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a b s t r a c t

This paper proposes a novel, passive-based anti-islanding method for both inverter and synchronous
machine-based distributed generation (DG) units. Unfortunately, when the active/reactive power mis-
matches are near to zero, majority of the passive anti-islanding methods cannot detect the islanding
situation, correctly. This study introduces a new islanding detection method based on exponentially
damped signal estimation method. The proposed method uses adaptive identifier method for estimating
of the frequency deviation of the point of common coupling (PCC) link as a target signal that can detect
the islanding condition with near-zero active power imbalance. Main advantage of the adaptive identifier
method over other signal estimation methods is its small sampling window. In this paper, the adaptive
identifier based islanding detection method introduces a new detection index entitled decision signal by
estimating of oscillation frequency of the PCC frequency and can detect islanding conditions, properly. In
islanding conditions, oscillations frequency of PCC frequency reach to zero, thus threshold setting for
decision signal is not a tedious job. The non-islanding transient events, which can cause a significant
deviation in the PCC frequency are considered in simulations. These events include different types of
faults, load changes, capacitor bank switching, and motor starting. Further, for islanding events, the
capability of the proposed islanding detection method is verified by near-to-zero active power mis-
matches.

& 2017 ISA. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Islanding operation of a DG unit leads to various protection and
safety issues in distribution systems. From the viewpoint of IEEE
1547–2003 standard, islanding detection is necessary, because the
islanded grid cannot effectively control its frequency and voltage,
and it may cause safety hazards to utility workers and customers.
The islanding condition is defined in compliance with the IEEE
1547–2003 standard, as a situation in which a part of an electric
power system is solely energized and separated from the rest of
the system [1,2].

As a result, the islanding operation must be identified as soon
as possible. Islanding detection methods can be classified into two
major categories: 1) remote methods and 2) local methods [3].
Power line communication (PLC) [4] and supervisory control and
data acquisition (SCADA) [5] techniques are the main remote de-
tection methods. They can detect the islanded section of a system
even in the case of complete matching of active and reactive

power of DG and its local loads. But implementation of these
methods is fairly complex and requires developed communication
infrastructures. Therefore, remote-based islanding detection
methods are more expensive than the local methods [3]. Active
and passive methods are two major subgroups of the local is-
landing detection methods. In the active methods, an additional
signal is injected into the system and detection is carried out by
tracking the deviations of system signals. Due to the injection of
additional signal in the parallel operation, the system signals are
not significantly distorted. While, the same condition on the is-
landed grid is more effective.

Some active methods have been recently introduced in [6–12].
Interestingly, a majority of active methods have been proposed for
inverter-based DGs and the passive types have been provided for
synchronous machine-based DGs. For passive islanding detection
methods, the measurement of local signals with their desired
modifications is the first step. For the next, the modified signals
are compared with an adjusted threshold and if the modified
signals exceed the threshold, the islanding condition will be de-
tected. Some new passive, anti-islanding detection methods have
been recently introduced in [13–18]. The other types of islanding
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detection methods, which can be considered as passive, are based
on classification- and signal processing-based techniques. In
[19–24], the authors try to present the data mining approaches
with classification methods using decision tree and support vector
machine (SVM). These methods are trained for the bulk input data,
and they detect the events by using their classification. The signal
processing-based methods such as wavelet transform, S–trans-
form, chaos theory based, Prony and ESPRIT based islanding
detection methods are other solutions for islanding detection
[25–28]. This paper presents a signal estimation passive based
anti-islanding method for both inverter and synchronous machine
based DGs. The proposed method uses the adaptive identifier
method, which is one of the signal estimation methods. Recently,
some signal estimation based islanding detection methods have
been introduced but the majority of them suffer from the large
detection time due to have large sampling window size [27,28].
The proposed method is a signal estimation anti-islanding method
which doesn’t need for large sampling window size and in fact,
without considering any sampling window can estimate the target
signal. In this regard, the novelty and necessity for adopting the
adaptive identifier over other signal estimation method is sum-
marized in two distinct features.

� Estimation of signals without using large sampling window.
Approximately, all of iterative and non-iterative signal estima-
tion methods require a sampling window to have a full period

of the signal. This condition for PCC frequency of the DGs takes
500–900 ms [27,28]. By considering this problem for current
methods, this paper proposes a new signal estimation method
where this time is not required for sampling and consequently,
this problem has been resolved.

� Have less detection time than other signal estimation islanding
detection methods (e.g., Prony and ESPRIT based methods).

Because of majorities of signal estimation methods (e.g., Prony
and ESPRIT based methods) are matrix based methods and all
computations must be carried out on large scale matrix, so, the
final detection time for these types of methods will be long.

This paper is organized as follows: the adaptive identifier
method is described in Section II. In Section III, the proposed is-
landing detection method is introduced. Section IV discusses the
results of simulations and in Sections V and VI, the comparison of
the proposed method with oscillation frequency based method
and conclusion are presented, respectively.

2. Adaptive identifier method

2.1. Preliminarily remarks

Up to now, many iterative and non-iterative estimation
methods for exponentially damped sinusoidal signals have been

Fig. 1. Acceptable range of γ1 when λ1, λ2 and γ2 are fixed.
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