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An Effective Islanding Detection Method With
Wavelet-Based Nuisance Tripping Suppressing

Marouane El Azzaoui

Abstract—The reactive power control (RPC) technique is a hope-
ful solution for the islanding issue in distributed generation (DG).
Existing RPC approaches have downsides of inhibiting the required
load reactive power or injecting/drawing undesirable excessive re-
active power into the utility during normal operation. To overcome
these limitations, the positive sequence voltage of point common
coupling (PCC) is included in the reference of reactive power,
which helps the frequency to deviate rapidly outside its thresholds.
Further, power system transients which considered normal events
can drift the frequency and result in a false islanding detection. In
this article, different operating conditions such as load switching,
voltage variations, and faults are considered. To address this issue,
the suggested strategy includes a second decision-making criterion
based on the discrete wavelet transform of the subtraction of sensed
and nominal positive sequences of the PCC voltage. Simulation and
experimental findings show that the suggested islanding detection
method detects islanding rapidly and with zero nondetection zone.
Furthermore, the DG and load reactive powers are closely matched
under normal operation, and nonislanding situations are success-
fully prevented.

Index Terms—Distributed generation (DG), fault detection zone
(FDZ), islanding detection, nondetection zone (NDZ), reactive
power control (RPC), wavelet transform.

I. INTRODUCTION

R ECENTLY, several distributed generation (DG) are pen-
etrated into the power system due to the environment-

friendly nature of renewable sources such as photovoltaic and
wind turbine. The DG and its local load will be isolated from
the grid when a fault occurs upstream of the utility grid. This
situation results in the autonomous operation of the DG, which
calls for safety issues to the appliances and personnel. Therefore,
timely detection of islanding is highly required [1]. According
to the IEEE Std. 1547-2018, islanding must be detected within
2 s of its formation.

Many approaches are proposed for islanding detection, in-
cluding passive, active, and communication-based methods.
The passive method is based on measuring the system’s local
parameters, e.g., the frequency and voltage. This method does
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not affect the normal operation of the system, and it is simple to
perform. However, the choice of an appropriate threshold and
the significant nondetection zone (NDZ) are unavoidable. The
popular passive methods include over/under voltage protection
(OVP/UVP), over/under frequency protection (OFP/UFP), rate
of change of frequency, rate of change of power, and phase
jump [2], [3]. The active method entails injecting a perturbation
and monitoring the system’s response. The advantage of this
strategy is the small NDZ, and its limit is the power quality degra-
dation [4]. The most common active approaches include Sandia
and active frequency shift, and slip-mode frequency shift [5].
The communication-based strategy relies on the direct commu-
nication between the utility grid and the DG and can overcome
the problems associated with passive and active techniques. The
sole disadvantage is the high cost of installation [6]. In the
literature, other works developed a hybrid technique [7], [8] that
combines passive and active strategies to solve their drawbacks.
Nonetheless, it brings additional complexity to the installation.
Other works use artificial intelligence such as neural networks,
fuzzy logic, and machine learning to detect islanding [9]–[11].

Most active detection systems introduce a current disturbance
into the controller, causing voltage distortion. Among active
techniques, the methods based on varying reactive power or
reactive power control (RPC) are effective in shifting the fre-
quency to cross its thresholds. Moreover, there is no distortion
related to changes in reactive power, making it preferable to
other approaches [12]. Further, it proved that the RPC is more
cost-effective than the active power control in islanding detec-
tion [13]. The RPC method is discussed in [14] and [15]. It
is based on establishing reactive power mismatch to deviate
the frequency outside its thresholds after islanding. The RPC
approach can quickly detect islanding without NDZ.

In the RPC approach presented in [14], the reactive power
is assumed to be zero in normal operating conditions. In this
instance, the DG does not generate the reactive power to meet
the load’s needs. However, the method [15] injects additional
reactive power into the grid during normal operation. In addi-
tion, nonislanding events, e.g., load connection/disconnection,
voltage variations, and faults, can also create a false islanding
detection by deviating the frequency. To tackle these setbacks, a
strategy based on the phase angle between sensed and nominal
voltages at the PCC bus is proposed in [16].

However, due to its complexity, no experimental findings are
offered. To address the previously mentioned concerns, this
work presents a modified RPC strategy for robust islanding
detection. First, to achieve a fast islanding detection and avoid
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Fig. 1. Islanding test setup.

