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Abstract
This paper presents a new method based on empirical mode decomposition and Hilbert transform for detecting islanding from non-islanding events in distributed generations. In this paper, the empirical mode decomposition is used to separate out intrinsic mode functions (IMF)
from non-stationary power signal disturbance waveforms. Then, the Hilbert transform applied on all the IMFs to extract the instantaneous amplitude and frequency components. The
required index is extracted from the energy spectrum density of the signals that introduced as
U1, U2, and U3 and we can detect islanding events with high accuracy, low cost and high
speed in distributed generations.
Keywords: Distributed Generations, Empirical Mode Decomposition, Hilbert Transform, Power
Spectrum Density, Power Mismatch, Islanding Detection.
1. INTRODUCTION
Participation of distributed generations
(DGs) in the electrical grids has many advantages such as increased reliability, reduction in line losses, reduced dependence on
fossil-fuel-based generation and so on. In addition, the grid-connected consumers can sell
their extra generations to the utility. However, some of DG’s challenges solved, but there
is a critical issues associated with DG integration that is Islanding.
Islanding is a condition where a part of the
network is isolated from the main power grid
and only distributed generations feed the
*Corresponding Author’s Email: J_olamaei@azad.ac.ir

consumers. Although, it is not a bad thing for
operation of the system, but it make some
problems. Current standards such as IEEE
Std 1547 suggests that the frequency and
voltage of system must be within the specified range, and may be this not achieved in
an island condition [1, 2].
Also, the safety of line workers is at risk
when the lines that are disconnected from the
main power grid are still energized by DGs.
therefore it is so important that the DGs
equipped with an islanding detection system.
Many studies about islanding detection
have been done for synchronous and inverter
based DGs. Some of methods are used for
both DGs but some of them only used for
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specific type. In general, islanding detection
methods divided into active, passive and
communication based methods. Passive
methods, only by measurement at the point
of common coupling (PCC), recognize the
islanding events. This is an advantage but to
increase the detection accuracy, we can’t rely
to some system parameters, because there are
other non-islanding events that produce parameters much closer to islanding events.
Therefore, setting of thresholds must be wide
to avoid false detection. On the other hand,
this mater lead to make large non-detection
zones (NDZ). In these methods, the main
challenge is to select required parameters and
thresholds to detecting islanding from nonislanding correctly. Some passive methods
are: UV/OV, UF/OF [3-5]; Rate of change of
active power [6-7]; ROCOF [8-11]; Rate of
change of frequency over power [12]; Voltage and power factor change [13];
COROCOF [14]; Phase jump detection [15];
VU/THD [16-17]; VSR [18-20].
Active methods, introduce perturbation into the power system. So, by these methods,
the power-quality problems appear. When
the condition is non-islanding, these perturbations can’t deviate desired parameters, but
in the absence of the utility, perturbations
deviate desired parameters and by a positive
feedback, this small deviations will be amplified and at finally lead to islanding detection.
The advantage of these methods over passive
methods is their small Non-Detection Zones
(NDZ). The main disadvantage of them is
power quality problems that can lead to instability of the system. The main challenge at
these methods is power quality issues. Some
active methods are: Impedance detection [2123]; Change of output power periodically
[24]; APS [25]; AFD [26-29]; SMS [30-32];
Reactive power export error [33-34]; SFS

[35-37]; SVS [38]; Harmonic current injection [39].
Communication based methods have high
reliability but they are expensive. So, passive
or active methods used in industry to reduce
administrative costs.
The mentioned methods were classical
methods. Recently the new passive methods
based on transient signal processing modes
have been introduced and have obtained
good results.
One of these methods is [40] that use the
wavelet transform for signal processing and
apply the classifier to training the network
and recognize islanding events. But wavelet
transform have no application for discrete
and nonlinear signals and network training is
time-consuming and difficult task and requires a lot of scenarios. Another method
has been introduced that is based on the
Stockwell transform and extract two energy
indexes for islanding detection [41]. However, this method is robust against noise and
has high accuracy, but has high computational cost and they can’t be used online.
So these problems impulse I to find a new
islanding detection with more accuracy, lower cost, higher speed, simple computations,
without inject perturbation to the network
and support non-linear and discrete signals.
This article propose a new passive method
based-on time-frequency transform by Empirical Mode Decomposition (EMD) and
Hilbert transform that has been used at signal
processing. This method by using of the obtained power spectrum from intrinsic mode
functions (IMFs) and instantaneous frequency (IF), can detect islanding occurrence with
high accuracy. Supporting non-linear and
discrete signals, more accuracy, lower cost,
higher speed and simple computations that
can be online, are this method advantages. In
table I we compare EMD-HT with Wavelet
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transform and Fourier transform. The advantages of proposed method are clearly obvious.
2.
EMPIRICAL
DECOMPOSITION (EMD)

