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Abstract

The microgrid consists of several distributed generation units and operates in two modes,
connected to the network and autonomous. A good microstructure, especially in autonomous
mode, requires a power management strategy. In an island microgrid, there are two methods of
centralized and decentralized control. In an island microgrid, the slope changes characteristic of
the frequency droop of the source frequency have the greatest effect on the dynamics of the
system's response to disturbances in the microgrid. In this paper, the inverter-based microgrid
droop control method in island operation mode is analyzed and simulated. The studied system has

three scattered sources and six local times. The simulation results are shown using MATLAB
software for different modes.

Keywords: Island Microgrid, Droop Control, Inverter Based Microgrid.

1. INTRODUCTION

Over the years, energy resources have been
one of the most important factors in the
economic, industrial, and scientific life of
countries, and national security and the
stability of government systems depends to a
large extent on access to energy resources
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[1-7]. And fossil energy sources do not meet
this need for future evolution [8, 9].
Therefore, the use of non-renewable energy
sources is increasing [10-15].

Scattered energy sources are the main
component of microgrids [16-19]. A set of
scattered sources and sensitive loads are
capable of being disconnected from the grid
and forming a self-operating microgrid. The
microgrid consists of a number of distributed
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generation units (renewable and non-
renewable), energy savers and loads that can
be controlled and provide electrical power
and heat if needed [20, 21]. Figure (1) shows
an example of a microgrid connecting
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different sources. Microgrid modeling varies
based on the components used. Scattered
storage resources are used to balance
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In the case of island work, the existence
of energy storage resources is very important
[22, 23]. One of the important cases in island
microgrids is to follow the load changes,
which due to the fact that most of the
resources in the microgrid are without the
inertia or with little inertia, there is a need for
an energy storage source in order to balance
in transient periods [24, 25]. The use of
batteries parallel to the dc link capacitor at the
inverter input and the use of energy storage
sources independently in different microgrid
locations are practical solutions to this
problem [26, 27].

In the case of permanent operation of an
island microgrid, energy storage resources
are used to compensate for the effect of
power changes on uncontrollable resources.
In the case of a transient network connection,
it is not very important because the possible
lack of microgrid power during the transient
period is compensated by receiving energy
from the network. But in the case of
permanent operation, economic issues can
show the importance of having scattered
storage resources in the microgrid. Therefore,
the microgrid is designed to purchase and
store cheap energy from the grid during off-
peak hours and to use the stored energy
during peak hours [28, 29].

The grid-connected control system must
control the sources so that each source
produces a certain amount of active and
reactive power. In island mode, there are two
methods of centralized and decentralized
control to achieve control goals such as
frequency control, voltage control, and
proportional load distribution between
sources. In the centralized control method, a

central controller, by receiving various
information from the network, generates the
necessary control signals and sends them to
the sources [30]. In this method, although
achieving control goals is easier, but due to
the need for a broadband telecommunication
channel, control of resources and their
stability will be directly dependent on the
establishment and accuracy of the operation
of this telecommunication  channel.
Therefore, the cost of the system increases
and its reliability decreases to some extent.
The main tasks of the microgrid control
system are [31, 32]:

A. Adjusting the voltage and frequency
in both operating modes connected to
the main and island network

B. Appropriate load sharing between
distributed energy sources

C. Maintaining microgrid stability

D. Controlling the power distribution
between the microgrid and the main
network based on economic policies

E. Synchronous transition between
network and island operating modes

To achieve the control objectives, a
hierarchical control structure according to
Figure (2) is required, which has three levels
of control: first, second and third.
Maintaining frequency and voltage stability
in the island state is the responsibility of the
first level [33, 34].

In order to prevent the adverse effects of
creating circulating flows between sources
due to the presence of local and common
loads, independent and proportional control
of active and reactive power in the island
microgrid at the first level of control is
performed. The second level compensates for
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the deviation in the frequency and voltage
values resulting from the application of the
first level control strategies. The third level
controls the power distribution between the
microgrid and the main network and ensures
optimal performance in accordance with
economic policies.

In the decentralized control method, each
source has an independent primary controller
that generates the required control signals
based solely on local measurements. In this
method, broadband telecommunication
signals are not used and the
telecommunication channel is used to
optimize the controllers or applications such
as energy management system and in fact in
the higher layers of the controller that do not
require wide bandwidth and are interrupted.
It does not interfere with the normal process
of resource control and microgrid stability
[35, 36].

