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1. INTRODUCTION

Microgrids include distributed energy sources such as wind power, and solar power. Microgrids
need to use inverters to supply AC power to AC loads and connect to the grid. Power transmission in
microgrid is highly efficient when inverters are connected in parallel [1], [2]. Currently, the issue of
controlling parallel-connected inverters in microgrid is attracting considerable attention from researchers
both domestically and internationally, particularly research into improving controllers to enhance accuracy in
power distribution and eliminate balancing currents running in the inverters. However, these methods have
not yet been applied to reduce voltage and frequency deviations in small power grids [3], [4]. Based on the
power characteristics of the inverters, these studies have used the slope characteristics of Droop to control
power distribution between parallel-connected inverters. According to the slope characteristics of the Droop,
active power shifts with frequency, and reactive power shifts with voltage. Therefore, researchers have relied
on the slope factor of the Droop to realize sharing power for parallel-connected inverters. However, the
power sharing for inverters by the droop method will cause significant frequency and voltage deviations. As
the load's power demand increases, the frequency and voltage of the power grid decrease significantly [3],
[4]. Researchers have presented methods to improve slope characteristics to enhance power-sharing
efficiency. However, the improvements are not aimed at reducing voltage and frequency deviations to
improve power quality [5]-[7]. In addition, some research works [8]-[13] have proposed methods to improve
reliability and save costs during microgrid operation. These studies have proposed smart protection schemes
for microgrids and fault identification methods during operation, some adaptive and reliable protection
schemes to detect faults and isolate faults quickly based on weather.
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Fuzzy logic is increasingly used in microgrid power control due to its ability to handle complex non-
linear systems and uncertainties, providing a robust and adaptive approach to energy management. Fuzzy
logic controllers (FLCs) are particularly well-suited to microgrids because they can optimize energy
distribution, manage variability from renewable energy sources, and maintain stable operation under a wide
range of conditions. FLCs are used to manage the flow of power between different sources such as solar,
wind, batteries, diesel generators, and loads. FLC uses fuzzy rules based on linguistic variables "high", "low",
and "medium" to determine the optimal power allocation, taking into account factors such as renewable
energy availability, battery state of charge (SOC), and load demand. FLC is robust to uncertainties and
disturbances, suitable for practical microgrid applications, FLC can adapt to changing conditions and
optimize performance based on real-time feedback, FLC provides smooth control response, simple design,
relatively few parameters and rules, making them easier to deploy than some other control strategies. In
summary, fuzzy logic plays an important role in power control for microgrids. It provides a powerful and
flexible approach to managing energy resources, ensuring stability and optimizing performance under
different operating conditions. Currently, there have been many research works applying FLC to microgrid
control. Research [14], [15] have addressed the improvement of the controller for the photovoltaic system
connected to the battery energy storage system, under the conditions of solar radiation, temperature, non-
linear conditions, and load. Research [16], [17] have proposed an optimal DC bus voltage regulation method
using adaptive FLC and a new monitoring power management strategy for PV systems. The goal is to
maintain a stable power flow in the system. Studies [18], [19] have proposed an energy management method
for microgrids based on fuzzy logic and data analysis monitoring to adjust the optimal power of objects in the
microgrid. However, most of the research is only applied to the DC subgrid of the microgrid; there are not
many studies applied to the AC grid of the microgrid.

This article proposes a controller for inverters using fuzzy logic to stably adjust the voltage and
frequency for the AC microgrid. The proposed controller will offer the following benefits: The proposed
controller can automatically adjust the frequency and voltage of the microgrid. In addition, this control
method also maximizes the power distribution efficiency for the inverters. Therefore, this controller will keep
the voltage and frequency in the microgrid stable, only varying within the permissible range, ensure the
accuracy of power sharing between inverters, and also eliminate the balancing current flowing in the
inverters. The proposed controller is applied to power control for a common microgrid with the configuration
in Figure 1 [20]-[23]. This configuration involves interconnected renewable energy sources on a DC bus.
This type of configuration reduces the number of inverters, and the system can operate flexibly depending on
the control method. This article focuses on control methods to maintain voltage and frequency stability,
minimize frequency and voltage deviation of the microgrid, and share the power output precisely with the
inverters. Therefore, the renewable energy sources concentrated on the DC bus in Figure 1 are assumed to
always provide sufficient power to the loads.
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Figure 1. Configuration of a common standalone microgrid

2. METHOD

The focus of the proposed control method is: i) maintaining voltage and frequency stability,
minimizing frequency and voltage deviations of the microgrid, ii) accurately distributing power to the
inverters to eliminate circulating current and noise currents generated when the inverter output parameters are
inconsistent. The proposed control method is implemented as follows:
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- First, based on the theoretical basis of the conventional Droop method for power sharing among
inverters. Studies [3]-[5] presented the droop method for low-voltage networks, the droop method for
medium-voltage networks was presented in studies [6]-[8], and studies [9]-[13] presented the droop
method for distribution networks from low to medium voltage to expand the application scope of the
droop method. The theoretical basis of the conventional droop method is presented in section 2.1.

