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A B S T R A C T  
 

 

Due to the increasing need to distributed energy resources in power systems, their problems should be 

studied. One of the main problem of distributed energy resources is unplanned islanding. The unplanned 
islanding has some dangers to the power systems and the repairman which are works with the incorrect 

devices. In this paper, a passive local method is proposed. The proposed method is based on wavelet 

transform and a new classifier named as wavenet. The wavelet transform is used to extract features from 
the current waveform of current at the point of common coupling (PCC) point. PCC is assumed as the 

connection point of distributed generation to the distribution system. The proposed method is 

implemented on a 15 bus grid in MATLAB/SIMULINK software. The results show the high accuracy 
of islanding detection of the proposed method. In this paper, one wind turbine is assumed as a distributed 

resource. 

doi: 10.5829/ije.2019.32.02b.09 

 

 
1. INTRODUCTION1 
 
Distributed Generation (DG,) is a new source which is 

used in distribution systems. DGs are connected directly 

by distribution system operators or indirectly by 

customers. The DGs usually are connected near the 

consumer ming centers. The high use of DGs leads to 

improvement of power quality, improvement of voltage 

profile, a decrease of losses [1].  

In another hand, the reduction of fossil energies and 

environmental issues forces the countries to use the 

distributed energy resources (DER) [2]. The main DERs 

which are used in the world are wind energy, solar 

energy, fuel cells, and microturbines. The islanding 

detection of DERs when is connected to a distribution 

system is a vital problem. The islanding detection 

methods are divided into four main categories [3] names 

Remote methods [4, 5], local methods, signal processing 

methods [6] and intelligent classifiers based methods [7]. 

Local methods are divided into two subcategories named 

active [8-16] and passive [17-21]. In passive local 

methods, the islanding status is detected based on 

assessing and monitoring of voltage or current 

waveforms of DG connection point [22]. When the 
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difference between the demand and generation in the 

distribution system is low, the islanding detection of 

distribution system with passive methods became 

difficult. The situation in which the islanding detection 

methods cannot detect the islanding status correctly is 

defined as None Detection Zone (NDZ) of each method. 

The passive methods have big NDZs, so, the researchers 

suggest the active methods. In active methods, a 

voluntary disturbance is applied to the network, and the 

network response is assessed. The active methods have 

no NDZ, but the methods are so complicated and have 

undesirable effects on the power quality of the power 

system. In another hand, the passive methods are so 

simple and have no effect on the power quality of the 

network.  

A passive method is presented which has been used 

adaptive identifier method for estimating of the 

frequency deviation of the point of common coupling 

(PCC) link as a target signal that can detect the islanding 

condition with near-zero active power imbalance [23]. 

Main advantage of the adaptive identifier method over 

other signal estimation methods is its small sampling 

window. The utility circuit breaker current has been 

measured at the grid side, and the islanding condition has 
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been detected based on a feature extracted from the 

measured signal before the utility circuit breaker 

openingc[24]. Discrete wavelet transform has been used 

to extract the features of the measured current, and then, 

the artificial neural network has been trained in order to 

detect the islanding conditions based on the extracted 

features. A new islanding detection method based on the 

chaos theory that can detect the islanding condition with 

near-zero active power mismatch has been introduced 

[25]. The method has been used the modified frequency 

of the point of common coupling (PCC) link as an input 

signal of forced Helmholtz oscillator. The obvious 

change between chaotic and normal motions in the forced 

Helmholtz oscillator is its main advantage over other 

oscillators. TheW-transform and S-transform have been 

used to extract the negative sequence voltage during an 

islanding event [26]. The energy content and standard 

deviation of the S-transform contour has been clearly 

shown in detecting islanding events and disturbance 

because of load rejection. The ANNs have been 

combined with Wavelet, which is capable of 

decomposing the signals into different frequency bands 

[27]. The features have been then trained using the ANN 

model to identify the islanding condition. The approach 

can detect islanding conditions with a high degree of 

accuracy and high-quality factor of load performance.  

In this paper, a passive method based on wavelet 

transform and a powerful classifier named as wavenet are 

presented. The NDZ of the proposed method is small 

because of using wavelet transform. To show the high 

capability of wavenet transform in distinction, this 

classifier is compared with the artificial neural network 

(ANN) and Decision Tree (DT).  The proposed method 

is suitable for non-converter based generators.  

