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Abstract—In this paper, a decentralized control method is 
presented for the islanded inverter-interfaced microgrids with 
robust performance approach. The system is consisted of two 
Distributed Generations (DG) linked to their loads by inverter, 
RL filter and a step up transformer. The objective here is to 
guarantee the stability of the system and its desired performance 
under large load perturbation and Plug-and-Play (PnP) of the 
DGs. To achieve that aim, a Linear Matrix Inequality (LMI) 
state-feedback control technique with 𝑯ஶ  guaranteed cost is 
used for each DG. Contributions of the designed control system 
are: 1) the control design is entirely decentralized; 2) the 
stability and the desired performance of the overall system is 
guaranteed; 3) the control system is completely robust against 
PnP functionality of the DGs; 4) the controller provides 
robustness against large load perturbation. The ability of the 
presented control system with regard to voltage tracking, load 
changes and topology changes is evaluated on several case 
studies based on simulation in SimPowerSystems Toolbox in 
MATLAB.   

Keywords—decentralized control, islanded microgrid, plug-
and-play (PnP), linear matrix inequality (LMI) 

I. INTRODUCTION  

The increasing trend in electrical energy consumption, the 
environmental problems of using fossil fuels like effects of 
greenhouse gases and the limitation of these resources have 
led to a shift towards renewable energy sources. The best way 
of using renewable energies in the electricity network is by 
utilizing DG resources. Stable and Reliable connectivity of 
DGs is possible by means of microgrids [1], [2]. 

Microgrid systems are described as small scale power 
grids that are generally working in grid-connected mode of 
operation. In this mode, the microgrid system is linked to the 
main power grid at the Point of Common Coupling (PCC). In 
this operating mode, the output voltage and frequency of the 
microgrid system are mainly imposed by the main power grid. 
Responsibility of the designed control system in this mode is 
to perfectly share real and reactive power between DGs [3]. 
However, microgrid system may be disconnected from the 
main power grid and enter the islanding operation. In this 
occasion, a power mismatch occurs among DGs and loads. As 
a result, both voltage and the frequency diverge from their 
nominal values and system will lose its performance and may 
even become unstable [4]. Consequently, considering the 
necessity of network reliability and consistency in microgrid 
desired performance as a stand-alone system after islanding, a 
new control scheme must be designed for stability of voltage 
and frequency of the system alongside with a suitable power 
division between DG units [5]. 

Most common control method that is applied to adjust the 
voltage and frequency of the islanded microgrid system is 
droop control technique [6], [7], [8]. The original idea of the 
droop control has been established in [9]. In power systems 
that are based on rotational machines, the voltage is dependent 
on the reactive power and the frequency depends on the active 
power balance. This means that the amplitude/frequency of 
the voltage drops if the demand for reactive/active power 
increases. In addition, from the control aspect, droop control 
method is a decentralized, proportional control strategy that 
preserve the stability of voltage and frequency of the 
microgrid system [10]. Regardless of all the applications and 
advantages that droop control has brought, it has plenty of 
disadvantages that have led researches to move to non-droop-
based control methods [11]-[17]. Coupled dynamic of both 
real and reactive power, and dependency on line dynamics that 
can cause poor performances are known as some drawbacks 
of droop control technique.  

In non-droop techniques, the frequency in DG units is 
controlled via an oscillator placed inside every DG unit. Then 
by using a common time reference signal based on the Global 
Positioning System (GPS), all oscillators are synchronized 
[18]. Moreover, to control the PCC voltage of each DG unit, 
a proper voltage controller is designed, while a proper model 
of the microgrid is presented. Control scheme based on robust 
performance approach has played a major role among non-
droop-based control methods. These studies consider the 
robust voltage regulation of the islanded microgrid by forming 
a convex optimization problem to design a state or output 
feedback controller [12]-[17]. For instance, a two three-
degree-of-freedom (DoF) output-feedback controller was 
designed in [14] with robustness against load perturbations 
and disturbances. In addition, another output-feedback design 
was presented in [15] with distributed control strategy that 
only guaranteed robustness against slight variation in local 
loads. A mixed 𝐻ଶ/𝐻ஶ robust controller was presented in [19] 
that provided robustness against load perturbations, while 
providing a good transient response by using a unique 
controller. However, the design did not provide robustness 
against topology changes and PnP functionality of the DGs. 
To address the problem of voltage regulation of the islanded 
microgrid system providing PnP capability, state-feedback 
control approach was considered in [12], [13], and [17]. A 
state-feedback control design was used in [17] enabling PnP 
functionality of the DGs and also the design provided 
robustness against PnP functionality of the DGs. However, 
local controllers had to be returned after each plug in or plug 
out of neighboring DGs. This disadvantage was later resolved 
in [13], where the PnP functionality was considered as a 
parametric uncertainty bounded in a polytope. However, the 
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three DoF design of the controller made the design extremely 
complex. Moreover, the state-feedback controller and two 
pre-filters have been designed as three independent 
optimization problem that led to a sub-optimal controller and 
as a result a sub-optimal performance.  

