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Abstract: This paper proposes the new high-gain observer dedicated to the SEPIC converter and the single-phase
inverter. The high-gain observer is designed in order to minimize the number of sensors required, because the use of
voltage and current sensors have many disadvantages. In fact, these sensors can obtain a bulky system, also, they are
expensive and take up more place. Also, this paper proposes new controller able to locate and track the global
maximum power point under the partial shading effect. Actually, when the partial shading occurs, the Power-Voltage
curve presents more than one maximum power point, which are divided between the global maximum and the local
maximums. The global maximum presents the superior one, while the local maximums present the inferior ones. The
classical methods like Perturb and Observe and Incremental Conductance are no longer able to distinguish the global
maximum point. So, they cause a high drop of power, which justifies the need of a controller that can solve such
problems. Effectively, the proposed controller is designed for this purpose, it consists of an algorithm able to locate
the global maximum power point and generate the reference input of corresponding voltage. Also, this controller
consists of the sliding mode controller that is able to track the reference input by acting on the SEPIC converter’s duty
cycle. In addition, the SEPIC converter is connected to the grid through the single-phase inverter. However, to make
this connection, it should unify the power factor and synchronize the inverter current with the grid voltage. Effectively,
these two tasks are solved by designing the sliding mode controller that acts on the inverter duty-cycle to allow its
current to be in the same shape and phase as the grid voltage. Also, the DC bus voltage is regulated by using the Pl
controller. The overall system is modelled mathematically, tested and validated under Matlab/Simulink environment
to show the criteria’s performances and efficiency improvement of PV panel by using the proposed Global Maximum
Power Point Tracking controller. Moreover, the proposed controller is compared with the hybrid controllers: P&O-
sliding mode, IC-sliding mode and PSO-Backstepping controllers. The results illustrate the performance of the
proposed controlled to distinguish and track rapidly (about 40ms depending on the shading pattern), and accurately
the desired global maximum power point.
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1. Introduction

Nowadays, the renewable energy is become
essential thanks to its many advantages. In fact, this
energy is not pollutant and inexhaustible [1], which
motivated researchers to develop it and improve its
energy production. Between the different existing
types of renewable sources, there is the photovoltaic
energy. This one is the most used because it can be
installed in the roof of houses and close to the
customer, which minimizes space, cost and losses of
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energy due to the transport of electrical energy from
the distribution network. Also, the photovoltaic
energy sources are easy to install and maintain.
However, the power, produced by the photovoltaic
modules, is not maximal and depends on the load as
well as the external meteorological conditions
(irradiation and temperature) [2, 3]. In order to allow
the PV module to produce the maximum of power, it
has to connect it to the DC/DC converter or the
DC/AC inverter. These converters are able to control
the PV module's voltage to be equal to the optimal
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one, which presents the desired voltage that
corresponds to the Maximal Power Point (MPP).

Under the uniform conditions of irradiation and
temperature, the Power-Voltage (P-V) curve presents
a single point of maximum power. So, in order to
track the MPP, it must design the Maximum Power
Point Tracking (MPPT) techniques. Effectively,
several techniques and algorithms have been realized
and proposed in the literature. In fact, the Perturb and
Observe (P&O) [4] and Incremental conductance
(IC) [5] are the most used because they are easy to
implement and don't require high memory space.
However, their major drawback is the speed-accuracy
dilemma [6, 7].

To address this issue, the robust nonlinear
controllers are designed. In [8], the hybrid controller
composed of the P&O algorithm and the
Backstepping controller is proposed, while in [9], the
same controller is used by just replacing the P&O
algorithm by IC algorithm. Knowing that the hybrid
controller can improve the tracking performances,
because of the P&O and IC algorithms which are
slightly changed to act on the voltage instead of the
duty cycle. However, these controllers can minimize
oscillations, but they can not eliminate them
definitely.

In [10] and [11], the backstepping and sliding
mode controllers (SMC) are designed, respectively.
These controllers are robust against the external
perturbations, parameter variations and the
measurement errors of sensors, also they are accurate
and rapid. So, these controllers can improve the PV
modules efficiently and can obtain a PV system with
good tracking performance criteria.

Under the partial shading effect, the PV panel is
subjected to the nonuniform irradiation and
temperature, which makes appear several points of
maximum power in the power-voltage curve [12].
These points are divided between local and global,
and this latter presents the superior maximum. In this
case, the MPPT techniques previously discussed
cannot distinguish the global maximum, but can just
track the MPP very close to V. which can be local or
global [14]. Thus, these techniques cause a high drop
of power when the partial shading takes place.

