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Abstract—This paper introduces a scalable decentralized 
control strategy for the satisfaction of robust stability and 
robust performance of islanded inverter-interfaced microgrids 
with the general structure. The proposed control method 
maintains the stability and the desired performance of the 
closed-loop system against microgrid topology changes, plug-
and-play functionality of DGs, and local load variations. The 
robust control scheme is formulated in the form of a dynamic 
output feedback controller for a linear time-invariant system 
with polytopic-type uncertainty and then converted to an LMI-
based convex optimization problem.  The capability of the 
suggested controller is evaluated under several scenarios 
simulated in MATLAB/SimPowerSystems Toolbox. 

Keywords—inverter-interfaced microgrid, decentralized 
control, robust stability, robust performance, convex optimization 

I. INTRODUCTION 

In recent years, distributed generation (DG) units and, 
subsequently, microgrids have become an essential part of the 
power networks to make more use of renewable energy 
sources. As long as the microgrid connects to the main grid, 
the voltage at the point of common coupling (PCC) and the 
system frequency are assigned by the main network [1], [2]. 
Depending on the planned or nonscheduled reasons, the 
microgrid and the main grid may be disconnected, and the 
microgrid interns into the islanded (autonomous) mode. In the 
autonomous mode of operation, microgrid requires a different 
algorithm to control system frequency and the voltage of the 
PCC and to prevent instability [3]. 

The microgrids control schemes in the autonomous 
operation mode are divided into two general categories, 1) 
droop-based method [4]-[6], and 2) non-droop-based method 
[7]-[14]. Droop mechanism is one of the most common 
control methods for islanded microgrids and is, in fact, a 
decentralized proportional controller which allows the plug-
and-play (PnP) operation of DGs in the microgrid. However, 
this control methods have some difficulties, such as the 
compromise between the accuracy of frequency/voltage 
regulation and power-sharing [6], coupled dynamic between 
real and reactive power, non-robustness to microgrid topology 
changes and load variations [4], slow transient response and 
poor performance in the situation of mixed (resistive-
inductive) lines and in the presence of conductance [4], [5]. 

In recent years, non-droop-based control methods have 
been proposed to solve the mentioned problems of the droop 
controllers. In this technique, an internal oscillator controls the 
frequency of each DG unit, and an advanced dynamic 
controller regulates the voltage of PCCs [9]. Non-droop-based 
methods are divided into two general classes, 1) multi-loop 
state-feedback controllers [11]-[14], and 2) single-loop 
dynamic output-feedback controllers [7]-[10]. In state-
feedback controllers, due to the more need for measuring 

sensors as well as the availability or estimation of state 
variables, the overall cost of the system increases, and the 
system reliability decreases. Therefore, these methods are less 
appropriate for practical implementation. 

One of the main challenges in the islanded microgrid 
control scheme is the robust stability and robust performance 
of the closed-loop microgrid against some factors such as 
microgrid topology changes, PnP functionality of DGs, and 
also local load variations. The output feedback controllers 
provided so far have only addressed the robust performance 
against load changes. These methods have not considered 
robustness against changes of microgrid topology, and PnP 
of DG, as well as the modelled microgrid usually does not 
have an arbitrary structure [7]-[10]. State-feedback 
controllers have been proposed so far, which in addition to 
being robust to load changes, have also taken into account 
robust stability under microgrid topology changes and PnP 
functionality of DGs [11]-[14]. In the proposed control 
strategy in [11], [12], whenever a DG is under the PnP 
functionality, all the local controllers of its neighboring DGs 
need to be redesigned. Moreover, a three-degree-of-freedom 
decentralized controller is presented in [13], [14], which does 
not require to readjust the local controllers due to the PnP 
functionality of DGs. All of these developed strategies 
employ state-feedback and two prefilters to improve the 
output of the closed-loop subsystem and to reduce the load 
effect. The design of the state-feedback and prefilters are 
considered as three independent optimization problems. Such 
an approach will inevitably lead to a suboptimal controller 
and as a result the suboptimal performance. Also, while the 
presented controllers assure the robust stability, the robust 
performance of microgrid is not guaranteed. 