- Next, the disadvantages of the conventional Droop method presented in section 2.1 are analysed as
follows: i) it is impossible to accurately share power when the output parameters of the inverter are
inconsistent, leading to the appearance of circulating current and noise current that damage the inverter;
ii) when the load increases or decreases sharply, it will cause very large frequency and voltage
deviations, which may exceed the permissible range. This content is presented in section 2.2.

- Finally, the paper proposes a method to improve the conventional Droop controller by: i) using a fuzzy
logic controller in combination with the conventional Droop controller. The fuzzy controller will
automatically adjust the slip coefficient to shift the Droop graph. The proposed controller will result in:
accurate power sharing among the inverters, thereby eliminating the cyclic current; and reduced
frequency and voltage deviations of the microgrid when the load changes. This is presented in section
2.3. ii) On the other hand, to maintain the stability of the control system for the microgrid, the paper
also uses a sliding mode controller (SMC) instead of the conventional proportional-integrating (PI)
controller. The SMC will stabilize the current and voltage at the inverter output. iii) Simulation results
in section 3 will demonstrate the suitability of the proposed method.

2.1. Power control using the traditional Droop method

According to studies [1]-[4], the traditional Droop method for power distribution between power
sources is derived from the equivalent circuit shown in Figure 2. Based on Figure 2, studies [1]-[4] have
calculated the power supplied by the power source to the load as (1).

SV, (1) Ly g (M) p g 1)

Where R and X = oL are the resistance and reactance of a conductor; V is the voltage at the source; Vac is the
voltage at the end of the line; and 6 is the phase angle difference between V and Vac: 6 = 8, — 6,

Z = 7e® =R+jX

The (1) can be transformed into:

sind = RQ )
VVac
V-V ccosd = RP;XQ ©))

According to studies [5]-[7], the actual angle & is a small value, so sind~3 and cosd=1, when X >> R, from
(2) and (3) can be written (4) and (5).

_XP

o= VVac (4)
XQ

V-Vac=5 )

According to studies [8]-[10], from (4) and (5), the slope controllers P/f and Q/V can be set up to control the
active and reactive power of the inverters as (6) and (7).

f=1f,-m,P (6)
V:VO'qu (7)
mp characterizes the slope of (6), mq characterizes the slope of (7), and they are calculated as (8).

mp: fo-fmin :m :VO'Vmin (8)
Pmax a Qmax
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Inverter
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Figure 2. Equivalent circuit diagram of a power source supplying a load

2.2. Analysis of the characteristics of the traditional Dropper method

The (6) is drawn in Figure 3 (Droop P/f). It shows that if the load increases, the frequency will
decrease, and if the load increases significantly, the frequency will decrease significantly. Therefore, this
paper will present a method to shift the Droop P/f characteristic curve up a segment to become the Droop P/f'
characteristic curve to reduce the frequency deviation from the rated value when the load increases. The
content of the frequency shifting method will be presented in section 2.3.

The (7) is drawn in Figure 4 (Droop Q/V). It shows that if the load increases, the voltage will
decrease, and if the load increases significantly, the voltage will decrease significantly. Therefore, this paper
will present a method to shift the Droop Q/V characteristic curve up a segment to become the Droop Q/V’
characteristic curve to reduce the voltage deviation from the rated value when the load increases. The content
of the frequency shifting method will be presented in section 2.3. In Figure 3, Voand fo represent the rated
values of voltage and frequency, respectively, while V and f denote the actual operating values. Furthermore,
Po and Qo indicate the rated values of active and reactive power, respectively. Meanwhile, P and Q represent
the actual active and reactive power conditions during system operation.
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Figure 3. Droop controller characteristic curves: (a) droop P/f and (b) droop Q/V
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Figure 4. Membership function of input P

2.3. Proposed control method
2.3.1. Design of the fuzzy logic frequency controller

This paper aims to reduce frequency deviation when the load changes. Therefore, this paper proposes a
method to shift the frequency of the P/f droop characteristic curves to maintain the stability of frequency within
the allowable range using fuzzy logic. The theoretical basis of fuzzy logic is referred to in the document [16].
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Specifically, fuzzy logic is used to shift the P/f graph along the f-axis by a distance Af (the P/f' graph) in order to
reduce the frequency deviation, as shown in Figure 3(a).