The OC&P algorithm that is proposed in [14], can
distinguish and track the global maximum power
point GMPP. Here, in this algorithm, the comparison
process is launched to look for the GMPP. Then, the
P&O algorithm is applied just one time to track this
point. Effectively, this algorithm can improve the PV
panel efficiency, but cannot obtain a system with
good tracking performance criteria, the P&O
algorithm used introduces oscillations and obtain a
delayed system's response.
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In [12], a system composed of two stages is proposed.
The first one, called the measurement stage, is
controlled in order to sweep the power voltage curve,
look for the Global Maximum Power Point (GMPP),
and generate the reference of Global Maximal Power
(GMP). Then, the second stage, which consists of a
boost converter, is controlled in order to track the
reference of GMP. In fact, this technique can improve
the PV panel efficiency and the performance criteria
of the PV system. However, by using the
measurement stage, that makes the system expensive
and bulky.

The PSO is the most used algorithm under partial
shading due to its simplicity and aptitude to
distinguish the GMPP [13]. However, this algorithm
has a slow convergence in the iterative process [1]
and can fall into the local maximum.

This paper proposes a technique able to
distinguish and track the global maximum power
point rapidly and accurately. Effectively, this one is
previously proposed in [1] and improved in this paper,
by using the sliding mode controller instead of the
backstepping controller, because the sliding mode
controller offers robustness against the model
uncertainties and a large class of perturbations.

Also, the high gain observer is designed in order
to replace some sensors used in the previous work [1].
This observer contributes for reducing space, cost and
system complexity. In addition, the proposed
controller is compared with some hybrid controllers,
the P&O-sliding mode, IC-sliding mode and PSO-
Backstepping, to prove its tracking performances and
efficiency improvement under uniform and non-
uniform meteorological conditions (irradiation and
temperature). The PV system is connected to the grid
via the DC/AC inverter, in this case, the batteries are
not needed. However, the DC bus should be regulated,
also, the output current has to be synchronous with
the grid voltage to obtain the unity power factor. In
fact, these two tasks are achieved by using the

Proportional-Integral (PI) controller to regulate
the DC bus voltage and using a sliding mode
controller to ensure the unity power factor. In
addition, the high-gain observer is designed in order
to observe and replace the DC/AC inverter output
current.

This paper is organized as follows. Section 2
presents the modeling of the PV module and
describes the average model of the grid-connected
PV system. Section 3 is devoted to the control design
as well as the high-gain observer design. The
simulation results and conclusion are discussed in
sections 4 and 5, respectively.

DOI: 10.22266/ijies2020.0430.16



Received: December 15, 2019

163

G RG L
] EGT Grid
Shading =
pv
u, uz
1 Duty cycles (uy, u,)
Bypass The proposed controller
diode v % Estimated state variables £
PV—p . . <
lpv High-gain Observer ,g

Figure 1. Proposed grid-connected PV system

Nomenclature:

PV . Photovoltaic.

DC : Direct Current.

P-V  : Power-Voltage.

f : Grid frequency.

I-V  : Current-Voltage.

0, , g, . Sliding surfaces.
AC  : Alternating Current.

P&O : Perturb and Observe.
ecmax - Maximal grid voltage.
MPP : Maximal Power Point.
SMC : Sliding mode controller.

IC : Incremental Conductance.

SLG : Sweep, Look and Generate.

PSO : Particle Swarm Optimization.

GMPP : Global Maximum Power Point.

Pl : Proportional-Integral controller.

SEPIC : Single Ended Primary Inductor Converter.

2. PV system modeling

The grid-connected PV system, proposed in this
study, see Fig. 1, consists of a PV panel of three PV
modules (Reference: Shell SM55) connected in series,
of the SEPIC converter, and a DC/AC inverter

