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Abstract  

 

This paper proposes a point of common coupling (PCC) voltage compensation method for islanding microgrids using an 
improved power sharing control scheme among distributed generators (DGs) without communication. The PCC voltage 
compensation algorithm is implemented in the droop control scheme to reduce the PCC voltage deviation produced by the droop 
controller itself and the voltage drop on the line impedance. The control scheme of each individual DG unit is designed to use only 
locally measured feedback variables and an obtained line impedance to calculate the PCC voltage. Therefore, traditional voltage 
measurement devices installed at the PCC as well as communication between the PCC and the DGs are not required. The proposed 
control scheme can maintain the PCC voltage amplitude within an allowed range even to some extent assuming inaccurate line 
impedance parameters. In addition, it can achieve proper power sharing in islanding microgrids. Experimental results obtained under 
accurate and inaccurate line impedances are presented to show the performance of the proposed control scheme in islanding 
microgrids. 
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I. INTRODUCTION 

Nowadays, traditional power systems are rapidly changing, 
and a large number of distributed generation (DG) units have 
being integrated into distribution power grids to form 
microgrids [1]-[4], which can be operated in grid-tied or 
islanding modes. Compared to a single DG unit, a microgrid is 
more appropriate to satisfy system reliability and power quality 
requirements. When a microgrid operates in the islanding mode, 
the DG units must properly share the power demand for all of 
the loads to ensure operational stability [5]-[11]. A key 
technique is to use the frequency-real power and 
voltage-reactive power droop control method, which has been 
widely used in large-scale power systems [12], [13]. 

The traditional droop control scheme can properly share the 
power demands by treating the grid impedance as highly 
inductive. However, this case is not always valid since the line 
impedance in low voltage microgrids is not highly inductive 
[14]-[16]. Therefore, the traditional droop control scheme faces 
the challenges of the coupling between the real and reactive 
power control and they cannot achieve effective power sharing 
[6]-[10], [14]-[17]. To solve this issue, a virtual impedance can 
be inserted into the control loop to regulate the equivalent 
impedance to be inductive or resistive [6]-[9], [14]-[17]. It has 
been demonstrated that the flexible operation of virtual 
impedance can effectively decouple the power control and 
improve the reactive power sharing accuracy [14], [15], [17]. 
However, the introduction of a virtual impedance increases the 
voltage drop on virtual and real line impedances. Therefore, at 
times the PCC voltage will be smaller than its minimum 
allowable value, especially under low voltage weak microgrids. 
This deteriorates the power quality and affects the normal load 
operation. Meanwhile, the performance of a power sharing 
scheme with a virtual impedance added depends on the 
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accuracy of the line impedance parameters. However, the 
parameters cannot be 100% accurate because the grid operation 
modes, temperature and other factors change the parameters of 
the line impedance [17]-[19]. To address these issues, a robust 
droop control using additional PCC voltage measurements was 
proposed in [20], which can achieve accurate proportional load 
sharing and maintain the PCC voltage quality. However, all of 
the inverters in [20] need an additional PCC voltage 
measurement unit. A hierarchical control scheme in [21] was 
an important step towards the standardization of microgrids, 
where the PCC voltage was measured and sent to all of the DG 
units through communication. Secondary frequency and voltage 

control via distributed averaging was proposed in [22], which 
uses localized information and nearest-neighbor 
communication to perform secondary control actions. An 
improved droop control strategy based on secondary voltage 
control was proposed in [23], where information on the voltage 
compensation signal is broadcasted from a central controller to 

each of the DG units. It has been demonstrated that the 
hierarchical control scheme can effectively restore the PCC 
voltage deviation. However, accurate PCC voltage control 
relies heavily on effective communication [24], which 
increases the system cost and reduce the operational reliability.  

 In this paper, a novel PCC voltage compensation method is 
implemented in a power sharing control scheme without using 
communication. The PCC voltage is indirectly derived from 
the locally measured feedback variables of the DGs and the 
corresponding line impedances. The proposed method can 
locally compensate the PCC voltage deviation produced by the 
droop controller itself and the voltage drop on the line 
impedance even assuming inaccurate line impedance 
parameters in the control loop. Experimental results have 
verified the performance of the proposed control scheme in an 
islanding microgrid with the accurate and inaccurate line 
impedance parameters obtained in the control loop. 