Table 1. Comparison between EMD-HT
with wavelet and Fourier transform.

basic

Frequency

Output
Discrete
signal
Nonstationary
signal

EMD-HT
Transform
Comparative

Wavelet
Transform

Fourier
Transform

Forecast

Forecast

TimeFrequencyEnergy

Convolution : absolute uncertainty
TimeFrequencyEnergy

Convolution : absolute uncertainty
TimeFrequencyEnergy

Yes

No

No

Yes

Yes

No

Differential : local
certainty

Features
extraction

Yes

Theoretical
basic

Empirical

Discrete :
No Continuous :
Yes
Complete
theory

Hz. The first IMF will contain the 150 Hz
signal from
and 250 Hz from
. An IMF has the following properties:

MODE

The EMD algorithm attempts to decompose
nearly any signal into a finite set of functions, whose Hilbert transforms give physical
instantaneous frequency values. These functions are called intrinsic mode functions
(IMFs) [42]. The algorithm utilizes an iterative sifting process which successively subtracts the local mean from a signal. The first
IMF contains the highest frequency of each
event in the signal. For example a signal that
contains two waveforms, one from
with 50 Hz and 150 Hz and another
from
that contains 50 Hz and 250

Type
Property

11

No
Complete
theory

 The number of extremums and the number of zero crossings must be either
equal or differ at most by one.
 At any point, the mean value of the envelope defined by the local maximum and
the envelope defined by the local minimum is zero.
The sifting process is as follows:
1) Obtain envelopes defined by local
minimum and minimums.
2) By cubic spline function, connect local
maximums as the upper envelope and
local minimums as the lower envelopes.
3) M1 is the mean value of two envelopes. Subtract M1 from original signal.
(1)
4) If K1 is an IMF then K1 is the first
IMF else we suppose K1 as the original signal and repeat steps from (1) to
(3) to get the K11.
(2)
5) After repeated up to n times, obtain
K1n as an IMF.
(3)
6) Now C1 is the first IMF that extract
from original signal. Subtract C1 from
X(t).
(4)
7) Now suppose R1 as the original signal
and repeat above steps to get the second IMF.
8) The above steps repeat q times and we
obtain q IMFs from original signal.
9) This process stopped when Rq becomes
small enough or a monotone function
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that can not be extracted from the IMF
components.
Fig. 1 shows the non-stationary power signal that includes different disturbances and
extracted IMFs which were obtained by
EMD.
3. HILBERT TRANSFORM
Hilbert transform is usually used to generate
complex time series or analytic signal. The
benefit is that by using the HT on a signal
X(t), a meaningful instantaneous magnitude
and frequency can be obtained as long as the
signal does not have mixed frequency components. But, to achieve accurate computation of these attributes, the input signals of
Hilbert transform must have zero means, in
otherwise the information obtained from the
Hilbert transform, may not be valid. Thus,
the most important role of EMD is to prepare
input signal for Hilbert transform. In [43] is
expressed how to use IMFs for obtaining the
instantaneous amplitude and frequency for
analysis of the events occurred. The Hilbert
transform of the continuous signal X(t), defined as :
+¥

y (t )=
- ¥

x (t )

t-ٍ
t

dt

(5)

In a simple term, the Hilbert transform of a
signal, produces an orthogonal signal that is
phase shifted by 90 degrees from the original
signal independent of the frequency of the
signal [44].
For non-stationary signals the defined frequency of sinusoidal signals isn’t effective so
we used instantaneous frequency (IF) that is
effective in mono-component signal that be
composed of a single frequency or a narrow
band of frequencies. The analytical signal
Z(t), obtained by HT of the signal X(t), defined as:

(6)
(7)
(8)
Where
is the HT of
,
is instantaneous amplitude and
is instantaneous
phase angle. Instantaneous frequency (IF) is
rate of change of instantaneous phase angle:
(9)
By applying HT on all IMFs, we obtain
corresponding analytical signal for each of
them.

