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Distributed power sources are generally connected to the microgrid through inverters. However, due to the
output line impedance mismatch, it will result in the traditional droop control not being able to achieve accurate
reactive power sharing. To address this problem, this paper proposes an improved droop control strategy based
on virtual impedance. The output reactive power mismatch term is introduced into the droop control as a
feedback signal to achieve the adaptive adjustment of virtual impedance and improve the accuracy of reactive
power sharing. Meanwhile, the adaptive regulation strategy of secondary frequency and voltage recovery is
proposed. The frequency offset and voltage offset during the stable operation of the system are compensated.
Finally, the three inverters parallel system of isolated microgrid is built in matlab/Simulink for simulation
study. The reactive power output of the parallel system without adaptive virtual impedance is compared to the
reactive power output of the parallel system without adaptive virtual impedance (Q1 = 3000var, Q2 = 2000var ,
Q3 = 1000var ) in 0 − 2 s. The output reactive power of the parallel system with the addition of the adaptive
virtual impedance is Q1 = Q2 = Q3 = 2000 var. the addition of the virtual impedance achieves good power
equalization. At the same time, the secondary voltage and frequency strategies are added so that the output
voltage and frequency of the parallel system after adding the adaptive virtual impedance are restored to 311 V
and 50 Hz from the original 310 V and 49.7 Hz. The frequency and voltage offsets are compensated. The
simulation results verify the effectiveness and feasibility of the proposed control strategy.
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1. Introduction

With the rapid development of the national economy and
the massive popularity of the concept of green energy. It
has increased people’s attention to renewable energy, and
also increased the penetration rate of renewable energy in
the power grid. It makes distributed generation technology
gradually enter the modern energy field [1–3]. Microgrids
are small-scale grids formed by distributed power sources
and loads, and are also an effective way of integrating
renewable energy sources. Microgrids can work in both
on-grid and off-grid operation modes, which enhances grid

flexibility and reliability. It also improves power quality
and user availability [4–6]. when the microg-rid operates
on-grid. The main grid provides frequency and voltage
reference values for the microgrid and exchanges power
with the microgrid through contact lines. In contrast. In
the off-grid state, system frequency and voltage stability
are maintained by the microgrid itself. And it is necessary
to maintain the balance of supply and demand between
the microgrid and the users at all times. Otherwise, it
will cause the system frequency and voltage to deviate
from their rated values, making the system up to unstable
operation.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.6180/jase.202501_28(1).0005


42 Baoge Zhang et al.

Droop control that mimics the idea of synchronous gen-
erators has the advantages of eliminating the need for com-
munication interconnection lines and high reliability. It
becomes the main control method of isolated microgrid
inverter. Droop control has the function of regulating the
DC microgrid voltage while satisfying the balanced power
distribution of each DG. Therefore, droop control has been
widely adopted in microgrids. For example. In the lit-
erature [7], an improved droop control strategy with sec-
ondary regulation is proposed. An indirect equalization
method is used to distribute the load current of the shunt
alternator based on the shunt-type staggered voltage bal-
ancing. In the literature [8], the problem of not being able
to reasonably allocate the capacity due to different line
impedances is addressed. An improved droop control strat-
egy is proposed. The virtual negative impedance is used
to compensate for the difference between line impedances,
and the proportionally accurate equal distribution of power
is accomplished. In the literature [9], a self-tuning con-
troller based on reliable sag coefficient is proposed. When
the transmission line changes, the reasonable sharing of
power among inverters is achieved by adjusting the param-
eters of the controller. The system frequency is maintained
constant at the same time. The stability of system operation
is improved. In practical applications, P-f and Q-V droop
control methods should be used when the line reactance is
much larger than the resistance. P-V and Q-f control should
be selected when the line resistance is much larger than the
reactance [10]. However, due to line impedance mismatch
and frequent load casting and cutting, the reactive power
cannot be reasonably balanced. It leads to the reduction of
system stability. Therefore, how to adopt a more reasonable
droop control is the primary problem solving nowadays
[11]. In order to compensate for the frequency and voltage
offset caused by the traditional droop control. Secondary
coordinated control needs to be introduced to compensate
for the voltage and frequency offset, so that the frequency
and voltage are synchronous with the original set values.
Improving the power quality of the microgrid.

