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Performance Evaluation of Active Islanding

Detection Algorithms in Distributed Generation

Photovoltaic Systems: Two Inverters Case
E. J. Estébanez, V. M. Moreno, IEEE, Member, A. Pigazo, IEEE, Member,

M. Liserre, IEEE, Senior Member and A. Dell’Aquila, IEEE, Member

Abstract—Grid-connected photovoltaic (PV) inverters employ
an islanding detection functionality in order to determine the
status of the electrical grid. In fact the inverter must be stopped
once the islanding operation mode is detected according to the
standards and grid-code limits.

Diverse islanding detection algorithms have been proposed in
literature to cope with this safety requirement. Among them
active methods, based on the deliberate perturbation of the
inverter behavior, can minimize the so called non detection zone
(NDZ) that is the range of conditions in which the inverter does
not recognize that is operating in undesired island. In most
cases, the performances of these methods have been analyzed
considering an highly dispersed generation scheme, where only
one distributed generation power system (DGPS) is connected to
the local electrical power system (EPS). However in some studies
it has been highlighted that if two or more PV inverters are
connected to the same local EPS, their anti-islanding algorithms
do not behave ideally and can fail in detecting the islanding
condition. However there is no systematic study that has inves-
tigated the overall capability of different anti-islanding methods
employed on several inverters connected to the same EPS to
detect islanding condition. This paper is a first attempt to carry
out a systematic study of the performances of the most common
active detection methods in case of two inverters connected to the
same EPS. In order to evaluate the global capability of the two
systems to detect islanding condition a new performance index is
introduced and applied also to the case when the two inverters
employ different anti-islanding algorithms.

I. INTRODUCTION

The number of DGPS in electrical systems have increased

during the last decade due international policies about re-

newable energy sources and, in case of residential environ-

ments, the incomes due to DGPS have stimulated the interest

of potential owners [1]-[5]. Most of these low-power and

maintenance-free DGPS consist of one or two power electronic

converters which ensure a maximum extraction of the available

power and the proper current injection through an active front-

end at the point of common coupling (PCC) of the DGPS,

the local loads and the electrical grid. Such low-cost DGPS

have a reduced number of sensors [6] and, in most cases,

communication subsystems are not included, which would

increase the complexity of grid management tasks [7].
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This is the case of anti-islanding protections in grid-

connected low-cost PV systems which, according to interna-

tional standards [8]-[14], must be included in the DGPS active

front-end in order to guarantee the safety of workers during

maintenance operations of the electrical grid [15]. Moreover,

this protection would avoid local loads to be damaged due

to voltage and/or frequency excursions during the islanding

condition and would protect the DGPS active front-end during

the electrical grid reconnection. The detection of the islanding

condition, defined in [8] as a portion of the utility system

that contains both load and distributed resources remains

energized while it is isolated from the remainder of the utility

system, can be very difficult due to the electrical grid power

system configuration and status while, according to [12], it

must be detected and the inverter stopped within 2 s of the

formation of the unintentional island.

Anti-islanding detection algorithms which reside in the

controller of the inverter can be classified in passive and

active methods [16]-[18]. Passive methods measure the voltage

and current signals at the inverter side of the PCC in order

to determine the islanding condition. This is the case of

under/over voltage (OUV) and under/over frequency (OUF)

methods [19][20] and methods based on the detection of

the voltage/current harmonics [21][22] and phase variations

[23][24]. The drawback of these methods is that it can not

be guaranteed the detection of the islanding condition under

all possible operation conditions [25]. In order to avoid this

fact, active methods introduce a controlled disturbance at the

PCC and, when the islanding condition occurs, the disturbance

forces the detection method threshold [26][27]. The Active

Frequency Drift (AFD) [28][29], the Sandia Frequency Shift

(SFS) [30], the Slip Mode Frequency Shift (SMS) [21] and

active/reactive power variation [31][32] methods are examples

of such approach. The main drawbacks of these methods are

that the injected disturbances can reduce the electrical power

quality at the PCC and the fact they increase the complexity

of the controller employed in the PV inverter.

