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The increasing electrical power demand has caused Distributed Generations (DGs) to enter into the
power systems which created many problems in power systems. One of these problems is unwanted
islanding phenomenon. Personnel and equipment safety are the main reasons concerning which this
condition should be detected in the fastest possible time. A novel passive islanding detection algorithm
based on histogram analysis for wind turbines is presented in this paper. The proposed method
measured the voltage signal of wind turbine and detected islanding condition based on its sum square
error. The sampling window was selected from system time constant in islanding mode for reliable and
fast detection. One of the big disadvantages of passive detection methods is threshold value of these
methods. In order to overcome this drawback, the threshold value in this study was determined using
thresholding algorithm. The presented studies are based on time-domain simulations using MATLAB.
The results’ evaluation confirms that the proposed islanding detection method succeeds in detecting

islanding mode from other switching conditions.
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INTRODUCTION

Distributed Generations (DGs) generally refer to
Distributed Energy Resources (DERs), including
photovoltaic, fuel cells, micro turbines, small wind
turbines, and additional equipment. In recent years, the
increase of distributed resources in the electric utility
systems with ongoing technological, social, economical
and environmental aspects shows high depth of
penetration of DGs. With improvement in DGs
technologies and power electronics, DG units have
become more competitive against the conventional
centralized system. Hence, it attracts many customers
from industrial, commercial, and residential sectors
(Zeineldin et al., 2006a; Wen-Jung et al., 2012; Jiayi et
al., 2008).

Many utilities around the world already have significant
penetration of DGs in their system. Annually, the total
global installed wind capacity at the end of 2010 was
2.5% of the total global demand. Based on the current
growth rates, World Wide Energy Association (WWEA)
predicts that in the end of the year 2020, at least 1500
GW can be expected to be installed globally
(http://www.renewableenergyworld.com/rea/news/article/
2011/05/worldwind-outlook-down-but-not-out). When the
distributed generation systems are operated in parallel
with utility power systems, especially with reverse power

flow, the power quality problems become significant.
Power quality problems include frequency deviation,
voltage fluctuation, harmonics and reliability of the power
system. In addition, one of the technical issues created
by DG interconnection is inadvertent islanding (Dash et
al., 2012; Zeineldin et al., 2006b). Islanding occurs when
a DG and its local load become electrically isolated from
the utility; meanwhile, the DG produces electrical energy
and supplies the local load (Jayaweera et al., 2007).
Islanding condition causes abnormal operation in the
power system and also causes negative impacts on
protection, operation, and management of distribution
systems. Therefore, it is necessary to effectively detect
the islanding conditions and swiftly disconnect DG from
the network. Existing standard thus do not permit DGs to
be utilized in islanding mode (Zeineldin et al., 2007)
because islanding creates many problems (Xu et al.,
2004; Swisher et al., 2001) in power systems such as:
safety hazards for personnel, power quality problems for
customers load, overload conditions of DG, out-of-phase
recloser connections. In order to avoid the above
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problems occurring, islanding conditions should be
detected within less than 2 s (Xu et al., 2004).

Originally, the methods of islanding detection were
divided into two categories: communication and local.
Local methods were classified as active and passive
techniques, in which active techniques are based on
direct interaction with the ongoing power system
operation (Zeineldin et al., 2007). Some important active
techniques are impedance measurement, frequency shift
and active frequency drift (Chowdhury et al., 2009),
current injection (Hernandez-Gonzalez and Iravani,
2006), Sandia frequency shift and Sandia voltage shift
(John et al., 2004), and negative phase sequence current
injection (Karimi et al., 2008). Active methods are usually
used in converter based distributed generator. Passive
techniques that are used in induction wind turbine
generator are based on measurements and information
at the local site. Over/under voltage and frequency is one
of the simplest passive methods used in islanding
detection. Unfortunately, if the load and the generation on
the island are closely matched, the change in voltage and
frequency might be very small and within the thresholds,
thus leading to an undetected islanding situation. Other
passive techniques have been proposed based on
monitoring rate of change of frequency (ROCOF) (EI-
Arroudi et al., 2007) and rate of change of phase angle
drift (ROCOPAD), phase angle displacement, rate of
change of generator power output (Chowdhury et al.,
2009), impedance monitoring, the THD technique
(http://mvww.renewableenergyworld.com/rea/news/article/
2011/05/worldwind-outlook-down-but-not-out) non
detection zone concept (Zhihong et al., 2004), vector
surge and phase displacement monitoring (Kunte and
Gao, 2008) and the wavelet transform function (Cheng-
Tao et al., 2008).

