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ABSTRACT

This paper presents the design of an adaptive active power controller to enhance the power-sharing capabilities 
of distributed generators (DGs) in an autonomous microgrid. Each DG in an autonomous microgrid consists of a 
droop-controlled inverter to control active and reactive power by regulating frequency and voltage correspondingly. 
The high droop gain can be used in the power controller to encourage faster power sharing among the DGs. However, 
high droop gain can cause undamped growing oscillations during load fluctuations or generation losses. During 
such events, attaining faster power-sharing between DGs using high droop gains is difficult. So, the problem with an 
autonomous microgrid is the conflict between faster power sharing and stability. Stability needs to be compromised to 
attain quicker power sharing and vice versa. Hence, to achieve power-sharing swiftly with high droop gain and 
to diminish the growing oscillations caused, this paper proposes a fuzzy logic-based adaptive active power 
controller (FLAPC). The proposed FLAPC is adaptive and easy to implement. It offers faster power sharing for 
different values of droop gains and step change in load. The FLAPC is developed in MATLAB 2018a/Simulink 
environment, and time domain simulations are performed to see the efficacy of the proposed controller. The results of 
time domain simulations are compared with a droop controller without any additional controller, conventional 
lead-lag power system stabilizer, and proposed controller for step change in load at different droop gains. The 
results show that the proposed controller enhances the power-sharing performance and also ameliorates the system’s 
stability by reducing the settling time and overshoot in active power responses of DGs.
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INTRODUCTION

The traditional power generation system is undergoing 
profound changes due to increasing concerns about its 
environmental impact and the fossil energy crisis. 
Renewable energy generation is gaining popularity due to 
zero carbon emissions and fuel-free generation. Distributed 
generation units (DG) based on renewable energy sources 
such as photovoltaic systems (PV), wind energy systems 
(WES), and microturbines (MT) are cost-effective and 
environmentally friendly(Abutaima and Mohamed 2022, 
Harun and Kejuruter 2022, Shahgholian 2021). The 
integration of DGs energy storage units and different kinds 
of loads has emerged as the concept of a microgrid. 

The key feature of the microgrid is that it can function 
both in grid-tied mode and autonomous mode. The 

operation of the microgrid in autonomous mode is crucial 
for stability because the system’s voltage and frequency 
must be preserved within limits by the microgrid’s 
controller (Farrokhabadi et al. 2019, Kljajić et al. 2020). 
The coordinated control techniques are employed amid 
parallel-connected distributed generator (DG) units to 
aggrandize the performance of the microgrid. Microgrids 
are controlled hierarchically, with primary control, 
secondary control, and tertiary control. (Yamashita et al. 
2020, Liu, Wei, and Wang 2020). A droop controller is a 
decentralized form of primary control. It mimics the 
governor action of a traditional AC generator. In the droop 
controller, the reference frequency and voltage are 
generated depending on the average value of measured real 
power and reactive power. The active power-frequency 
droop and reactive power-bus voltage droop are employed 
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to maintain the frequency and bus voltages in the 
microgrid(Zafari et al. 2020).

The DGs in a microgrid are interconnected through 
power electronics converters. Therefore, they have less 
inertia, which makes them sensitive to changes in controller 
p a r a m e t e r s ,  l o a d  p a r a m e t e r s ,  a n d  n e t w o r k 
parameters(Mahdavian, Ghadimi, and Bayat 2021, Shuai 
et al. 2018). A comprehensive microgrid model with a load 
model and a network model is presented in the  (Pogaku, 
Prodanovic, and Green 2007, Raju and Jain 2019, 
Rasheduzzaman, Mueller, and Kimball 2014, Matharani 
and Jariwala 2023). It shows that the low-frequency 
prominent modes appearing in the system are due to droop 
controller parameters mainly. Therefore, the droop 
controller plays vital role to preserve the microgrid’s 
stability. The high value of droop gain enhances power-
sharing, but it compromises the stability of the system. 
Various modifications to the droop controller are suggested 
in the literature to improve the stability of the microgrid 
(Aderibole, Zeineldin, and Al Hosani 2018, Khaledian and 
Golkar 2017, Firdaus and Mishra 2019, Chen et al. 2016, 
Ebrahim et al. 2022, Li et al. 2020, Huang and Chen 2020, 
Kulkarni and Gaonkar 2021, Praiselin, Edward, and 
Technology 2022).