The use of common drop characteristics
due to the possibility of local implementation
can improve the performance of the
microgrid and the load distribution between
units, regardless of the number and distance
of micron sources. These methods reduce the
generated active power by increasing the
frequency of the network and reducing the
amount of reactive power injected if the
network voltage level is increased by using
control ~ characteristics.  Typical  drop
characteristics are lines with a negative slope
on the frequency-active power (©-P) voltage-
reactive power (E-Q) plane. The input of
these characteristics is real and reactive
power and their output is the reference values
for the frequency and amplitude of the source
terminal voltage.

So far, various studies have been

conducted on the application of the drop
characteristic for microgrid control.

In reference [37], by writing all the
dynamic equations governing the system and
linearizing the equations, the model of each
component of the system is obtained and by
combining the model of different
components, the model of the complete state
space of the system is obtained. Then, by
analyzing the sensitivity analysis on the
eigenvalues of the system, it is shown that the
dominant poles of the microgrid have the
greatest dependence on the actual output
power of the scattered sources in it. In fact,
the presence of these special values causes
the power to fluctuate to the dynamic
response of the system and in more critical
conditions can lead to microgrid instability.
In this reference, it is also shown that by
reducing the slope of the characteristic ®-P,
the damping of power fluctuations can be
increased. It is clear that the use of such a
solution will reduce the speed of response of
scattered sources in the case of pursuing load
changes and increase the sensitivity of power
sharing to the operating point of the system.

In [38], by examining the different drop
coefficients and their effect on the
performance of the photovoltaic system and
the output power, the allowable range of
changing the drop coefficients in the island
performance mode is determined. Selecting
drop coefficients outside the allowable range
causes system instability.

In reference [39], in order to ideally
distribute reactive power and improve
stability in island microgrids, a method based
on mixed virtual impedance is proposed. The
proposed virtual impedance consists of two
parts which are resistance and inductance.
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The virtual impedance resistive term is
obtained to adjust the voltage drop at the
output of the E-Q characteristic by adjusting
the slope of the proposed ARv-P
characteristic. An integral control loop is
used to adjust the slope of the ARv-P
characteristic. The virtual impedance
inductive part adjusts the output current angle
of the sources with the aim of increasing the
inductive property of the system and
reducing the combination of active and
reactive power control.

In this method, a low-bandwidth
telecommunication link is used to send the
reference bus information to the local
controller of each micro-source to adjust the
virtual impedance.

Extraction and determination of the
allowable range of slope changes of drop
characteristics and its optimal adjustment
with the aim of ensuring voltage regulation
and optimal stability margin and increasing
the accuracy of power distribution are of
particular importance. In this paper, common
methods of microgrid control in an island
state are reviewed and the usual dropout
strategy for local control of an island
microgrid is analyzed by simulating the
studied system. The structure of the article is
as follows. The second section describes the
typical frequency and voltage drop
characteristics for dominant resistance or
dominant inductor networks. The third
section describes how to slump strategies
work. In the fourth part, the specifications of
the studied system are given along with the
specifications of the control system. In the
fifth part, the simulation results for the two
modes of the effect of switching common and
local loads, and the effect of slope changes of

drop characteristics on the accuracy of power
distribution and transient response of the
system are shown. Finally, the conclusion of
the article is stated in the sixth section.

2. VOLTAGE AND FREQUENCY
DROP CONVENTIONAL
CHARACTERISTICS

In high voltage and medium voltage
microgrids, the mains have a predominant
inductance. Therefore, assuming the network
is a inductive, the resistance property of the
lines can be ignored. In this case, the active
(Pi) and reactive (Qi) power relations for
inductive microgrids are:

V__E

R == sing )
EiV ccCOSé‘i -V ch

Q= : X : ()

where % is the load torque angle. The power
angle of each source is directly related to the
active output power and also the difference in
voltage drop is directly related to the reactive
output power of the source. Therefore, the
magnitude of the voltage and frequency of
the microgrid can be controlled using active
and reactive power. In microgrids with
predominant inductive properties, the usual
voltage and frequency drop characteristics
can be used as follows [40].

w-a,=-m (P-PR,) 3)
E-E,=-n,(Q-Q,) (4)

In these relationships, w-on and E-En
represent the deviation of the system
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frequency and voltage from the nominal
values, and p-Pn and Q-Qn are the mean
values of the active and reactive power of the
sources. In microgrids with predominant
inductance, by setting the mp and nq
parameters as the slope of the frequency and
voltage drop characteristics, the active and
reactive power of the sources can be used as
the input of the drop characteristics and
control the system voltage and frequency.

