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Abstract- Distributed generation (DG) technology plays a vital role in power system. Integration of DG in conventional 
radial distribution system improves the power quality and enhances the power supply capacity. DG integration changes the 
nature of distribution system from passive to active. Due to this, several technical issues regarding environmental concerns 
have risen. With regards to this, islanding detection is an important aspect that needs to be considered in order to avoid loss 
of life and prevent damage to the system. This paper presents a passive islanding detection techniques using Artificial Neural 
Network (ANN) by considering two parameters which are rate of change of reactive power (ROCORP) and current total 
harmonic distortion (THDi). PSCAD software is used to simulate the test system for various islanding and non-islanding 
cases. The data is classified using ANN classifier. The pattern recognition classifier is used and the performance is analysed 
by using confusion matrix. Results shows that the accuracy of islanding detection is 85.1% and the time taken for the breaker 
to trip in ANN is much faster. 
 
Keywords- Islanding detection; artificial neural network; confusion matrix; rate of change of reactive power; total harmonic 
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I. INTRODUCTION 
 
Distributed generations (DG) have been widely used 
and play an important role in power system. 
Nowadays, the DG technology has become an 
important element and contributes to the growth in 
power system due to increasing demand of electricity.  
There are many benefits of DG such as improving 
power quality, minimizing peak loads, eliminating the 
need for reserve margin, and improving the efficiency 
of power delivery [1]. 
 
Islanding is a situation in which a certain part of the 
distribution system is disconnected from the grid. 
Therefore, the power from the grid is no longer 
present but the DG connected to it still continues to 
energize it [2]. This condition may pose a serious 
hazard to the utility personnel that does not realize 
that the circuit is still energized. It also can cause 
degrade the quality of electric service and seriously 
damage the DG. Thus, islanding detection technique 
is required to accurately detect the islanding event 
[2]. IEEE Std. 1547 has specified that islanding 
detection must be within 2 seconds of islanding event 
[3]. Islanding detection techniques are classified into 
remote and local method. In local method, there are 
three sub-detection techniques namely passive, active 
and hybrid [3]. Passive islanding technique does not 
affect the power quality of the distribution network 
and cost effective as they do not require large 
modification in the protection system but may face a 
large non-detection zone [4]. Active techniques have 
small detection zone compared to passive techniques 
and small external perturbation are injected locally 

into the system. This can degrade the power quality 
and is undesirable for the utilities [4]. The 
combination of passive and active techniques is 
called hybrid technique. Hybrid technique has a small 
non-detection zone. Moreover, injecting signals are 
not applied to the system, thus reduced the power 
degrading. This hybrid technique increases the 
detection time during islanding event [4]. 
 
There are several passive techniques such as 
under/over voltage [5], under/over frequency [5], rate 
of change of frequency (ROCOF) [5], rate of change 
of voltage (ROCOV) [5], rate of change of reactive 
power (ROCORP) [5], and current total harmonic 
distortion (THDi) [5]. On the other hand, active 
islanding technique has a very small non-detection 
zone and has the ability to detect islanding event 
during a small power imbalance. However, it takes 
longer time to detect the islanding event compared to 
passive technique [5]. Based on the existing passive 
islanding detection techniques, it can be noticed that 
there are certain weakness in the accuracy of 
islanding detection. Hence, artificial intelligent 
techniques are required to address this problem [6]. 
 
This paper presents a passive technique based on rate 
of change of reactive power (ROCORP) and current 
total harmonic distortion (THDi). The objectives of 
this paper are:- 
 
i. To design an islanding detection method base on 
Artificial Neural Network by considering rate of 
change of reactive power (ROCORP) and current 
total harmonic distortion (THDi). 
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ii. To classify the islanding and non-islanding events 
by using ANN classification method. 
PSCAD software is used to simulate the test system 
for various islanding and non-islanding cases by 
using two passive parameters which are rate of 
change of reactive power (ROCORP) and current 
total harmonic distortion (THDi) [6]. The data 
classification is classified using ANN classifier. 
 