In most cases, these methods have been proposed and ana-

lyzed considering a highly dispersed generation scheme, where

the interaction between PV inverters can be avoided, but new

policies and regulations about integration of PV systems in

buildings [33]-[36] are changing this scenario, resulting on an

higher number of low-power low-cost PV inverters connected

to the same local EPS. As a result, some recent works have

analyzed the interaction of certain active detection methods
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Fig. 1. General structure of a) the analyzed two-inverter configuration and b) each PV system. Parameters: R1 = 0.4 Ω, L1 = 2 mH, R2 = 0.3 Ω, L2 = 1

mH, C3 = 7 µF , R3 = 5.2 Ω, Rload = 52.9 Ω, Cload = 60.2 µF , L = 168.4 mH, Rs = 0.8 Ω, Ls = 0.5 mH, fpwm = 6400 Hz, Vdc = 500 V,
Kp,PLL = 460, Ki,PLL = 4.35 · 10−3

under diverse operation conditions. The two inverters case has

been analyzed considering the AFD method, in [37], SMS and

Classical Linear Instability (CLI) methods, in [38], and SMS

and positive AFD methods, in [39]. The multiple inverters case

has been studied for active/reactive power variations, in [32],

and SFS methods, in [40]. However there are no systematic

studies that evaluate the islanding detection capabilities of

different inverters employing different algorithms. The paper

is a first attempt to fill this gap.

This paper evaluates the performance of the most common

active islanding detection algorithms (AFD, SFS and SMS)

considering the interaction between two PV inverters under

the same comparison frame. The size of the Non-Detection

Zone (NDZ) has been determined in each case in order to

evaluate the obtained results.

II. ANALYZED ANTI-ISLANDING ALGORITHMS

The structure of the analyzed two DGPS topology is shown

in Fig. 1.a, where two independent PV systems are considered

and the grid-side impedance of each inverter can be changed

in order to analyze diverse operation conditions in both

residential and industrial EPS. Due to the employed active

front-ends, the DGPS can be considered as current sources

whose magnitudes, | iDG1 | and | iDG2 |, depend on the

solar irradiance. Three switches connected to the PCC allow

islanding tests to be carried out according to IEEE Std. 1547.1

[13]. A test resonant load (Rload, Cload and Lload) with quality

factor 1 has been considered during the islanding tests. The

equivalent impedance of the PV inverters, considering the

output LCL filter and the transformer, is denoted in Fig. 1.a

by RPV and LPV while the impedance of the electrical grid at

the point of common coupling is modeled by means of Rs and

Ls. The measured voltage at the point of common coupling,

vpcc, depends on the grid voltage while the electrical grid is

connected. Once the islanding condition is applied, the PCC

voltage depends only on the connected PV inverters.

The inner structure of each PV system is shown in Fig.

1.b. The DC/DC stage is operated using a Perturb & Observe

(P&O) algorithm [41] that adapts the voltage of the PV

array in order to track the maximum power point (MPP),

as temperature and irradiation change, and keep constant the

dc voltage at the input of the H-bridge full-bridge [42]. The

P&O MPP controller increases or decreases the PV string

voltage depending on the measured output power. If there

is no output power variation, it maintains the converter duty

cycle but, in case of power variation, and depending on the

power and voltage slope, it increases or decreases the pv

string voltage in order to find the MPP. The dc voltage, at

the inverter side, is regulated by adjusting the current demand

of the PV inverter depending on available solar irradiation.

The controller establishes the switching states of the grid-

connected current-controlled single-phase inverter through a

pulse width modulator. Sideband harmonics of the modulator

carrier signal are minimized by introducing a LCL filtering

stage (R1, L1, R2, L2 and C3) properly designed with

damping resistor R3 [43]. Other functional blocks inside the

digital controller of the PV inverter are the grid synchro-

nization, the generation of the reference signal for current

injection purposes (including the evaluation of the current

components which allow the active anti-islanding methods to

be implemented), the current controller and the measurement

of grid voltage and frequency for islanding detection. The PV

inverter is synchronized to the electrical grid by means of a

software phase locked loop (PLL) which takes advantage of

the Park transformation in order to measure the electrical grid

frequency, ω, and generate a pure sinusoidal signal in phase

with the electrical grid, sinωt. The behavior of this software

PLL depends on the characteristics of the inner PI controller

(settling time and ξ). More details about synchronization in

grid connected inverters can be found in [44]. From sinωt, ω
and the MPPT controller output (the available solar power),