Secondary coordinated control is mainly applied in the
important area of microgrid voltage and frequency offsets.
The corresponding voltage and frequency adjustments are
obtained with the help of the output frequency and output
voltage between each DG. The adjustment amount is fed
back to the conventional droop control for compensation so
that the output voltage and frequency are approximated to
the rated values. The system is restored to a stable operat-
ing state. Secondary coordinated control is subdivided into
centralised and distributed control methods [12, 13]. The
more traditional centralised control method uses the micro-

grid central processor to detect the system corner frequency
and voltage. The primary control reference is then set by
PI control. Although it has the advantages of fast response
and rapid system convergence, it still has the shortcom-
ings of cumbersome communication and poor robustness.
And for real-time and reliability requirements are high, the
slightest error will cause very serious consequences. On the
contrary, the distributed control method does not need a
central processor to collect information. Only need to com-
plete the information exchange between nearby controllers.
And the response speed can be improved by processing
data in parallel [14].

Scholars have proposed a variety of control methods to
address the problem of microgrids’ inability to reasonably
distribute power in a balanced manner. In the literature
[15], a method is proposed by changing the droop curve.
The method of dynamically adjusting the droop coefficient
is used to achieve accurate distribution of reactive power.
However, too large droop coefficients lead to large devi-
ations in the system output voltage, which reduces the
stability of the microgrid system. In the literature [16],
an improved droop control based on virtual negative re-
sistance is proposed. The virtual negative resistance is
used to offset the resistive part of the line and improve
the inductive resistance of the inverter output impedance.
Reasonable equal distribution of output power of each in-
verter is achieved. And the accuracy of power distribution
is improved. However, it also reduces the output voltage
and the stability of the system. For the problem of volt-
age and frequency shifts caused by the described power
equalization. In the literature [17], an improved adaptive
sectional sag control method is proposed. While improving
the power allocation accuracy, it also improves the bus volt-
age excursion rate. The stability of the system operation is
improved. In literature [18], the concept of voltage correc-
tion parameter is proposed in droop control. The correction
parameter is adjusted by feeding back the current of each
DG. The voltage offset is reduced. In the literature [19], an
improved droop control strategy based on adaptive virtual
impedance is proposed. While the power is reasonably
evenly divided, a voltage compensation link is introduced.
The deviation of the output voltage from the rated voltage
is eliminated.

On the basis of existing research. In order to solve
the problem that the power cannot be reasonably divided
equally and the voltage and frequency shifts due to dif-
ferent line impedances. In comparison with the tradi-
tional droop control, this paper presents a study of a micro-
grid secondary control strategy based on adaptive virtual
impedance. The significant contributions of the proposed
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work are set out below:

1. In contrast to the two inverters study. The adaptive
virtual impedance based secondary control strategy
for microgrids proposed in this paper is applicable to
three and more inverter operations. It increases the
number of inverters working. Meeting the needs of a
wider range of customers.

2. The adaptive virtual impedance control strategy pro-
posed in this paper communicates through its own DG
information and neighbour information. It generates
adaptive virtual impedance and thus compensates the
difference between line impedances. The problem of
the difficulty of measuring impedance online is solved.
It compensates the line impedance in real time and
achieves the accurate sharing of power.

3. The secondary control strategy proposed in this pa-
per. The output voltage and frequency are used to
obtain the corresponding trimming amount, which is
fed back to the primary control for frequency and volt-
age compensation. So that there is no frequency and
voltage offset in steady state. The voltage-frequency
dips caused by the droop control and the introduction
of virtual impedance are solved. Improving the power
quality of the microgrid.

4. The proposed control strategy is compared with the
conventional droop control strategy. And the effec-
tiveness of the proposed control strategy is verified by
simulation in matlab/Simulink.

2. Traditional droop control strategy

Fig. 1 shows the distributed structure of the microgrid in is-
landing mode. It consists of distributed power supply (DG),
LC filter, line impedance and control structure. Among
them, the control part includes power calculation, droop
control, voltage and current double closed loop, and sec-
ondary control. In the Figure 1, uod and uoq are the d-axis
and q-axis components of the capacitive voltage uoabc af-
ter coordinate transformation. iod and ioq are the d-axis
and q-axis components of the capacitive current ioabc af-
ter coordinate transformation. iLd and iLq are the d-axis
and q-axis components of the inductive current iLabc after
coordinate transformation. Pi and Qi are the inverter out-
put active and reactive power, respectively. ω0 and u0 are
the rated angular frequency and rated voltage amplitude,
respectively. udref and uqref are the d-axis and q-axis com-
ponents of the input voltage after droop control. i∗Ld and
i∗Lq are the output currents after voltage loop control, as
the given values of the current loop. u∗

d and u∗
q are the

current loop output voltage values, which are used as the
given values for the SPWM controller. ∆ωi and ∆ui are the
secondary control angle frequency and voltage reference
values.