II. DEVELOPMENT OF ISLANDING 
DETECTION TECHNIQUE 
 
The proposed technique uses ANN to classify the 
islanding and non-islanding events by using data 
from PSCAD/EMTDC software. The software is used 
to simulate the test system for several islanding and 
non-islanding events. The inputs for ANN are rate of 
change of reactive power (dq/dt) and current total 

harmonic distortion (THDi). The target data is 
islanding event (1) or non-islanding event (0). The 
test system and ANN are described in the following 
sub section. 
 
A. Test System Description 
The proposed technique is implemented in the test 
system which consists of 20 loads and a mini hydro 
DG unit. The test system is shown in Fig. 2. The 
distribution system is connected by seven buses. The 
disconnection of circuit breaker represents the 
islanding event. The rated capacity of Mini Hydro 
DG is 2MVA which operates at 3.3kV. To step up the 
voltage to 11kV, the mini hydro is connected to 
2MVA transformer. Hydraulic PID controller and 
hydraulic turbine are chosen for mini hydro governor 
and turbine. 

 

 
Fig.2: Test System 

 
B. Classification using Artificial Neural 
Network (ANN) 
Artificial Neural Network (ANN) is similar to the 
human brain and it is inspired by biological neural 
network. ANN can also be trained to forecast future 
events based on training data provided. ANN is a 
robust method that can solve any complex problem 
which cannot be solved by traditional computation 
method [6]. 
 
The types of problems that ANN can solve are: 
 

i. Complicated classification task which has a 
definite answer or output 

ii. ANN can predicts event by learning 
knowledge and store it within neuron 
connection weights. 

iii. Complex problem in which the relation 
between input and output data are difficult to 
be determined. 

In most of the power system problems, multi-layer 
feed forward networks are widely used and the 
structure is shown in Fig. 1 [5]. 

 
Fig. 1: Structure of Multi-layer Feed Forward ANN 

 
Furthermore, ANN mainly consists of various 
numbers of nodes and layers. The main three layers 
of ANN architectures are the input layers, hidden 
layers, and output layers. The hidden layer is located 
in the input and output layer. The input data are 
transferred through hidden layers to the output layer. 
The output layer propagates back the error signal to 
the hidden and input layer [7]. The number of hidden 
nodes is important as both over and under fitting can 
cause poor training results [8]. 
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This paper uses ANN confusion matrix to classify the 
islanding and non-islanding cases. The confusion 
matrix is a performance to evaluation technique 
which is used to evaluate the performance of the 
ANN algorithm [9]. The input parameters to the ANN 
are: 
X1 = Rate of Change of Reactive Power (dq/dt), 
X2 = Total Harmonic Distortion (THD). 
 
Four types of faults which are three phase fault, 
single line to ground fault (SLG), double line to 
ground fault (DLG), and line to line fault (L-L) are 
simulated. All faults are created at different buses 
with different capacity. The islanding cases are 
simulated by disconnecting the grid’s breaker. 
A total of 280 cases which contains 180 islanding 
events and 100 non-islanding events were simulated. 
The ANN classifier is trained using the data obtained 
from the islanding and non-islanding events. Fig. 3 
shows the overall flowchart of the proposed islanding 
detection technique. 

 
Fig. 3:  Flowchart of Methodology 

III. RESULT AND DISCUSSION 
 
In order to train the ANN, 70% of the data is used as 
training data. 15% of the data is used as testing data 
and the remaining 15% of the data for validation 
purposes. The numbers of neurons is varied from 1 
until 20 with a step size of one to achieve the best 
accuracy percentage. 
 

 
Fig. 4: Neural Network Training (nntraintool) 

 
Fig. 4 above shows the Neural Network Training tool. 
The standard network that is used for pattern 
recognition is a two-layer feedforward network, with 
a sigmoid transfer function in the hidden layer, and a 
softmax transfer function in the output layer. The 
number of hidden neurons is 1 until 20. Table 1 
shows the ANN parameters specification. 

 
TABLE 1: ANN STRUCTURE SPECIFICATION TABLE STYLES 

 
 
The higher the accuracy percentage indicates that the 
error is minimal. Table 2 shows the various number 
of neurons used, accuracy percentage and mean 
square error (MSE) for the ANN classifier. The 
formula to calculate mean square error (MSE) is [10]: 
 
MSE = [ୡ୲୳ୟ୪ି୰ୣୢ୧ୡ୲ୣୢ

ୡ୲୳ୟ୪
]2  x 100% 

From the result shown in Table 2, the highest 
accuracy is recorded when five number of neuron is 
used. The accuracy percentage based on overall 
confusion matrix is 85.1%. The ANN classifier is 
trained three times to ensure that the accuracy 
percentage is maintained. Based on the results, it can 
be seen that values of all the accuracy percentage is 
maintained. The accuracy percentage remains 85.1%. 
 

