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Abstract- Faster and reliable islanding detection of microgrid is necessary to protect the equipment and maintenance

personnel. Voltage and frequency are two important parameters needs to be controlled in microgrid; Voltage and frequency
stability of microgrid depends merely on main grid during grid connected mode and depends on individual controllers during
islanding mode. This research proposes a time domain technique based on multi-scale mathematical morphology (MMM) for
islanding detection. The proposed technique uses multiscale dilation-erosion difference filter (MDEDF) with peak value of the
signal. The performance of the proposed technique is validated in IEEE-13bus system with different cases such as mismatch in
real power, reactive power, load switching, motor switching; L-G fault. The results validate the accuracy and efficacy of the
proposed technique and also compared with recently published work.

Keywords- Islanding detection; multi-scale dilation-erosion difference filler; microgrid; mathematical morphology.

1. Introduction

The rapid growth of renewable sector reduces the green
house effect and global warming. The most popular
renewable energy generations are solar photovoltaic and wind
farms consisting of double fed induction generators (DFIGs),
etc. These are known as distributed energy resources (DGs).
Integration of these sources in conventional power system are
desired to maintain voltage and frequency stability, power
quality which is necessary for any power utility company.
Microgrid can be regarded as a group of DGs and loads with
small power ratings with energy storage and has an ability to
operated on islanding and grid connected mode [I].
Distributed generation is an new approach that enables
modern technology to produce electricity nearby consumers.
DGs can provide electric power at lower cost with higher
reliability and security with less environmental consequences
than traditional power generation [2, 3]. Reliability of
microgrid is a measure of the system’s overall ability to
produce and supply of electrical power as Compared to
conventional grid. DGs have many kinds of operating
characteristics, such as increased reliability with distributed
generation, increase efficiency with reduced transmission
length and easier integration of alternative energy sources.
However, there are many issues should be taken care before

the DG units are connected to the distributed networks. These
problems include voltage fluctuation, switching transients,
power quality issues, and possible occurrence of islanding
[4]. The disconnection of main grid from DGs is named as
islanding. Islanding detection is achieved by observing
significant deviations in to the system’s output parameters.
Islanding is the condition in which a distributed generator
continues to supply power a location even though electrical
grid power is no longer exist. Unintentional islanding occurs
due to over voltage, grid fault or wrong CB operation,
equipment damage [5]. Therefore, effective solution is
required to detect accurately the islanding occurrence event
and disconnect microgrid from the main Grid within a
minimum specified time. Different protecting devices and
control equipments are needed for the islanding detection.
Islanding basically of two types, intentional and
unintentional. Unintentional islanding detection is more
challenging as compared to intentional islanding. As per the
specified criteria in IEEE-1547 standard, islanding condition
should be detected within 2secs of its occurrence [6].
Islanding detection techniques are classified as remote and
local methods. The remote methods are communication based
and managed by main grid, which does not affect power
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quality but the implementation is costly [7]. Local techniques
are further classified into active and passive techniques [8].
Local techniques process voltage, current, frequency at the
nearby DG location for feature extraction and Islanding
detection. Active techniques wuse voltage and current
potrubution and create power quality issues in Grid [9].
Active slip mode frequency shift and active frequency drift
clearly discussed in [10].

Passive techniques are not effective while real power
mismatch is below 15% and reactive power mismatch is
below 5%][11]. Large non detection zone (NDZ) is the major
drawback of passive techniques [12]. The signal processing
techniques are gaining more popularity by reducing NDZ and
without hampering the power quality. Wavelet transform
(WT) was applied to negative sequence voltage signals to
detect islanding with the help of energy and standard
deviations [13]. In [14,15] S-transform was used to detect
islanding condition.

Several passive methods using signal processing
techniques has been tried in recent research to reduce NDZ
such as mathematical morphology is used in [16] to detect
islanding condition in distributed network with high wind
power penetration. Author has used a new operator called as
mathematical morphology ratio index(MMRI) to discriminate
islanding and non islanding condition, and the reported
detection time is 20ms with 0% active power mismatch. In
[17] orthogonal empirical mode decomposition (OEMD) is
used to detect islanding and other power quality disturbances.
Though author is successful in detecting islanding and non-
islanding events but silent about time of detection.