Fig. 1. Microgrid distributed control structure

Droop control enables the DG units to work indepen-
dently in islanded operation mode, enabling "plug-and-
play" operation without the need to communicate with
each other. The simplified model of inverter parallel con-
nection is shown in Fig. 2. where Ui∠ϕi and Zi are the
output voltage and equivalent output impedance of the mi-
crosource, respectively. ZL is the load impedance. Up∠0◦

is the bus voltage at the common point.

Fig. 2. Simplified diagram of inverter parallel connection

When the DG unit is connected to the common AC bus
through the line impedance. the active and reactive power
injected into the bus by the DG can be expressed as

{
Pi =

UiUP cos δi−UP
2

Zi
cos θi +

UiUP
Zi

sin δi sin θi

Qi =
UiUP cos δi−UP

2

Zi
sin θi − UiUP

Zi
sin δi cos θi

(1)

Then bring the line impedance Ziejθi = Ri + jXi into the
Eq. (1) can be obtained
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 Pi =
Ui

R2
i +X2

i

[
Ri

(
Ui − Up cos δi

)
+ XiUP sin δi

]
Qi =

Up

R2
i +X2

i

[
Xi

(
Ui − Up cos δi

)
− RiUi sin δi

] (2)

In Eqs. (1) and (2), Up is the common point bus voltage
amplitude. Ui is the microsource DG output voltage am-
plitude. δi is the power angle between Ui and Up.Zi and θi

are the impedance value and phase corresponding to the
line impedance, respectively.

The equivalent output impedance in the actual low-
voltage microgrid system is resistive. There is severe
coupling of the inverter output power, which will cause
the droop control to be unusable. However, some micro
sources need to be boosted by a transformer to meet the
working requirements in practice. And the distributed
power supplies are generally connected to the system
through LC filters. Therefore the presence of filters and
transformers makes the equivalent output impedance of
the distributed power supply approximately inductive,
which facilitates the use of droop control [20]. In this paper,
the equivalent output impedance is studied analytically as
an example of inductance. And considering that δi is gener-
ally small, an approximation can be made and considered
sin δi = δi, cos δi ≈ δi [21, 22]. Then the microgrid output
power expression can be simplified as Pi =

Ui ·Upδi
Xi

Qi =
Up(Ui−Up)

Xi

(3)

From Eq. (3), it can be obtained that the active power
is strongly dependent on the power angle δi. The reactive
power is mainly influenced by the voltage magnitude dif-
ference. Therefore, the droop control can be expressed as
[23]

ωi = ω0 − miPi (4)

Ui = U0 − niQi (5)

In Eqs. (4) and (5), ω0 and U0 are the angular frequency
and amplitude of the output voltage at no-load condition.
mi and ni are the frequency and voltage droop coefficients
of DG. The resistive component in the line impedance is
high in the low-voltage microgrid, which leads to a strong
coupling between the system output power and reduces
the system stability. Therefore, the traditional droop control
does not meet the system requirements, so it is necessary
to add virtual inductors to the droop control to make the
line inductive in the end. The power is decoupled to meet
the user requirements as much as possible.

3. Power analysis and graph theory

3.1. Power Analysis

In the operation and control process of microgrid. When
multiple distributed power sources act together on the
load, the active power is realized by P-f droop control.
When the system enters the steady state, the frequency is
homogeneous in the whole network. Therefore, each droop
factor is set according to Eq. (4) to satisfy Eq. (6). So that
the active power can be reasonably distributed. The active
power and active droop factor are inversely proportional
to each other.{

ω1 = ω2 = . . . = ωn
m1P1 = m2P2 = . . . = mnPn

(6)

In the microgrid operation and control. The reactive
power is mainly realized by Q-U droop control. In order to
enable the reactive power to be distributed proportionally,
the corresponding reactive power droop factor is inversely
related to the reactive power.

n1Q1 = n2Q2 = . . . = nN QN (7)

