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Abstract- Islanded microgrids with mismatched feeder impedances have numerous limitations. For accuracy in power sharing, 

distributed generations (DGs) use conventional droop-based controls but do not consider the different line impedances connected 

to the DGs, which will affect the consumed power to the load. As known, the line impedance has effects on real power and 

reactive power in DGs, and hence line impedance parameters should be considered as part of a robust control mechanism in 

order to maintain the output voltage at the point of common coupling (PCC), while at the same time providing accurate power 

sharing. Therefore, this research proposed improved control algorithms combined with an adaptive-virtual-impedance-based 

decentralized predictive controller to solve these issues. An adaptive virtual impedance loop was added to the droop controller 

to increase power-sharing efficiency and maintain the voltage at the PCC. An improvement was also made on the inverter 

switching pattern for the prediction mechanism, where a multi-variable cost function was designed to replace the normally 

employed pulse-width modulation. The proposed control strategies were tested on an islanded microgrid system, which consisted 

of two DGs with different types of line impedances and with different rated power values for the loads. MATLAB/Simulink 

results showed that the proposed control strategy was able to give accurate power sharing based on the load demand and that the 

voltage at the PCC was maintained even with load changes.  

Keywords Virtual impedance, Predictive control, Voltage stability, Droop-based control, Distributed generations (DGs), 

Mismatched line impedance 

 

1. Introduction 

The integration of renewable energy resources (RERs) is 

getting more and more consideration nowadays following the 

significant increase in oil prices and environmental concerns 

around the world [1]–[4]. Distributed generations (DGs) are 

starting to utilize RERs, such as solar energy, wind energy, 

etc., for electricity generation. Microgrids (MGs) are the most 

flexible electrical system in terms of control and are more 

reliable compared with traditional electrical power systems. 

MGs are considered to be an alternate electrical network in 

local distributions, but unfortunately there are still many 

control problems [5]–[8] that need to be addressed. This is 

because the control sections for MGs are divided into 

centralized and decentralized control topologies, where 

communication and non-communication control schemes are 

applied, respectively. Communication-less or decentralized 

droop control techniques are preferred because of their 

reliability and stability, in comparison with communication-

based centralized control techniques. Moreover, the cost of 

communication links is the minimum in noncommunication 

techniques, which makes the decentralized control more cost-
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effective as well [9]–[12]. Parallel DG inverters with different 

line impedances do not have accurate power sharing. So, the 

output impedance of each feeder is modified by adding a 

virtual impedance loop to equalize the output impedance of 

each feeder connected in parallel [13]–[15]. Generally, based 

on authors’ observation, the proper estimation of line 

impedances is difficult to determine in virtual-impedance-

based control schemes with mismatched feeder impedances. 

In [16], [17], centralized control strategies were used, which 

can adaptively tune the virtual impedance loops through an 

integrator. Moreover, the virtual impedance loop was 

designed for accurate reactive power sharing by considering 

frequency instabilities; however, the generation of the 

circulating current is the disadvantage of such control 

strategies. With mismatched impedances, the output voltage 

of the DG inverters is compensated by a secondary controller 

in centralized control schemes by considering a virtual 

impedance, as in [18], [19]. Nevertheless, the complex control 

algorithms of centralized secondary-communication-based 

techniques are practically difficult to implement.  

In the droop-based decentralized control for a system with 

mismatched feeder impedances, a virtual impedance  is added 

to the system to overcome power sharing issues and voltage 

drop [20], [21], in another research [22] dynamic droop based 

control applied to PV panels proposed for power control. A 

virtual-impedance-loop-based control for accurate reactive 

power sharing was suggested in [23]. An improved droop 

control was implemented, which can recover power-sharing 

precision, but voltage drop and frequency variations were not 

taken into an account. To attain constant voltage, virtual-

impedance-based current harmonics suppression and voltage 

compensation control was used in [24]. The controller 

successfully compensated the voltage but accuracy in reactive 

power sharing was not realized in the control strategy. The 

investigation in [25] introduced the virtual-capacitor-

algorithm-based control technique for accurate reactive power 

sharing. However, voltage deviations and errors in active 

power sharing were not addressed in the control schemes. 