the Reference Current block generates the reference signal for
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power injection purposes. Its amplitude depends on the MPPT

controller output while its phase is generated from sinωt.
This block also implements the generation of the controlled

disturbance which must be injected at the PCC in order to

reveal the islanding condition. The instantaneous values of the

reference signal and the grid frequency measured by means of

the PLL are applied to the current controller, which is made by

one proportional component and several (the precise number

of the required resonant blocks depends on the PCC voltage

spectrum) resonant terms at the grid frequency. Depending on

the measured grid frequency ω, the resonance frequency of

the resonant term is changed. The impact of each resonant and

the proportional blocks of the current controller is determined

by means of gains, Ki and Kp respectively, whose value is

determined depending on the PCC conditions (i.e. trying to

avoid system instabilities). Details about the design process

of this kind of controllers can be found in [45] and [46].

The grid rms voltage and frequency are measured in order

to determine the islanding condition by means of Over-Under

Voltage (OUV) and Over-Under Frequency (OUF) blocks. If

this is the case, tripping signals Vtrip and Ftrip would stop the

PV inverter.

The power balance between the two DGPS, the load and

the grid in a system such as the one shown in Fig. 1.a is

Pload = PDG1 + PDG2 +∆P (1)

Qload = QDG1 +QDG2 +∆Q (2)

where ∆P and ∆Q are the active and reactive powers supplied

by the electrical grid to the local EPS and it has been

considered negligible power losses associated to the inverter

side impedances, P is the active power and Q the reactive

power. Pload and Qload, with a parallel RLC load (such as the

test load from the IEEE Std. 1547.1), are defined as

Pload = V 2
pcc · R

−1
load (3)

Qload = V 2
pcc · [(ωLload)

−1 − ωCload]. (4)

After the grid disconnection, the power of the load will be

forced to be the same of the PV systems, therefore if ∆P
was nonzero, it can be seen from (3) that the voltage at the

PCC will increase or decrease until Pload = PDG1 + PDG2.

Similarly, if ∆Q was nonzero, the frequency and/or voltage

will vary until Qload = QDG1 +QDG2 according to (4).

If ∆P and/or ∆Q are small, the voltage and/or frequency

variation won’t be enough to trigger the OUV/OUF blocks,

and the islanding condition won’t be detected. Since the prob-

ability of the islanding condition not being detected with this

method is significant, active islanding detection methods, such

as those described in the following sections, were developed

in order to drift the voltage and/or frequency out of the

boundaries with much lower power mismatch.

The following subsections describe the analyzed active anti-

islanding methods: the Active Frequency Drift (AFD), Sandia

Frequency Shift (SFS) and Slip Mode Frequency Shift (SMS)

islanding detection methods.

0 0,01 0,02
−1

0

1
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T
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t
z

Fig. 2. AFD output current waveform.

A. Active Frequency Drift (AFD)

The Active Frequency Drift (AFD) method slightly alters

the DGPS’s output current waveform. One example of such an

output current is shown in Fig. 2, along with a pure sinusoidal

for comparison purposes. During the first portion of the first

half-cycle, the output current is a sinusoid with a slightly

higher frequency than the nominal. The difference between

the nominal frequency of the electrical grid and the frequency

of the output current is defined as ∆f . When the current reach

to zero, it remains that way for tz s until the second half-cycle

begins. For the first part of the second half-cycle, the output

current is the negative of the first half-cycle, and when the

current reaches zero for the second time, it remains that way

until another cycle begins. The chopping factor is defined as

cf =
tz

(Tgrid/2)
(5)

where tz is the dead time and Tgrid is the period of the grid

voltage.

When the utility is present, it maintains the voltage fre-

quency, but when it is absent, the frequency of the PCC voltage

is determined by the current injected by the PV inverter and,

hence, it tends to drift away from the nominal frequency of the

grid until the island condition is detected by the OUF relays.