International Journal of Intelligent Engineering and Systems, Vol.13, No.2, 2020

connected to the grid. The PV modules are subjected
to the partial shading effect. So, the irradiation and
temperature, in the overall PV panel, are not uniform,
which makes appear several maximum power points
divided between local and global, as can be seen in
Fig. 2. The SEPIC converter is used because of its
ability to reproduce the Power-Voltage curve from I
(short-circuit current) to Voc (Open-circuit voltage),
the noninverted output voltage and currents with
fewer oscillations due to the use of two inductors
instead of one in the case of the buck-boost converter.
The DC/AC inverter is controlled in order to ensure
the injection of the PV power to the grid by regulating
the DC bus voltage and synchronizing the output
current with the grid voltage.
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—~~ ' b
2 40 Vpv 15.83 Ppv 57.2 ng oot |
< Ppv 49.71
S
2
Vv
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Figure.2 Power-voltage curve of PV panel under partial
shading effect
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2.1 Grid-connected PV system average model

The average model of the proposed system is
expressed as follows [1]:

( V= 1 | 1 |
pv — va pv va L1
, 1 1
Iy = 7—=Voo == (1 —ug))(Ver + Vae)
Ly Ly
Ver==—0 —u)ly; —uy—=—1I
C1 Cl( 1) L1 1 Cl L2 (1)
, 1 1
I, =uy L_ZVC1 -(1- ul)L_ZVdc
. 1 I;
Vae = — U +H2) (A —uy) — Quy — 1) —
. Cdc Cdc
\Ig = (—Rglg —eg + (2uz — DVqyc) /Lg
where:
€ : Grid voltage.
I : Current of grid.
Ve : DC bus voltage.
Cuc : DC bus capacitor.
Vo : PV panel voltage.
lov : PV panel current.
Uy : SEPIC converter’s duty cycle.
U2 : DC/AC inverter’s duty cycle.
Vo : Voltage at the capacitor C; terminals.
Cov . Input capacitor of the SEPIC converter.

Li, L2 :SEPIC converter Inductors’ inductances.
IL1, Iz Inductor currents of the SEPIC converter.
Le, Re : Grid filter inductor and series resistance.

2.2 Modeling of PV module

The photovoltaic module, composed of N; single-
diode cells in series connection, is expressed by the
following equation [15]:

Fy (2
I, = -1 —-1| -
pv = ph T s [eXp (q aNSKT) ] R
where

Table 1. Specifications of Shell SM55 PV modules

Parameters Values
Maximum power Pmax 55W
Optimal voltage Vopt 17.4V
Optimal current lop 3.15A
Short-circuit current I 3.45A
Open-circuit voltage Vi 21.7V
Temperature coefficient K of I 1.4 x 103A/°C
Number of cells Ns 36

164
Fy = Voy + IpyRs 3
G 4
o = [hono + KT =T = Y
stc
and
Lo ( T )3 E; 1 1
s = Iso\7— exp(q (Tm ) )
with:
K : Boltzmann constant.
a : The ideality coefficient.
Ns : Number of PV module cells.
Rs, Rsh : The series and shunt resistors.
Ki : The temperature coefficient of .
G T : Ambient irradiations and temperatures.
Gste, Tstc - Standard irradiations and temperatures.
q : Electron charge (1.60217646e *° C)[22].
Ec : The band-gap energy that is equal 1.2 for

the polycrystalline silicon solar cells [1].
Is , lpn : The saturation and photo-current measured
under ambient conditions.
Iso, lpno : The saturation and photo-current measured
under standard conditions.
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Figure.3 The I-V curves of the mathematical model and

the experimental data under (a) a temperature of 25°C

and changed irradiation, (b) an irradiation of 1000W/m?
and changed temperature
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In fact, Rs, Rsh, lpno, lso and a are the unknown
parameters those must be defined in order to obtain a
mathematical model of PV module that can mimic the
real one. Effectively, this is realized based on the
following equations as given in [1]:

( L = (Rs +Rsh)1
ph0 — sc
Rsh

ISC

t (6)
ex (Vopt + Rslopt - V:)c) _ A
P v, B—C
R., = D(Vopt - Rs(lsc - Iopt) - Vt)
h=
\ : D([sc - Iopt) - thopt
where
_ aKN,Tg,
‘ q
) A= VoptVt(ZIopt - Isc) )
B = D(Voptlsc + VOC(IOpt - Isc))
C= Vt(VoptIsc - VZ)cIopt)
D= (Vopt - IoptRs)
with:
lopt : Optimal current.
Vopt : Optimal voltage.
Isc : Short-circuit current.
Voc : Open-circuit voltage.
Vi : Thermal voltage.

A, B, C, D : Supposed parameters.