In low voltage microgrids, the lines have
the dominant resistance property. In this type
of microgrids, the inductive term of the line
impedance can be omitted. Therefore, the
relationships between the active power and
the reactive output of the source are
expressed as follows:

P =5(Ei -V ,.Cos5, )
R (5)
Q _Ei'Vpcc sins
L =—95I1No,
1 R 1

! (6)

Unlike inductive microgrids, the voltage
amplitude is controlled by the active power
and the system frequency is directly related
to the reactive power output of the sources.
Reverse drop characteristics for controlling
the voltage and frequency of resistive
microgrids are expressed as follows:

E-E,=-m, (P-P,) (7)

o-a,=n,(Q-Q,)) (8)

where mj, is frequency droop characteristic
and ngq is voltage droop characteristic.

The magnitude of the source voltage,
unlike the frequency, is a local quantity, so
the voltage drop characteristic cannot cause
the ideal division of reactive power in

inductive microgrids and active power in
resistive  microgrids. The impedance
inequality of the lines connected to the
sources, the existence of a pair between the
active and reactive powers of each source,
and also the limitation of the changes in the
size of the source voltage are the effective
factors in reducing the accuracy of power
distribution based on drop characteristics.

3. IMPLEMENTATION OF DROOP
STRATEGIES AND PERFORMANCE

As the load on the system increases, the
scattered resources in the microgrid do not
necessarily compensate for the new overload
in the same amount or in proportion to their
rated power. After a new load enters the
circuit, some of the resources in the
microgrid take on less production and some
more production. Based on the inherent
property of the -P characteristic, less
productive resources will have higher
frequencies and more productive resources
will have lower frequencies. Therefore, the
voltage of higher frequency sources will be
pre-phased compared to lower frequency
sources, and this pre-phase will increase over
time.

In an inductive network, the production
of active power is proportional to the
difference of the phase of the resources. For
this reason, the pre-phase output voltage in
less productive sources leads to an increase in
their production capacity. Given that in the
steady state the frequency of all sources
reaches the same value, the ©-P
characteristics eventually move the point of
the resource to the equilibrium point where
the output of each resource is proportional to
its nominal power.
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As new loads enter the circuit, some of
the resources in the microgrid are less
reactive and some more. According to the E-
Q characteristic, sources with lower output
will have higher terminal voltage and sources
with higher reactive output will have lower
voltage. In a network with inductive lines,
reactive power flows from the buses with a
larger voltage range to the buses with a
smaller voltage range. Therefore, the reactive
output power of resources with lower output
that has a larger voltage range will gradually
increase, and the reactive output power of
resources with higher output that has a
smaller voltage range will gradually
decrease. In a symmetric network in which
the output impedance of the sources is equal,
the mentioned process continues until the

Load 4

Relay 4

|

voltage drop on the output impedance of all
sources is equal and as a result the output
terminal voltage of all sources will be equal.
Therefore, considering the E-Q
characteristic, the reactive production of
resources reaches a common value. In this
case, the reactive power generation has
reached the ideal distribution, or in other
words, the reactive power sharing error is
zero. But in a real microgrid, the grid is
usually not symmetric and the output
impedance of the sources is different. For this
reason, the voltage droop across the network
impedances and consequently the different
bus voltages will not be equal. Therefore,
different sources will have different working
points in their E-Q characteristic and the ideal
sharing will not be achieved.

Distnibuted Generation 1

Fig. 3. The studied system with three distributed generation sources.
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Table 1. System specifications studied.

Parameter

Symbol Value

Nominal power of resources

Sn1=Sn2=Sn3 1 kVA

Nominal frequency fa 50 Hz

Dc link voltage Ve 208 V
Line impedance 1 Z; 1.6 +j245Q
Line impedance 2 Z; 1.1 +j1.508 Q
Line impedance 3 Z3 0.8+j1.130Q

Table 2. Control system specifications.

Slope

Symbol Value

Frequency droop
characteristic

0.00105 rad/(s.W)

Voltage droop characteristic

0.00250 V/VAr

Table 3. Inverter specification.s

Slope

Symbol Value

LC filter

Lr Lc 3mH, 75 pF

Switching frequency

10 kHz

In fact, unlike the ®-P characteristic,
which provides the ideal distribution for
active power due to the same frequency in the
network, in the case of the EQ characteristic,
due to the localization of the voltage
amplitude parameter, the ideal reactive
power distribution is achieved only when this
parameter Local (voltage) has the same value
at the output terminal of all sources, although
this problem is not usually achieved in a
microgrid with a general structure [41].

