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Abstract—Passive anti-islanding protections rely on measure-
ments of voltage, frequency, and rate of change of frequency
at the point of common coupling of the distributed generators,
and their performance is impacted by the dynamic behavior of
distributed generators operating under specific control modes. In
this context, this paper proposes a novel heuristic-based method
for setting the excitation system parameters of synchronous dis-
tributed generators using the differential evolution algorithm to
enhance the performance of anti-islanding protection. The results
demonstrate that the heuristic-based method achieves improved
islanding detection performance compared to traditional values
used to specify excitation system parameters. Furthermore, the
optimized excitation system parameters do not adversely affect
the transient response of the generator during fault events.

Index Terms—Differential Evolution, Distributed Generation,
Anti-Islanding Protection, Renewable Energy.

ABBREVIATIONS

27/59 Under/Over Voltage Protections.
81R Rate of Change of Frequency Protection.
81U/O Under/Over Frequency Protections.
DE Differential Evolution.
DG Distributed Generator.
NDZ Non-Detection Zone.
OF Objective Function.
RoCoF Rate of Change of Frequency.
SDG Synchronous Distributed Generator.
FDZ False Detection Zone.
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NOMENCLATURE

AT Component of the objective function related to
the actuation time of anti-islanding protections

ES Component of the objective function related to
the dynamic performance of the synchronous
distributed generator

Ei,G
SV

Sum of the squared error between each sample j
of the voltage signal during a single-phase fault
and the pre-fault value at the generation G

Ei,G
SP

Sum of the squared error between each sample j
of the voltage signal during a single-phase fault
and the pre-fault value at the generation G

T i,G
81O,T i,G

81U Actuation time of 81O/81U protection function
for the individual i at the generation G (ms)

T i,G
81R Actuation time of 81O protection function for

the individual i at the generation G (ms)
Vj ,Pj Sample j of the voltage and active power signals

during a single-phase fault at the point of com-
mon coupling of the synchronous distributed
generator

Vpre,Ppre Pre-fault values of the voltage and active power
measured at the point of common coupling of
the synchronous distributed generator

CAT
,CES

Weights assigned to the AT (
−−→
XG

i ) and ES(
−−→
XG

i )
components of the objective function

NAT
,NES

Normalization constants of the AT (
−−→
XG

i ) and
ES(

−−→
XG

i ) components of the objective function
NP Number of vectors of the population
F , C Scale factor and crossover constant
D Number of dimensions of each vector−−→
XG

i Target vector of index i at the generation G−→
V G
i Donor vector of index i at the generation G−→

UG
i Trial vector of index i at the generation G
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uG
j,i,v

G
j,i,x

G
j,iParameter j of individual i at the generation G

VQ Output signal of reactive power control
VREF Voltage reference of the reactive power control
KPQ,KIQ Gains of the proportiona-integrative controller
TC ,TB Time constants of the lead-lag filter
KA,TA Gain and time constant of the voltage regulator
KE ,TE Gain and time constant of the exciter model
KF ,TF Gain and time constant of the negative feedback

I. INTRODUCTION

A. Motivation and Incitement

An islanding event occurs when a portion of the electrical
system, including Distributed Generators (DGs) and consumer
units, becomes disconnected from the main grid and remains
energized without the knowledge or permission of the utility
[1]. Grid codes recommend the fast disconnection of DGs
to minimize the negative impacts of the islanded operation
on the electrical system [1]. To achieve this, local passive
anti-islanding protections are commonly used, which act by
measuring an electrical quantity at the point of common
coupling of the DG [2], [3]. The most common passive
protection functions are the under/over frequency (81U/O),
rate of change of frequency (81R, RoCoF), and under/over
voltage (27/59).