Fig. 2. Topology of the inverter.

additional reactive power injection, the reference of the reactive
power is expressed in terms of the positive sequence and the
frequency of the PCC voltage. Afterward, as previously stated,
any disturbance might cause frequency deviation, yielding to
false islanding detection. To address this critical issue, DWT of
the subtraction of measured and nominal positive sequence of
the PCC voltage is considered to ensure a second-level decision-
making criterion for islanding detection.

This article makes the following contributions.
1) Designing an RPC islanding strategy for DG systems

to satisfy the local loads’ requirement regarding reactive
power during normal operation.

2) Introducing a wavelet technique to distinguish between
islanding and nonislanding events

The originality of the suggested islanding detection method
(IDM) is discussed in Sections III and IV, and validated with
simulation and experimental findings in Sections V and VI.

II. SYSTEM UNDER STUDY

The appropriate islanding test setup is depicted in Fig. 1 ac-
cording to the IEEE Std. 1547-2018. It comprises a DG interface
represented by a constant dc voltage and a three-phase inverter,
a circuit breaker (CB), a parallel RLC load, and the main utility
represented by a voltage source with impedance. The local load
is usually linked close to the DG system, and the transmission
length is relatively short. Thus, line losses are minimal, and the
DG and RLC loads are linked at the PCC.

In the grid-tied mode, the DG is intended to operate as a
constant power source controlling the active and reactive powers
independently using dual closed loop in the d–q synchronous
reference frame. A two-level inverter is used in this study,
and its topology is presented in Fig. 2. Fig. 3 illustrates the
block diagram of the DG interface control. It consists of three
main parts that are; the phase-locked loop (PLL), the inner

Fig. 3. Block diagram of the DG interface control.

current control loop, and the outer power control loop. The
PLL is used to calculate the voltage phase angle to achieve
Park transformations and estimate the frequency of the PCC
voltage. For the inner control loop, proportional-integral (PI)
regulators are introduced to minimize the error between the
measured and reference current in the d–q synchronous frame.
Similarly, for the outer control loop, PI regulators are used to
minimize the error between the measured and reference active
and reactive powers. The d–q reference voltages in the output of
the inner current control loop are transformed to abc reference
voltages using inverse Park transformation. Then, the triggering
signals to drive the inverter are obtained by sinusoidal pulsewidth
modulation (SPWM).

As illustrated in Fig. 1, when the DG is attached to the grid,
the powers are given by the following formulas:

PLoad = PDG + PGrid = 3
V 2

PCC

R
(1)

QLoad = QDG +QGrid = 3V 2
PCC

(
1

2πfL
− 2πfC

)
(2)

with f and VPCC are the frequency and voltage at the PCC bus,
andR,L, andC are the components of the RLC load. Moreover,
the resonant frequency f0 and quality factorQf are given by [17]

Qf = R

√
C

L
= 2πf0RC (3)

f0 =
1

2π
√
LC

. (4)

The worst case of islanding detection is when Qf = 1 as
specified by IEEE 1547 standards, and f0 equal the grid fre-
quency [18]. By merging (1)–(4), QLoad can be expressed as:

QLoad = PLoad.Qf

(
f0
f

− f

f0

)
. (5)

If PGrid is not zero when the circuit breaker is opened, and
the grid is disconnected, the PCC voltage will grow or drop
during the islanding event due to the active power mismatch
ΔP = PDG − PLoad. The magnitude of the voltage variation
is determined by the power imbalance. Using the OVP/UVP
approach, this variation may be detected. The active power
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mismatch can be expressed as [19]

ΔP = PDG

(
1− 1

(1 + ΔV )2

)
(6)

with ΔV is given by

ΔV =
V ′

PCC − VPCC

VPCC
(7)

with VPCC and V ′
PCC are the voltages at the PCC bus before and

after islanding event, respectively.
Likewise, (2) indicates that the amount of frequency variation

is driven by both active and reactive power mismatches. The
OFP/UFP approach can be used to identify this frequency varia-
tion. If reactive power mismatch equals zero before islanding, the
active power mismatch during islanding will affect the reactive
power usage, permitting frequency variation. In addition, the
reactive power imbalance will cause the frequency to shift. The
reactive power imbalance ΔQ = QDG −QLoad is given by

ΔQ = PDGR

(
1

2πL

(
Δf

f2 + f.Δf

)
+ 2πΔfC

)
(8)

with Δf is given by

Δf = f ′ − f (9)

with f and f ′ represent the frequency at the PCC bus before and
after the islanding condition, respectively.