Recently an harmonic signature based islanding
detection is proposed in[18] ,where Kalman filter is used to
extract and calculate the harmonic content in the voltage
signals at the DG terminals .The variation of selected
harmonic distortion differentiate between islanding and non
islanding cases. The Demerits of Kalman filter is in noisy
condition it fails to correctly measure the harmonic contents.
A novel islanding detection method has been proposed in
[19] using combination of rate of change of exciter voltage
and circuit breaker at DG location. In [20] a ridgelet
probabilistic neural network is proposed to classify islanding
and other grid disturbance issues. Author has used modified
differential evolution technique to train the neural network.
In[21] author has proposed a new computational intelligent
method known as multi gene genetic programming to classify
the islanding and non islanding events. Islanding detection
using change of reactive power in a synchronous generator
based DGs proposed in [22].An overview of PV-based
energy system is discussed in [23].An grid connected wind
energy system is simulated in [24] for different wind speeds.
In[25]simulation of multi-module converter has been
investigated for hybrid energy systems. An open source data
acquisition system in laboratory has been studied
in[26].Design of solar energy sources for political movement
is discussed in[27]. Sliding mode control based MPPT with
VSC converters in solar PV based system is discussed in[28].
In [29] mathematical morphology-based dilation-erosion
differential filter (DED) is used on RMS voltage signal to
detect islanding and other power quality events, the reported
detection time is below 17ms. Therefore, it is desired to
have an efficient islanding detection technique with

approximately zero non-detection Zone (NDZ) with small
detection time. This research proposes a time domain
technique based on multi-scale mathematical morphology
(MMM) for islanding detection. The proposed technique uses
multiscale dilation-erosion difference filter (MDEDF) with
peak value of the signal. . Proposed signal processing method
uses simple math operators with very less computational
burden and large data transfer is not required. The efficacy of
proposed method is tested in a IEEE-13 bus distribution
network for validation in various operating conditions, such
as Islanding detection with no power mismatch, real power
mismatch, reactive power mismatch. Power quality
disturbances such as induction motor switching and capacitor
switching are simulated for validation and test the efficacy of
proposed technique.
2. Model investigated

IEEE 13-bus model distribution system is considered for
simulation study [17] and the single line diagram is shown in
“Fig.1”.The distribution model consists of two wind farms
connected at bus B9 and B13, one wind farm consist of four
wind turbines. One PV system consists of 100 modules
connected in series and 200 modules in parallel, is connected
to bus B10. There are six identical loads connected at
different buses. The distribution lines are modelled as -
section and distance between two consecutive buses are taken
as 10km. The main Grid is connected to bus B1. The ratings
of each component are given in “Table 1”

The system is operated as balanced system with S0Hz

frequency. Under islanding condition DGs are capable of
supplying loads independently. Power balance equations of
13-bus system depicted in figure-1 are given below
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Fig.1.Single line diagram of IEEE 13 bus system.
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Where, P, and Q, are real and reactive power of loads.
| QGi are real and reactive power generation of

independent DGS connected in microgrid. AP is the real
power difference between loads and generation, AQ is the
reactive power difference between reactive power demand of

loads and generation. When AP is zero means real power
demanded by loads met by DGs.

Table 1. IEEE 13-Bus System Specification

S1 Specifications of IEEE- 13 bus system
.no
1. Main Grid 50MVA,120KV,50HZ
2. Wind 2MW(each)
turbines
3. Loads 10MW,4MVAR (each)

4. PV modules 10MW

Collection of
Va Vb, Vc at
PCC

Preparation of
()
v

Computation

of MDEDF

If MDEDF >
threshold?

Islanding

Fig.2. Flow Chat of Proposed Islanding Detection
Technique

3. Multi-scale mathematical morphology

Mathematical morphology is an efficient tool for the in-
depth analysis of geometrical structures in a quantitative
approach. It comprises of conceptual theories, several
operators of non-linear signals along with special algorithms
so as to extract dimensional information of geographical
object [30]. The non-linear signal processing operators
(NLSPO) not only helps in extracting the useful signal but
also eliminates the artifacts. In fact, islanding signals
processed by mono-scale operators is analogues to gray-scale
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morphology. This directs to an extremely efficient method for
deriving the necessary components from the contaminated
signal even without past knowledge regarding the frequency
spectrum. This frequency independency is a very tempting
feature for noise reduction in islanding signal of micro-grid.