These parameters are given in the datasheet, and
illustrated in Table 1. The ideality coefficient « is
considered equal 1.3 [1], this value is adjusted until
the Current-Voltage (I-V) curve of the mathematical
model fits the I-V curve given in the datasheet, see
Fig. 3-a and Fig. 3-b.

After replacing parameters, given in Table 1, in
Egs. (6) and (7), the unknown parameters are
calculated:

(a =13
R, = 0.3355Q g
1 R, = 235.9Q (8)
Lyno = 3.445A
Io= 5.013 x 10784
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3. Control design

In order to track the global maximum power point,
the algorithm called SLG is proposed, see Fig. 4. This
one sweeps the power-voltage curve, looks for the
GMPP and generates the corresponding optimal
voltage.

During the first time interval, see Fig. 5, the SLG
algorithm starts generating a signal reference that
varies from 0 to Vo by the fixed step step size Vi
(Vi=0.2V). Then, the sliding mode controller is
designed and applied in order to track this reference
voltage by adjusting the duty cycle of the SEPIC
converter. Which allows to this converter to
reproduce the power-voltage curve at terminals of
the PV module. Also, during this time interval, the
algorithm scans the power-voltage curve reproduced,
looks for the GMPP by comparing the current power
with the previous one, and stores the maximal power
and its corresponding voltage. During the second
time interval, the algorithm generates the reference of
optimal voltage that is found during the first time
interval. Effectively, this voltage corresponds to the
GMPP. The sliding mode controller is applied again
in order to track the voltage reference. Which allows
to the SEPIC converter to reproduce the global
maximal power at the terminals of the PV panel.

All th process, that is discussed previously,
repeats any time when the change of irradiation
and/or temperature is detected. The detection can
make when one of the following conditions is true.

{VPV — Vope < —AV o
PPV_PmaxS_AP ()

Ppy — Bnax =2 AP (10)

with AV and AP are the detection thresholds.

In fact, it is not necessary to scan all the Power-
voltage-curve to find the desired maximum point of
power. For this reason, the points of voltage very
close to Isc and Ve are not scanned. That is made by
imposing the sliding mode controller to track the
reference voltage, generated during the first time
interval, except to not exceed Vg,,,, and do not get off
of Vinr, see Fig. 2 and Fig. 5. Here, V;,, ¢ is supposed
equal to 5V as a minimal voltage. While Vg, is the
maximal voltage, this one can be found when the
following condition is true:

v =

P, <P,

{V >V, (1)
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——-

. 3.1 Sliding mode controller design

Vort = 0,Vine = 0 The sliding mode command is a nonlinear
Vigg =0, V;=0 controller that is able to control the nonlinear systems
Prax =0andu =0 | Vrer = Vopt to pursue any reference signal. The SMC controller is
: I : designed in order to allow the controlled output y; =
| Calculate duty cycle using (17) | Vv to track the desired output Yiret = Vrer.
The step design of SMC are as follows:
|_send ‘*"“"f‘-"m sepic_| Firstly, it must define the tracking error, this one is
expressed as follows:

Vref =V,

l Measure V,,, and [,

T &1 =V1 = Yirefr = va - Vref (12)
Calculate Power
Ppy =Vyy X Iy

Then, the sliding surface is defined:

d Tl—l
g1 = (% + /11) & (13)

with

heck if (9) or (10
is true

Gotol Goto2

A, : Positive constant.

r1 . The relative degree, of the output ys, is equal 2.
Figure.4 Flowchart of the proposed SLG-SMC algorithm This degree is found by deriving the output yi as a
function of time until the control input u,; appears

with [11].
Ppv : PV power. Thus, the sliding surface will be as follows:
V. : Constant variable supposed equal 17V.
P. : Constant variable supposed equal 5W. d a1
¢ pp q 0-1 = (% + Al) 81 = él + /1181 (14)
60y Thus:
=3 .
B 40 PP T 1 gy = VPV - Vref + Algl (15)
% St = .
Q- 207 T Time intevat 1 Replacing Eq. (1) in Eq. (15):
2" Time interval
0 | = . L 1 .
3 305 31 3.15 01 == (lpy = 111) = Vres + &1 (16)
Time (s) i
(a) . — .
60 : The time derivative of Eq. (16) is:
| sup 1
—_ V . . . .o .
\>/ 40 B y opt | | 0-1 = C_ (Ip‘l? - ILI) - Vref + Algl
(] pv
> (17)
S o0 . . ] . 1 . . .. .
o V. 15! Timelinterval 01 = C.. (FZVIW - ILl) — Vyep + i€y
> oy inf pv
2" Timel interval
0 =< ' ‘ :
: : ' : with
3 3.05 3.1 3.15
Time (s) dl,, q Vou
(b) F, = = —I exp (q ) (18)
Figure.5 Power and voltage of the PV panel Vv aNsKT ANSKT
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_ dp,,dev_F
dV,, dt 2