This manuscript introduces a new robust output-feedback 
based controller for the autonomous AC microgrid, including 
several DGs with general topology. The presented controller 
maintains the performance and stability of the closed-loop 
microgrid system against local load variations, system 
topology changes, and PnP operation of DGs in addition to 
the satisfying stability and the desired performance of the 
nominal system. The introduced controller has a 
decentralized structure providing various advantages such as 
cost-saving and increased-reliability. The parameters of each 
local controller are attained from one convex optimization 
problem, which results in the optimal performance. The 
successful performance of the recommended controller is 
verified through several scenarios implemented in 
MATLAB/SimPowerSystems Toolbox. 
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Fig. 1. Electrical circuit of an islanded AC microgrid including two DGs. 

This article is categorized as follows: The microgrid 
model is presented in Section II. The design process of the 
control system is rendered in Section III. Simulation 
outcomes are given in Section IV, and the conclusions are 
propounded in Section V. 

II. MATHEMATICAL MODEL OF THE ISLANDED MICROGRID 

In this section, a linear time-invariant (LTI) state-space 
model for the autonomous AC microgrid has N DGs with 
general topology is introduced. Each DG includes a voltage-
source converter (VSC), an ideal DC voltage source, a step-up 
transformer with transformation ratio ݇, a series RL filter, a 
shunt capacitor, and a local load with the measurable current. 

First consider a microgrid structure consisting of two DG 
units, DG ݅ and DG ݆, connected via a transmission line ݆݅, as 
shown in Fig. 1. The dynamical equations of the subsystem ݅ 
(DG ݅), in the ݀ݍ-frame, are as follows: 

	݅	ܩܦ ۔ۖەۖ
ۓ ݀ ܸ,ௗ݀ݐ + ݆߱ ܸ,ௗ = ݇ܥ௧ ௧,ௗܫ + ௧ܥ1 ,ௗܫ − ௧ܥ1 ݐ௧,ௗ݀ܫ,ௗ݀ܫ + ݆߱ܫ௧,ௗ = − ݇ܮ௧ ܸ,ௗ + ௧ܮ1 ௧ܸ,ௗ − ܴ௧ܮ௧ 	:݆݅	݁݊݅ܮ  (1)		௧,ௗܫ ݐ,ௗ݀ܫ݀ + ݆߱ܫ,ௗ 																																	= −ܴܮ ,ௗܫ − ܮ1 ܸ,ௗ + ܮ1 ܸ,ௗ							(2) 

where ௧ܸ,ௗ, ,௧,ௗܫ ,,ௗܫ ܸ,ௗ  and ܫ,ௗ  respectively are the ݀ݍ -components of the VSC terminal voltage, the filter 
current, the local load current, the PCC voltage, and the 
transmission line current. 

With the Quasi-Stationary Lines (QSL) assumption [15], 

i.e. 
ௗூೕ,ௗ௧ = 0 , the line dynamic and the state-space 

description of DG ݅ are obtained as follows: ܫ,ௗ = ൫ ܸ,ௗ − ܸ,ௗ൯ ൫ܴ + ݆߱ܮ൯ൗ 											(3) ൜ ሶݔ = ݔܣ + ݔܣ + ݑܤ + ݕݓ௪ܤ = 																																																;ݔܥ 														(4) 

where ݔ = ሾ ܸ,ௗ ܸ, ௧,ௗܫ ݑ ,௧,ሿ் is the state vectorܫ =ሾ ௧ܸ,ௗ ௧ܸ,ሿ்  is the input, ݓ = ሾܫ,ௗ ,ሿ்ܫ  is the 
exogenous input, and  ݕ = ሾ ܸ,ௗ ܸ,ሿ் is the output of DG.  