4. THE SYSTEM UNDER STUDY

The microgrid configuration of the under
study sample/system is shown in Fig. 3. This

microgrid consists of 3 DG units with similar
capacities that are connected in parallel to the
common bus and feed the local and common
loads. Loads L1 to L4 are local loads
connected to distributed generation sources
and loads L5 and L6 are common loads
connected to a common bus. The three DG
units have the same rated power of 1 kVA
and each includes a DC voltage source and an
inverter to convert DC voltage to AC voltage.
The inverter is connected to the microgrid via
an LC filter.

The specifications of the studied system
are given in Table 1. The local loads are the
same, equal to 1215 watts and 1030 watts.
The specifications of the control system and
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inverter are given in Tables 2 and 3.

5. SIMULATION RESULTS

In this part, the studied system is simulated
for two modes. First, the switching effect of
common and local loads on the changes of
active and reactive powers of the output and
output of the voltage and frequency drop
characteristics are shown and then the effect
of changes in the slope of the drop
characteristics on the power distribution
accuracy and transient response of the system
is investigated.

5.1. Switching the Common and Local
Loads

By changing the load on the island microgrid,
the inverter controller is expected to respond
quickly to the load change and distribute it
appropriately between sources.

In this case, first the microgrid is
launched without the presence of load 4.
Then, in 0.5 seconds, the local load enters the
system, and then in 1 second, the related keys
are disconnected and the local and common
loads, i.e. load 4 and load 5, are separated
from the network.

In the following, the simulation results of
active power output, reactive power, voltage
drop characteristic and frequency droop
characteristic of sources due to load changes
are shown. Given that the sources in the
studied microgrid have the same capacity and
the frequency drop coefficients are the same
for all sources, it is expected that the active
power required by the load will be evenly
distributed among the sources.

As shown in Fig. 4, the ideal distribution
of active power is obtained between the

sources, and all three sources have the same
share in the supply of load active power.
Resource point changes due to switching
common and local loads which do not cause
defects in the frequency control function and
active power, because frequency is a global
parameter and its changes spread like a
virtual telecommunication link in the
network and equalize active power. It is
produced by resources. It produces resources.

As shown in Fig. 5, it can be seen that
reactive power, unlike active power, is not
evenly distributed among sources.

Accordingly, in Fig. 6, it can be seen that
the output of the frequency drop
characteristic of all sources is equal
throughout  the  simulation interval.
Equalizing the output characteristic of the
resource frequency drop means dividing the
ideal active power. Also, the output of the
resource drop characteristic according to Fig.
7 is not equal due to the difference in the
parameters of the network lines.

As can be seen, the active power is
carefully divided between the sources using
the usual frequency drop characteristic.
However, using the usual voltage drop
strategy has caused a significant reactive
power distribution error. Based on the above
results, it can also be stated that sudden load
changes do not affect the accuracy of active
power distribution, while the reactive power
distribution error depends on the load
changes.

Please kindly note that the objective of
reactive power sharing is to properly share
reactive power among DGs according to their
reactive power ratings. In fact, reactive
power sharing is of paramount value in the
control of islanded microgrids. Unbalanced
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reactive power sharing can result in voltage
deviations, deteriorated quality of power
delivered to the customers, unplanned load
shedding, outage of DGs, and even instability
of microgrid. Given these facts, corrective
schemes are highly required to ensure the
optimality of reactive power sharing.

5.2. The Effect of Slope Changes of Falling
Characteristics

The response of typical frequency/voltage
drop characteristics for power distribution
between inverter voltage sources is relatively
slow and is usually accompanied by
oscillating currents. The slowness of the
dynamic response of typical fall control is
due to the use of medium resource power in
drop characteristics, which uses low-pass,
low-bandwidth filters to calculate the average
true and reactive power resource. Therefore,
the system dynamics are strongly influenced
by the characteristics of these filters as well
as the slope values of the drop characteristics.
On the other hand, because the slope of the
voltage and frequency drop characteristics is
determined and limited according to the
maximum acceptable deviation for the
frequency and amplitude of the output
voltage, so there is always a trade-off
between power distribution accuracy,
transient response correction and voltage
adjustment accuracy. Intrinsic is established.

In this section, to investigate the effect of
regulating the slope of the drop
characteristics on the accuracy of power
distribution, the response of the transient and
permanent state of the system and the
accuracy of voltage regulation, changes with
different drop coefficients have been

implemented.
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switching is associated with sluggish
dynamics, and this has led to a lack of
convergence of the point of work of
resources. In this case, the accuracy of the
active power distribution is definitely
reduced because the output of the
characteristic drop of the sources is not
converged.