A new robust 𝐻ஶ  state-feedback controller via LMI is 
designed in this paper for the solution of the problem of robust 
voltage control of the islanded microgrid system containing 
the connection of two DGs with a unique controller for each 
DG that would resolve the problem of sub-optimal design and 
complexity of the previous works. First, we consider the loads 
to be unknown. However, their current is assumed to be 
measurable where we take it as a disturbance signal. Then, we 
show that PnP functionality of the DGs and topology changes 
can be considered as a polytopic uncertainty in system’s 
model. Using this design, we preserve stability alongside with 
optimal performance of the system with a unique controller 
for each DG unit in order to reduce the computational 
complexity of the designed control system. In this design, 
local controllers do not need to retune their parameters in 
order to provide PnP capability or topology changes. To verify 
the efficiency of the designed control system, various case 
studies are simulated in the toolbox of SimPowerSystems in 
MATLAB.           

This paper is organized as follows. A mathematical model 
of the islanded AC microgrid and its state-space 
demonstration is presented in section II. In section III, The 
microgrid control system is developed. Section IV is devoted 
to topology changes and PnP capability of DGs in the islanded 
microgrid. The simulation results are presented in section V. 
Section VI provides conclusion for this paper. 

Throughout this paper, the set of real numbers is denoted 
by ℝ. For matrix 𝐴, the transpose of 𝐴, the inverse of 𝐴, the 
inverse transpose of 𝐴  and the trace of 𝐴  are respectively 
denoted by 𝐴், 𝐴ିଵ , 𝐴ି் and 𝑡𝑟ሺ𝐴ሻ . The identity and zero 
matrix are denoted by I and 0, respectively. 

II. INVERTER-INTERFACED MICROGRID SYSTEM MODELLING  

The dynamical model of the islanded AC microgrid that is 
used in this paper is presented in this section. In the modelling 
process, each DG is consisted of a renewable energy source 
modeled as a DC source, a Voltage Source Converter (VSC), 
an 𝑅𝐿 filter, a 𝑌 െ ∆ transformer with 𝑘 as the transformation 
ratio, a capacitor for attenuating the high frequency harmonics 
and a load with unidentified parameters and. The schematic of 
an islanded AC inverter-interfaced microgrid consisted of two 
DGs is shown in Fig. 1. The state-space representation of the 
islanded AC microgrid system under balanced conditions in 
𝑑𝑞 reference frame is as bellow: 
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Fig. 1.  Diagram of islanded AC microgrid system composed of two DGs 
connected through line ij. 

 
 
where, ሺ𝑉௧,ௗ, 𝑉௧ೕ,ௗሻ,  ሺ𝐼௧,ௗ, 𝐼௧ೕ,ௗሻ,  ሺ𝑉,ௗ, 𝑉,ௗሻ,

ሺ𝐼,ௗ, 𝐼ೕ,ௗሻ,  and 𝐼,ௗ  are the 𝑑𝑞  elements of the VSC 

voltages, filter currents, load voltages, local load currents and 
the current of the transmission line, respectively. 