 

II. ANALYSIS OF PCC VOLTAGE DEVIATION 

A. PCC Voltage Deviation under the Traditional Droop 
Control Scheme  

Fig. 1 depicts a microgrid with several DGs connected in 
parallel and some loads connected to an ac bus, where the DG 
units are equipped with an energy source/energy storage 
system and an interfacing inverter. In addition, a static 
transfer switch (STS) is installed at the PCC, which is used to 
disconnect the microgrid from the utility grid when needed.  

Generally, when a microgrid operates in the islanding 
mode, the well-known droop control theory takes over to 
achieve proper power sharing among the DGs, which 
regulates the frequency and amplitude of the inverter output 
voltage according to (1) and (2) [20]-[26]: 

0 0( )DG DGm P P                 (1) 

0 0( )DG DGV V n Q Q                (2) 

 
 

Fig. 1. General illustration of the Microgrid with DG units. 

 
Where, ωDG and VDG are the DG output frequency and 

voltage amplitude, ω0 and V0 are the DG output frequency 
and voltage amplitude under the no load condition, m and n 
are the coefficients of the ω-P and V-Q droop controller, PDG 

and QDG are the instantaneous real and reactive output power, 
and P0 and Q0 are the real and reactive power references, 
respectively. P0 and Q0 are usually set to zero when a 
microgrid operates in the islanding mode. 

The voltage frequency and amplitude generated by (1) and 
(2) are used to yield the DG output voltage reference as: 

sin( )droop DG DGv V dt              (3) 

The traditional DG droop controller is illustrated in Fig. 2, 
where the PCC voltage can be derived as:   

_( ) ( ) ( ) ( ) ( ) ( )PCC droop drop F DG F oV s V s V s V s Z s I s     (4)
 

Where, Vdroop(s) and Vdrop_F(s) are the output voltage of the 
DG unit and the voltage dropped on the feeder impedance, 
ZF(s) is the feeder impedance, and Io(s) is the output current 
of the DG unit, respectively. Due to the droop principle and 
the voltage drop on the feeder impedance, the PCC voltage 
may be smaller than its minimum allowable value when the 
output power of the DGs increases. 

B. PCC Voltage Deviation under a Droop Control Scheme 
with a Virtual Impedance 

When the traditional droop control scheme is implemented 
in a low voltage microgrid, considering the non-inductive 
feeder impedance, it faces the challenges of the coupling 
between the real and reactive power and the reactive power 
sharing inaccuracy. In order to properly decouple the real and 
reactive power control and to improve the power sharing 
accuracy, the output impedances of the DGs can be properly 
adjusted by introducing the predominant virtual inductance, 
which should be virtually inserted into the control loop as 
shown in Fig. 2, where the reference voltage vref for 
controlling the DG unit should be derived by considering the 
voltage drop on the virtual impedance [17]: 
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Fig. 2. Block diagram of the traditional power sharing control. 
 

_( ) ( ) ( ) ( ) ( ) ( )ref droop drop V droop V oV s V s V s V s Z s I s      (5)                                                                 

Where Vdrop_V(s) is the voltage dropped on the virtual 
impedance, ZV(s) is the virtual impedance, and Io(s) is the 
output current of the DG unit.  

Usually, the virtual impedance can be selected arbitrarily to 
ensure that the equivalent impedance is highly inductive. 
Therefore, the equivalent impedance ZE between the voltage 
source and the PCC can be expressed as [14]: 

) )

) )
E V F V V F F

V F V F E E

Z Z Z = (R jX (R jX

    (R R j(X X R jX

    

     
       (6)                                                                

Where, ZV and ZF are the virtual and physical feeder 
impedances, RV and XV are the virtual resistance and 
reactance, RF and XF are the physical feeder resistance and 
reactance, and RE and XE are the equivalent resistance and 
reactance, respectively.  

Considering the voltage drop on the virtual and physical 
feeder impedances, the PCC voltage calculation should be 
updated by the following expression: 

_( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

( ) ( ) ( )

PCC ref drop F

droop V O F O

droop E O

V s V s V s

           V s Z s I s Z s I s

           V s Z s I s

 

  

 

      (7)                

Compared to (4), the PCC voltage deviation may be 
aggravated since the total voltage drop further includes the 
voltage imposed on the virtual impedance. 