TABLE 2: PERCENTAGE OF ACCURACY AND MSE 
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Fig. 5: Training Confusion Matrices 

 
Fig. 5 shows the confusion matrices for training, 
testing, and validation, and the overall confusion 
matrix (all three data combined). The ANN exhibits 
accuracy percentage of 85.1%. This, it can be seen by 
the high numbers of green squares which indicate the 
number of correct responses and the low number red 
squares which indicate the number of incorrect 
responses. The lower right blue squares show the 
overall accuracy. 
In the training confusion matrix, 79.1% of the data 
are correctly identified as islanding event while 
14.9% are incorrectly identified as islanding event. 
The remaining 6% of the data are correctly identified 
as non-islanding event. Based on this, it can be 
concluded that 85.1% of the training data has been 
correctly identified. Similarly, in the testing 
confusion matrix and validation confusion matrix, 
85% and 85.1% of the data are accurately identified 
while the remaining 15% and 14.9% of the data are 
incorrectly identified. 
 

 
Fig. 6:  Receiver Operating Characteristic (ROC) curve 

Fig. 6 shows the receiver operating characteristic 
(ROC) curve. The colored lines in each axis represent 
the ROC curves. The ROC curve is a plot of the true 
positive rate versus the false positive rate. A perfect 
test would show points in the upper-left corner. Based 
on the ROC curve of the proposed technique, the 
network performs quite well. 

 
Fig. 7: Target and Predicted data 

 
Fig. 7 shows the actual (target) and predicted data. 
The red dots represent actual data and the blue dots 
represent predict data. As it can be seen, the red and 
blue dots overlap each other. This means that, the 
predicted data is able to successfully correlate with 
the actual data. In addition, for ANN classification, 
the number of total data for training, testing and 
validation with the number of hidden layer did 
affected the execution time to classify the events as 
islanding or vice versa. 
 
A. Efficiency of the Proposed Islanding 
Detection 
The proposed technique is simulated using 
PSCAD/EMTDC. The combination of two passive 
techniques has become a good detection method to 
detect islanding and non-islanding events. However 
in order to prove that this project is effective based on 
duration of time taken and accuracy to detect the 
islanding event, there are several evidence can be 
taken as consideration. 
 
Case 1: Loss of main 
 

 
Fig. 8: Tripping signal of circuit breaker during loss of main 

Fig. 8 shows the time taken for circuit breaker to trip 
when loss of main event occurs at t= 10 seconds. The 
circuit breaker  takes 0.004s  in the simulation. 
However, by using ANN, the time taken for the 
circuit breaker A to trip is only 0.01523s 
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Case 2: Fault at main Distribution Line 

 
Fig. 9: Tripping signal of circuit breaker during fault 

 
In the second case, fault occurs at the main 
distribution line. The time taken for circuit breaker to 
trip without ANN is 0.003 seconds whereas the time 
taken for circuit breaker B to trip by using ANN is 
only 0.01523 seconds. 
 
CONCLUSION 
 
This paper proposed an ANN pattern recognition 
technique for islanding detection of distribution 
networks. Rate of change of reactive power (dq/dt) 
and current total harmonic distortion (THDi) are the 
passive parameters which were applied to distinguish 
the islanding and non-islanding events. The data 
obtained from PSCAD/EMTDC software were given 
as training data to ANN classifier. The results of the 
proposed techniques have shown that it provided an 
accuracy of 85.1% with zero non-detection zone. The 
accuracy of the proposed technique can be considered 
as high and this makes it suitable to be implemented 
in practical system. Moreover, it is clearly shown that 
by using ANN classification method, circuit breaker 
tripped within a short time during islanding events. In 

this case, the system will be safe and the risk danger 
has been significantly reduced as the circuit breaker 
will trip immediately if the islanding event occurs. 
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