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ABSTRACT: energy generation methods. In order to reduce the
Micro grid systems consisting of several alternative greenhouse gas emission and to meet the demand of
energy sources that include solar cells, wind turbine, electricity, the trend converges to the use of renewable
fuel cells and storage batteries are capable of balancing energy sources. Wind and PV energy technologies
generated supply and demand resources to maintain have a significant share in the use in hybrid power
stable service within a defined boundary. Wind and generating systems, because of emission free and no
solar energy plays an important role in ensuring an cost of energy. Hybrid wind and PV systems is one of
environmental friendly and clean energy generation for the most efficient solution to supply power directly to
remote and isolated areas. In this paper, a grid a utility grid or to an isolated load [7]. Wind turbine
connected wind and PV hybrid generating system was converts Kinetic energy of the wind into the
developed with Robust Nonlinear Controller. The mechanical energy and the mechanical energy is
controller is designed based on the partial feedback further converted into electrical energy by the wind
linearization approach, and the robustness of the Generator. Solar is a non — linear power source, whose
proposed control scheme is ensured by considering radiation changes frequently, where the output power
structured uncertainties within the PV system model. of the panel varies with temperature and isolation.
An approach for modeling the uncertainties through
the satisfaction of matching conditions is provided. A single solar cell produce low voltage therefore
The superiority of the proposed robust controller is several cells are combined to form modules to produce
demonstrated on a test system through simulation the desired voltage [1]. DC/AC inverter transfers the
results under different system contingencies along with energy drawn from the wind turbine and PV into the
changes in atmospheric conditions from the simulation grid as well as load by keeping common DC link
results, it is evident that the robust controller provides constant. The inverter serves a dual role, to integrate
excellent Performance under various operating hybrid systems to the grid and also to mitigate the
conditions. harmonics and to improve the power quality problems
due to nonlinear load. The proposed control strategy
Keywords: composes of an inner inductor current loop and a
wind generator, Photovoltaic, Robust Nonlinear voltage loop in synchronous reference frame.
Controller, hybrid power generating system, power
quality. The inverter is regulated as the current source just by
the inner inductor current loop in grid tied operation
I.INTRODUCTION: and the voltage controller is used to regulate the load
As generation and distribution companies in the voltage upon the occurrence of Islanding. The
market have been seeing an increasing interest in the proposed control strategy is enhanced by introducing a
renewable energy sources and also seeing demands unified load current feed forward, in order to deal with
from customers for higher quality and cleaner issues caused by non-linear local load and

electricity, we are in need to switch over for renewable implemented by adding the load current is given to the
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reference of inner current loop. In grid tied mode, DG
injects harmonic current and therefore the harmonic
component of the grid current will be mitigated [2],

[3].

I1. WIND AND SOLAR HYBRID SYSTEM:

A. Wind Power Generating System:

A hybrid energy system consists of two or more
renewable energy sources to enhance system
efficiency as well as greater balance in energy supply.
Wind turbine is a device that converts kinetic energy
of the wind into mechanical energy and the mechanical
energy is again converted into electrical power. The
power from the wind depends upon aerodynamically
designed blades and rotor construction [6], [9]. The
power in the wind is given by the kinetic energy of the
flowing air mass per unit time and is expressed as

Pair = Y (air mass per unit volume) 2

= (p AVoo) (Voo) 2

=1 p AVeo® (1)
P air - power contained in wind (in watts)
A - Swept area in (square meter)
Voo - wind velocity without rotor interference
Although Equation (1) gives the power available in the
wind, the power transferred to the wind turbine rotor is
reduced by the power coefficient, Cp

Cp = P wind turbine /Pair

P wind turbine = Cp*Pair

S=Y% p AV )

A maximum value of Cp is defined by the Betz limit,
which states that a turbine can never extract more than
59.3% of the power from an air stream. In reality, wind
turbine rotors have maximum Cp values in the range
25-45%. Variable speed wind turbine driving a
Permanent Magnet Synchronous Generator (PMSG) is
considered in this paper. PMSG is opted over other
generators due to its advantages like, self-excitation
property, which allows operation at high power factor
and efficiency. PMSG also operates at low speed and
thus the gearbox can be removed [4], [6].
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B. PV Power Generating System:

The building block of PV arrays is the solar cell and it
is basically a p-n junction diode that directly converts
light energy into electricity. The cells are made of
semiconductor materials, such as silicon, a thin
semiconductor wafer is specially treated to form an
electric field, positive on one side and negative on the
other. A single PV cell generates 0.5V therefore
several PV cells are connected in series and in parallel
to form a PV module for desired output. The modules
in PV array are usually first connected in series to
obtain desired voltages; the individual modules are
then connected in parallel to allow the system to
produce more current [9], [11]. The PV mathematical
model is represented by the following equation:

1= np Iph'np Irs [exp q/KTA *V/ns_l]
I, - cell photo current

T - Cell temperature (k)

N,,- Number of cells in parallel
Ns - Number of cells in series
A - p-n junction ideality factor

I11. STRUCTURE OF HYBRID POWER SYSTEM
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Fig.1 General Structure of the Proposed Model

A three-phase grid-connected PV with Wind is shown
in Fig.1 where the PV with Wind array consists of a
number of PV with Wind cells in a series and parallel
combination to achieve the desired output voltage. The
detailed modelling of a PV array and cell is given. The
output voltage of the PV array is a dc voltage and,
thus, the output dc power is stored in the dc-link
capacitor.
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The output current of the PV with Wind array is and
that of the dc-link capacitor isc;. The dc output power
of the PV with Wind is converted into ac power
through the inverter. The inverter, shown in Fig. 1, isa
PV with Wind system with an output filter. insulated-
gate bipolar transistor (IGBT)-based six-pulse bridge
(S1+,S1-,S2+,S2-,S3+ , and S3- ) in a three-phase
voltage source converter (VSC) configuration since the
PV with Wind system is connected to a three-phase
grid supply point. The main purpose of this paper is to
design a robust switching scheme for the IGBT-based
six pulse bridge so that the PV with Wind system is
capable of providing maximum power into the grid.
The extraction of maximum power from the PV with
Wind unit can be confirmed by monitoring the dc-link
voltage (vpy ).

The output ac power of the inverter is supplied to the
grid through the filters and connecting lines where the
resistance of the connecting line R,L; and L, is and are
the inductances of the filters and connecting lines and
the filter capacitance is c¢ . In Fig. 1, the grid voltages
for phase A, phase B, and phase C are
e,, epand e respectively. The extracted maximum
power from the PV with Wind system will be supplied
to the grid if the output current of the inverter remains
in phase with the grid voltage and, thus, it is essential
to control this output current. In this section, a detailed
model of a three-phase grid-connected PV with Wind
system is developed based on the schematic shown in
Fig.1 from Fig.1, it can be seen that there are two
loops at the output side of the inverter. At first, by
applying Kirchhoff’s voltage law (KVL) at the
inverter-side loop, the following equations can be
obtained:

. R Vefa . Vpy
i, = ——ij, — —— 4+ 22 (2K, — K, — K
.o R . Vefb Vpv
fp ==l — T3 (Cka + 2K —Ko) (3)
R Vefe va

+

e = ——ijc — —— 4+ = (=K, — Ky, + 2K
I1c Ll I1c Ll 3]..1 ( a b + c)

where iy,,i;, and i;.are the output currents of the
inverter flowing though phase A, phase B , and phase
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C , respectively; v, vepand veare the voltages
across the filter capacitor for phase A , phase B , and
phase C, respectively; and K,, Ky, and K.are the input
switching signals for phase A , phase B, and phase C ,
respectively. By applying Kirchhoff’s current law
(KCL) at the dc-link capacitor node, the following
equation can be obtained:

. 1,. .
Vpv = c (lpv - ldc) (4)
The input current to the inverter can be written as [22]
idc = i1aKa + i1be + i1CKC (5)

which yields
. 1. 1. : :
va = Elpv — E (llaKa + lleb + lchC) (6)

If KCL is applied at the node where the filter capacitor
C¢is connected, the following voltage — current
relationships can be obtained

Vefa = C_f (i1a — i2a)

i 1. .

Ve = ¢, (b — i2p) )
‘.’cfc = C_f(ilc - iZC)
Where i,,, iz, and iy are the output currents of the LCL
filter flowing though phase A, phase B, and phase C,
respectively.