Vo

F. is obtained considering that the resistance Rs
negligible and R, infinite.

The sliding mode exists if the attractiveness
condition is true:

Vl = O"]_O']_ <0 (19)

Therefore, the Lyapunov stability can be guaranteed

if V, =—K;|oy|in the closed loop. Which can be
done if:

01 = —Kisign(oy) (20)
where

K1 : positive constant.
sign : Signum function.

So, replacing Eq. (17) in Eq. (20), the input control
ul can be found:

1 1
Ft— (szpv A Ig,v)uvpv]z“ 21)
pv

Considering that:

F3 = K;sing(oy)
__Gpla (22)
VC1 + VdC

3.2 Grid Current control

In order to obtain a unity power factor and to
inject the sinusoidal current to the grid, this current
should have the same shape and phase as the grid
voltage. To achieve this, the sliding mode controller
is designed. This one forces the output current to
pursue a reference signal, which is the multiplication
of the network voltage by a positive parameter
generated by the Pl controller (IGTef =pf.e; =

BE\2 sin(2nf)), which is used in order to regulate
the DC bus voltage to track the desired reference
voltage.

3.2.1. Sliding mode controller design

The steps design of the sliding mode controller
are as follows:
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Define the tracking error &,:
&2 = YV2 — Voref = I — IGref (23)
The sliding surface is expressed as follows:
dyz T2—1
0-2 ( dt Az) 52 (24)

with

A, : Positive constant.
1, : The relative degree of the output y,, itis equal 1.

Thus, the sliding surface will be as follows:

d 1-1
g, = ( Y2 + 12) & =& (25)
The time derivative of Eq. (21) gives:

O = & (26)

Knowing that:

& =Y, — eref = iG - iGref (27)
So, replacing Eq. (1) in Eq. (27), &, will be:

(—Rglg — eg + Qu, — Vyc)

92 = I - jGref (28)
G
The sliding mode exists if the following
attractiveness condition is true:
Vz = O"20'2 < 0 (29)

The Lyapunov stability can be guaranteed if V, =
—K,|o,| in the closed loop. Which can be done if:

g, = —K;sign(oy) (30)
With

K, : positive constant.
sign : Signum function.

So, replacing Eg. (28) in Eq. (30), the input control u;
can be found:
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uZ = RGIG + eG + VdC + < gref) ]_ (31)

3.2.2. Proportional-integral controller

The aim behind using this controller is to generate
the ratio /8 that allow the V. to pursue the Ve, the

block diagram of this PI controller block is illustrated
in Fig. 6.

The PI controller is defined by:
PO = Kptae® + K; [ eac®)de  (32)

with

Ki, K; : The positive regulation parameters.
&qc - Error between V. and Vycrer, Can be expressed
as follows:

Sdc(t) = Vqc

- Vdcre f (33)

3.3 Grid Current control

The high-gain observer is proposed in order to
replace some sensors used, which minimizes the
corresponding electrical perturbations, cost and space.
In fact, this observer needs only the PV current and
voltage to estimate V4, V4. and I;.

The dynamical model of the connected grid PV
system can be expressed under the following
canonical form:

(%1 = a;(Wx; + @1 (x1,u)

Xy = az(Wxz + @2(xq, X2, u)

X3 = az(Wxy + @3(xq, X2, X3, U)

1 %4 = as(Wxy + @a(xq, X2, X3, %4, 1)

5(5 = aS(u)xS + (pS(x11x21x3l X4, XS,U)
x6 = (p6(X1,X2,X3,X4, x5,x6,u)

\y =X

(34)

€dc

Vdc ,3

r:

Figure.6 Regulation block of the DC voltage

1
PI controller Gref

Vdcre f €g
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Using Eq. (1) and Eq. (34), it can be concluded that:

1

a;(uw) = —a
ap (W) = = (1 - wy)
az(u) = —ulcil (35)
ay(W) = ~(1~u) -
as(u) = —(2u, — 1)Cidc
And:
0 =2y
@z (x,u) = L_ pv — (1 Uy )Wac
p3(x,u) = 0_1(1 — u1)1L1 (36)