In Figure (9) it can be seen that by
multiplying the frequency drop coefficient by
5 times and keeping the voltage drop
characteristic slope constant despite the
convergence of the frequency drop output,
the system response to resource operating
point changes is associated with highly
oscillating dynamics. Also, despite the fact
that the slope of the voltage drop
characteristic does not change, due to the
pairing between active and reactive power

Fig. 8. Output of temporal drop characteristics
for mp=0.00105 x 1.5, (a) The output of the
frequency drop characteristic, (b) Output
characteristic of voltage drop.

control, oscillating dynamics can be observed
in the output of the voltage drop
characteristic. Due to the increase in the MP
angular frequency, the output of the sources
is out of the allowed range (5% of the
nominal frequency). However, the output
voltage of the sources is still within its
allowable range (10% of the rated voltage).
The curves in Figure (10) and Figure (11)
are related to decreasing and increasing the
slope of the voltage drop characteristic,
respectively. Based on the simulation results,
it can be concluded that by reducing the slope
of the wvoltage drop characteristic, the
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deviation of the output voltage of the sources
from the nominal voltage of the network is
reduced and the voltage regulation condition
is improved. It can also be seen that the
reduction of the slope of the characteristic
voltage drop of the source voltage did not
have a significant effect on the response of
the transient and permanent state of the
system in the face of changes in the working
point of the sources. On the other hand,
increasing nq has increased the accuracy of
reactive power distribution due to reduction
of the output difference characteristic of the
voltage drop of the source voltage.
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Fig. 9. Output of drop characteristics for
m,=0.00105 x 5, (a) The output of the
frequency drop characteristic, (b) Output
characteristic of voltage drop.
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Fig. 10. Output of drop characteristics for
ny=0.0025 x 1/5, (a) The output of the
frequency drop characteristic, (b) Output
characteristic of voltage drop.

However, increasing the accuracy of
power distribution has been associated with a
weakening of the output voltage regulation of
the sources. So that it can be seen that the
output voltage characteristic of the source
drop is out of the allowable range.
Therefore, there is an inherent compromise
between the accuracy of reactive power
distribution and the accuracy of voltage
regulation. Also, due to the coupling between
active and reactive power control, a 5-fold
increase in the slope of the voltage drop
characteristic, despite no change in the
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Fig. 11. The output of the drop characteristics
for ng=0.0025 x 5, (a) The output of the
frequency drop characteristic, (b) Output
characteristic of voltage drop.

frequency drop coefficient, has caused slight
changes in the output of the frequency
characteristic. Therefore, by increasing the
slope of the frequency and voltage drop
characteristics, the effect of active and
reactive  power control coupling is
intensified. This will reduce the margin of
stability of the system.

It is necessary to focus on three control
levels in microgrids as primary, secondary,
and tertiary. These control levels differ in
their speed of response and the time frame, in
which they operate. The primary control is
the first level in the control hierarchy,

featuring the fastest response. The proposed
power sharing strategy, which is based on the
dynamics of inverters, relates to the primary
control level. On the other hand, the loads
have much slower dynamics than inverters.
This means that all loads in the period of
primary control level operation can be
deemed as constant impedance loads.

6. CONCLUSION

In this paper, common methods of microgrid
control in the island state were studied and
the usual dropout strategy for local control of
island microgrid was investigated and
simulated. The usual frequency drop strategy
causes the active power to be distributed
proportionally between the sources due to the
universality of the frequency parameter
throughout the network. The typical voltage
drop strategy is not accurate enough to divide
the reactive power between the sources of a
microgrid. Power distribution accuracy and
voltage / frequency regulation are inversely
related to the inherent nature of drop-down
strategies. It was also shown that by
increasing the slope of the frequency and
voltage drop characteristics, the coupling
between active and reactive power control is
intensified.

REFERENCES

[1] M. Najafi, S. Derakhshan,
“Maximizing energy storages revenue
using two-level model and considering
high influence of wind resources and
market balance constraints”, Signal
Processing and Renewable Energy, vol.
5, no. 1, pp. 15-40, 2021.



78 Farhang, Zanjani, Fani. Analysis and Simulation of Inverter- ...

[2] E. Hosseini, G. Shahgholian, "Partial- 1531-1542, Aug. 2011.
or full-power production in WECS: A [8] S. Gorji, S. Zamanian, M. Moazzami,
survey of control and structural “Techno-economic and environmental
strategies”, European Power base approach for optimal energy
Electronics and Drives, vol. 27, no. 3, management of microgrids using crow
pp. 125-142, Dec. 2017. search  algorithm”,  Journal  of

[3] M. Dolatshahi M. Hemmati, E. Intelligent Procedures in Electrical
Yaghoubi, S.M.A. Zanjani, “Providing Technology, vol. 11, no. 43, pp. 49-68,
a routing algorithm in network on chip 2020.
to reduce energy consumption and [9] G. Shahgholian, “An overview of
increase reliability with fuzzy neural hydroelectric power plant: Operation,
network and genetic programming”, modeling, and control”, Journal of
Journal of Novel Researches on Renewable Energy and
Electrical Power, vol. 10, no. 2, pp. 43- Environment, vol. 7, no. 3, pp. 14-28,
51, 2021. Summer 2020.

