Engineering, Technology & Applied Science Research

Vol. 11, No. 2, 2021, 6882-6888

6882

Seamless Transition between Islanded and Grid
Connected Three-Phase VSI-based Microgrids
Mubashir Hayat Khan

Erum Pathan

Department of Electrical Power Engineering
Faculty of Electrical and Electronic Engineering
University Tun Hussein Onn Malaysia
Johor, Malaysia
mubashir.uthm@gmail.com

Electronic Engineering Department
Quaid-e-Awam University of Engineering. Science and
Technology
Nawabshah, Pakistan
erumasad79@gmail.com

Muhammad Asad

Muhammad Ahsan Sadiq

Commissioning Services Devision-Central
National Grid SA
Saudi Arabia
csd_sec@yahoo.com

Department of Electrical Engineering
University of Poonch
Rawalakot, Pakistan
engr.ahsan@upr.edu.pk

Amjad Ammar Qureshi

Muhammad Shahid

NER Engineering & Capital Projects
Trafigura Nyrstar, Australia
engr.amjadammar@gmail.com

Protection & Automation
Siemens Ltd Saudi Arabia
engr.shahid26@gmail.com

Amanullah Khan Pathan

Nadim Imtiyaz Shaikh

Power and Distribution Department
Larsen and Toubro Saudi Arabia LLC
Dammam, Saudi Arabia
amanullahpathan@yahoo.com

Construction Manager
Larsen and Toubro Saudi Arabia LLC
Dammam, Saudi Arabia
nahids12@yahoo.com

Abstract-Microgrids (MGs) are the emergent solution to
overcome the current electricity demand. The MGs provide the
facility to operate in both isolated and grid-connected modes. For
both operating modes, Distributed Generation (DG) inverters are
operating under grid forming or grid following control modes.
During mode switching, the MG experiences enormous
fluctuations, which occur due to the unidirectional islanding
event. This paper presents a control strategy by using the
modified power control scheme, current controller, and DC
linked voltage controller scheme to ensure the operational mode
transfer smoothly from the grid-connected to the islanded mode
and vice versa. The proposed control scheme is applied to a
three-phase distributed energy resource-based MG system with
fixed loads. The simulation results validate the effectiveness of
the control technique while tested at the point of common
coupling and also at the time of mode transfer.