1
Pa(x,u) = ulZVC1

1
ps(x,u) = Ca Up1+12)(1 —uy)

we(x,u) = (—Rglg — eg + Quy; — 1)Vyc) /Lg

Thus, the following condensed form can be obtained:

x=Aw)x + o(x,u
fr=A00x +ox) an
where:
0a,;(u) O 0 0 0
0 0 a,(uw) O 0 0
AQu) = 0 0 0 as(u) O 0
0 0 0 0 as(u) O (38)
0 0 0 0 0 as(u)
0 0 0 0 0 0
C=[1 0 0 0 0 o]
p=[P1 P2 P3 P Ps5 Pe]T

Knowing that ¢(x,u) is the
nonlinear function.

Thus, the candidate observer of the Grid
connected PV system can be described by the
following dynamical system:

locally Lipchitz

AW + R, u) —S7ICT(CR - y)
—0S — AT(W) — SA@W) + CTC
9=C%

%=
S (39)
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Figure.7 Meteorological conditions in the PV panel

where y and u are the measured output and input
control, respectively. X is the estimated state. While
S is the differential Lyapunov equation solution that
is presented by the symmetric positive matrix. 6 is
the observer adjustment positive parameter.

4. Simulations and results discussion

In order to validate the proposed controller as well
as the system, simulations are made under
MATLAB/ Simulink environment. As can be seen in
Fig. 7, the photovoltaic panel is supposed subjected
to the uniform meteorological conditions during the
first-time interval that is [0, 2s]. Then, between 2s
and 5s second the PV panel is supposed subjected to
the non-uniform meteorological conditions which
means that the partial shading takes place during this
period of time.

Whenever the meteorological conditions change,
the voltage reference varies rapidly from 0 to Vi,
then returns the optimal voltage Vo, See Fig. 8.
During this time, the sliding mode controller
regulates the duty cycle of the SEPIC converter in
order to track this reference of voltage, which
consequently allows this converter to reproduce the
power-voltage curve at the terminals of the PV panel
and to return the GMPP, as can be seen in Fig. 9 (a).
So, this process repeats any time where the change of
irradiation and/or temperature is detected. Therefore,
the controller works properly with good tracking
performances (rapidity and accuracy), also it can
distinguish the GMPP and detect the meteorological
conditions change.

International Journal of Intelligent Engineering and Systems, Vol.13, No.2, 2020

169

The input control that is the duty cycle of the
SEPIC converter is depicted in Fig. 10.

To prove the proposed controller efficiency
improvement under the partial shading effect, this
controller is compared with the Sliding mode
controller combined with the P&O and IC algorithms,
respectively, see Fig. 9(b). So, as can be seen in this
figure, at t=2s, where the partial shading takes place,
the P&O-sliding mode and IC-Sliding mode
controllers are able to track the global maximum
point of power, while at t=3s, these controllers fall at
the local maximum point and make the high drop of
the power. It can be concluded that these controllers
cannot distinguish the global maximum point, but
they can just track the maximum very close to the
open-circuit voltage. However, the proposed
controller is able to distinguish and track the global
maximum point of power under uniform and
nonuniform ambient meteorological conditions.

Fig. 9 (c) shows the PV power curves of the
proposed controller and the PSO-Backstepping
controller. So, as this figure illustrates, the PSO-
Backstepping controller makes more iterations to
find and track the global maximum points of power,
which makes the system slow, while the proposed
controller can scan and track rapidly the GMPP
without any oscillation around this maximum.

Fig. 11 illustrates the grid current as well as the
grid voltage. As can be illustrated, the current has the
same phase and shape as the grid voltage, which
means that the unity power factor is ensured.

As can be seen in Fig. 12, the grid current tracks
rapidly and accurately the reference signal, which
proves the aptitude and tracking performances of the
sliding mode controller to pursue any reference
trajectory. Fig. 13 depicts the DC bus voltage and the
desired voltage reference, it is noted that the DC bus
voltage pursues the reference of voltage, and makes a
small overtaking during the meteorological
conditions change.