The analytical analysis of the effect of droop 
coefficients on real power and reactive power with various 
types of loads is presented in (Khaledian and Golkar 2017). 
In (Huang and Chen 2020) improved droop control 
approach for reactive power sharing is developed. A 
different configuration of a power system stabilizer (PSS)-
based controller is presented in (Aderibole, Zeineldin, and 
Al Hosani 2018, Firdaus and Mishra 2019, Jia et al. 2020). 
In (Aderibole, Zeineldin, and Al Hosani 2018), the stability 
of a multi-microgrid consisting of an inverter-coupled and 
synchronous generating unit is assessed by placing PSS 
using residue analysis. Conventional single-stage PSS 
(CPSS) was developed (Firdaus and Mishra 2019) to 
improve the power-sharing and stability of a four-inverter 
autonomous microgrid. In (Jia et al. 2020) multi-stage 
lead-lag compensator-based droop controller is designed. 
The adaptive virtual impedance droop control is suggested 
in (Li et al. 2020) for different source output and load 
demands. 

The power-sharing is enhanced in (Kulkarni and 
Gaonkar 2021) by introducing additional terms in droop 
equations based on the impedance of the distribution line. 
Power differential droop gain is proposed by (Chen et al. 
2016) to enhance the power-sharing of a grid-connected 
microgrid. But it is difficult to select the proper value of 
differential droop gains. Arctan function-based virtual 
impedance control is developed in (Gajbhiye and Khatri 
2021). Conventional droop control, in combination with a 
derivative and integral controller, is used to enhance power 

loop dynamics in islanded and grid-tied modes (Kim et al. 
2010).

The inverter control parameters are optimized using 
different optimization techniques in (Yu et al. 2015, 
Ebrahim et al. 2022, Shi et al. 2022, Zhang et al. 2019). 
Multivariable angle droop control for quicker power-
sharing in PV and WES is developed in (Praiselin, Edward, 
and Technology 2022). Power-sharing in stand-alone 
microgrid with angle droop control is proposed (Kolluri et 
al. 2017, John, Ghosh, and Zare 2017). Optimal angle droop 
control with a flatness controller is developed in (Moussa 
et al. 2017). But frequency droop provides better power-
sharing as compared to angle droop control. It is 
challenging to determine the value of the tuning parameters 
in all of the droop controllers previously proposed. The 
fuzzy logic-based active power controller (FLAPC) 
developed in this paper is adaptive and improves active 
power-sharing for low and high values of real power droop 
gain. The power-sharing is prosecuted faster, and the 
transient response is improved with the proposed FLAPC.

THE MAIN CONTRIBUTIONS OF THIS 
PAPER ARE:

1. The comprehensive mathematical model of the 
droop-controlled inverter coupled DG-based 
microgrid is developed.

2. The FLAPC is developed considering a triangular 
membership function and 49 rules which is adaptable 
and does not require any tuning parameters like other 
controllers.

3. The efficaciousness of the developed novel       FLAPC 
is compared with CPSS and typical droop controllers 
without any additional controller. 

The remnant paper is condensed as follows. Section 
2 provides information regarding the system being studied 
and its control approach. Section 3 illustrates the issue of 
inadequate dampening by demonstrating the effect of the 
droop coefficient on microgrid stability. Following a design 
procedure of the proposed Fuzzy logic-based active power 
controller in Section 4, Section 5 shows the outcome of 
the simulation results. Finally, this paper is concluded in 
Section 6.

MATHEMATICAL MODEL OF THE STUDY 
SYSTEM

The system under study is displayed in Figure 1. It consists 
of three parallel-connected inverter-interfaced DGs. The 
DGs are outfitted with droop controllers to satisfy the power 
needs while regulating the system voltage and frequency. 
The droop gains of all the DGs are kept identical to share   
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the active power uniformly. The modeling of microgrid is 
divided into different submodules: Droop controlled 
inverter interfaced DGs, load, and network model. Each 
DG unit is represented by its own reference frame, the 
rotation frequency of which is determined by the power-

sharing controller. The network and load models are 
formulated using a common reference frame.

The mathematical model of individual submodules is 
developed and integrated to extract the entire model of the 
microgrid. The section below provides further information 
on the system’s mathematical modelling.