Moreover, the accuracy in reactive power sharing was due to 

the absence of integral terms in the reactive power control 

loop. Therefore, a droop-based control combined with a 

virtual impedance loop was suggested in [26], where the P-ꞷ 

droop control was implemented to enhance reactive power 

sharing; however, active power sharing and the load’s active 

power were not accurate as per connected loads. In recent 

years, model-based predictive control schemes, such as finite 

control set model predictive control (FCS-MPC) and 

continuous control set model predictive control (CCS-MPC), 

have been applied in power converters’ control schemes [27]–

[29], where the advantage of the FCS-MPC over the CCS-

MPC is the provision of a good response for applications with 

low switching frequencies [30], [31]. Power quality 

improvement in 5 Level converters and predictive control 

scheme presented in [32], [33].  Keeping in view the 

robustness of the FCS-MPC arctan droop-based scheme 

introduced in [34], the virtual impedance loop was inserted to 

ensure that power accuracy and voltage reference was 

generated by the modified droop control. The control strategy 

with the FCS-MPC arctan droop did not add details of voltage 

drop at the PCC that is caused by the addition of the virtual 

impedance loop. As virtual-impedance-based solutions in 

mismatched-feeder-impedance microgrid systems that creates 

voltage deviations, the researchers in  [35] introduced a 

distributed predictive secondary controller  to achieve power-

sharing accuracy. However, the control scheme is very 

complicated and the computational burdened for the MPC 

restricts expandability. 

In the conventional control scheme, voltage stability and 

power-sharing accuracy are not guaranteed when mismatched 

feeder impedances are connected to the system. Mostly, a 

static virtual impedance is added to the system, which 

compensates the feeder impedance mismatch to attain power-

sharing accuracy, but the power shared by each DG inverter in 

parallel connection is not accurate as per connected load. 

Moreover, in FCS-MPC-based control schemes applied to 

power converters, while power-sharing accuracy and voltage 

regulation are achieved in the first-order system when tracking 

the voltage error signals for the second-order or higher-order 

system, voltage tracking errors occur and power sharing and 

voltage stability are not achieved at the PCC busbar. 

Therefore, this paper proposed an improved decentralized 

control via the FCS-MPC control scheme by using an adaptive 

virtual impedance (AVI) loop to ensure power-sharing 

accuracy and voltage stabilization, with the mismatched 

feeder impedances of the DGs connected in parallel. The 

proposed controller tracks the voltage and its derivative terms 

to minimize tracking errors. A cost function (CF) has been 

designed with the addition of conventional and derivative 

terms of the CF and also the AVI loop included. The proposed 

solution is applicable for mismatched-feeder-impedance 

microgrid systems with parallel-connected DG inverters. The 

proposed scheme utilizes two-step-ahead receding predictions 

to minimize computational burden and is equally effective in 

the second- or higher-order system as in the first-order system. 

 

Fig. 1. Microgrid system with two VSIs 
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The FCS-MPC-based control scheme with the adaptive 

virtual impedance (virtual-impedance-based predictive 

controller) was applied to an islanded microgrid with two 

DGs. The three-phase microgrid system under study, 

comprising two same-rated voltage-source inverters (VSIs), a 

fixed DC voltage source, low-pass filters (LPFs), feeder lines 

and a common three-phase RL load connected at the PCC, is 

shown in Fig. 1. 

This paper is arranged as follows: Section 1 presents the 

literature review and a short description of the microgrid 

system, which consisted of two identical voltage-source 

inverters, as well as an introduction of the proposed control. 

Section 2 presents the proposed FCS-MPC virtual-impedance-

based predictive control scheme, while the power droop 

control, adaptive virtual impedance, LC filter and 

discretization are discussed in Section 3, the cost function and 

the weighting factor are discussed in Section 4. The result and 

discussion are presented in Section 5 and the conclusion is 

given in Section 6. 

