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Abstract- This paper presents a new hybrid intelligent based 

approach for detecting islanding in distributed generation (DG). 
In this proposed method the passive and active techniques are 
combined to get a better reliability. So this hybrid method can 
secure the detection of islanding for different network topology 
and various operating conditions of synchronous machine based 
DG. Hence a better reliability is provided. This approach utilizes 
the artificial neural network (ANN) as a machine learning 
technology for processing and analyzing the large data sets 
provided from network simulations using PSCAD/EMTD 
software. The technique is tested on two typical distribution 
networks. The results obtained from one case study are 
compared with results of one of references to show the validity 
of the proposed method. The results of both studied cases   
indicate that the developed method can successfully detect 
islanding situations. 

Index Terms--Artificial Neural Network (ANN), Distributed 
Generation (DG), Islanding Detection. 

I. INTRODUCTION 

Distributed generation may be defined as generating 
resources, other than central generating stations, that is placed 
close to load being served, usually at customer site. In fact, 
many utilities around the world already have a significant 
penetration of DG in their system. But there are many issues 
to be taken into account with the DG and one of the main 
issues is islanding. 

Islanding  operations  of  DG  usually  occur  when  power 
supply  from  the  main  utility  is  interrupted  due  to  several 
reasons  but  the  DG  keeps  supplying  power  into  the 
distribution networks. In  order  to  reduce  the  damages  and  
dangers  caused  by islanding operation of DGs, the islanding 
formation should be detected quickly and DG should 
disconnect  itself from utility network  in short  time [1,2]. 
Therefore  the anti-islanding protection system of DG unit 
whose duty  is preventing of  the operation of these resources 
during network disconnection is one of the most  important  
projects  related  to  distributed  resources.   

There are many proposed techniques for detection of an 
island [3-8]. These techniques can be broadly classified into 
remote and local techniques.  Local techniques can be further 
classified into active and passive techniques.  Remote 
techniques  for  detection  of  islands  are  based  on 
communication  between  the  utility  and  the  DGs.  
Although these  techniques  may  have  better  reliability  than  
local techniques,  they  are  expensive  to  implement  and  
hence uneconomical. Local techniques rely on the 

information and data at the DG site.  Passive  methods  
depend  on measuring certain  system  parameters  and  do  
not  interfere with  the DG operation.  Several  passive  
techniques  have  been  proposed which  are  based  on  
monitoring  voltage  magnitude,  rate  of change of frequency, 
phase angle displacement, or impedance monitoring. If  the  
threshold  for  permissible  disturbance  in  these quantities  is  
set  to  a  low  value,  then  nuisance  tripping becomes  an  
issue,  and  if  the  threshold  is  set  too  high, islanding  may  
not  be  detected.  In  active  methods,  the  DG interface  
control  is  designed  to  facilitate  islanding  detection by  
providing  a  positive  feedback  from  either  frequency  or 
voltage . Since  no  islanding  detection  scheme  can  serve  
all  DG source  types  equally,  the  method  will  normally  
be  selected according  to  its    nature  (synchronous  vs.  
static-inverter based) in order to maximize its efficiency and 
reliability.  Anti-islanding  protection  for  synchronous  
generators  is  a more  challenging  problem  in  comparison  
with  the  inverter-based  generators.  Options are limited for 
synchronous generators [6]. 

This paper introduces a new hybrid intelligent-based 
approach for detecting islanding in distributed generation 
(DG). This approach measures various parameters using a 
hybrid active - passive technique in order to secure the 
detection of islanding for any possible network topology, 
penetration level and operating condition of the synchronous 
machine-based DG. The proposed technique uses the artificial 
neural network (ANN) [9, 10] as machine learning method, to 
extract information from the data sets of these parameters 
after they are obtained via massive event analyses using 
network simulations. Simulation is carried out using 
PSCAD/EMTDC software. The technique is tested on two 
typical networks with multiple DG and the results indicate 
that this technique can successfully detect islanding 
operations. This technique is based on recognizing the 
patterns of the sensitivities of some parameters at target 
location to detect the situation of DG. The active method used 
here is the positive feedback of reactive power in addition to 
passive parameters which are voltage variation, rate of 
change of frequency, active power variation, total demand 
distortion and rate of change of frequency over active power 
variation. 

In order to demonstrate the superiority of the method the 
results of the present study are compared with the results of 
Ref. [8] for same network. It is concluded that the accuracy of 
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the proposed method is significantly improved and a shorter 
training time as well as detection time is justified.  This is due 
to the fact that the number of measured passive parameters is 
reduced. 