In order to keep the microgrid stable, the voltage amplitude 
derived in the V-Q droop controller should be limited to a 
strict range, such as 95% of the rated voltage amplitude [9], 
[17]. However, when considering the voltage deviations 
introduced by both the V-Q droop controller and the voltage 
drop on the equivalent impedance, the PCC voltage may be 
smaller than the minimum allowable value as illustrated in 
Fig. 3, where the blue line represents the PCC voltage profile 
under the traditional power sharing scheme, V0 and Vmin are 
the nominal and minimum allowable values of the PCC 
voltage amplitude, and Q0 is the maximum reactive power  



Fig. 3. PCC voltage illustration of the traditional and the 
proposed V-Q control principles. 

 
injected into the microgrid. Therefore, the droop controller 
should be improved to consider the PCC voltage deviation by 
using a second-level control scheme with communication 
[20]-[23] or the proposed communicationless method as 
elaborated in the next Section. 

 

III. PROPOSED COMMUNICATIONLESS PCC 
VOLTAGE COMPENSATION CONTROL SCHEME 

A. Communicationless PCC Voltage Compensation 
Controller 

In the proposed control scheme, a PCC voltage 
compensation control block is embedded into the control loop 
to reduce the PCC voltage deviation as shown in Fig. 4. It can 
be seen that the variables used in the proposed scheme are 
only the feedback variables of the inverter itself, e.g. the 
output current and voltage, which can be obtained locally. 
Meanwhile, this does not change the coefficient n in (2), 
which is important for the response speed and the reactive 
power sharing accuracy.  

This paper assumes a single-phase system to elaborate on 
the operational principle of the proposed method. For a 
three-phase system, a similar method can be employed. The 

droopvrefv
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inverter output voltage and current measured locally are 
transformed to the α–β frame by delaying the voltage and 
current of a quarter-fundamental cycle for a single-phase DG 
unit. Its output power is calculated in the stationary artificial 
α−β frame as: 

_ _ _ _( )
2( )

LPF
DG C O C O

LPF
P v i v i

s    



 


    (8)        

_ _ _ _( )
2( )

LPF
DG C O C O

LPF
Q v i v i

s    



 


    (9) 

Where, vC_α and vC_β are the DG output voltage and its 
quarter-cycle delayed conjugate signal, iO_α and iO_β are the 
DG output current and its quarter-cycle delayed conjugate 
signal, and ωLPF is the cutoff frequency of the low pass filters 
(LPFs), respectively. 

In the proposed control scheme, the real power and 
reactive power generated by (8) and (9) are used in the 
traditional droop control block to generate the voltage 
magnitude and phase angle. They are also adopted to 
calculate the voltage drop on the equivalent impedance. 
Taking the revised voltage vector 

 
as a reference vector, 

as shown in Fig. 5, the aforementioned  and  can 

be used to calculate the voltage drop on the equivalent 
impedance as: 

_

_ _

2( )DG E DG E DG E DG E
drop E

rev rev

drop E drop E

P R Q X P X Q R
V j

V V

           V j V

 
 

  



 (10)  

Where,  is the vector of the voltage dropped on 

the equivalent impedance, ∆Vdrop_E and  
 

are the 

real and imaginary components, and Vrev is the revised voltage 
amplitude of the DG, respectively. 

According to Fig. 5, the relationships between the revised 
voltage and the PCC voltage can be derived as: 

_ _ _( )PCC rev drop E rev drop E drop EV V V V V j V     
  

 (11)
 

In addition, the PCC voltage amplitude can be further 
written as: 

2 2
_ _( ) ( )PCC rev drop E drop EV V V V         (12) 

In order to reduce the PCC voltage deviation, a 
proportional controller is used to generate the PCC voltage 

compensation component  as shown in Fig. 4. 

0 0( )( ) ( )rev PCC p PCCV G s V V K V V    
      (13) 

Where, G(s) represents the transfer function of the 
proportional controller, V0 and VPCC are the rated and 
calculated amplitude of the PCC voltage, and Kp is the 
proportional compensation coefficient, respectively. With the 
PCC voltage compensation block, the voltage amplitude sent 
to the voltage generator needs to be updated by considering 
the voltage compensation component as: 

rev DG revV V V                (14) 
The performance of the proposed control scheme can be 

demonstrated by Fig. 3, where the PCC voltage compensation 
controller dynamically regulates the compensated voltage 

 along with the change of the load demand to reduce 

the voltage deviation. It is noted that the proposed control 
scheme dynamically compensates the voltage deviation and 
that it adjusts the voltage reference vertically as the red lines 
shown in Fig. 3. Meanwhile, it does not change the V-Q 
droop gradient as the red lines shown in Fig. 3. Therefore, the 
proposed control scheme is able to maintain a response that is 
as fast as that of the traditional droop control scheme. 

