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Abstract— MicroGrid (MG) is a local distribution system where 

loads are supplied by parallel-connected inverters controlled by 

decentralized active power/voltage frequency and reactive 

power/voltage magnitude droop controller. A paralleled ac 

system, such as a multi-inverter MG with droop controller, is 

susceptible to large variations in frequency/voltage magnitude. 

Therefore, the protection issues are very important in these 

systems. In this paper, a new controller is proposed to decrease 

the frequency drop during transient time after events such as 

load switching. Moreover, the proposed controller eliminates the 

frequency deviation in steady state. Analysis of simulation results 

validates that the proposed controller responses as reported in 

the paper. 
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I.  INTRODUCTION 

The need of green and inexpensive energy in electricity 

generation field, recent technological developments in the 

micro-generation domain and electricity business restructuring 

are the main factors responsible for the growing interest in the 

use of distributed-generations (DGs) [1]. Many of forms of 

DGs are not natural 50 or 60 Hz sources and the question 

arises for how to incorporate them into a standard electricity 

grid. Most of these technologies (PV panels, high-speed 

microturbines, fuel cells and etc) apply an inverter as a 

generator interface. Following the wide usage of inverters and 

DGs in distribution system, new concepts are added to power 

system such as microgrid (MG). Actually, the collection of 

loads and inverters fed by energy sources is called a microgrid 

(MG) [1]-[3].  

MGs can operate connected to or isolated from an External 

Grid (EG). In grid-connected mode, the voltage and frequency 

of MG are controlled by an External Grid [4]. To control 

voltage and frequency of MG, demand and supply of active 

and reactive powers should be balanced. External grid 

compensates the power in the case of its deficiency and in 

contrast, absorbs its surplus to control the frequency and 

voltage. In this mode of operation, inverters control the 

generated active and reactive powers through DGs’ current. 

This type of inverter control mode is called current source 

inverter (CSI). In isolated MG, the DGs and inverters are 

responsible for balancing the generating power and demand 

[5]. DGs must supply the load based on the rating power. 

Therefore, a droop controller for inverters is desired, where 

every inverter is a grid-forming unit defining the voltage 

frequency and magnitude of the microgrid [6]-[8]. This 

controller simulates the synchronous generator controller in 

inverters. However; inverters have no inertia and fast 

response.  The inverters which controlled by droop laws are 

called voltage source inverters (VSI).  

In VSIs, communication links between the inverters or a 

supervisory controller are not essential for the stable operation 

of MG. The VSIs are controlled by a nested control strategy. 

The inner controller ensures that the output voltage of the 

inverter tracks desired references [9]. The outer controller sets 

the references for the desired output voltages to be tracked by 

the inner controller.  

Many studies have been done for investigation of MG 

stability. A complete eigenvalue analysis of the microgrid 

shows that the dominant eigenvalues are caused by the droop 

controller [10]–[12]. The voltage controller being 

implemented for fundamental and harmonic components has a 

high bandwidth. However, the droop controller requires 

measurement of active and reactive power supplied by the 

inverters that are either measured at low sampling rates or are 

filtered to obtain the low-frequency component [9]. Therefore, 

the dominant eigenvalues of the microgrid can be examined by 

a detailed analysis of the droop controller. Published work has 

described how the system stability margin decreases with 

increase in the droop controller gains and the system finally 

becomes unstable for large values of active power/frequency 

droop gain [10]–[12]. The aim of these studies is the 

determination of droop coefficient margin in order to stabilize 

system without considering protection issues. Actually, the 

transient and steady state response of droop controller have 

not been important in the literature and the system stability has 

been the major concern for the researchers. But the final 

system condition must be satisfied from protection point of 

view.   

Droop controller can share power effectively in highly 

inductive network (Lines) with small power angle between bus 

voltages. But the line impedances in MG are not always 

inductive. Moreover, the frequency and voltage response of 

droop controller have deviation from nominal values in steady 



state. During transient time the deviation of frequency and 

voltage is large and sometimes it leads to tripping of protection 

relays. In a sensitive MG, disconnection of one VSI (caused by 

relay tripping) may result in the cascaded disconnection of 

other VSIs in critical situations and finally MG collapse. 

Therefore, the response of droop controller strategy is very 

important protection issue in MG. 

In this paper, a new controller is proposed to protect the 
MG from large frequency drop during transient time. 
Moreover, the new controller eliminates the frequency 
deviation in steady state. In the proposed controller, the power 
sharing is not as precise as droop controller while the 
inequality in active power sharing is insignificant (< 2%).  