Figure 3(a) shows that when P = P; then f; < fo, when the AC load increases P = P, then frequency
decreases (f2 < f1 < fy). The fuzzy controller will shift the P/f droop line up by a distance Af. Then (6) is
improved as (9).

f = f, - mP+Af )

Where: Af is determined by the fuzzy logic frequency block

Fuzzy logic frequency controller design: The fuzzy logic frequency controller is designed using
active power (P) as the input variable and frequency deviation (Af) as the output variable. The linguistic
variables for the input and output signals are defined as shown in Figures 4 and 5, respectively. Based on the
actual load power conditions, the input power domain for P is selected within the range of [0, 3500].
Meanwhile, based on the allowable frequency deviation, the output domain for Af is selected within the range
of [0, 1]. The membership functions for both input and output variables are presented in Figures 4 and 5.

The fuzzy control rules are established according to (6) and Figure 3(a). The relationship between

the input power and frequency deviation is represented using a set of linguistic rules. The corresponding
fuzzy rules are summarized as follows:
- If P =Althen Af =al; If P = A2 then Af = a2; If P = A3 then Af = a3
- If P=B1then Af = b1; If P = B2 then Af = b2; If P = B3 then Af = b3
- IfP=C1then Af = c1; If P = C2 then Af = c2; If P = C3 then Af = ¢3
- If P=D1then Af =d1; If P = D2 then Af = d2; If P = D3 then Af = d3
- IfP=Elthen Af =el; If P = E2 then Af = e2; If P = E3 then Af = €3

2.3.2. Design of the fuzzy logic voltage controller

This paper aims to reduce voltage deviation when the load changes. Therefore, this paper proposes a
method to shift the Q/V droop characteristic curves to maintain the stability of voltage within the allowable
range using fuzzy logic. Specifically, fuzzy logic is used to shift the Q/V graph along the f-axis by a distance
AV (the Q/V' graph) to reduce the voltage deviation, as shown in Figure 3(b). Specifically, fuzzy logic is used to
shift the Q/V graph along the V-axis by a distance AV (the Q/V' graph) in order to reduce the voltage deviation,
as shown in Figure 3(b).

Figure 3(b) shows that when Q = Q1 then V1<Vq, when the AC load increases Q = Q2 then voltage
decreases (V2<V1<Vy). The fuzzy controller will shift the Q/V droop line up by a distance AV. Then (7) is
improved as follows:

V'=V, - m,Q+AV (10)

Where: AV is determined by the fuzzy logic voltage block

Design of fuzzy logic voltage block: The fuzzy logic voltage controller is designed using reactive
power (Q) as the input variable and voltage deviation (AV) as the output variable. The linguistic variables for
the input and output signals are defined as shown in Figures 6 and 7, respectively. Based on the actual load
power, the input value domain for Q is selected within the range of [0, 3500]. Meanwhile, based on the
allowable voltage deviation, the output value domain for AV is selected within the range of [0, 5]. The
membership functions for both input and output variables are presented in Figures 6 and 7.

The fuzzy control rules are established according to (7) and Figure 4. The relationship between the
reactive power input and voltage deviation is represented using a set of linguistic rules. The corresponding
fuzzy rules are summarized as follows:

- IfQ=Althen AV = al; If Q = A2 then AV = a2; If Q = A3 then AV = a3
- 1fQ=B1lthen AV =b1; If Q = B2 then AV = b2; If Q = B3 then AV = b3
- 1fQ=Clthen AV =cl; If Q = C2 then AV =c2; If Q = C3 then AV =¢3

- 1fQ=D1then AV =d1; If Q = D2 then AV =d2; If Q = D3 then AV = d3
- IfQ=Elthen AV =el; If Q = E2 then AV =e2; If Q = E3 then AV =3

Use the Sum-Product principle and the centroid method to defuzzify.

