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Abstract—Islanded MicroGrids (MGs) are autonomous low 

voltage distribution systems comprising distributed energy 

sources, storage devices and controllable loads. Most of the 

generation units are connected to the MG through inverters 

controlled by droop controller. Application of this controller 

leads to severe drops in voltage and frequency following the 

events such as load switching, loss of generation, while it 

guarantees that MG maintains stable. The frequency or voltage 

drop may lead to tripping of the protection relays; however this 

condition is not desired from protection point of view at all.  The 

objective of this paper is to propose a novel controller for 

inverters in islanded MG that can decrease voltage drop in 

addition to droop controller advantages. Moreover, the proposed 

controller is able to restore the voltage magnitudes to the rated 

range during steady state operation. The effectiveness of the 

proposed controller is demonstrated through comparison of the 

simulation results with conventional droop controller. 
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I.  INTRODUCTION  

In recent years, installation of renewable energy power 

generation is increasing. Renewable energies such as wind 

power or photovoltaic generation are environmentally focused 

but, the output power fluctuation of renewable energies may 

cause excess variation of voltage or frequency of the grid [1]. 

Increase of the amount of renewable energies would violate 

the power quality of the grid. Mitigation of the influence is 

important and required for system stability in presence of 

renewable energy generation. Microgrid (MG) is a system that 

attempts for coexistence of conventional utility grid and 

distributed generation [1]-[4] (Fig.1). This system can 

decrease the negative influence of renewable energy power 

generation. Additionally, a MG can be considered as a 

controlled dispatchable load, which can respond in seconds to 

meet the transmission system. Moreover, this approach can 

lead to local control of distributed generation and thereby 

reduction or elimination of the need for a central dispatch [4]. 

During disturbances, the generations and corresponding loads 

can be separated from the distribution system to isolate the 

MG’s load from the disturbance and maintaining high level of 

service without damage to the transmission grid’s integrity 

[4]-[5].  

 

 
Fig. 1. Typical structure of a flexible MG based on renewable energy 

resources 

The islanding phenomenon that results in the formation of 

an autonomous MG can be due to either preplanned or 

unplanned switching incidents. Preplanned islanding of 

generations and loads have the potential to provide a higher 

local reliability than that provided by the power system as a 

whole. Moreover, in the case of a preplanned autonomous MG 

formation, appropriate sharing of the micro-grid load amongst 

the DG units and the main grid may be scheduled prior to 

islanding. Thus, the islanding process results in minimal 

transients and the MG continues operation, albeit as an 

autonomous system. An unplanned islanding is due to either a 

fault and its subsequent switching incidents or some other 

unexpected switching processes [5]. Prior to islanding, the 

operating conditions of MG could be widely varied, e.g., the 

DG units can share loads in various manners. Also, this 

phenomenon can occur for an autonomous MG when events 

such as load switching happen. 

Preliminary solutions for aforementioned problem rely on 

complete communication and control and are dependent on 

key components and require extensive site engineering [6]. 

But, the development approach is to provide generator-based 

controls that enable a plug-and-play model without 



communication or custom engineering for each site. 

Therefore, a droop controller of inverters is desired, in which 

every inverter is a grid-forming unit defining the voltage 

frequency and magnitude of the MG [7]-[9]. This controller 

simulates the synchronous generator controller in inverters. 

The inverters controlled by droop controller are called voltage 

source inverters (VSI).  

Small signal stability of VSI-based MGs has been under 

investigation in the literature [10]-[12]. These studies focus on 

control parameters of droop controllers in VSIs. These 

parameters should be set, so that the system remains stable 

after different events. But, transient and steady state responses 

have not been considered as important issues yet. The major 

concern of these studies has been just maintenance of system 

stability while it may cause many problems for the system 

from protection point of view. For instance, following an 

event in a MG, it may be expected that it reaches a stable 

situation but finally it collapses because of cascading 

disconnection of VSIs. This disconnection may originate from 

tripping of undervoltage or frequency relays because of 

frequency or voltage severe drop during transient response. 

Consequently for a comprehensive study of droop controller 

operation in VSIs, both transient and steady state responses of 

them should be considered in addition to system stability as a 

preliminary concept. The later one is studied during small 

variation in system operation point e.g. small load changes 

while the former is considered during significant disturbances 

such as load switching or loss of generation.  
In this paper, a novel controller is proposed to prevent the 

large voltage drop in isolated MG during events such as large 
load switching, disconnection from utility grid and etc. The 
proposed controller restores the voltage magnitude of VSI to 
the nominal range. Actually, the novel controller response 
prevents voltage protection relays from tripping by reducing 
the voltage drop after events in an isolated MG. 