A novel technique for islanding detection based on
voltage histogram signal is proposed in this paper. The
proposed approach used the Mean Absolute Error (MAE)
of voltage histogram signal, which in the islanding mode
is higher than the grid connected mode. The results in
several conditions of local loads can prove this pretense
and illustrate its robust performance for islanding
detection. Also, negligible NDZ is one of the many
advantages of the proposed method. This approach
measures the voltage signal at the target distributed
generation location and feeds it to the proposed
histogram based algorithm in order to detect the islanding
condition from other conditions.

The proposed technique, which is suitable for
asynchronous DGs, is explained as the study proceeds.
This is followed by an explanation of the simulation and
experimental test system used to verify the effectiveness
of the proposed method. Afterwards, the effectiveness
and robustness of the proposed algorithm applied to the
simulation and experimental test systems is explored in
comparison with the recently reported method in (Kazemi
and Sobhani, 2012), after which the paper is concluded.
The simulation test systems were simulated in
MATLAB/SIMULINK. The simulation and experimental
results show that the proposed islanding detection

technique can successfully detect islanding operations
within acceptable time duration.

CASE STUDY

The study test system is shown in Figure 1. The DG unit
is a wind turbine induction generator whose rated voltage
is 0.69 kV and is connected to a Point of Common
Coupling (PCC) with a step-up transformer whose rated
power is 1.5 MVA. The local load is a three-phase
parallel RL before the circuit breaker (CB), in which “r’
stands for the series resistance inductance and R, is the
parallel load that is connected to the system in Y
connection. In order to correct the power factor, a
capacitor bank was used. Local load and system
parameters are given in Table 1. In the grid-connected
condition, the islanding mode occurs when SW2 is open.
For the evaluation of islanding detection techniques, the
parallel R, is traditionally adopted as the local load when
the load inductance is adjusted to the system frequency.
The amount of local load and capacitor should be set to
allowable amount, that in islanding condition the voltage,
current and frequency remain in allowable value.

It should be noted that the frequency and voltage of DG
should have admissible values in both grid-connected
and islanded modes. In the grid-connected condition, the
voltage magnitude and frequency of the local load at the
PCC are regulated by the grid.

MATHEMATICAL MODEL OF ISLANDED SYSTEM

State-space mathematical model for the islanded system
was provided in this study. In the islanding mode, the
circuit model of wind turbine with fixed wind speed is
shown in Figure 2a and the simple model is shown in
Figure 2b. It is assumed that the DG unit and the local
load are balanced three-phase subsystems within the
island. The state space equations of the potential island
of Figure 2 in the standard state space form are:

X (1) = AX (t) + Bu(t)
y(t) = CX (1) (1)
u(t) = viq

In the balanced three-phase subsystems within the
island, the state-space model is:

di abc ®

va* @ = L, —gdt + 113 )+ V2P o)
abc
. . (1) 1 b
Iabc (t) = Iabc (t)+C t Vta [ ) (2)
9 " dt R,

dl abc .