The contributions of the paper are as follows: 

 Proposing a new combination of algorithms 

(Wavelet + RELIEF + Wavenet) which can detect 

the islanding status of the DGs with high accuracy. 

 Using Wavenet as a classifier for detecting the 

islanding status of DGs. 

 The propsoed algorithm has negligible NDZ. 

This paper is organized as follows. In section 2, the 

proposed algorithm is introduced. In section 3, the 

implementation model and the case study are presented. 

In section 4, the results are shown and finally, in section 

5, the conclusion is drawn. 

 

 

2. PROPOSED METHOD 
 
The proposed algorithm has three phases: i. Feature 

extraction, ii. Feature selection, and iii. Classification. In 

this paper, the current waveform of the connection point 

of DGs to the distribution system (PCC) is used to detect 

the islanding status of the DG. The wavelet transform is 

used for feature extraction from the current waveform. 

The RELIEF method which is one the famous method in 

the field of feature selection is used to select the most 

powerful and effective features. The wavenet classifier is 

used to classification and detection of the islanding status 

of DG.  

 

2. 1. Feature Extraction       In this paper, the wavelet 

transform is used to extract the features from the current 

waveforms. To extract the useful features, it is needed to 

have frequency analysis on the transient signals of 

current waveforms in the connection point. This analysis 

is carried out by a discrete wavelet transform. One of the 

main issues in using the wavelet transform is selecting 

the best mother wavelet. Correct selection of mother 

wavelet shows some effective features of the waveforms 

which will be hidden with an incorrect selection of 

mother wavelets. Another advantage of the wavelet 

transform is the high flexibility of this tool for frequency 

analysis.  
In this paper, the Daubechies mother wavelet or db is 

used. This mother wavelet has arbitrary discipline. The 

non-symmetry waveform and non-explicit function are 

the main property of the db mother wavelet. In this paper, 

one of the d mother wavelets named db5 is used to twelve 

levels. Three features of each detail and approximation 

waveforms are extracted. The minimum point, maximum 

point and the mean value of the mentioned waveforms 

are selected as the extracted features. The total number of 

extracted features in this paper and based on the proposed 

method is 72.  

 

2. 2. Feature Selection        As it is mentioned before, 

in this paper RELIEF is used as a feature selection 

technique. RELIEF is a statistical method for feature 

selection. At first, the algorithm randomly finds a sample 

subset from the database. For each scenario in the 

selected subset, the nearest hit and nearest miss based on 

Euclidean metric are calculated. The nearest hit is a 

scenario which has the lowest Euclidean distance and at 

the same time has the same class. The nearest miss is a 

scenario which has the lowest distance and at the same 

time has the opposite class.  
The main idea of the RELIEF is one simple rule, 

which the lowest distance between the selected sample 

and nearest hit leads to the better feature and in another 

hand the highest distance between the selected sample 

and nearest miss leads to the better feature. After 

calculation of distance for all the scenarios in the selected 

subset, some features which have the weights equal to or 

lower than a threshold, will be eliminated. The other 

features which have the weights higher than the threshold 

will be selected as the RELIEF algorithm output. The 

RELIEF algorithm is suitable for noisy features and 

features with correlation. The timing of this algorithm 

has a linear relation to the number of features and the 

number of selected samples in the subset. This algorithm 
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is appropriate for continuous and discrete data. In this 

paper, 6 of 72 features are selected by RELIEF algorithm. 

The higher number of features leads to the higher time of 

classification and in another hand, the lower number of 

features leads to the lower accuracy of classification. The 

6 features are selected by a sensitivity analysis.  

 

2. 3. Wavenet       Figure 1 illustrates a wavenet 

construction with p inputs and a single output. This 

construction is very similar to the radial basis function 

network. The wavenet construction includes two 

functions: scaling functions and wavelets. Wavelets are a 

new family of localized basis functions and they are 

functions with a combination of powerful features, such 

as orthonormality, a locality in time and frequency 

domains, different degrees of smoothness, fast 

implementations, and in some cases compact support.  