Generation (DG) utilized in MGs is pretty common nowadays.
DGs like solar, wind, and Combined Heat Power (CHP), that
are attached to Grid Connected Mode (GCM) or Islanded Mode
(IM) protocols with connecting loads have many advantages
over the traditional grid [1-2]. Although the MGs provide an
alternative with bidirectional communication, there are some
control issues, particularly regarding power, voltage, and
frequency deviations that may occur when the MG changes its
operational mode from GCM to IM [3-4]. Generally, the
control schemes in terms of transition are divided into two
categories. The first one is the single control scheme for
regulating voltage [5-10], which is non-linear theory-based
such as the Lyapunov-based control. The second one is the
control with two schemes with pre-allotted intents [11-16],
based on the model predictive control scheme. However, in
both control techniques, high computational values and the
complexity of the schemes do not allow efficient
implementation of the control schemes. On the contrary, linear
control schemes are less complicated and can be easily
implemented without any complex computational burden [5].
Feedback and feed-forward procedures can be a good
alternative to make the control structure simple and convincing
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I.
INTRODUCTION
Microgrids (MGs) provide a promising solution to
overcome the electricity shortage in a reliable way. Distributed
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with the provision of seamless transition either from GCM to
IM or IM to GCM [17-18]. During the mode transition from
grid following to grid-forming mode, frequency deviations may
occur which may lead the MG system to instability. Moreover,
voltage and current errors may also occur during the mode
transition, while the voltage during the switching process must
follow the IEEE standard criteria [19]. A proper
synchronization algorithm is needed in order to have smooth
switching from one mode to another. Switching between modes
can be done with the help of an operator or automatically. In
the first case, the control of transition intensity can be
controlled with the MG functional point’s readjustment. In the
second case, unidirectional islanding is used to readjust the
operational points of the MG, but faces various issues related to
frequency and voltage errors and system stability concerns. In
[8-9, 14, 16, 20-23], different solutions have been presented to
compensate the errors that occur during transition. Most of the
control solutions are based on switching, but the droop-based
control scheme [8, 19] does not need any kind of switching.
This control scheme can be used for the transition from IM to
GCM or GCM to IM.
In [5, 9, 16, 21], nonlinear control schemes with adaptive
feedback stepping technique have been introduced to solve the
voltage frequency deviations and were applied to both
operation modes. The Model Predictive Control (MPC)
technique [5] is applied to the single phase multi bus inverterbased MG system with automatic tuning functionality for
seamless transition. The interaction between different inverter
controllers used in the same system still needs to be
investigated because during the IM, frequency and power
sharing errors occur. Hence, the damping ratio needs to be
improved in this case. In order to achieve smooth operation the
frequency deviations are mitigated by utilizing the virtual
inertia [23]. Virtual Synchronous Generators (VGSs) with
droop control are used to improve the dynamic performance of
the system. However, active power sharing accuracy is not
achieved [24]. If the droop control parameters are selected
accurately as per system requirements, the active power sharing
errors can be controlled and the control strategy could be more
efficient as compared to the control using VGS [25]. The
Proportional Resonant (PR) controller is implemented to
mitigate the frequency errors during mode transition in [26].
Moreover, phase angle correction with autonomous operation
was also ensured in the control scheme. Modified PQ control
technique with tracking V/f controller [27-28] needs constant
communication between the IM and the main grid. A two
separate synchronization compensator-based control system
was implemented in [29] to mitigate the voltage and phase
angle deviations but the system stability was not ensured. To
get an effective MG operation during mode switching, a fast
seamless transient control technique should be implemented
which will not compromise the permissible standards in terms
of power sharing accuracy, voltage, and frequency.
This paper presents a control strategy that uses a modified
power control scheme, consisting of the current controller and a
DC linked voltage controller scheme to ensure the operational
mode transfer smoothly from GCM to IM transitions and vice
versa. The proposed control scheme is applied to a three phase
Distributed Energy Resources-based MG system with fix loads.
www.etasr.com
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The simulation results validate the effectiveness of the control
technique in terms of voltage, frequency, and power sharing
behavior at the Point of Common Coupling (PCC) and at the
time of mode transfer.
II. MICROGRID CONFIGURATION AND OPERATION
A three phase MG system with three DGs is shown in
Figure 1. A constant DC source is connected separately to all
the DGs. An LCL filter is connected with each DG and the
loads are connected to the PCC. All the Voltage Source
Inverters (VSIs), explored for voltage, power sharing, and
frequency, are connected to the main grid with the help of a
circuit breaker installed just after the PCC.

Fig. 1.

A microgrid with three DG inverters connected in parallel.

A common load is connected to the PCC and the parallel
connected inverters can be detached from the main grid for IM
operation. GCM and IM operational modes are further
explained below.
A. Grid Connected Mode
Generally the GCM control is implemented in a gridfeeding control scheme. A control structure based on a PI
controller with a dq reference frame work is established by
using the convention current control structure [30-31]. The
current control structure block arrangement is shown in Figure
2.

Fig. 2.

Current control.

B. Islanded Mode
During the IM control mode, when a change occurs
between frequency and voltage because they are designed
separately for load and generation, ultimately the P and Q
sharing accuracy is decreased [30-31]. It is therefore essential
to overcome this mismatch according to the load requirements.
In a parallel connected MG system, when multiple DGs are
connected in the same network, the load sharing also needs to
be equally distributed to all the DGs as per their capacities so
the droop characteristics need to be incorporated in the system
to cope up with the load sharing issue as shown in Figure 3.
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where τ can be considered as a constant of the PI controller
transfer function Gc .

Fig. 3.

Voltage control.

Active and reactive powers are calculated by using LPF
with very small cutoff frequency. The block diagram for grid
forming is shown in Figure 3. The output voltage can be
expressed as:
Vo = G ( s ) Vref − Z o I o

(1)

III. THE PROPOSED CONTROL SCHEME
The control loops consists of a droop controller, a current
controller, and a linked voltage controller. For these
controllers, the control design procedure is given below which
is further categorized into GCM and IM control schemes.
A. Modified Power Control
Droop control technique provides P-ω and Q-f droop
control with decentralized and communication free facilities.
The active and reactive powers of each inverter are depending
on voltage and frequency at the PCC which is managed by
conventional droop control in the IM mode control scheme.
Moreover, another PI controller is also applied for ensuring
proper tracking of Vref. The power calculation mechanism is
given in Figure 4.

