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Abstract— Solar PV systems are gaining attraction for
energy generation in these days due to its reducing cost
and efficiency. The proposed system consists of two
main controllers: the DC/DC boost converter to track
the maximum power from the PV panels using an
application of sliding mode control because it is fast
and unconditionally stable and the grid-tied three-
phase inverter to control the power active and reactive
for achieved the unit power factor in connection point
and synchronize a sinusoidal current output with a
voltage grid with regulated DC bus voltage. Simulation
results are provided to demonstrate the effectiveness of
the proposed design and robustness under different
operating conditions such as changes in atmospheric
conditions.
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1. INTRODUCTION

Due to the extreme dependence on non-renewable
traditional fossil fuel energy sources, renewable energy is
increasingly in demand recently. Among all renewable
energy such as wind energy, fuel cells, ocean energy, etc.,
solar energy seems to be a promising source of energy.

Photovoltaic cells have a single operating point where
the values of the current and voltage of the cell result in a
maximum power output[1]. These values correspond to a
particular resistance which is equal to the division of the
maximum voltage and maximum current. A maximum
power point tracker (MPPT) is a device capable of search
for the point of maximum power and, using DC-DC
converters, extracts the maximum power available by the
cell. By controlling the duty cycle of the switching
frequency of the converter we can change the equivalent
voltage of the cell [2-8]. Multiple types of methods have
been designed and implemented to search for this
operation point ,which differ in complexity, number of
sensors needed for operation, convergence speed, cost-
effective range, etc. [9]. Two of the most commonly used
MPPT techniques are Perturb and Observe (P & O) and
Incremental Conductance (IC). The reason for this
popularity is its implementation simplicity and its
relatively good performance [10, 11]. Other MPPT
algorithms are based on using fractional values of the
open circuit voltage and operate the PV module at a fixed
percent of this voltage. The main advantages of those
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solutions are the low cost and implementation simplicity
since they only require a single (voltage or current) sensor
[12, 13]; But their efficiency is low compared with the P
& O and IC algorithms. In contrasts, techniques based on
computational intelligence, such as neural networks and
fuzzy logic, offer speed and efficiency in tracking the
MPP  [14, 15]; however its complexity and
implementation costs are high compared with the P & O
and IC algorithms. The key technology to overcome both
the power quality and grid stability challenges in
interfacing the PV system to the grid is the advanced
control of the Voltage Source Converter (VSC). In grid-
connected PV system, the inverter operates in current
control mode where the grid regulates the voltage and
frequency at the connection point by setting current
reference for the inverter to allow exchange of active and
reactive powers. Our objective is to control the active and
reactive power to some reference values [16, 17].The
power references and the voltage references are then used
to set the references for the current controllers. The
inverter is supplied from a DC link capacitor. The
optimum operating point is highly dependent on the
connected load and parameters such as the temperature
and irradiance. The Pulse Width Modulation (PWM)
inverter expressed in the dq rotating frame there is an
inherent coupling between the active and reactive
components of the current which makes it difficult to
regulate the power injected into the grid from the PV
generation system. An effective decoupling strategy based
on proportional-integral (PI) controllers is designed to
eliminate the interaction between the two current
components.

In this paper, a sliding mode control is applied to track
maximum power of photovoltaic system. The advantages
of this control are various and important: high precision,
good stability, simplicity, invariance, robustness etc....
This allows it to be particularly suitable for systems with
imprecise model. Often it is better to specify the system
dynamics during the convergence mode. This paper is
organized as follows: Section IV reviews the modeling of
the PV system, in section V, Converters Topology is
given, Section VII discusses the control strategy proposed
to track the MPP, section IX provides a simulation that
shows that the control approach can yield satisfactory
results in terms of robustness toward variations in the PV
system operating conditions.

I1. PROPOSED SYSTEM

The system we propose consists of a PV cells and boost
converter that is used for controlling the MPP. The VSI is
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used for transforming the DC current into AC current of
system frequency, as well as for the active and reactive
power control in the system. A schematic overview of the
power system with PV cell source is given in Fig.1
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Figure 1 : Proposed system.

