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Abstract: This paper proposes a robust H..-LMI-based primary controller using the Linear
Parameter Varying (LPV) modeling for an AC Islanded Microgrid (IMG). The proposed
controller can regulate the frequency and voltage of the IMG under various scenarios, such
as load changes, faults, and reconfigurations. Unlike most previous studies that neglected
the nonlinearity and uncertainty of the system, this paper represents the system dynamics as
a polytopic LPV model in the novel primary control structure. The proposed method
computes a state-feedback control by solving the corresponding Linear Matrix Inequalities
(LMIs) based on H. performance and stability criteria. The robust primary control is
applied to a test IMG in the SIM-POWER environment of MATLAB and evaluated under
different scenarios. The simulation results demonstrate the effectiveness and efficiency of
the proposed method in maintaining the stability of the frequency and voltage of the IMG.
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Uncertain Parameter.

1 Introduction

HE microgrid (MG) is becoming increasingly
Tpopular for various reasons, including economic

considerations, technological advances, concerns
about environmental problems, climate change, and
rising levels of consumer demand. MG decreases
greenhouse gas emissions, improves power quality and
flexibility, has the local capability to solve energy
problems, and reduces energy losses and transmission-
line loading. In addition to all of these benefits, it is
utilized as an effective method for integrating renewable
energy systems.

The MG is a small-scale active power distribution grid
that operates at the low-voltage level and incorporates
distributed energy resources, local loads, power
electronics, and protection systems. It acts as a
controllable unit under the monitoring of the control
system, conforming to the Central Grid [1-5].
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electronics, and protection systems. It acts as a
controllable unit under the monitoring of the control
system, conforming to the Central Grid [1-5].

The MG can operate in two distinct modes, namely,
the connected mode and the island mode. The regulation
of voltage and frequency in the AC grid-connected
mode depends on the operation of the reference grid. As
a result of this phenomenon, the controllers are utilized
to regulate both active and reactive powers to enhance
the quality of management. In the AC islanded mode,
the MG operates autonomously independently from the
utility grid. Consequently, the controllers modify the
frequency and voltage by properly sharing active and
reactive power [6-8].

The hierarchical control approach is a frequently
encountered control structure for MGs in grid-connected
and island modes. This methodology employs a
tripartite  system of control comprising primary,
secondary, and tertiary levels. The primary control
system maintains voltage and frequency at stable levels
and ensures proper power sharing. The secondary
control mechanism mitigates the frequency and voltage
fluctuations from the primary level while ensuring
synchronization between the MG and the central grid.
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The optimized performance of the MG in both
connected and islanded modes is attributed to the
implementation of tertiary control, which facilitates
power flow regulation between the central grid and the
MG [7, 9]. The work [10] presents an H,, consensus-
based control system for AC heterogeneous autonomous
MGs, ensuring stability and robustness using Lyapunov-
Krasovskii theory. The system regulates voltage and
frequency, providing accurate power-sharing and state-
of-charge modification. A novel H. theory-based
resilient distributed cooperative control strategy for off-
grid AC MG's secondary control layer addresses
disturbances, uncertainty, and stability conditions
proposed in [11]. Nonlinearities and uncertainties are
inherent in real-world engineering systems, posing
challenges for theoretical analyses and control system
design. Typically, physical components within control
systems, such as controllers and actuators, experience
saturation. Conversely, physical methods are replete
with uncertainties, necessitating the incorporation of
such uncertainties into the control system's design. A
pertinent practical concern that warrants consideration
in multiagent systems pertains to the unreliability of
communication networks. [12]. When linear time-
invariant approaches fail, nonlinearity modeling in LPV
structures can synthesize controllers [13, 14]. The
neural network-based adaptive LPV controller for DC
MG power system is proposed in [15]. The work [16]
describes grid-following inverter control methods. LPV-
power-synchronized control works in strong and weak
grids. Model-based predictive control uses a hybrid
Ha/H., linear time-varying state feedback architecture
described in [17]. An MG's inverter LPV model
considered disturbances and uncertainties. The work
[18] examines polytopic quasi-LPV and sliding mode
fault detection and reconstruction in DC MGs with
nonlinear loads. The work [19] examines frequency
fluctuation dampening with a strong LPV control in an
islanded hybrid MG system. LPV hides the nonlinearity
of the wind turbine's wind and rotation speeds, which
are scheduling parameters.