FIGURE 1. Schematic diagram of the study system

MATHEMATICAL MODEL OF DROOP-
CONTROLLED INVERTER COUPLED DG

The DG units in a microgrid are interfaced with the 
network using three-phase voltage source inverters (VSI), 
LC filters, and coupling inductors, as depicted in Figure 
2. The switching operation of the inverter is omitted due 
to the high frequency of VSI. The DC voltage obtained 
from renewable energy sources is assumed constant, and 
the dynamics of the DC side are neglected. The droop 
controller of VSI consists of an outer power-sharing 
controller, an inner voltage controller, and a current 
controller. The detailed model of the individual part is 
described below correspondingly.

POWER CONTROLLER

The power controller consists of a droop control that 
generates reference voltage and reference frequency for 
each DG. The powers (active and reactive) are shared amid 
all the DGs depending on generated references. The output 
voltages ( ,) and output currents ( ,) of the DGs in  
reference frame is utilized to obtain instantaneous real 
power ( ) and reactive power ( ) as presented in 
Equations (1) and (2).

FIGURE 3. Mathematical model of power controller

FIGURE 2. Interface circuit of DG including controllers and LCL filter
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in od od oq oqp v i v i= + (1)

in oq od od oqq v i v i= − (2)

The average active and reactive power (P and Q) are 
derived from instantaneous power (  and ) using a low 
pass filter (LPF), as shown in Figure 3. The extraction of 
average powers is expressed as,

FIGURE 3. Mathematical model of power controller
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Where  is the cut-off frequency of the LPF.

The angular reference frequency  and d-axis 
reference voltage ( )  are obtained based on real power 
droop gain ( ) and reactive power droop gain ) from 
the natural frequency  and nominal voltage  as 
shown in (5) and (6). The q-axis reference voltage is set to 
zero.

 *
n pm Pω ω= −   (5)

 ,od od n qv v n Q∗ = −   (6)

 0oqv∗ =   (7)

The reference transformation angle  is defined for 
each  DG inverter to transform from an individual 
reference frame ( ) to a common reference frame ( ) 
as,
 

 ( )j j com dtδ ω ω= −∫  (8)

where  is the reference frequency of the  DG 
inverter and is the reference frequency of DG1 
inverter, which serves as base frequency.

VOLTAGE CONTROLLER AND CURRENT 
CONTROLLER

The voltage controller and current controller consist of the 
standard proportional and integral controller. They generate 
reference filter inductor currents , ) and reference 
inverter output voltages  respectively as 
represented in Figure 4. The state equations for the voltage 
controller are described in (7) and (8), and algebraic 
equations in (9) and (10). 

FIGURE 4. Mathematical model of voltage controller and current controller
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*d
od od

d
v v

dt
φ

= − (9)

q
oq oq

d
v v

dt
φ ∗= − (10)

where, and  are state variables of the voltage 
controller

*( )ld f od n f oq pv od od iv di G i C v k v v kω φ∗ = − + − + (11)

( )lq f oq n f od pv oq oq iv qi G i C v k v v kω φ∗ ∗= + + − + (12)

Where  is feed-forward gain, is filter capacitance, 
, and  are proportional and integral gains of the 

voltage controller, correspondingly.
The state equations for the current controller are 

described in (11) and (12), and algebraic equations in (13) 
and (14).

d
ld ld

d
i i

dt
γ ∗= − (13)

q
lq lq

d
i i

dt
γ ∗= − (14)

where, and  are state variables of current controller 
and and  are filter inductor currents.

( )id n f lq pc ld ld ic dv L i k i i kω γ∗ ∗= − + − + (15)

( )iq n f ld pc lq lq ic qv L i k i i kω γ∗ ∗= + − + (16)

where,  is filter inductance,  and  are 
proportional and integral gain of current controller, 
respectively.

MATHEMATICAL MODEL LC FILTER AND 
COUPLING INDUCTOR MODEL

LC filter with coupling inductor forms an LCL filter that 
provides higher attenuation to harmonics and improved 
performance with a low value of L and C. The inverter 
output voltage and is assumed to be the same as 
the reference output voltage and produced by 
the current controller.