2. Proposed Control Scheme with Virtual Impedance 

Based on FCS-MPC 

The proposed control scheme consisted of a droop control 

with an adaptive virtual impedance loop. The proposed control 

system for two DG inverters connected in parallel was based 

on the FCS-MPC technique, where an adaptive virtual 

impedance loop was applied to enhance power-sharing 

accuracy. Moreover, a voltage controller was added to the 

system to compensate the voltage drop during load variation. 

Fig. 2 shows the schematic diagram of a control system with 

a single DG. 

 
 

Fig. 2. Control system based on virtual impedance with 

single DG arrangement 

The active power and reactive power for an islanded MG 

shown in Fig. 3 are given as: 

2 .
cos cos( )i i PCC

i i i i

oi oi

V V V
P

Z Z
  = − +            (1) 

2 .
sin sin( )i i PCC

i

oi oi

V V V
Q

Z Z
  = − +              (2)  

Where Pi and Qi are active power and reactive power, 

respectively, and Vi (i =1, 2, 3, …) and VPCC are the VSI’s 

voltage and the voltage at the PCC, respectively, while θi and 

δi are power angles. For higher X/R ratios, the dominant grid 

impedance is inductive and θ=90º, and so Equations (1) and 

(2) are written as: 

 

Fig. 3. VSI with feeder and virtual impedances 

sini PCC
VV

P
Z

=                                                                  (3) 

2

cosi i PCC
V VV

Q
X X

= −                                                                       (4) 

The relationships between P, Q and the droop for the 

islanded microgrid with Vref, ꞷref and droop coefficients 

,P Qk k  are expressed in the following equations: 

ref nom P calV V k P= −                                                         (5) 

ref nom Q calk Q = +                                                          (6) 

   Impedance for Mismatched-

  

As mentioned, the difference between line impedances is 

mitigated through the addition of a virtual impedance. In most 

cases, the constants for the virtual impedances are added by 

assuming the line impedance of the system as either resistive 

or inductive. For example, in a resistive dominant feeder 

impedance, the virtual impedance’s value is taken between 5 

Ω to 30 Ω for low and medium line impedances in MG 

systems [36], [37]. The adaptive virtual impedance concept 

was implemented in the present study to address the 

aforementioned issues, with the aim of giving accurate power 

sharing among the DGs. The total impedance of the system 

after the addition of the adaptive virtual impedance is given 

as:  

_ _ _i total i feeder i virtualZ Z Z= +                                        (7) 

3.	 Adaptive Virtual 
Impedance Model
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Where _i totalZ
 is the total impedance of the ith feeder, 

while _ _,i feeder i virtualZ Z
 are the physical feeder impedance 

and the virtual impedance, respectively. The voltage reference 

after adding the virtual impedance loop is modified as: 

*

_ , , .
v v outputref AVI o ref o refv Z IV V V− = −=                 (8) 

*

_ , _ _[( ) ( )]ref AVI o ref i vir i vir oV V R L i= − +                              (9) 

*

_ ,
o

ref AVI o ref vir o vir

di
V V R i L

dt
= − −                                      (10) 

_ ,

d d od od

vir vir

q q oq oqref AVI o ref

v v i i
R L

v v i i





−       
= − −       

       

        (11) 

_ 0

_

( ) ( )

( ) ( )

d inv d odfeeder vir feeder vir

feeder vir feeder vir oqq inv oq

V V iR R L L

L L R R iV V





− + − +    
=    

+ +−      

  (12) 

Where virR
 and virL

are virtual impedance and virtual 

inductance, respectively, while total feeder virR R R= +
 and 

total feeder virL L L= +
 for complex impedances of the feeder. At 

steady state, the system response considering the droop 

equations is expressed as: 

_ ,

d d odvir vir

q q oqvir virref AVI o ref

v v iR L

v v iL R





−      
= −      

      

          (13) 