Based on the assumption of QSL [20], 𝑑𝐼,ௗ 𝑑𝑡⁄ ൌ 0 , 
equation (3) can be written as follow: 

 

, ,
,

0 0

(4)j dq i dq
ij dq

ij ij ij ij

V V
I

R j L R j L 
 

 
 

     
As a result, the state-space representation of the system can 

be described as follows: 
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In above, 𝑥

ൌ ሾ𝑉,ௗ 𝑉, 𝐼௧,ௗ 𝐼௧,ሿ்  is described the 

state vector, 𝑢 ൌ ሾ𝑉௧,ௗ 𝑉௧,ሿ் is defined as the input, 𝑑 ൌ
ሾ𝐼,ௗ 𝐼,ሿ் is the exogenous input, and 𝑦 ൌ ሾ𝑉,ௗ 𝑉,ሿ் 
is the output vector. The state-space matrices are presented in 
(6) [13], [17], where 𝜔 ൌ 2𝜋𝑓 , 𝑋 ൌ 𝜔𝐿 , 𝑍

ଶ ൌ 𝑅
ଶ 

𝑋
ଶ , and 𝑓 is the system’s nominal frequency. 
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Fig. 2.  Structure of non-droop techniuqe for control of islanded AC 
microgrid.  
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Fig. 3.  Diagram of local voltage controllers for each DG unit.  

 
 

III. MICROGRID SYSTEM CONTROL SCHEME 

Fig. 2 illustrates the structure of the microgrid non-droop 
based control scheme consisted of a PMS, DGs voltage 
controllers, and a frequency control technique.   

 

A. Power Management System 

The power management system is a crucial element for the 
proper and reliable operation of the microgrids. [21]. The key 
purpose of the PMS is to allocate optimal set-points for the 
system. As a result, controllers in each DG accurately share 
the active and the reactive power between DGs [22] and 
properly respond to the microgrid disturbances [23]. These 
set-points will be communicated to the controllers of every 
DG unit.  

 

B. Frequency Control 

In the non-droop based control method, the frequency of 
the system is regulated by an open loop method. For this 
purpose, all DGs are consisted of an internal oscillator that 

creates 𝜃ሺ𝑡ሻ ൌ  𝜔𝑑𝜏
௧


. Then a global synchronization 

signal is transferred to the internal oscillators of each DG unit 
via GPS in order to synchronize them [21]. 

 

C. Voltage Control 

The goal here is to design a control system for the 
microgrid specified in (5) in a decentralized manner. The 
focus of this paper is on designing a voltage control system 
that preserves stability and guarantees desired response based 
on a decentralized control strategy that requires no kind of 
communications. 

 
1) Design Requirements: A voltage controller based on 

𝑑𝑞 reference frame for the microgrid system represented in 

(5) is desirable, in a way that the following circumstances 
apply. 

1) Desentralized design of the control system. 
2) Asymptotically stability of the overal closed-loop 

microgrid system. 
3) Asymptotic tracking of all reference voltages. 

Next, a voltage control scheme with integrator is designed 
to accomplish all aforesaid requirements.   

 
2) Voltage Controller: as mentioned, a important control 

desire is the nessecity of DG units to track the reference 
signal of voltage 𝑦 . To that aim, every DG unit is 
augmented using an integrator [24]: 
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hence, augmented microgrid is defined as: 
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outputs including errors and control signal.  
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The aim is to design a decentralized controllers 𝐾 that are 

described by the following control laws: 
 

ˆ( ) ; 1,2 (10)
ii i gu t K x i   

 
The closed-loop representation of the 𝑖௧  augmented 

subsystem using state-feedback controller 𝐾 are as bellow: 
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Now by the means of the following theorem [25], we 

consider the development of the robust 𝐻ஶ  state-feedback 
controller for islanded microgrid system (11). 
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Theorem 1: let 𝜀 ് 0, 𝜉 ∈ ሺെ1,1ሻ, and 𝛾  0. if there exist 
Lyapunov matrices  𝑊 ൌ 𝑊

் ∈ ℝೣൈೣ, for  𝑖 ൌ 1,2 , 𝑋 ∈
ℝೣൈೣ  and 𝑍 ∈ ℝೠൈೣ such that: 
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with 𝐴ሚ

≔ 𝜖𝐴
െ Ι ሺ2𝜖ሻ,⁄  𝐴መ

≔ 𝜖𝐴
 Ι ሺ2𝜖ሻ,⁄   𝐵തௗ ≔

𝜖𝐵ௗ,  and 𝐵ത
≔ 𝜖𝐵

. Subsequently, the controller gains 

𝐾 ൌ 𝑍𝑋
ିଵ; 𝑖 ൌ 1,2 ensures the closed-loop system (11) is 

asymptotically stable by an 𝐻ஶ guaranteed cost given by √𝛾 
. 