80

(o]
o

pv

Voltage (V)
EEN
o
<

ref

N
o

0 |
0 1 2 3 4 5

Time (s)
Figure.8 Voltage at the terminals of the PV panel

DOI: 10.22266/ijies2020.0430.16



Received: December 15, 2019

Power (w)

Power (W)

Power (W)

Duty cycle

Grid current (A) and voltage (V)

International Journal of Intelligent Engineering and Systems, Vol.13, No.2, 2020

N
o
o

-
o
o

-
o
o

150]

1Q0|
50y

0

7

12 116 1.2

3 3.02 3.04 3.06 3.08

0

200

1

N
w
g
[}

100

50

N

IC - Sliding mode
Proposed controller
P&O - Sliding mode

o

00
80
50( /7 601 AVEES 7. | A s
o/ i0 V\/\“J ol
0 0.04 0.08 2/ 2.02 2.04/3 3.02 3.04 3.06 3.08
05 1 15 2 25 3 35 4 45 5

150

100

50

Proposed controller
PSO - Backstepping ||

2 25 3 3.5 4 4.5 5

Time (s)

(©)

Figure.9 Power at the terminals of the PV panel

051

0

0 1

2 3 4 5
Time (s)

Figure.10 Input control of the SEPIC converter

100

a
o

o

&
1)

N
o
S]

1

o

2 3 4 5
Time (s)

Figure.11 Grid current and voltage

170
10 T T T
3.69 = o — IG .
3.685 re
—~ 5 / 368 7'6
$ M me it | 0.2846 0.2847 0.2848
t TR RHRGIERRAA i e, A
) A R (TN RCA A
= A A I
5 \l} L ¥
© 5
-10 ' : : :
0 1 2 3 4 5
Time (s)
Figure.12 Grid current
200
A 1A, A'
150 X !
g A 1A Vdcref
() v' L Vdc
8100
o
>
50
O L Il 1 1
0 1 2 3 4 5
Time (s)
Figure.13 DC bus voltage
1
o
c
o
o
=
Q.
£
@
=
(0]
>
£
(0]
c
|_
O 1
0 1 2 3 4 5

Time (s)
Figure.14 Input control of the inverter

The input control of the inverter is shown in Fig.
14. Fig. 15 shows the estimated DC bus voltage (Vac),
the estimated voltage at the terminals of capacitor C,
(Vc1) and the estimated grid current Ic. While Fig. 16
shows the errors between the estimated and the actual
states. Effectively, as can be seen, these errors are
very small, which means that the high-gain observer
can work properly. Therefore, it can be used instead
of the current and voltages sensors.

The regulators’ parameters, as well as the
parameters of the high-gain observer and the PV
system, are given in Table. 2.
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5. Conclusion 5 , X 10713
An improved controller is proposed in this study. %
This one consists of the sliding mode controller and S
an algorithm called SLG. =
On the one hand, the proposed controller is compared £
with the hybrid MPPT controllers such as the P&O- 7]
SMC and IC-SMC controllers. Results have shown -
that these controllers are not able to track the GMPP Time (s)
under the partial shading effect, while the proposed
controller can distinguish the GMPP under uniform .
and non-uniform meteorological conditions. g
On the other hand, the proposed controller is “C’
compared with the most known algorithm which is ke}
the PSO combined with the Backstepping controller. ©
Results have illustrated that this controller can track é ,
the GMPP, however this one takes more tracking W 0 1 2 3 4 5
time. While the proposed controller can track the Time (s)
GMPP in 40ms. Effectively, this time depends on the
shading pattern. .
o
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(@) Table 2. Regulators and PV system parameters
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3 50 F Cpy = 440uF K, =9 x10*
g C, = 100uF A, = 1000
g ol L, =1mH AP = 0.1W
Cyq. = 1000uF AV = 0.1V
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Time (s) L; =22mH K, =0.001
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Figure.15 Estimated: (a) Vac, (b), Vci1 and (C) I
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On the other hand, this controller is combined
with the high-gain observer in order to minimize
number of sensors required. The PV system is then
connected to the grid. The sliding mode controller is
designed and used again to provide the unity power
factor. While the DC bus voltage is regulated using
the PI controller. The results have illustrated that the
connection to the grid is ensured, and the sinusoidal
current, with the same shape and phase as the voltage
grid, is injected. The high-gain observer is used also
to replace the grid current sensor. The high-gain
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observer has shown its ability to properly replace
some sensors of current and voltages.

The proposed controller will be implemented in
the external card in order to validate in the real time
its aptitude to track the GMPP under changed
meteorological conditions.
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