(10)
After applying HT on all IMFs, the original signal can be expressed as the follow
equation:

(11)
So we can represent instantaneous amplitude and frequency as function of time and
frequency. This distribution of the amplitude
is well known as Hilbert amplitude spectrum
or simply Hilbert spectrum [45]. Empirical
Mode Decomposition with Hilbert transform
is a useful and promising way for signal processing. The EMD prepare input signal for
Hilbert transform to obtain the instantaneous
amplitude and frequency which are two important attribute for detection and classification of power disturbances.
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V/25 kV, f = 60 Hz, R1 = 0.0008 p.u., X1
= 0.025 p.u., Rm = 500 p.u., Xm = 500 p.u.
 Transformer TR-5: rated power = 10
MVA, rated voltage = 2.4/25 kV, f = 60
Hz, R1 = 0.0015 p.u., X1 = 0.03 p.u., Rm =
200 p.u., Xm = 200 p.u.
 Distribution lines: DL-1, DL-2, DL-3 and
DL-4: pi-section, 20 km, rated voltage =
25 kV, rated power = 20 MVA, R1 =
0.413 Ω/km, R0 = 0.1153 Ω/km, L1 =
3.32e-3 H/km, L0 = 1.05e-3 H/km, C1 =
5.01e-9 F/km, C0 = 11.33e-9 F/km
 Loads: L1 = 12 MW , 4 Mvar; L2 = L3 =
L4 = L5 = 4 MW , 1 Mvar.

Fig. 1. Decompose X(t) to intrinsic Mode functions
(IMFs).

4. SYSTEM STUDIED
The system studied for proposed method is
shown in Fig. 2. The operation voltage and
frequency of microgrid is 25 kV and 60 Hz.
The studied system consist of 4 DG units (3
wind farms and 1 gas turbine) connected to
the main supply with rated short-circuit 5000
MVA.
The voltage of each distribution lines is 25
kV and simulates as pi-section. The details of
DGs, transformers, distribution lines and
loads are mentioned as follows:
 Utility: rated short-circuit = 5000 MVA, f
= 60 Hz, rated voltage = 120 kV.
 Distributed Generations (DGs):
1) DG-1, DG-2, DG-3: Wind farm (6
MW) consisting of three 2 MW wind
turbines. The DFIG has been considered.
2) DG-4: gas turbine, 9 MW, 2400 V.
 Transformer TR-1: rated power = 50
MVA, rated voltage = 120/25 kV, f = 60
Hz, R1 = 0.00375 p.u., X1 = 0.1 p.u., Rm =
500 p.u., Xm = 500 p.u.
 Transformer TR-2, TR-3, TR-4: rated
power = 7 MVA, rated voltage = 575

The relays for each DG are placed at the
low voltage side to collect voltage signal for
islanding detection. The simulation is carried
out using the Matlab/Simulink software. The
islanding and non-islanding conditions that
studied in this paper, are as follows:
 Loss of load at PCC.
 Tripping of other DGs apart from target
DG.
 Loss of any distribution lines.
 Sudden load change at PCC.
 Capacitor switching.
 Induction motor starting (2250 hp).
 Sudden load change on the target DG location.
 Opening of any breakers between DG and
power grid.
 Events that lead to trip breakers and cause
the DG to be studied is an island.
5. SIMULATION RESULTS
In this paper, the voltage signal measured at
the desired DG location and decomposed
throws EMD and prepared the input signal
for HT and finally by using of power spectrum density of extracted signals, the islanding is detected.
For islanding evens detection, four signals
are defined. Three signals U1,U2 and U3 are
derived from the product of instantaneous
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frequency and amplitude of the first three
IMFs. The signal Ut is achieved from the
sum of these three signals.

(12)

After calculating the Power Spectrum Density (P.S.D) of these signals (in terms of decibel watt per hertz (dbw/hz)), by setting a
threshold, islanding occurrence is detected.
One of the most difficult diagnoses is the capacitor switching events. The changes that
occur in this event are so similar to islanding
events. For detecting this event, U1 and U2
are used. Capacitor switching make spikes at
these two signals but in islanding events
there isn’t this trend. The flowchart for the
proposed scheme for islanding detection is
given in Fig. 3.
Fig. 4 and Fig. 5 shows the results at DG-2
for islanding condition with 0% of power
mismatch. As the figures show, thresholds of
the power spectrum density indicate the occurrence of the islanding correctly.
Fig. 6 shows the results at DG-2 for nonislanding condition (sudden load change at
the PCC). As is obvious from figures, the
desired thresholds, according to the presented
flowchart recognize non-islanding event correctly.
Fig. 7 shows the results at DG-1 for islanding
condition with 0% of power mismatch. Also
in this scenario by proposed method and
thresholds (according to presented
flowchart), islanding event is detected correctly. According to the IEEE Std 1547, maximum time to detect islanding is 2 second
and if a relay cannot detect in this period of

Fig. 2. System studied for the proposed method.

