref. [20]. However this algorithm has
the drawback such as parameter tuning difficulties and complexity.
Therefore, the aim of this paper is to develop a novel SC scheme
that is simple to implement and possesses an excellent steady state
performance.

Inspired from the above work, this paper proposes a novel MPPT
using synergetic approach for stand-alone photovoltaic system. The
outline of the paper is as flows. The PV panel model is described in
section II. Section III presents the mathematical model for a boost DC-
DC converter. In the following section, synergetic approach procedure
is exposed and the proposed synergetic MPPT controller is given.
Section V presents the simulation result and discussion. In the last
section, conclusions are given.

Photovoltaic Generator
How a PV cell working

Photovoltaic cell is basically a p-n junction which converts directly
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sunlight to electricity. When the cell exposed to the sunlight, the cell
photons are absorbed by the semiconductor atoms, freeing electrons
from the negative layer. These electrons find their path through an
external circuit toward the positive layer resulting an electric current
[21,22]. Monocrystalline, polycrystalline and thin film technologies are
the major families of PV cells. The absorption depends mainly on the
cell surface, semiconductor or band gap, the temperature and the solar
radiation [23].

PV panel model

To model the PV Panel, the scientific community offer several
models. The single diode model is the most classical one described
in literature [24]. The equivalent circuit (Figure 1) consists of current
source to model the incident luminous flux, a diode for cell polarisation
phenomena, a parallel resistance due to leakage current and a series
resistance representing various contacts [6].

The general mathematical PV cell equation is given by the following
equation [25]:

I=1 N -I-I (1

ph™ 'p "d “sh

Where, I is a photo current, I, is a diode current and I, a shunt
current. The module photo-current evaluated as:

L=Gy L 4K(T, - T, )] 2
The shunt current is described by the following equation:
V.,+1 R

7 2w tHpdS

= 3
The dark current I, is calculated by the following equation:

V, + R
I, =1 |exp| g—2— |1 4
NV,

The reserved saturation current varies with temperature is
described according to the following equation:
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Finally the output current can be expressed as:

V., +RI v, +I R
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An ideal PV cell has very high equivalent shunt resistance and very
low equivalent series resistance (Simplification R >>>R )

Equation (1) with R =0 and R =cc becomes:
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C +——
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Figure 1: Equivalent circuit of solar cell.

AV[}V
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Ngn
PV characteristics

The PV panel specifications used for simulations are presented in
Table 1.

Figure 2 shows the typical current versus voltage and power
versus voltage curves for the photovoltaic module. Figures 3 and 4
show the I-V and P-V characteristics of PV module under different
temperature levels (fixed irradiance). Figures 5 and 6 show the I-V and
P-V characteristics of PV module under different solar radiation levels
(fixed temperature) [20].

It is clear that the PV module inherits nonlinear characteristics
at its MPP. This MPP varies with temperature and irradiance. Hence,
PV panel power increases with irradiance increasing or temperature
decreasing. Therefore, in order to ensure that the photovoltaic system
work at its MPP, a control algorithm is needed.

Maximum power (Pmax) 60 W
Open-circuit voltage (Voc) 211V
Short-circuit current (Isc) 3.8A
Optimum operating voltage (Vmpp) 171V
Optimum operating current (Impp) 35A

Table 1: Specifications of PV Panel.

r r r MPP : Maximum
power point

— —_
= <
= -
— c
@ @
2 =
o >
Q (8]

2

0 . ¢ ¢ . 0

0 5 15 20 25

10
Voltage (V) Open circuit voltage:Voc

Figure 2: |-V and P-V characteristic curves at a fixed irradiation (G=1000W/m?)
and a fixed temperature (T=25°C).
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Figure 3: Power-Voltage curve in different temperature (G=1000W/m?).
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Figure 4: Current-Voltage curve in different temperature (G=1000W/m?).
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Figure 6: Current-Voltage curve in different irradiance.
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DC-DC Converter

In order to extract the maximum power from the PV module,

the DC-DC converter allows adaptation between the PV module and
the load [3]. Figure 7 shows the circuit of the boost converter, whose
output voltage (V) is more than or equal to the input voltage va (PV
generator voltage).