 

2. 4. Proposed Algorithm       In this section, the 

proposed algorithm is introduced step by step. 
First Step: 200 scenarios are simulated by 

MATLAB/SIMULINK software. Some of these 

scenarios are classified as islanding mode and other is 

classified as a non-islanding mode. The simulated events 

are listed in Table 1. 

Second Step: The current waveforms of the point of PCC 

are saved. 

Third Step: The 72 features are extracted from the 

current waveform by the wavelet transform. 

Fourth Step: The 6 selected features are produced by 

RELIEF algorithm. 

 
 

 
Figure 1. A wavenet construction 

 

 
TABLE 1. The simulated events 

Mode Events 

Islanding 

Transmission system disconnection while the P 

and Q mismatch in the distribution system 

between 0 to 30 percent 

Non-Islanding Load switching 

Non-Islanding Motor switching 

Non-Islanding 3 Phase short circuit 

Fifth Step: Training the wavenet with the scenarios of 

the database. 

Sixth Step: Testing the trained wavenet by the test 

database. 

 

 

3. IMPLEMENTATION ON MATLAB/SIMULINK 
SOFTWARE 

 

The proposed algorithm is implemented on 15 bus grid 

and IEEE 37bus test system.  

 

3. 1. 15 Bus Grid       The schematic of the 15 bus grid 

is shown in Figure 2. This grid is connected to the 

transmission system with bus 1. It is assumed that there 

is one wind turbine in the grid.  
The 15 bus grid is implemented on SIMULINK. The 

implemented model is shown in Figure 3. 

Some appropriate events should be simulated, to 

build scenarios for the database. To model the islanding 

status, some scenarios are simulated. In these scenarios, 

the difference between the demand and generation in the 

distribution system is assumed to be low. This 

assumption makes the islanding detection more difficult 

because due to the low difference of demand and 

generation in the distribution system, the transferred 

power from the transmission system is low. The low 

transmitted power leads to a little change in the waveform 

due to the disconnection of the transmission system. 
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Figure 2. The 15 bus grid schematic 

 

 

 

 
Figure 3. Schematic of 15 bus grid in 

MATLAB/SIMULINK software 
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In this paper, the difference between the demand and 

generation in the distribution system is varied between 0 

to 30 percent of the total loads randomly. This percent is 

selected based on literature [16].  

Some events such as load switching, short circuit and 

motor switching in different buses are simulated for the 

non-islanding cases. These events make some 

disturbances in current waveforms. The simulated events 

are listed in Table 1.  

In each simulated scenario, the current waveforms of 

bus 6 are saved. The wind turbine is connected to the 

distribution system on bus 6. The simulated grid’s 

specifications are summarized in Table 2.  

The wind turbine specification is presented in Table 

3. The wind turbine characteristic curve is shown in 

Figure 4. The grid lines parameters are listed in Table 4. 

 

3. 2. IEEE 37 Bus      In the second case study, the IEEE 

37 Bus [24]  is selected. The IEEE 37 Bus schematic is 

shown in Figure 5. More penetration is selected in this 

case study. In this grid some modifications are 

considered in the standard form of the network. For 

example it is considered that there are 4 WTs which are 

connected to buses 741, 710, 729 and 724. 

 

 
TABLE 2. 15 bus grid specification 

Value Parameter 

480 V Voltage 

60 Hz Frequency 

 

 
TABLE 3. Wind turbine specification 

Value Parameter 

480 V Voltage 

60 Hz Nominal Frequency 

275 kV Nominal Power 

 

 

 
Figure 4. Wind turbine characteristic curve 

TABLE 4. Lines Parameters 

X (Ohm) R (Ohm) To From Line No. 

42.54 2.4 2 1 1 

34.1 5.07 11 1 2 

25.81 1.45 3 2 3 

26.81 2.3 12 2 4 

0.33 0.02 4 3 5 

6.97 1.3 7 3 6 

26.29 4.53 13 3 7 

6.55 0.57 5 4 8 

57.72 3.84 14 4 9 

13.56 0.9 6 5 10 

26.7 4.6 15 5 11 

28.86 1.92 8 7 12 

53.89 3.04 9 8 13 

42.63 6.34 10 9 14 

 

 

 
Figure 5. The IEEE 37 Bus schematic 

 

 

The scenarios for islanding and non-islanding situations 

conditions are generated using monte carlo similation 

and based on Table 1.  

