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Abstract

This paper presents a new method based on empirical mode decomposition and Hilbert trans-
form for detecting islanding from non-islanding events in distributed generations. In this pa-
per, the empirical mode decomposition is used to separate out intrinsic mode functions (IMF)
from non-stationary power signal disturbance waveforms. Then, the Hilbert transform ap-
plied 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
Ul, U2, and U3 and we can detect islanding events with high accuracy, low cost and high
speed in distributed generations.
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Spectrum Density, Power Mismatch, Islanding Detection.

1. INTRODUCTION

Participation of distributed generations
(DGs) in the electrical grids has many ad-
vantages such as increased reliability, reduc-
tion in line losses, reduced dependence on
fossil-fuel-based generation and so on. In ad-
dition, the grid-connected consumers can sell
their extra generations to the utility. Howev-
er, some of DG’s challenges solved, but there
is a critical issues associated with DG inte-
gration 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
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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 speci-
fied 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 pa-
rameters 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 non-
islanding 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]; Volt-
age and power factor change [13];
COROCOF [14]; Phase jump detection [15];
VU/THD [16-17]; VSR [18-20].

Active methods, introduce perturbation in-
to the power system. So, by these methods,
the power-quality problems appear. When
the condition is non-islanding, these pertur-
bations 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 ampli-
fied 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 in-
stability of the system. The main challenge at
these methods is power quality issues. Some
active methods are: Impedance detection [21-
23]; 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 injec-
tion [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 re-
quires 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]. Howev-
er, this method is robust against noise and
has high accuracy, but has high computation-
al cost and they can’t be used online.

So these problems impulse 1 to find a new
islanding detection with more accuracy, low-
er 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 Em-
pirical Mode Decomposition (EMD) and
Hilbert transform that has been used at signal
processing. This method by using of the ob-
tained power spectrum from intrinsic mode
functions (IMFs) and instantaneous frequen-
cy (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 1 we compare EMD-HT with Wavelet
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transform and Fourier transform. The ad-
vantages of proposed method are clearly ob-
vious.

2. EMPIRICAL
DECOMPOSITION (EMD)

MODE

The EMD algorithm attempts to decompose
nearly any signal into a finite set of func-
tions, whose Hilbert transforms give physical
instantaneous frequency values. These func-
tions are called intrinsic mode functions
(IMFs) [42]. The algorithm utilizes an itera-
tive sifting process which successively sub-
tracts 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 0 < t < t,
with 50 Hz and 150 Hz and another
fromt, = t = t, that contains 50 Hz and 250

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

Tvpe EMD-HT  Wavelet Fourier
P?’/(? ert Trans- Trans- Trans-
perty form form form
basic Compara- — p oot Forecast
tive
Differen- (?on\'/olu- (?on\'/olu-
- tion : abso- tion : abso-
Frequency tial : local
. lute uncer-  lute uncer-
certainty ; .
tainty tainty
Time- Time- Time-
Output Frequency- Frequency- Frequency-
Energy Energy Energy
D_|screte Yes No No
signal
Non-
stationary  Yes Yes No
signal
Discrete :
Featurgs Yes l\_lo Conj No
extraction tinuous :
Yes
Theoretical - Complete  Complete
. Empirical
basic theory theory

Hz. The first IMF will contain the 150 Hz
signal from 0=<t=1t, and 250 Hz from
t; =t =< t, . An IMF has the following prop-
erties:

e The number of extremums and the num-
ber of zero crossings must be either
equal or differ at most by one.

e At any point, the mean value of the enve-
lope defined by the local maximum and
the envelope defined by the local mini-
mum 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 enve-
lopes.

3) My is the mean value of two enve-
lopes. Subtract M1 from original sig-
nal.

X(t)—M, =K, (1)

4) If K1 is an IMF then Kj is the first
IMF else we suppose K1 as the origi-
nal signal and repeat steps from (1) to
(3) to get the Kis.

K, — M; = Ky (2)

5) After repeated up to n times, obtain
K1n as an IMF.
Kiin-1y — My, = Ky 5 G =Ky, 3)
6) Now C; is the first IMF that extract
from original signal. Subtract C;1 from
X(1).
X(t)-c, =Ry 4)
7) Now suppose R: as the original signal
and repeat above steps to get the sec-
ond IMF.
8) The above steps repeat g times and we
obtain g 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 sig-
nal 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 com-
ponents. But, to achieve accurate computa-
tion 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), de-
fined as :

yo= o ©

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 fre-
quency 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), de-
fined as:

2(8) =X(8) + j¥(6) = a()e@ ©6)
1

alt) = [X(D2+ Y ()22 (7

8(t) = arctan E] ®)

Where v(z) is the HT of x(t), a(t) is instanta-
neous amplitude and #&{t) is instantaneous
phase angle. Instantaneous frequency (IF) is
rate of change of instantaneous phase angle:

w _ 148
IF = 2r Imadt (9)

By applying HT on all IMFs, we obtain
corresponding analytical signal for each of
them.

