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Abstract- This paper presents a frequency self-restoration by minimizing the frequency transient time response when applied to 
an autonomous microgrid configuration. At the same time, it also offers a good power-sharing among the distributed generations 
(DGs) when the load-rated power is changed but maintains the DGs’ power supplies. This self-frequency restoration control is 
different from the conventional droop in that it includes the frequency limitation condition in order to have a fast frequency 
restoration during load changes and to ensure an accurate active and reactive power sharing. The proposed controller is tested in 
parallel DGs configuration and associated with different power load ratings during off-grid condition. The simulation study 
shows the effectiveness of the proposed controller when the DG units are in plug-in/out and under load circumstances for an 
autonomous microgrid condition. The simulation results exhibit improved performance and robustness for the proposed control 
method in recovering the frequency in a very short of time and in controlling the allowable active and reactive powers according 
to the requested power from the loads.	

Keywords: Droop control, microgrid, distributed generations, frequency restoration. 

 

1. Introduction 

In the modern era, the renewable energy sector is 
becoming more interesting to be explored due to its demand 
and high penetration into the integrated microgrid system. 
Moreover, the decarbonization policy [1] that has been set by 
the United Nations in order to reduce global warming has 
become a turning point for renewable energy in order to 
generate more clean energy for the future. In this advanced 
period of smart electrical power systems, the microgrid (MG) 
technology has shown as one of the promising advances in 
innovation for the penetration of renewable energy sources 
(RES) into the existing power grid [2], [3]. The 
interconnection of small generation systems, such as solar 
photovoltaic panels, wind generator, and microturbine as well 
as storage systems, are known as distributed generations 
(DGs), which connect to the primary network grid through 
power electronic interference-inverters [4]. The MG based on 
RES, comprising multiple DGs, local loads, power electronic 

converters, and energy storage system, has become an 
alternative electrical network. Meanwhile, advanced 
technologies together with the current restructuring of 
wholesale and retail energy markets have opened the 
possibility for the generation of small energy systems that can 
give more freedom for users to generate and control the 
electrical energy in order to meet their own needs [5]. An MG 
can operate in two different modes [6]; grid operation or 
autonomous (islanded) operation. The adaptable control of 
different DGs is necessary to reinforce their reliability and to 
eliminate the impact of an unstable power supply. 
Consequently, multilayer hierarchical control architecture is 
compulsory to accomplish the legitimate operation of the MG 
due to some reasons.  

The multilayer hierarchical control architecture, with a 
relative intricacy of the MG’s operation, is evolving. It 
comprises three control levels [7]–[10]; 1) the primary control 
is dedicated to controlling local variables by altering the yield 
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voltage and frequency of the inverter, which is responsible for 
good power-sharing, 2) the secondary control fills in as an 
automatic unified algorithm controller and compensates the 
steady-state errors in the output voltage and frequency by 
restoring them to nominal values, and 3) the tertiary control 
deals with the power exchanged at the point of common 
coupling (PCC) between the primary network grid and the MG 
network. Therefore, to accomplish a superior operation of 
power generation and to improve the reliability of the parallel 
inverter system, the primary control based on the droop 
control technique is investigated in this paper.  

At the moment, the droop control method is a commonly 
used technique to control the inverter when connecting 
multiple DG units in a parallel configuration and to form an 
islanded MG [11]. The droop technique gives the advantage 
of eliminating the communication-link mechanism between 
the inverters as compared to other existing control methods. 
This approach allows the DGs to execute total power-load 
demand sharing by adjusting the yield voltage and frequency 
as elements of the desired active and reactive powers. The 
inverters can regulate the outputs to ensure accurate power-
sharing in light of the relationship between active power and 
frequency (P/f) and reactive power and voltage (Q/V) [12] 
[13]. In the researched current droop control, the operating 
frequency in the autonomous MG is constantly changed by the 
variation of load demand, and the frequency restoration 
process is executed in a more prolonged period [14]. This is 
because of the slow transient response. As is well known, if 
the frequency deviation suddenly rises due to load changes 
and causes the system frequency to deviate more than the rated 
value of 50 Hz, it will create a power outage to the system. 
Regardless of the recognized advantages of the droop control, 
it has a downside of delivering voltage and frequency 
deviations from the nominal values. In [15], [16] the authors 
propose an autonomous restoration control to restore the 
frequency and voltage to their rated values. In addition, the 
droop controller is unsteady because of the power coupling 
method and therefore its sharing ends up erroneous. To solve 
such problems, researchers have improved the traditional 
droop control. In [17], [18], a virtual impedance is proposed 
and included in the control circle to make sure the DG output 
impedance can be inductive. Therefore, it is vital to have an 
accurate droop controller combined with high-speed 
frequency tracking in order to generate a precise power-
sharing while maintaining the voltage output. Although these 
improved droop control methods can improve the overall 
power-sharing accuracy, they have complexities in adjusting 
the control parameters.  