B. Performance Analysis of the Proposed PCC Voltage 
Compensation Method   

Considering that the real component ( ) is 

much greater than the imaginary component ( ) 

expressed in (12), the PCC voltage amplitude in (12) can be 
approximately rewritten as: 

2
_

_

( )

2( )

PCC rev drop E

rev drop E

DG E DG E
rev

rev

V V V

      V V

P R Q X
       =V

V

  

  




         (15) 

When the power generation of the DG reaches its power 
rating under the traditional droop control scheme with the 
virtual impedance, the voltage amplitude generated from the 
droop controller is reduced to its minimum allowable value 
(e.g. 95% of the rated voltage), and the PCC voltage 
amplitude can be derived as:     

0 0
min

min

2( )E E
PCC

P R Q X
V V

V


           (16) 

From (16), the largest deviation below the allowable 
minimum value of the PCC voltage (e.g. 95% of the rated 
voltage) can be expressed as: 

0 0

min

2( )E E
PCC

P R Q X
V

V


               (17) 

In order to keep the PCC voltage within the designed 
allowable range, the PCC voltage compensation control 
scheme should have the capability to eliminate the largest 
deviation in (17). When the power generation of the DG 
reaches its power rating under the proposed control scheme, 
the PCC voltage should be larger than the allowable 
minimum value expressed as:

  0 0

0 0
min 0 min min

min 0 min

2( )

2( )
( )

( )

E E
PCC rev

rev

E E
p

p

P R Q X
V =V

V

P R Q X
       =V +K V V V

V K V V





  

 

(18)  

From (18), the proportional compensation coefficient can 
be derived as the following expression: 

2
min 0 0 min

0 min

8( )

2( )
E E

p
V P R Q X V

K
V V

  



      (19) 

On the other hand, the DG voltage should not exceed its  

r e vV


DGP DGQ

_drop EV


_drop EV

revV

revV

_rev drop EV V

_drop EV
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Fig. 4. Block diagram of the proposed power sharing control. 

 

 
Fig. 5. Vector diagram of the PCC voltage calculation. 
 
maximum allowable value. Therefore, the revised voltage of 
the DG unit should be smaller than the allowable maximum 
value expressed as: 

min 0 min max( )rev DG rev pV V V V +K V V V        (20) 

From (20), the proportional compensation coefficient can 
be derived as the following expression: 

max min

0 min
p

V V
K

V V





              (21) 

From (18) to (21), it can be seen that the rated power, the 
rated voltage and the designed range of the voltage are known 
values for a microgrid. The virtual impedance and the 
equivalent impedance design have been analyzed in [14]. 
Therefore, their descriptions are not shown here for the sake 
of brevity. The range of compensation coefficient Kp can be 
determined for maintaining the PCC voltage within the 
designed range. 

In practice, the line impedance parameters obtained for the 
PCC voltage compensation calculation deviate from the real 
value mainly due to changes in the grid operation modes and 
temperature. Therefore, it is necessary to analyze the 
performance of the proposed PCC voltage compensation 

method under inaccurate line impedance calculation 
conditions. It is assumed that the actual feeder impedance is γ 
times the feeder impedance obtained for the calculation. In 
this case, the PCC voltage in (18) can be rewritten as: 

0 0

0 0 0 0
min 0 min

min 0 min

min

2 ( ) 2 ( )

2 ( ) 2( )
( )

( )

F V F V
PCC rev

rev

F F V V
p

p

P R +R Q X +X
V =V

V

P R Q X P R Q X
=V +K V V

V K V V

V

 






  
 

 



 

(22) 

0 min min 0 min 0 0

0 0

( ) ( ( )) 2( )

2( )
p p V V

F F

K V V V K V V - P R Q X

P R Q X


    


 (23)
 

It is noted that the designed compensation coefficient Kp 
can tolerate the line impedance deviation in the PCC voltage 
compensation calculation as long as it can remain (23) 
effective under the designed operation conditions. Therefore, 
Kp can be designed according to (19) and (21) and further 
selected by considering the parameter accuracy of the line 
impedance. Doing so, the PCC voltage can be effectively 
compensated. 