The block diagram of the proposed controller is shown in Figure 8. The proposed controller includes
a droop improvement block using fuzzy logic to shift frequency and voltage according to (9) and (10). In
order to improve the sustainability and stability of the proposed controller during voltage and frequency
shifting, this paper uses a Sliding mode controller to control the output voltage and current of the inverter.
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2.3.3. Design of the sliding mode controller

Using a sliding mode controller (SMC) to improve the robustness and stability of the system during
voltage and frequency shifts, the SMC is presented as follows: The purpose of the SMC is to make the
signals at the inverter output closely track the reference value of the inverter input. The theoretical basis of
the SMC is referenced in studies [24], [25]. From Figure 9, we have (11).

dve li li

d ~ ¢l ¢?

dip 1V 1V Rfi

dt _Lf inv L¢ 4 L¢ 1

di, 1 1 R.

2=y =SV — i 11
dt L'c L ' pcc L 2 ( )

Transforming system (11) to the dq0 coordinate system, we have the following systems (12) and (13).

. 11
Ved = lia ~ g laa T WVeq
: Vinvd 1 Rf. .
iig = — —=Veq — —liq + Wi 12
1d L¢ L¢ cd L¢ 1d 1q ( )
: _ Ved 1 R. .
Iyq = T - Evpccd - Elzd + (‘)IZq
. 1. 1.
ch = Ellq - Elzq — WV¢q
fg=wa _ Ly X —wi
1q L¢ L¢ cq L¢ 1q 1d
i _Veqg 1 R. .
Iyq = E Evpccq - EIZq — Wlyg (13)

The purpose of the SMC is to ensure that the voltage V¢ closely follows V(er, S0 we define the deviations:

€4 = Vca — Veq
eq = Veg — V¢ (14)
q = Vcq Cq

Where: vig = Vierd; Viq = Vrerq- Choose the sliding surfaces for (14):

Sqa=¢éq+aeq = (Vcq — Veq) +a(vea — Vea)

. . e . 15
Sq = €q+aeq = (Veq = Viq) +a(veq — Viq) =
Sq = &q +aéq = (Vcq — V) +a(Vea — Vea) (16)
Sq = &q +aéq = (Vcq — V&q) +a(Veq — Viq)
Where: a = constant; a > 0. Using the Lyapunov stability principle: V,; = %Sﬁ. Therefore, we choose:
Sq = —kssign(S
>d .g (Sa) 17
Sq¢=-k 51gn(Sq)
Where: k= constant; k>0. From the systems of (12) to (17), we can derive (18) and (19).
. . . 2w, 2w . ok
Uy = Vinyg = CLg¢ [—k sign(Sq) + Aiygq + Bvgg + Diyg + < l2q = 7 l1g — waveq + Vg —
1 "
avpccd + aVCd] (18)
Uq = Vinyg = CLg [—k sign(S,) + Aiyq + Bvgg + Diyg — sziZd + szild + waveg + Vg —
1 . %
<L Vpceq + ach] (19)

Where:

A=(gt-2) B=(gorarte?)s D=(3-i%)

Int J Pow Elec & Dri Syst, Vol. 17, No. 2, June 2026: 1486-1498



Int J Pow Elec & Dri Syst ISSN: 2088-8694 O 1493

The sliding mode controller is implemented according to (18) and (19). In which v*cq and v*cq are reference
voltages, u is the inverter control signal, which is the voltage signal to modulate the inverter.

Inverter R ' ('-LEE;Q.L Ra

Lfﬁ T 7T T a i»
L, Rb i,
Lr Re is
A AN ———2C
Ve Vac

Figure 9. Equivalent schematic of an inverter connected to load

3. RESULTS AND DISCUSSION

Perform a simulation for the microgrid configured as shown in Figure 1, which consists of 3
inverters connected in parallel. Use both controllers: the conventional controller and the proposed controller.
The data used for the simulation are given in Table 1.

Table 1. Data used for simulation

Parameters name Value Parameters name Value

DC link voltage V4 (V) 600 fo(Hz) 50
fmax (HZ) 51
frin (Hz) 49.5

L¢(mH) 4.2 S(kVA) 4

R¢ () 0.1 Vaco (V) 311
Vacmax (V) 315
VAC‘min (V) 305

C (uF) 22 Sope coefficient m, (V/Var) 0.000105

f, (kHz) 5 Sope coefficient m, (rad/s /W) 0.0001

Line impedance parameters

L (H) 0.003 R () 1

3.1. Casel

Power sharing simulation for a standalone microgrid with two inverters connected in parallel, the
simulation is performed using the proposed controller and the conventional controller. The two inverters are
assumed to have the same rated power Pigm: P2am = 1:1. At time t = 10 s, the power consumption of the load
increases. The simulation results are presented in Figures 10 and 11.