However, in operating conditions with low active and/or re-
active power imbalance, passive techniques may not detect is-
landing in an adequate time interval, leading to Non-Detection
Zones (NDZs) [4]–[7]. In the past, sensitive settings have been
used for these protections to reduce NDZs and ensure a fast
disconnection of the DGs in the event of an islanding. Still,
in a scenario with high penetration of distributed generation,
more relaxed settings are needed to ensure the dependability
and security of the protection scheme [8], i.e., it acts for
islanding events and does not act for other events, such as
short circuits, load switching, among others. The IEEE 1547-
2018 standard [1] also presents the ride-through requirements,
which determine the frequency, voltage, and RoCoF values for
which the DG must remain connected to the electrical grid.

Thus, new solutions must be proposed to reduce the NDZs
of passive anti-islanding protections, while satisfying the ride-
through requirements simultaneously. In [9], the authors show
that when the excitation system of the Synchronous Distributed
Generator (SDG) is configured to control the terminal voltage,
the 27/59 protection function has a large NDZ, which makes
its application for islanding detection unfeasible. Additionally,
the NDZ of the 81U/O protection function may be larger,
depending on the operating conditions, compared to scenarios
in which the excitation system is configured to control reactive
power. Since the performance of passive anti-islanding protec-
tions is influenced by the control mode of the SDG excitation
system, the proper setting of the control parameters may also
affect the protection’s performance.

B. Literature Review

In the literature, several papers have applied heuristic-based
methods to identify and/or optimize the parameters of the

excitation system model. However, optimizing the model gains
and time constants in the context of islanding detection has not
been investigated so far. In [10] and [11], the particle swarm
optimization algorithm is used to identify the parameters of
the excitation system model by comparing the real system
response to a reference signal. In [12] and [13], methodologies
that employ genetic algorithms for the same purpose are
developed. Finally, in [14], modifications are made to the
mutation and crossover operators of the Differential Evolution
(DE) algorithm to propose an algorithm that presents better
convergence when applied to the problem of identifying the
parameters of the excitation system.

C. Contribution and Paper Organization

In this context, this paper proposes a novel heuristic-
based method for setting the excitation system parameters of
SDGs using the DE algorithm to enhance the performance
of anti-islanding protection. This algorithm aims to minimize
an objective function (OF) that considers the actuation time
of anti-islanding protections (81U/O, 81R) and the dynamic
performance of the SDGs after the occurrence of a fault
at the point of common coupling (PCC) to guarantee a
proper dynamic response of the SDG control. Simulations of
islanding and fault events were performed in several operating
conditions in a distribution system to validate the effectiveness
of the proposed method. The results revealed that optimizing
the excitation system parameters improved the performance
of the anti-islanding protections, reducing their NDZ without
negatively affecting the transient response after a short circuit
at the PCC of the SDG. In addition, once only passive
techniques are employed to disconnect the SDG, there is no
impact on the power quality.

Based on this context and recognizing the need for studies
on this topic, the main contributions of this paper are:

• A novel heuristic-based method for setting the excitation
system parameters of SDGs to enhance the performance
of passive anti-islanding protections 81U/O and 81R;

• Proposal of an OF that minimizes the actuation time of
existing passive anti-islanding protections, without the
need for new settings and not affecting the protection
security in the occurrence of faults in the distribution grid;

• The effectiveness of the proposed method is validated by
the simulations of islanding and fault events in a distri-
bution system, analyzing frequency and RoCoF signals
in the time domain, in addition to the NDZ and False
Detection Zone (FDZ) of passive protections;

• The proposed technique’s impact on the SDG’s overall
performance was evaluated through the analysis of the
active power and voltage signals at the SDG’s terminal.

The paper is structured as follows: in Section 2 the OF,
simulation method, and the DE heuristic are described; Section
3 presents the results; and Section 4 presents the conclusions.
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II. METHODOLOGY

A. Proposed Objective Function

In this paper, the proposed method aims to minimize the
actuation time of the anti-islanding protections, as well as
guarantee a good performance of the excitation system model
during disturbances in the electrical system. Thus, to calculate
the OF, it is necessary to perform electromagnetic transient
simulations of islanding events to obtain the trip signals of
the passive anti-islanding protections and short circuit events,
which will return the voltage and active power signals at the
PCC of the SDG.