C. Inverter Control Strategy 

The voltage frequency and the revised amplitude generated 
by (1) and (14) are used to yield the revised DG output 
voltage reference as: 

sin( )rev rev DGv V dt              (24) 

Considering the virtual impedance inserted into the control 
strategy, as shown in Fig. 4, the output voltage reference can 

PCCV


revV


_drop EV


_drop EV


_drop EV
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be modified as: 

_ 0 _( )ref rev V rev V O V Ov v v v R i L i             (25) 

Where, vV is the voltage drop on the virtual impedance, and 
RV and LV are the virtual resistance and inductance.  

In order to realize proper voltage tracking performance, a 
double loop controller was adopted as shown in Fig. 4. The 
voltage control loop uses a proportional controller plus a 
resonant controller to achieve proper voltage tracking 
performance as expressed below: 

2 2

2

2
uR c

outer uP
c 0

K s
G (s )=K

s s+


 


                  

(26) 

Where, KuP is the proportional gain, KuR is the resonant 
gain, ωc is the cutoff angular frequency for the resonant 
bandwidth control, and ω0 is the nominal fundamental angular 
frequency, respectively. It can realize almost zero steady-state 
error compensation by means of a proper gain selection. 

In order to improve the dynamic performance, a current 
control loop is embedded in the outer voltage control loop. 
The filter inductor current is measured as feedback for the 
inner current control loop. A proportional controller is used to 
force the feedback current to track the reference as: 

( )inner iPG s K  
                              

(27)
 Where, KiP is the proportional gain. The current control 

loop is used to produce the desired modulation signals, which 
are sent to the pulse width modulation (PWM) generator, as 
shown in Fig. 4. 

 

IV. EXPERIMENTAL VERIFICATION  

To validate the performance of the proposed PCC 

voltage compensation scheme, a single-phase islanding 

microgrid was implemented in the laboratory as shown in 
Fig. 6. The microgrid consists of two H-bridge-based DG 
units with the same power rating and a conventional RL load 
connected to the PCC. The minimum voltage Vmin is set to 95% 
of the rated voltage. The developed control algorithm is 
executed on a dSPACE1103 real-time platform. The detailed 
circuit and control parameters are listed in Table I.  

A. Experimental Results with Accurate Feeder Impedances 

Experiment 1: First, a conventional RL load of 40Ω, 20mH 
was connected to the PCC. Both of the DGs were under the 
droop control method with a virtual impedance, as presented 
in Fig. 2, before 0.2s. Then at 0.2s the PCC voltage 
compensation method, as presented in Fig. 4, was activated 
for both of the DGs simultaneously. The captured 
experimental waveforms were presented in Fig. 7. Spectrum 
analyses of the PCC voltages under both of the controllers are 
shown in Fig. 8. It can be seen that the PCC voltage changes 
from 151.2V to 152.2V after the PCC voltage compensation 
is activated. Therefore, the proposed PCC voltage 
compensation method can effectively reduce the PCC voltage  
deviation. The output currents of both of the DGs rapidly  

 
Fig. 6. Photograph of experimental prototype. 
 

TABLE I 
PARAMETERS USED IN EXPERIMENT 

Parameters Values 

Nominal PCC voltage (peak value) 155.54V 

Rated fundamental frequency 50Hz 

DC link voltage 200V 

Rated real power 500W 

Rated reactive power 50var 

Inverter switching frequency 12.5kHz 

Inverter output filter inductance 2mH 

Inverter output filter capacitance 20μF 

DG1 feeder impedance 0.1Ω, 2mH 

DG2 feeder impedance 0.2Ω, 3mH 

DG1 virtual impedance in experiment A 0.1Ω, 1mH 

DG1 virtual impedance in experiment B 0.125Ω, 1.5mH 

Kp 0.3 
 

 
Fig. 7.  Captured experimental results with accurate impedance 
when using the droop control method before 0.2s and the 
proposed method after 0.2s. (from TOP to BOTTOM:  PCC 
voltage, line current of DG unit 1 and line current of DG unit 2). 
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Fig. 8. Spectrum analysis of PCC voltages before and after 0.2s. 
 

Fig. 9. Power sharing performance of both DGs. 
 
respond to the proposed scheme as shown in Fig.7, and the 
THD values of iDG1 and iDG2 are 4.85% and 4.8%, respectively. 
The real and reactive power can be properly shared by both 
of the DGs as shown in Fig. 9. It is noted that a small increase 
in the real and reactive power after 0.2s appears due to the 
activated PCC voltage compensation method.   

