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Abstract 

 

Due to the mismatched line impedance among distributed generation units (DGs) and uncontrolled harmonic current, the droop 
controller has a number of problems such as inaccurate reactive power sharing and voltage distortion at the point of common 
coupling (PCC). To solve these problems, this paper proposes a resistive-capacitive virtual impedance control method. The 
proposed control method modifies the DG output impedance at the fundamental and harmonic frequencies to compensate the 
mismatched line impedance among DGs and to regulate the harmonic current. Finally, reactive power sharing is accurately 
achieved, and the PCC voltage distortion is compensated. In addition, adaptively controlling the virtual impedance guarantees 
compensation performance in spite of load changes. The effectiveness of the proposed control method was verified by 
experimental results. 
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I. INTRODUCTION 

Distributed generation (DG) has increased in power systems 
as a potential solution to meet the increased demand for 
electricity, reduce stress on transmission systems, and 
incorporate renewable energy resources. Subsequently, the 
microgrid concept has become a promising approach to 
coordinate different types of distributed energy resources [1]. 
Fig. 1 shows the basic structure of a microgrid with DGs 
connected in parallel, which is able to operate in both grid- 
connected and islanded modes. In the islanded mode, a droop 
controller is normally used so that the DGs can maintain a 
constant voltage at the point of common coupling (PCC) bus 
and autonomously share the load power [2]. 

Active power is proportionally shared among DGs with a 
droop controller, but reactive power sharing is inaccurate due 
to mismatched line impedances among DGs [3]. To eliminate 
the influence of line impedance mismatch, a modified Q-V 
droop controller and a power transformation were proposed 

to decouple the reactive power and the mismatched line 
impedance [4], [5]. However, the reactive power sharing 
error was only mitigated, and prior knowledge of system 
parameters is required. To eliminate parameter dependence, a 
small real power disturbance was injected into a microgrid to 
compensate for the reactive power sharing error [6]. However, 
the injected power disturbance reduces the accuracy of the 
DG output frequency and decreases microgrid stability. 
Accurate reactive power sharing and a precise DG frequency 
were realized by adding a large virtual inductance at the DG 
inverter output [7], [8]. However, this strategy affects the 
voltage control precision and reduces the microgrid voltage 
quality. An adaptive virtual impedance control method was 
presented to improves voltage quality, but the system dynamic 
performance was not good due to power coupling [9]. 

In addition to the reactive power sharing issue, voltage 
harmonic distortion at the PCC is also a big concern since the 
droop controller only regulates fundamental components. When 
a nonlinear load is connected to the grid, the uncontrolled 
harmonic currents result in instability in the microgrid and 
PCC voltage distortion. A harmonic droop controller was 
presented to regulate voltage harmonics at the PCC [10], [11]. 
However, the additional harmonic droop control loop reduces 
the dynamic performance of the active and reactive power  
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Fig. 1. Typical islanded microgrid configuration. 
 
sharing. To eliminate this problem, either a virtual harmonic 
resistance [12] or a virtual capacitance [13] can be added to 
the DG output impedance to regulate harmonic currents. 
However, these methods have limited compensating 
performance in case of a long transmission line and increased 
system disturbances, which reduce the stability and reliability 
of microgrids. On the other hand, a virtual harmonic inductance 
was introduced to regulate the DG output impedance at the 
harmonic frequency for absorbing nonlinear load current [14]. 
Although the PCC voltage quality was improved, the large 
virtual inductance reduced system stability. The virtual 
harmonic impedance was optimized based on a state-space 
model of a microgrid, but the feasibility of this method is 
limited since exact system parameters are required [15]. 

To overcome these existing limitations, this paper proposes 
a resistive-capacitive (RC) virtual impedance control method 
for reactive power sharing accuracy and PCC harmonic 
voltage compensation. To achieve these control objectives, an 
RC virtual fundamental impedance is added at the output of a 
DG inverter to compensate mismatched line impedance. As a 
result, the reactive power sharing error is eliminated. In 
addition, an RC virtual harmonic impedance is proposed to 
modify the DG output impedance at the harmonic frequency 
for harmonic current compensation. The effectiveness of the 
proposed control method was verified by experimental 
results. 