B. Sandia Frequency Shift (SFS)

The Sandia Frequency Shift (SFS) improves the perfor-

mance of the AFD method by adding positive feedback to the

AFD method in order to drift the frequency away from the

nominal value faster than the classical method, and thus, the

NDZ of the SFS is significantly reduced with respect to that

of the AFD method. The chopping factor is varied according

to the measured frequency drift:

cfk = cf0 +K(fk−1 − f0) (6)

where cf0 is the initial chopping-factor, fk−1 the frequency

of the grid voltage measured at the PCC at cycle k−1, f0 the

nominal grid frequency (50 Hz) and K is a positive feedback

gain which allows the detection time of the islanding condition

to be adjusted.
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C. Slip Mode Frequency Shift (SMS)

The Slip Mode Frequency Shift (SMS) changes the phase

angle of the PV inverter current θSMS,k according to the

variation of the measured voltage frequency with respect to

the nominal frequency of the electrical grid.

θSMS,k = θmsin

(

π

2

fk−1 − f0
fm − f0

)

, (7)

where fm is the frequency at which the maximum phase shift

θm occurs. Usually, fm − f0 is taken as 3 Hz.

For example, if the frequency of the PCC voltage is slightly

increased after the grid disconnection, the phase angle of

the current is increased, which reduces the time to the next

zero crossing of the PCC voltage. This is interpreted by the

controller as a frequency increase, so the phase angle of the

current is increased again, and so on, until the frequency sur-

passes the over frequency relay. Similarly, when the frequency

of the PCC voltage decreases after the grid disconnection, the

frequency is continuously decreased until it is detected by the

under frequency relay.

D. Relative NDZ change

In order to compare the performance of the evaluated active

anti-islanding methods and the effect of interaction in case

of two PV inverters connected to the same EPS, the size of

the NDZ has been evaluated from the obtained measurements.

In this sense, it must be considered that the results of the

islanding tests are shown in the load resonant frequency-

quality factor space (f − Qf ) [29]. The size of the NDZ,

considering a number of analysis points in the f −Qf space,

can be evaluated by means of Riemann Sums as

S =
∑

i∈NDZ

(

ui+1 + ui

2
−

li+1 + li
2

)

· (log qi+1 − log qi)

(8)

where index i allows all the obtained points in the NDZ to

be computed, u and l are, respectively, the upper and lower

bounding functions of the NDZ and q is a function which

contains the load quality factor values. The values of S for a

certain anti-islanding method i, Si, are determined according

to (8) and the accuracy of the obtained results depend on the

employed simulation steps during the islanding test.

Considering that the tests are carried out using two inverters

and all possible combinations of the analyzed active islanding

detection methods, the relative change of the NDZ has been

defined as

∆Si =
Si − Sj

Sj

· 100[%]. (9)

where i corresponds to a certain analyzed anti-islanding

method during the tests and j is the selected reference method

for comparison purposes.

III. SIMULATION RESULTS

Simulation tests have been carried out using a model devel-

oped in MATLAB/Simulink according to the schema shown in

Fig. 1. The NDZ has been evaluated in each case considering

0.9 to 1.1 p.u. and 49 to 51Hz as limits for OUV/OUF blocks.

The simulation steps have been selected as 0.1 Hz for f0
and 0.05 for logQf (due to employed logarithmic scale). The

employed current controller considers four resonant blocks

at fundamental, 3rd, 5th and 7th harmonics and gains equal

to K1 = K3 = K5 = K7 = 1000. The gain of the

proportional block has been established at 7. The software

PLL has been implemented in dq coordinates by means of a

variable transport delay block which allows to generate the

required q component properly. The inner PI controller of the

PLL has been adjusted to operate with ξ = 0.707 and 0.02 s as

settling time. The test load, as defined in IEEE Std. 1547.1, is

a resonant parallel RLC load. The active and reactive powers

injected by each PV inverter have been established at 1000
W and 0 VA respectively. The simulation analysis has been

carried out considering the common operation conditions of

each method. In case of AFD, negative and positive frequency

variations have been analyzed with ∆f equal to 0.5 and 1 Hz.