I11. PV DEVICE MODELING

PV Device will generate electrical power by converting
solar irradiation into direct current. The PV system
composed of N in series cells and P in parallel cells. Such
a series and parallel combination of modules is called a
PV array. In the past, there have been different types of
models to estimate the non linear equations of the
photovoltaic module. Models like Anderson’s, Blesser and
the most common used the one diode model because it
provides a good compromise between the accuracy and
the simplicity[16]. All these models present a good
approach into estimating the solar cell voltage and
currents. The double-diode model is having better
accuracy [17, 18]because it takes into account some

physical phenomena of semiconductor, viz., charge
diffusion and recombination in the space charge layer.
s _Ib

I
I, @ ! \ R,

Figure 2. PV module equivalent circuit.

In Fig.2, the current source is used to model the
incident solar irradiance, a diode representing the
polarization phenomena, a series and parallel resistances
to represent the power losses. The mathematical equations
describing the cases in Fig.2 are given respectively by:
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Where, I: PV module terminal current (A); Iph: Photo
generated current (A); V: PV module terminal voltage
(V); Rs: Equivalent series resistance (€2); Rp: Equivalent
parallel resistance (€2); Isat : Diode saturation current (A);
Ns: Number of cells connected in series; VT: Diode
thermal voltage kT/g; k: Boltzmann’s constant
(1.3806503 e-23 J/K); T: Temperature (°K); g : Charge of
electron (1.60217646 e-19 C): A : Diode ideality factor
(1> A>2) ;The change of irradiance has an effect on
the performance of the PV module according to the
following set of equations:
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IV.CONVERTERS TOPOLOGY:

To pursue the maximum power point (MPPT), DC/DC
Converters are most widely applied in photovoltaic
systems as an intermediate between the solar cells and the
load. Different topologies and different design approaches
could be used for DC/DC converters. In this study boost
converters is introduced as shown in Figs. 3 , the
switching period of “T” and duty cycle “d” for this
converter, state equation of voltage results in the Esg. (6)

(8).

Figure 3. DC/DC boost converter.
a, _ 1-d
dt L
Also, the relation between | and Ipv foreach type

1

V, + EV”V (6)

of converter is as follows:
I, =Kl o
In which, K is given as follows:

(7

K=1

V.CONCEPT OF MAXIMUM POWER POINT

Along The maximum power point principle is based on
the circuit principle: when the photovoltaic cell's output
impedance and the load impedance are equal. The MPP
can be affected by climate conditions such as: temperature
and irradiance that’s why the relationship between voltage
and current is non-linear The MPPT principles is to

(®)
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control the duty cycle for the pulse width modulation
block that controls the power converter to deliver
maximum power to the load.

VI.SLIDING MODE CONTROLLER

The advantage of this method is its simplicity and
robustness in spite of uncertainties in the system and
external disturbances and on the other hand it needs
relatively less information about the system and also is
insensitive to the parametrical changes of the system plus it
doesn’t need to the mathematical models accurately like
classical controllers but needs to know the range of
parameter changes for ensuring sustainability and
condition satisfactory. The sliding mode control goes
through three stages: Choice of surface, Convergence
condition and Calculation of the control laws.

The Proposed Sliding Mode Control Approach for
MPPT

Fig. 4 shows the 1-V characteristic curve of a solar array
using sliding mode control method.

P
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Figure 4. 1-V curve of PV array using proposed method.
MPP is calculated by solving Eq. (9):
oP oV,
® = (Vorla) =V, dl,, +dV,.1,,=0 (9
N, v,
Where:
V,,: The PV voltage, |, : The PV current
This  equation shows that to obtain  this

point,(—dev /dlpv) must be equal to (va / Ipv) In
This Method, (—deV /dl pV)is known as instantaneous

array resistance “R” and (V )is known as

pv / Ipv
incremental resistance “r”. Thus, at maximum power
point, the following equation must be satisfied as shown
in fig.4:
dv
pv _
SRR TIR R(1,)-r(1,)=0
pv

pv

pv _

(10)
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Therefore, the sliding surface can be defined based on
the error between the instantaneous array resistance (R)
and the incremental resistance (r):

o=R(1,)-r(l,) (11)
Now by defining the above surface, control law should

be obtained for three different of converters topologies
that forces the system to move on the sliding mode surface
in a finite time in which the following structure for control
input is used as it is used in [24]:

U (t)=U, (t)+U,(t) (12)
Where,
Ueq . defines the system’s behavior on the sliding surface
and known as equivalent control-input
Un : known as non-linear switching input that moves the

state to the sliding surface and keeps the state on the
sliding surface in the presence of the uncertainty