The first component of the OF, referring to the performance
of the anti-islanding protections, is presented in (1). Consid-
ering the excitation system model is set with the parameters
of a vector

−−→
XG

i , in which each element represents the value
of a gain or a time constant, the actuation time of the anti-
islanding protections 81O, 81U, and 81R are represented
by the variables T i,G

81O, T i,G
81U , and T i,G

81R, respectively. The
equation considers only the actuation time of the anti-islanding
protection with the best performance (shortest actuation time).

AT (
−−→
XG

i ) = min
(
T i,G
81O, T

i,G
81U , T

i,G
81R

)
(1)

The second component of the OF is described in (2), being
related to the dynamic performance of the SDG after a short
circuit at the PCC of the SDG. The variable Ei,G

SV
, presented

in (3), is the sum of the squared error between each sample
j of the voltage signal (Vj) during a single-phase fault at the
PCC of the SDG and the pre-fault reference value (Vpre).
Thus, the error for the three-phase voltage is calculated, and
only the phase with the highest error is considered. Likewise,
the variable Ei,G

SP
, described in (4), is the sum of the squared

error between each sample j of the SDG active power signal
(Pj) over time during a single-phase fault at the PCC and the
pre-fault reference value Ppre. Including voltage and active
power fluctuations in the problem formulation ensures that the
SDG adequately controls the terminal voltage and active power
injection, even after a disturbance in the electrical grid.

ES(
−−→
XG

i ) = Ei,G
SV

+ Ei,G
SP

(2)

Ei,G
SV

=
∑

(Vj − Vpre)
2
; j = 1 to total of samples (3)

Ei,G
SP

=
∑

(Pj − Ppre)
2
; j = 1 to total of samples (4)

Therefore, the complete OF is described in (5). The pa-
rameters CAT

and CES
indicate the weights assigned to each

component of the OF, being constants with values between 0
and 1, and their sum must be equal to unity (CAT

+CES
= 1).

The constants NAT
and NES

normalize the components
AT (

−−→
XG

i ) and ES(
−−→
XG

i ), respectively, ensuring that both parts
have the same order of magnitude. The constant NAT

is the

best OF value after executing the DE algorithm with CAT

equal to 1 and CES
equal to 0. Similarly, the constant NES

corresponds to the best OF value obtained after executing the
DE algorithm with CAT

equal to 0 and CES
equal to 1.

min f(
−−→
XG

i ) = CAT
· AT (

−−→
XG

i )

NAT

+ CES
· ES(

−−→
XG

i )

NES

(5)

Finally, penalties are considered to prevent the algorithm
from converging to infeasible solutions. In (5), a penalty is
added to the OF if the signals of frequency, voltage (phases
A, B, and C), active power, or reactive power of the SDG
are not in steady-state moments before the simulation of the
islanding or short circuit events. A penalty is also inserted if
the active and reactive power exported by the SDG are outside
the reference values defined in the control loops. Additionally,
in (1), a constant value is added to the actuation time of
the anti-islanding protections that do not act properly during
islanding events. The OF calculation procedure is summarized
in Algorithm 1.

Algorithm 1 Algorithm to calculate the OF and perform the
selection step of the DE algorithm.

1: for each trial and target vector do
2: Perform the islanding simulation and calculate (1) based

on the anti-islanding protections actuation times
3: Perform the short circuit simulation and calculate (2)

based on voltage and active power oscillations
4: Calculate (5) and chose the best solution
5: end for

B. Differential Evolution Algorithm

The DE heuristic is a method used to minimize functions
in the continuous space [15]–[17]. The algorithm is divided
into the following steps: initialization, mutation, crossover, and
selection. This heuristic was chosen because of the need for
only two control parameters: the scale factor F , which controls
the amplification of the difference vector in the mutation
operator, and the crossover constant C [14].