Fig. 5.

Current controller.

C. DC Linked Voltage Controller
Both side inverter currents are equalized for the voltage DC
linked controller before designing the controller:

Vdc I dc = 3I phV ph
where I d =

2 I rms and can be is expressed as:
I dc = 3 / 2

and

(3)

VL − L
Vdc

I d = K DC I d

(4)

I dc relates to the capacitor current which is given as:
Idc = C

dVdc

(5)

dt

So, the basic functionality of the voltage controller is to
maintain the voltage. The configuration of the DC linked
voltage controller is given in Figure 6.

Fig. 4.

Active and reactive power calculations.

B. Current Controller
Higher bandwidth is required in the design of the current
controller. It is preferred to get faster response, so low
switching frequency is needed. In the closed loop system, the
bandwidth is taken 10 times smaller than the switching
frequency. The block diagram in Figure 5 shows the current
controller configuration. The transfer function for the current
control strategy is:
G c ( s ) Ginv ( s ).

1
R f + sL f

1
R f + sL f
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=

1

τs +1

(2)

Fig. 6.

DC lined voltage controller.

IV. S IMULATION RESULTS
The validation of the proposed control mechanism for the
seamless transition of MGs between the two operational modes
was carried out in MATLAB/Simulink. The system
specifications are given in Table I, and the overall
MATLAB/Simulink model is given in Figure 11.
A. Case 1: Grid Connected Mode
In the GCM control scheme it is necessary for a MG system
to operate in constant PQ mode. To attain constant PQ, the
inverter is operated in dq-reference framework to get current
control. In the transformation dq-abc, the observation time
scale is very high and so it is preferred to consider the average
model to get the voltage at the abc domain. In the GCM mode,

Khan et al.: Seamless Transition between Islanded and Grid Connected Three-Phase VSI-based Microgrids

Engineering, Technology & Applied Science Research

the imbalance occurs due to the generated power and load at
the point of connection and the excess power is supplied by the
DC bus capacitor. The occurring reduction in the bus voltage
due to the supply needs to be maintained again. However, an
inner loop is established to balance the DC bus voltage and
current controller.When the breaker of the proposed model is
closed towards the GCM, the grid connection mode operation
is established. In GCM the voltage and frequency at the PCC
must always be in a fixed allowable range. As shown in Figure
7(a), voltage and frequency are in the permissible range. The
frequency is almost constant throughout the operation from t=0
to t=10s. At t=0.8s, voltage maintains the fixed magnitude. The
inverter current is successfully tracking the reference current as
shown in Figure 7(b). The active and reactive powers are
shared accurately as shown in Figure 7(c) just after some delay
at t=0.6s.
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(a)

(b)

(a)
(c)

Fig. 8.
Transition from GCM to IM: (a) Voltage and frequency, (b)
reference and inverter currents, (c) active and reactive powers.
(b)

(a)

(c)

(b)
Fig. 7.
GCM results: (a) Voltage and frequency, (b) reference and inverter
currents, (c) active and reactive powers.

B. Case 2: Transition between GCM and IM
This section shows the results when transition occurs from
GCM to IM. The PCC voltage and frequency waveform are
shown in Figure 8(a). At t=5s there is a little deviation which is
compansated in a very short time interval. The same happens in
the case of deviating frequency. Figure 8(b) shows the behavior
of the currents. Iinverter decreases at t=5s which is cuccessfully
tracked by the reference current. Figure 8(c) shows the power
sharing accuracy of the DG inverters durreng the change in the
operational mode. From t=5s the active and reactive powers are
shared equally.
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(c)