II. CONVENTIONAL DROOP CONTROLLER 

Droop controller allows the inverters to share active and 

reactive power demanded by the loads in the microgrid 

according to their maximum rating. Moreover, the droop 

controller is a decentralized one requiring only the local 

measurements of inverter variables such as output voltage and 

current.  As mentioned in section 1, the VSIs are controlled to 

emulate synchronous generators in conventional power 

systems. The frequency and magnitude of the output voltages 

of an inverter vary with respect to the active power and 

reactive power supplied by the inverter, as follows: [4]–[12]. 

 

0 pm Pω ω= − ×                              (1) 

0 qE E n Q= − ×                               (2)                                                          

Where ω0 and E0 are the specified values for frequency 

and voltage at no load condition, m and n are the droop slopes 

and P and Q are the output active and reactive powers. Fig. 1 

shows how to share active power between VSIs. As it can be 

seen, the active power is shared equally based on the 

frequency drop. Whenever the frequency drop is more, the 

power sharing preciseness is more. But from protection point 

of view, the frequency drop must be limited.   

 

Fig. 1. Droop controller of inverters operating in parallel mode 

In the conventional droop controller, active and reactive 

powers are obtained from the locally measured signals i.e. 

voltage and current of the inverter as below: 

i o oP V I= ×                                    (3) 

( , 90)i o oQ Delay V I= + ×                       (4)
 
                                                                               

where Pi and Qi are instantaneous active and reactive powers 

,respectively. As can be seen in (4), a +90
o
 phase shift is 

exerted to the measured voltage for calculation of reactive 

power. Thereafter, the calculated Pi and Qi are passed through 

a Low Pass Filter (LPS) to eliminate the oscillatory 

component of the signal. In this filter, the cut-off frequency 

( cω ) is set one decade below the mains frequency. Using (7) 

and (8), V and ω are calculated. The model of this process is 

expressed in Fig. 2. 

Fig. 2.  Block diagram of droop controller 

 

III. MICROGRID STRUCTURE  

In this section, a complete model of microgrid is described. 
The main elements of MG are VSIs, lines and loads which are 
modeled as follows:  

A. VSI model 

Fig. 3 shows a block diagram of a MG-connected VSI. A 

three-leg VSI with an LC filter with a coupling inductor form 

the power circuit, whereas three control loops form the control 

structure. A voltage controller is used to synthesize the 

reference filter–inductor current vector; and a current 

controller is adopted to generate the command voltage vector 

to be synthesized by a pulse-width-modulation (PWM) 

module. In this paper, the resistance of inductor is taken into 

account. 

  

Fig. 3. Complete model of VSI 

 

The droop controller is described in section II. Fig. 4 

shows the voltage controller block diagram including all feed-

back and feed-forward terms. Output voltage control is 

achieved thorough a standard PI controller. 

 



 
Fig. 4. Voltage controller 

Fig. 5 shows the current controller structure. Output filter 

inductor current control is achieved by a standard PI 

controller. 

 

 
Fig. 5. Current controller 

 
Voltage and current controllers are implemented for the 

inverter voltages to track the references set by the droop 
controller. These controllers have high bandwidths and fast 
dynamics, and therefore, do not play a significant role in the 
steady-state operating point of the system in comparison with 
the droop controller. 

B. Load model 

Many types of load can exist in microgrids such as 

constant impedance, frequency depended load, voltage 

depended load, P/Q load. In most of MG studies the constant 

impedance is considered as common load [10]-[12].    

C. Line model 

In this paper, the line models are constant RLs without 

considering the capacitance effect. Actually, in MG, the 

lengths of lines are very smaller than the lines in conventional 

power systems. Therefore, the X/R ratio is low (< 3). 

Moreover, the effect of line capacitance is insignificant 

because of the short length.  

 

IV. PROPOSED CONTROLLER  

The aim of the proposed controller is to maintain the 

frequency in the rated range in steady state and prevent large 

frequency drop after events such as load switching, islanding 

process and etc. In the proposed controller, the constant term 

of frequency/active power droop (w0) is considered 

changeable. As shown in Fig. 6, by adjusting w0 to the new 

value (w0*), the frequency of MG is a changed parameter.     