As can be seen from the previous paragraph, there is no 
comprehensive study of MG in the presence of different power 
load ratings, but only one kind of load is considered in each 
study. In addition, there is no study as from the authors’ 
observation of when the DG units connect/disconnect to/from 
the PCC. Therefore, this paper will explain an initiative for the 
MG with a change in the primary droop control to analyze the 
presence of different amounts of rated power to the loads 
during the DGs’ plug-in/out. In this paper, a self-frequency-
restoration droop control method is proposed. The proposed 
control can restore the frequency to a nominal value in a fast 
manner and an automatic way and with accurately regulated 

power sharing, where the output power is being controlled by 
using the coordinate rotation transformation method and being 
realized as a wholly decoupled relationship between the active 
and reactive powers. A well-designed frequency restoration 
unit is introduced where P/f is renovated with new 
characteristics for limiting the frequency deviation due to load 
changes. The virtual sine active power-frequency droop 
control is also used. The method makes the frequency 
restoration to become autonomous to load changes and remain 
within the allowable limits. The simulation results are given 
to check and verify the proposed control strategy. 

This paper comprises five sections and is arranged as 
follows. Section II gives an overview of the autonomous MG 
for the proposed system. Part III introduces the enhancement 
of the droop control method. The simulation and the results of 
the analysis are discussed in Section IV. The conclusion of the 
proposed model is presented in Section V. 

2. Islanded Microgrid Configuration 

The corresponding proposed structure’s configuration for 
the execution of the controller in a single-phase islanded MG 
is shown in Fig. 1. The proposed test system comprises a mix 
of the DG units associated with the local load through the 
inverter, where every DG unit is related to its respective 
primary control. The primary point of the proposed control is 
to track the voltage and frequency of the DGs’ output in order 
to share the active and reactive powers required by the load 
with faster restoration time.  

 

Fig. 1. Block diagram of parallel single-phase DG units 
connected with primary control. 

The primary control, especially in an islanded MG, is 
based on the droop control technique as depicted in Fig. 5. For 
this technique, the local power measurement incorporates an 
inverter with an LCL filter that is controlled by a primary 
control. A self-droop control loop is used to generate the 
frequency and voltage of the inverter output as per the ideal 
reference. Finally, a sine droop reference signal is generated 
to trigger the pulse-width modulation (PWM) signals for gate-
pulse switching purposes. 
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3. Droop Control Method for the Parallel Single-Phase 
Connected Inverter 

This section explicates the conventional droop control and 
the implementation of the proposed self-frequency-restoration 
droop control set for accurate power-sharing with fast 
frequency restoration. The discussions are categorized into 
several sub-chapters. 

3.1. Review of existing droop control for islanded microgrid 

To understand the methodology and origin of the droop 
control method, consider the issue of complex power 
transferred by a transmission line. The traditional droop 
control is reasoned from the supposition of purely inductive 
line impedance, X [19]. The equivalent per-phase model of an 
inverter connected to the PCC bus is illustrated in Fig. 2: 

 
Fig. 2. Equivalent per-phase model of power flow in the 

transmission line. 

where E is voltage of the DG unit, V is voltage at the PCC, 
Z=R+jX is the comprehensive line impedance from the DG to 
the PCC, θ is circuit impedance angle, P and Q are active and 
reactive power flows throughout the line, respectively, and α 
is output voltage phase angle of the DG unit.  

At the point when the inverter’s output impedance is 
absolutely inductive, the inverter per-phase active P and 
reactive Q powers conveyed into the PCC bus can be 
expressed as: 

sinEVP
X

α
=             (1) 

2cosEV VQ
X
α −

=   	  									(2)	

Based on equations (1) and (2), and with the assumption 
that the power angle, α is relatively very small (so that sin α ≈ 
α and cos α = 1) [20], the active power P delivered to the PCC 
bus is chiefly impacted by α. İn the meantime, the reactive 
power Q depends on the magnitude difference between the 
voltages (E−V). Thus, simplifying and rewriting the equations 
gives: 

XP
EV

α ≅               (3) 

XQE V
V

− ≅               (4) 

The line impedance is presented to be inductance in a high 
voltage transmission line, so that X>>R; thus, the resistance 
can be neglected in the control [21]. The obtained equations in 
(3) and (4) demonstrate that the power angle depends 
vigorously on the active power and that the voltage difference 
relies upon the reactive power. In other words, if the active 
power can be regulated, so can the power angle at that point, 
and if the reactive power can be controlled, the voltage E will 
be controllable at that point also.  