According to the analysis of traditional droop control
and inverter output power. Bringing Eq. (5) into Eq. (3)
yields the reactive power expression as

niQi =
Up

(
U0 − Up

)
Xi
ni

+ UP
(8)

Combining Eqs. (7) and (8) yields

X1
n1

=
X2
n2

=
X3
n3

= . . . =
XN
nN

(9)

From Eq. (9), the droop factor and line impedance must
vary proportionally if a reasonable equalization of reactive
power output is to be achieved. At the same time, under the
joint action of Eq. (7). The line reactance and reactive power
must be inversely related. Therefore, to solve the problem
that the reactive power cannot be reasonably equalized due
to different impedances. The virtual electric induction is
designed according to the configuration principle of Eq. (10)
[24].

X1
X2

=
n1
n2

=
Q2
Q1

(10)

Due to the inability to achieve mutual matching be-
tween each DG line impedance, the conventional droop
control cannot achieve accurate distribution of reactive
power. Therefore, in actual practice, a sufficiently large
virtual reactance value (Xv >> Rv + jXv) is generally
added to match different line impedances to achieve power
decoupling control.
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Xv,i = X∗
v,i + ∆Xv,i (11)

In Eq. (11), Xv,i is the equivalent virtual reactance value
implemented by the DG controller. X∗

v,i is the static vir-
tual reactance that ensures that the line becomes inductive.
∆Xv,i is the adaptive virtual reactance for accurate reactive
power distribution. The equivalent output impedance of
the line after the introduction of the virtual reactance is
expressed as

Xi = Xline ,i + Xv,i (12)

In Eq. (12), Xline, i is the output line impedance value
of each DG. With the action of Eqs. (10) to (12). The rela-
tionship between line impedance, virtual impedance and
power when multiple inverters are connected in parallel
can be derived as

(
Xline ,1 + X∗

v,1 + ∆Xv,1
)

Q1 =
(
Xline ,2 + X∗

v,2 + ∆Xv,2
)

Q2

= . . . =
(
Xline ,N + X∗

v,N + ∆Xv,N
)

QN
(13)

In the Eq. (13), the line impedance Xline ,1 ̸= Xline ,2 ̸=
. . . Xline ,N is not the same. By the adaptive compensation of
∆Xv,i, the adaptive virtual reactance is made to compensate
for the effects due to different line impedances. The reactive
power can be precisely and reasonably shared among DGs.

Adding a virtual inductor to the system allows for accu-
rate reactive power sharing. However, it also increases the
total impedance of the line, causing voltage dips. The volt-
age dip at the output of the system becomes more severe
as the added inductance increases.

U∗
ref = Uref − Xv,iiod (14)

In Eq. (14), U∗ ref is the output voltage reference after
adding the virtual inductor. Uref is the voltage reference
value of the conventional droop control output. iod is the
output current ioabc obtained after coordinate transforma-
tion of the d-axis current. From Eq. (14), it can be concluded
that the original reference voltage produces a dip under the
action of the virtual inductor. At the same time, it will make
the system output voltage will also produce dip, affecting
the power quality of the system output. Therefore, it is
necessary to adopt relevant control strategies to improve
the voltage dip problem.

3.2. Graph Theory

In the case of distributed control, a topological directed
graph describing the topology between agents is taken for
analysis. The communication topology graph is denoted
by G = (V, E, A). It is composed of a vertex nonempty

finite set V = {1, 2, . . . , N}, an edge set E ∈ V × V and
an adjacency weighting matrix A =

[
aij

]
. If a path exists

between nodes i and j, the topology graph G is called a
connectivity graph. The nodes between directed graphs
represent each DG agent in the microgrid. The edges de-
note the communication lines between DGs. where

(
vi, vj

)
denotes the information obtained by agent i from agent j.
For directed graphs, agent i can only receive information
from neighbor N =

{
j ∈ N

(
vi, vj

)
∈ E

}
.aij is the weight

of edge
(

vi, vj

)
if
(

vi, vj

)
∈ E then aij = 1 and vice versa

aij = 0.