Both signs of the chopping factor in the SFS method have

been considered for accelerating gains equal to 0.05 and 0.1
Hz−1. In case of SMS method, two values of θm have been

considered (10◦ and 15◦). The obtained results are shown in

the following subsections.

A. Methods maintaining the NDZ

Certain combinations of the analyzed islanding detection

methods will result on NDZs equal to the NDZ for one PV

inverter, this is the case of both inverters running AFD with

equal sign of ∆f , two SFS with equal sign of cf0 or two SMS.

The obtained results, shown in Fig. 3.a and Fig. 3.b, have been

evaluated by means of relative NDZs, according to (9), and

considering the SMS method for θm = 10◦ as reference. The

obtained results are shown in Table I. The worst results are

obtained for AFD with equal sign of ∆f , with a low influence

of | ∆f | on the NDZ area (only 1.9%) but with a band

shifting towards low frequencies at low load quality factors

due to a higher | ∆f |. From Fig. 3, and in case of Qf =
1 and 50Hz resonance frequency, the AFD method with the

employed software PLL and current controller would fail in the

detection of the islanding condition. In case of ∆f = 1Hz, the

detection could be done by changing the PLL parameters. In

case of the SFS method with equal signs of the initial chopping

factors, doubling the value of K , from 0.05 Hz−1 to 0.1 Hz−1,

the size of the NDZ will decrease and its center will be shifted

to higher values of the load quality factor (According to Fig.

3.b and using K = 0.1 Hz−1 the islanding tests with Qf <
35.5 will be detected). As in case of the AFD method, the

NDZ limits of the SFS method would change a bit depending

on the characteristics of the employed PV inverter controllers

(PLL, current controller, sampling frequency...). The results

are improved by applying the SMS method to both inverters,

obtaining the best ones at greater values of θm, but it must be

considered that increasing the value of θm would result on an
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Fig. 4. NDZ of the two-inverters case with AFD and different signs of ∆f
compared to two inverters and positive ∆f . a) | ∆f |= 0.5 Hz and b)
| ∆f |= 1 Hz.

TABLE I
RELATIVE SIZE OF THE NDZS IN CASE OF NO VARIATION FROM THE ONE

INVERTER CASE. Sj = 1.72.

AFD ∆f = 0.5 Hz +165.8%
AFD ∆f = 1 Hz +167.7%

SFS cf = 0.02 K = 0.05 Hz−1 +74.1%

SFS cf = 0.02 K = 0.1 Hz−1 +22.2%
SMS θm = 15◦ −46.2%

higher system instability which could cause a false trip during

normal operation.

B. Methods resulting on a worst NDZ

This subsection summarizes the results for the two PV

inverters case when the obtained NDZs become worst. The

results are grouped in five figures corresponding to interac-

tions between AFD methods, SFS methods and interactions
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Fig. 5. NDZ of two PV inverter with the SFS method considering different
signs of cf0 and compared to the case of equal signs. a) K = 0.05 and b)
K = 0.1.

TABLE II
RELATIVE SIZE OF THE NDZS IN CASE OF AFD METHODS WITH

DIFFERENT SIGN. Sj = 4.56.

AFD ∆f = ±0.5 Hz +1.8%
AFD ∆f = ±1 Hz +1.2%
AFD ∆f = +1 Hz +0.7%

TABLE III
RELATIVE SIZE OF THE NDZS IN CASE OF TWO INVERTERS WITH SFS

METHODS AND DIFFERENT SIGN IN cf0 . Sj = 2.10.

SFS cf0 = ±0.02, K = 0.05 +45.5%
SFS cf0 = +0.02, K = 0.05 +42.5%
SFS cf0 = ±0.02, K = 0.1 +1.8%

considering crossing methods (SFS+AFD, SMS+AFD and

SMS+SFS).

The effect of frequency drift with different sign when the

AFD method is implemented in both PV inverters is shown in

Fig. 4. The obtained relative NDZs, considering the method

with ∆f = +0.5 Hz as reference, are shown in Table II.