With close matched power, the frequency and voltage varia-
tions are too small to trip over/under voltage (OUV)/over/under
frequency (OUF) system protection, leading to large NDZ [20].
The next section discusses islanding detection by drifting the
frequency over its thresholds.

III. PROPOSED ISLANDING DETECTION METHOD

To identify islanding, a modified Q–f droop approach is
utilized in this research. In the grid-tied mode, the frequency
is imposed by the utility. Once islanding occurs, the frequency
variation will depend on the reactive components of the load.
According to (2), if the reactive power mismatch exists before
islanding, the frequency will shift until the load’s reactive power
matches the DG reactive power. If the DG reactive power is
set to zero to feed the unitary power factor, this frequency
matches the resonant frequency of the load determined in (4).
Since the resonant frequency is given in terms of L and C,
multiple combinations might result in a resonant frequency in the
OFP/UFP range. Based on the IEEE Std. 1547-2018, the voltage
thresholds range from 88% to 110% and the frequency from
49.3 to 50.5 Hz (50 Hz is the rated frequency of the grid). For a
load resonating between 49.3 and 50.5 Hz, the PCC frequency
will remain in this range (49.3–50.5 Hz). In this situation, this
loading condition is regarded within the NDZ. For a load with
5-kW rated active power and the quality factor Qf = 1.0, the
nonlinear relation between load reactive power and frequency
given in (5) is illustrated in Fig. 4. The Q–f characteristic can be
represented by a linear characteristic between the frequencies
49.3 and 50.5 Hz, and it has a negative slope. In [14], the DG’s
reactive power was assumed to be zero, while in this work,
the load’s reactive power is compensated by the DG after the

Fig. 4. Q–f curve with 5-kW rated power, Qf = 1.0, and Qref = 0 Var.

Fig. 5. Q–f curve with frequency variation.

islanding event. Thus, the DG reactive power denoted Qref is
represented by a horizontal line in the Q–f curve as shown in
Fig. 4 for Qref = 0 Var. Three loads with resonance frequencies
of 49.3, 50, and 50.5 Hz are shown in Fig. 4. The frequency
after islanding is determined by the intersection of the DG and
load Q–f curves, which indicates that a load with a resonance
frequency of 50.5 Hz will stabilize at point C in the islanding
mode.

The three examples in Fig. 4 are all within the NDZ and are
undetectable by the OFP/UFP technique. Furthermore, any load
having a resonance frequency between A and C is regarded as
undetectable. In this situation, the operating points A, B, and C
are all deemed stable. To determine the stability of each point,
the reactive power mismatch is computed for a slight variation
of the frequency to the right and left, as depicted in Fig. 4. The
reactive power mismatch ΔQ = QDG −QLoad will be negative
for a tiny positive frequency variationΔf+. Thus, the frequency
will drop after islanding to increase the load’s reactive power
[refer to (5)], and the point D will tend toward point B. Likewise,
the reactive power mismatch will be positive for a tiny negative
frequency variation Δf−. Thus, the frequency will rise after
islanding to decrease the load’s reactive power, and the point E
will be moved to point B. As a result, whether the frequency
deviation is positive or negative, the frequency will stabilize at
point B, which is regarded as a stable operating point.

To make the operating points A, B, and C unstable, the DG
reactive power is designed to have a greater negative slope than
the reactive power of the loads as presented in Fig. 5. All load
Q–f curves, regardless of the resonant frequency, have the same
shifted slopes.Qref has been stated by Zeineldin [14] as follows:

Qref = −k1× f + k2. (10)

where k1 and k2 are positive values that must be selected to
guarantee a greater DG slope than all load slopes between 49.3
and 50.5 Hz range.
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By applying the same idea highlighted in Fig. 4, the point B
presented in Fig. 5 would be unstable when the DG is equipped
withQref characteristic. The reactive power of the load decreases
for a slight positive frequency variation, and the frequency will
rise and diverges away from the point B until crossing the
higher threshold limit (50.5 Hz). On the other hand, the reactive
power increases with a tiny negative frequency change, and
the frequency will fall and shifts away from the point B until
overtaking the lower threshold limit (49.3 Hz).