Finally by applying KVL at the grid-side loop, the
state-space model can be written as

i2a. = L_Z (cha - ea)
L1
ip = E(chb —ep)(8)
L1
Ipe = L_(chc - ec)
2
The complete model of a three-phase grid-connected
PV with Wind system is given by (3) and (6)—(8),
which are nonlinear and time variant and this makes it

difficult for implementing a simple control scheme
[22].
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The control problem is simplified by transforming the
PV with Wind system model into a time-invariant
model. This can be done by applying transformation
using the angular frequency (w) of the grid and
considering the rotating reference frame synchronized
with the grid where the component of the grid voltage
is Egq,which means that is zero. By using
transformation, (3) and (6) can be written in the form
of the following group of equations:

. R cfd , Vpv
Ild= _L_llld +0)Ilq —VLfld +LL1 d
. R Vqu va
i, = —oljg —— 114, — Ky
1q ®liq Ll 1q Ll Ll
. 1. 1 1
Vpv = Elpv - Ellde - EllqKq
. 1
Vefd = OVeq + C_f(Ild —Izq) )

. 1
o =-0Vegg + C_f (Ilq - IZq)
. 1
lag = —olyq + —(chd —Eq)

IZ.q _(DIZd + (chq Eq)

mﬂ“

Eueyr ot/ '\ 8
» PlRegulator ——» vy Integrator T
L — 1t

Eq
abedg o«
Eoe—
i
G & €

Fig. 2. PLL model.

whereKy and Kgare the switching signals in the dq
d
frame, and, I = Tabc lahe, €dq = Tach eabc,qu =

Tabc Kape and the transformation matrix Tach can be

written as
cosot cos(ot—120) cos(ot+ 120)

799 — 2[ sinot sin(eot—120) sin(ot+ 120)
abc 3 1 1 1

(10)
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The group of (9) represents the complete mathematical
model of a three-phase grid-connected PV with Wind
system with an output filter, and this model is a
nonlinear model due to the nonlinear behavior of the
switching signals and the output current (i, )of the
PV with Wind. But in a practical system, it is essential
to use a phase-locked loop (PLL) for instantaneous
tracking of grid frequency. The dynamical of the PLL
used in this paper is mainly based on the approach as
presented in  which is shown in Fig. 2 In this PLL
model,E4.ef represents the reference value of the
direct-axis grid voltage, w*indicates the measured
angular frequency, and o is the feed forward angular
frequency.

As mentioned earlier in this section, the robust
nonlinear control scheme needs to be designed in such
a way that it is capable of controlling the dc-link
voltage (vq4.) and the output current of the inverter.
Since the d component of the grid voltage is zero, the d
component current will not affect the maximum power
delivery and it is essential to control the g component
current. From the mathematical model as represented
by (9), it can be seen that the dynamics of the
component output current ( 1,4) of the filter do not
have the relationship with the switching signals. But
the dynamics of the inverter output current (I;4) have a
coupling with the switching signal and, therefore, 1,4
is chosen as another control objective. An overview of
designing the partial feedback linearizing controller is
discussed in the following section by considering vy
and 14 as control objectives.

I1l. OVERVIEW OF FEEDBACK LINEARIZING
THE CONTROLLER DESIGN

Since the three-phase grid-connected PV with Wind
system, as represented by the group of (9), has two
control inputs ( Kq and Kg) and the controller needs to
be designed with two control objectives (V4. and 1,4 ),
the mathematical model can be represented by the
following form of a nonlinear multi-input multi output
(MIMO) system

X =f(x) + g1(X)u; + g2(X)uy

Y1 (x) = h (%) (11)
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Y, ) =h, (%)

Where
e=[ha Ly Ve e Vepg T Iog)”
r —Lf—f_rlg:+;h'11q_?:li
—.'.u'.l’]nl - 1?”'.:,1 - :T:‘
Tlov
f(z) = wietq + 77 (N1a — T2a)
—Wiefd + c,_l, Ulg - I'&q)
why + 2= (veta — Fa)
L —wfgd T LLQ ('Uct'q - Eq)
r E‘—i U b
JJ]
g _h
3] C
.r;I::J;} = 0 il
i} ]
{ U
L 0 0
u= [K|i Kq] T
And

y=[lq "'—"m‘]T

The design of a partial feedback linearizing controller
depends on the feedback linearizability of the system,
and this feedback linearizability is defined by the
relative degree of the system. The relative degree of
the system, in turn, depends on the output functions of
the system. The nonlinear model of a three-phase grid-
connected PV with Wind system as shown by (11) can
be linearized using feedback linearization when some
conditions are satisfied. Consider the following
nonlinear coordinate transformation (z = ¢(x))for the
aforementioned three-phase grid-connected PV with
Wind system:

2= [hyLhy ..l hihyLehy L2 70hy]0 (12)
Where ri< n and r,< n are the relative degrees
corresponding to output functions hy(x)andh, (x),
respectively; L¢h;(x) = (0h;)/(0x)f(x)are the Lie
derivative hi(x),i = 1,2.. of alongf(x).The change of
coordinate (12) transforms the nonlinear system (11)
from to coordinates provided that the following
conditions are satisfied for:

LLfh(x) =0k <r—1
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LeLi "'hi(x) # 0 (13)

n=3ir

whereLyLfh;(x) is the Lie derivative Lfh;(x) of
along g(x) . The linearized system can be expressed as
follows:

7= A(X) + B(v) (14)

Where A is the system matrix, B is the input matrix,
and v is the new linear control input for the feedback
linearized system. When ,( r1+r2) <n; only partial
feedback linearization is possible, that is, some states
are transformed through nonlinear coordinate
transformation and some are not. The new states of a
partially feedback linearized system can be written as

z=0(x)=[z 2] (15)

where represents the state vector obtained from
nonlinear coordinate transformation of order(rl+r2)
and is the state vector of the nonlinear (remaining) part
of order n- (r1+r2) . The dynamic of is called the
internal dynamics of the system which need to be
stable in order to design and implement a partial
feedback linearizing controller for the following
partially linearized system:

7=A7+BV (16)

Where A is the system matrix, B is the input matrix,
and ¥ is the new linear control input for the partially
linearized system, and any linear controller design
technique can be employed to obtain the linear control
law for the partially linearized system. But before
obtaining a robust control law through the proposed
approach, it is essential to model the uncertainties and
to ensure the partial feedback linearizability of the PV
system along the stability of internal dynamics which
are not linearized through the transformation. The
details of uncertainty modeling are discussed in the
following section.
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IV. UNCERTAINTY MODELING:

As mentioned earlier, the output power of the PV
system depends on the intensity of the solar irradiation
which is uncertain because of unpredictable changes in
weather conditions. These changes may be modeled as
uncertainties in current out of the solar panels (i)
which, in turn, causes uncertainties in the current (in
the dg-frame,l;4,114,124,and I4 ) injected into the
grid. Since the uncertainty in the output power of
inverters is related to the frequency of the grid, the
proposed scheme has the capability of accounting for
the uncertainty in the grid frequency. In addition, the
parameters used in the PV model are, in most cases,
either time wvarying or not exactly known and,
therefore, parametric uncertainties exist too. Thus, it is
essential to represent these uncertainties in PV system
models. In the presence of uncertainties, a three-phase
grid-connected PV system can be represented by the
following equation:

% = [f(x) + Af(x)] + [g1 (%) + Agq (X)]uy
+ [g82(x) + Aga(x)]u;

y1=h; (%) (17)
y2=hy(x)
Where
Afy (%)
A fz (X)
Af
A = | ay
Af5(x)
1500 |
AF7(x)
And
Ag11 (%) 0
0 Agoy (%)
Agz1(x)  Ags(x)
Ag(x) = 0 0
0 0
0 0
0 0

Which are uncertainties in f(x)and g(x), respectively
To formulate the robust controller design problem, we
assume that the structure of state —dependent
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uncertainties and the nature of parametric uncertainties
satify the fallowing conditions.

Af(x) and Ag(x) € span {g(x)} (18)

If these matching conditions hold, then the fallowing
condition holds too:

o=>r=p (19)

Where r is the total relative degree of the nominal
system (11) which for the system under study is 2,® is
the relative degree of uncertainty Ag(x), p and is the
relative degree of uncertainty Af(x). In order to match
the uncertainties with the PV system model, the
relative degree of the uncertainty Af should be equal to
the relative degree of the nominal system 2, This can
be calculated from the following equations:

LasL§ ~'hy (%) = Af,
LasLi T'hy (%) = Af; (20)

If the relative degree of Af is 1 for each output h;
and h, , then the total relative degree of Af will be 2.
This will be the case if Af, and Af; are not equal to
zero. To match the uncertainties in Ag, the relative
degree of Ag should be equal to or greater than the
total relative degree of the nominal system. It will be 2
if the following conditions hold:

LagLi "hy (x) = Agy1 (%) # 0
Laglt 'hy(x) = Agsy + gz, # 0 (21)