The proposed controller gives the result of dividing active power and reactive power exactly in the
ratio of 1:1, as shown in Figures 10(a) and 10(b). The settling time is relatively early, and the response is
stable even when the load changes sharply. Figures 11(a) and 11(b) show that the conventional controller
gives less accurate power division results than the proposed controller, and worse stability than the proposed
controller during the period of strong load changes.

Figures 10(c) and 11(c) are the single-phase currents of inverters 1 and 2. Figure 10(c) shows that
the two waveforms match exactly, while Figure 11(c) shows that the two waveforms have different
amplitudes during the load change period. Figures 10(d) and 11(d) are voltage at the load. In the period from
0Os to 10s, the reactive power output of each inverter is Q1= Q2= 990 Var, so according to Figures 6 and 7,
the Q/V droop line will shift up a distance of AV=1.4(V) along the vertical axis, the Q/V droop line becomes
the Q/V' droop line as in Figure 3(b) or (10), so the AC bus voltage of the proposed method (309.5 V) is
raised higher than the traditional method (307 V). The AV shift of the Q/V droop depends on the value
domain of the output of the fuzzy logic set selected above. In the period from 10s to 20s, the reactive power
output of each inverter is Q1= Q>= 1910 Var, so according to Figures 6 and 7, the Q/V droop line will shift
up a distance of AV=2.8 (V) along the vertical axis, the Q/V droop line becomes the Q/V' droop line as in
Figure 3(b) or (10), so the AC bus voltage of the proposed method (308.3 V) is raised higher than the
traditional method (300 V). The AV shift of the Q/V droop depends on the value domain of the output of the
fuzzy logic set selected above. These results are in full agreement with the established fuzzy control law,
consistent with (10). This result is in complete agreement with Figure 3(b), the AC bus voltage will decrease

Innovative frequency and voltage controller for AC microgrid ... (Xuan Hoa Thi Pham)
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sharply to below the allowable level. Therefore, the proposed controller will shift the traditional droop line
upward, aiming to restore the AC bus voltage, improving the power quality of the microgrid.

Figures 10(e) and 11(e) show the frequency in the microgrid. In the period from 0s to 10s, inverter
output power is P1 = P>=1380 W, so according to Figures 4 and 5, the P/f droop line will shift up a distance
of Af = 0.35 Hz along the vertical axis, the P/f droop line becomes the P/f' droop line as in Figure 3(a) or (9),
so the in the microgrid of the proposed method (50.2 Hz) is raised higher than the traditional method
(49.8 Hz). The Af shift of the P/f droop depends on the value domain of the output of the fuzzy logic set
selected above. In the period from 10 s to 20 s, P1= P, = 2765 W, so according to Figures 4 and 5, the P/f
droop line will shift up a distance of Af=0.7 Hz along the vertical axis, the P/f droop line becomes the P/f'
droop line as in Figure 3(a) or (9), so the frequency of the proposed method (50.4 Hz) is raised higher than
the traditional method (49.5 Hz). The Af shift of the P/f droop depends on the value domain of the output of
the fuzzy logic set selected above. These results are in full agreement with the established fuzzy control law,
consistent with (9) and the droop line in Figure 3. Figure 3 shows that when the load increases, the frequency
of the microgrid will decrease, and when the load increases sharply, the frequency will decrease sharply to
below the allowable level. Therefore, the proposed controller will shift the traditional droop line upward,
aiming to restore the frequency of the microgrid.

The characteristics of the proposed controller are stable and sustainable even when the load changes
sharply, the SMC controller makes the current and voltage signals at the inverter output lie on the designed
sliding surface S. This shows that the combination of the Sliding mode controller and the improved droop
controller has performed accurate power division in the case of a sharp increase in load, improving the power
quality and dynamic response of the microgrid, the current, voltage and power characteristics are very stable.
The results of evaluating the ability to eliminate circulating current between inverters during operation,
assessed by the power division deviation between them and the voltage and frequency stability in the
microgrid, are presented in Table 2.