It is apparent from (10) that the DG reactive power is zero
before islanding to ensure a unitary power factor. Nevertheless,
the DG with RPC contributes to voltage support and power factor
improvement. The DG’sQref is equal to the load reactive power
QLoad in this scenario. Hence, the reactive power imbalance is
zero after the islanding event. Chen and Li [15] have proven that
the frequency variation induced by active and reactive power
mismatches will be compensated by each other if ΔP and ΔQ
have the same signs, yielding to slow islanding detection. In con-
trast, ifΔP andΔQ have opposite signs, the frequency variation
will be considerable, leading to quick islanding detection. Chen
and Li [15] also proposed a modified RPC islanding detection,
where Qref is defined as

Qref=

⎧⎨
⎩
−
(
k1+

VPCC−VN

VN
× k2

)
(f − a)+QLoad, VPCC ≥ VN

−
(
k1+

VN−VPCC
VN

× k2

)
(f − b)+QLoad, VPCC < VN

(11)
where a = 49.2 and b = 50.6, and k1, k2 are positive values,
VPCC and f are the sensed voltage and frequency at the PCC
bus, respectively, and VN is the nominal voltage at the PCC bus.
Referred to (11), the reference reactive power Qref varies based
on the variation of VPCC, f , andQLoad. Even in normal operating
conditions, the existence of a and b in (11) induces a reactive
power imbalance between the DG and the load. In this case, the
reactive power mismatch uselessly injects/draws reactive power
into/from the grid. Thus, the purpose of the proposed IDM is to
create a reactive power imbalance after islanding. The suggested
reference reactive power is defined as

Qref = −k1(f − 50) + k2

(
VN − V +

PCC

VN

)
+QLoad + k3

(12)
where k1 and k2 are positive values, k3 is in Var used to detect
islanding if ΔP = 0, and V +

PCC is the voltage positive sequence.
According to (12), the frequency will be 50 Hz during normal

operation, and the sensed V +
PCC would equal VN , because the

grid sets the PCC voltage. The DG system will produce the
reactive power to meet the load’s requirements (Qref = QLoad).
During islanding event, if ΔP > 0, then V +

PCC > VN and f >
50 Hz [refer to (1) and (2)], and ΔQ < 0 resulting in quick
detection time as described previously. Likewise, if ΔP < 0,
then V +

PCC < VN and f < 50 Hz, and ΔQ > 0 leading also
to rapid islanding detection. If ΔP = 0, then V +

PCC = VN and
f = 50 Hz, and consequently ΔQ = k3 > 0 allowing islanding
detection. Hence, the suggested methodology includes two key
elements, which are as follows:

Fig. 6. NDZ of the proposed method and UFP/OFP.

1) creating reactive power mismatch after islanding not dur-
ing normal operating conditions to eliminate the NDZ by
forcing the frequency to diverge outside the thresholds;

2) ensuring frequency deviation consistency created by both
active and reactive power to accelerate islanding detection.

A. NDZ Analysis

According to the IEEE std. 1547-2018, the PCC voltage
thresholds range from 88% to 110%. Thus, the reactive power
mismatch over DG active power (ΔQ/PDG) estimated using
(6) for the UFP/OFP technique is −17.36% and 29.13%. The
reactive power mismatch over DG active power (ΔQ/PDG)
derived from (8) is −3.23% and 2.39%, with frequency cutoff
limits ranging from 49.3 to 50.5 Hz andQf = 1. As a basis, (6)
and (8) may be used to calculate NDZ. Moreover, the NDZ of
the UFP/OFP and the suggested techniques are shown in Fig. 6.
The NDZ for the suggested approach is zero.

IV. PROPOSED IDM FOR ELIMINATING NUISANCE TRIPPING

A. Transient Events

Any power system is concerned with transient phenomena
caused by a system configuration or a change in operating condi-
tions. Power system transients can be caused by load variations,
lightning strokes, switching operations, large motor starting,
faults, and even electromagnetic phenomena. These transients
have different frequency, magnitude, and duration times accord-
ing to the causes of transients. In general, an accurate calculation
of transient is difficult even for small-scale systems because
of the interaction between the components and the stochastic
nature of transient. For most transients, an approximate solution
can be obtained by simulation. The transient event generates
high-frequency components that include plentiful information
for a frequency range from dc to several kilohertz.

In accordance with the signal analysis of some power system
transients, the simplified model of the transient can be expressed
mathematically by the dumped equation shown in (13), and by
the oscillatory dumped equation shown in (14) [21]. The noise
is represented by Gaussian white noise

V1=Vme
− t

τ or V1 = Vm1e
− t

τ1 − Vm2e
− t

τ2 (13)



13796 IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 36, NO. 12, DECEMBER 2021

V2=Vm sin(2πft)e−
t
τ or V2 = Vm sin(2πft)

(
e−

t
τ1 − e−

t
τ2

)
.