Since the proposed uncertainty modeling scheme
considers the upper bound on the uncertainties, these
bounds should be set to proceed with the robust
controller design. If the maximum-allowable changes
in the system parameters are set to 30% and the
variations in solar irradiation and environmental
temperature are set to 80% of their nominal values,
then the upper bound on uncertainties Af and Ag for the
PV system under study can be obtained as
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i R Vefd T
—0.025a11d + 0.6(1)11q —0.23 L

_ _ 5 _ Vefq
0.3601,4 — 0.0424 1, — 023"

1.
0.1661pv
1
Af(x) = O.Z(DVqu + 072(:—f (Lig — L) (22)
1
—0.120)chd + 12C_f(llq - IZq)

0.60154 + = (0.12V,s — Eg)
2

~0360l5q + —(0.2vgq — Eq)
L2

And
[ 0.18%2w
0.18 0
Vov
0 0.18->
l1q I
Ag(x) =|—0.08-% —0.14-2 (23)
00
00
00
00

The partial feedback linearizing scheme, cannot
stabilize the PV system appropriately if the
aforementioned uncertainties are considered within the
PV system model since the controller is designed to
stabilize only the nominal system. However, in the
robust partial feedback linearizing scheme, the
aforementioned uncertainties need to be included to
achieve the robust stabilization of the grid-connected
PV system. The robust controller design by
considering the aforementioned uncertainties within
the grid-connected PV system model is shown in the
following section.

V. ROBUST CONTROLLER DESIGN:

The following steps are followed to design the robust
controller for a three-phase grid-connected PV system
as shown in Fig. 1.

Step 1. Partial feedback linearization of grid-
connected PV systems.

In this case, the partial feedback linearization for the
system with uncertainties can be obtained as
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7 = Lehy (%) + Laghy (%) + [Lgrhy (%) + hy (0]
+[Lg2hy1 (%) + Lagzh1 (¥)]uy

Z; = Lehy(x) + Lachp (+[Lg1ha (%) + Lagaho (%) Jug
+[Lg2hz (%) + Lag2hy ()] uy (24)

10

For the PV system, the state equations are derived as

L _ R Vefd Vpv.
71=-1.360l14 — 1.042 I Iq 1.23 L, + 1.18 L, Kq

116,  1.08 114
= —lpy = haKa =" 11Kq (25)

N2

2

If v7and v;are considered as the linear control inputs,
then the feedback-linearized PV system with
uncertainties (25) can be represented by the following
linear systems:

71=V1
75=V, (26)

Where
71 = 1360154 — 1.042 1 — 1.23
1

~_116. 1.08 1.14
V2——C 1pV - _C Ilde - —C IlqKq (27)

Vefd Vpv.
2+ 118K,

The linear control laws and for the feedback linearized
system (26) can be obtained using any standard linear
control theory. The physical control inputs and of the
PV system can be calculated from (27). But before
obtaining these physical control laws, it is essential to
analyze the stability of internal dynamics which is
shown in the following step.

Step 2: Stability of internal dynamics.

In the previous step, the seventh-order PV system (9)
is transformed into a second-order linear part (26),
representing the linear dynamics of the system. For the
transformed system, the desired performance can be
obtained through the implementation of a partial
feedback  linearizing  controller.  But  before
implementing such controllers, it is essential to
analyze the dynamics of the nonlinear part represented
by the state Z , (15) and the dynamics of which are
called internal dynamics. To ensure stability of any
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feedback-linearized system, the control law needs to
be chosen in such a way that

lirnt—mo hi (X) -0

which implies that the state of the linear system decays
to zero as time approaches infinity, that
is[Z; %3 ....2.]T > 0;t > 0. For the PV system
considered in this paper, this means that at steady state

Z; = (28)

Let us now consider the nonlinear state expressed by

the function 2=¢(x) see (15). To ensure the stability of
PV systems, this Z needs to be selected to satisfy the
following conditions

Lgl&_X\) =0
L g20(x) =0 (29)

For the PV system, (29) is satisfied if we choose

z LI + S LI + O,
R Z4 Vefd
o) =2 = [Z5] = Vefq

Zg I

Z7 Iog
(30)

A

Thus, the dynamics of 2= ¢(x) can be expressed as

2 =L$(x) 31)
For 73, the dynamics can be simplified as

Z3 (32)

which represents a stable system, and the dynamics of
the remaining states can be calculated by using (31) as

7;=0 withi=4,56and 7 (33)
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which represents marginal stability of the internal
dynamics .Therefore, the robust partial feedback
linearized controller can be designed and implemented
for a three-phase grid-connected PV system with an
output LCL filter. The derivation of the proposed
robust control law is shown in the next step.