II. COMPREHENSIVE MG MODEL 

DGs, loads and lines are connected together to form a 

generalized MG. In this section, a complete model of and its 

elements are described.  

A. DG and VSI model 

VSI is commonly used as an interface between DG and the 

network. Actually, all DGs are assumed to be ideal dc voltage 

sources supplying VSIs [10]-[12]. Fig.2 shows the block 

diagram of a VSI connected to the MG.  

 

 
Fig. 2. VSI model 

The power circuit consists of filters and three-leg inverter 

of VSI while the controller part is implemented on a digital 

signal processor (DSP).  The controller of a DG’s inverter can 

be divided into two different parts i.e. droop controller and 

voltage-current controller. The droop controller sets the 

magnitude and frequency of inverter output voltage according 

to the droop characteristics set for real and reactive powers. 

The second part of the control system constitutes of the 

voltage-current controllers, which are designed to reject high 

frequency disturbances and provide desired value for the output 

voltage of a three-leg inverter. A complete model of each 

section is described below: 

1) Power Circuit 

The power processing section consists of a three-leg 

inverter, an output filter and a coupling inductor. Assuming an 

ideal source from the DG side, the dc bus dynamics can be 

neglected [10]-[12]. With notice to of high switching 

frequencies (4–10 kHz), the switching process of the inverter 

may also be neglected. Fig.3 shows the block diagram of the 

power circuit of a VSI. In this paper, the resistance of filters is 

also considered. 

 

Fig. 3. Power circuit of VSI 

 

2) Droop Controller 

First of all, in a droop controller, the output active (P) and 

reactive powers (Q) are calculated using output voltage (Vo) 

and current (io) (Fig.4). Therefore, Vo and io are transformed to 

dq frame and then the instantaneous active and reactive 

powers are calculated using the following equations: 

 

od od oq oqp v i v i= +                             (1) 

od oq oq odq v i v i= −                              (2) 

 

Fig. 4. Power calculation unit 

 

 



The instantaneous power components are passed through 

low-pass filters to obtain the active and reactive powers. wc 

represents the cut-off frequency of low-pass filters. After 

calculating P and Q, the fundamental voltage frequency and 

magnitude of the output voltage are obtained based on the 

following equations: 

0 pm Pω ω= − ×                              (3) 

0 qE E n Q= − ×                              (4) 

where w0 and E0 are the constant coefficients of frequency and 

voltage characteristics, and mp and nq are the static droop 

gains. The set points in (3) and (4) act as a virtual 

communication agent for different inverters in autonomous 

operation. The complete model of droop controller is shown in 

Fig.5. 

 

 
Fig. 5. Droop controller 

In ac systems such as conventional power system and MG, 

frequency is a global signal. On the other hand, active power 

is highly affected by frequency changes [7]-[9]. According to 

these facts, using droop controller, it is possible to provide 

almost an exact active power sharing between the inverters in 

a MG and maintain the active power dispatched precisely.  

Similarly, using the droop controller, the injected reactive 

power is shared between the inverters of MG. In this process, 

the output voltage magnitude of each inverter drops against 

the increasing in its reactive power output. But this process is 

related to some other features of the system which decrease 

the precision of reactive power sharing. The main reason is 

that E is not global parameter like w in power system. 

Moreover, in steady state, the accuracy of this process is 

affected by active power control as well as the impedance of 

the network cables or other system parameters. Furthermore, 

in a MG, because of short length of the lines, the resistance of 

them is comparable with their inductance. 

 

3)  Voltage-Current controller 

Voltage-current controller is implemented so that the 
inverter voltages track the references set by the droop 
controller (Fig.6). This controller has high bandwidth and fast 
dynamic, and therefore, does not play a significant role in the 
steady-state operating point of the system in comparison with 
the droop controller. 

Fig. 6.  Voltage-Current controller 

B. Line model 

Network dynamics are generally neglected in modeling of 

conventional power systems. The reason behind this is that the 

time constants of rotating machines and their controls are 

much larger than those of the network. Therefore, in 

conventional power system RX constant impedance is 

considered as Line model (X=wnominal*L, where wnominal is 

equal to 2*pi*(50)). In the case of MGs, the micro sources are 

connected through inverters whose response times are very 

small and their dynamics would influence the system stability. 

Therefore, instead of assuming the RX impedance as the Line 

model, the RL impedance is chosen and consequently the 

reactance of the line becomes a function of MG frequency.  