In the same way, if the microgrid system contains ܰ DGs, 
the state-space equations for DG ݅	are as follows [12]: 

൞ݔሶ = ݔܣ +  ேݔܣ
ୀଵ,ஷ + ݑܤ + ݕݓ௪ܤ = ;ݔܥ 																														݅ = 1, … , ܰ 												(5) 

ܣ =
ێێۏ
ێێێ
ێێێ
ۍێ − ௧ܥ1  ܴܼଶே

ୀଵ,ஷ ߱ − ௧ܥ1 ܼܺଶே
ୀଵ−߱ + ௧ܥ1  ܼܺଶே

ୀଵ,ஷ − ௧ܥ1  ܴܼଶே
ୀଵ,ஷ

݇ܥ௧ 00 ݇ܥ௧− ݇ܮ௧ 																																	00 																																 ݇ܮ௧
−ܴ௧ܮ௧ ߱−߱ −ܴ௧ܮ௧ ۑۑے

ۑۑۑ
ۑۑۑ
ېۑ
, 

ܣ = ௧ܥ1 ێێۏ
ێێێ
ܼଶܴ			ۍ 	 ܼܺଶ 0 0− ܼܺଶ ܴܼଶ 0 0					0 		0 			0 0			0 			0 		0 ۑۑے0

ۑۑۑ
ې , ܤ =

ێێۏ
ۍێێ
	0 	0	0 ௧ܮ01	 0	0 ۑۑے௧ܮ1

 ,ېۑۑ

௪ܤ	 = ێێۏ
ۍێێ
௧ܥ1− 		 0			0	 				௧0ܥ1−		 00 				0 ۑۑے

ېۑۑ , ܥ = ቂ1 0 0 00 1 0 0ቃ												(6) 
where ߱ = ߨ2 ݂ , ܺ = ߱ܮ , ܼଶ = ܴଶ + ߱ଶܮଶ  and ݂  is 
the nominal frequency of the system, and  ܣ = 0 iff there 
exists no junction between DGs ݅ and ݆. 

Finally, the state-space description of the autonomous AC 
microgrid system is as follows:  

൦ݔሶଵݔሶଶ⋮ݔሶே൪ = ൦ܣଵଵܣଶଵ⋮ܣேଵ
ேଶܣ⋮ଶଶܣଵଶܣ

……⋱…
ேே൪ܣ⋮ଶேܣଵேܣ ൦

,ଵܤே൪ +݀݅ܽ݃ሼݔ⋮ଶݔଵݔ ,ଶܤ … , ଵݑேሽሾܤ … ,௪భܤ+݀݅ܽ݃൛								 ேሿ்ݑ ,௪మܤ … , ଵݓ௪ಿൟሾܤ … ଵݕሾ	 ேሿ்ݓ … ேሿ்ݕ = ݀݅ܽ݃ሼܥଵ, … , ଵݔேሽሾܥ …  (7)				ேሿ்ݔ
where matrices  ܣ, ܣ, ܤ, ܤ௪ , and ܥ are as defined in 
(6). 

III. MICROGRID CONTROL SYSTEM DESIGN 

The microgrid frequency is controlled by internal 
oscillators for each DG unit with a fixed frequency at ߱ ߨ2= ݂ , and through one common-time reference signal the 
synchronization of all oscillators is achieved. 

The expressed state-space model for the whole islanded 
AC microgrid in (7) represents an interconnected composite 
system consists of N subsystems, and each one has a state-
space description as (5) [16]. Also, it is proved all subsystems 
(DGs) are controllable and observable, i.e., all controllability 
matrices ߶(ܣ,  ) have full row rank, and all observabilityܤ
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matrices ߶(ܣ,  ) have full column rank for all parametersܥ
of the system. Therefore, conforming to the outcomes of [16], 
the interconnected composite system (7) is stabilizable by 
applying only the local controller for each subsystem (5). 
Thus, the decentralized control approach is applicable to 
control the autonomous inverter-interfaced microgrid system 
with the obtained state-space model (7).  

Now for each nominal subsystem, the initial control 
objectives are, 1) stability, reference voltage tracking, fast 
transient response, and appropriate control signal, and 2) load 
disturbance attenuation. The first goal is achieved by the 
design of a feedback controller (ݏ)ܭ, and the second goal is 
attained via compensating the effect of load current by a 
feedforward controller ܭ௪(ݏ), as shown in Fig. 2. The transfer 
functions ܩ௪(ݏ)   and (ݏ)ܩ  for each DG subsystem are 
obtained from (5) as follows: ቊ(ݏ)ܩ = ܫݏ)ܥ − (ݏ)௪ܩ				ܤ)ିଵܣ = ܫݏ)ܥ −  (8)																				௪ܤ)ିଵܣ