Step 3: Derivation of the robust control law.
From (27), the control law can be obtained as follows:

K, = 0.85L (75 + 136015, + 1.042RIlq + 1.23vcfd)
Vv L1 Ly

_ C [~ ipy Iiq
Ky = —0.88.[7 + 1162~ 108Ky |  (34)

Equation (34) is the final robust control law for a
three-phase grid-connected PV system and the control
law contains the model uncertainties. The main
difference between the designed robust control law
(34) and the control law is the inclusion of
uncertainties within the PV system model. Here, the
linear control inputs v and v, and can be obtained in
a similar way as discussed in before. The performance
of the designed robust stabilization scheme is
evaluated and compared in the following section to
that without any uncertainty along with the direction of
practical implementation.

VI. CONTROLLER PERFORMANCE
EVALUATION

To evaluate the performance of the three-phase grid-
connected PV with Wind system with the designed
robust controller, a PV with Vglgg array with 20
strings each characterized by a ratgsd current of 2.8735
A is used. Each string is subdivided into 20 modules
characterized by a rated voltage of 435 A and
connected in series. The total output voltage of the PV
array is 870 V, the output current is 57.47 A, and the
total output power is 50 kW. The value of the dc-link
capacitor is 400 F, the line resistance is 0.1 , and
inductance is 10 mH. The grid voltage is 660 V and
the frequency is 50 Hz. The switching frequency of the
inverter is considered as 10 kHz.
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The inclusion of LCL filter dynamics affects the
stability of the system for which a peak amplitude
response at the resonance frequency of the LCL filter
exists, and if the parameters of

From MPPT  —
=

Fig. 3. Implementation block diagram.

LCL filters are not chosen appropriately, the dynamic
stability of the system will be degraded. To perform
the simulation, the inductor and capacitor values of the
LCL filter are selected based on the filter design
process as presented in which are 10 mH and 3.1uF.
Since partial feedback linearizing controllers are
sensitive to system parameters, it is essential to have
an exact system model in order to achieve good
performance. But for real life grid connected PV with
Wind systems, there often exist inevitable uncertainties
in constructed models.

In addition, uncertain parameters exist that are not
exactly known or difficult to estimate. Therefore, to
evaluate the performance of the designed robust
control scheme, it is essential to consider these
uncertainties. The implementation block diagram of
the designed robust control scheme is shown in Fig. 3
where the nominal model of the PV with Wind system
is shown along with the uncertainties. From Fig. 3, it
can also be seen that the output currents of the three
phase inverter, voltages across the filter capacitor,
output currents of the filter, and grid voltages are
transformed into direct— and quadrature-axis
components using abc — dq transformation.
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Then, the control law is obtained in the frame and,
finally, reverse transformation (i.e., (dq —abc) ) is
done to implement the controller through the PWM.

MATLAB/SIMULINK OUTPUTS
Simulation diagram

il 1

ove

It is the type of hybrid energy system consists of
photovoltaic array coupled with wind turbine. This
would create more output from the wind turbine during
the winter, whereas during the summer, the solar
panels would produce their peak output.

Positive-sequence active and reactive current
during the single-line-to-ground fault

Active current

Reactive current

Active and reactive current (A)

Time (sec)
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Negative-sequence active and reactive power
during the single-line-to-ground fault

— ACTIVE POWER
——  REACTIVE POWER

Active [KW) and reactive[VAR) power

Time (sec)

CONCLUSIONS:

A robust controller is designed by modelling the
uncertainties of a three-phase grid-connected PV
system in a structured way based on the satisfaction of
matching conditions to ensure the operation of the
system at unity power factor. The partial feedback
linearizing scheme is employed to obtain the robust
control law and with the designed control scheme, only
the upper bounds of the PV systems’ parameters and
states need to be known rather than network
parameters, system operating points, or natures of the
faults. The resulting robust controller enhances the
overall stability of a three-phase grid-connected PV
system considering admissible network uncertainties.
Thus, this controller has good robustness against the
changes in parameters and variations in atmospheric
conditions irrespective of the network parameters and
configuration. With the hybrid system and robust
controller we can get improved outputs as compared
with the normal system.
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