The P and Q from Equations (3) and (4) in the islanded 

MG with the new updated voltage in the dq reference-frame 

by using the AVI can be formulated as: 

,

,

odd oq ref

q od ref oq

iv vP

v v iQ

   
=     −     

                                            (14) 

_ _

_ _

( ) ( )1

( ) ( )

d inv od ref feeder vir feeder vir

feeder vir feeder virq inv oq ref d

V V R R L L P

L L R RV V Qv





− + +     
=     + − +−     

 (15) 

_

_ 0

( ) ( )1

( ) ( )

id PCC PCC qi i

iq PCC

ifeeder vir i ifeeder ivir i

i ifeeder vir ifeeder ivir iid

V V K Q

V

R R L L P

L L R R Qv





−   
=   

    

+ +   
−    + − +   

                 (16) 

The voltage at the PCC can be modified by adding a new 

voltage reference obtained from the virtual impedance loop as 

per the connected RL load in the islanded MG system, where 

Q is shared equally and accurately in the system with parallel-

connected DG inverters, as in the proposed controller. The 

voltage is compensated as: 

_

_ 0

id PCC o qi i

qi PCC

V V K Q

V

−   
=   

    

,
_id PCC o qi iV V K Q− =                   (17) 

_id PCC o

i

qi

V V
Q

K

−
=

                                                              (18)  

From Fig. 2, it is clear that ic=if–io and also 

. ( )f PCC f o

d
C V i i

dt
= − , and by considering the LC filter’s 

current and voltage: 

1
( )PCC

f o

f

dv
i i

dt c
= − and inv f f f PCCv v i R v= + +      (19) 

f

f inv PCC f f

di
L v v i R

dt
= − −                                              (20) 

*

_ ,
o

ref AVI o ref vir o vir

di
V V R i L

dt
= − −                                     (21) 

1
( )

f

inv PCC f f

f

di
v v i R

dt L
= − −                                                  (22) 

The continuous state-space model of the LC filter can be 

written as: 

1 2inv load

dx
Ax B v B i

dt
= + +                                                 (23) 

 

where: 

f

PCC

i
x

v

 
=  
 

, 
1

1
0

f

f f

f

R

L L
A

c

 
− − 
 =
 
− 
  

, 
1

1

0

fLB

 
 

=
 
  

 and 

2

0

1

f

B

c

 
 

=
 −
  

 

Using Euler’s forward approximation method suggested 

in [29] for prediction-based control and taking sampling time 

Ts for the predicted values of voltage and current: 

( 1) ( )

s

dx x k x k

dt T

+ −
= and ( 1) ( ) ( )d d invx k A x k B v k+ = +  (24) 

Where 
sAT

dA e=
 and 0

sT

A

dB e Bd = 
 . Sampling time Ts 

was very small, which was 12e-6 s; hence, by approximation, 

1sAT

se AT+
. The discrete values for 

( ), ( )PCC fv k i k
 and 

( )loadi k
 in the predictive controller utilized for the prediction 

of the capacitor’s voltage in real α and imaginary  ꞵ  reference-

frames are: 

( ), , , ,( 1) ( ) ( ) ( )s

PCC PCC f o

f

T
V k V k i k i k

c
   + = + −             (25) 
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( ), , , , ,

.
( 1) ( ) ( ) ( ) ( ))

f ss

f f inv PCC f

f f

R TT
i k i k v k V k i k

L L
    + = + − −

  (26) 

Likewise, the next execution, ( 2)k + , of the prediction can 

be calculated for 
( ), ( )PCC fv k i k

 and 
( )oi k

.  

4. Cost Function and Weighting Factor for Switching 

Pattern 

The fundamental objective of the FCS-MPC is to 

determine the cost function and its minimization. A multi-

functioned cost function for the proposed AVI-based 

predictive controller was proposed for the control scheme by 

taking the sum of the conventional cost function and the 

derivation of voltage and current of the LC filter. Moreover, 

the control scheme did not use the pulse-width modulation 

(PWM) signal generation anymore. The switching signals 

were generated by the combination of six switching patterns 

with three gate signals ( , , )a b cS S S , utilizing the DC voltage 

source for each VSI [38].  