To reference tracking, an appropriate range of control 
signal, and disturbance attenuation, the following 
optimization problems must be solved, respectively to find 
local controllers (ݏ)ܭ and ܭ௪(ݏ): ݉݅݊ ቆsup ‖݁‖మ‖ݎ‖మቇ = ݉݅݊‖ ܶ‖ஶ	 		= ܫ)‖݊݅݉ + ଵ‖ஶି((ݏ)ܭ(ݏ)ܩ 																					(9) ݉݅݊ ቆsup మቇ‖ݎ‖మ‖ݑ‖ = ݉݅݊‖ ܶ௨‖ஶ		 = ܫ)(ݏ)ܭ‖݊݅݉ + ଵ‖ஶି((ݏ)ܭ(ݏ)ܩ 												(10) ݉݅݊ ቆsup మቇ‖ݓ‖మ‖ݕ‖ = minฮ ௪ܶ௬ฮஶ = ݉݅݊ ቛ൫ܫ + ௪ܩ)൯ିଵ(ݏ)ܭ(ݏ)ܩ + ௪)ቛஶܭܩ 					(11) 

Moreover, the weighing filters ଵܹ(ݏ), ଶܹ(ݏ) and ௪ܹ(ݏ) 
can be used in problems (9)-(11) to control the sensitivity 
function and the bandwidth of the closed-loop system, to 
restrict the control signal and the effect of the measuring noise, 
and to properly alleviate the impact of the disturbance input 
[17], respectively as shown in Fig. 2. 

Finally, all control objectives can be expressed as the 
following optimization problem: 						min(௦),ೢ(௦) ଵߛߙ +                     ଶߛ

.ݏ											 .ݐ ቐ ฯ ଵܹ(ݏ)ܵ(ݏ)ଶܹ(ݏ)(ݏ)ܵ(ݏ)ܭฯஶ < ଵฮߛ ௪ܹ(ݏ)ܵ(ݏ)൫ܩ௪(ݏ) + ൯ฮஶ(ݏ)௪ܭ(ݏ)ܩ <  ଶ(12)ߛ
where ߙ determines a trade-off between the ܪஶ performance 
criterion and the disturbance signal elimination. 

By considering the desired controller in the form of ܭ(ݏ) = ሾ(ݏ)ܭ ሿ(ݏ)௪ܭ , and utilization the state-space 
model of ܩ௪ ܩ , , ௪ܹ , ଵܹ  and ଶܹ , the state-space 
representation of the open-loop system and desired controller 
are as follows: 

 ݕݖݖሶݔ  = ൦ ܥ௭ܥ௭ܥܣ
ܦ௭ܦ௭ܦܤ

௪ܦ௭௪ܦ௭௪ܦ௪ܤ
௭0ܦ௭ܦܤ ൪ ݑݓݎݔ								(13) 

 

 
 
 
 
 
 

 
 
 
 

Fig. 2. Block diagram for the presented control manner.  ൜ݔሶ = ݔܣ + ݑݕܤ = ݔܥ + 		ݕܦ 																													(14) 
Thus, the state-space description of the close-loop system 

is obtained as follows: 																 ሶ൨ݔሶݔ = ܣ + ܥܦܤ ܥܤܥܤ ܣ ൨ ቂ +					 ቃݔݔ ܤ + ܦܦܤ ௪ܤ + ܦܤ௪ܦܦܤ ௪ܦܤ ൨ ቂ ݖଶቁݖଵݖቈቀ																  ቃݓݎ  =  ௭ܥ + ܥܦ௭ܦ ௭ܥܥ௭ܦ + ܥܦ௭ܦ ൨ܥ௭ܦ ቂ  ቃݔݔ
          +  ௭ܦ + ܦܦ௭ܦ ௭௪ܦ + ௭ܦ௪ܦܦ௭ܦ + ܦܦ௭ܦ ௭௪ܦ + ௪൨ܦܦ௭ܦ ቂݓݎቃ		(15) 

Finally, the state-space realization for the constraints of the 
problem (12) is computable from (15) as follows: 

