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ABSTRACT 
 
Due to increase distributed generations, Islanding is an important concern for these resources. Personnel 

and equipment safety issues are main reasons to detection of islanding. Several techniques based on 

passive and active detection schemes have been proposed previously. Although passive schemes have a 

large non-detection zone (NDZ), concerns have been raised about active methods because of their 

degrading effect on power quality. Reliably detecting this condition is regarded by many as an ongoing 

challenge because existing methods are not entirely satisfactory. This paper proposes a histogram 

analysis method using a Multi Layer Perceptron (MLP) Neural Network approach for islanding detection 

in grid-connected wind turbines. The main objective of the proposed approach is to reduce the NDZ and 

to maintain the output power quality unchanged. In addition, this technique can also overcome the 

problem of setting detection thresholds which is inherent in existing techniques. The method proposed in 

this study has a small non-detection zone and is capable of detecting islanding accurately within the 

minimum standard time. Moreover, for those regions which require better visualization, the proposed 

approach can serve as an efficient aid for better detecting grid-power disconnection. 
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Introduction 

Due to recent and ongoing technological, social, economic, 

and environmental pollution developments, distributed 

generation (DG) using renewable energy sources has become 

one of the main sources of power [1]. Distributed generation 

(DG) units have become more competitive against 

conventional centralized systems by successfully integrating 

new-generation technologies and power electronics. Hence, 

they have attracted many customers from the industrial, 

commercial, and residential sectors [2].  

The total global installed wind capacity at the end of 2010 was 

430 TWh annually, which is 2.5% of total global demand. 

Based on current growth rates, the World Wide Energy 

Association (WWEA) predicts that in 2015, a global capacity 

of 600 GW is possible. By the end of 2020, at least 1500 GW 

can be expected to be installed globally [3]. However, 

connecting wind turbines to distribution networks produces 

some problems, such as islanding [4]. 

Islanding is an undesirable situation because it poses a 

potentially dangerous condition for maintenance personnel 

and may cause damage to the DG and to loads in the case of 

unsynchronized grid reconnection due to the phase difference 

between the grid and the DG [5]. Therefore, avoidance of 

islanding has become a mandatory feature in the IEEE 

Std.1547.1, IEEE Std.929-2000, and UL1741 standards [6]. 

Many techniques have been proposed to detect islands [7–9]. 

These techniques can be broadly classified into remote and 

local techniques. Remote techniques, including power-line 

signaling [10] and transfer trip [11], 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 information and data at the DG site 

and can be classified into active and passive techniques [12]. 

Passive-detection methods are based on measuring and 

analyzing certain system parameters [13]. Over/under voltage 

and frequency detection are among 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 thresholds, thus leading to an undetected islanding 

situation [14]. Other passive techniques have been proposed 

based on monitoring the rate of change of frequency (ROCOF) 

[15], phase-angle displacement [16], or the rate of change of 

generator power output [2], as well as impedance monitoring, 

the total harmonic distortion (THD) technique [13], and the 

wavelet transform function [17–19]. These offer superior 

sensitivity because their settings permit detection to take place 

within statutory limits, but these settings must be carefully 

selected to avoid malfunction during network faults. The 

tradeoff between the two performance criteria is especially 

difficult for these methods. If the threshold for permissible 

disturbance in the quantities monitored 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. 

http://uctjournals.com/
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=keywordsfield%3A(%22islanding+detection%22)
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In active methods, the main theme is to design control circuits 

so that the required variations can be produced at the outputs 

of the distributed generators [20]. Then, once loss of grid 

power takes place, this designated bias will accordingly 

enlarge sufficiently to trip the connected relays, thus signaling 

occurrence of the event. On the contrary, when the utility 

supply is operating normally, the amount of variation will be 

insufficient to trip the relays, ensuring that no event 

misidentification takes place. The main advantage of active 

techniques over passive techniques is their small NDZ [21]. 

Some important active techniques are impedance 

measurement, frequency shift, and automatic phase drift [22], 

current injection [5], Sandia frequency shift and Sandia 

voltage shift [21], and negative phase-sequence current 

injection [24]. These active methods require a complex circuit 

controller for detection and are also used for inverter-based 

distributed generation or synchronous generators. Power-

quality problems are another disadvantage of active methods. 

This paper introduces a passive islanding-detection method 

based on histogram and MLP approach to detect islanding in 

wind-turbine systems. The main advantage of the histogram-

based approach is to reduce the NDZ and to maintain the 

output power quality unchanged. In addition, this technique 

can also overcome the problem of setting detection thresholds 

using a MLP technique. Using this approach, an islanding 

situation can be detected accurately within the minimum 

standard time. The highlights of the proposed method can be 

summarized as follows: 

 Small non-detection zone 

 Capable to use for uncontrolled distributed 

generation 

 Easy and inexpensive implementation 

 Does not need a threshold value. 

The proposed method is applied to a self-excited wind-turbine 

system, and the advantages are verified. 

 

2. Case Study 

Figure 1 shows a single-line diagram of the proposed 

islanding-detection system. The self-excited wind-turbine 

induction generator is the DG unit, which has a rated voltage 

of 0.69 kV and is connected to a point of common coupling 

(PCC) using a step-up transformer with rated power of 1 

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 RL is the parallel load connected to 

the system by a Y connection. A capacitor bank is used for 

power-factor correction. Local load and system parameters are 

given in Table 1. At first, the system is operated in the grid-

connected condition; the islanding mode occurs when the CB 

is open. For evaluation of islanding-detection techniques, the 

parallel RL is traditionally used as the local load when the load 

inductance is adjusted to the system frequency.  