Classical single scale analysis [31] with fixed SE heavily
based upon prior knowledge which is often unavailable is
special cases. Hence, it unable to extract impulsive features
[32], when information distributed over multiple scales due to
lack of completeness. The benefits of multi scale
mathematical morphology (MSMM) in extracting the
FAULT features are proven in [33]. The complete steps of
MSMM can be expressed as below,

Let us consider F(n) as the discrete one dimensional
signal of length N, G(m) as the structuring element(SE) of

length S and (S<N). The symbols @, ®,o and ® are known

as dilation, erosion, opening and closing operator in
mathematical morphology.

Suppose, G and a are the unit structure element and scale
respectively where oo = 1, 2, 3,...., dmax). Now the SE at a
scale range of a can be written as,

0oG=GDGDGOD....DGC “4)

o—Itimes

The erosion and dilation operators in scale o for f(n) can be
expressed as,

FOuG = FOGOGO...0G (5)

o—ltime

FOaG=FOG®GD...®GC (6)

a—ltime

The corresponding dilation erosion difference filter in multi-
scale (MDEDF) analysis can be expressed as,

MDEDF, =F @ aG — FOuG 7)

The opening and closing operators in scale a for F(n) can be
expressed as,

FoaG =FOuoF ® aG (8)
Fe oG =F® aGOuG 9)

The corresponding difference operator in multi-scale analysis
can be expressed as,

MDIE, = Fe 0G —FoaG (10)

4. Proposed Detection Technique

The proposed islanding detection techniques uses multiscale
mathematical morphology based dilation-erosion difference
filter (MDEDF) to detect the islanding event after processing
the collected voltage signal at PCC from bus B2 as shown in
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Figurel.The simulation model is built on MATLAB
SIMULINK of version2015a. The processor used in the work
is Intel Core -i3,64 bit,1.70GHz. All islanding and non-
islanding events are simulated for a duration of 1.2sec.Since
the model consists of wind farms & PV modules ,the
controllers take around 0.2 sec to bring the voltage steady
state condition. All the events are initiated at time t=0.6sec.
The peak vale of the collected phase voltages are extracted
using Fourier analyzer block in simulink. All the signals are
passed through the proposed dilation erosion difference filter
in multi-scale (MDEDF) as given in “Eq. (7)’to detect the
changes in the signal, if the MDEDF exceeds the specified
threshold value then it is declared as islanding condition. The
main objective behind using multiscale morphology is to
exract transient features of islanding and other power quality
events and detect the changes in the voltage waveform
accurately so that NDZ can be reduced nearly equals to zero.
The choice of structuring element SE depends on the
dimension, type and frequency of the signals [34]. The
optimal structuring element SE used here as G(m)=[0.01,.01-
------- 0.01] having 30 elements in so many trials. F(n) is the
peak value of the signal. The detail steps of islanding
detection are shown in flow chart Figure 2

4.1. Simulation and Results:
Case-1: Islanding detection with no power mismatch

In this case circuit breaker connected to main grid is opened
at t = .6s, assuming some fault in grid side. Microgrid
operated under islanding mode, DGs are capable of supplying
load demand so no power is being transferred from grid to
microgrid. As load impedance is being fixed, it tries to draw
constant real and reactive power, as grid is no more supplying
the reactive and real power support, voltage supposed to fall.
During islanding condition there is a fall in voltage as
identified in simulation and also there is a transient in voltage
during transition between grids connected mode and
islanding mode. This voltage transient captured by multiscale
dilation erosion difference filter (MDEDF) as given in “Eq.
(7)”. The peak value of voltage signals are collected at point
of common coupling at bus B2, then MDEDF is applied. The
peak value of the signal and MDEDF are shown in Figure-3.
MDEDF has no unit, it is evident from figure that MDEDF
crosses threshold 1000 at .615secs. So, the detection time is
15milisec. This case is considered as base case and threshold
is fixed at 1000 for all other islanding and non-islanding
cases.