va (1) = Ly, —Tjt ® r.i2" @
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Figure 1. Single line diagram of the study system.
Table 1. Local load and system parameters. digd (t) l
t t t)—— t
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Inthe af -frame, the dynamic model of the system is: at =—0lq (t) —qlmq (t)
oCv,, =i i
dig? (1 td ~'gd ~'mq
VeP(t) = L ———+ris’ 0 +v* @
Finally, the state-space equation can be written as follow
dv*P) 1 i ]
M) M0 t o
P =i )+ c———+ v ) L R
R L 0 L — -
: 3) : : Lo il |2
. r CR gl — L0 || 'd | | T
diz’ ) L I P A L A
af m jop 0 s
Vi (t):Lm dt ol () lgg _ Ly LnRe lgg 40 [Vd]
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Vig I-m I-m _th 0
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With transfer to rotating reference frame (X, = queje) | C C CR, |
and assuming of constant frequency in islanded condition (5)

and V, as reference frame:
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Figure 2. Model of case study: (a) original model, (b) simple model.

Xz[igd igq Vig th]T (6)

yl=o o 1 ok W)
The transfer function of state-space model is given by:

(1.5s2 +15.63s +14790)e4

Y(s)=C.(SI-A)*B (8)

V,(s)=Y(s) )

th (S) =

The step response of output voltage is plotted in Figure 3.
From Figure 3, the transient response time is about 0.15
s; we consider 0.15 s for analysis time to achieve reliable
detection from step of response.

Non Detection Zone (ND2)

In order to determine the performance of islanding
detection method, Non Detection Zone (NDZ) is one of
the important characteristics. NDZ is defined as an
operating region where islanding conditions cannot be
detected in a timely manner. In this region, power
mismatch between production and consumption have a
small value. Here, NDZ based on OVP/UVP and
OFP/UVP was determined. This method was
implemented for constant current controlled inverters. In
order to determine the amount of mismatch for which the
OVP/UVP and OFP/UFP will fail to detect islanding, the
amount of active power mismatch in terms of load
resistance can be expressed as follows:

AP =3xV x| =3x(V+AV) x| =-3xAV x|
11)

(10)

(4.0e —4)s* +1.359s°® +1.542e4s”° + 6.266e5s +1517e6

where V and | show the rated voltage and current,
respectively. Acceptable voltage range in distribution
network is between 0.88 and 1.1 pu. These voltage levels

are equivalent to AV pu__ 012 and AV pu =01,
respectively. The calculated imbalance amount by
Equation 11 for our test network (the output power in
match condition is 150 kW), are 18 kW and -15 kW,
respectively. Frequency and voltage of an RLC load has
the active and reactive power as follows:

_Vv?

P
L RL

12)
QL :Vtz[% — O)CJ
® m
(13)

Where, w, P and Q are the load frequency, active and
reactive power, respectively. In grid connected condition,
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Figure 3. Step response of Vi4(s) of case study.

the voltage of PCCC is dictated by the main grid. Once
the island occurred, the deviation of PCC voltage leads to
active power imbalance from the nominal values. Since
the output power of the inverter is in unity power factor,
before islanding reactive power of load is supplied just by
network and after islanding the amount of reactive power
imbalance is equal to the consumed load before
islanding, hence we have:

2 2 2
AQ=3" (1-?L,C)=3"t (1—%J

o, L, o, L, ®’

(14)

Where 0, and ©, are rated frequency and resonance

frequency of load, respectively. Resonance frequency
generates from imbalance power, then the frequency
changes after the islanding occurrence is equal to the
difference between network frequency and load
resonance frequency:

1

e
m

Thus, the reactive power imbalance needed for certain
changes in frequency can be obtained by:

O, =0, Ao ,0, =

f2

n

V,? 1
(f, —Af )

Wp I—m

AQ=3 (16)

In this study, the acceptable frequency range is
considered between 49.7 and 50.3 Hz which are equal to

Af =—0.3 and Af =0.3 Hz. Thereupon, the

amounts of reactive power imbalances are 6.393 kVAr
and -6.51 kVAr, respectively.