 

 
Fig. 6. Frequency versus active power droops 

 

The block diagram of the proposed controller is shown in 

Fig.7. w0* is calculated by w0 and the frequency deviation 

from desired value ( wdesired - w). The disadvantage of the 

proposed method is the inequality in power sharing between 

inverters which can be negligible by setting Kpd and Kid in 

appropriate values. During transient time the VSIs frequencies 

are different and therefore, the PI controller response of each 

inverter is not equal to the others, even in steady state. This 

phenomenon results in power sharing disproportion. In order 

to decrease the effect of this phenomenon, the response speed 

of the PI controller must be slower than the response speed of 

the droop controller even in the worst situation i.e. switching 

of maximum loads.  

 

 
Fig. 7. Block diagram of proposed controller 

V. SIMULATION RESULTS 

A complete model of the test system is simulated by 
MATLAB Simulink software. The procedure of the simulation 
is based on the outline stated in section III (Fig. 8). The load 
switching is simulated in order to investigate the proposed 
controller response and it is compared with the response of 
conventional droop controller. The parameters of the simulated 
MG are expressed in Table I. In this simulation, two loads are 
connected to the bus-1 and bus-3 at t=0. 

 
Fig. 8. Test system schematic 



TABLE. I. System parameters 

Parameter Value Parameter Value 

Lf 1.35 mH Kpd 0.3 

Rf 0.1 Ω Kid 0.8 

Cf 50 µF ω0= ωdesired 314 rad/sec 

Lc 0.35 mH E0 380 V 

Rc 0.03 Ω Rline-1 0.23 Ω 

ωc 31.4 Lline-1 3.2 mH 

Kpv 0.05 Rline-2 0.35 Ω 

Kiv 390 Lline-2 3.14 mh 

Kpc 10.5 Rload-1 25 Ω 

Kic 16e3 Lload-1 1.5 mH 

mp 8e(-5) Rload-2 20 Ω 

nq 1e(-4) Lload-2 1.1 mH 

 

In Fig. 9, the frequency of the proposed controller is 
compared with conventional droop controller. As it can be 
seen, in the proposed controller, the system frequency is 
restored to the nominal value.  
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Fig. 9. The VSIs frequency: (a) Conventional droop controller, (b) Proposed 

controller 

 

In Fig. 10, the frequency deviation of VSI-1 with the 

proposed controller and conventional controller are compared. 

As it can be seen, the frequency drop of the proposed 

controller is lower than conventional droop controller after 

load switching. Therefore, from protection point of view, the 

proposed controller has better response. The large frequency 

deviation in transient time may lead to tripping of frequency 

relays and the VSI disconnection. As a result, cascade 

disconnection of other VSIs may happen and finally the MG 

collapse.  
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Fig. 10. Comparison of VSI-1 frequency between proposed controller and 

droop controller 

 

The power sharing among the inverters is shown in Fig. 

11. During the transient time, the power sharing response of 

both controllers are the same while the proposed controller, 

does not share the active power between the VSIs equally in 

steady state. The reason for this inequality in power sharing 

has been described in the previous section. 
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Fig. 11. The VSIs active power: (a) Conventional droop controller, (b) 

Proposed controller 

 

In Table. II, the final values of active power and frequency 

of the VSIs for both controllers are shown. The error in active 

power sharing is calculated as follows:  

 

 

n

VSI-i

i 1
VSI-i

VSI-i n

VSI-i

i 1

P

P
ner =    

P

n

=

=

−

∑

∑
                    (5) 



Where n is the number of VSIs and PVSI-i is the active power of 
i-th VSIs in steady state. The largest error is related to VSI-2 
(1.2%) which is insignificant and can be negligible. But, the 
steady state frequency is restored to the nominal value through 
the proposed controller. 

TABLE. II. Final values of system state 

 Droop controller Proposed controller 

Final frequency 
value (Hz) 

49.93 50 

Final VSIs active 
powers (kW) 

[P1 P2 P3] 
[4.47 4.48 4.47] [4.49 4.42 4.51] 

Errors 

[erVSI-1 erVSI-2 erVSI-3] 
~[0% 0.01% 0%] ~[0.4% 1.2% 0.8%] 

 

VI. CONCLUSION 

A paralleled ac system, such as a multi inverter MG, is 

susceptible to large variations in frequency and voltage. 

Therefore, the protection issues are in major concern in these 

systems. Conventional droop controller does not satisfy the 

frequency response in autonomous MG from protection point 

of view.  In this paper, a new controller is proposed to 

decrease the frequency drop during the transient time. Besides, 

it restores the MG frequency to the rated value versus 

conventional droop controller. The simulation results verify 

the effectiveness of the proposed controller. 
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