Z, = IMF,(t) + jHIMF,(£)] = a,(t) + &7
Z, = IMF,(t) + jH[IMF,(t)] = a,(t) + ¢7®

Z, = IME,(t) + jHUIME,(t)] = a,(t) + ¢/%®
(10)

After applying HT on all IMFs, the origi-
nal signal can be expressed as the follow
equation:

X0 = ¥ a;(t) /8 = F g, (Dexp (j [ w; (B d)
(11)

So we can represent instantaneous ampli-
tude 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 pro-
cessing. The EMD prepare input signal for
Hilbert transform to obtain the instantaneous
amplitude and frequency which are two im-
portant attribute for detection and classifica-
tion of power disturbances.
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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:

o Utility: rated short-circuit = 5000 MVA, f
= 60 Hz, rated voltage = 120 kV.

e 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 consid-
ered.

2) DG-4: gas turbine, 9 MW, 2400 V.

e Transformer TR-1: rated power = 50
MVA, rated voltage = 120/25 kV, f = 60
Hz, Ry = 0.00375 p.u., X1 = 0.1 p.u,, Rm =
500 p.u., Xm =500 p.u.

e Transformer TR-2, TR-3, TR-4:
power = 7 MVA, rated voltage =

rated
575

V/25 kV, f = 60 Hz, R1 = 0.0008 p.u., X1
=0.025 p.u., Rm =500 p.u., Xm =500 p.u.

e 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.

e Distribution lines: DL-1, DL-2, DL-3 and
DL-4: pi-section, 20 km, rated voltage
25 kV, rated power = 20 MVA, R:
0.413 Q/km, Ro = 0.1153 Q/km, L
3.32e-3 H/Km, Lo = 1.05e-3 H/km, Cy
5.01e-9 F/km, Co = 11.33e-9 F/km

e Loads: L1 =12 MW, 4 Mvar; Lo =Ls =
Ls=Ls=4 MW, 1 Mvar.

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:

e Loss of load at PCC.
e Tripping of other DGs apart from target

DG.

e Loss of any distribution lines.

e Sudden load change at PCC.

e Capacitor switching.

¢ Induction motor starting (2250 hp).

e Sudden load change on the target DG loca-
tion.

e Opening of any breakers between DG and
power grid.

e 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 spec-
trum density of extracted signals, the island-
ing 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.

Uy (9 = a; (£) x IF; (1)
Us(8) = ay (&) x IF,(t)
Us(t) = ag (£) x IF5(t)
U(t) = Uy (t) + U,(8) + U5(2)

(12)

After calculating the Power Spectrum Den-
sity (P.S.D) of these signals (in terms of dec-
ibel watt per hertz (dbw/hz)), by setting a
threshold, islanding occurrence is detected.
One of the most difficult diagnoses is the ca-
pacitor switching events. The changes that
occur in this event are so similar to islanding
events. For detecting this event, Ul 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 oc-
currence of the islanding correctly.

Fig. 6 shows the results at DG-2 for non-
islanding condition (sudden load change at
the PCC). As is obvious from figures, the
desired thresholds, according to the presented
flowchart recognize non-islanding event cor-
rectly.

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 cor-
rectly. According to the IEEE Std 1547, max-
imum time to detect islanding is 2 second
and if a relay cannot detect in this period of

DG-1 DG-2
g -
TR.2 TR-3
CB DG-1 CB DG-2
—
T
DL-2

L4 L5
L

DG-3 DG4

Fig. 2. System studied for the proposed method.

| Woltage retrieved at target DG |

Decompose measured signal
by ERMD and obiain IMFs

\

Apply HT on all IMFs and ahiain
instantanuous frequency

v

Calculate signals
Uy:Uy-Uzandll,

L

Calculate Power Spectrum Density
ofsignals Uy:U,: Uz and U,

T3

Max (P.§DU,)=-80

and

Max (P.5D U;)>-85
and

Max (P.S.D Uz)>-18

No
Mon-islanding

the number spikes ai signals
T3 or U, that their ampliiudes
hecomes greater than 100, is /

more than 2

Islanding

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 non-
islanding condition (DG-2 tripped). The re-
sults, 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, Ul and U2 are pro-
cessed. If the number of spikes that their am-
plitudes are greater than 100, is more than 2
number, the occurrence event is non-
islanding, because in islanding events there
isn’t this trend.