PROPOSED ALGORITHM

Let {0,1,2,...,M —1} denote the M distinct values in a

discrete signal of size N samples, and let n; denote the

number of samples with value i. The total humber, N, of
samples is N =ng+n; +...+Ny_4. The normalized

n.
histogram has components (samples) p; =W', from

which it follows that:

17)
Inter Histogram Mean Square Error (IHMSE)

We introduce a measure for calculating the difference
between two histograms and call it Inter Histogram Mean
Square Error (IHMSE). Consider two histograms H1 and
H2. If the total number of distinct values (M) for two
histograms are the same and phji shows the ith
normalized component (i=1,2 ...,M) of jth (j=1,2)
histogram, the IHMSE between H1 and H2 is calculated
as follows:
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Table 2. Various loads for islanding mode test.

Load Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Power (KW) 146 147 148 152 154 156
R (kQ) 2.7397 2.7211 2.7027 2.6316 2.5974 2.5641
L (mH) 3.192 3.192 3.192 3.192 3.192 3.192
C (mF) 3.174 3.174 3.174 3.174 3.174 3.174
1 K-1 5
IHMSE(H1,H,)=—>" (ni; —nip) (18) system, DG, and load are listed in Table 1. The proposed
KiZo islanding detection method was also tested for various

For each possible pairs of the histograms of islanding
cases, the IHMSE values are calculated and reported.
Similarly for each possible pairs of the histograms of non-
islanding cases, the IHMSE values are calculated and
reported. These IHMSE values are called Auto IHMSE
(AIHMSE) because they represent difference between
two histograms which are related to the similar
conditions. An IHMSE value, which is calculated between
an islanding case histogram and a non-islanding case
histogram, is called Cross IHMSE (CIHMSE) (Nobuyuki,
1979).

The average value of CIHMSE is greater than the
average value of AIHMSE. This difference between
CIHMSE and AIHMSE values motivated us to introduce
an approach to classify an unknown condition, based on
the calculation of IHMSE (between it and known islanding
or non-islanding cases), into islanding cases or non-
islanding cases.

Suppose that we have NI known islanding cases and
NN known non-islanding cases. These cases are the
training cases of the proposed method, then we can
calculate (NI2 + NN2) and (NIxNN) possible AIHMSE and
CIHMSE values respectively. All of the AIHMSE and
CIHMSE values (The number of them is: NI2 + NN2+
NIXNN) are sorted out and the histogram of them is
considered. This histogram is called IHMSE histogram. It
is expected that the IHMSE histogram will be a bipartite
histogram in which the CIHMSE values are placed in one
part and the AIHMSE values are placed in another part.
Thus, a proper threshold value, which is called k*,
separates the IHMSE histogram into two groups.

The value of k* can be found by an appropriate
thresholding method such as Otsu method (Nobuyuki,
1979). For an unknown case, if its voltage histogram is
accessible, the IHMSE values between it and the known
islanding cases are calculated. The average value of
these IHMSEs is called k1. Similarly, the IHMSE values
between it and the known non-islanding cases are
calculated and the average value of these IHMSEs is
called k2. By comparing the value of k* with k1 and k2,
the condition of the unknown case can be determined.

SIMULATION RESULTS

Here, the test system as shown in Figure 1 is simulated
by MATLAB/Simulink. The rated parameters of the

conditions.
Islanding mode test

In order to show the performance of the proposed
technique, the various load conditions are analyzed in
islanding mode. When the imbalance of reactive power
value is equal to zero and active power value is in NDZ
range, the islanding detection is more difficult to identify
in these conditions. The details of the test load conditions
are presented in Table 2. In addition, the load quality
factor is equal to 1.8 which is the maximum
recommended amount in standards.

For the tested load conditions, at t=3 s, wind turbine
and its local loads isolated from power grid by opening of
CB and islanding mode occurred. The voltage and
frequency of the PCC for each case is plotted in Figures
5 and 6, respectively. The MSE of voltage histograms
between these groups is shown in Figures 7 and Table 3.
It can be seen that the value of MSE between each two
load conditions is variant in 0 - 19.87 range.