The switch S operates at a high frequency to produce a chopped
output voltage [26]. The power flow is controlled by adjusting the ON
and off of the switching. Hence, When S=1, the switch is ON. The
equations can be written as:

av,

L. .
=—(, —i
a
d, 1
ZL__"y 8
d L ®)
v, 1 N
— =i, —iy)—=I
a0 o Eh

When S=0, the switch is OFF the equation can be expressed in
equation:

dv 1

o L
g crlm i)
/s

av, 1 . .

at _CZ(ZL iy)

The boost converter can be used to drive a high voltage load
from a low voltage PV module. The dynamic model of the used boost
converter can be derived as:

av, 1.

T::a(lw—h)

dar, 1 1

L=V +(S-DV, (10)
dt L L( Yo

av, 1 1

1L

g o) Ty S
If we set x=[x, x, x3]T’=[VPV i V"

With Tr matrix transpose, the above expression can be written as:
dx

x= _.f(xat)+g(xst)S (11)
dt
Where,
.
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Figure 7: Diagram of boost converter.
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Synergetic MPPT Controller _
\Ur;
. A e
Synergetic control procedure ~UR
~s o,

The general synergetic control procedure is reviewed in this section. G.’T " DC-DC Boost (L)
Synergetic control theory is a nonlinear approach, it uses a non-linear converter ( A
model of the power system to overcome the above mentioned problems b
of the linear controls [27]. The nonlinear differential equation of the ISW

system can be described by the following form [28,29].
dx
Xx=—=f(x,s,t (12)
0 VACER))

Where x=(x,x,,...,x ) is the state variable vector of size n, s=(s .5 ,...,s )
is the control input of size m=1 and t is time.

The SC approach is based on a particular choice of the macro
variable. Therefore, we started by defining a nonlinear macro-variable
as follows:

Y=Y¥(x,t) (13)

The controller objective is to force the system to operate the
manifold (¥=0). However, using the same procedure as in the
synergetic approach [30,31]. The macro-variable can be a simple linear
combination of the state variables. Hence, the designer can select
the characteristics of this macro-variable according to the control
specifications such as the settling time and the control objective. The
desired dynamic evolution of the macro-variable is:

TY+¥=0,T>0 (14)

Where T is a specific designer chosen that determines the rate of
convergence speed to the manifold specified by the macro-variable.
Taking into account the chain rule of differentiation that is given by:

Y=""x (15)
dx
Combining 12, 14 and 15

Td—\yf(x,s,t)+‘{’=0 (16)
dx

Finally upon solving equation 16, the control law can be described
as flow:

S =0[x,t,¥Y(x,1),T] (17)

As can be seen, the control output S depends not only on the system
state variables but also on the time constant T and the macro variable ¥
as well giving the designer latitude to choose the characteristics of the
controller by selecting a suitable macro-variable and a constant time T.
By suitable selection of macro-variable, the designer can obtain many
interesting characteristics such as:

»  Stability
* Noise suppression
* Parameters flinsensfhtffivfhity.

The procedure summarized here can be performed by hand for
simple systems, such as the DC-DC boost converter used for this study,
which has a small number of state variables.

Synergetic MPPT controller

Maximum power point tracking is an essential stage of a
photovoltaic system for tracking the maximum power. The system
studied in this paper is a stand-alone PV system. As shown in Figure 8,

PV Panel Synergetic MPPT

Controller

Figure 8: Block diagram of PV system with synergetic controller.

it consists of a PV panel, a DC-DC converter, a load and a synergetic
controller.

Like all other MPPT, the modelling of the synergetic MPPT
controller is based on the output power of the cell which is P=V*I. The
optimisation of the output power is achieved as shown in Figure 2, by
selecting the manifold as:

oP

Z -0 18

o (18)

Hence, the manifold is defined as:

Y= 8—P = Vﬁ +1/ (19)
oV oV

In studied DC-DC boost converter, there are two states: the output
voltage (x1) and the inductor current (x2). As ¥ is function of x1 only,
hence the chain rule of differentiation becomes:

2
‘P:lesz{aI+alV}V' (20)

dx o Clov ar?