Fig. 9.
IM results: (a) Voltage and frequency, (b) reference and inverter
currents, (c) active and reactive powers.
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C. Case 3: Islanded Mode
In Case 3, the IM of the MG is discussed with respect to
the behavior of voltage, current, and powers. As shown in
Figure 9(a), voltage and frequency are in the permissible
range. The frequency is constant throughout the simulation
and the voltage magnitude is constant just after 0.8s. The
inverter current is successfully tracking the reference current
as shown in Figure 9(b). Figure 9(c) shows the PQ sharing in
IM.
D. Case 4:Transition from IM to GCM
It is shown in Figure 10(a) that when the reconnection of
the MG from IM to GCM takes place, there is a small deviation
in the voltage waveform and the frequency shows some
deviations before returning to a smooth level just after t=5s.
Figure 10(b) shows the behavior of the inverter and reference
currents which are tracking each other successfully at t=5s. In
Figure 10(c) the power sharing accuracy of the proposed
control scheme is shown when the MG is shifted to GCM from
IM operation. The results show that the active and reactive
powers are shared accurately from t=5s.
TABLE I.
Parameter Value
VDC
400 V
fSw
10kHz
f
50 Hz
Z L1, ZL2 and ZL3

(a)

(b)

(c)

SYSTEM PARAMETERS

Parameter
Value
Load
130 Ω,0.22 H
Z grid
0.4+j0.6 Ω
C
15 µF
0.3+j0.5 Ω, 1.3+j2.65 Ω & 2.4+j3.54 Ω

Fig. 11.

Fig. 10. Transition from IM to GCM: (a) Voltage and frequency, (b)
reference and inverter currents, (c) active and reactive powers..

MATLAB/Simulink model.

V. CONCLUSION
In this paper, the transition from GCM to IM and vice versa
was studied in detail. A simple approach by modifying the
power, current, and DC linked voltage controllers was
www.etasr.com
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presented. A smooth transfer from one operational mode to
another was conducted without affecting the active and reactive
power sharing among the DG inverters connected in parallel
and the voltage, frequency, reference current, and inverter
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current the at the PCC have been explored. The proposed
control scheme is applied to a three Distributed Energy
Resource system with fixed load. The simulation results
validate the effectiveness of the control scheme in terms of
voltage, frequency, and power sharing behavior at the PCC and
at the time of mode transfer.
REFERENCES
[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

P. Singh, D. P. Kothari, and M. Singh, "Integration of Distributed
Energy Resources," Research Journal of Applied Sciences, Engineering
and Technology, vol. 7, no. 1, pp. 91–96, 2014.
M. Castilla, L. G. de Vicuna, and J. Miret, "Control of Power Converters
in AC Microgrids," in Microgrids Design and Implementation, A. C.
Zambroni de Souza and M. Castilla, Eds. Cambridge, UK: Springer,
2019, pp. 139–170.
H. Etemadi and R. Iravani, "Supplementary mechanisms for smooth