(14)

where τ , τ1, and τ2 are the time constants, and f is the frequency
that depends on the nature of the transient.

For various operating conditions, IDM must be dependable.
If a nonislanding event occurs, such as fault and load connec-
tion/disconnection [22], the frequency may exceed the thresh-
olds range, resulting in false islanding detection. Thus, an extra
constraint must be designed to enhance the robustness of the
proposed IDM. The idea is to calculate the energy entropy
using DWT of the voltage V, which is the subtraction of the
PCC voltage’s sensed and nominal positive sequence. The next
section explores this idea to prevent false tripping.

B. Wavelet-Based Nuisance Tripping Eliminating

LetV the subtraction of sensed and nominal positive sequence
voltages at the PCC bus

V = (V +
pcc)sens. − (V +

pcc)nom. (15)

The proposed nuisance tripping detection is based on the
Wavelet transform, which is a time- and frequency-domain sig-
nal processing for extracting characteristics from time-varying
signals [23]. It is a series of functions used to analyze a signal
in the time- and frequency-domain by decomposing it into its
constituents at different frequency bands called wavelet coeffi-
cients [24]. The wavelet theory has been investigated in several
works, including [25] and [26], and as a result, the next section
provides a summary of the wavelet theory.

Continue wavelet transform (CWT) and discrete wavelet
transform (DWT) are the two most common types of wavelet
transforms. Despite this, the DWT is frequently utilized owing
to its ease of implementation in digital signal processing, data
compression capabilities, nonredundancy, and computational
efficiency [27]. The CWT of the voltage V is given by [26]

Wa,b =
1√
a

∫ ∞

−∞
V (t)ψ

(
t− b

a

)
dt (16)

where ψ(.) is called mother wavelet, a is the scale or dilation
factor, and b is the translation factor. This give a set of wavelet
coefficients Wa(t) for the level b [28].

The wavelet transform can be regarded as the convolution
between the signal V (t) and the wavelet kernel ψ(t)

Wa(t) = V (t) ∗ ψa(t). (17)

The result is a set of wavelet coefficientsWa(t), and the wavelet
ψa(t) is dilated as

ψa,b(t) =
1√
a
ψ

(
t− b

a

)
. (18)

DWT is a useful technique when a time-varying signal must
be investigated, as in transient events, where the time and
frequency localization is needed. In 1988, Mallat used filter
banks to design an effective DWT implementation technique
(see Fig. 7) [28], [29]. This algorithm involves the wavelet
and approximation kernels, denoted ψ[n] and φ[n] (high- and

Fig. 7. Three levels DWT decomposition.

low-pass finite impulse response filters, respectively), which
are dilated by two in each scale. First, the discrete voltage
signal V [n] is convolved with the wavelet kernels ψ(n) and
φ(n), and downsampled by a factor of two to produce detail
coefficient d1 and approximation coefficient a1. The functions
ψ[n] and φ[n] are applied to approximation coefficient a1, and
then, downsampled by a factor of two to generate the detail and
approximation coefficient d2 and a2 for the second level. This
procedure is repeated for N levels as shown in Fig. 7.

In the case of DWT, the mother wavelets are dilated by powers
of two, giving rise to a set of child wavelets as [26]

ψj,k(t) =
1√
2j
ψ

(
t− k2j

2j

)
(19)

φj,k(t) =
1√
2j
φ

(
t− k2j

2j

)
(20)

where j and k are the scale and shift integer parameters, respec-
tively. From Fig. 7, the detail and approximation coefficients are
calculated by convolving the voltage signal with a series of high-
and low-pass filters. For the three first levels, the coefficients are
given by

d1 = ψ1 ∗ V (21)

d2 = ψ2 ∗ φ1 ∗ V (22)

d3 = ψ3 ∗ φ2 ∗ φ1 ∗ V (23)

a1 = φ1 ∗ V (24)

a2 = φ2 ∗ φ1 ∗ V (25)

a3 = φ3 ∗ φ2 ∗ φ1 ∗ V. (26)

By generalizing for j = 1 to N levels, and adopting the
symbol

∏
as serial convolution, (21)–(26) are represented as

d1 = ψ1 ∗ V (27)

dj = ψj ∗
j−1∏
i=1

(φi∗)V (28)

aj =
N∏
j=1

(φj∗)V. (29)