ܶ௭	 :	 ቈ መܣ መଵܥଵܤ =	 ଵܦ  ൬ܣ + ܥܦܤ ܥܤܥܤ ܣ ൰ ൬ܤ + ܦܤܦܦܤ ൰(ܥ௭ + ܥܦ௭ܦ (ܥ௭ܦ ௭ܦ + ܦܦ௭ܦ ൩					       (16) 

௪ܶ௭	 :	ቈ መܣ መଶܥଶܤ = 				ଶܦ  ൬ܣ + ܥܦܤ ܥܤܥܤ ܣ ൰ ൬ܤ௪ + ௪ܦܤ௪ܦܦܤ ൰(ܥ௭ + ܥܦ௭ܦ (ܥ௭ܦ ௭௪ܦ +  (17)	௪ܦܦ௭ܦ
From (17) and (18), the constraints description is 

equivalent to a state-space representation of an LTI system 
with a dynamic output-feedback controller. 

For PnP modeling, a similar approach to the method 
outlined in [13] with some improvement is used. The goal is 
to make the stability and performance of all DGs robust after 
each PnP occurrence. In other words, with the entry or exit of 
DG ݅, the same unit ݅ and other DGs must have satisfactory 
performance. According to the state-space matrices defined in 
(6), it is clear that with PnP of DG ݅, only the matrix ܣ for 
DG ݅ and other DGs that are connected to it, change. In fact, 
matrix ܣ  has polytopic-type uncertainty structure with two 
uncertain parameters as follows: 

ܣ =
ێێۏ
ێێێ
ۍێێ 	ଵݍ 			ଶݍ ݇ܥ௧			 ଶݍ−0	 			ଵݍ 0				 	 ݇ܥ௧−݇ܮ௧ 0 	−ܴ௧ܮ௧ 			 ߱		0 		 ݇ܮ௧ −߱ −ܴ௧ܮ௧ ۑۑے

ۑۑۑ
 (18)																						ېۑۑ

(ݏ)ܭ  (ݏ)ܩ
 (ݏ)௪ܭ(ݏ)௪ܩ

ݓ
ݎ ݕ

ଵܹ(ݏ) ଶܹ(ݏ) ௪ܹ(ݏ) ݖଵ ݖ ଶݖ
ଵݑ ݁ ݑ ଶݑ
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Moreover, two cases for each uncertain element is 
considered as follows: ݍ  ݍ  ݆					௫ݍ = 1,2															(19) 
where the minimum/maximum value of ݍ calculated as: 

 .݅ ௫: Maximum possible connection of DGs to DGݍ •
ݍ • : Disconnection of all lines connected to DG ݅ and 

according to (6) ݍଵ = 0, ଶݍ = −߱. 

Therefore, the convex hull of uncertain matrix ܣ has four 
vertices, and each conceivable connection or disconnection of 
other DGs to DG ݅ falls into a polytopic region, as follows: ܣଵ = ,ଵݍ൫ܣ ,ଶ൯ݍ ଶܣ = ,ଵݍ൫ܣ ଷܣ	ଶ௫൯ݍ = ,ଵ௫ݍ൫ܣ ,ଶ൯ݍ ସܣ = ,ଵ௫ݍ)ܣ ,ଵݍ)ܣ (20)				ଶ௫)ݍ (ଶݍ =ߠܣ 	,				ଶమ

ୀଵ ߠ = ߠ						,1  0		ଶమ
ୀଵ 		(21) 

Thus, the PnP functionality is modeled as a polytopic-type 
uncertainty with four vertices in the matrix ܣ  and 
consequently in the closed-loop matrix ܣመ. 

Since all possible scenarios of connecting DG units 
together are considered in the convex hull that proposed for 
PnP modelling, if some transmission lines are disconnected, 
the polytopic uncertainty region and its vertices will not 
change. Consequently, this approach is also robust to 
microgrid topology changes. 

According to the explanations and relations presented in 
this section, the final issue is the design of the dynamic 
output-feedback controller with ܪஶ performance criteria for 
an LTI system with a polytopic uncertainty in matrix ܣ. The 
design should be done by solving a convex optimization 
problem by satisfying a set of LMI constraints in the 
polytopic vertices. To reduce the conservatism related to a 
common Lyapunov matrix for the whole uncertain space, 
using a linearly parameter-dependent (LPD) Lyapunov 
matrix is a suitable choice. Various algorithms are proposed 
to solve this nonconvex optimization problem using LPD 
Lyapunov function based on the development of Bounded 
Real Lemma (BRL), and the method outlined in [10] is used 
here. 