4. Adaptive virtual impedance control

The difference between line impedances is an important fac-
tor that prevents reasonable equalization of reactive power.
Virtual impedance is a software control technique that can
change the equivalent line impedance of the inverter. On
the one hand, it solves the problem of line resistance compo-
nent. And on the other hand, it reduces the cost and power
loss. However, the line impedance changes with the envi-
ronment and other factors. When multiple inverters work
together, the process of measuring line impedance is more
complicated and precise measurement cannot be achieved.
Therefore, this paper proposes a method of adaptive virtual
impedance with reactive feedback, which solves various
problems such as online measurement difficulties and inac-
curacies. In conclusion. The coordinated control of reactive
power sharing is a regulator synchronization problem for
first-order linear multi-intelligent systems [25].

niQi = uQi (15)

In Eq. (15), each inverter’s own information is used
together with its neighboring information as an auxiliary
control for reactive power mismatch.

uQi = −CnQeni Qi (16)

In Eq. (16), CnQ is the coupling gain. enQ,i is the reactive
power sharing error.

eni Qi = ∑
j=Ni

aij

(
niQi − njQj

)
(17)

In Eq. (17), aij is the adjacency matrix. From Eqs. (15)
to (17), the virtual impedance correction term can be ob-
tained as shown in Eq. (18)

∆Qi =

(
kL,p +

kL,i

s

)
uQi (18)

In Eq. (18), ∆Qi is the virtual impedance correction term.
kL,p and kL,i are the proportionality and integration coeffi-
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cients used to adjust the virtual inductance correction term,
respectively.

Based on the above analysis, the adaptive virtual in-
ductor control block diagram can be obtained as shown in
Fig. 3. Using each DG to communicate with each other to
obtain the reactive power mismatch term. The mismatch
term is passed through the proportional integration con-
troller to generate the impedance correction term ∆Qi. The
adaptive virtual inductance is then obtained by making a
difference with the static virtual reactance phase.

Fig. 3. Adaptive virtual impedance control block diagram

According to Fig. 3, the adaptive virtual inductor can
be obtained as shown in Eq. (19). When reactive power
cannot be precisely equalized, the reactive power mismatch
generated by the local neighbor reactive power information
is used to adaptively adjust the virtual inductor.

Lv,i = L∗
v,i − ∆Qi (19)

In Eq. (19), L∗
v,i is the static virtual inductance of each

DG line for compensation, mainly used to ensure that the
line becomes inductive. Lv,i is the adaptive virtual induc-
tance value. The expression of the inverter output voltage
reference in the dq coordinate system after the introduction
of the virtual inductance is{

U∗
d_ref = Ud_ref + Xvioq − Xv

ω
diod
dt

U∗
q_ref = Uq_ref − Xviod − Xv

ω
dioq
dt

(20)

In Eq. (20), U∗
d_ref and U∗

q_ref are the components of
the voltage reference in the d-axis and q-axis after adding
the virtual impedance. Ud_ref and Uq_ref are the compo-
nents of the voltage reference in the d-axis and q-axis of
the conventional droop control output. iod and ioq are the
components of the capacitor current ioabc in the d-axis and
q-axis after coordinate transformation.

Fig. 4 shows the droop characteristic curves before and
after the introduction of the virtual inductor. Where, Qi

and Ui are the reactive power output and voltage values of
the inverter corresponding to the conventional droop. Q′

i

and U′
i are the reactive power output and voltage values

of the inverter after the introduction of the virtual inductor.
∆Q and ∆′Q are the reactive power difference before and
after the introduction of the virtual inductor. It is observed

from Fig. 4. The introduction of the virtual inductor re-
duces the reactive power difference between the inverters.
However, it also makes the output voltage drop from Up

to U′
p, which reduces the power quality of the microgrid.

Therefore, it is particularly important to compensate the
voltage using secondary coordination control.

Fig. 4. Droop characteristic curve before and after the
introduction of virtual inductor

5. Secondary coordinated control of microgrids

5.1. Secondary voltage control

The virtual impedance solves the power reasonable equal-
ization while reducing the voltage amplitude. In order to
compensate the voltage deviation caused by conventional
droop and virtual impedance. In this paper, a secondary
voltage compensation control strategy is proposed. Each
DG uses its own voltage output Ei and the voltage output
Ej of its neighboring DGs to obtain an estimate of the DG
voltage. The microgrid output voltage is restored to within
the acceptable range of the rated voltage.

Ēi(t) = Ei(t) + ∑
j∈Ni

aij

(
Ej(t)− Ei(t)

)
(21)

In Eq. (21), aij is the adjacency matrix, which is set to 1
for ease of analysis. Ēi is the estimate generated by DGi.
When the estimated value of the voltage does not want to
match with the microgrid reference voltage, then there is

uEi = U0 − Ēi (22)

In Eq. (22), uEi is the voltage mismatch value. In the case
of mismatch, the mismatch value is passed through the
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proportional-integral PI controller to generate the voltage
correction term ∆Ui.