C. Load model 

Although, many types of load may exist in MGs, a general 

RL load (based on what was mentioned for the line model) is 

considered in this paper. 

 

III. PROPOSED CONTROLLER 

In conventional droop controller the voltage drop is 

significant for the large reactive load switching and may lead to 

the tripping of voltage protection relays while, maintenance of 

VSIs in MG is so important in high load situation. In the 

proposed controller, two aims are desired:  

1) Restoration of the voltage to an acceptable range to prevent 

voltage protection relays from tripping. 

2) Reduction of voltage drop after load switching. 

In the proposed controller, the output voltage magnitude (E) 

can reach to the nominal (Vdesired) value through setting the 

constant term of equation (4) (E0) to a new value (E0*) based 

on the following equations: 

 

0 * qdesiredV E n Q= − ×                            (5) 

By using equation (4) and (5) the new value of E0* is obtained 

as (6): 

0 0* ( * ) ( )desired q desiredE V n Q V E E= + = − +             (6) 

In equation (6), Vdesired and E0 are constant while E (output 

voltage magnitude) is variable and its value changes following 

the variation in system condition. Consequently, a PI controller 

should be implemented to track the value of E. The block 

diagram of the proposed controller is shown in Fig.7.  

 



 
Fig. 7. Proposed controller 

IV. SIMULATION RESULTS 

The test system includes three VSIs modeled in MATLAB 

Simulink based on the outline mentioned in section II (Fig.8). 

At t=0, two large loads are connected to the system. This 

event is simulated considering two cases as follows: 

Case-1) conventional droop controller applied to control VSIs. 

Case-2) the proposed controllers are applied to control VSIs. 

The simulation results of Case-2 are compared with Case-1 

to verify the effectiveness of proposed controller. The 

simulation parameters are shown in Table I .  

 

 
Fig. 8. Test system 

TABLE. I. System parameters 

Parameter Value Parameter Value 

Lf 1.35 mH Kpd 3.6 

Rf 0.1 Ω Kid 8.2 

Cf 50 µF ω0 314 rad/sec 

Lc 0.35 mH Vdesired=E0 380 V 

Rc 0.03 Ω Rline-1 0.02 Ω 

ωc 31.4 Lline-1 0.03 mH 

Kpv 0.05 Rline-2 0.03 Ω 

Kiv 390 Lline-2 0.08 mh 

Kpc 10.5 Rload-1 1.2 Ω 

Kic 16e3 Lload-1 2.2 mH 

mp 2.5e(-4) Rload-2 1.5 Ω 

nq 3.5e(-4) Lload-2 2.7 mH 

 

 

Fig.9 illustrates the bus voltages of Case-1 and Case-2. As 

it can be seen, the proposed controller restores the bus 

voltages to the rated range after disturbance, i.e. load 

switching, but the conventional droop controller causes the 

voltage deviation from nominal value in steady state. 

Moreover, the voltage drops in Case-2 are smaller than Case-1 

after load switching. The reduction of voltage drop in the 

system is another advantage of the novel controller.  
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Fig. 9. RMS values of bus voltages; (a) is for Case-1 and (b) is for Case-2 

 

The reactive power generated by each inverter in the two 

cases is shown in Fig.10. The ideal reactive power sharing is 

in such a way that each VSI generates based on its rating 

power. But, because of the problems mentioned in section II, 

the precise reactive power sharing cannot occur. For instance, 

in the test system, all the VSIs have the same rating power; 

therefore the coefficients of E-Q characteristics (nq) in the 

droop controllers are equal. But, as it can be seen in the 

Fig.10, the reactive power isn’t shared equally between the 

inverters. Moreover, application of the proposed controller 

results in less precision in reactive power sharing in 

comparison to conventional droop controller. This issue can be 

noticed as a disadvantage of the proposed controller. 

However, this increase in inequality is too insignificant to 

consider versus the advantages of the controller. 
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Fig. 10. Reactive power generation of VSIs; (a) is for Case-1 and (b) is for 
Case-2 

V. CONCLUSION 

In this paper, a novel controller is proposed to control VSIs 

in such a way that the bus voltage magnitudes restore to the 

rated range in isolated MG during events such as large load 

switching, disconnection from utility grid and etc. Moreover, 

the proposed controller declines the voltage drop after events in 

MG so that it prevents undervoltage relays from tripping. The 

effectiveness of the proposed controller is demonstrated 

through comparison of the simulation results with conventional 

droop controller as a common controller in VSIs. 
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