As mentioned before, the voltage V is selected as the signal to
be assessed using DWT. Because of its compactness and local-
ization capabilities in power system transients, the Daubechie’s
3 (dB3) was chosen as the mother wavelet to extract features.
Simulink environment was used to run multiple simulations
utilizing the DWT decomposition with varied mothers wavelet
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Fig. 8. Entropy of V during normal and islanding events.

and diverse load and fault conditions. The fourth-level wavelet
coefficients are generated and utilized to extract the energy
entropy which is included in decision-making criteria. From
the approximation coefficients, the suggested energy entropy
is determined as

E(V ) =
∑
i

a2i log
(
a2i
)
. (30)

To understand the proposed method, a numerical simulation
was carried out at 50 kHz as sampling frequency using the DWT
decomposition at level 4 of the Debauchies wavelet dB3, and the
obtained findings are shown in Fig. 8. In this simulation, a 10%
voltage sag starts at 0.1 s and ends at 0.2 s, and a capacitor
bank is switched ON at 0.25 s, and the islanding condition is
simulated at 0.3 s. As shown in Fig. 8, the energy entropy of
the selected voltage is negative and very less during voltage
sag and capacitor switching (normal events) when compared
with the entropy during the islanding condition, which is very
significant and takes positive values. With the voltage V and
the proposed entropy expression, the magnitude of the entropy
during normal events is always negative, while in the islanding
condition, it takes positive values. Based on this observation,
instead of tuning a threshold of entropy, it is clear that zero can
be considered as a threshold to differentiate between normal
and islanding events. Hence, a second decision criterion based
on entropy is added to prevent false tripping, as presented in the
flowchart of Fig. 9.

Islanding event will be identified when both the frequency
and entropy conditions are verified. Nonetheless, suppose only
the frequency criterion is fulfilled. The system will not issue a
trip signal for the islanding relay since the frequency variation
in this situation is generated by a regular event that represents a
nuisance tripping.

C. Fault Detection Zone (FDZ) Analysis

Suppose a normal operation, if calculated entropy is less than
the entropy threshold and the measured frequency is outside its
thresholds, false islanding will be detected. In this case, DG
falls within FDZ. To evaluate the risk of this approach to fall
within the FDZ, the subtraction of the entropyE and its threshold
EThreshold is defined as

EF = E − EThreshold (31)

where EF is called the entropy factor. A tiny EF denotes a
circumstance where entropy under the islanding state is similar
to entropy under a normal state, increasing the likelihood of

Fig. 9. Proposed islanding detection algorithm.

dropping into the FDZ. To obtain a minimum FDZ, the entropy
factor expressed in (31) is used to select an appropriate threshold.

V. SIMULATION RESULTS

In this section, several scenarios are simulated on MAT-
LAB/Simulink based on the system in Fig. 1. The main param-
eters are summarized as follows : PDG = 5 kW; VDC = 800 V;
Vg = 220 V; Lg = 0.1 mH; Rg = 0.088 Ω; R = 29 Ω; L =
92.4 mH; and C = 110 μF. The performance of the proposed
IDM is tested under various conditions.

A. Comparison of the Proposed Method With That Reported
in [14] and [15]

The IDMs in [14] and [15] are also based on the RPC
method. This subsection compares the suggested approach’s
performance to that of the previously discussed techniques. A
simulation test with ΔP = 0 and capacitor bank switching is
carried out to compare their effectiveness. The capacitor bank
is connected at 0.1 s and disconnected at 0.2 s, with islanding
occurring at 0.3 s. Fig. 10 depicts frequency responses. For
the reported methods in [14] and [15], once the capacitor is
connected, the frequency surpasses the thresholds, yielding to
false islanding as shown in Fig. 10(a) and (b). Furthermore, it
should be noted that the second criterion based on entropy is not
validated for the proposed technique, and its value is smaller than
the threshold when the capacitor is connected/disconnected, as
shown in Fig. 10(c). In this case, nonislanding events is identified
as discussed in the flowchart of Fig. 9. However, once islanding
occurs, both the frequency and entropy are validated, which can
detect islanding. The detection time is 40 ms, which is within
the specified value defined in the IEEE 1547 Standard.
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Fig. 10. Comparison of the proposed method with that reported in [14]
and [15].

Fig. 11. Proposed IDM under multiple DG operation.