Switching condition

In this scenario, the load and capacitor bank switching
conditions with motor starting (Figure 4) is applied to the
system. These switching and starting conditions occurred
at t=3 s. The voltage waveform and frequency are
represented in Figures 8 and 9 respectively. MSE value
of voltage histogram signals between each two switching
conditions is shown in Figures 10 and Table 5.

Proposed algorithm results

Here, the mean square error between islanding
conditions that are presented in Table 3, Table 5 and
table 6 and non-islanding conditions that are presented in
Table 4 is calculated. Table 5 shows the MSE value
results. As can be seen, the value of MSE signal is
different from that of the other groups. These results
show the performance of the proposed method.

Conclusion
The increasing distributed generating units and enlarged

size of them in a modern power system has caused the
protection against islanding which has become extremely
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Table 3. MSE between each two Islanding conditions (IHMSE values)

Islanding Islanding Islanding Islanding Islanding Islanding
Condition 1 Condition 2 Condition 3 Condition 4 Condition 5 Condition 6
Islanding
Condition 1 0 9.16 17 15.04 11.76 18.6
Islanding
Condition 2 9.16 0 8.84 9.8 14.44 11.66
Islanding
Condition 3 17 8.84 0 8.96 16.62 10.58
Islanding
Condition 4 15.04 9.8 8.96 0 16.28 12.82
Islanding
Condition 5 11.76 14.44 16.62 16.28 0 19.78
Islanding 18.6 11.66 10.58 12.82 19.78 0
Condition 6
AQ (KVAr)
6.3924
\ﬁ
_15\
-6.51
Figure 4. NDZ for the constant current interface controls for distributed
generation.
1.1

Voltage in per unit
—

0.88

2 2.5 3 3.5 4 4.5 5
Time (s)

Figure 5. Effective voltage waveform of the system in islanding modes.
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Figure 6. the frequency of system for islanding conditions.
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Figure 8. Effective voltage waveform of the system in switching conditions
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Case 1 (Load Case 2 (Load Case 3 (Motor
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switching) switching) starting) switching)
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R (kQ) 5.33 5.33 power
L (H) 35.1 35.1 factor=0.78 lag 40 kVAr

C (WF) 0.289 0.289
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Table 5. MSE between each two switching test conditions (IHMSE values)

Non Islanding

Non Islanding

Non Islanding Non Islanding

Condition 1 Condition 2 Condition 3 Condition 4

Non Islanding

Condition 1 0 5.88 9.96 6.06

Non Islanding

Condition 2 5.88 7.60 7.60 7.56

Non Islanding

Condition 3 9.96 8.84 0 10.50

Non Islanding

Condition 4 6.06 7.56 10.50 0

Table 6. MSE between each two switching and islanding test conditions
Islanding Islanding Islanding Islanding Islanding Islanding
Condition 1 Condition 2 Condition 3 Condition 4 Condition 5 Condition 6

Non lIslanding 37.3 29.26 25.78 26.34 30.1 22.56
Condition 1
Non Islanding
Condition 2 39.08 31.72 27.50 27.42 31.16 25.40
Non Islanding 39.48 34.20 31.54 29.34 34.84 28.98
Condition 3
Non lIslanding 37.08 30.62 26.96 25.86 30.22 23.18
Condition 4

challenging nowadays. The islanding condition of
distributed generation should be detected due to safety
reasons and to maintain quality of power supplied to the
customers. Voltage histogram based analysis is
proposed for islanding detection of wind turbines in this
paper. Reducing the NDZ to as close as possible and fast
detection of it are the main contributions of the proposed
technique in this paper. In order to show the performance
of the proposed method, the test wind turbine system
was simulated in MATLAB software. Six islanding
conditions in NDZ and four switching conditions in test
system were simulated, and the proposed islanding
detection was applied to these conditions.

The results show the suitable reliability of the proposed
method under different load conditions, such as load and
capacitor bank switching and motor starting that islanding
detection under these conditions is difficult. The method
was able to detect the islanding condition of an induction
generator type of a wind turbine within less than 0.15 s.
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