transition between control modes in a microgrid," Electric Power
Systems Research, vol. 142, pp. 249–257, Jan. 2017, https://doi.org/
10.1016/j.epsr.2016.09.033.
M. B. Delghavi and A. Yazdani, "A control strategy for islanded
operation of a Distributed Resource (DR) unit," in IEEE Power Energy
Society General Meeting, Calgary, Canada, Jul. 2009, pp. 1–8,
https://doi.org/10.1109/PES.2009.5275592.
X. Li, H. Zhang, M. B. Shadmand, and R. S. Balog, "Model Predictive
Control of a Voltage-Source Inverter With Seamless Transition Between
Islanded and Grid-Connected Operations," IEEE Transactions on
Industrial Electronics, vol. 64, no. 10, pp. 7906–7918, Oct. 2017,
https://doi.org/10.1109/TIE.2017.2696459.
Y. A. I. Mohamed and A. A. Radwan, "Hierarchical Control System for
Robust Microgrid Operation and Seamless Mode Transfer in Active
Distribution Systems," IEEE Transactions on Smart Grid, vol. 2, no. 2,
pp. 352–362, Jun. 2011, https://doi.org/10.1109/TSG.2011.2136362.
J. Wang, N. C. P. Chang, X. Feng, and A. Monti, "Design of a
Generalized Control Algorithm for Parallel Inverters for Smooth
Microgrid Transition Operation," IEEE Transactions on Industrial
Electronics, vol. 62, no. 8, pp. 4900–4914, Aug. 2015, https://doi.org/
10.1109/TIE.2015.2404317.
J. Kim, J. M. Guerrero, P. Rodriguez, R. Teodorescu, and K. Nam,
"Mode Adaptive Droop Control With Virtual Output Impedances for an
Inverter-Based Flexible AC Microgrid," IEEE Transactions on Power
Electronics, vol. 26, no. 3, pp. 689–701, Mar. 2011, https://doi.org/
10.1109/TPEL.2010.2091685.
S. M. Ashabani and Y. A. I. Mohamed, "A Flexible Control Strategy for
Grid-Connected and Islanded Microgrids With Enhanced Stability Using
Nonlinear Microgrid Stabilizer," IEEE Transactions on Smart Grid, vol.
3, no. 3, pp. 1291–1301, Sep. 2012, https://doi.org/10.1109/
TSG.2012.2202131.
S. Sajadian and R. Ahmadi, "Model Predictive Control of Dual-Mode
Operations Z-Source Inverter: Islanded and Grid-Connected," IEEE
Transactions on Power Electronics, vol. 33, no. 5, pp. 4488–4497, May
2018, https://doi.org/10.1109/TPEL.2017.2723358.
G. G. Talapur, H. M. Suryawanshi, L. Xu, and A. B. Shitole, "A Reliable
Microgrid With Seamless Transition Between Grid Connected and
Islanded Mode for Residential Community With Enhanced Power
Quality," IEEE Transactions on Industry Applications, vol. 54, no. 5, pp.
5246–5255, Sep. 2018, https://doi.org/10.1109/TIA.2018.2808482.
Z. Guo, D. Sha, and X. Liao, "Voltage magnitude and frequency control
of three-phase voltage source inverter for seamless transfer," IET Power
Electronics, vol. 7, no. 1, pp. 200–208, Jan. 2014, https://doi.org/
10.1049/iet-pel.2012.0723.
K. Lim, I. Song, and J. Choi, "Indirect Current Control for Seamless
Transfer of Utility Interactive Inverter," in International Power
Electronics Conference, Niigata, Japan, May 2018, pp. 803–808,
https://doi.org/10.23919/IPEC.2018.8507999.
C. Chen, Y. Wang, J. Lai, Y. Lee, and D. Martin, "Design of Parallel
Inverters for Smooth Mode Transfer Microgrid Applications," IEEE