This paper provides a robust H.-LMI-based primary
controller for an AC IMG that considers load bar
change, faults, and reconfiguration situations to control
the stability of frequency and voltage of MG. Unlike
most previous efforts, which neglected the model's
nonlinearity and uncertainty, the system's nonlinearity
and uncertain parameters are considered as a Polytopic
LPV framework in this paper's innovative proposed
primary control structure. A state-feedback control is
generated in the provided approach by solving the
required LMIs described on the executed polytopic
LPV model based on H., performance and stability to
assess the control signals. Under load bar change, fault,
and reconfiguration scenarios, the proposed robust
primary control applies to the Test-IMG in the SIM-

POWER environment of MATLAB. The simulation
results indicate the suggested technique's effectiveness
and efficiency in handling the MG's frequency and
voltage and correct power-sharing.

2 Preliminaries

2.1 Proposed Primary Control Preliminaries

This section presents the preliminary primary control
proposals. The principal mechanism attains a plug-and-
play operational capability for the MG while preserving
frequency and voltage constancy. Figure 1 depicts the
functional block diagram of the voltage source inverter
(VSI) distributed  generation (DG)  module,
incorporating a proposed robust primary control. The
MG comprises multiple DG modules that synchronize
to maintain a stable voltage and frequency range. The
symbol &; denotes the angular orientation of the DG;
reference frame relative to a shared reference frame and
satisfies the following equation.

5i =~ (1)
where wi is the angular frequency of rotation of the DG;,

and ws represents the same dependent with the standard
reference frame.

ENERGY
SOURCE
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vsT | B
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Fig. 1 The operating block diagram of the VSI-based DG
module with the proposed robust primary control.

The following equations rule the frequency and voltage
droop factors wielded by the primary controller.

o= o - mg; B )
V;di =Vip —Ngi Qi (3)
Vo =0 4

where m,; and n, are the droop factor. The B, and Q,

symbolize the active power and reactive power
measured at the terminals of the DG;, respectively. The
reference frequency and voltage of the droop controller

are " and v, . The equations of the power loop in the

robust primary controller, shown in Fig. 2, can be
written as:

Py =~ P+ @ (Vigiiogs + Voglog) ®)

oqi “ogi

Qi =—0,;Q + @, (Vg ioqi *+Vogi o) (6)
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¢di = V;di Vo (7)
¢Zqi = V:qi _Voqi (8)
The direct and quadrature (dg) components of v, and

I, , as exhibited in Fig. 1, are v

odi ?

Y

ogi !
respectively. The a, is the cut-off frequency of the low-
pass filter (LPF). The ¢, and ¢, are part of the defined

state variables [20-22].
The equations of the voltage loop in the robust
primary controller, shown in Fig. 3, are expressed as:

oi !

I and i

ogi !

i = Fiog —@,CyVog +K Vi, +U; )
i = Fiog +@,CyVog +Us (10)
Ya = iI:Ji _ildi 11
Vi =g — g (12)

where g, is the nominal angular frequency and F, is
local gain, and the state variables are y; and y,. Cgis

the capacitance of the LPF. u, and u, are control inputs.

The equations of the current loop in the robust primary
controller, shown in Fig. 4, can be expressed as:

*

Vig =~ L i|qi +U, (13)
V;i =a,Lgly +U, (14)

where L, is the inductance of the LPF. u, and u, are

control inputs. i,; and i are the dgq components of i

as exhibited in Fig. 1.
The equation of the output LC filter and coupling
connector, as exhibited in Fig. 1, can be expressed as:

: Ry . 1 1
lai = _L_ﬁl"" _L_ﬁv"‘“ +L—ﬁu2 (15)
: Ry . 1 1
g = —L—ﬁlIqi —L—ﬁvOqi +L—ﬁu4 (16)
v —ii —— itV —m,Pv 17)
odi Cﬁ Idi Cﬁ odi ogi Pi " i "oqi
. 1. 1.
Voqi == Vo + My BV, + =l — < i (18)
Cq fi
: R. . . .
Tooi = —— o5 + @ I — My Ry "’ivodi +d, (19)
: -R; . .. . 1
logi = logi — @ logi + My Bl +— Vg +d, (20)