During the initialization process, an initial population is
randomly created, composed of NP vectors (called target
vectors) with a dimension D [16], [17]. In the problem of
setting the parameters of the excitation system of SDGs, each
vector of the population is a group of parameters of the
excitation system (composed of gains and time constants),
which are generated using a uniform distribution limited by
the maximum and minimum feasible values for each pa-
rameter. To represent a D-dimension target vector of index
i at the generation G, the notation (6) may be used, in
which xG

1,i, x
G
2,i, x

G
3,i, ..., x

G
D,i represents each parameter of the

excitation system.

−−→
XG

i =
[
xG
1,i, x

G
2,i, x

G
3,i, ..., x

G
D,i

]
; i = 1, 2, ..., NP (6)
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The mutation process involves recombining the existing
target vectors to create new solutions [16], [17]. The operation
showed in (7) consists of randomly selecting three target
vectors (

−−→
XG

r1,
−−→
XG

r2 and
−−→
XG

r1), subtracting two of them and
multiplying the result by the scale factor F . Finally, the
resulting vector is added to the third one, creating a donor
vector

−→
V G
i .

−→
V G
i =

−−→
XG

r1 + F (
−−→
XG

r2 −
−−→
XG

r3) (7)

In the crossover operation, the target and donor vectors ex-
change parameters to create a new population of trial vectors,
represented by (8) [16], [17]. The procedure is described in
(9) and is performed for all D parameters. If a randomly
generated value (between 0 and 1) is minor than the crossover
constant C (which has a fixed value between 0 and 1), the
trial vector receives the donor vector parameter. Otherwise,
the target vector parameter is assigned. A new trial population
is created after performing this operation on all NP vectors
from both the target and donor populations.

−→
UG
i =

[
uG
1,i, u

G
2,i, u

G
3,i, ..., u

G
D,i

]
; i = 1, 2, ..., NP (8)

uG
j,i =

{
vGj,i if randj ≤ C
xG
j,i otherwise ; j = 1, 2, ..., D (9)

Finally, in the selection operation, the value of the OF is
calculated for each vector of the target and trial populations,
selecting the vector with the best performance. The resulting
population will be the next generation’s target population, and
these steps repeat until the convergence criterion is satisfied
[16], [17].

C. Complete Optimization Algorithm

The steps for applying the complete DE algorithm are:

Step 1: Define the settings of the anti-islanding protections,
maximum time interval for islanding detection, char-
acteristics of the short circuit event (fault resistance
and clearance time), and the load/generation level
for the dynamic simulations. Also, define the control
parameters F , C, population size, and maximum
number of generations for the DE heuristic;

Step 2: Estimate the normalization constants NAT
and NES

;
• To determine NAT

, execute the DE heuristic using
only (1) as the OF. Store the OF value of the best
solution;

• To determine NES
, execute the DE heuristic using

only (2) as the OF. Store the OF value of the best
solution.

Step 3: Set values between 0 and 1 to the constants CAT
and

CES
, and execute the DE heuristic adopting (5) as

OF.

III. APPLICATION AND RESULTS

This section presents the application of the proposed method
in a modified version of the IEEE 34-bus test feeder [18]
modeled in ATP, which diagram is presented in Fig. 1. The
main modifications include the connection of a Diesel SDG
in bus 848. Additionally, the voltage regulator in bus 852 was
modeled as an on-load tap changer, the capacitor bank in bus
844 was disconnected, and the loads were modeled as constant
impedance [4]. The islanding event is caused by the opening
of switch SW1.

838

824

826

828 830 854 856

852

832
890

858

864

834

842

844

846

848

860 836 840

862

DG

24.9Yg/0.48Yg kV

1500 kVA

24.9Δ/0.48Yg kV

750 kVA

LDG1

1112 kVA

556 kW

FP=0.95 ind.

888
24,9Yg/4,16Yg kV

500 kVA

800

802

806

808

812

814
850

816

810
818

820

822

∞

Substation

69Δ/24.9Yg kV

2500 kVA

Diesel Synchronous DG

SW1

Fig. 1. Modified IEEE 34-bus test feeder. Based on [4].

