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Abstract  The new method for islanding detection in 
distribution network is presented in this paper. The islanding 
conditions should be detected as soon as possible. Therefore, 
this paper presents a new method that detects the islanding 
condition before main circuit breaker opening. The proposed 
method is based on the zero sequence angle of the current 
measured at the utility side of the utility circuit breaker. The 
measured parameter has a unique characteristic in the 
islanding conditions. The discrete wavelet transform is 
applied to extract the feature from the measured angle. This 
feature determines the islanding condition from 
non-islanding ones. The accuracy and efficiency of the 
proposed method for islanding detection is confirmed by 
simulation results. This method is effective for islanding 
detection in distribution network with high penetration of 
distributed generations. The proposed method causes no 
power quality problems for distribution network and can be 
developed in smart grids. 
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1. Introduction
Due to the development of semiconductor technologies 

and the environmental commitments, more Distributed 
Energy Resources (DERs) have been used in distribution 
networks.  The Microgrid (MG) is defined as a cluster of 
Distributed Generations (DGs), loads and energy storage 
systems [1-3]. Usually, the MG operates in grid connected 
mode. The MG should disconnect when a fault occurs in the 
upstream network. This MG operation mode is called 
islanding operation mode. In grid-connected operation mode, 
the frequency and the voltage of the MG is maintained within 
a tight range by the main grid. The frequency of the MG has 
a strong relation with the active power of the MG in an 
islanded operation mode. Therefore, the control strategy of 

the DGs in an islanding operation mode is the frequency and 
voltage control. The islanding detection methods should 
detect the islanding condition as soon as possible with 
minimum non-detection zone (NDZ). NDZ is "the difference 
between active and reactive power on the island when 
islanding cannot be detected by the corresponding method" 
[4]. The islanding detection method can be classified into the 
remote methods and the local methods.  

The local methods monitor the network parameters such 
as voltage, current, frequency and active power at the 
terminal of DGs or at the point of common coupling (PCC). 
The measured parameters have a considerable variation 
when the islanding condition is occurred. The local methods 
classified into the active methods and the passive methods. 
The implementation of the passive methods is simple but 
their NDZ are large. The active methods have less NDZ than 
the passive methods but cause the power quality problems in 
distribution network because of injecting the continual 
disturbances to it. Voltage unbalance [5], rate of change of 
output power [6], rate of change of frequency [7], active 
frequency drift [8] and Slip-Mode Frequency Shift 
Algorithm [9] are some of the main local methods. 

The remote methods monitor the main circuit breaker 
operation. The main circuit breaker opening causes the 
islanding condition occurrence. Therefore, these methods 
detect the islanding conditions by the main circuit breaker 
opening. The NDZ of the remote methods is minimum but 
they are expensive methods and their implementation is 
difficult. Transfer trip scheme [10] and Power line signaling 
[11] are two example approach of the remote method. 

This paper presents a new method for islanding detection 
in distribution network. This method is based on the zero 
sequence angle of the current measured at the utility side of 
the main circuit breaker. Selecting this point as the 
measuring point causes the fast islanding detection. The 
measured angle is processed by discrete wavelet transform to 
extract the characteristics of the measured current, by which 
the islanding condition can be detected fast and accurately. 
Three scenarios are investigated to confirm the accuracy of 
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the proposed method.  
The remainder of this paper is organized as follows: the 

proposed method is presented in section 2; simulation and its 
result are expressed in section 3 and conclusions are drawn in 
section 4. 

2. Proposed Method 
The islanding conditions occur when the utility circuit 

breaker is opened. The fault happening in the upstream 
network is the main reason for the circuit breaker opening. 
When a fault is occurred, it takes a time to clear the fault 
current.  The relay and the utility circuit breaker need the 
time for sensing and clearing the fault current. This time can 
be saved for islanding detection and changing the control 
strategy by movement the measuring point from the PCC (in 
the local methods) to the utility side of the utility circuit 
breaker (in the proposed method). The local methods detect 
the islanding conditions by change in the monitored values 
(measured at PCC) caused by utility circuit breaker opening. 
In this paper, the measuring point is moved to the utility side 
of circuit breaker. Due to this movement the islanding 
condition can be detected faster than the local methods. Also, 
the islanding conditions can be detected before circuit 
breaker opening by determination the events which cause 
circuit breaker opening. 

The proposed method measures the current zero sequence 
angle at the utility side of the circuit breaker. This measured 
parameter is processed by the discrete wavelet transform 
(DWT). The DWT extract the feature from the measured 
parameter to distinguish between the islanding conditions 
from non-islanding ones. The DWT is the time-frequency 
domain analysis that is used widely in power system analysis 
[d]. The DWT of a discrete function x(k) can be defined as 
follows: 
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where, m and n are positive integers employed to define 
scaling and translating factors applied to the selected mother 
wavelet ψ. It is considerable that by using a lower 
decomposition level, the response time of the anti-islanding 
detection algorithm will be shorter. The Coiflets wavelet 
family is applies in this paper to extract the feature. 

Because of using the DWT analysis, the feature can be 
extracted in transient state of measured parameter. So the 
required time in islanding detection can be decreased. The 
time constant of transient state is less than the time constant 
of DG's control strategy. Therefore, the islanding detection is 
not affected by DG's control strategy. Because of the new 
measuring point at utility side of the utility circuit breaker, 
the sensitivity of measured parameter to the DG's 
disturbances is low. Therefore, the proposed method is an 
effective method for islanding detection in distribution 
network with high penetration of DGs. 