∆Ui =

(
ku,p +

ku,i

s

)
uEi (23)

Eq. (23), ku,p is the proportional gain used to adjust the
voltage correction term. ku,i is the integration factor used
to adjust the voltage correction term. The resulting voltage
correction term is used to update the local voltage setting
value to restore the voltage to the rated value. According
to the above analysis, the secondary voltage recovery block
diagram can be obtained as shown in Fig. 5.

Fig. 5. Secondary voltage recovery control block diagram

Fig. 6. Block diagram of secondary frequency recovery
control

Fig. 7. System principle general control block diagram

Through the secondary voltage recovery control block
diagram in Fig. 5, we can obtain the output voltage expres-
sion after adding the secondary strategy as

Ui = U0 − niQi + ∆Ui (24)

In Eq. (24), Ui is the output voltage amplitude of each
DG after secondary control. U0 is the rated voltage value of

the inverter at no load. ∆Ui is the voltage correction term.
When the reactive power completes equalization, on top
of the original conventional droop control. By adding the
voltage correction term through the voltage secondary con-
trol, the voltage can be restored to the acceptable range of
the rated value. The power quality of the grid is improved

5.2. Secondary frequency control

By conventional droop control, the system operating fre-
quency is shifted relative to the rated frequency while
achieving active power equalization. This has a non-
negligible impact on the stable operation of the system.
Therefore, in order to compensate for the resulting fre-
quency deviation. In this paper, the secondary frequency
recovery control strategy is also proposed successively. The
corresponding frequency estimates are generated mainly
by the frequency output fi of each DG and the frequency
output f j of the neighboring DGs. In turn, the frequency
correction term is obtained. It is sent to the conventional
active droop control to restore the microgrid system fre-
quency to the rated value.

f̄i(t) = fi(t) + ∑
j∈Ni

aij

(
fi(t)− f j(t)

)
(25)

In Eq. (25), aij is the adjacency matrix, which is set to 1
for the convenience of analysis. f̄i is the frequency estimate
generated by DGi. In actual operation, when the frequency
estimate deviates from the grid frequency.

fFi = f0 − f̄i (26)

In Eq. (26), fEi is the frequency mismatch value. In order
to make the frequency coupled with the grid frequency.
The mismatch value is passed through the PI controller to
generate the frequency correction term ∆ fi.

∆ fi =

(
k f ,p +

k f ,i

s

)
fFi (27)

In Eq. (27), k f ,p is the proportional gain of the regulation
frequency correction term. k f ,i is the integration factor of
the regulation frequency correction term. The generated
frequency correction term is mainly used to update the
frequency setting value of each DG, so that the frequency
offset is within the acceptable range of the grid frequency.
According to the above analysis. The secondary frequency
recovery block diagram can be obtained as shown in Figure
6.

According to Fig. 6, it can be obtained after adding the
secondary control. The frequency recovery expression is

fi = f0 − miPi + ∆ fi (28)
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(a) Active power (b) Reactive power

(c) Bus voltage (d) System frequency

Fig. 8. Simulation results of conventional droop control

Table 1. System Simulation Parameters

Parameters/Units Take value Parameters/Units Take value
Udc /V 750 Lline3 3/mH 6
Rf/Ω 0.05 m 6e − 5
L/mH 1.5 n 3e − 4
C/µF 50 kL,p 1e − 4

Rline1 1/Ω 0.1 kL,i 1e − 3
Rline2 /Ω 0.1 ku,p 0.2
Rline3 3/Ω 0.2 ku,i 20

Lline1 1/mH 2 k f ,p 0.2
Lline 2/mH 3 k f ,i 20

In Eq. (28), fi is the final frequency output. f0 is the rated
frequency value of the inverter at no-load condition. ∆ fi

is the frequency correction term. Based on the traditional
droop control, the proposed secondary frequency control
strategy is used to compensate for the effect of frequency
deviation. The system frequency is restored to the rated
value to improve the stability of the system operation.