B. Performance of the Proposed IDM Under Multiple DG
Operation

An additional DG is connected to the PCC bus to evaluate
the performance of the proposed method under multiple DG
operations. Both DGs are equipped with the proposed method.
However, the RPC method for each DG should be modified as
follows:

Qref =⎧⎨
⎩
−
(
k1 +

VPCC−VN

VN
× k2

)
(f − a) + Cp ×QLoad, VPCC ≥ VN

−
(
k1 +

VN−VPCC
VN

× k2

)
(f − b) + Cp ×QLoad, VPCC < VN

(32)

where Cp represents the reactive power capacity of each DG in
percent. To test the effect of connecting/disconnecting DG, one
DG is already considered supplying the local load, while the
second is connected at 0.1 s and disconnected at 0.2 s. In this
test, a synchronization phase error of 10◦ when connecting the
second DG is considered. Fig. 11 presents the frequency of the
PCC bus and entropy obtained. It is observed from Fig. 11(a) that

Fig. 12. Test of IDM under imbalanced loads.

when the second DG is connected, the frequency is destabilized
and crossed the threshold limits. In this situation, false islanding
is detected by considering the method of [15]. However, By
examining Fig. 11(b), the entropy is decreased when the second
DG is connected and did not exceed the threshold, which is fixed
at zero. Thus, the second criterion based on entropy prevents
false islanding detection. On the other hand, when islanding
occurs, both frequency and entropy conditions are satisfied, and
islanding is detected.

C. Test of the Proposed IDM Under Imbalanced Load

Imbalanced load is a common occurrence caused by various
factors, including imbalanced impedance in distribution or trans-
mission lines and connection/disconnection of a three-phase
heavy load. As a result, the impact of an imbalanced load
on the proposed IDM is analyzed. Fig. 12 shows the response
of the frequency for three imbalanced loads: 1%, 2%, and 3%,
when the islanding condition occurs at 0.1 s. The frequency
deviates from the threshold limits in all three circumstances.
Furthermore, the detection times are nearly identical in all three
scenarios. As a result, the suggested IDM can successfully
identify islanding under imbalanced load settings.

D. Performance of the IDM During Load and DG Switching

To evaluate the performance of the proposed IDM under
various switching events, an additional linear load (resistive,
inductive, and capacitive) and nonlinear load are connected at
0.1 s and disconnected at 0.2 s. Islanding occurs at 0.3 s, and the
responses of the frequency and entropy are presented in Fig. 13.
From Fig. 13(a) and (b), it is clear that switching of R and L load
does not generate any transient disturbance, and the frequency
remains within the thresholds range. While the switching of
the C load and nonlinear load as presented in Fig. 13(c) and
13(d) produces a transient and deviates the frequency outside
the thresholds, which can trip a false islanding detection. Nev-
ertheless, the entropy does not exceed zero during the C load
and nonlinear load switching, while it becomes positive during
islanding. Hence, the second decision criteria based on entropy
prevents false islanding tripping. When islanding occurs, both
frequency and entropy conditions are verified, and islanding is
detected.

E. Performance of the IDM During Voltage Variations and
Faults Occurrence

Voltage variations such as sag and swell are common power
quality problems in the power system that can occur several
times at the PCC bus. Voltage sags are caused by three-phase
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Fig. 13. Proposed IDM under load switching.

Fig. 14. Response of entropy under voltage sag and swell.

fault, motor starting, or abrupt increases in loads, and voltage
swells are caused by damaged neutral connection. If there
are voltage variations under such disturbances, the OUV relay
should not trip. Therefore, the proposed IDM is tested under
voltage variations. The condition of sag and swell (20 % fall
and rise in PCC voltage) is simulated at 0.1 s, and it recovers its
nominal voltage at 0.2 s. The islanding event is created at 0.3 s.
The corresponding entropy responses are presented in Fig. 14.
Both sag and swell present the same entropy response, and the
disturbance is insignificant compared with the islanding condi-
tion. Moreover, it appears that the entropy is negative under sag
and swell conditions, while it is moving toward positive values
during the islanding condition. Thus, the suggested method can
differentiate between islanding and voltage changes.

Similarly, to evaluate the reliability of the suggested scheme
under fault conditions, line-to-ground (L–G) and line-to-line (L–
L) faults are created between 0.1 and 0.2 s with very small fault
impedance equal to 0.1 Ω. The entropy responses are presented

Fig. 15. Entropy response under fault conditions.

TABLE I
COMPARISON RESULTS OF THE SUGGESTED METHOD WITH OTHER STRATEGIES

Fig. 16. Overview of the experimental setup.

in Fig. 15. It is obvious from the figure that the entropy extracted
is below zero under both faults, and the proposed IDM can avoid
false relay tripping.