The state equations for LCL filter inductor currents, 
output currents, and output voltages are presented by,

1 ( )ld
lq id od f ld

f

di
i v v r i

dt L
ω= + − − (17)

1 ( )
f

lq
ld iq oq lq

f

di
i v v r i

dt L
ω= − + − − (18)

1 ( )od
oq od bd c od

c

di
i v v r i

dt L
ω= + − − (19)

1 ( )oq
od oq bq c oq

c

di
i v v r i

dt L
ω= − + − − (20)

1 ( )od
oq ld od

f

dv
v i i

dt C
ω= + − (21)

1 ( )oq
od lq oq

f

dv
v i i

dt C
ω= − + − (22)

where,  is coupling inductor,  and  are the 
internal resistance of the coupling inductor and filter 
inductor, respectively. The  and  are local bus 
voltages, and is the reference frequency of DG.

MATHEMATICAL MODEL OF AN 
INDIVIDUAL DG

The complete mathematical model of each inverter-coupled 
DG is formed by using (1)-(20). Each DG in a microgrid 
is modeled using an individual reference frame. The 
reference frequency of DG1 is taken as the base frequency, 
and all other DG variables are transformed.

The transformation technique defined in (23) is used 
to translate all of the other DGs from local reference (dq) 
to common reference frame (DQ).

( ) ( )
( ) ( )

cos sin

sin cos

j j

DQ dq

j j

f f
δ δ

δ δ

 −
    =    
 

(23)

The mathematical model of an individual inverter 
coupled DG is presented as,

[ ] [ ]
[ ]

...DGi DGi DGi DGi bDQi

i com com

x A x B v

Bω ω

 ∆ = ∆ + ∆ + 
∆
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[ ][ ]DGi
DGi DGi

oDGi

C x
i
ω∆ 

= ∆ ∆ 
(25)

[ ]DGi i i i dqi dqi ldqi odqi odqix P Q i v iδ φ γ ∆ = ∆ ∆ ∆ ∆ ∆ ∆ ∆ ∆  (26)
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Where, is state matrix,  is input matrix, 
is output matrix and  is the state vector matrix of  
DG.

MATHEMATICAL MODEL OF ALL INVERTER-
COUPLED DGS

In a microgrid, there can be many DGs connected parallel 
to each other. The mathematical model of parallel 
connected DGs can be presented as,

[ ] [ ]DG DG DG DG bDQX A X B v ∆ = ∆ + ∆ 


(27)

[ ]oDQ DG DGi C X ∆ = ∆  (28)

[ ] [ ]1 2 3 .....DG DG DG DG DGnX x x x x∆ = ∆ ∆ ∆ ∆ (29)

Where, is state matrix,  is input matrix, 
is output matrix and  is state vector matrix of all the 
DGs.

NETWORK AND PASSIVE LOAD MODEL

The network, i.e., the distribution line that interconnects 
DGs and load, is modeled by the RL circuit (  and 

). The state equations for line currents (  and 
)  are presented as,

1 1lineDi linei
lineDi lineQi bDj bDk

linei linei linei

di R
i i v v

dt L L L
ω

−
= + + − (30)

1 1lineQi linei
lineQi lineQi bQj bQk

linei linei linei

di R
i i v v

dt L L L
ω

−
= − + − (31)

The passive load (  and ) connected at ith 
node of the microgrid. The state equations for load currents 
(  and )  are presented as,
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FIGURE 5. Power-sharing and frequency variation for conventional droop with different value of real power droop gain 
(  ) (a) active power variation with , (b) frequency variation with , (c) active power variation 

with  (d) frequency variation with , (e) active power variation with  (f) 
frequency variation with 
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1loadDi loadi
loadDi loadQi bDi

loadi loadi

di R
i i v

dt L L
ω

−
= + + (32)

1loadQi loadi
loadQi loadQi bQi

loadi loadi

di R
i i v

dt L L
ω

−
= − + (33)

COMPLETE MICROGRID MODEL

The input variables  are derived by introducing a large 
virtual shunt resistor at each local bus node. At each node, 
voltage is calculated considering the incoming current as 
positive and the outgoing current as negative.

The node voltages at each local bus are defined as,

,( )bDi VN oDi loadDi lineDi jv r i i i= − + (34)

,( )bDi VN oDi loadDi lineDi jv r i i i= − + (35)

Where  is virtual resistance.

The complete mathematical model of the study system is 
provided,

DGDG

lineDQ mg lineDQ

loadDQ loadDQ

xx
i A i
i i

•

∆  ∆
  ∆ = ∆  
  ∆ ∆   

(36)

where  is the system state matrix.