1 1
where dlzL_Vbdi ,d, :F"bqi' V,; and v, are the

Ci ci

dg components of v, as exhibited in Fig. 1.
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Fig. 2 The operating block diagram of the power loop in the robust primary controller.
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Fig. 3 The operating block diagram of the voltage loop in the robust primary controller.
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Fig. 4. The operating block diagram of the current loop in the robust primary controller.
2.2 The LPV Structure Preliminaries A() B(u) B,(w)
The objective is to obtain an LPV representation of a ") :[C(,u) D, (1) Dz(,u)j
standard state space equation, where the state vector is B B
denoted b " the exogenous input b N # = oA i=1,2,..,N
Y Xe R g p Yy We R i [CI D1i D2i (22)

the control input by ueR™, the control objective by
z, €R™, and the varying parameter by e R*, which
is assumed to belong to a compact set as:
X=A(u)x+B,(u)w+B u
(1)x+ B, (1)W+ B, (1) 1)
z, =C(u)x

Assume that all matrices possess suitable dimensions
and are confined within the polytope 2, which is
defined as the convex hull of a finite set of matrices # .
The specified vertices are (A,B;,B,,C,,D;,D,) for
i=12,..,N.
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#(u) e P=Co{#,i=i=12,.,N}
= {ﬂ(u)ww =Y a#, o=l 20}}

The H- performance achievement is expressed by the
synthesis of a control signal for (21) that provides the
smallest attenuation level >0 such that for any

external input wel,, itis verified that Z_ €l,, and:

2.1, <7,

(23)



The subsequent lemma presents the requisite
conditions for existence of a state-feedback gain matrix
to achieve the stability of the closed-loop system,
ensuring the attenuation level y.

Lemma 1 [23-26]: The uncertain system (21) can be
quadratically stabilized by the state feedback controller

gain K, ,, = YQ with disturbance attenuation » >0,

provided that there exist Q=Q" >0 and Y of suitable
dimensions that satisfy the following LMIs.

AQ+QA" +B,Y+Y'B,” B, QC'+Y'Dj
BlTi -1 DlTi <0
2 (24)
CQ+D,Y D; -7°l

i=12,..,N

3 The Proposed LPV-Based Primary Control
In this section, the proposed LPV-based primary
control is presented. The state vector of each DG is

defined as:

x=[P Q ¢ 7 Iy Vg
iod ¢q 7q iIq Voq ioq]T
The state equations of the primary loops can be
written as follows:

(25)

X, ==X, + @, (X X5 +X;X,,) (26)

X, ==X, + @, (X X1 +X1X;) (27)

X, ==X +Vi, —NoX, (28)

X, =X, —aC Xy — X +K Vv, +u, (29)

R, 1 1

5 Lf 5 Lf 6 Lf 2 ( )

1 1 )

staxs_ax7+wxn_mpxlxn (1)

) R, « 1

X, =——SX, + 0 Xy, —MpX, Xy, +—X +0, (32)
L, L,

Xg = =Xy (33)

Xg =FX12+wanX6_X10 +Us (34)

, R 1 1

X0 =_ﬁxw—:xu+:u4 (35)

_ . 1 1

Xy ==0 Xg+MpX Xg+——Xg ==Xy, (36)

. -R; « 1

Xpp = —SXpp —@ X, +MoX X, +—X,, +d, (37)
L, L.

The scheduling signal ( p € R%) is defined as:

p=[X, X X, X, C; R, L L R.JT(38)
Therefore, by involving the scheduling signal via the

defined varying parameters, equations (26)-(37) can be
rewritten as:

C

Xy =—@X, + (X + X5 + 16X, + 1,X,, (39)

Xy ==@,X, = X + X7 + [hXq; — Xy, (40)

Xy =—Xg +Vi, =N X%, (41)

X, =X, + X, — X +U,y (42)

. 1

Xg Z/,l6X5+/,l7X6+L—U2 (43)
f

. .om,

Xe:M1X1+/18X5_/18X7+a)X11_7IBX11 (44)

. m
X7 = Mo Xy + HeX g + 14X, + (@ _%ﬁ)xu +d, (45)

Xg ==X (46)
Xg =—HsX g =Xy +FXy, +Uy

, 1

X1 = MeXyg + 14Xy +L_u4 (48)
f

. m, .