Fig. 3. Flowchart for the proposed scheme for
islanding detection.

time, it has failed. The proposed method
sampling frequency is 20 kHz on a base fre-
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quency of 60 Hz and only uses 324 sampling
data to islanding detection. This means that
the response time of the relay is less than one
cycle. So the proposed method has a high
speed and is suitable.
Fig. 8 shows the results at DG-1 for nonislanding condition (DG-2 tripped). The results, confirm the validity and accuracy of
the proposed method.
Capacitor switching, create the changes
that are so similar to islanding events. For
detecting this event, U1 and U2 are processed. If the number of spikes that their amplitudes are greater than 100, is more than 2
number, the occurrence event is nonislanding, because in islanding events there
isn’t this trend.
FIG. 9 shows the results at DG-1 for
1Mvar capacitor switching. We can see several spikes with great amplitude at signals U1
and U2. Thus by using of proposed flowchart
at
Fig. 3, the capacitor switching is recognized
from other events.
To verify the validation of this matter, 200
kvar capacitor switching is performed at DG3 and the results are shown at Fig. 10. It is
obvious from figures witch in the U1 there is
five spikes that four of themes have amplitude greater than 100.
Fig. 11 shows the results at DG-4 for direct
starting of the induction motor with 2.4 kV
and 2250 hp at the PCC. The active and reactive powers at the PCC are shown in Fig. 12.
It is observable at starting duration time that
is about three second, huge reactive power
derived from the grid suddenly and lead to
voltage sag but the proposed islanding detection method yet successfully recognize correctly non-islanding events.
The complete statistics of the power
spectrum density and corresponding total
P.S.D at DG-2 and DG-4 and DG-1 are de-
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picted in Tables II and III and IV for different active and reactive power mismatch respectively. The results of the paper [46], confirm the validation of this method.
Tables V and VI shows the results of [46]
that is based on Wavelet Singular Entropy.

(a)

(b)

(c)
Fig. 4. The first three IMFs at DG-2 with power
mismatch 0%. (b) Instantaneous frequency of
IMFs. (c) Defined signals U1, U2 and U3.
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In the paper [46] the WSEI index which is
derived from Shannon entropy of the first
four detailed coefficients of Wavelet Transform, is used to islanding detection by a
threshold (greater than 2). But the capacitor
switching that is one of the difficult diagnoses in islanding detection, were not considered at none scenario. The other events
which were not attend to it, is direct induction motor starting that derive high power
from the network and lead to voltage sag.
In the proposed method this scenarios is
performed and aforementioned results shows
the correct islanding detection.
According to the obtained results at the [47],
the accuracy of the proposed method and
other methods has been compared in tables
VII and VIII.

Fig. 5. Islanding at DG-2 with 0% power
mismatch (a) P.S.D of the Ut. (b) P.S.D
of the U2. (c) P.S.D of the U3.

Fig. 6. Non-islanding, sudden load change
at PCC (a) P.S.D of the Ut. (b) P.S.D of
the U2. (c) P.S.D of the U3

Fig. 7. Islanding at DG-1 with 0% power
mismatch (a) P.S.D of the Ut. (b) P.S.D of
the U2.(c) P.S.D of the U3.
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Fig. 8. Non-islanding event (DG-2 tripped) at DG-1 (a) P.S.D of the Ut. (b) P.S.D of the
U2. (c) P.S.D of the U3.

Table 2. Effective power spectrum density for different power mismatch during islanding and nonislanding conditions at target DG-2.
P.S.D
P.S.D
P.S.D
P.S.D
Events
U1
U2
U3
Ut
0% Active Power
-17.95 -67.1
-73
-17.98
Islanding
mismatch
5% Active Power
-17.92 -62.7
-71.6
-17.98
mismatch
5% Active
-76.81
-17.8
and Reactive Power -17.92 -59.08
mismatch
Load
Nonswitching
-18.05 -87.96
-87.96
-18.05
Islanding
at PCC
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Table 3. Effective power spectrum density for different power mismatch during islanding and nonislanding conditions at target DG-4.
EVENTS

Islanding

NonIslanding

0% Active
Power
mismatch
5% Active
Power
mismatch
80% Active
Power
mismatch
0% Reactive
Power
mismatch
10% Reactive
Power
mismatch
60% Reactive
Power
mismatch
Load
switching
at DG-1
DG-1
tripped
Load
switching
at PCC
DG-2
tripped