Fig. 7 shows the total control block diagram of the sec-
ondary system principle. The local and adjacent voltages Ei

and Ej output from the conventional droop control are sub-
jected to the proposed secondary voltage control to obtain
the improved voltage output Ui. The output frequencies fi

and f j are subjected to the proposed quadratic frequency
control to obtain the improved frequencies. The resulting
frequency fi is then factored to obtain the corresponding

angular frequency output ωi. Finally, the resulting voltage
Ui and ωi are applied together in a voltage-current double
closed loop.

6. Simulation analysis

The control strategy proposed in this paper has good con-
trol effectiveness and feasibility in multiple inverter sys-
tems. In this paper, Simulink simulation models are built
with three inverters as an example (two inverter systems
are not further described). The effectiveness of the pro-
posed control strategy is verified by comparing the con-
ventional droop control, the adaptive virtual impedance
control and the secondary voltage and frequency recovery
control. The effectiveness of the control strategy proposed
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(a) Active power (b) Reactive power

(c) Bus voltage (d) System frequency

(e) Adaptive virtual impedance

Fig. 9. Adaptive virtual impedance simulation diagram

in this paper is verified. Among them, the action time is:
1 s before three parallel inverters supply power to load
1(12 kW + 6kvar); at 1 s, in order to verify the control ef-
fect of the real droop control, the load is simulated to be
suddenly added and subtracted, and load 2(6 kW+ 3kvar)
is connected through the circuit breaker. At this time, the in-
verter provides energy for both loads together. The system
simulation parameters are shown in Table 1.

Fig. 8 shows the simulation results of conventional
droop control. Before and after the load surge, the active
power is reasonably equalized when the system reaches the
stable operation. However, at the same time, the system
frequency decreases relative to the rated frequency. Due to
the difference in line impedance of each DG output, the re-
active power cannot be balanced in the conventional droop.
And the reactive power output increases with the increase

of line impedance, on the contrary, the bus voltage shows a
small decreasing trend with the increase of line impedance.

Fig. 9 shows the graph of simulation results with the
introduction of adaptive virtual impedance. Under the ef-
fect of the virtual impedance, the reactive power output is
greatly improved compared to the conventional droop con-
trol when the system reaches the stable operation state. The
reactive power output of each DG achieves a good equaliza-
tion effect. The adaptive virtual impedance can be obtained
to eliminate the difference between line impedances and
achieve the reactive power equalization perfectly. And
it can be seen from (e) that the value of adaptive virtual
impedance is inversely proportional to the line impedance
value.

Fig. 10 shows the secondary control simulation diagram
at power equalization. The secondary control strategy is
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(a) Voltage correction (b) Voltage restoration

(c) Frequency correction (d) Frequency restoration

Fig. 10. Secondary recovery control simulation diagram

proposed for voltage and frequency reduction. Before and
after load variation, when the system reaches steady state
operation. The voltage and frequency correction terms
are generated using the output voltage and frequency of
each DG and fed back to the conventional droop control
to achieve voltage and frequency recovery. The voltage
is maintained at the rated voltage of 311V during stable
operation, and the frequency is also restored to the rated
value of 50HZ of the grid.

7. Conclusion

In this paper, the power distribution of microgrid under
conventional droop control is analyzed as an example of
low-voltage microgrid. And the conditions required for
power equalization are derived. For the problem that the
power cannot be reasonably divided equally due to dif-
ferent output line impedances. In this paper, an adaptive
virtual impedance method is proposed to generate adaptive
virtual impedance values through the power feedback of
each DG, which compensates the differences between line
impedances and achieves power equalization well. For the
voltage and frequency offset problems caused by the tradi-
tional droop control and virtual impedance, this paper pro-
poses a secondary control strategy for frequency and volt-
age recovery based on the traditional droop control. The
correction terms generated by the output frequency and

voltage are introduced in the conventional droop control,
and the frequency and voltage values are well recovered.
In the steady state operation, both voltage and frequency
can be recovered to the rated value to improve the power
quality of the microgrid. The simulation results show that
the proposed adaptive virtual impedance and voltage and
frequency secondary recovery control strategies are effec-
tive and feasible. The microgrid secondary control strategy
based on adaptive virtual impedance proposed in this pa-
per still has some deficiencies. The simulation study in this
paper is under low voltage off-grid. Whether the strategy
meets the requirements for the high-voltage grid or the
seamless switching between the two modes of operation,
grid-connected and off-grid, is not involved. This is also
the focus of the next research work to be carried out.
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