The voltage control model of the excitation system of the
SDG is type IEEE DC1C [19]. The reactive power control
is based on the IEEE var type II model, which generates an
output signal VQ. This signal is added to the voltage reference
VREF and used as input to the voltage control [19]. The
complete model of the excitation system is presented in Fig. 2.

The parameters KPQ and KIQ are the PI controller gains
of the reactive power control loop. In the voltage control loop,
the parameters TC and TB are the time constants of the lead-
lag filter, TA is the time constant, and KA is the voltage
regulator gain, while KE and TE are related to the exciter
model. Finally, KF and TF are responsible for stabilizing the
control model through negative feedback [19]. In addition, the
speed regulator model was based on [4]. All SDG parameters
are detailed in the Appendix.

𝑄𝑅𝐸𝐹

𝑄3𝜙 𝐾𝑃𝑄

𝐾𝐼𝑄
𝑠

1 + 𝑠𝑇𝐶
1 + 𝑠𝑇𝐵

𝐾𝐴
1 + 𝑠𝑇𝐴

1

𝐾𝐸 + 𝑠𝑇𝐸

𝑠𝐾𝐹
1 + 𝑠𝑇𝐹

+ +

+

+

+
− −

−

𝑉𝑅𝐸𝐹
𝑉𝑡

𝐸𝑓𝑑

𝑉𝑄

Fig. 2. Excitation system model.

A. Application of the Heuristic Method

The settings of the anti-islanding protections are presented
in Tab. I and were defined respecting the ride-through require-
ments presented in the IEEE standard 1547-2018 [1].

The islanding event simulated to calculate the AT portion
of the OF occurs by the opening of switch SW1. In addition,
the short circuit event simulated to calculate the ES portion of
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TABLE I
ANTI-ISLANDING PROTECTIONS SETTINGS.

ANSI Pickup Time Delay
81O 62 Hz 0.1 s
81U 57 Hz 0.1 s
81R 3 Hz/s 0 s

the OF is a single-phase short circuit at the point of common
coupling of the SDG (bus 848) with a fault resistance of
25 Ω and clearance time of 500 ms. In both events, the
SDG generates 0.69 p.u. of active power and 0.16 p.u. of
reactive power, resulting in an operative scenario with active
and reactive power imbalance of 0.27 p.u. and 0.30 p.u.,
respectively.

The parameters of the excitation system model are shown
in Tab. II, highlighting the variation range of each parameter.
According to the IEEE standard 421.5-2016 [19], TA, KE ,
and TE are related to the excitation system model and were
kept fixed. The variation ranges of the PI controller gains
were defined based on previous simulations. In addition, the
maximum and minimum limits defined for the parameters TC ,
TB , KA, KF , and TF were defined to allow a wide variation
around the base values presented in [19].

TABLE II
PARAMETERS OF THE EXCITATION SYSTEM MODEL.

0.1 ≤ KPQ ≤ 0.25 p.u. 0.0001 ≤ KF ≤ 1 p.u.
0.1 ≤ KIQ ≤ 5 p.u. 0.01 ≤ TF ≤ 10 s
0 ≤ TB ≤ 0.01 s TA = 0.06 s
0 ≤ TC ≤ 0.01 s KE = 1 p.u.

10 ≤ KA ≤ 850 p.u. TE = 0.46 s

The control parameters used in the DE heuristic were
defined based on several simulations and are:

• Dimensions (D): 7 (variables are the parameters KPQ,
KIQ, TB , TC , KA, KF and TF );

• Population size (NP ): 15;
• Converge criteria: maximum of 30 generations;
• Scale factor (F ): 1.2 in the first five generations, 0.8 in

the last ten generations, and 1.0 in other generations;
• Crossover constant (C): 0.6.
During the execution of the DE algorithm, the OF is

calculated for two populations in the selection process: trial
and target population. In a generation, two electromagnetic
transient simulations are performed for each individual of both
populations. Considering that, in this paper, it was defined
a population size of 15 individuals and the convergence
criteria is a maximum of 30 generations, it is necessary to
perform 1800 electromagnetic transient simulations to run the
optimization algorithm. In addition, other 1800 simulations are
needed to calculate the normalization constants that are part
of the objective function, totaling 3600 simulations.