 

II. PROPOSED METHOD 

In general two active methods are used for synchronous 
machine-based DGs which are active power and reactive 
power anti islanding schemes [11]. In both schemes the 
positive feedback is provided to DG via reactive or active 
anti-islanding (AI) compensator. In active power approach, 
AI receives the variations of frequency as input and modifies 
the active power reference to the DG, whereas in reactive 
power approach, the AI compensator uses the variation of 
voltage magnitude to change the reactive power reference. 
Therefore both compensators provide positive feedback so 
that the voltage or frequency is further amplified and 
departing from limits. Therefore in this circumstance even for 
the worst case in which the variation of voltage or frequency 
is within specified limit during loss of grid, islanding can be 
detected. The schematic of DG equipped with AI schemes 
superimposed on the AVR and LFC loops, is shown in Fig.1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Diagram of synchronous generator with AI compensator 
 
 In the present paper to increase the accuracy of detection 

scheme, the reactive power- based active method is combined 
with the passive method. The used passive parameters are 
voltage, frequency, active and reactive power of DG and the 
total harmonic distortion of current. 

 

III. PASSIVE AND ACTIVE METHODS 

The concept of the passive technique is to measure the 
sensitivities of some parameters at a target location (the 
location at which the islanding detection is intended) to 
identify and classify any possible islanding operation. In the 
proposed technique the following indices are selected and 
defined at target location denoted by PCC in Fig.4. 

 

ΔV/Δt:          rate of change of voltage under each event 
Δf/Δt:            rate of change of frequency under each event 
Δf/ΔP:           rate of change of frequency over power under 
                     each event 
ΔP/Δt:           rate of change of DG active power under               
                     each event 
ΔQ/Δt:          rate of change  of  DG  reactive  power  under           
                     each event     
TDD:            total   harmonic   distortion   of  current  under 
                     each event 
 
As mentioned before, the concept of active technique is 

based on incorporating the AI compensator in the control 
loops of synchronous generator having the appropriate 
design. The compensator consists of a washout filter and a 
proportional gain. The filter is designed in such a way to react 
only to transients of voltage or frequency but not to any 
steady state error. The requirements for open-loop gains are 
as follows [11]. 

(a) When the grid is connected, the open loop gain should 
be less than 0db at all frequencies, so its effect is nominal in 
this case. 

(b) When the grid is disconnected, the gain must be greater 
than 0db to ensure unstable system, hence islanding condition 
is detected. To meet the above criteria, the compensator can 
have the transfer function illustrated in Fig.2. 

 
 
 
 
 
 
 
 
Fig. 2   Transfer function of AI compensator 
 
 It consists of a washout filter with corner frequency 1/Tw, 

gain K and low pass filter with corner frequency1/T1. The 
washout acts as a high pass filter so a signal with frequency 
higher than 1/Tw will pass unchanged. A signal with 
frequency lower than 1/Tw  is attenuated. Therefore the 
effects of compensator on steady state regulation are 
minimized. For the selection of gain, a compromise to be 
made between a high gain for fast detection and a low gain to 
have no adverse effect on the normal operation of DG in case 
of grid-connected. By adding this function to automatic 
voltage regulator loop (AVR) together with PI controller, the 
compensator loop is completed. The principles operation and 
design procedure of this active scheme are fully described in 
[11]. According to investigations were carried out in this 
reference, the parameters of the compensator are defined as 
follows. 
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Fig3.  Flow chart of the proposed method 
 

IV. IMPLEMENTATION OF THE PROPOSED METHOD  

The proposed method is a hybrid approach based on 
recognition of the sensitivities of 6 indices at the target point 
using ANN along with the operation of AI compensator 
which is embedded in the AVR control loop. The flow chart 
of the algorithm is shown in Fig.3.  

At first the target point at which the identification 
algorithm to be implemented is specified and then various 
sets of events are defined. These sets of events can be 
provided by faults and switching actions under different 
loading conditions, namely light loading, normal loading and 
heavy loading. For each set of event the network simulation is 

performed using PSCAD/EMTDC software and the 
parameter indices are determined. When the simulation is 
accomplished for all prescribed events the obtained parameter 
indices together with corresponding islanding detection index 
are stored in a matrix known as events matrix. This recent 
index is represented by 0 or 1, zero for non-islanding and 1 
for islanding condition. At this stage the required analysis is 
done and the ANN training is performed using the simulation 
results. Finally the performance of the trained system is 
verified by application of some events. The resulting output 
parameter is compared with the actual parameter so the 
misdetection error of test system can be found.  