EFFECT OF DROOP GAIN IN 
INVERTER-BASED MICROGRID

In a traditional power system, a parallel-operating 
synchronous generator consists of a governor. The increase 
and decrease in load demand are compensated by a decrease 
or increase in generation frequency. The load is shared 
among the different generators based on their frequency 
differences. The power-sharing appears across different 
generators until their frequency becomes equal. The real 
power droop equation described in Equation (5) shows the 
variation in the frequency with variation in load. If the 
value of  is high, the drop in frequency will be high, 
which causes the DG to share power instantly. But the 
variation in frequency due to load change is not immediate 
owing to the lag induced by the LPF. The change in 
frequency occurs after some time delay which results in 
oscillations in the supply frequency.

FIGURE 6. Simplified diagram of Fuzzy logic based adaptive active controller (FLAPC)

Figures 5(a) to 5(f) displays the simulation results of 
active power and frequency for different values of mp. In 
Figures 5(a) and 5(b), the value of mp is very low (1.2×10-

5). The equal power sharing is achieved by all the DGs in 
almost 1.5sec, so the difference in frequency also appears 
for a longer duration. The power-sharing is improved by 
increasing the value of mp from 1.2×10-5 to 9.4×10-5; 
because of increased mp, the power-sharing is improved, 

and load is shared equally in 0.5 sec, but oscillations 
appear in power and frequency responses as shown in 
Figures 5(c) and 5(d). Further increasing mp 
(1.84×10-4), the system becomes marginally stable, as 
displayed in Figures 5(e) and 5(f). Therefore, there is a 
trade-off between system stability and faster power 
sharing. Furthermore, larger steady-state frequency 
deviation is also caused by a higher droop coefficient.
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FUZZY LOGIC-BASED ADAPTIVE ACTIVE 
POWER CONTROLLER

Fuzzy logic is a knowledge base system for control 
operations. The fuzzy logic control (FLC) technique 
appears to be most convenient whenever a well-defined 
control objective is not determined. The system to be 
controlled is intricate, or its exact mathematical model is 
not available. FLC has evolved as a promising technology 
and is currently employed in various power system 
applications. (Bhukya and Mahajan 2018).

The FLC is one of the most promising techniques for 
converting language control rules into operational 
mechanisms. FLC paradigm closely resembles the 
intuitiveness of expert operation, making it appealing and 
straightforward to integrate heuristic rules in the controller 
that takes into account the experiences of human experts 
(Rahmani-Andebili 2021).

The FLC does not depend on an exact mathematical 
representation of the system. It accommodates parameter 
fluctuation effectively and can cope with disturbances. FLC 
modeling is simpler than conventional or model-based 
controllers (Gupta and Sambariya 2017).

Due to the benefits described above, the FLC-based 
active power controller is designed in this paper. The 
following section describes the design steps of FLAPC.

DESIGN PROCEDURE OF FLAPC

 The FLAPC generates an additional signal ΔꞷFL based on 
real power changes to improve the system performance. 
The schematic diagram of FLAPC is depicted in Figure 6.

DEFINING INPUT AND OUTPUT VARIABLES

The first stage in modeling the FLAPC is defining the 
system performance variables. The real power deviation  
( ) and change in real power deviation ( ) are selected 
as input signals to the Fuzzy logic base controller.  and 

 are normalization factors and  is the de-normalization 
factor.

MEMBERSHIP FUNCTION

In fuzzy logic systems, linguistic variables are used to 
express input and output variables. The number of rules 
increases with linguistic variables, which complicates the 
controller design. Different types of membership functions 
(MF) like Triangular, Trapezoidal. Gaussian etc. Here, 
seven linguistic variables with triangular MF are selected 
for each input and output variable, as depicted in Figure 

7. The MFs of the control variables have 50% overlap
between neighboring fuzzy subsets.

INFERENCE MECHANISM

The correlation between the input and output of FLC is 
defined by a set of rules. The rules are specified by linguistic 
variables using the available information in the domain of 
designing PSS. To achieve precise control action and make 
considerable difference between fuzzy regions, seven 
control actions named “Large Negative (LN),” 

FIGURE 7. MF for input and output of 7× 7 FLC.

“Medium Negative (MN)”, “Small Negative (SN)”, 
“Zero (Z)”, “Large Positive (LP),” “Medium Positive 
(MP)”, and “Small Positive (SP)” is used(Song and Johns 
1997). The LN indicates that the drop in the control variable 
is much larger compared to the required value, and LP 
means the increase in the control variable is much larger 
compared to the required value. The two input variables 
change in real power (real power error), and the change of 
real power error results in 49 rules for each DG, as shown 
in Table 1. The rules can be represented in surface view as 
depicted in Figure 8.