FIG. 9 shows the results at DG-1 for
1Mvar capacitor switching. We can see sev-
eral 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 DG-
3 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 ampli-
tude 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 reac-
tive 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 detec-
tion method yet successfully recognize cor-
rectly 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-

picted in Tables Il and 11l and IV for differ-
ent active and reactive power mismatch re-
spectively. The results of the paper [46], con-
firm the validation of this method.

Tables V and VI shows the results of [46]
that is based on Wavelet Singular Entropy.

_2 1 Il Il 1 1 1 1 1 1
0 001 002 003 004 005 006 007 008 003 01

UU\/\/\

_001 1 1 1 Il Il 1 1 1 1
0 001 002 003 004 005 006 007 008 003 01

0.01

Sﬂ/\/

0.0 L L L L L L | ! !
0 001 002 003 004 005 006 007 008 009 0.1
time (sec)
(@)
0 T T
£ &0 e
80g s s s ‘ ‘
0.03 0.04 0.05 0.06 n.o7 0.08

- I I I I ! I I I I I !
003 0035 004 0045 005 0055 006 0085 007 0075 003

time (sec)

(b)

sof
5 of

-50_ 1 1 1
0.046 0048 005 0052

05 B
o 0_-"‘*\%‘:
05t

Ak | | | | | | | o
0.046 0.048 0.05 0052 0.054 0.056 0058 006 0.062

1 1 1 1 \_
0.054 0056 0058 006 0062

1 1 1 1 L
0.054 0.056 0.058 0.06 0.062
time{sec)

(©
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.

015 L 1 1
0.046 0048 0.05 0052



16 Doroozi, Olamaei. 4 New Passive Islanding Detection Method ...

In the paper [46] the WSEI index which is
derived from Shannon entropy of the first
four detailed coefficients of Wavelet Trans-
form, is used to islanding detection by a
threshold (greater than 2). But the capacitor
switching that is one of the difficult diagno-
ses in islanding detection, were not consid-
ered at none scenario. The other events
which were not attend to it, is direct induc-
tion 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
VIl and VIII.

T .
2
g
& -
E’ -
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Frame: 327 Frequency (MHz)
]
?
g
2
01 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9
Frame: 327 Freguency (MHz)
m
k=]
E
@
3
=
@
[
=
3
=
=
=]
< -120 _ _
0.2 0.4 0.6 08
Frame: 327 Frequency (MHz)

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.

Magnitude-squared, dB

Magnitude-squared, dB

Magnitude-squared, dB Magnitude-squared, dB

Magnitude-squared, dB

-60

Magnitude-squared, dB

7ok

-70
75}
-80
-85
-80
o5t

01 02 03 04 05 08 07 08B 08
Frame: 327 Frequency (MHz)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Frame: 327 Frequency (MHz)

0.1 0.2 03 04 0.5 0.6 0.7 0.8 048
Frame: 327 Frequency (MHz)

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

0.1 0.2 0.3 0.4 0.5 0.6 a7 08 0.9
Frame: 327 Frequency (MHz)

0 01 02 03 04 05 06 07 0B 08
Frame: 327 Frequency (MHz)

01 02 03 04 05 06 07 08 08

Frame: 327
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.

Frequency (MHz)



Signal Processing and Renewable Energy, December 2017

@ -z20
2
=z -30
g
o -40
€ 80|
01 02z 03 04 05 06 07 ©0B 08
Frame: 327 Freguency (MHz)
S -90F
8
S -100[
=2
o
2 -11o}
=
=
g -120f
= | | | .
0.1 02 03 04 05 0 0y 08 0%
Frame: 327 Frequency (MHz)
@
- -B0F
8
& -100
(=2
o
&5 -110}
=
s
z -120f
=

0.1 o2 03 04 05 06 0¥ 08 08
Frame: 327 Freqguency (MHz)

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 non-
islanding conditions at target DG-2.

P.S.D P.S.D P.S.D P.S.D
E
vents Us Ui Us U.
> -
Islanding 0P ACVePower 4595 579 73 117.98
mismatch
S Active POWer 1795 g7 716  -17.98
mismatch
5% Active
and Reactive Power -17.92 -59.08 -76.81 -17.8
mismatch
Non- Load
. switching -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 non-
islanding conditions at target DG-4.