The first step of the proposed algorithm is the estimation
of the normalization constants NAT

and NES
. The values of

AT and ES in the OF are normalized so that both have the
same order of magnitude. Thus, the influence of each function
on the final value of the OF (when the weights CAT

and

CES
are equal) will be the same, allowing a fair analysis. The

value of the normalization constant is the fitness of the best
solution in each execution, which in this case study resulted
in NES

= 900.0 p.u. and NAT
= 130.72 p.u.

In order to obtain an overview of the impact of the OF
weights on the performance of anti-islanding protections, five
sets of solutions were obtained by varying the weights CAT

and CES
of the OF:

• Set 1: CAT
= 0 and CES

= 1;
• Set 2: CAT

= 0.25 and CES
= 0.75;

• Set 3: CAT
= 0.5 and CES

= 0.5;
• Set 4: CAT

= 0.75 and CES
= 0.25;

• Set 5: CAT
= 1 and CES

= 0.
The values of the parameters of the SDG excitation system

for each solution are presented in Tab. III. In addition, the
actuation times of the anti-islanding for these solutions after
an islanding event with an active power imbalance of 0.27 p.u.
and reactive power imbalance of 0.30 p.u. (same operating
condition defined as input data for the heuristic method) are
presented in Tab. IV. The acting time of the function 81R was
less than 150 ms for all solutions. In addition, solutions Set 1
and Set 2 presented the highest acting time for this function,
while solution Set 5 resulted in the best performance. Also,
considering the combined function 81U/O, the islanding event
was not detected within the maximum detection time of 2 s
only for solution Set 2.

TABLE III
OPTIMIZED PARAMETERS OF THE EXCITATION SYSTEM.

Parameters Set 1 Set 2 Set 3 Set 4 Set 5
KPQ (p.u.) 0.1737 0.1248 0.25 0.25 0.25
KIQ (p.u.) 5 5 5 5 0.305
TB (s) 0.0033 0.01 0.01 0.0065 0.0036
TC (s) 0.0014 0.01 0.0027 0.01 0.01

KA (p.u.) 565 850 850 10 46
KF (p.u.) 0.328 1 1 0.865 0.755
TF (s) 2.5183 8.31 10.0 2.7663 10.0

TABLE IV
ANTI-ISLANDING PROTECTIONS ACTUATION TIME AFTER THE

OPTIMIZATION.

Set 1 Set 2 Set 3 Set 4 Set 5
81O (ms) 1686 - 1365 14301 -
81U (ms) - - - 850.46 1403
81R (ms) 147.38 148.42 139.05 136.97 130.72

In order to obtain an overview of the impact of the OF
weights on the frequency and RoCoF oscillations, Fig. 3a and
Fig. 3b present the frequency and RoCoF signals, respectively,
in the time-domain after an islanding event for the five
solutions previously presented in Tab. III.

From Fig. 3a, it is noted that for the solutions Set 1
and Set 2, in which the weight given to the minimization
of the anti-islanding protection actuation time is null and
0.25, respectively, the frequency signal presents the smaller
oscillations around the 60 Hz reference, which results in higher
acting times for the islanding protections. Therefore, a more
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sensitive setting is necessary to guarantee the performance of
the 81U/O protection function. The frequency oscillation is
more severe for the other solutions, reaching values below
55 Hz for solution Set 5 and above 65 Hz for solutions Set 3
and Set 4, allowing more relaxed settings.