The conventional multi-variable cost function (CF) has a 

single objective for the filter’s voltage and current: 

1
2

2

lim2
( ) ( ))

k N

conv ferror u

i k

J v i h sw i
+ −

=

= + +                           (27) 

Where 
( )ferrorv i

 is the predicted tracking error, lim ( )h i
 

is the current constraint and 
2 ( )sw i

 is the switching effort 

controlled by u  (weighting factor). The prediction error is 

expressed as 

*

( ) ( ) ( )ferror f fv i v i v i= −
, where 

lim ( ) 0h i =  

when max( )fi i i
 and 

lim ( )h i =  when max( )fi i i
, and the 

switching effort with the weighting factor is expressed as 

( ) ( ( ) ( 1))sw i u i u i= − − . 

The CF, by taking the derivatives of the filter’s voltage 

and current in the αꞵ reference frame, is obtained as: 

* 2 * 2( . . ) ( . . )derivative f ref f f o f ref f f oJ C v i i C v i i      = − + + − +   (28) 

Finally, the CF for the proposed AVI-based predictive 

control scheme can be derived as: 

2

limF conv d derivative uJ J J h sw = + + +                       (29) 

The weighting factor for the proposed controller to tune 

the controller was adjusted as 0.05 and 0.002 using the trial-

and-error method.  

Fig. 4 shows the cost function’s calculation flow for the 

proposed controller with voltage and Q-sharing compensation 

loop for DG1. The same structure was used for DG2. The 

voltage reference is generated from the conventional droop 
control and modified using the adaptive virtual impedance 

loop. As in conventional or static virtual-impedance-based 

controllers, the voltage at the PCC is not maintained when 

loads are added to the system, and hence compensation loops 

are added to maintain the voltage at the PCC busbar in 

mismatched-feeder-impedance microgrids. Nevertheless, 

power-sharing accuracy is guaranteed as per connected loads. 

The voltage reference from the conventional droop control is 

modified by the voltage compensation loop; at the same time, 

a reactive power sharing compensation loop is added to the 

system using the virtual impedance loop. The voltage 

compensation loop can track the nominal voltage and keeps 

the voltage at the PCC in the permissible range when loads are 

added to the system. Moreover, accuracy in Q sharing and Q 

load at the PCC is achieved through the adaptive virtual 

impedance loop designed for mismatched-feeder-impedance 

microgrid systems.  

 

Fig. 4. Cost function for AVI-based control 

The new voltage reference generated by the voltage 

compensation and the Q sharing compensation loops is then 

added to the cost function of the derivative voltage terms for 

further calculations. The switching signals generated by the 

switching sequence are utilized to calculate the cost function 

for each input value from (J0,...,J7) and the least-valued CF (J) 

is taken for the control action of the AVI-based FCS-MPC 

controller.  

Table 1 shows the parameters for the proposed control 

scheme. The parameters applied to the islanded microgrid 

system with AVI-based predictive control scheme. Two 

identical DG inverters are connected in parallel and the control 

scheme is applied to each DG inverter separately. The power 

sharing and voltage deviation issues with mismatched feeder 

impedance is addressed in this research based on given 

parameters. 
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Table 1. System and control parameters 

5. Simulation Results 

The Simulink models for the two DG inverters connected 

in parallel shown in Fig. 1 were designed by using MATLAB 

software. The overall control scheme consisted of 

decentralized control, and the simulation results of the 

mismatched feeder impedances of the islanded MG system in 

terms of sharing accuracy between P and Q at different 

connected loads are explained below. Moreover, the 

simulation results were compared with the fixed/static-virtual-

impedance (SVI)-based control scheme where a designer’s 

defined fixed virtual impedance was added to the system to 

overcome the feeder mismatch impedance, as explained in 

Section 3. 