 

II. CONVENTIONAL DROOP CONTROL ALGORITHM 

A. Basic Principle of a Droop Control Algorithm 

To realize power sharing and to synchronize each DG, the 
traditional  and  droop controllers are adopted. 

Their equations are given in (1) and (2), respectively: 

    (1) 

  (2) 

where the index  represents each DG,  and  are the 

output and nominal values of the DG output frequency,  

and  are the output and nominal values of the DG output 

voltage,  and  are the active and reactive droop  

 
Fig. 2.  and  droop control characteristics.  

 
coefficients, and  and  are the output active and reactive 

powers, respectively. Fig. 2 shows the characteristics of the 
 and  droop controllers. From Fig. 2, it can be 

seen that the DG output frequency and voltage magnitude are 
regulated according to the output active and reactive powers. 
Hence, all of the DGs with the droop controller can 
autonomously share the total load power in an islanded 
microgrid. 

From the droop controller, the DG output voltage reference 
is defined as follows: 

  . (3) 

In (3), the voltage reference of the droop controller only 
consists of fundamental components. Therefore, when a 
nonlinear load is connected to the grid, the uncontrolled 
harmonic currents distort the PCC voltage and reduce system 
stability. 

B. Reactive Power Sharing Issue 

In a DG transmission system, the line impedance is mainly 
inductive because of the LCL filter inductance, and the output 
reactive power of the ith DG (i=1,2) is approximated as 
follows [16]: 

  , (4) 

where  is the line reactance of the ith DG. By 

substituting (2) into (4), the reactive power sharing error ( ) 

is obtained as follows: 

  (5) 

It is assumed that the two DGs have the same rated power 

 for the sake of a simple analysis. Thus,  in (5) 

becomes zero only when . However, the 

line inductance among the DGs is not the same ( ) 

due to different DG locations. Therefore, the reactive power 
sharing error  in (5) is inevitable. Furthermore, since the 

parasitic line resistance is neglected in (5), the reactive power 
sharing accuracy cannot be guaranteed in practical 
applications. Therefore, it is necessary to compensate the  
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Fig. 3. Equivalent circuit of 2 DGs for the fundamental frequency. 
 
mismatched line impedance to achieve accurate reactive 
power sharing. 

 

III. PROPOSED CONTROL STRATEGY 

A. Resistive-Capacitive Virtual Impedance 

In order to compensate the mismatched line impedance, a 
virtual capacitance is proposed to counteract the effect of the 
physical line inductance in (5). In addition, a virtual 
resistance is also considered to compensate for the effect of 
the parasitic line resistance. The equivalent circuit of two 
paralleled DGs for the fundamental frequency is shown in Fig. 
3. The proposed virtual resistor ( ) and capacitor ( ) of 

the ith DG in Fig. 3 are regulated by using the following 
external control loops: 

 , (6) 

 , (7) 

where  and  are the reference active and reactive 

powers, which are calculated by the microgrid central 
controller (MGCC): 

 , (8) 

 , (9) 

where  is the total number of DGs in the microgrid. The 

RC virtual impedance at the fundamental frequency  is 

obtained as follows: 

 . (10) 

Bode diagrams of  with a number of specific values 

are shown in Fig. 4. From Fig. 4, it is obvious that the RC 
virtual impedance in (10) combines all of the characteristics 
of the resistance and capacitance. When compared to the 
conventional methods [7], [8], which only regulate the 
magnitude of the virtual impedance, the proposed control 
method can flexibly control both the phase and magnitude of 
the virtual impedance. Thus, the proposed RC virtual impedance  

 

Fig. 4. Bode diagrams of the RC fundamental virtual impedance.  
 

 
Fig. 5. Equivalent circuit of 2 DGs for the harmonic frequency. 
 
overcomes the phase difference issue in the conventional 
method, and the line impedance mismatch among DGs is 
effectively compensated. 