Experiment 2: First, a conventional RL load of 40Ω, 20mH 
was connected to the PCC. Then another conventional RL 
load of 40Ω, 20mH was connected to the PCC at 0.2s. Both 
of the DGs were conducted under the traditional droop 
control scheme with a virtual impedance. Fig. 10 shows 
experimental results before and after the load change at 0.2s. 
It is noted that the PCC voltage has an obvious drop after 0.2s. 
Fig. 11 shows detailed spectrums of the PCC voltages before 
and after 0.2s. It can be seen that the PCC voltage amplitude 
after 0.2s has been reduced to 147.1V, which is smaller than 
the minimum allowable value of 147.7V. The output currents 
for both of the DGs increase rapidly to respond to the load 
change, and the THD values of iDG1 and iDG2 are 2.47% and 
2.44% after the load change. Although both of the DGs can 
still properly share the power demands, as shown in Fig. 12, 
the PCC voltage deviation can be further regulated to 
maintain the power quality. 

Experiment 3: To further evaluate the performance of the 
proposed communication-less PCC voltage compensation 
method with a load change, Experiment 2 was conducted 
again where both of the DGs are under the proposed 
compensation method all the time. Fig. 13 shows 
experimental results where the proposed PCC voltage 
compensation method kept the PCC voltage amplitude within  

vPCC

(100V/div)

iDG1

(5A/div)

iDG2

(5A/div)

Time (100ms/div)0.2 s  
Fig. 10. Captured experimental results with accurate impedance 
when using the traditional droop control method with the load 
change at 0.2s. (from TOP to BOTTOM:  PCC voltage, line 
current of DG unit 1 and line current of DG unit 2). 
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100

150

 
Fig. 11. Spectrum analysis of PCC voltages before and after 0.2s. 

 
the allowable range all the time. In addition, the spectrum in 
Fig. 14 can demonstrate the performance more precisely, 
where the PCC voltage amplitude is changed from 152.2V to 
148.9 after a load change. Comparing the results from 
experiment 2 with those from the conventional control, as 
shown in Fig. 11, the PCC voltage is kept within the 
allowable range. Meanwhile, compared with Fig. 12, it can be 
seen that the DGs currents response speed of the proposed 
method is the same as that of the traditional method. In 
addition, the THD values of iDG1 and iDG2 are 2.45% and 
2.43%, respectively. The proposed method can achieve 
proper power sharing between both of the DGs as shown in 
Fig. 15.  

B. Experimental Results with Inaccurate Feeder 
Impedances  
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Fig. 12. Power sharing performance of both DGs under the 
traditional droop control method with the virtual impedance. 

 

Fig. 13. Captured experimental results with accurate impedance 
when using the proposed method with the load change at 0.2s. 
(from TOP to BOTTOM: PCC voltage, line current of DG unit 1 
and line current of DG unit 2). 

 

0
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150

 
Fig. 14. Spectrum analysis of PCC voltages before and after 0.2s. 

 
To further verify the effectiveness of the PCC voltage 

compensation method, similar experimental verification 
methods were conducted with inaccurate feeder impedances, 
where the measured feeder impedance of DG unit 1 is 75% of 
the real impedance. In this case, the measured feeder  

Fig. 15. Power sharing performance of both DGs under the 
proposed control method. 

 

Fig. 16. Captured experimental results with inaccurate 
impedance when using the droop control method before 0.2s and 
the proposed method after 0.2s. (from TOP to BOTTOM: PCC 
voltage, line current of DG unit 1 and line current of DG unit 2). 

 
resistance and inductance for the controller calculation are 
0.075Ω and 1.5mH, respectively. According to (6), the virtual 
impedance of DG unit 1 should be set to 0.125Ω and 1.5mH 
for achieving the proper power sharing. 