In the case of mismatched feeder impedances, the control 

system must ensure power-sharing accuracy for common 

connected loads. As shown in Fig. 5(a), from 0 s to 2 s, three 

different loads were applied to the system and the DG 

inverters were sharing equal power when connected to the 

loads. When Load1 (1200 W, 550 Var) was connected to the 

system from 0 s to 0.6 s, DG1 and DG2 were sharing 600 W 

each and the total P received at the PCC was measured as 1200 

W, as shown in the zoomed images in Figs. 5(b) and (e), 

respectively. From 0.6 s to 1.3 s, when Load2 (1000 W, 450 

Var) was connected, the zoomed images in Figs. 5(c) and (f) 

show that each DG inverter was sharing 1100 W and the total 

P at the PCC was received at 2200 W, respectively. As shown 

in the zoomed images in Figs. 5(d) and (g) for Load3 (750 W, 

150 Var), each DG inverter was sharing 1475 W and the total 

P at the PCC was measured as 2950 W, respectively. It can be 

seen both the DG inverters, which were connected in parallel 

in the proposed controller, were sharing accurate and equal P 

whenever there were mismatched feeder impedances between 

the DGs and the PCC busbar of the microgrid. 

In the case of mismatched feeder impedances, the same 

loads as in the proposed control scheme were applied to the 

static-virtual-impedance-based control scheme at same time 

interval. 

 

 

Fig. 5. Active power sharing and total P at PCC in proposed 

control scheme 

The active power shared by each DG inverter in SVI 

control scheme for Load1 is 500 W and the total active power 

received at the PCC was 1000 W, as shown in Figs. 6(b) and 

(e). When Load2 was added to the system, the active power 

shared from DG1 and DG2 was 800 W and the total active 

power measured at the PCC was 1600 W, as shown in the 

zoomed images in Figs. 6(c) and (f). After adding Load3, the 

active power shared by each DG inverter was 995 W; at the 

same time, the total active power at the PCC was 1990 W, as 

shown in Figs. 6(d) and (g). The simulation results clearly 

show that the proposed control scheme was sharing equal and 

accurate active power compared with the SVI-based control 

scheme as per connected load.  

 

Fig. 6. Active power sharing and total P at PCC in static-

virtual-impedance control scheme 

Reactive power Q1, reactive power Q2 and the total Q 

received at the PCC in the mismatched islanded microgrid are 

shown in Fig. 7(a). As for Load1 (1200 W, 550 Var), Load2 

(1000 W, 450 Var) and Load3 (750 W, 150 Var), as shown in 

the zoomed images in Figs. 7(b), (c) and (d), DG1 and DG2 

shared 275 Var, 500 Var and 575 Var for Load1, Load2 and 

Load3, respectively, which were equal and accurate as per the 

connected load. 

The values of total reactive power received at the PCC 

were 550 Var, 1000 Var and 1150 Var with the connected 

loads at different time intervals, as shown in Figs. 7(e), (f) and 

Parameters Values 

Nominal frequency 50 Hz 

Filter inductor 3.3 mH 

Feeder1 impedance 0.19 Ω, 2.8 mH 

Feeder2 impedance 0.23 Ω, 3.14 mH 

Droop coefficients 0.001, 0.001 

Nominal voltage 220 V 

Load1 1200 W, 550 Var 

Load2 1000 W, 450 Var 

Load3 750 W, 150 Var 

DC voltage 600 V 

Filter capacitor 20 μF 
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(g). It was clear from the simulation results that accurate 

reactive power was shared in the proposed control scheme. 

 

 

Fig. 7. Reactive power sharing and total Q at PCC in 

proposed control scheme 

In the case of SVI-based control scheme for Load1 (1200 

W, 550 Var), Load2 (1000 W, 450 Var) and Load3 (750 W, 

150 Var), the reactive power at different time intervals shared 

by each DG inverter is shown Fig. 8(a). When Load1 is 

connected to the system, the reactive power shared by each 

DG inverter was 233 Var and the total reactive power at the 

PCC was 466 Var. After the addition of Load2 and Load3, the 

reactive power shared by each DG inverter was 370 Var and 

400 Var, respectively, as shown in Figs. 8(c) and (d), whereas 

the total reactive power at the PCC was measured as 735 Var 

and 770 Var, respectively, as shown in Figs. 8(f) and (g). 