FIGURE 8. Surface view of fuzzy logic-based APC rules

THE TYPICAL STRUCTURE OF RULES IS AS 
FOLLOWS:

Rule 1: If the error in real power is LN and the change in 
real power error is LN then the frequency (output of FLC-
based additional controller) is LN.
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Rule 2: If the error in real power is LN and the change in 
real power error is MN then the frequency (output of FLC-
based additional controller) is LN. 

Similarly, other rules are formed, as given in Table 1 
below. 

TABLE 1. Rule Base

 Error in real 
power (pe)

change in real power error (Δpe)

LN MN SN Z SP MP LP
LN LN LN LN LN MN SN Z
MN LN LN MN MN SN Z SP
SN LN MN MN SN Z SP MP
Z MN MN SN Z SP MP MP
SP MN SN Z SP MP MP LP
MP SN Z SP MP MP LP LP
LP Z SP MP LP LP LP LP

SIMULATION RESULT

To assess the efficacy of the FLAPC, simulations are carried 
out for the different value of real power droop gain . 
The microgrid model is implemented for sudden load shift 
simulation in the MATLAB/Simulink environment, and 
results are analyzed without PSS considering only 
conventional droop, with CPSS, and with developed 
FLAPC.

The DGs controller parameters are listed in the 
Appendix. The parameters of CPSS are obtained from the 
design procedure given by (Firdaus and Mishra 2019). The 
simulation sequence is: for time t=0 to t=1 sec, the system 
supplying the initial operating load of 25Ω load connected 
at node 1 and 20Ω load connected at node 3, at time t=1 
sec, the step change of 3.8 kW is applied in the load at local 
bus 1. The simulations are performed for nominal, critical, 
and very high values of droop gain.

CASE 1: SIMULATION RESULTS 
WHEN =9.4×10-5

Figure 9 depicts the power delivered by different DGs with 
a nominal value of droop gain ( ). The 
comparison of system response is given in Table 2. The 
oscillations in DG1 power response are high compared to 
DG2 and DG3 because it is located near the load center. 
At a normal value of droop gain, the system is stable, but 
equal power sharing is achieved at 0.6 sec, and also 
oscillations are more in power output without any 
controller. The power is shared equally and without any 
oscillations with the proposed controller. The overshoot in 
real power is reduced by 0.76%, 0.69%, and 0.11%, and 
settling time is reduced by 0.03, 0.033, 0.17 sec with 
FLAPC for DG1, DG2, and DG3 as compared to CPSS, 

respectively. Hence with proposed controller power can 
be shared proportionally at lower or nominal value of droop 
gains by maintaining stability.

TABLE 2. Comparison of system performance with Conv. 
droop, with CPSS and with FLAPC for mp = 9.4×10−5

PDG

Settling time (sec) Overshoot (%)

Conv. 
droop

With
CPSS

With
FLAPC

Conv. 
droop

With
CPSS

With
FLAPC

PDG1 0.835 0.28 0.248 7.65 2.89 2.13
PDG2 0.84 0.296 0.263 5.8 1.02 0.32
PDG3 0.748 0.419 0.253 2.1 0.59 0.48

CASE 2: SIMULATION RESULTS WHEN 
mP=1.84×10−4

Figure 10 shows the power-sharing of different DGs for 
the critical value of droop gain (mp =1.84×10−4). The 
comparison of system response is given in Table 3. The 
system becomes marginally stable for 
with conventional droop control and oscillations in power 
response continues for a longer duration. The system 
response becomes stable, and oscillations don’t appear in 
the power response of all DGs with CPSS and FLAPC. 
The overshoot in real power is reduced by 0.087%,.30%, 
and 0.38% and settling time is and settling time is reduced 
by 0.03, 0.06, 0.074 sec with FLAPC for DG1, DG2, and 
DG3 as compared to CPSS respectively. A considerable 
improvement is obtained in power sharing and settling time 
with FLAPC.
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FIGURE 9. Power-sharing among different DGs for 
with Conv. droop, with CPSS, and with 

FLAPC (a)DG1 (b) DG2(c) DG3

FIGURE 10. Power-sharing among different DGs for 
Conv. droop, with CPSS, and with FLAPC 