 

V. NUMERICAL EXAMPLES  

The proposed method is applied on two typical distribution 
systems. In the first case study the distribution network is 
same as Ref.[8], but in the second case study the induction 
motor load is also included to make the system more 
complex. To demonstrate the advantage of the proposed 
method, the obtained results are compared with the results of 
this reference. The algorithm is implemented on PCC bus 
associated with DG1. The considered events are: tripping 
circuit breakers, sudden change of load, occurrence of 3 
phase fault, tripping DG2. Three load levels i.e. light, normal 
and heavy load conditions are considered. Each set of event is 
represented by Fab, in which "a" denotes loading conditions 
and "b" denotes various events. 

 
A. Case Study I  

The study distribution network is shown in Fig.4. The data 
of the network is given in [8]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig4. Typical distribution system with RLC loads 
 
 
Similar to this reference, 6 sets of events and 9 loading 

conditions have been considered. Events are: (1) tripping 
breakers1, 2 and 3 (2) three phase fault on HV bus (3) 
changing load at DG bus (4) tripping DG2. Therefore 54 (6 
times 9) simulations have been carried out. The simulation 
results, which are the parameters indices at the target point 
under each event, are stored in a matrix. These results are 
transferred to ANN algorithm in Nero Solution environment.  



From the total of 54 events 27 events (half) are used for 
training and the rest are used for testing. Results of the 27 
sample testing events and the resulting parameter indices and 
the output of algorithm are summarized in Table1. 

 
TABLE I 

RESULTS OBTAINED FROM ANN ALGORITHM IN CASE STUDY I 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 By comparing the values of two columns of this table 

entitled "actual" and "output" it is found that in 3 events (F18, 
F33, F65) false detection occurred. The rate of false detection 
for this studied case is 11.1% (3 cases amongst 27 events). 
The results of sensitivity analysis obtained by this algorithm 
are also shown in Fig.6.  This figure illustrates that how the 
measured parameters can affect the response of algorithm. It 
can be seen that the effect of rate of change of reactive power 
is more pronounced. This is due to the employment of active 
technique in the islanding detection algorithm. The effect of 
rate of change of frequency over power is so small it may be 
eliminated from measured parameters without losing 
accuracy. 

 
 
 
 
 
 
 
 
 
Fig. 6 The sensitivity analysis of measured parameters for case study I 
 
 

B. Case Study II 
The second study system is shown in Fig. 5 This network is 

same as the previous one except that an induction motor load 
is included.  

 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Typical distribution system with RLC and Induction motor loads 
 
In this case also more events have been considered. The 

number of events increased to 11 but the 9 loading conditions 
remain the same. 

Events are: (1)  tripping each of 8 breakers  (2)  three phase 
fault on HV bus (3)  tripping the largest load (4) starting 
induction motor. Therefore 99 (11 times 9) simulations have 
been carried out. The simulation results, which are the 
parameters indices at the target point under each event, are 
stored in a matrix. From the total of 99 events 54 events are 
used for training and the rest are used for testing. Results of 
the 45 sample testing events and the resulting parameter 
indices and the output of algorithm are summarized in 
Table2. 

TABLE II 
RESULTS OBTAINED FROM ANN ALGORITHM IN CASE STUDY II 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
By comparing the values of two columns of this table 

entitled "actual" and "output" the false detected cases are 
cleared, which are 4 events (F31, F43, F91, F18). The rate of 
false detection for this studied case is 8.8% (4 cases amongst 
45 events). The results of sensitivity analysis obtained by this 
algorithm are also shown in Fig. 7 

 
 
 
 
 
 
 
 
 
 
 
Fig. 7 The sensitivity analysis of measured parameters for case study II 
 
It can be seen that in this case the effect of rate of change 

of reactive power is still high and the effect of rate of change 
of frequency over power is small.  

 

VI. CONCLUSION  

In the present paper a hybrid artificial neural network 
(ANN) based approach is proposed for islanding detection of 
distributed generation. In this approach the passive technique 
is combined with the active technique to increase the 
accuracy of the islanding detection method. As far as the 
active technique is concern, the positive feedback loop of 
AVR contributes to islanding detection by amplifying the rate 
of change of reactive power while having no adverse effects 
during normal operation of the network regarding the 
IEEE1547 standards. This has been shown using the 
sensitivity of measured parameters in both numerical 
examples. The results of first example in compare with Ref. 
[8] show that for the same network and also application of 
same events the rate of false detection improved from 16.67% 
to 11.1%. Furthermore in the proposed method the numbers 
of measured parameters are 6 while in the above reference 11 
parameters are utilized. This is due to the incorporation of the 
active technique in the proposed method. The results of 
second example also demonstrate that although the network 
becomes more complex by incorporation of motor loading 
and increasing the number of events, the accuracy is 
preserved. The results corresponding to the sensitivities of 
measured indices imply that using the active technique with 
most effective parameter which is the variation of reactive 
power, along with passive technique, the accuracy of the 
detection algorithm is highly improved. 
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