However, in the islanded network droop control 
operation, the units do not know the initial phase values of the 
units. Therefore, each unit utilizes frequency rather than 
power or phase angle to control the flow of the active power. 
Thus, the voltage and frequency can be resolved by controlling 
the active and reactive power flows through the power system 
[20], [22]. This prompts the common droop control equations 
for each inverter: 

o mPω ω∗ = −             (5) 

oE E nQ∗ = −             (6) 
where ωo and Eo are the nominal frequency and voltage, 
respectively; P and Q are the measured active and reactive 
power outputs of the DG unit, respectively; and m and n are 
the frequency and voltage droop coefficients, respectively. 
Meanwhile, ω* and E* are frequency and voltage measured at 
the output of the DG unit, respectively.  

Fig. 3 shows the droop coefficient characteristic graph. As 
the active power load on the system increases, the droop 
technique will permit the frequency and voltage to decrease 
within the allowable boundary [23]. Meanwhile, Fig. 4 shows 
the ordinary droop control block diagram. İt comprises three 
blocks: 1) output voltage and current signal transformation at 
the fundamental frequency to extract the d–q-components, 2) 
power calculation to generate the instantaneous active power 
p and reactive power q, and 3) sine generator to inject the 
voltage reference to a PWM signal. 

 

Fig. 3. Droop control characteristic for P/f and Q/V 
coefficient. 

 

Fig. 4. Block diagram of conventional droop control. 

The instantaneous output voltage and current of the 
inverter are transformed into the rotating reference frame (d–
q). Then, the instantaneous active power p and reactive power 
q are calculated based on the given equation. After that, the 
reference frequency and voltage of DG units are obtained 
through the sine droop generator: 

* *sin ( )refV E tω= 	 	 	 	 (7) 
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3.2. The proposed self-frequency-restoration droop control  

This technique uses the sine generator droop control to 
make droop coefficient changes within the rated power. This 
control strategy can be adjusted automatically to the droop 
coefficient according to the inverter output power. Naturally, 
when the output power is unequal, the droop gain is also 
different. The frequency deviation in the droop method will 
influence the power-sharing quality. The system frequency is 
only determined by the DG units. Hence, this paper’s concern 
is on proposing a self-restoration technique in an autonomous 
operating condition in order to guarantee that the system 
frequency is in the desirable range. 

In a grid network, the frequency deviation as referenced 
before can be controlled with the secondary frequency loop 
[24], [25], and this strategy can be implemented in the MG. 
Generally, in the low-voltage power grid, frequency tolerance 
is being limited to 50±0.5 Hz. Therefore, a self-frequency-
restoration control is presented dependent on a moderate 
proportional integral (PI) control within the allowable 
frequency limit.  

Fig. 5 shows the suggested block diagram of the self-
frequency-restoration droop control by enhancing the P/f unit 
in order to restore the system frequency to the nominal value. 
As seen, the proposed control strategy uses a PI for the 
response time assistance in order to generate a fast self-
frequency-response. The advantage of having the embedded 
PI control is due to the ability of the PI control to achieve a 
faster steady-state time and to reduce the rise time of the 
measured frequency. Therefore, the measured frequency is 
compared with the rated value in order to get an error signal, 
which then is passed through the PI to generate a restoring 
signal but maintains the frequency. As noticed, the PI 
parameter values are to have zero steady-state error at the load 
frequency of 50 Hz without any severe frequency drop during 
the transient response. Thus, the frequency-restoring signal 
can be generated in a fast time. As shown in Fig. 6, the two 
DGs are assumed as the same rated system in terms of power 
capacity and P/f droop coefficient. Notice that the relationship 
of the frequency droop coefficient and the frequency 
restoration is controllable by the active power flow in the MG.  

Consequently, the restoration is adequate to control the 
frequency, with the rightfully generated restoring signal fsys 
and can be expressed as: 

( ) ( )res p o DG i o DGf K f f K f f= − + − 	 	 									(8) 

where Kp and Ki are the PI parameters, fo is the rated frequency, 
and fDG is the measurement frequency. Hence, the self-
restoring signal fres is produced to remunerate the deviation on 
the frequency, where Kp is equal to Ki and is kept constant for 
control design simplicity. Hence, the improved active power 
and frequency P/f units can be expressed as: 

( )o new of f m P P∗ = − −              (9) 

( )i
o p o

Kf f K P P
s

∗ ⎡ ⎤⎛ ⎞
= − + −⎢ ⎥⎜ ⎟

⎝ ⎠⎣ ⎦
   							(10) 

 
Fig. 5. Improved droop control with autonomous frequency 

restoration loop. 