Xn=;113X1+T,3X6—Q)X7+,L18X10—,L18X12 (49)

) . m
X1 = thyX, + (-0 +7pﬂ)x7 + Xy + X1, +d, (50)
where g is power nominal value and,

u=[05a.p, 05a@.p, 05a,p, 0.5a,p,

P, 1 1 1 o)
—@ypy T —— — — =
P7 Pr Ps P Ps

-05m,p, -05m,p, 0.5m,p, 05m,p

(51)

Therefore, the equations (39)-(50) can be formulated
in a standard robust LPV-based problem compact form
as below [27, 28]:

X =A(u)x, +Bw +B,u_

52
z, =Ce (%2)
where
W= [Vin d d, ]T (53)
1 1 T
u, ={ul :uz U, :u4 (54)
e=[P Q ¢ vy Iy _iltd Vad _V;d (55)

. . . x A
log ¢q }/q IIq_llq Voq qu]
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(-0, 0 0 0 0 g My
0 -o 00 0 -4 Hy
0 -n,b, 00 0 -1 0
0 0 00 -1 O F
0 0 00 g 0
4y 0 00 4 O ~Hg
A(u) =
, 0 0 0 0 4 Hio
0 0 00 0 O 0
0 0 00 0 —g 0
0 0 00 0 O 0
4, 0 0 0 0 g -
4, 0 00 0 O —w*+m—2Pﬂ
B, (1) =
:
001k 000O0GO0TOTO 0O 57)
000 0 O0O0TI1O000T00
000 O 0000O0TO0:1
Bz(,u):
00010000O0O0T O]
00001O00O0OO0OO0OTO 0O (58)
0000O0O0O0OO0T1O0T0O
0000O0O0O0O0O0T100
C =
001 00000O0GO0TO 0 O]
000010000O0TO0TO
0000O0110000TO0TO (59)
0000O0O010000TO
0000O0O0O0DO0OO0T10O00
000000O0O0O0O01 0]

To formulate a polytopic model, it is necessary to
consider three distinct values for every scheduling signal,
namely the minimum, middle, and maximum values of its
interval range. The production of N =37 vertices is
achieved by generating p=9 scheduling signals,
resulting in the notation of vertices by J, =(A,B,,B,,C).
The system comprises 14 parameters denoted by z =14,

and a polytopic model necessitates 27 vertices. The
substantial quantity of vertices necessitates a significant
computational workload. Henceforth, we shall employ the
PCA-based parameter set mapping technique to decrease

o O O o o o

o O O o o

o O O o o o

o O O o o

0 Hy Hy
0 M —H,
0 0 0
0 He 0
0 0 0
M
0 - 0
1) > p
. 56
0o o0 o-Tep 0)
2
0 -1 0
-1 0 F
Hs M 0
Hy 0 ~Hg
0 Hy Ho

the number of vertices. The DG dynamic model, however,
will be restricted to the initial polytope.

A :{V V:ZN:aiJi, ZN:ai =1¢, ZO)G
i=1 i=1

7 =(A(u),B,,B,,C)

(60)

The polytope's vertices are denoted as 7, J, concerning
for 1=12,..,N. The matrix denoted as A(u) exhibits
continuity for the parameter vector u(t)eR”,and is
contingent upon the scheduling signal p(t) e R”, as
dictated by u(t) =#n(p(t)). The continuous parameter

mapping #2eR” — R”, as defined by (51), is also a
contributing factor. The selection of the gridding points,
denoted as N, is made with due consideration to the
operating range of the system, nonlinearity effects, and
the dimension of system parameters, ensuring that all
dynamic behavior of the DG is comprehensively captured.
The PCA technique is employed to perform parameter set
mapping with the aim of identifying a reduced region
within the parameter space. The polytopic model (60) is
simplified by reducing its dimensionality to a lower-order
area through the omission of minor directions in the
mapped parameter space.