Case-2: Islanding detection with Real power mismatch

The meaning of power mismatch in an islanding network is
power supplied by the main utility grid to microgrid prior to
the occurrence of islanding. Real power mismatch can be
obtained by varying the real power drawn by the load
keeping reactive power drawn as constant. In this case
simulation is carried out for different real power mismatches
such as 5%, 15%, and 20%. In the similar manner the CB at
bus B1 is opened at 0.6sec and peak values of voltage signals
collected at PCC then MDEDF is applied. The peak value of
the signals and MDEDF are shown in “Fig.4”,“Fig.5”,
&“Fig.6”, respectively. In “Fig.4”it is observed that MDEDF

is crossing the threshold at .615 sec i.e. detection time is 15
msec. In“Fig.5”, MDEDF is crossing the threshold also at
.615sec i.e the detection time is 15 msec. In “Fig.6” MDEDF
is crossing at .614sec, the detection time is 14msecs. It is

104
3.3|x10 :

Peak of PCC Voltage
w w

L ! ! ! ! ! ! |
052 054 0.56 058 06 062 0.64 066 068 07

1500 T
Threshold

052 054 0.56 058 06 062 0.64 066 068 07
Time (Sec)

Fig.3. Peak of PCC voltage and output of MDEDF with no
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observed that as the power mismatch increases the detection
time reduces.
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Case-3: Islanding detection with Reactive power mismatch

For different reactive power mismatches such as 5%, 15%,
30% the simulation is carried out. The CB at bus Bl is
opened at 0.6s for all cases and peak value of voltage signals
are collected at PCC, then MDEDF is applied on the signals.
The plots of peak value of signals and MDEDF are shown in
“Fig.7”, “Fig. 8” & “Fig. 9” respectively.
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From the figures it is evident that in all cases the MDEDF
curve crosses the threshold before .615sec i.e the detection
time is below 15msec.

Case-4: Capacitor switching

When high value of capacitor is switched on bus B5 at
t=.6secs. The capacitor bank supplies reactive power, thereby
there is an increase in voltage at PCC, this voltage increase
must differentiated from islanding condition. “Fig.10” shows
the variation of peak amplitude of voltage and output of
MDEDF. It is clear that MDEDF is below the threshold value
1000, so it is treated as non-islanding condition.

Case-5: Induction motor switching

Large induction motors draw heavy current during starting i.e
draws reactive power from line, it leads to fall in voltage at
PCC, and this condition may be treated as islanding condition
by conventional relays. It is desired that it must be detected
as non-islanding condition. “Fig.11” shows the variation of
peak amplitude of voltage as well as MDEDF, it is evident
from figure that during starting period MDEDF is below the
threshold value 1000. The proposed method is verified
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Fig.10. Peak of PCC voltage and output of MDEDF with
Capacitor Switching
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5. Conclusion

It is highly desired to disconnect DGs from distribution
network to prevent damage and personnel safety during
islanding condition. In this proposed research, a novel
islanding detection technique is presented based on multi
scale morphological operators named as MDEDF to reduce
NDZ approximately zero with faster detection time. Proposed
signal processing method uses simple math operators with
very less computational burden and large data transfer is not
required. The efficacy of proposed method tested in a IEEE-
13 bus distribution network for validation, where different
operating conditions are Islanding detection with no power
mismatch, only real power mismatch, only reactive power
mismatch below 30%.It is verified from simulation and
results that the proposed research is able to detect islanding
condition within 15ms and also able to discriminate other
power quality events such as capacitor switching and
induction motor switching effectively. In future this method
can be implemented in multi DG environment due to its less
computational burden and higher accuracy with smaller
detection time .Further weighted multiscale morphology may
be tried for improvement in accuracy of islanding detection.
References

[1]. T. Ton, Dan, and M. A. Smith. "The US department
of energy's microgrid initiative." The Electricity
Journal 25, no. 8 (2012): 84-94.