U, is obtained from the invariance condition and is
given as below:
(6=0,do=0) , which mean U =U_, (13)
The derivative of the sliding surface Eq. (7) is:
dl
do = R __or — (14)
ol, al, ) dt
Substituting Eq. (6) into Eq. (23) results in:
dl
do=A—- (15)
dt
Where:
oR or
A=K| ———— (16)
ol, o,

By substituting Esq. (6) into Eq. (11), the time derivative
of sliding surface is obtained:

dO'=A|:

pv

o)

Considering Eg. (15) and Eqg. (11), the equivalent control-
input is obtained as:

a7

(18)

Now U, (t) is chosen so that the Lyapunov stability
criteria and its chosen as:

\Y
U,(t)=—=+M
Vo
Where M is control signal which is calculated through
Lyapunov stability criteria (given below). Therefore, the
Eg. (16), (17) give the control law defined in Eq. (10) as:

U(t)=1-M (20)

A Lyapunov function and its time derivative are defined
as:

(19)
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\Y =502 ,dV =do.o (21)
If Eg. (11) is substituted into Eq. (18), we get:
\
dv = A{%—(l—u (t)).%}.a (22)

Substituting Eq. (11) into Eqg. (13) gives the following
result:

A
dv = I.[vpv -MV, |o (23)
Assume the operating point of the system is ‘a’ in Fig. 4.
Since the gradient is negative, moving the operating point
to the right side causes increasing in the current of PV
array, which results in decreasing of R and increasing of r,

therefore,

ﬁ < O, i >0
o,
Also, moving the operating point to the left side causes
decreasing in the current of PV array, which results in
increasing of R and decreasing of r, therefore,
R 5O
o, al,
Thus, the sign of “A” in Eq. (9) is always negative, for
positive sliding surface we have:

(24)

(25)

pv dev
c>0= —>—— (26)
pv di pv
For a positive parameter a, we have:
v, lav,, [
o>0= | — | >— (27)
pv di pv
1-a a
\ |
Multiplying above inequality in M >0
0
results in:
o>0=>
1-a a a 1-a a
V) () |V | (1) 8V e
v, l, v, \dl y
This simplifies as:
1-a a a
V) (1) |ldv
pv VO dl pv
Similartoo >0, for o < 0 we get:
1-a a a
\ |
oc<0=|-2|< Var) (1) M (30)
| o V, dl ov

Based on Esq. (27) and (28), the control law M can be
chosen as:
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a

dv

pv

di,

Therefore, for positive and negative sliding surface we
have:

()
VO

(1)

N >M =[V,, -MV,]>0
o (32)
= o[V, —MV, >0
VV
0'<0:>[i]<M =V, -MY, |<0 -

=0V, —-MV, |>0
By considering Eq. (28) and since A<O, the time
derivative of Lyapunov function in Eg. (21) is
negative dV =do.o <0). Thus, by substituting Eq.
(27) into Eq. (18), the control input is obtained as follows

which forces the system to move on the sliding mode
surface in a finite time:

(Ve (1)

Vo

a

pv

U(t)=1- (34)

dl

pv

Since the range of duty cycle must lie in 0<d<1, the real
control signal proposed as:

0 U(t)<o
d=4qU(t) 0<U(t)<1 (35)
1 1<U (1)

VI1.GRID-CONNECTED INVERTER

In this paper we applied two decoupling methods: feed
forward and feedback decoupling method for current
control. Photovoltaic inverter mainly controls that
capacitance voltage is stability in DC side bus and output
current accords with grid-connected conditions [19]. The
mathematical model in dg coordinates shown below.

Ll

=Rl + oLl -SUp +U,

di
L—t=-Rl~oll;-SUsc+U, ()

CdIDC =3Sd|d +3Sq|q —
dt 2 2

Where;

Ioc is the current on DC side capacitor of inverter;

Upc is input DC voltage of inverter;

Sd, Sq is the dg component of S; in the dg coordinate
respectively. When S; = 0, it expresses that below tube
will break over in the i phase; when S; = 1, it expresses
that above tube will break over in the i phase.
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Ud, Uq are the dg component of grid voltage, lq, I are
the dg component of output current. Due to the
approximate constant of the grid voltage, it can make d
axis in the synchronous rotating dg coordinate system
orientate in grid voltage vector us direction to simplify
calculation, so the dgq component of grid voltage is: Ug =
Us, Ug= 0, and substitute them into formula (36) to get :

dI,

U;=-|L
‘ ( dt

+ Ide+a)LIq +U,
(37)

*

U

d,
q — LE'FIqR —O)le

Where;
U, . U;are the dgq component of AC voltage in

inverter. U} = S,U ¢ ,U;=SqUDC. In order to

eliminate dq axial current coupling and eliminate grid
voltage disturbance, it introduces current

feedback wLI,, —wlLl; to decouple [19], and

introduces grid voltage to Feed forward compensate, thus
it fulfills the dg axis current independent control.