 

Fig. 8. Reactive power sharing and total Q at PCC in static-

virtual-impedance control scheme 

Fig. 9(a) shows the voltage at the PCC during load 

changes. It shows that the voltage was constant during the 

changes. Figs. 9(b), (c) and (d) are the zoomed images when 

the loads were applied. For Load1, from 0 s to 0.6 s, the voltage 

magnitude was 220 V (nominal voltage), which remained the 

same as when Load2 and Load3 were added to the system at 

0.6 s to 1.3 s and from 1.3 s to 2 s, respectively. The unchanged 

voltage magnitude showed that the proposed control scheme 

tracked the nominal voltage successfully during load changes. 

So, voltage deviations improved in the proposed control 

scheme. 

 

Fig. 9. Voltage magnitude at PCC for three loads in proposed 

control scheme 

The voltage at the PCC for the loads when the system was 

operating under the SVI-based control scheme is shown in Fig. 

10(a). For Load1, the voltage at the PCC was 220 V. After the 

addition of Load2, the voltage magnitude deviated to 184 V 

and further deviated to 180 V when Load3 was added to the 

system, as shown in Figs. 10(b), (c) and (d).  

 

 

Fig. 10. Voltage magnitude in SVI control scheme 

Fig. 11(a) shows the current at the PCC. As shown in the 

zoomed image in Fig. 11(b), for Load1, the current waveform 

changed accordingly as per load requirements, and the same 

cases were observed for Load2 and Load3, as illustrated in the 

zoomed images in Figs. 11(c) and (d). When Load1 was added 

to the system between 0–0.6 s, the magnitude of current was 

4.1 A. From 0.6 s to 1.3 s, when Load2 was added to the 

system, the output current at the PCC was 6.4 A, and with the 

addition of Load3 from 1.3 s to 2 s, the output current was 

measured at 9.5 A. The output current waveform shows that 

the magnitude changed with the addition of the loads, which 

proved that the proposed control scheme worked properly for 

the connected loads. 

Fig. 12(a) shows the current at the PCC for the SVI-based 

control scheme. As shown in the zoomed image in Fig. 12(b), 

for Load1, the current waveform changed accordingly as per 

load requirement, and the same was observed for Load2 and 

Load3, as illustrated in the zoomed images in Figs. 12(c) and 

(d). 
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Fig. 11. Output current at PCC with load variation in 

proposed control scheme 

When Load1 was added to the system between 0–0.6 s, the 

magnitude of current was 3.9 A. From 0.6 s to 1.3 s, when 

Load2 was added to the system, the output current at the PCC 

was 5.3 A, and with the addition of Load3 from 1.3 s to 2 s, 

the output current was measured at 7.9 A.  

 

Fig. 12. Output current in SVI control scheme 

6. Conclusion 

In this paper, improved adaptive-virtual-impedance-based 

predictive algorithms were proposed to ensure accurate, as 

well as equal, power sharing as per connected loads. The 

proposed control algorithms were applied in the MG system 

with parallel-connected DG inverters and mismatched feeder 

impedances. Moreover, an adaptive virtual impedance loop 

was applied with the droop-based control, and the mismatch 

of the feeder impedances was effectively compensated. A 

predictive technique was used for signal generation and input 

prediction. A multi-functioned multi-variable cost function 

was designed to track the voltage and current signals. The 

voltage in the proposed control scheme remained constant at 

the PCC during load changes. Active power P and reactive 

power Q were investigated under different load conditions to 

ensure that the proposed control scheme worked properly, 

where power sharing was kept updated based on load 

requirements with constant voltage at the PCC. 
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