[4] B. Khajeh-Shalaly, G. Shahgholian, “A [10] G. Shahgholian, "Modelling and
multi-slope  sliding-mode  control simulation of low-head hydro turbine
approach for single-phase inverters for small signal stability analysis in
under different loads”, Electronics, vol. power system", Journal of Renewable
5, no. 4, Oct. 2016. Energy and Environment, Vol. 3, No. 3,

[5] G. Haghshenas, S.M.M. Mirtalaei, H. pp. 11-20, Summer 2016.

Mordmand, G. Shahgholian,"High [11] S.H. Mozafarpoor-Khoshrodi, G.
step-up boost-flyback converter with Shahgholian, "Improvement of perturb
soft switching for photovoltaic and observe method for maximum
applications”, Journal of Circuits, power point tracking in wind energy
Systems, and Computers, vol. 28, no. 1, conversion  system using fuzzy
pp. 1-16, Jan. 2019. controller”, Energy Equipment and

[6] S.M.A. Zanjani, Z. Azimi, M. Azimi, Systems, Vol. 4, No. 2, pp. 111-122,

“Assesment and Analyze Hybride Autumn 2016.
Control System in Distribution Static [12] M. Mahdavian, G. Shahgholian, M.
Synchronous  Compensator  Based Janghorbani, B. Soltani, N.
Current Source Converter”, Journal of Wattanapongsakorn, "Load frequency
Intelligent Procedures in Electrical control in power system with hydro
Technology, vol. 2, no. 7, pp. 59-67, turbine under various conditions",
2011. Proceeding of the IEEE/ECTICON, pp.

[71 G. Shahgholian, J. Faiz, M. Jabbari, 1-5, Hua Hin, Thailand, June 2015.

"Voltage control techniques in [13] M. Mahdavian, N. Behzadfar, “A

uninterruptible power supply inverters:
A review", International Review of
Electrical Engineering, vol. 6, no. 4, pp.

review of wind energy conversion
system and application of various
induction generators”, Journal of Novel


http://jeps.iaud.ac.ir/browse.php?a_code=A-10-205-6&sid=1&slc_lang=en
http://jeps.iaud.ac.ir/browse.php?a_code=A-10-205-6&sid=1&slc_lang=en
http://jeps.iaud.ac.ir/browse.php?a_code=A-10-205-6&sid=1&slc_lang=en
http://jeps.iaud.ac.ir/browse.php?a_code=A-10-205-6&sid=1&slc_lang=en
http://jeps.iaud.ac.ir/browse.php?a_code=A-10-205-6&sid=1&slc_lang=en
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Mahdavian,%20M..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Shahgholian,%20G..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Janghorbani,%20M..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Soltani,%20B..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Wattanapongsakorn,%20N..QT.&newsearch=true

Signal Processing and Renewable Energy, March 2022

79

[14]

[15]

[16]

[17]

[18]

[19]

Researches on Electrical Power, vol. 8,
no. 4, pp. 55-66, 2020.

A. Khosravi, A. Chatraei, G.
Shahgholian, S.M.Kargar, “Modeling
of K-250 compressor using NARX and
hierarchical fuzzy model”, Iranian
Journal of Electrical and Computer
Engineering, vol. 18, no. 3, pp. 191-
198, Autumn 2020.

J. Faiz, G. Shahgholian, M. Ehsan,
“Modeling and simulation of the single
phase voltage source UPS inverter with
fourth order output filter”, Journal of
Intelligent Procedures in Electrical
Technology, vol. 1, no. 4, pp. 63-58,
Winter 2011.

A. Tayebi, R. Sharifi, A. Salemi, F.
Faghihi, “Investigating the effect of
different penetration of renewable
energy resources on islanded microgrid
frequency control using a robust
method”, Signal Processing and
Renewable Energy, vol. 5, no. 2, pp.
15-34, 2021.

K. Khani, G. Shahgholian, "Analysis
and optimization of frequency control
in isolated microgrid with double-fed
induction-generators ~ based  wind
turbine”, Journal of International
Council on Electrical Engineering, Vol.
9, No. 1, pp. 24-37, Feb. 2019.