3. Simulation Results 
The proposed method is simulated in three cases. Fig. 1 

shows the under test network and the network parameters are 
found in Table 1. this network is simulated by MATLAB 
simulink software and the utility current zero sequence angle 
is processed by MATLAB/Toolbox software for DWT 
analysis. Three cases are assumed to confirm the accuracy of 
the proposed method. These cases are: the malfunction of the 
utility circuit breaker, the utility circuit breaker opening 
caused by a fault happening in the upstream network and the 
load reduction. The first and second cases are the islanding 
condition and should be detected as soon as possible. The 
third case is the non-islanding condition. 

 

Figure 1.  The studied network 

Table 1.  The studied network parameters 

Parameter Value Line Parameter Value 

Vsource 25 KV Length 1 10 Km 

Zsource 6.45+j14.4Ω Length 2 1 Km 

Rload 347 Ω R1 0.2138 Ω/km 

Lload 0.368 H R0 0.3875 Ω/km 

Cload 19.09 μF X1 0.3928 Ω/km 

DG TX ratio 25/0.48 X0 1.8801 Ω/km 

DG TX X1 6% B1 
4.2315 
μS/km 

  B0 
1.60585 
μS/km 

The Coiflets family wavelet is applied in the proposed 
method. The simulation shows that the Coif1 in the first 
decomposition level is the best for extracting the feature. The 
feature that is selected for islanding detection is the 
maximum level of the DWT first level. The needed time for 
DWT processing is minimized by using the first level 
decomposition.  

In the first case, the malfunction of the utility circuit 
breaker is occurred at the t= 0.08 s. Therefore, this case is 
an islanding condition. The utility current signal is shown in 
Fig. 2a and the utility current zero sequence angle is shown 
in Fig. 2b. The DWT 1st level signal is shown in Fig. 2c. 
This figure shows that the feature value for this case is 
equal to 0.95. The maximum Value for other levels is found 
in Table 2. This table shows that the DWT 1st level has the 
minimum value for the selected feature than the other 
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levels. 

 

 

(a) 

 (b) 

 (c) 

Figure 2.  (a) Utility current signal, (b) zero sequence angle of utility 
current and (c) DWT 1st level values for the first case 

In the second case, a three phase fault occurs in the 
upstream network at the t= 0.06 s. the proposed method 
should detect the fault (that causes the islanding condition) 
before the utility circuit breaker operation. The utility 
current signal and the utility current zero sequence angle are 
shown in the Fig. 3a and Fig. 3b respectively. The DWT 1st 
level is shown in Fig. 3c. This figure shows that the feature 
value for the second case is equal to 0.015. The maximum 
Value for other levels is found in Table 2. 
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(c) 

Figure 3.  (a) Utility current signal, (b) zero sequence angle of utility 
current and (c) DWT 1st level values for the second case 

In the third case, the network load reduction is occurred at 
the t= 0.08 s. This case is not an islanding condition and the 
feature that is extracted from the third case should be clearly 
different from the same value in the first and the second 
cases. Fig. 4a and Fig.4b show the utility current and the zero 
sequence angle of the utility current for the third case 
respectively. Fig.4c shows the DWT 1st level in this case. 
This figure shows that the feature value for the second case is 
equal to 66.7. The maximum Value for other levels is found 
in Table 2. 
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Figure 4.  (a) Utility current signal, (b) zero sequence angle of utility 
current and (c) DWT 1st level values for the third case 

Table 2.  The maximum values of DWT levels 

DWT 
Level 

Number 

Maximum 
Value in First 

Case 

Maximum 
Value in Second 

Case 

Maximum 
Value in Third 

Case 

1 0.95 0.015 66.7 

2 1.28 0.0265 58.6 

3 1.14 0.035 29 

4 3.65 0.055 56.8 

5 3.95 0.2 62 

The results of Table 2 show that the maximum value of the 
DWT levels in the first and second cases have a considerable 
difference with the same value in the third level. Therefore, 
the islanding conditions can be detected clearly from 
non-islanding conditions. For example, the maximum values 
of the DWT first level in the first and second cases are 0.95 
and 0.015, respectively while the same value in the third case 
is 66.7. This example shows that a certain threshold can be 
selected to distinguish between islanding conditions and 
non-islanding ones. It is obvious from Table 2 that the 
islanding condition can be detected from the maximum value 
of the DWT first level. As a result, the burden of calculation 
decreases. So, the less time is needed for islanding detection 
rather than selecting the higher level of the DWT.  

4. Conclusion 
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The new method for islanding detection in distribution 
network is proposed in this paper. This method measures 
the current zero sequence angle at the utility side of utility 
circuit breaker. Due to movement of the measuring point 
from the PCC (in the local methods) to the utility side of the 
utility circuit breaker (in the proposed method), the 
islanding detection time is decreased. The measured signal 
is processed by discrete wavelet transform for extracting the 
feature. The maximum value of the DWT first level is 
selected as a feature for detecting the islanding conditions 
from non-islanding ones. Three cases are simulated to 
confirm the efficiency of the proposed method. The 
simulation results show that the features in the first and 
second cases have a considerable and clear difference by 
the same value in the third case. 
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