The robust performance and the robust stability of the 
closed-loop DG subsystem given in (16) and (17) under the 
fixed-order local controller of (14) are satisfied, through the 
following convex optimization problem [10]: 	݉݅݊భೕ,మೕ,಼,಼,಼,಼ ଵߛߙ		 +  ଶߛ

.ݏ	 .ݐ ∶
ەۖۖ
۔ۖۖۖ
ۖۖۖ
ۓ
ێێێۏ
ۍ ்ܯ ଵܲଵܲ − ܯ + ܶିଵܣመܶ0ܥመଵ

0்(ଵܤଵିܶ)ܫ2−∗
ଵܦܫ−∗∗

ۑۑۑےܫଵߛ−∗∗∗
ې < 0

ێێێۏ
ۍ ்ܯ ଶܲଶܲ − ܯ + ܶିଵܣመܶ0ܥመଶ

0்(ଶܤଵିܶ)ܫ2−∗
ଶܦܫ−∗∗

ۑۑۑےܫଶߛ−∗∗∗
ې < 0

ଵܲ, ଶܲ  0																									݆ = 1, … ,4																							(22)
 

 
Fig. 3. Configuration of the test autonomous microgrid. 

where  ܶ and ܯ are two slack matrices obtained from: ܶ = ܯଵି((ܺ)݈݄ܿ) = ்ܶܯ்ܶ 																																(23) 
where ݄݈ܿ  indicates Cholesky factorization and (்ܯ, ܺ) 
obtained from the following convex problem: 							݉݅݊ೕ,,ெ	  ߛ		

.ݏ .ݐ
۔ۖەۖ
ۓ
ێێۏ
ۍێ ሚ்்ܲܣ + ்ܲܣሚ்ܲ + ்ܯ − ்ܯ෨்ܤ−ሚܣܺ + ሚ்ܥሚܣ෨்ܺܤ

෨்ܺ0ܤ2ܺ−∗
෩்ܦܫ−∗∗

ۑۑےܫߛ−∗∗∗
ېۑ < 0

்ܲ  0																									݆ = 1, … ,4													
			(24) 

where (ܣሚ, ෨ܤ , ,ሚܥ  ෩) are the state-space matrices of the ݆thܦ
vertex of the closed-loop system obtained from (15). 

It should be noted that an iterative procedure is needed to 
solve the convex optimization problem (22) for each DG 
subsystem and attain the state-space realization of the 
corresponding local output-feedback controller ܭ(ݏ) . In 
other words, after designing the initial controller, the slack 
matrices are extracted from (24) and (23), then the convex 
optimization problem (22) is solved to update the controller 
parameters. This process continues until convergence or 
reaching the maximum iterations number. It has been shown 
that the reduced-order controller (22) attends to a monotonous 
convergence of the ܪஶ norm upper-bound [10]. 

IV. SIMULATION RESULTS 

In this part, the capability of the recommended controller 
to maintain the stability and the desired performance of the 
closed-loop microgrid system is evaluated through several 
scenarios. The presented controller has been applied to a 
microgrid with 11 DGs [12], as shown in Fig. 3. The electrical 
parameters of the microgrid are given in [13]. The microgrid 
is simulated in MATLAB/SimPowerSystems Toolbox, and 
local controllers are calculated from solving the convex 
optimization problem (22) via YALMIP [18]. 

A. Nominal Performance of the Closed-Loop System  

This subsection evaluates the stability and the desired 
performance of the nominal microgrid system. To this end, at ݐ =  reference voltage components for DG 6 ݍ the ݀ and ,ݏ1.5
respectively altered from 0.6 pu  and 0.8 pu  to o.8 pu  and 
0.6	pu. Fig. 4 displays the dynamic response of DG 6 due to 
the reference voltages change. As it can be seen in Fig. 4, the 
output voltages track the reference values quickly with zero 
steady-state error, low interaction between the channels and 
repulsion of high-frequency harmonics caused by switching. 
The control signal amplitude is also suitable.  
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Fig. 4. Dynamic response of nominal system due to the change in reference 
voltage of DG 6 (a) dq components of PCC voltage, (b) abc components of 
PCC instantaneous voltage, (c) output powers, and (d) dq components of 
control signal. 