G. Shahgholian, K. Khani, M.
Moazzami, "Frequency control in
autanamous microgrid in the presence
of DFIG based wind turbine", Journal
of Intelligent Procedures in Electrical
Technology, Vol. 6, No. 23, pp. 3-12,
Autumn 2015.

E. Jafari, A. Marjanian, S. Silaymani,
G. Shahgholian, "Designing an

[20]

[21]

[22]

[23]

[24]

[25]

emotional intelligent controller for
IPFC to improve the transient stability
based on energy function”, Journal of
Electrical Engineering and
Technology, Vol. 8, No. 3, pp. 478-489,
2013.

N. Fardad, S. Soleymani, F. Faghihi,
“Voltage sag investigation of microgrid
in the presence of SMES and SVC”,
Signal Processing and Renewable
Energy, vol. 3, no. 1, pp. 23-34, 2019.
G. Shahgholian, “A brief review on
microgrids: Operation, applications,
modeling, and control”, International
Transactions on Electrical Energy
Systems, vol. 31, no. 6, Artiacl
Number: €12885, 2021.

R. An, Z. Liu, J. Liu, "Successive-
approximation-based virtual
impedance tuning method for accurate
reactive power sharing in islanded
microgrids”, IEEE Trans. on Power
Electronics, vol. 36, no. 1, pp. 87-102,
Jan. 2021.

T. L. Vandoorn, B. Meersman, J. D. M.
De Kooning, L. Vandevelde, "Analogy
between conventional grid control and
islanded microgrid control based on a
global dc-link voltage droop”, IEEE
Trans. on Power Delivery, vol. 27, no.
3, pp. 1405-1414, July 2012.

A. Hirsch, Y. Parag, J. Guerrero,
“Microgrids: A review of technologies,
key drivers, and outstanding issues”,
Renewable and Sustainable Energy
Reviews, Vol. 90, pp. 402-411, July
2018.

S. Sen, V. Kumar, "Simplified
modeling and HIL validation of solar
PVs and storage-based islanded


https://www.tandfonline.com/doi/abs/10.1080/22348972.2018.1564547
https://www.tandfonline.com/doi/abs/10.1080/22348972.2018.1564547
https://www.tandfonline.com/doi/abs/10.1080/22348972.2018.1564547
https://www.tandfonline.com/doi/abs/10.1080/22348972.2018.1564547
https://www.tandfonline.com/doi/abs/10.1080/22348972.2018.1564547
http://jipet.iaun.ac.ir/issue_671_680_Volume+4%2C+Issue+15%2C+Autumn+2013%2C+Page+1-100.html
https://onlinelibrary.wiley.com/doi/abs/10.1002/2050-7038.12885
https://onlinelibrary.wiley.com/doi/abs/10.1002/2050-7038.12885
https://onlinelibrary.wiley.com/doi/abs/10.1002/2050-7038.12885
https://www.sciencedirect.com/science/article/pii/S136403211830128X#!
https://www.sciencedirect.com/science/article/pii/S136403211830128X#!
https://www.sciencedirect.com/science/article/pii/S136403211830128X#!
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321/90/supp/C

80 Farhang, Zanjani, Fani. Analysis and Simulation of Inverter- ...
microgrid with generation [31] J. M. Guerrero, J. C. Vasquez, J. Matas,
uncertainties”, IEEE Systems Journal, M. Castilla, L. G. D. Vicufia, M.
vol. 14, no. 2, pp. 2653-2664, June Castilla, "Hierarchical control of
2020. droop-controlled ac and dc microgrids-

[26] S. Chaturvedi, D. Fulwani, J. M. A general approach toward
Guerrero,  "Adaptive-SMC  based standardization”, IEEE Trans. on
output impedance shaping in dc Industrial Electronics, Vol. 58, pp.
microgrids affected by inverter loads", 158-172, Jan. 2011.

IEEE Trans. on Sustainable Energy, [32] J. Kumar, A. Agarwal, V. Agarwal, "A
vol. 11, no. 4, pp. 2940-2949, Oct. review on overall control of DC micr-
2020. ogrids”, Journal of Energy Sto-

[27] T. L. Vandoorn, B. Meersman, L. rage, Vol. 21, pp. 113-138, Feb. 2019.
Degroote, B. Renders, L. Vandevelde, [33] B.Zhang, C. Dou, D. Yue, Z. Zhang, T.
"A control strategy for islanded Zhang,
microgrids  with  dc-link  voltage “Hierarchical control strategy for
control", IEEE Trans. on Power networked DC microgrid based on
Delivery, vol. 26, no. 2, pp. 703-713, adaptive dynamic program and event-
April 2011. triggered consensus algorithm

[28] B. Kroposki, R. Lasseter, T. lIse, S. considering economy and actuator
Morozumi, S. Papathanassiou, N. fault”, Journal of the Franklin Institute,
Hatziargyriou, "Making microgrids vol. 357, no. 13, pp. 8631-8656, Sept.
work”, [EEE Power and Energy 2020.