www.etasr.com

Vol. 11, No. 2, 2021, 6882-6888

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

6887

Transactions on Power Electronics, vol. 25, no. 1, pp. 6–15, Jan. 2010,
https://doi.org/10.1109/TPEL.2009.2025864.
L. G. Meegahapola, D. Robinson, A. P. Agalgaonkar, S. Perera, and P.
Ciufo, "Microgrids of Commercial Buildings: Strategies to Manage
Mode Transfer From Grid Connected to Islanded Mode," IEEE
Transactions on Sustainable Energy, vol. 5, no. 4, pp. 1337–1347, Oct.
2014, https://doi.org/10.1109/TSTE.2014.2305657.
H. Mahmood and Jin Jiang, "A control strategy of a distributed
generation unit for seamless transfer between grid connected and
islanded modes," in IEEE 23rd International Symposium on Industrial
Electronics, Istanbul, Turkey, Jun. 2014, pp. 2518–2523,
https://doi.org/10.1109/ISIE.2014.6865016.
Y. Chen, J. M. Guerrero, Z. Shuai, Z. Chen, L. Zhou, and A. Luo, "Fast
Reactive Power Sharing, Circulating Current and Resonance
Suppression for Parallel Inverters Using Resistive-Capacitive Output
Impedance," IEEE Transactions on Power Electronics, vol. 31, no. 8,
pp. 5524–5537, Aug. 2016, https://doi.org/10.1109/TPEL.2015.2493103.
J. C. Vasquez, J. M. Guerrero, A. Luna, P. Rodriguez, and R.
Teodorescu, "Adaptive Droop Control Applied to Voltage-Source
Inverters Operating in Grid-Connected and Islanded Modes," IEEE
Transactions on Industrial Electronics, vol. 56, no. 10, pp. 4088–4096,
Oct. 2009, https://doi.org/10.1109/TIE.2009.2027921.
"IEEE Standard for Interconnecting Distributed Resources with Electric
Power Systems," IEEE Std 1547-2003, pp. 1–28, Jul. 2003,
https://doi.org/10.1109/IEEESTD.2003.94285.
M. Syahril, M. A. Roslan, and B. Ismail, "Microgrid synchronization
using power offset through a central controller," Journal of Physics:
Conference Series, vol. 1432, Jan. 2020, Art. no. 012019, https://doi.org/
10.1088/1742-6596/1432/1/012019.
G. Lou, W. Gu, J. Wang, J. Wang, and B. Gu, "A Unified Control
Scheme Based on a Disturbance Observer for Seamless Transition
Operation of Inverter-Interfaced Distributed Generation," IEEE
Transactions on Smart Grid, vol. 9, no. 5, pp. 5444–5454, Sep. 2018,
https://doi.org/10.1109/TSG.2017.2769675.
E. Pathan, A. A. Bakar, S. A. Zulkifi, M. H. Khan, H. Arshad, and M.
Asad, "A Robust Frequency Controller based on Linear Matrix
Inequality for a Parallel Islanded Microgrid," Engineering, Technology
& Applied Science Research, vol. 10, no. 5, pp. 6264–6269, Oct. 2020,
https://doi.org/10.48084/etasr.3769.
J. Liu, Y. Miura, and T. Ise, "Comparison of Dynamic Characteristics
Between Virtual Synchronous Generator and Droop Control in InverterBased Distributed Generators," IEEE Transactions on Power
Electronics, vol. 31, no. 5, pp. 3600–3611, May 2016, https://doi.org/
10.1109/TPEL.2015.2465852.
U. Tamrakar, D. Shrestha, M. Maharjan, B. P. Bhattarai, T. M. Hansen,
and R. Tonkoski, "Virtual Inertia: Current Trends and Future
Directions," Applied Sciences, vol. 7, no. 7, Jul. 2017, Art. no. 654,
https://doi.org/10.3390/app7070654.
X. Meng, Z. Liu, J. Liu, T. Wu, S. Wang, and B. Liu, "Comparison
between virtual synchronous generator and droop controlled inverter," in
IEEE 2nd Annual Southern Power Electronics Conference, Auckland,
New Zealand, Dec. 2016, https://doi.org/10.1109/SPEC.2016.7846007.
B. Shoeiby, R. Davoodnezhad, D. G. Holmes, and B. P. McGrath, "A
resonant current regulator based microgrid control strategy with smooth
transition between islanded and grid-connected modes," in IEEE 5th
International Symposium on Power Electronics for Distributed
Generation Systems, Galway, Ireland, Jun. 2014, pp. 1–8,
https://doi.org/10.1109/PEDG.2014.6878631.
E. Pathan et al., "Virtual Impedance-based Decentralized Power Sharing
Control of an Islanded AC Microgrid," Engineering, Technology &
Applied Science Research, vol. 11, no. 1, pp. 6620–6625, Feb. 2021,
https://doi.org/10.48084/etasr.3946.
L. Xia and L. Hai, "Comparison of dynamic power sharing
characteristics between virtual synchronous generator and droop control
in inverter-based microgrid," in IEEE 3rd International Future Energy
Electronics Conference and ECCE Asia, Kaohsiung, Taiwan, Jun. 2017,
pp. 1548–1552, https://doi.org/10.1109/IFEEC.2017.7992276.
Z. Chen, W. Zhang, J. Cai, T. Cai, Z. Xu, and N. Yan, "A
synchronization control method for micro-grid with droop control," in

Khan et al.: Seamless Transition between Islanded and Grid Connected Three-Phase VSI-based Microgrids

Engineering, Technology & Applied Science Research

Vol. 11, No. 2, 2021, 6882-6888

6888

IEEE Energy Conversion Congress and Exposition, Montreal,Canada,
Sep. 2015, pp. 519–524, https://doi.org/10.1109/ECCE.2015.7309733.
[30] G. Shen, X. Zhu, J. Zhang, and D. Xu, "A New Feedback Method for PR
Current Control of LCL-Filter-Based Grid-Connected Inverter," IEEE
Transactions on Industrial Electronics, vol. 57, no. 6, pp. 2033–2041,
Jun. 2010, https://doi.org/10.1109/TIE.2010.2040552.
[31] G. Shen, D. Xu, L. Cao, and X. Zhu, "An Improved Control Strategy for
Grid-Connected Voltage Source Inverters With an LCL Filter," IEEE
Transactions on Power Electronics, vol. 23, no. 4, pp. 1899–1906, Jul.
2008, https://doi.org/10.1109/TPEL.2008.924602.

www.etasr.com

Khan et al.: Seamless Transition between Islanded and Grid Connected Three-Phase VSI-based Microgrids