[2]. G. Niloofar, H. Mokhtari, and S. Bhattacharya.
"Optimizing operation indices considering different
types of distributed generation in microgrid
applications." Energies 11, no. 4 (2018): 894.

[3]. H. Yaozhen, R. Ma, and J. Cui, "Adaptive higher-
order sliding mode control for islanding and grid-
connected operation of a microgrid." Energies 11,
no. 6 (2018): 1459.

[4].  Alvaro, O. Curea, J. Jimenez, and H. Camblong.
"Survey on microgrids: analysis of technical
limitations to carry out new solutions." In 2009 13th
European Conference on Power Electronics and
Applications, pp. 1-8. IEEE, 2009.

[5].

[6].

[7].

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

M. Ezzt, M. 1. Marei, M. Abdel-Rahman, and M. M.

Mansour. "A hybrid strategy for distributed
generators islanding detection." 1In 2007 I[EEE
Power Engineering Society Conference and

Exposition in Africa-PowerAfrica, pp. 1-7. 1EEE,
2007.

D. L. Bassett, "Update of the status of IEEE 1547.8,
expanding on IEEE Standard 1547." In PES T&D
2012, pp. 1-3. IEEE, 2012.

B. Bozoki, "Effects of noise on transfer-trip carrier
relaying." IEEE Transactions on Power Apparatus
and Systems 1 (1968): 173-179.

W. Jung Chiang, H. Liahng Jou, J. Chang Wu, K.
Der Wu, and Y. Tsung Feng. "Active islanding
detection  method for the  grid-connected
photovoltaic generation system." Electric Power
Systems Research 80, no. 4 (2010): 372-379.

H. H. Zeineldin, and S. Kennedy. "Sandia
frequency-shift parameter selection to eliminate
nondetection zones." IEEE Transactions on Power
Delivery 24, no. 1 (2008): 486-487.

A. Yafaoui, B. Wu, and S. Kouro. "Improved active
frequency drift anti-islanding method with lower
total harmonic distortion." In IECON 2010-36th
Annual Conference on IEEE Industrial Electronics
Society, pp. 3216-3221. IEEE, 2010.

A. Samui, and S. R. Samantaray. "Assessment of
ROCPAD relay for islanding detection in distributed
generation." IEEE Transactions on Smart Grid 2,
no. 2 (2011): 391-398.

V. Menon, and M. Hashem Nehrir. "A hybrid
islanding detection technique using voltage
unbalance and frequency set point." IEEE
Transactions on Power Systems 22, no. 1 (2007):
442-448.

S. R. Samantaray, T.Mayee Pujhari, and B. D.
Subudhi. "A new approach to islanding detection in
distributed generations." In 2009 International
Conference on Power Systems, pp. 1-6. IEEE, 2009.
Ra. Prakash K., Nand Kishor, and S. R. Mohanty.
"S-transform based islanding detection in grid-
connected distributed generation based power
system." In 2010 IEEE International Energy
Conference, pp. 612-617. IEEE, 2010.

K. R. Prakash, S. R. Mohanty, and N. Kishor.
"Disturbance detection in grid-connected distributed
generation system using wavelet and @S-
transform." Electric Power Systems Research 81, no.
3 (2011): 805-819.

F. Musliyarakath Aneesa, and K. Shanti Swarup.
"Mathematical morphology-based islanding
detection ~ for  distributed  generation." JET
Generation, Transmission & Distribution 10, no. 2
(2016): 518-525.

S. Rupal, Soumya R. Mohanty, N. Kishor, and Ankit

Thakur. "Real-time implementation of signal
processing techniques for disturbances
detection." /[EEE  Transactions on  Industrial

Electronics 66, no. 5 (2018): 3550-3560.
R. Haider, C. Hwan Kim, T. Ghanbari, and S. Basit
Ali Bukhari "Harmonic-signature-based islanding

1010



P. Nayak et al.,Vol.10, No2, June, 2020

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

detection in grid-connected distributed generation
systems using Kalman filter." IET Renewable Power
Generation 12.15 (2018): 1813-1822.

A. Rostami, M. Tarafdar Hagh, K. M. Muttaqi , and
J. Olamaei, “Islanding detection of distributed
generation based on rate of change of exciter voltage
with circuit breaker switching strategy." IEEE
Transactions on Industry Applications 55.1 (2018):
954-963.