As it can be seen, increasing the magnitude of the frequency

variation, and maintaining opposite signs in each PV inverters,

will result on a bit smaller NDZ (from | ∆f |= 0.5Hz to

| ∆f |= 1Hz the relative size decreases only 0.6%) but greater

than the obtained one in case of equal signs. From Fig. 4.b,

changing the control parameters of the PV inverter would be

not sufficient to detect the islanding condition at Qf = 1.0
and 50 Hz resonant frequency and, hence, would fail passing

the islanding tests in the international standards.

The interaction of SFS methods in case of cf0 with different

signs is presented in Fig. 5, where, in each subfigure, it is

compared to the case with two inverters and equal sign. The

relative sizes of the NDZs, considering SFS cf0 = +0.02K =
0.1 in both inverters as a reference, are given in Table III. As

it can be seen, applying opposite signs to the initial chopping

factor would result on a NDZ which is deformed towards low

load resonance frequencies at low quality factors. Moreover,
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TABLE IV
RELATIVE SIZE OF THE NDZS IN CASE OF TWO INVERTERS WITH SFS

AND AFD METHODS. Sj = 2.10.

SFS cf0 = 0.02, K = 0.1 and AFD ∆f = +1 Hz +44.3%
SFS cf0 = 0.02, K = 0.1 and AFD ∆f = −1 Hz +46.0%

at a certain value of K , applying equal initial chopping factors

with opposite sign will result on a higher NDZ in comparison

to the equal signs case (the NDZ increases 1.8% at K = 0.1
and 2.2% at K = 0.05). From an islanding test compliance

point of view, in case of lower K values, the upper bound of

the NDZ approaches the most to 50 Hz. This could cause the

PV inverter controllers, under certain implementations, to fail

in the detection of the islanding condition. In fact, at 50 Hz,

the upper bound of the NDZ of the two inverters case with

oposite cf0, in Fig. 5 is reached at Qf = 2.0.

The effect of two different active strategies for detection

of the islanding condition has been also evaluated. Fig. 6

compares the NDZs of two PV inverters running SFS and

AFD islanding detection algorithms. As it can be seen, the
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Fig. 8. NDZs due to the interaction of SMS and SFS methods.

TABLE V
RELATIVE SIZE OF THE NDZS IN CASE OF TWO INVERTERS WITH SMS

AND AFD METHODS. Sj = 1.72.

SMS θm = 10◦ and AFD ∆f = +1 Hz +65.4%
SMS θm = 10◦ and AFD ∆f = −1 Hz +65.4%

initial NDZ, which corresponds to the case of two inverters

running SFS with cf0 = 0.02 and K = 0.1 will be increased

at lower values of Qf by changing the detection algorithm

in one of the PV inverters and applying the AFD method

with ∆f = +1 Hz. The effect is higher in case of the AFD

method with negative ∆f , where the NDZ size increases and

the aspect changes, reaching higher values of f0 at lower

Qf . Considering test conditions at 50 Hz and Qf = 1, the

AFD method with negative ∆f would cause both inverters,

operating simultaneously, to fail the detection of the islanding

condition. Table IV shows the relative sizes of the NDZs

considering the SFS method, with cf0 = 0.02 and K = 0.1,

as reference.

The effect of the interaction of the SMS and AFD detection

methods is shown in Fig. 7. As it can be seen, the NDZ

corresponding to two SMS algorithms with θm = 10◦ will

increase when applying the AFD method in one of the PV

inverters. Depending on the sign of ∆f , the upper and lower

bounds of the NDZ will fall at low Qf (positive ∆f ) or

increase (negative ∆f ). In case of negative ∆f , the resulting

lower bound of the NDZ crosses the 50 Hz value at Qf = 2.2
while, for positive ∆f , the value of Qf at 50 Hz is a bit

better (Qf = 6.8). The relative values of the NDZs are shown

in Table V, where the SMS method with θm = 10◦ has

been considered as reference. The relative size of the obtained

NDZs is the same due to the fact that there is no a predefined

frequency drift sense in the SMS method.