Experiment 4: An experimental verification procedure that 
is similar to Experiment 1 was conducted with an inaccurate 
feeder impedance. Fig. 16 shows the captured waveforms of 
the PCC voltage and DG units output currents. A spectrum 
analysis of the PCC voltage under both control methods is 
shown in Fig. 17. It can be seen that the proposed PCC 
voltage compensation control can effectively reduce the PCC 
voltage deviation when assuming an inaccurate feeder 
impedance, where the PCC voltage increases from 151.2V to 
152.1V. The output currents for both of the DGs rapidly 
respond to the proposed scheme as shown in Fig. 16, and the 
THD of iDG1 and iDG2 are 4.87% and 4.84%, respectively. Due 
to the fact that the whole microgrid has the same operation 
frequency in the steady-state condition, the DG units can 
accurately share the real power demand. However, the  

0      0.1     0.2    0.3      0.4     0.5     0.6      0.7     0.8      0.9    1.0
Time (s)

400

300

200

100

DG1 P DG2 P
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Fig. 17. Spectrum analysis of PCC voltages before and after 0.2s. 
 

Fig. 18. Power sharing performance of both DGs. 
 

Fig. 19. Captured experimental results with inaccurate 
impedance when using the traditional droop control method with 
the load change at 0.2s. (from TOP to BOTTOM: PCC voltage, 
line current of DG unit 1 and line current of DG unit 2). 

 
accuracy of the reactive power sharing is affected by the 
inaccurate feeder impedance as shown in Fig. 18, where the 
reactive power generated from both of the DGs are 23var and 
23.5var before 0.2s, and 23.2var and 24var after 0.2s.  

Experiment 5: An experimental verification procedure that 
is similar to Experiment 2 was conducted with an inaccurate 
feeder impedance. Fig. 19 shows experimental results under 
the traditional droop control scheme with an inaccurate feeder  

 

Fig. 20. Spectrum analysis of PCC voltages before and after 0.2s. 

 
Fig. 21. Power sharing performance of both DGs under the 
traditional droop control method with the virtual impedance. 

 

           
Fig. 22. Captured experimental results with inaccurate 
impedance when using the proposed method with the load 
change at 0.2s. (from TOP to BOTTOM: PCC voltage, line 
current of DG unit 1 and line current of DG unit 2). 

 
impedance. Fig. 20 shows the detailed spectrums of the PCC 
voltages before and after 0.2s. It can be seen that the PCC 
voltage amplitude after 0.2s is reduced to 147.0V, which is 
smaller than the allowable minimum value. The output 
currents for both of the DGs increase rapidly to respond to 
the load change, and the THDs of iDG1 and iDG2 are 2.50% and  
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Fig. 23. Spectrum analysis of PCC voltages before and after 0.2s. 
 

Fig. 24. Power sharing performance of both DGs under the 
proposed control method. 
 
2.46%, respectively. As demonstrated in Fig. 21, the real 
power sharing between both of the DGs can maintain the 
accuracy. Meanwhile DG unit 1 shares less reactive power 
due to a feeder 1 impedance measurement error.  

Experiment 6: An experimental verification procedure that 
is similar to Experiment 3 was conducted with an inaccurate 
feeder impedance. Fig. 22 shows experimental results using 
the proposed communicationless PCC voltage compensation 
method before and after the load change at 0.2s. From the 
spectrum illustrated in Fig. 23, it can be seen that the PCC 
voltage amplitude was changed from 152.1V to 148.8V after 
the load demand was increased. Comparing the results 
obtained in Experiment 5 with the conventional control as 
shown in Fig. 19 and Fig. 20, the PCC voltage deviation is 
significantly improved, and the PCC voltage can be 
maintained within the allowable range. Meanwhile, the DGs 
currents response speed of the proposed scheme is the same 
as that in Experiment 5 with the conventional control scheme, 
and the THD values of iDG1 and iDG2 are 2.47% and 2.44%, 
respectively. Both of the DG units can still properly share the 
real power demands, while the reactive power sharing 
accuracy is influenced by the feeder 1 impedance 
measurement error as shown in Fig. 24. 

 

V. CONCLUSIONS 

This paper proposes a novel communicationless PCC 
voltage compensation method for islanding microgrids by 
improving the power sharing control scheme among the DGs 
to compensate the PCC voltage deviation produced by the 
droop control algorithm and the voltage drop on the 
impedance. The control scheme for each of the individual DG 

units was designed to derive the PCC voltage with the locally 
measured feedback variables of the inverter itself and the 
obtained feeder impedance. Therefore, the traditional voltage 
measurement device installed at the PCC as well as the 
communications between the PCC and the DGs are not 
required. The proposed control scheme can maintain the PCC 
voltage within an allowable range even assuming inaccurate 
feeder impedances parameters. Experimental results verified 
the performance of the proposed method under accurate and 
inaccurate impedance measurement conditions. 
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