Magazine, vol. 6, no. 3, pp. 40-53, [34] Z. Li, C. Zang, P. Zeng, H. Yu, S. Li,
May-June 2008. "Fully distributed hierarchical control

[29] B. Keyvani-Boroujeni, G. Shahgholian, of parallel grid-supporting inverters in
B. Fani, "A distributed secondary islanded ac microgrids”, IEEE Trans.
control  approach  for inverter- on Industrial Informatics, vol. 14, no. 2,
dominated microgrids with application pp. 679-690, Feb. 2018.
to avoiding  bifurcation-triggered [35] H. Moon, Y. Kim, S. Moon,
instabilities”,  IEEE  Journal  of "Frequency-based decentralized
Emerging and Selected Topics in conservation voltage reduction
Power Electronics, vol. 8, no. 4, pp. incorporated into voltage-current droop
3361-3371, Dec. 2020. control for an inverter-based islanded

[30] K. T. Tan, X. Y. Peng, P. L. So, Y. C. microgrid”, IEEE Access, vol. 7, pp.
Chu, M. Z. Q. Chen, "Centralized 140542-140552, Sept. 2019.
control for parallel operation of [36] H. Karimi, B. Fani, G. Shahgholian,

distributed generation inverters in
microgrids”, IEEE Trans. on Smart
Grid, vol. 3, no. 4, pp. 1977-1987, Dec.
2012.

"Coordinated protection scheme based
on virtual impedance control for loop-
based  microgrids”, Journal  of
Intelligent Procedures in Electrical


https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6245517
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6245517
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6245517
https://www.sciencedirect.com/science/article/pii/S2352152X18302019
https://www.sciencedirect.com/science/article/pii/S2352152X18302019
https://www.sciencedirect.com/science/article/pii/S2352152X18302019
https://www.sciencedirect.com/science/journal/2352152X
https://www.sciencedirect.com/science/journal/2352152X
https://www.sciencedirect.com/science/article/pii/S0016003220304440
https://www.sciencedirect.com/science/article/pii/S0016003220304440
https://www.sciencedirect.com/science/article/pii/S0016003220304440
https://www.sciencedirect.com/science/article/pii/S0016003220304440
https://www.sciencedirect.com/science/article/pii/S0016003220304440
https://www.sciencedirect.com/science/article/pii/S0016003220304440
https://www.sciencedirect.com/science/journal/00160032

Signal Processing and Renewable Energy, March 2022

81

[37]

[38]

[39]

[40]

[41]

Technology, vol. 12, no. 46, pp. 15-32,
September 2021

N. Pogaku, M. Prodanovic, T. C.
Green, "Modeling, analysis and testing
of autonomous operation of an inverter-
based microgrid”, IEEE Transactions
on Power Electronics, vol. 22, no. 2, pp.
613-625, 2007.

E. Barklund, N. Pogaku, M.
Prodanovic, C. Hernandez-Aramburo,
T. C. Green, "Energy management in
autonomous microgrid using stability-
constrained droop control of inverters™,
IEEE Trans. on Power Electronics, vol.
23, no. 5, pp. 2346-2352, Sept. 2008.
F. Zandi, B. Fani, I. Sadeghkhani, A.
Orakzadeh, "Adaptive complex virtual
impedance control scheme for accurate
reactive power sharing of inverter
interfaced autonomous microgrids”,
IET Generation, Transmission &
Distribution, vol. 12, no. 22, pp. 6021-
6032, 2018.

J. Rocabert, A. Luna, F. Blaabjerg, P.
Rodriguez, "Control of  power
converters in ac microgrids”, IEEE
Trans. on Power Electronics, vol. 27,
no. 11, pp. 4734-4749, Nov. 2012.

A Kiani, B. Fani, G Shahgholian, “A
multi-agent solution to multi-thread
protection of DG-dominated
distribution networks”, International
Journal of Electrical Power and Energy
Systems, vol. 130, Article Number:
106921, Sept. 2021.


https://www.sciencedirect.com/science/article/pii/S0142061521001617
https://www.sciencedirect.com/science/article/pii/S0142061521001617
https://www.sciencedirect.com/science/article/pii/S0142061521001617
https://www.sciencedirect.com/science/article/pii/S0142061521001617