Now the conditions have to be created in such a way that 
the design of the controller is decentralized. In other words, 
the interaction terms 𝐴መೕ

𝑋  𝑋
்𝐴መೕ

்  should be neglected. 

Next, we indicate that by certain assumptions, fulfilling (12) 
result in the overall system asymptotic stability. 
 
3) Control scheme Based on the Idea of Neutral Interactions: 
neutral interaction in [26] indicates that the interaction terms 
are negligible if and only if the interaction matrix 𝐴መ ൌ 𝐴መ െ
𝐴መௗ , where we define 𝐴መௗ ൌ 𝑑𝑖𝑎𝑔ሺ𝐴መభభ, … , 𝐴መభభሻ , is 
factorized as follows: 
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where 𝑋 is the slack matrix defined in (12). Also 𝑆 is defined 
as a skew-symmetric matrix, i.e., 𝑆் ൌ 𝑆. 
 

Based on three assumptions bellow, the interactions are 
neutral. 

 
1) 𝐶௧

ൌ 𝐶௦, for 𝑖 ൌ 1,2. 
 
2) Decentralized controllers are designed such that (12) 

holds with: 
 

                      
2 2

22

0
; 1,20

i

i

I
X iX

  
  
  

           (14)                      

 
where 𝜂  0 is mutual for all matrices.  
 

3) It holds 𝜂𝑅 ൫𝐶௦𝑍
ଶ ൯ ൎ 0  ⁄   for 𝑖, 𝑗 ൌ 1,2 , where 𝑍 ൌ
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if the above-mentioned conditions are true, the interaction 
terms 𝐴መೕ

𝑋  𝑋
்𝐴መೕ

் ൎ 0 [17].  
 

IV. PLUG-AND-PLAY CAPABILITY 

Here, we aim to guarantee the closed-loop microgrid 
system stability in the event that a DG unit is plugged in or 
out. 

A. Robust Strategy Against PnP Functionality of DGs  

Studying equation (6) easily indicate that the plugging in or 
plugging out of a DG 𝑖 to or from DG 𝑗 can simply effect 
matrix 𝐴መ

 of both DGs. Consequently, two possibilities for 
each of the two DGs are considered: 

 
1)  Minimum value of ൫𝑅 𝑍
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ଶ⁄ ൯ 

2)  Maximum value of ൫𝑅 𝑍
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ଶ⁄ ൯ 
 
in two cases above, minimum of ൫𝑅 𝑍

ଶ⁄ ൯ and  ൫𝑋 𝑍
ଶ⁄ ൯ 

are defined for the situation where there is no connection 
between two DGs, and the maximum values are for the time 
that they are connected to each other.   

Accordingly, matrices 𝐴መ
 of the DGs have a polytopic 

type uncertainty like bellow: 
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Eventually, we develop a state-feedback control system for 
the augmented uncertain system ൫𝐴መ
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decentralize manner using following convex optimization 
problem: 
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B. Algorithm1 I: Decentralized Control Algorithm of The 
Inverter-Interfaced Microgrids in Islanding Mode  

 
Here, a procedure for designing local controllers 𝐾  for 

DG 𝑖 is given.  

Step 1: Form vertices 𝐴ሚ
ଵ  and 𝐴ሚ

ଶ . 

Step 2: Execute the given structure in (14) for the slack 
matrix 𝑋. 

 Step 3: Fix the scalars 𝜀 ് 0, 𝜉 ∈ ሺെ1,1ሻ and 𝛾  0 and 
solve the convex optimization problem (16) for each DG. 

Step 4: Set 𝐾 ൌ 𝑍𝑋
ିଵ as state-feedback gains for each 

DG of augmented microgrid system (11). 

 

 

(12) 

(16) 
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Fig. 4.  Performance of DG1 against reference changing (a)  𝑑𝑞 components 
of PCC voltages of DG 1, (b) Instant PCC voltages of DG 1, (c) DG1 real 
and reactive power.    

 

 

V. SIMULATION RESULTS 

In this section, the effectiveness of the presented 
controller is evaluated by simulation of the system of Fig. 2 
with MATLAB/SimPowerSystems toolbox. Parameters of 
the DGs and line is given is Table I. 