P=U,l, +U,l, =Ul,

(38)
Q=U,l, +U 1, =-U,l,

| ; Value determines the active power, also its symbol
decides to flow direction of active power. Reactive current
component I; =0, it can realize rectifier and inverter at
power factor as 1.

VIII. SIMULATION RESULTS

In this section, a set of simulation tests have been
performed for 1 sec, using Matlab —Simulink
environment. To demonstrate the performance of SMC
based MPPT technique the SIMULINK model of a system
is developed. At first, the simulation is run under
Standard Test Condition with irradiance G=1000 W/m?
and operating temperature of 25°C then The results
obtained at STC are as shown in Figure 6.Then a changes
of solar irradiance is applied

Steady Operation
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Figure. 5 System voltage, current and power time response under the
STC (1000 W/m2).

Reference tracking

In order to evaluate the MPPT control strategy proposed
in this paper. We proposed a solar intensity changes at

different values of irradiances as shown in Fig (6).
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Fig. 7 PV system voltage, current and power time response under the STC

profile.

Fig.5 shows that under the STC, the controller achieves
the MPP at 1000 W/m? corresponding to the peak value of
the PV system. And it’s also shows the voltage and
current at the MPP. The voltage at DC bus is regulated to
be 500V. In the second simulation, the irradiance is
changing with time, Fig.6 illustrates that the proposed
MPP controller maintains the power at its maximum with
different irradiance values, and the response time is
relatively fast. Instantly, after the irradiance change the
control sense the new MPP and re-optimizing again with a
different point, with that the controller is able to track of
the maximum power. This situation models a transient
effect of a cloud blocking the incident irradiance from the
PV system. The instantaneous irradiance change imposed
on the PV system in this simulation may be much faster
than a real world scenario, but it gives an idea of the time
it takes for the controller to respond to a change in the
irradiance. The proposed MPP tracking successfully scans
for the MPP in a relatively short time under varying
weather conditions with fast convergence. When solar
irradiance is changing, DC bus voltage is either less or
higher than 500 V so the dc bus regulator must act to
maintain the DC bus voltage constant (at 500 V). In figure
7-E the DC bus voltage controller has insure a constant
voltage that make PV system able to feed the inverter and
the load, Fig. 7-C-D shows simulation results of active
and reactive powers at the AC bus for compare with the
reference values by inverter DC-AC. The inverter control
is based on a decoupled control of the active and reactive
powers. Fig. 7-G shows the current injected into the main
utility and the grid side voltage. As it can be noted, the
voltage and current are in phase which means that the MP
extracted from the PV array can pass into the DC-AC
grid-side inverter as the whole system operates at unity
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power factor ( Q=0 ) with no reactive power exchange.
By applying the inverse Park transformation to d,q current
vector components, the phase current references are
obtained. These are passed to a Pl controller, which
outputs the pulses to drive the inverter switches. The
output line voltage of the inverter is shown in Fig. 7-F.

IX. CONCLUSION

This paper presents an analysis and design of a MPPT
control using sliding mode control. This solution is aimed
at performing a fast MPPT action on PV systems using the
slope of the derivative of the voltage with respect to the
current in order to reach the maximum power point. The
main concluding remarks are summarized as follows:

- Fast response, good transient performance and
sensitivity to variations in external disturbances.

- A simple robust control algorithm that has the advantage
to be easily implantable in calculator.

- The disadvantage of this technique is chattering which is
generally undesirable because it adds a high frequency
components to the spectrum of the GPV voltage and
current. To overcome this drawback, high order sliding
mode control or a combination with techniques like fuzzy
sliding mode should be considered... etc. The vector
control strategy of power decoupling makes PV inverter
output a high quality power to meet grid-connected
requirements, which provides the reliable simulation
platform and important technical parameters for designing
grid-connected photovoltaic inverter.
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