B. Harmonic Voltage Compensation 

In order to compensate the PCC harmonic voltage, the 
proposed resistive-capacitive virtual impedance can be 
extended for the harmonic frequency to regulate the harmonic 
current. Fig. 5 shows an equivalent circuit of a microgrid for 
the harmonic frequency. From Fig. 5, the proposed RC virtual 
impedance is coordinated with the line inductance to form a 
virtual passive filter. By controlling the RC virtual impedance, 
the passive filter resonance is adaptively regulated to meet 
the PCC harmonic frequency, and the PCC voltage distortion 
is compensated. 

To show the effectiveness of the proposed RC virtual 
impedance, Bode diagrams of the DG equivalent impedance 
at the 3rd harmonic frequency are plotted in Fig. 6. The DG 
equivalent impedance at the 3rd harmonic frequency is 
reduced significantly thanks to the RC virtual impedance. 
Therefore, the DG absorbs more of the load harmonic current, 
and the 3rd PCC harmonic voltage is compensated. 

In the ideal case, the virtual harmonic resistance ( ) is 

set as zero to compensate the PCC voltage with a high 
performance. However, the ideal value of  reduces the 

system stability due to the increased sensitivity to PCC voltage 
harmonics variation [17]. Therefore, the value of  should 

be large enough to enhance the system damping and small 
enough to maintain the harmonic compensating performance.  
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Fig. 6. Block diagrams of the DG equivalent impedance at the 3rd 
harmonic frequency with the RC virtual impedance. 
 

 

Fig. 7. Block diagram of the proposed control method.  
 
To satisfy these constraints, the virtual harmonic resistance is 
chosen from 0.1Ω to 3Ω [17], [18]. In this paper, the virtual 
harmonic resistance ( ) is set as 0.1Ω, while the virtual 

harmonic capacitance ( ) is adjusted continuously: 

 , (11) 

where  and  are the reference and present values 

of the hth PCC harmonic distortion, and  is given as: 

 , (12) 

where  and  are the RMS values of the PCC  

 
Fig. 8. Bode diagrams of multi non-ideal PR controllers. 

 

 

Fig. 9. Block diagram of the inner voltage and current control 
loops. 
 

harmonic and fundamental voltages, respectively. To reduce 
the DG computation burden, the MGCC measures and 
extracts the PCC harmonic components. These values are 
sent to all of the DGs in the microgrid. A block diagram of 
the proposed control method is shown in Fig. 7. 

C. Inner Voltage and Current Controllers 

In order to effectively track the voltage reference, the 
following multiple non-ideal proportional-resonant (PR) 
voltage and current controllers are applied to regulate the DG 
output voltage: 

  , (13) 

  , (14) 

where  and  are the proportional gains,  is the 

resonant gain of the PR controller, and  and  are the 
cut-off frequency and resonance frequency of the PR 
controller, respectively. 

Fig. 8 shows Bode diagrams of the non-ideal PR controller 
with different values of . From Fig. 8, it is obvious that 
the PR controller has a high gain at both the fundamental and 
harmonic frequencies for enforcing a small steady-state error. 
Since a disturbance always exists in islanded microgrids, the 
PR controller bandwidth needs to be optimized to ensure 
system stability. For this purpose,  is chosen as 1 rad/s to 
minimize the system disturbance and the steady-state error. A 
block diagram of the inner voltage and current control loops 
is shown in Fig. 9. 
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Fig. 10. Bode diagrams of the DG voltage gain . 

 

 

Fig. 11. Bode diagrams of the DG output impedance and 

. 

D. Output Impedance Analysis 

The closed-loop transfer function of the system without 
considering the virtual impedance is obtained from Fig. 9: 

 . (15) 

In (15),  and  are the transfer functions of 

the DG voltage gain and the output impedance, respectively, 
which are given below: 

 , (16) 

 . (17) 

By considering the proposed RC virtual impedance, the 
DG output impedance  is modified as follows: 

 . (18) 

To evaluate the effectiveness of the proposed controller, 
the frequency-amplitude characteristic of the DG voltage gain 

 is plotted in Fig. 10. From Fig. 10, the magnitudes of 

 are equal to 1 for all of the 1st, 3rd, 5th and 7th frequencies.  