The methodology is described by the process in [29].
For the LPV model (52) and scheduling signal p(t), the

mapping 7n(t)=r(p(t)) r:R” ->R7 where 7<pu
should be found such that the reduced LPV model.
X =A(m)+Bw +B,u, 61)

applied to approximate the model (52). The fundamental
properties of PCA can be reviewed in [30].
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The parameters of the polytopic LPV model (52) for
i=12,..,N are supposed to make a zzxN data matrix

@=[u, 1%,..., "], where 4' is the variable parameter

vector evaluated at the i vertex. Normalizing its rows
with zero mean and standard unit deviation to construct

the normalized data matrix " =[I(g). Subsequent,
conduct the following singular value decomposition:

el e

Also, separating the 7 significant singular values
coordinating to U , 3, and 4, and neglecting the lower
singular values leads to @" =USJ" ~ ", where {"
approximates the normalized given data @". The matrix

U is used as a basis of the significant column space to
realize the decreased mapping.

n(t) =UTI(h(p(1))) = U TI(u(t)) (63)
It means the approximate mapping of A(.) in (52) is
related to (61) by

A((t) = AGi(t)) (64)
where
A() =TT (Un(t)) =TT (UU TI(1(1))) (65)

attend that TT™ reveals the row-wise rescaling. Hence,

using @" to restore the new vertices (A,Bl,BZ,C), the
polytopic LPV model (60) is decreased to

#(u) = (A(),B,,B,.C)
# = (A By B, C)i =12,..,N (66)

1i
. A A N A N
P={r(w) | # (1) =Y o #i, ) =L 20}
i=1 i=1
The variable N =27 represents the number of vertices,
while (A,B,,B,,C) denotes the model of the i" new
vertex. The fraction of the total variation,V,, can be

presented as a standard for measuring the quality of the
approximated polytopic model (66) relative to the actual
polytopic model (60) by the singular values in (62).

Vv, = i o’ l iaiz (67)
i1 i

The appropriate selection of 7 is demonstrated in
Figure 5 through the utilization of relation (67) across

various 7. Subsequently, the appropriate 7 =6 s

ascertained based on the preferred acceptable percentage
of error in the recorded data. Approximately 85% of the

information is constituted by data, and the P-LPV model
(66) in its simplified form will solely encompass
N =2° =64 vertices.

1 LV Y VIV VIV IV VIV VIV IvIvIvVIvVIVvIV]
xxl\nnr\nr\r\nnnnnnr\r\l\l\n

oyt
o

0.8 [ 3 X6
X |y 0.830474
=

> 06 X
X
0.4 [ X

0.2 X : ‘
0 10 20 30
n

Fig. 5 Fraction of total variation v, versus 7 .

The proposed controller K, |, is obtained by solving

LMI (24). The standard form of the proposed H.
synthesis LPV-based problem for the IMG is shown in
Fig. 6.

w, ————> ;‘ci:‘;;_(y)xi+l§’wi+&’u,. — Z,

z,=Ce

K HoLMI

Fig. 6 The standard form of the proposed H. synthesis LPV-
based problem for the IMG.

4 Simulation Results

To demonstrate the authenticity of the proposed robust
primary control, a simulation is conducted in
MATLAB/Sim-Power  System  environment.  The
simulation involves an AC test-IMG 380 V, 50 Hz system
comprising four DG units and two loads, as illustrated in
Figure 7.

SPOT. 1 LOAD. 1

DG4 DG,

DG, DG,

LOAD. 2

Fig. 7 The schematic of the Test-IMG.

Table 1 presents the test system parameters. In order to
assess the efficacy of the method in terms of robustness
and efficiency, various scenarios, such as load bar
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alteration, faults, and reconfiguration, are implemented on
the test-IMG. The efficacy of the proposed method is
assessed by comparing it with the conventional primary
control method described in the reference [20].

Table 1 The test system parameters.

Description DGA & DGB  DGc& DGp
(45 kVA) (34 kVA)
(Re(€2), Le(mH)) (0.03,0.35) (0.03,35)
R{(Q) 0.1 0.1
L#(mH) 1.35 1.35
CH(uF) 50 50
mp 0.000094 0.000125
no 0.0013 0.0015
Lines
Zu: (Rn(Q), Lin(uH)) (0.23,318)
Zi: (Riz(Q), L2(uH)) (0.35,1847)
Ziz: (Riz(Q), Lis(nH)) (0.23,318)
Loads
PL1 (kW), Qu1 (kVAR) (12,12)
P2 (kW), QL2 (KVAR) (15.3,7.6)
Description Gain factor DG A&B DG C&D
[20] [20] [20]
Power mPi 0.000094 0.000125
control Gain  nQi 0.0013 0.00150
[20]
Voltage KPVi 0.1 0.05
control Gain ~ KIVi 420 390
[20]
Current KPCi 15 10.5
control Gain  KICi 20000 16000
[20]
Description Ranges
Scheduling o1 =28+ 20%, p, =537 +10%,
parameters  p, =-48+35%, p, =0+0.15,
pg;:see g Pe=5x107°10%,p; =01210%,