From the RoCoF signals presented in Fig. 3b, despite
function 81R having the shortest actuation time when adopting
the parameters of the solution Set 5, the RoCoF signal drops
to a minimum of -5 Hz/s. On the other hand, for solution
Set 3, the RoCoF signal raises to 10 Hz/s, indicating that if
a more relaxed setting was adopted (or a longer time delay),
these excitation system parameters would still guarantee the
disconnection of the SDG after the islanding event.

Aiming to evaluate the dynamic performance of the SDG for
the five solutions, Fig. 4 shows the voltage and active power
signals during and after a short circuit event with a duration
of 500 ms at the PCC of the SDG. The difference between the
voltage and active power oscillations for each solution is not
significant. Also, even with a voltage drop to values below
0.60 p.u. during the short circuit and a large oscillation of
the SDG active power, it is observed that the system is able
to restore the balance after the extinction of the short circuit.
Thus, it is concluded that the best strategy is to adopt weights
equal to 0.5 for calculating the OF, ensuring compliance
between islanding detection and dynamic performance of the
SDG for other disturbances in the electrical grid.
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Fig. 3. Comparison of the signals of (a) frequency and (b) RoCoF after an
islanding event.

B. Comparison With Standard Settings

This section is dedicated to comparing the performance of
the anti-islanding protections when the excitation system of
the SDG is modeled with the set of parameters obtained by
the proposed heuristic and with standard parameters available
in the literature. Thus, the Set 3 solution is compared with
the gains presented in the IEEE standard 421.5-2016 [19]
and described in Tab. V. The gains KPQ and KIQ are
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Fig. 4. Comparison of the signals of (a) voltage and (b) active power after a
short circuit event.

not included in the standard and were adjusted using the
parameters available in [4].

TABLE V
STANDARD PARAMETERS OF THE EXCITATION SYSTEM MODEL. BASED IN

[4], [19].

KPQ 0.25 p.u. KF 0.1 p.u.
KIQ 0.5 p.u. TF 1 s
TB 0 s TA 0.06 s
TC 0 s KE 1 p.u.
KA 46 p.u. TE 0.46 s

The frequency and RoCoF signals after an islanding event
in the same operative scenario of the previous sections are
presented in Fig. 5. By adopting the parameters set out in the
IEEE 421.5-2016 standard, the frequency (Fig. 5a) does not
exceed the range of 55 Hz, while in the scenarios in which
the excitation system is modeled with the parameters obtained
by the heuristic, the frequency deviates to values close to
70 Hz. Likewise, the RoCoF signal (Fig. 5b) oscillates less
when using the parameters of the IEEE 421.5-2016 standard
so that the protection would not be sensitized if a setting of
5 Hz/s was adopted.

In addition, by the voltage and active power signals when
a phase-to-ground short circuit event occurs at the point of
common coupling of the SDG (Fig. 6), it is noted that when
adopting the optimized parameters, the voltage and active
power oscillates less after the extinction of the disturbance.
Therefore, in addition to guaranteeing higher oscillations after
an islanding, the proposed method guarantees a better perfor-
mance of the SDG when subjected to a short circuit.

C. Non-Detection Zone and False Detection Zone Analysis

To highlight the improved performance of the anti-islanding
protections achieved with the proposed method, Fig. 7 presents
the NDZs of 81R and 81U/O functions when the SDG’s
excitation system is modeled with the parameters of solution
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Fig. 5. Comparison of the signals of (a) frequency and (b) RoCoF after an
islanding event.

13 13.5 14 14.5 15 15.5 16

Time (s)

(a)

0.4

0.6

0.8

1

V
o
lt

ag
e 

(p
.u

.)

13 13.5 14 14.5 15 15.5 16

Time (s)

(b)

0.2

0.4

0.6

0.8

1

A
ct

iv
e 

P
o
w

er
 (

p
.u

.)

Proposed Method

IEEE 421.5-2016

Fig. 6. Comparison of the signals of (a) voltage and (b) active power after a
short circuit event.