(a) DG1 (b) DG2 (c) DG3

CASE 3: SIMULATION RESULTS WHEN 
mP=2.5×10-4

Figure 11 shows the power-sharing of different DGs for 
mp=2.5×10-4 (high value). The comparison of system 
response is given in Table 4. The oscillations are growing 
and system is unstable for high value of droop gain with 
normal droop as shown in Figure11. At the higher value 
of droop gain, the power-sharing is improved with 

maintaining system stability in the case with CPSS and 
with FLAPC. The overshoot and settling time are reduced 
by 0.1%, 0.35%, 0.64%, and 0.107, 0.223, and 0.046 sec 
with FLAPC compared to CPSS for DG1, DG2, and DG3, 
respectively.

TABLE 3. Comparison of system performance with Conv.
droop, with CPSS and with FLAPC for mp = 1.84×10−4

PDG

Settling time (sec) Overshoot (%)

Conv.
droop

With
CPSS

With
FLAPC

Conv.
droop

With
CPSS

With
FLAPC

PDG1
marginally 

stable 0.296 0.265 - 0.14 0.052

PDG2
marginally 

stable 0.38 0.319 - 0.42 0.12

PDG3
marginally

stable 0.393 0.319 - 1.42 1.04

CASE 4: SIMULATION RESULTS WHEN PSS 
IS SWITCHED t= 2SEC

FIGURE 11. Power-sharing among different DGs for 
with Conv. droop, with CPSS, and with 

FLAPC (a) DG1 (b) DG2 (c) DG3 
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Figure 12 shows the power-sharing of different DGs for 
. The system response is unstable, and 

increasing oscillations appear in the power response of all 
the DGs. The controller is switched on at t=2 sec. The 
system becomes stable in less than 0.2 sec, and overshoot 
is decreased considerably in the case of FLAPC as 
compared to CPSS.

TABLE 4 Comparison of system performance with Conv. 
droop, with CPSS and with FLAPC for mp = 2.5×10−4

PDG

Settling time (sec) Overshoot (%)

Conv. 
droop

With
CPSS

With
FLAPC

Conv. 
droop

With
CPSS

With
FLAPC

PDG1 unstable 0.433 0.326 - 0.45 0.35
PDG2 unstable 0.53 0.307 - 0.42 0.07
PDG3 unstable 0.4 0.354 - 1.80 1.16

FIGURE 12. Power-sharing among different DGs for  
 with CPSS, and with FLAPC when 

controller is switched on at t=2 sec (a) DG1 (b) DG2 (c) DG3

CONCLUSION

In this paper, a design of an adaptive active power 
controller is proposed to enhance power-sharing among 
distributed generators (DGs) in an autonomous microgrid. 

In order to achieve fast power-sharing among the DGs to 
recompense the load change, the high droop gain in 
conventional active power controllers can cause severe 
oscillations. To dampen the sustained oscillations, this 
paper proposes an adaptive fuzzy logic-based active power 
control technique for an inverter coupled DG based 
autonomous microgrid. 

The proposed FLAPC modulates the frequency 
according to load change by taking precise control action 
using the designed fuzzy rules based on the magnitude of 
the error. The proposed FLAPC is adaptive and avoids the 
tedious process of obtaining tuning parameters. The 
simulation results show the comparison of different active 
power controllers using high droop to recompense the load 
change. The FLAPC reduces overshoot in the range of 2% 
to 6%, and settling time is reduced from 0.7 sec to 0.1 sec 
compared to the conventional droop controller for nominal 
gain. The settling time and peak overshoot are also less for 
other values of droop gains.

During load change, the incorporation of FLPAC with 
DGs by enhancing the power sharing from DGs by quickly 
dampening the oscillations. Conclusively, the simulation 
results reveal that the fuzzy control technique has superior 
power regulation, faster oscillation dampening, and 
significantly reduced settling time.
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APPENDIX

Table A-1 DG controller parameters
fs 8 kHz mp 9.4×10-5

Lf 1.35 mH nq 1.3×10-3

Cf 50 µF kpv 0.05
rf 0.1 Ω kiv 390
Lc 0.35 mH kpc 10.5
rLc 0.03 Ω kic 16×103

ꞷc 31.41 rad/sec F 0.75
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Table A-2 CPSS parameters
k 9.5297×10-5 T2 0.001
T1 0.0390 Tw 3
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