P.S.D
U1

P.S.D
U2

P.S.D U3

P.S.D Ut

-9.5

-72.76

-83.9

-9.5

-31.6

-8.65

-31.77

-8.15

-43.4

-18.05

-34.2

-16.09

-9.75

-72.79

-83.98

-9.53

-9.35

-52.5

-83.9

-9.5

-35

-36.5

-7

-6.95

-18.07

-87.96

-87.96

-18.07

-18.19

-87.96

-87.96

-18.19

-27.05

-19.28

-39.05

-20.92

-18.04

-87.96

-87.96

-18.04

Table 4. Effective power spectrum density for different power mismatch during islanding and
non-islanding conditions at target DG-1.
EVENTS

Islanding

NonIslanding

0% Active
Power
mismatch
10% Active
Power
mismatch
80% Active
Power
mismatch
5% Reactive
Power
mismatch
DG-2
tripped

P.S.D
U1

P.S.D
U2

P.S.D
U3

P.S.D Ut

-17.96

-68.43

-75.4

-17.98

-17.84

-59.3

-69.3

-17.93

-6.75

-36.36

-52.8

-6.5

-17.8

-59.24

-77.38

-17.87

-18.05

-87.96

-87.96

-18.05
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Fig. 9. 1Mvar capacitor switching at DG-1 (a) Defined signals U1, U2 and U3. (b) P.S.D of the Ut. (c)
P.S.D of the U2. (d) P.S.D of the U.

Fig. 10. Signals U1, U2 and U3 at DG-3 with 200 kvar capacitor switching

Doroozi, Olamaei. A New Passive Islanding Detection Method …

20

Fig. 11. Non-islanding event (motor starting) at DG-4 (a) P.S.D of the Ut. (b) P.S.D of the U2. (c)
P.S.D of the U3.

Table 5. Effective singular values and WSEI for active power mismatch during islanding
and non-islanding conditions at target DG-4 [46].
EVENTS

Islanding

NonIslanding

0%
Power
mismatch
10%
Power
mismatch
80%
Power
mismatch
Load
switching
at DG-1
DG-1
tripped

Phase

λ1

λ2

λ3

λ4

a
b
c
a
b
c
a
b
c
a
b
c
a
b
c

10.22
11.51
10.19
7.07
13.56
13.97
10.03
11.52
10.05
1.81
1.93
1.84
1.84
1.82
1.96

5.63
5.89
5.37
7.34
6.69
7.51
5.61
5.71
5.53
0.96
1.03
0.94
0.92
0.93
1.02

2.80
2.82
2.76
3.64
3.49
3.76
2.77
2.80
2.82
0.50
0.52
0.47
0.46
0.48
0.51

1.22
1.47
1.46
2.01
1.84
1.93
1.51
1.51
1.46
0.25
0.26
0.23
0.24
0.25
0.26

WSEI

4.01

4.07

4.12

0.55

0.56
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Fig. 12. Active and reactive power changes at PCC by motor starting.
Table 6. Effective singular values and WSEI for reactive power mismatch during islanding and
non-islanding conditions at target DG-4 [46] .
EVENTS

Islanding

NonIslanding

0%
Power
mismatch
10%
Power
mismatch
60%
Power
mismatch
Load
switching
at DG-1
DG-1
tripped

Phase

λ1

λ2

λ3

λ4

a
b
c
a
b
c
a
b
c
a
b
c
a
b
c

12.60
13.44
12.13
13.44
13.62
12.82
14.88
14.88
13.98
1.83
1.96
1.88
1.85
1.77
1.95

6.69
7.24
5.87
7.42
6.84
6.34
7.93
7.59
6.97
0.97
1.05
0.96
0.94
0.94
1.04

3.47
3.66
3.15
3.96
3.49
3.07
4.11
3.80
3.49
0.50
0.53
0.48
0.45
0.45
0.50

1.76
1.83
2.18
1.87
1.83
2.08
2.17
2.12
2.10
0.25
0.26
0.23
0.23
0.24
0.26

Table 7. Disturbance classification accuracy [47].
Disturbances

EMD-HT

Harmonic
Flicker
Sag with Harmonic
Swell with Harmonic
Momentary Interruption
Oscillatory Transient

STransform
88
90
91.37
87.18
99
98

Impulsive Transient
Notches
Overall Accuracy

95.12
96
93.08

100
100
97.9

95.75
98
98
91.45
100
100

Table 8. Comparison with other methods [47].
Method
Wavelet transform and neural network

Classification Accuracy
94.37

Neural network

95.93

Wavelet transform and neural fuzzy

96.50

Wavelet packet and support vector machines

97.25

Proposed method

97.9

WSEI
4.02

4.17

4.35

0.55

0.55
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6. CONCLUSION
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