 
Fig. 6. Frequency droop and restoration curve. 

4. Simulation Results 

In order to verify the effectiveness of the proposed 
control, several test cases have been carried out using 
MATLAB/Simulink that is under load circumstances and DG 
units in plug-in/out. To observe the active and reactive power 
dependency on accurate power sharing, a step change in the 
demand active power is made by the step-response change at 
0.1s and 0.3s.  

Table 1. Microgrid system parameters 

Parameters Units Value 
Lf H 3×10-3 
Cf F 52×10-6 
Lg H 1×10-3 
Vdc V 400 
Vn V 230 
Fo Hz 50 
m rad/(W.s) 0.05 
n V/Var 0.03 

Kp rad/s 1.798 
Ki rad/s- 838 

 
The autonomous MG in Fig. 7 illustrates the DGs’ test 

system. It consists of two DG units that have identical 
parameters and is associated with the external loads L1 and L2 
with different power load ratings. This local load is connected 
to the system in bus-connected and will be activated by the 
step responses S1 and S2. Table 2 presents the load value 
change in Case 1 and Table 3 presents the load when the DG 
units are in plug-in/out in Case 2. 
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Fig. 7. Diagram of parallel DGs associate with the load. 

Table 2. Load and power rating for load change 

Variable Unit Power Rating ON time 

Load 1 PL1, W 1500 0.1s QL1, VAR 113 

Load 1 PL2, W 3000 0.3s QL2, VAR 226 
	
Table 3. Inverter load and power rating with connection time 

Inverter Power Rating ON time OFF time 
DG1 PL1= 500W 0s - 
DG2 PL2=750W 0.1s 0.3s 

4.1. Performance of improved droop control response 

Fig. 8 shows the time evolution of transient response for 
the reference value set-point. As noticed, the set-point for the 
reference value should be set at 50 Hz, and the controller 
instantly responded to track the desired rated frequency. The 
rise time for the controller to follow the reference signal is 
0.028s. Since the desired gain values are kept the same, similar 
conditions occur for the voltage set-point.  

The tabulated comparison data between the conventional 
and the proposed controllers is presented in Table 4. The time 
evolution for transient response is indicated in a fast period at 
0.0042s, whereas the traditional controller records a slower 
period at 0.0077s. The transient time response of the improved 
droop control is 0.0035s faster than the previous method. It 
shows that the correlation between frequency restoration and 
PI can ensure a stable system frequency and voltage at 
nominal values. 

Table 4. Comparison summary for transient time response 

Parameter Conventional Proposed 
Transient time response (s) 0.0077 0.0042 
Steady-state time (s) 0.0200 0.0100 
Rise time (s) 0.0085 0.0028 

	
Fig. 8. Transient time response at set-point frequency 50 Hz. 

4.2. Case 1: Load change assessment 

The test for Case 1 is completed with a difference in load 
value by including an external load at 0.1s and 0.3s. Both DG1 
and DG2 are assumed to have the same parameters. Fig. 6 
depicts the time evolution of the active and reactive powers, 
output voltage, and load current consumptions of DG1 and 
DG2. Since both DG units have identical parameters, the 
active and reactive powers are different from each other. As 
seen in Fig. 9(a), the inverter individually pushes 600 W active 
power to the PCC as load required. At 0.1s, when L1 is 
connected to the system, the inverter instantly transfers 620 W 
active power per load demand. At t=0.3s, L2 is connected, and 
the active power is boosted up to 1345 W and pushed to the 
PCC. The total reactive power transfer is shown in Fig. 9(b) 
with the measured values of 38 VAR and 124 VAR. Figs. 
9(c)–(d) show the inverter voltage output and the donated total 
load current of 325 V and 8.6 A, respectively. As noticed, all 
loads consume the average current according to power load 
capacities. It indicates that the inverters regulate load current 
in a smooth transient procedure when load circumstances are 
actuated.  

The improved droop control is focused on accurate power 
sharing among the DGs while keeping the system frequency 
at a nominal value. The powers are transferred instantaneously 
and autonomously. It validates that the power-sharing 
accuracy is guaranteed with the help of frequency restoration. 