M. Ahmadipour, H. Hizam, M. Lutfi Othman, and
M. Amran Mohd Radzi, "Islanding detection method
using ridgelet probabilistic neural network in
distributed generation." Neurocomputing 329
(2019): 188-209.

E. Carlos Pedrino, T. Yamada, T. Reginato Lunardi,
J. C. M. Vieira, "Islanding detection of distributed
generation by  using  multi-gene  genetic
programming  based classifier." Applied  Soft
Computing 74 (2019): 206-215.

S. Nikolovski, B. Hamid Reza, and D. Mlaki¢.
"Islanding detection of synchronous generator-based
DGs using rate of change of reactive power." IEEE
Systems Journal 13.4 (2019): 4344-4354.

P. CHERUKAD, and M. Lydia. "A Comprehensive
Overview on PV based Hybrid Energy systems."
International Journal of Renewable Energy Research
(IJRER) 9, no. 3 (2019): 1241-1248.

E. Bekiroglu, and M. Duran Yazar. "Analysis of
Grid Connected Wind Power System." In 2019 8th
International Conference on Renewable Energy
Research and Applications (ICRERA), pp. 869-873.
IEEE, 2019.

S. Farag Alargt, A. S. Ahmed, and K. H. Ahmad.
"Analysis, Simulation, and Comparison of Multi-
Module Interleaved DC-DC Converter for Hybrid
Renewable Energy Systems." In 2019 54th
International ~ Universities Power Engineering
Conference (UPEC), pp. 1-6. IEEE, 2019.

Dosen, Dario, Matej Znidarec, and Damir Sljivac.
"Measurement Data  Acquisition System in
Laboratory for Renewable Energy Sources." In 2019
International Conference on Smart Energy Systems
and Technologies (SEST), pp. 1-6. IEEE, 2019.

INTERNATIONAL JOURNAL OF RENEWABLE ENERGY RESEARCH

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

1011

L. Céardenas Herrera, D. Icaza, Manuel Cardenas
Herrera, F. Mejia Nova, F. Icaza, and M. Flores.
"System of Generation of Energy Based on Solar
Energy for the Rural Political Movements Centers."
In 2019 8th International Conference on Renewable
Energy Research and Applications (ICRERA), pp.
100-106. IEEE, 2019.

S. Marhraoui, A. Ahmed, N. El Hichami, Salah
Eddine Rhaili, and Mehmet Rida Tur. "Grid-
Connected PV Using Sliding Mode Based on
Incremental Conductance MPPT and VSC." In 2019
8th International Conference on Renewable Energy
Research and Applications (ICRERA), pp. 516-520.
IEEE, 2019.

F. Ghalavand, A. Behzad Asle Mohammadi, H.
Gaber, and H. Karimipour. "Microgrid islanding
detection based on mathematical
morphology." Energies 11, no. 10 (2018): 2696.

P. Maragos, W. Schafer Ronald, and M. Akmal Butt,
eds. Mathematical morphology and its applications
to image and signal processing. Vol. 5. Springer
Science & Business Media, 2012.

R. M. Haralick, R. Sternberg Stanley, and X.
Zhuang. "Image analysis wusing mathematical
morphology." IEEE transactions on pattern analysis
and machine intelligence 4 (1987): 532-550.

L. Zhang, X. Jinwu, Y. Jianhong, Y. Debin, and W.
Dadong. "Multiscale morphology analysis and its
application to fault diagnosis." Mechanical Systems
and Signal Processing 22, no. 3 (2008): 597-610.

Y. Li, L. Xihui, and J. Zuo Ming. "Diagonal slice
spectrum assisted optimal scale morphological filter
for rolling element bearing fault
diagnosis." Mechanical ~ Systems  and  Signal
Processing 85 (2017): 146-161.

Y. Tingfang, P. Liu, X. Zeng, and K. K. Li.
"Application of adaptive generalized morphological
filter in disturbance identification for power system
signatures." In 2006 International Conference on
Power System Technology, pp. 1-7. IEEE, 2006.

1011