method pr =1.35x107° +£10%, pg =3.5x107 +10%,
po =0.03+10%

4.1 Appraisement of the Proposed Robust Primary
Controller Under Periodic Load Bar Altering
Scenarios

This section conducts load bar alteration scenarios to
validate the proposed methods. The test-IMG was
subjected to the proposed robust primary controller at t=0
seconds. Table 2 enumerates the periodic load-bar
modification scenarios. Figures 8 to 11 depict the
variations in frequency, active power, RMS voltage (pu),
and reactive power, respectively. The stability of both
frequency and voltage variation indicates the fulfillment
of the power-sharing arrangement.

Frequency
I ’FDGA Typical method _FDGA Presented strategy
50.05F |-— —FDGB Typical method —FDGB Presented strategy
Fhae Typical method —Fp6e Presented strategy
50 i - ~FDGD Typical method ——F . Presented strategy
o~
N
T 49.95
=4
49.9 1
49.85 [
49.8 L L . L .
0 0.5 1 L5 2 25

Time(sec)
Fig. 8 The frequency variations of Test-IMG in the case of
loads-changing scenarios.

RMS Voltage(pu)
1.05 T T
e
P S, P
=
S
7]
E RicHGRIKR R T T
>
095+ |-— 7VormsDGA Typical method _VormsDGA Presented strategy| |
- —VormsDGB Typical method —VormsDGB Presented strategy
== Von‘nsDGC Typical method _V()rmsDGC Presented strategy
—— AVormsDGD Typical method VormsDGD Presented strategy
0.9 . . . .
0.5 1 L5 2 25
Time(sec)

Fig. 9 The RMS voltage (pu) variations of Test-IMG in the case
of loads-changing scenarios.

Active power

——————

_____

P(kWATT)

i iPDGA Typical method —PDGA Presented strategy

—-— —PDGE Typical method —PDGB Presented strategy

| |-~ -Ppge Typical method ——P . . Presented strategy

—— —PDGD Typical method —PDGD Presented strategy

0 0.‘5 i 115 I2 2:5
Time(sec)

Fig. 10 The active power variations of Test-IMG in the case of

loads-changing scenarios.

Reactive power
20 T T

——-Qp 4 Typical method ——Q, ; , Presented strategy
Typical method ——Q, ;, Presented strategy
Typical method _QDGC

Typical method —QDGD Presented strategy

”’QDGE

QDGC Presented strategy

— _QDGD

0 0.5 1 15 2 25
Time(sec)

Fig. 11 The reactive power variations of Test-IMG in the case of
loads-changing scenarios.
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Table 2 The load bar change scenarios.

Description of Load. 1 Load. 2
scenarios (PL1, Qu1) (PL2, QL2)
0<t<0.5 (PL1, Q1) (PL2, QL2)
0.5<t<1 (PL1, Q1) 1.2(PL2, Qr2)
1<t<1.5 0.8(Ru1, LL1) (PL2, Qr2)
1.5<t<2 (PL1, Q1) (PL2, Qr2)
2<t (PvL1, Qu1) Disconnected

4.2 Appraisement of the Proposed Robust Primary
Controller Under the Fault Scenarios

The presented method's validity performance is verified
through the execution of single and three-phase-to-ground
faults in this scenario. The initial occurrence involves a
three-phase-to-ground fault at location spot two at time
t=0.4 sec, followed by a subsequent single-phase-to-
ground fault at location spot one at time t=1.5 sec. The
temporal extent of faults is 0.01 and 0.05 seconds,
respectively. Figures 12 to 15 display the variations in
frequency, active power, RMS voltage (pu), and reactive
power of DGa. The findings demonstrate that the
proposed approach exhibits prompt restoration to its
steady state upon rectifying the transient time.
Conversely, the conventional approach experiences
instability during the three-phase-to-ground fault. The
findings indicate that the suggested approach exhibits
superior and robust performance compared to the standard
response.

Frequency

s —FDG i Typical method (unstable)

_FDGA Presented strategy

49.8 |

0 0.5 | 1.5 2
Time(sec)
Fig. 12 The frequency variations of Test-IMG in the case of
a fault scenario.