4.3. Case 2: DG units in plug-in/out 

The objective of this simulation study is to test and verify 
the power-sharing capability embedded with the self-
frequency-restoration droop control in an islanded bus-
connected MG. With the help of the proposed control, the DG 
units have the ability to handle the ‘on and off’ operation of 
the MG. To achieve this objective, DG1 begins to supply the 
load at 0.1s, and then DG2 is connected and disconnected 
to/from the microgrid at 0.1s and 0.3s, respectively. As 
illustrated in Fig. 10(a)–(b), at the point when the DG2 is 
connected, the active and reactive powers of DG1 and DG2 
are equally shared at 313 W and 1.7 VAR, respectively, which 
implies that the powers conveyed to the load are shared 
between those DGs. Meanwhile, Figs. 10(c)–(d) show the 
microgrid’s voltage and total load current consumption when 
the system receives an external DG. As seen from 0.1s to 0.3s, 
the current is shared equally among the DGs at 2 A. After 0.3s, 
the controller transient smoothly reverts the load current to the 
nominal value as per required.  
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Meanwhile, Fig. 11 shows the summary results for the 
system frequency under the proposed controller as compared 
to the conventional droop control. The results show that the 
proposed control strategy is able to restore the frequency in a 
faster time when compared to the conventional method, which 
takes a prolonged time as can been seen at time 0.25s in Figs. 
9(a)–(b). The frequency magnitude for the proposed method 
is 49.87 Hz while the frequency magnitude for the existing 
method is 49.78 Hz, which indicated that the proposed method 
is able to reduce the frequency deviation when the active 
power changes. Notice that the proposed control restores 
frequency in a fast manner with fast transient tracking of 
within 0.0035s as compared to conventional droop, which is 
lagging at within 0.0077s.  

The presented summary results prove that with proper 
desired control gain, the power is instantly transferred once 
the controller is activated, while the system frequency is 
autonomously restored to a nominal value. It validates that the 
controller response reacts immediately to restore the system 
frequency, thus ensuring accurate power sharing among the 
DGs. The controller can instantly transfer the required power 
load and current according to load capacities with minimum 
time. The effectiveness of the proposed power control in an 
autonomous microgrid is demonstrated from the presented 
results, making it appropriate to be applied in a single-phase 
low-voltage network. 

 

 

  

(a) (b) 

  
(c) (d) 

Fig. 9. Simulated results of Case 1: (a) load active power, (b) reactive power, (c) system output voltage, and (d) load current 
consumptions. 

 

 

 
 

(a) (b) 

 

 
(c) (d) 

Fig. 10. Simulated results of Case 2: (a) load active power, (b) reactive power, (c) system output voltage, and (d) load current 
consumptions. 
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Fig. 11. System frequency restoration: (a) conventional droop control, (b) proposed self-frequency-restoration droop control. 

4.4. Comparative analysis of proposed droop control with 
conventional droop control 

Fig. 12 shows the time evolution of the operating 
frequency of the MG under the proposed self-frequency-
restoration droop technique as compared to the traditional 
droop control. As noticed, when load change occurs, the new 
restoration control is able to regulate the inverter’s output 
frequency while restoring it to the nominal value regardless of 
the amount of power load changes. Consequently, the 
system’s output voltage and frequency are drooped to new 
nominal values to guarantee that load sharing can be directed. 
As shown in the obtained results, it is noticed that the self-
frequency-restoration droop control can restore the operating 
frequency in a faster time and seamlessly as well. It shows that 
the proposed controller has a higher capability for frequency 
restoration at 50 Hz compared to the conventional droop 
control under changing load conditions. 

 

 
Fig. 12: System frequency restoration for proposed improved 
droop control as compared to conventional droop control. 

5. Conclusion 

As a conclusion, this paper proves that a frequency self-
restoration embedded with the droop control method increases 
the frequency stability in maintaining the allowable rated 
frequency and also responding for an accurate power-sharing 
during load changes that happen in an islanded microgrid. The 
performance of the proposed controller is verified with several 
tests thoroughly regarding power sharing as well as frequency 
and voltage regulation at the converter side. Combined with 
the PI control technique that is embedded together within the 
restoration loop, it provides a fast voltage-frequency tracking 
with minimal initial transient response time and better steady-
state performance. Simulation results show the feasibility and 
effectiveness of the proposed control strategy. It is able to 
adjust and keep the voltage and frequency at nominal values 
in order to provide smooth load demand regarding active and 
reactive power demand. Furthermore, the frequency deviation 

during load change is also minimized to the limit of the 
allowable frequency. The smooth frequency restoration is to 
ensure that the microgrid will not be burdened by the 
overstressing of the load in order to avoid high dynamic swing 
to the microgrid. In summary, the proposed controller will 
create an autonomous microgrid system whereby the DGs are 
able to operate as an independent control system. 
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