 

 

4. SIMULATION RESULTS  
 
At the first step some discucsision are presented for the 

changes in the current and voltage waveforms of PCC 

based on specifiec changes. These discussion are about 

15 bus test systems.  

The current waveforms of PCC in different situations 

are shown in this section. These figures can show the 

differences between different disturbances. Each event 

has a specific effect on the current waveform of PCC. 

Some events have an effect on the frequency of the 

waveform and other has an effect on the magnitudes of 

it, while some have an effect on both. These differences 

are the key points which are used to detect the islanding 

status. In this paper, the wavelet transform is used to 

detect these differences.  
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In Figure 6 the PCC current waveform in islanding 

status with 30% mismatch is shown, while in Figure 7 the 

mismatch is 5%. The transmission system connection is 

a loss in 2.0 second.  

In Figure 8, the PCC current waveform in load 

switching case and in Figure 9, the 3 phase short circuit 

cases are shown. The short circuit is occurred in the 

second 2 and is removed in 2.05. 

The classification error of the wavenet is shown in 

Table 5. The classification errors of the wavenet for the 

train and test database are shown in Table 5. The 

classification errors of ANN and DT are shown in Table 

5. 

As it is shown in Table 5, the wavenet can classify the 

islanding detection of the case study with negligible 

error. The classification error shows the accuracy of 

wavenet transform in comparison to the ANN and DT. 

 

 
Figure 6. The PCC current waveform in 30% mismatch 

 

 

 
Figure 7. The PCC current waveform in 5% mismatch 

  

 

 
Figure 8. The PCC current waveform in load switching 

 
Figure 9. The PCC current waveform in short circuit 

 

 
TABLE 5. Classification error of wavenet and ANN and DT 

Classification error 

of test Database 

Classification error 

of train Database 
Method Grid 

2 of 500 0 of 1000 
Wavenet 

15 

Bus 

0.4 % 0% 

3 of 500 1 of 1000 
ANN 

0.6 % 0.1 % 

2 of 500 0 of 1000 
DT 

0.4 % 0% 

4 of 500 1 of 1000 
Wavenet 

37 

Bus 

0.8 % 0.1% 

7 of 500 1 of 1000 
ANN 

1.4% 0.1 % 

6 of 500 1 of 1000 
DT 

1.2% 0.1 % 

 

 

5. CONCLUSION 
 
In this paper, a novel passive local method for islanding 

detection of distributed generation is presented. In the 

proposed method, for the first time wavelet transform, 

RELIEF algorithm and wavenet classifier are used. The 

proposed method has negligible NDZ. Due to the 

implementation result, the classification error is 

negligible (0.4% in 15 bus and 0.8% in IEEE 37 bus) in 

the presented test cases.  

MATLAB software is used to implement the 

proposed method. 15 bus case study and IEEE 37 bus are 

selected. The wavenet classifier is compared to the ANN 

and DT. 
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 چکیده

 

 

مشکلات مربوط به آن مورد  یستیبایقدرت، م یهاپراکنده در شبکه دیروزافزون استفاده از منابع تول شیبا توجه به افزا

 نیقدرت و همچن ستمیس ینشده است که برا یزیرشدن برنامه یارهیجز یاز مشکلات اصل یکی. رندیقرار بگ شتریتوجه ب

قرار گرفته  نیاز محقق یاریبس یخاطر مورد مطالعه نیو به هم کندیم جادیا خطر کنند،یکار م ستمیس نیکه با ا یافراد یبرا

 یبندموجک و کلاسه لیتبد هیارائه شده است. روش ارائه شده برپا رفعالیاز نوع غ یروش محل کیمقاله  نیاست. در ا

افزار نرم درباسه  15 یشبکه کی یروش بر رو نی( است. اWavenet) یموجک یبه نام شبکه عصب یدیجد

MATLAB/SIMULINK بدست آمده نشان داده است که روش ارائه شده قادر است با  جیشده است. نتا یسازادهیپ

 دیمنبع تول کیبه عنوان  یباد نیمقاله از تورب نیدهد. در ا صیپراکنده را تشخ دیشدن منبع تول یارهیجز ییبالا اریدقت بس

 ت.پراکنده استفاده شده اس

doi: 10.5829/ije.2019.32.02b.09 

 

 