EVENTS

pP.S.D
U

P.S.D

U2 P

.S.D U3

P.S.D Ut

Islanding

0% Active
Power
mismatch

95 -

72.76

-83.9

-9.5

5% Active
Power
mismatch

-31.6

-8.65

-31.77

-8.15

80% Active
Power
mismatch

-43.4 -18.05

-34.2

-16.09

0% Reactive
Power
mismatch

-9.75

-72.79

-83.98

-9.53

10% Reactive
Power
mismatch

-9.35

-52.5

-83.9

-9.5

60% Reactive
Power
mismatch

-35

-36.5

-6.95

Non-
Islanding

Load
switching
at DG-1

-18.07

-87.96

-87.96

-18.07

DG-1
tripped

-18.19

-87.96

-87.96

-18.19

Load
switching
at PCC

-27.05

-19.28

-39.05

-20.92

DG-2
tripped

-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.

P.S.D P.S.D P.S.D
EVENTS U, U, Us P.S.D Ut
0% Active
Power -17.96 -68.43 -75.4 -17.98
mismatch
10% Active
Power -17.84 -59.3 -69.3 -17.93
. mismatch
Islanding 80% Active
Power -6.75 -36.36 -52.8 -6.5
mismatch
5% Reactive
Power -17.8 -59.24 -77.38 -17.87
mismatch
Non- DG-2 1805 -87.96 -87.96  -18.05
Islanding tripped
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Fig. 11. Non-islanding event (motor starting) at DG-4 (a) P.S.D of the Ut. (b) P.S.D of the U2. (¢)
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Table 5. Effective singular values and WSEI for active power mismatch during islanding
and non-islanding conditions at target DG-4 [46].

EVENTS Phase M A2 As Aa WSEI
0% a 1022 563 280 122
Power b 1151 589 282 147 401
mismatch c 10.19 537 276 1.46
10% a 707 734 364 201
Islanding Power b 1356 6.69 349 184 407
mismatch c 1397 751 376 193
80% a 10.03 561 277 151
Power b 1152 571 280 151 4.12
mismatch c 10.05 553 282 146
Load a 181 096 050 0.25
switching b 193 103 052 0.26 0.55
Non- at DG-1 c 184 094 047 0.23
Islanding DG-1 a 184 092 046 0.24
tripped b 182 093 048 0.25 0.56
c 196 1.02 051 0.26
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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 Phase M A2 A3 ha WSEI
0% a 12.60 6.69 3.47 1.76
Power b 13.44 7.24 3.66 1.83 4.02
mismatch C 12.13 5.87 3.15 2.18
10% a 13.44 7.42 3.96 1.87
Islanding Power b 13.62 6.84 3.49 1.83 4.17
mismatch c 1282  6.34 3.07 2.08
60% a 14.88 7.93 411 2.17
Power b 14.88 7.59 3.80 2.12 4.35
mismatch c 13.98 6.97 3.49 2.10
Load a 1.83 0.97 0.50 0.25
switching b 1.96 1.05 0.53 0.26 0.55
Non- at DG-1 c 1.88 0.96 0.48 0.23
Islanding DG-1 a 1.85 0.94 0.45 0.23
tri -ed b 1.77 0.94 0.45 0.24 0.55
PP c 195 104 050 026
Table 7. Disturbance classification accuracy [47].
Disturbances S- EMD-HT
Transform
Harmonic 88 95.75
Flicker 90 98
Sag with Harmonic 91.37 98
Swell with Harmonic 87.18 91.45
Momentary Interruption 99 100
Oscillatory Transient 98 100
Impulsive Transient 95.12 100
Notches 96 100
Overall Accuracy 93.08 97.9
Table 8. Comparison with other methods [47].
Method Classification Accu-
racy
Wavelet transform and neural network 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
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6. CONCLUSION

In this article a time-frequency transform
based on EMD-HT is recommended as a new
passive islanding detection method. EMD-
HT is a promising new addition to existing
tool for nonlinear and non-stationary signal
processing. The reported results at this article
and other articles represent new insights on
EMD and its use.

Some methods are unable to detect island-
ing events when the power mismatch de-
creases during islanding and have a large
Non Detection Zone (NDZ) such as ROCOF
and dv/dt relay that in power mismatch less
than 15%, have false operation. The pro-
posed method has a zero NDZ and the relay
performance is independent from the power
imbalance. Speed is another important func-
tion for an anti-islanding relay that in this
method the time response is less than one
cycle. The reason of the success of this
method is that the analysis of transient sig-
nals in the time-frequency domain is used.

The proposed method could overcome on
the weaknesses of other methods. Now we
have a relay that includes advantages: more
accuracy, lower cost, without inject perturba-
tion to the network, supporting non-linear
and non-stationary and discrete signals,
without classifier and network training, high-
er speed and simple computations that can be
online. Also, because the proposed method
uses energy spectrum index, so it is suitable
for both synchronous and inverter based
DGs. Since the proposed method is simple
and is based on EMD-HT, it can be easily
implemented on the DSP/FPGA board for
developing the anti-islanding relay module.
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