 
Fig. 5. Dynamic responses of DG 11 and its neighbours under the PnP 
operation of DG 11 (a) d-component of voltage signals, (b) q-component of 
voltage signals, (c) output real powers, and (d) output reactive powers. 

The rise-time of the output voltage at PCC with the 
proposed controller is about three cycles of ݂  that is 
acceptable based on the IEEE standard [19]. The obtained 
results show that the system response is better than previously 
provided robust state-feedback controllers due to the 
optimized design of the suggested decentralized controller 
[12], [13]. 

B. Robustness to PnP Functionality of DGs 

This scenario examines the robust performance of the 
microgrid closed-loop system against the PnP operation of 
DGs. Presume that DG 11 is plugged out from the microgrid 
at ݐ = ݐ and then plugged into the system at ݏ1 =  ,Hence .ݏ2
the dynamics of DGs 6 and 1 vary too.  

 
Fig. 6. Dynamic responses of all DGs due to the microgrid topology 
changes at ݐ = ݏ1.6  (a) d-component of voltage signals, and (b) q-
component of voltage signals. 

 

Fig. 7. Dynamic responses of DG 1 and its neighbours due to the PCC 1 
load change at ݐ = ݏ2  (a) d-component of voltage signals, and (b) q-
component of voltage signals. 

Fig. 5 shows the dynamic responses of DG 11 and its 
neighbours due to these PnP functionalities. The results 
demonstrate the local controllers regulate the load voltages 
after the PnP operation with a fast transient response and zero 
steady-state error. The transient response is also faster than 
previous robust methods [13]. In other words, the 
recommended control method keeps the stability and the 
desired performance of the closed-loop system based on the 
IEEE standard [19] under the PnP operation of DGs, i.e., it 
does not need to redesign of the local output-feedback 
controllers. 

C. Robustness to Microgrid Topology Changes 

In this subsection, the performance of the closed-loop 
system under the designed controller is evaluated against 
changes in microgrid topology. To this end, the lines between 
DGs 4 and 5, and DGs 3 and 1 are disconnected at ݐ =   .ݏ1.6
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Fig. 6 indicates the output voltages of all DGs to these 
variations and demonstrates that after this change the local 
controllers were able to adjust the output load voltages with 
zero steady-state error quickly compared to the robust 
methods already presented [13]. Thus, the proposed control 
strategy is strongly robust to uncertainties affecting the 
microgrid topology. 

D. Robustness to Local Load Variations 

This part assays the performance of the designed controller 
against local load changes. The loads at PCCs are in the form 
of a parallel RLC network. The load resistance at PCC 1 is 
modified from 152Ω  to 76Ω  at ݐ = ݏ2  in the three-phase. 
The output voltages of DG 1 and its neighbours due to this 
change are shown in Fig. 7. The results show that the stability 
and performance of the microgrid are maintained against load 
changes with a fast and limited transient. 

V. CONCLUSION 

In this work, a new robust scalable controller for the 
islanded inverter-interfaced microgrid, including several DGs 
with general topology, is presented. The proposed controller 
has a decentralized structure and uses output-feedback, which 
reduces costs and increases the reliability of the system. Some 
capabilities of the controller are the closed loop system 
stability, zero steady-state error, appropriate transient 
response, a proper control signal, bandwidth regulation of the 
closed loop system, restricting of measurement noise, and 
disturbance compensation. The suggested control scheme 
provides the stability and the desired performance of the 
closed loop system under nominal conditions and also against 
some changes such as PnP of DGs, microgrid topology 
changes, and loads variations. Unlike the previously presented 
robust state-feedback controllers, each provided local 
controller is a solution of one convex LMI-based problem, 
which results in the optimal performance. The success of the 
suggested robust controller in maintaining the stability and the 
desired performance of the microgrid is verified through 
several scenarios. 
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