 

A. Voltage Tracking 

Proper reference voltage tracking for the two DGs are 
shown in Fig. 2. References are set according to the values 
represented in Table I. At 𝑡 ൌ 2.5 𝑠, 𝑑 and 𝑞 elements of the 
reference voltages of DG 1 shifts from 0.9 and 0.436 pu to 
0.6 and 0.8 pu, respectively. Response of DG 1 to the new 
values of reference voltages are shown in Fig. 4. Fig. 4(a) 
illustrates the 𝑑  and 𝑞  elements of voltage in PCC 1 and 
shows that the proposed controller successfully regulates 
PCC 1 voltages without any steady state error. Fig. 4(b) and 
(c) illustrates the instant PCC 1 voltages and real and reactive 
output power of DG 1.  
 

Fig. 5.  Performance of DG1 and DG2 against load changes (a)  𝑑𝑞 
components of PCC voltages of both DG1 and DG2, (b) DG1 and DG2  
active and reactive power.    
 

Fig. 6.  Performance of DGs against PnP  (a)  𝑑 component of PCC voltages 
of both DGs, (b)  𝑞 component of PCC voltages of both DGs.  
 
 
 

B. Robustness Against Load Changes  

In this case, the proposed controller is evaluated against 
changes in local load. At 𝑡 ൌ 1.5 𝑠, active load for DG 1 is 
changed from 20 to 25 𝐾𝑊.The results shown in in Fig. 5 
illustrate the robustness of designed control system against 
deviation in local load parameters. 

 

C. Peformance in Case of PnP functionality 

The objective in this scenario is to validate the robustness 
of the designed controller against PnP functionality of DGs 
shown in Fig. 2. To conduct this scenario, we assume that at 
𝑡 ൌ 2 𝑠, DG2 is pluged out. Therefore, this disconnection, 
affects the dynamics of DG1. Then, at 𝑡 ൌ 3 𝑠 , DG2 is 
pugged back in to the microgrid system. The dynamic 
behavior of DGs is shown in Fig. 6. The results proves the 
capability of the designed control system to be robust against 
PnP functionality of DGs. Results confirm that the proposed 
controller guarantees stability and the desired performance of 
the closed-loop system in this scenario.  
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TABLE I 
MICROGRID ELECTRICAL PARAMETERS 

DGs Filter parameters 
 

Shunt 
capacitance 

Load 
parameters 

Reference 
voltages 

𝑅ሺ𝑚𝛺ሻ 𝐿ሺ𝑚𝛺ሻ 𝐶ሺ𝜇𝐹ሻ KW 𝐾𝑣𝑎𝑟 𝑉ௗೝ
ሺ𝑝𝑢ሻ 𝑉ೝ

ሺ𝑝𝑢ሻ

DG 1 1.2 93.7 62.86 20 10 0.9 0.436 

DG 2 1.6 94.8 62.86 20 10 0.8 0.6 

DC bus voltage 𝑉ௗ ൌ 2000𝑉
Power base value 𝑆௦ ൌ 8𝐾𝑉𝐴

Voltage base value 𝑉௦.௦ ൌ 0.5𝐾𝑉, 𝑉௦. ൌ 11.5𝐾𝑉 
VSC voltage  𝑉ௌ ൌ 600𝑉

VSC rated power 𝑆ௌ ൌ 3𝑀𝑉𝐴
Transformer voltage ratio 𝐾 ൌ 0.6/13.8𝐾𝑉ሺ𝛥/𝑌ሻ
System nominal frequency 𝑓 ൌ 60𝐻𝑧

Line impedance 𝑅 ൌ 1.1 𝛺 , 𝐿 ൌ 600 𝑚𝐻 
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VI. CONCLUSION 

A robust 𝐻ஶ control strategy for voltage control of an 
islanded AC microgrid was developed in this paper. The 
configuration of the control system was entirely decentralized 
and the proposed control system is the result of a convex 
LMI-based optimization problem with a linearly parameter 
dependent lyapunov function. Robustness of the proposed 
controller with regard to PnP capability and load uncertainties 
was achieved by a unique controller. Consequently, the 
stability and the desired performance of the microgrid is 
guaranteed in the case of the plug in or plug out of DGs and 
load perturbations. Several case studies were investigated in 
SimPowerSystem Toobox of MATLAB that verified fast 
tracking response. 
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