TABLE I 
SYSTEM PARAMETERS 

Parameters Values Parameters Values 

iPK  0.5e-2 1fL  1.2mH 

iQK  5e-2 
1fR  0.02Ω 

ihK  1e-3 OL  1.2mH 

PIK  2 
fC  20uF 

PVK  1.0 PiG  0.012 

IVhK  20 QiG  0.015 

ln1Z  0.1+0.39j Ω 0V  110V 

ln2Z  0.15+0.7j Ω 0  377 rad/s 

ln3Z  0.2+1.1j Ω CV  1 rad/s 

Load Change
 

10Ω 
45mH 3,5,7refHD  1% 

 
In addition, the voltage drop between the voltage reference 
and the DG output voltage becomes zero. Furthermore, the 
phase of  at both the fundamental and harmonic 

frequencies is close to 0, which shows that the output voltage 
has zero phase delay. Thus, it can be said that the inner 
controllers perfectly track the voltage reference. 

Fig. 11 shows Bode diagrams of the DG output 

impedances  and . From Fig. 11, it is clear 

that the modified output impedance  has a sufficient 

gain at both the fundamental and harmonic frequencies to 
compensate the mismatched line impedance as well as the 
PCC voltage harmonics. As a result, reactive power sharing is 
accurately achieved, and the system dynamic performance is 
guaranteed even if the load changes. In addition, the PCC 
voltage harmonics are effectively compensated by means of 
the RC virtual impedance. 

 

IV. EXPERIMENTAL RESULTS 

The effectiveness of the proposed control method is 
experimentally verified with 3 DGs in Fig. 1, and the 
experimental parameters are given in Table I. The DGs are 
controlled using a Texas Instruments DSP TMS320F28379D 
microcontroller, and the laboratory islanded microgrid system 
with 3 DGs is shown in Fig. 12. 

Fig. 13 shows the power sharing performance of the 
microgrid with the proposed controller. From Fig. 13, the 
active power is shared equally among the DGs with the 
conventional droop controller. However, the reactive power is 
not accurately shared due to the mismatched line impedance. 
When the proposed controller is applied, the RC virtual 
impedance is inserted to compensate the unequal line impedance. 
As a result, the reactive power sharing is accurately achieved 
after a short transient period as shown in Fig. 13. In addition, 
accurate active power sharing is still guaranteed during 
reactive power compensation with a small transient oscillation  
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Fig. 12. Laboratory islanded microgrid system.   

 

 
Fig. 13. Power sharing performance with the proposed controller. 

 

 
Fig. 14. Performance of the PCC harmonic voltage compensation.  

 
by means of the proposed virtual resistance. Furthermore, the 
RC virtual impedance is continuously tuned to keep accurate 
power sharing even though harmonic compensation and load 
power changes, as can be seen in Fig. 13. 

Fig. 14 shows the performance of the PCC harmonic voltage 
compensation. From Fig. 14, HD3, HD5 and HD7 are initially 
5.6%, 3.1% and 2.2%, respectively. It can also be seen they are 
all reduced to 1% with a smooth response after compensation. 
In spite of load changes, the harmonic compensation shows 
good dynamic performance. In order to investigate the 
transient performance of the proposed controller, the PCC 
voltage is measured and shown in Fig. 15. In Fig. 15, the 
PCC voltage harmonics are seamlessly compensated without 
any oscillations or fluctuations, and the desired harmonic 
distortions are accurately achieved. From these experimental  

 

Fig. 15. PCC harmonic voltage quality with the proposed 
controller.  

 
results, it can be seen that the proposed RC virtual impedance 
method shows a good performance with a fast and smooth 
response. 

 

V. CONCLUSIONS 

This paper has eliminated the reactive power sharing error 
by proposing the use of RC virtual fundamental impedance to 
compensate the mismatched line impedance This study 
proposed RC virtual fundamental impedance to compensate 
for mismatched line impedance to eliminate the reactive 
power sharing error. In addition, the desired PCC harmonic 
compensation is accurately achieved by considering the RC 
virtual impedance at harmonic frequencies. The RC virtual 
impedance is regulated by an external control loop in a DG. 
In addition, its impedance values are adaptively tuned to 
ensure accurate reactive power sharing in spite of the load 
power changes. A number of experimental results show the 
effectiveness and feasibility of the proposed control method. 
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