RMS Voltage(pu)
1.05 , T T
I
| .
i —VormsDG s Typical method (unstable)
|
' —VormsDGD Presented strategy
L | i
= : '
2, ﬁn o
Sz |
>
095+ 1
|
|
0.9

0.5 | 1.5 2
Time(sec)

Fig. 13 The RMS voltage (pu) variations of the DGa between

the conventional method and the proposed method in the case of

a fault scenario.

Active power

15 T :
i [F=—Pp g4 Typical method (unstable)
:: -—PD GA Presented strategy
~ lO [
I_
=
<
=
%
ay 5t
0 ; i
1 1.5 2
Time(sec)

Fig. 14 The active power variations of the DGa between the
conventional method and the proposed method in the case of a
fault scenario.

Reactive power

25+ —-Qp 4 Typical method (unstable) |1
| _QDGA Presented strategy
20 ¢ :
= |
<15 |
> 4 |
M : !
S0 }
|
|
? |
|
|
0 S . ;
0 0.5 1 1.5 2

Time(sec)
Fig. 15 The reactive power variations of the DGa between the
conventional method and the proposed method in the case of a
fault scenario.
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4.3 Appraisement of the Proposed Robust Primary
Controller for the Reconfiguration Scheme Scenario
This section aims to reconfigure the structure of test-
IMG to verify the robustness of the strategy that has been
presented. The scenarios above have been subjected to
testing. The controller initiates operation at t=0. At t=0.5,
the three-phase breaker is opened, resulting in the
disconnection of DGp from the MG. At t=1.5, breaker-A
is closed, allowing for the reconnection of DGp. Figures
16 to 19 illustrate the variations in frequency, active
power, RMS voltage (pu), and reactive power of DGa.
The findings indicate that the suggested controller
effectively averts system instability, whereas the
conventional controller's employment leads to the test-
IMG's instability. Thus, the proposed method exhibits a
higher level of robustness than the traditional method.

Frequenc
50.1 T 4 ‘y
50.05 1
50 "
25 |
Iy
E 49.9511,
= 49.0 o=
49851 ;
- —FD GA Typical method (unstable)
498 | _FDGA Presented strategy
0 0.5 1 L5 2 25

Time(sec)
Fig. 16 The frequency variations of Test-IMG in the case of
structure reconfiguration scenario.
RMS Voltage(pu)

0.99
7y ©
f% 0.98
é I
I
> 0971 :
me
0.96 : -—— —VormsDGA Typical method (unstable)| |
: Vorms GD Presented strategy
0.95 * * - -
0.5 1 1:5 2 25

Time(sec)
Fig. 17 The RMS voltage (pu) variations of the DGa between
the conventional method and the proposed method in the case of
structure reconfiguration scenario

Active power

P(kWATT)

- —PDGA Typical method (unstable)

_PDGA Presented strategy
T

I
I
! |
I
|

0 0.5 1 L5 2 25
Time(sec)

Fig. 18 The active power variations of the DGa between the

conventional and proposed methods in the structure

reconfiguration scenario.

Reactive power

20
15 N/
F 2
s I
o
<>‘: 10 ——-Qp ;4 Typical method (unstable)| |
=4
= —Q Presented strategy
o | DGA
I
I
3 I
I
I
I
0 i o i : ;
0 0.5 1 1.5 2 2.5

Time(sec)
Fig. 19 The reactive power variations of the DGa between the
conventional method and proposed method in the case of
structure reconfiguration scenario.

5 Conclusion

This article presents a novel primary controller for the
AC IMG based on LPV modeling and a robust Hoo- LMI
approach. The controller aims to effectively regulate the
frequency and voltage of the IMG under various
scenarios, such as load changes, faults, and
reconfigurations. Moreover, the controller takes into
account the nonlinearity and uncertainty of the system
parameters, which are often neglected in previous works.
The system dynamics are represented as a polytopic LPV
model in the innovative primary control structure. The
state-feedback control is computed by solving the
corresponding LMIs based on Hoo performance and
stability criteria. The proposed robust primary control is
applied to a test IMG in the SIM-POWER environment of
MATLAB and evaluated under different scenarios. The
simulation results demonstrate the validity, effectiveness,
and superiority of the proposed method in stabilizing the
frequency and voltage of the AC IMG. As a future work,
the same method can be extended to control the DC MG
as well.
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