Set 3 (Fig. 7a and Fig. 7b, respectively) and when the
excitation system is modeled with the parameters of the IEEE
451.5-2016 standard (Fig. 7c and Fig. 7d, respectively). The
NDZ of 81R (Fig. 7a) and 81U/O (Fig. 7b) functions after the
simulations with the optimized parameters of the excitation
system are composed of only one operative point with active
and reactive power imbalance close to zero. On the other
hand, when adopting the parameters of the IEEE 524.5-2016
standard, the NDZs of both functions are much higher, once
81R (Fig. 7c) and 81U/O (Fig. 7d) do not act properly in 12
and 10 operative points.

In addition, Tab. VI presents the FDZ of passive anti-
islanding methods. The results were obtained by applying the
methodology described in [20], and the FDZ index represents
the percentage of short circuit events (from 300 events) in

which the anti-islanding protection acted incorrectly. When
the excitation system is set with the parameters of the IEEE
451.5-2016 standard, there is no FDZ for 81U/O protection
functions. In addition, the 81R protection function has a large
FDZ if an instantaneous setting is adopted, but it is eliminated
by adopting a time delay of 100 ms. Also, when the SDG’s
excitation system is modeled with the parameters of solution
Set 3, the FDZ of the passive techniques varies less than 1%.
Therefore, the optimization can reduce the NDZ of passive
techniques without negatively affecting the FDZ.

TABLE VI
FDZ OF PASSIVE ANTI-ISLANDING PROTECTIONS.

ANSI Setting Time Delay FDZ(%)
IEEE Set 3

81U/O 57/62 Hz 0.1 s 0 0
81R 3.0 Hz/s 0 s 99.19 98.37
81R 3.0 Hz/s 0.1 s 0 0.41

IV. CONCLUSIONS

This paper presented the use of the DE heuristic to set the
parameters of the excitation system of a SDG from the per-
spective of the anti-islanding protection scheme performance.
In this approach, the OF of the problem seeks to minimize
the actuation time of the anti-islanding protection scheme, also
considering the SDG’s behavior when subjected to a single-
phase short circuit at the point of common coupling. The
results demonstrate that the heuristic-based method reduced
the NDZs of passive anti-islanding protections compared to
traditional values used for specifying excitation system pa-
rameters, and do not adversely affected the FDZ of passive
techniques and the transient response of the generator during
fault events. In conclusion, by considering specific require-
ments and utilizing a heuristic optimization algorithm, this
methodology enables the identification of optimal parameter
values that improve the dependability of islanding protections
when adopting settings based on the ride-through require-
ments. The main topics for the continuation of this research
include conducting simulations in closed-loop and real-time
to enhance the robustness of the findings and comparing the
performance of the DE algorithm with other heuristic methods.

APPENDIX
SYNCHRONOUS DISTRIBUTED GENERATOR PARAMETERS

The parameters of SDG connected at bus 848 are: S =
1.112 MVA; V = 0.480 kVll; f = 60 Hz; N =
1200 rpm; H = 0.4182 s; Ra = 0.027p.u.; XL = 0.1p.u.;
Xd = 2.081p.u.; Xq = 1.144p.u.; X

′

d = 0.295p.u.;
X

′

q = 0.2797p.u.; X”
d = 0.193p.u.; X”

q = 0.183p.u.;
T

′

d0 = 3.007s; T
′

q0 = 1.592s; T ”
d0 = 0.0153s; T ”

q0 = 0.0081s;
XCAN = 0.1p.u.. The SDG were modeled considering the
following parameters for the speed governor: Kcontrol = 20;
K = 80; Td = 0.0025s; T1 = 0.01s; T2 = 0.02s; T3 = 0.2s;
T4 = 0.25s; T5 = 0.39s; T6 = 0.009s.
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Fig. 7. NDZs of 81R (a) and 81U/O (b) functions when the SDG excitation system is modeled with the parameters of solution Set 3, and NDZ of 81R (c)
and 81U/O (d) functions when the SDG excitation system is modeled with the parameters of IEEE standard 421.5-2016.
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