Then the desired dynamic evolution of the macro-variable can be
expressed:

TY+¥=0;T>0 @1
So,
2
T 2ﬂ+6—121/ V+Va—]+1:0 (22)
oV or ov
y Vaa—l +1
S A AN =
H e e e 4
L| oV oV
Stability proof
Based on Lyapunov function the macro-variable requires that:
V=1‘P2>O;V=‘P=d—‘y<0;‘{"i’-<0 (24)
2 dx

Results and Discussion

The PV model system has been implemented in Matlab/Simulink
shown in Figure 9, which includes the PV array, the DC-DC boost
converter with an MPPT controller connected to a load. The PV
modules specifications’ are shown in Table 1.The converter circuit
topology is designed to be compatible with given load to achieve the
maximum power transfer from the solar panel. The MPPT system
specification’ used in the simulation is shown in Table 2.
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Figure 9: Simulation diagram of the stand-alone PV system.
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J Electr Electron Syst, an open access journal Volume 6 * Issue 2 + 1000232

ISSN: 2332-0796



Citation: Mars N, Grouz F, Essounbouli N, Sbita L (2017) Synergetic MPPT Controller for Photovoltaic System. J Electr Electron Syst 6: 232. doi:
10.4172/2332-0796.1000232

Page 6 of 7
To evaluate the effectiveness of proposed MPPT, We consider
RN . . 325
the PV cell with irradiance is 1000W/m? and temperature is 25°C.
The simulation results of the output power, the PV panel voltage, the
output voltage and the PV panel current are shown in Figures10a-10c 320
show the duty cycle and the macro-variable.
. . L
The photovoltaic system is dependent on the temperature and g °
irradiation conditions and the power will be maximum for along 5
2
the variations of temperature and irradiation in the PV panel which © 310
is giving to input to DC-DC converter. Therefore, we will evaluate g
the robustness of the proposed MPPT according to temperature and E 305
irradiance variation. In each figure, two different values of temperature =
300
L 480 (mH)
R @) 205
K 1.38e-23 (J/K) 0 0002 0.004 0006 0.008 0.01 0012 0.014 0.016 0.018 0.02
Q 1.6e-19 (C) Time (S)
Rs 0.18 (Q) Figure 13: Temperature variation.
Rp 360 (Q)
N 36
T 0.003
70
Table 2: System specifications.
.60
1100 <
> Ppv
1050 o 50 Vo
— Vpv
1000 z —
& 40
™ 950 >
; S
= 900 <
= S 30
§ 850 =
.8 800 S 20
3 :
750
E & 10
700
650 % 0002 0004 0.006 0008 001 0012 0.014 0.016 0018 0.02
600 Time (S)
0 0.002 0.004 0.006 0.008 001 0.012 0.014 0.016 0018 0.02 Figure 14: Simulation with step irradiance change (1000W/m?, T=25°C).
Time (S)
Figure 11: Solar irradiance variation. or irradiance are presented in order to show the robustness (Figures
11-14).
70 All the obtained results show that the use of synergetic MPPT
controller is effective. The SC ensures very fast convergence to the
<60 MPP and there are no oscillations around the MPP. Moreover it
> — provides a high robustness with the variation of the external conditions
[} — s .
50 —Vp (temperature and solar irradiance).
S‘ — Ipv
2 Conclusion
o
> 40
e A In this paper, a whole PV system with optimal control strategy
< has been presented. The Synergetic control is formulated and applied
S I to the PV system. This system consists of a solar panel, DC-DC boost
’Szo converter, synergetic MPPT controller and an output load. The
< effectiveness and the robustness of the proposed MPPT are proven by
2 A . .
& 10 simulation results.
It is proved using Simulation Matlab/Simulink that the designed
005007 0004 0006 008 06T 001Z 0 01d 0015 0078 Th2 SC ShO\-Ned g(.)od_ results as it succes.sfully and precisely trzflcked the
Time (S) MPP with a significantly higher efficiency. Hence, synergetic control
. . o o eliminates chattering effects and robust to abrupt change of solar
Figure 12: Simulation with step irradiance change (1000W/m?, T=25°C).

radiation and temperature.

J Electr Electron Syst, an open access journal Volume 6 « Issue 2 + 1000232
ISSN: 2332-0796



Citation: Mars N, Grouz F, Essounbouli N, Sbita L (2017) Synergetic MPPT Controller for Photovoltaic System. J Electr Electron Syst 6: 232. doi:

10.4172/2332-0796.1000232

Page 7 of 7

In further work, these results will be experimentally validated.
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