The impact of the SFS method on the NDZ of the SMS

method is depicted in Fig. 8. The aspect change of the NDZ

due to the SFS method is higher in case of lower values of

K . As in case of SMS and AFD methods, the effect of the

sign associated to cf0 can be neglected when evaluating the
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TABLE VII
IMPACT OF ACTIVE ANTI-ISLANDING ALGORITHMS IN CASE OF TWO INVERTERS.

❳
❳
❳

❳
❳
❳
❳❳

PV1

PV2 SMS SFS AFD

SMS [0.9,1.7] - -

SFS
❵
❵
❵
❵
❵
❵
❵
❵
❵

−11.5%
+76.9%

[2.1,3.0] -

AFD
❵
❵
❵
❵
❵
❵
❵
❵
❵

−26.1%
+161.5%

❵
❵
❵
❵
❵
❵
❵
❵
❵

−39.1%
+7.7%

[4.5,4.6]

TABLE VI
RELATIVE SIZE OF THE NDZS IN CASE OF TWO INVERTERS WITH SMS

AND SFS METHODS. Sj = 1.72.

SMS θm = 10◦ and SFS cf0 = +0.02, K = 0.1 +9.8%
SMS θm = 10◦ and SFS cf0 = −0.02, K = 0.05 +57.1%

size of the NDZ. The relative size of the obtained NDZs is

compared in Table VI, where the SMS method with θm =
10◦ has been considered as reference. From Fig. 8 the SFS

method with positive chopping factor cause the initial NDZ to

be shifted towards lower resonant frequencies while negative

chopping factors increase the NDZ size and could cause the

non-detection of the islanding condition around 50 Hz and

Qf = 1.

IV. DISCUSSION

The obtained simulation results are summarized in Table

VII. The configuration parameters of each analyzed active anti-

islanding method have been varied inside the recommended

ranges in literature and, in case of both methods corresponding

to the same family, the obtained sizes Si for the NDZs

are shown as a range, which has been obtained during the

tests by applying (8). From these ranges, the smallest range

corresponds to the case of two PV inverters running SMS

methods while the worst one is obtained in case of two AFD

algorithms. From a practical point of view, issues such as

the output current THD, complexity of the controller or the

inverter stability should be also considered.

The impact of two different detection algorithms on the

NDZs is shown by means of relative NDZs which have been

obtained considering the midpoints of the obtained ranges for

the NDZ sizes. The upper percentage in each cell has been

evaluated considering the method running in the second PV

inverter as a reference while the low one employs the method

in PV1 as reference. As it can be seen, the initial size range for

the SMS methods will get worst by changing one of the SMS

to SFS, which, in average, will result on a +76.9% greater

NDZ. In case of AFD, the obtained results are the worst ones

and the NDZ which will increase up to +161.5%. In case of

two inverters running the SFS methods initially, changing one

of the inverters by a new one including SMS would reduce the

resulting NDZ in a 11.5% while employing the AFD algorithm

would increase it, in average, up to 7.7%. Finally, if two AFD

algorithms are running initially, the resulting NDZ can be

improved by changing one of the inverters to SMS or SFS,

obtaining the best results in case of the SFS, which would

allow the initial NDZ to be reduced up to −39.1%.

V. CONCLUSION

This article analyzes the performance of the most common

active islanding detection algorithms in case of two PV in-

verters connected to the same EPS. The analyzed methods are

Active Frequency Drift (AFD), Sandia Frequency Shift (SFS)

and Slip Mode Frequency Shift (SMS). Once the islanding

detection methods are described, a new index which allows

the comparison of the obtained non-detection zones is defined.

This index, the relative size of the NDZs, is employed in order

to evaluate the overall capability to detect the island operation

in case different inverters employs different algorithms. Fi-

nally, considering two PV inverters running the same family

of islanding detection methods, the best option for change one

of the inverter algorithm, in order to reduce the NDZ, is given.

From the obtained results, the best NDZ is obtained when

both inverters executes the SMS algorithm. In case of two

different inverters, and one of them running SFS, the other

one should execute SMS in order to minimize the NDZ. In

case of AFD, it is recommended to employ a second inverter

implementing a SFS method. These indications can be sued

as a guideline when installing new inverters in a EPS where

others are already connected.
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