F. Comparison of the Proposed Method With Other Strategies

The suggested IDM is compared to the previously described
approaches such as that stated in [9] and [30]. The comparison
is based on detection time, NDZ, and FDZ, and the findings are
reported in Table I.

It is concluded from these comparisons that the suggested
technique is faster in identifying islanding event, and its NDZ
and FDZ are negligible. Moreover, when comparing findings,
additional factors should be taken into accounts, such as the
number of parameters used for detection as well as the difficulty
of implementation.

VI. EXPERIMENTAL VERIFICATION

To test the performance of the proposed method experimen-
tally, a small-scale system is built. Fig. 16 illustrates an overview
of the setup. The calculator used in the setup is the ZedBoard
field-programmable gate array, and the voltage source inverter is
the SemiKron two levels. The DG must be synchronized before
being connected to the grid. When the DG and grid voltages are
synchronized, the circuit breaker CB, is closed to link the DG to
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Fig. 17. Experimental waveforms under ΔP = 0.

Fig. 18. Experimental waveforms during sag and capacitor switching.

the utility. The sampling frequency is 50 kHz, and the data acqui-
sition is provided via Simulink interface. The system parameters
for experimental evaluation are : PDG = 1 kW; VDC = 800 V;
Vg = 220 V; R = 145 Ω; L = 46 mH; and C = 22 μF.

Fig. 17 presents the experimental responses when ΔP = 0
and Qf = 1.0. The rated active power of the DG is 1 kW. The
islanding event occurs at 4 s, and the detection time of islanding
is 0.06 s as shown in Fig. 17(a), complying with the IEEE
1547-2018 standard’s criteria. Fig. 17(b) presents the measured
voltage and current waveforms (time-domain) of the inverter
and PCC during islanding detection. As may be observed in
Fig. 17(b) during the clearing time, the suggested approach does
not cause considerable current and voltage distortion due to the
positive sequence voltage of the PCC bus in (12). Fig. 17(c)
presents the reactive power of the DG and load. The DG reactive
power is closely matched with the load’s needed reactive power,
preventing the injection/drawing of the undesirable reactive
power into the utility grid. As a result, the suggested antiis-
landing approach can identify the islanding condition with zero
NDZ.

To assess the proposed IDM’s performance practically during
the voltage sag and load switching, a 20% voltage sag is created
at 3.7 s and ended at 3.8 s, and a capacitor bank of 10 kVar
is connected at 3.9 s and disconnected at 3.95 s as depicted in
Fig. 18. The islanding event occurs at 4 s, and it is detected

Fig. 19. Experimental waveforms during fault conditions.

within three cycles. Voltage sag and capacitor switching create
significant variations on the frequency as presented in Fig. 18(a).
These frequency variations surpass the thresholds range, which
can issue a false islanding detection. Nevertheless, the suggested
algorithm includes a second-level decision-making criterion
based on entropy. As observed from Fig. 18(b), the entropy of the
voltage sag is small and negative, while in the case of capacitor
switching, it is negligible. It is clear from the same figure that the
islanding event creates a significant change in entropy that takes
positive values. In this case, since both frequency and entropy
requirements are met, islanding is identified.

Similarly, the proposed IDM is tested practically under fault
conditions. The line-to-ground (L–G) and line-to-line (L–L)
faults are created at 3.6 s and 3.8 s, and ended at 3.7 s and
3.9 s, respectively, with negligible fault resistance. As shown in
Fig. 19(a), both types of faults deviate the frequency to cross its
thresholds range that trips a false islanding detection. Neverthe-
less, the entropy of both faults is less than zero, avoiding false
tripping. When an islanding event occurs, frequency and entropy
conditions are verified, and the islanding relay trip. Therefore,
the suggested method can distinguish between islanding and
nonislanding occurrences and avoid nuisance tripping.

VII. CONCLUSION

This article proposes a modified RPC for islanding detection
with nuisance tripping suppression. To achieve fast detection
and avoid reactive power mismatch in normal operating, the
positive sequence PCC voltage is incorporated in the reference
of the reactive power. Further, to avoid false islanding detection,
the wavelet entropy is incorporated into the decision-making
criteria, making the IDM more dependable during nuisance
tripping. The proposed method may be used to identify any
nonislanding situation. It can be concluded that the suggested
IDM is fast, offers zero reactive power mismatch during normal
operation, and successfully distinguishes between islanding and
nonislanding occurrences.
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