Thus, the proposed controller successfully controls voltage and frequency oscillations within
acceptable ranges, with very small deviations from the rated values. In addition, it is capable of precise power
division. As a result, the circulating current between the inverters is eliminated.
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Figure 10. The simulation results with the proposed controller: (a) active power, (b) reactive power,
(c) current, (d) voltage, and (e) frequency
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Figure 11. The simulation results with the conventional controller: (a) active power, (b) reactive power,
(c) current, (d) voltage, (e) frequency

Table 2. Evaluate the results regarding voltage, frequency, and power deviations

Simulation time (seconds) Value

Controller 0-10s 10-20s
P1: P2= 1380 W P1: P2:2765W
Q1=Q,=990 Var Q:1=Q,=1910 Var

Proposed controller AV =Vo—V=311-3095=15V AV =Vo—V =311-3083=27V
Af=f,—f=50-50.2=0.2 Hz Af=f,—f=50-50.4=-04Hz
P, = Pp= 1380 W P = P,= 2765 W
Q1= 1000 Var Q1= 1930 Var

i _ Q,=1890 Var

Conventional controller Q2= 980 Var Unstable curve for about 10-14 seconds
AV =V,-V=311-307=4V AV =V,-V=311-300=11V
Af=f,—f=50-49.8=0.2 Hz Af=f,—f=50-495=05Hz

3.2. Case 2

Simulate a microgrid with three inverters of equal power (Pdml = Pdm2 = Pdm3) using the
proposed controller. The proposed controller gives the result of dividing exactly in the ratio of 1:1:1, as
shown in Figures 12(a) and 12(b). The settling time is relatively early, and the response is stable even when
the load changes sharply. Figure 12(c) shows the single-phase currents of inverters 1 and 2. Figure 12(c)
shows that the two waveforms match exactly, and Figure 12(d) is voltage at the load. In the period from O s
to 10 s, the reactive power output of each inverter is Qz = Q1= Q2= 990 Var, so according to Figures 6 and 7,
the graph Q/V will shift up a distance of AV=1.4 (V) along the vertical axis, the graph Q/V becomes the
graph Q/V' as in Figure 3(b) or (10), so the voltage at load is 309.5 V. The AV shift of the Q/V droop
depends on the value domain of the output of the fuzzy logic set selected above. In the period from 10 s to
20 s, the reactive power output of each inverter is Q1= Q>= Q3=1900 Var, so according to Figures 6 and 7,
the graph Q/V will shift up a distance of AV = 2.8 (V) along the vertical axis, the Q/V droop line becomes
the graph Q/V' droop as in Figure 3(b) or (10), so the AC bus voltage is 308 V. The AV shift of the graph
Q/V depends on the value domain of the output of the fuzzy logic set selected above. These results are in full
agreement with the established fuzzy control law, consistent with (10) and the graph droop in Figure 3(b).
Therefore, the proposed controller will shift the traditional droop line upward, aiming to restore voltage at the
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load, improving the power quality of the microgrid. Figure 12(e) is the frequency in the microgrid. In the
period from 0 s to 10 s as P1= P, = P;=1347 W, so according to Figures 4 and 5, the graph droop P/f will
shift up a distance of Af = 0.33 (Hz) along the vertical axis, the graph droop/f becomes the graph droop P/f' as
in Figure 3 or (9), so the in the microgrid is 50.2 Hz. The Af shift of the graph droop P/f depends on the value
domain of the output of the fuzzy logic set selected above. In the period from 10 s to 20 s, as P1 = P, =
2581 W, so according to Figures 4 and 5, the graph droop P/f will shift up a distance of Af = 0.65 Hz along
the vertical axis, the graph droop P/f becomes the graph droop P/f' as in Figure 3 or (9), so the frequency of
the proposed method is 50.3 Hz. The Af shift of the graph droop P/f depends on the value domain of the
output of the fuzzy logic set selected above. These results are in full agreement with the established fuzzy
control law, consistent with (9). Therefore, the proposed controller will shift the traditional droop line
upward, aiming to restore the frequency of the microgrid. The combination of SMC makes the proposed
controller stable and robust even when the load changes suddenly.
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Figure 12. The simulation results with the proposed controller (Pami: Pam2: Pams =1:1:1):
(a) active power, (b) reactive power, (c) current, (d) voltage, and (e) frequency

4. CONCLUSION

By combining fuzzy logic and SMC, the proposed method achieves absolutely precise power
distribution for parallel-connected inverters in a microgrid, eliminating balancing currents between inverters.
Furthermore, the proposed method can improve the power quality supplied to loads in the microgrid.
Moreover, the control system remains stable even with sudden load changes. In the future, this method will
be applied to microgrids comprising multiple AC subgrids, multiple DC subgrids, DC loads, and AC loads.
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