Note that the DG frequency and voltage 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. 
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Fig. 1: Single-line diagram of study system. 

Table 1: Parameters of study system 

DG nominal power 660 KVA 

Voltagerms (L-L) 690 V 

rs 0.5269 Ω 

Ls 17.1 mHz 

Nominal frequency 50 Hz 

R 2667 Ω 

L 2.37 H 

C 1.592 μF 
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3. Transfer Function of Islanded System 

 

This section describes the state-space mathematical model 

of the islanded system [2]. In the island condition, a simple 

circuit model of a self-excited induction generator with fixed 

wind speed is shown in Fig. 2. It is assumed that the DG unit 

and the local load are balanced three-phase subsystems within 

the island. 

For such subsystems within the island, the state-space model 

is: 
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Fig. 2: Simple model of case study. 

In the   frame, the dynamic model of the system is: 
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    (2) 

By transferring these equations to a rotated reference 

frame (



j

dqexx  ) and assuming constant frequency in 

the islanded condition, the ABCD matrices of the state-space 

equation with  Ttqtdgqgd vviix   can be written 

as follows: 
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Finally, assuming   )(sYsVd  , the transfer function of 

the state-space model is given by: 
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The step response of the output voltage is plotted in Fig. 3. 
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Fig. 3. Step response of Vtd(s) for the case study.  

From Fig. 3, the transient response time is about 0.2 seconds; 

0.2 second is therefore assumed as the analysis time to achieve 

reliable detection of the step response. 

 

4. Non-Detection Zone (NDZ) 

To determine the performance of an islanding detection 

method, the size of the non-detection zone (NDZ) is one of the 

most important characteristics. The NDZ is defined as an 

operating region where islanding conditions cannot be 

detected in a timely manner. In this region, the power 

mismatch between production and consumption has a small 

value. In this part of the study, the NDZ was determined based 

on over/under voltage protection (OVP/UVP) and over/under 

frequency protection (OFP/UVP). The method was 

implemented using constant-current controlled inverters. 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 can be expressed in terms of load 

resistance as follows: 

IVIVVIVP  3)(33 ,  

                         (5) 

Where, V and I represent the rated voltage and current 

respectively. An acceptable voltage range in a distribution 

network is between 0.88 pu and 1.1 pu. These voltage levels 

are equivalent to 12.0    
pu

V  and 1.0
pu

V  

respectively. The calculated imbalance amounts for the test 

network under study according to Eq. (14) (the output power 

under match conditions is 150 kW) are 18 kW and -15 kW 

respectively. The frequency and voltage of an RLC load have 

active and reactive power as follows: 
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where ω, P, and Q are the load frequency, active power, and 

reactive power respectively. In a grid-connected condition, the 

PCC voltage of is dictated by the main grid. Once the island 

has become established, the PCC voltage deviation leads to an 

active power imbalance with the nominal values. Because the 

output power of the inverter is at unity power factor, before 

islanding, the reactive power of the load is supplied entirely by 

the network, and after islanding, the amount of reactive power 

imbalance is equal to the consumed load before islanding; 

hence, it is possible to write: 
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where n  and r  are respectively the rated frequency and 

the resonance frequency of the load. If the resonance 

frequency is generated from unbalanced power, then the 

frequency change after the occurrence of islanding is equal to 

the difference between the network frequency and the load 

resonance frequency: 

CLm

rnr

1
,   .                                    

                 (9) 

Therefore, the reactive power imbalance needed for a certain 

change in frequency can be obtained as: 
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In this study, the acceptable frequency range was assumed to 

be between 49.7 and 50.3 Hz; these frequencies are equivalent 

to 3.0f  and 3.0f  Hz. Therefore, the values of 

reactive power imbalance are 6.393 kVAr and -6.51 kVAr 

respectively. 
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Fig. 4. NDZ for the constant-current interface controls for 

distributed generation. 

5. PROPOSED ALGORITHM 

This study proposes a histogram-based approach for islanding 

detection. To avoid having to specify thresholds, the ability of 

a MLP neural network to learn about the islanding condition 

will be combined with the algorithm. 

 

5.1 Multi Layer Perceptron 

The concept of the proposed technique is to recognize the 

sensitivity patterns of certain indices at a target location to 

specific credible events. The neural network technique is used 

to recognize and classify complex fault patterns. Many 

independent variables are defined with respect to this target 

location. A neural network consists of many simple neurons 

which are connected with each other. The feed-forward back-

propagation Multilayer Perceptron (MLP) is the most standard 

neural classifier in pattern classification which widely used in 

fault patterns [25, 26].Also, MLP is useful to solve stochastic 

problems. Fig. 5 shows the integral structure of the MLP 

artificial neural network. The numbers of neuron in both input 

and output layer depend on the applied problem, while the 

number of neuron in the hidden layer is arbitrary and is 

usually decided by trial-and-error. 

In classification problems, four activation functions are 

defined as: 

 Linear activation function: The linear activation 

function for the entire real number range produces 

positive numbers and defined as:  

baxx )(      

    (11) 

, which a and b are constant    

  

 Logistic function: The logistic function is a common 

sigmoid curve,  and scales input data to (0, 1) 

according to: 

  1
1)(

 xex      

    (12) 

 Softmax activation function: The softmax activation 

function scales all of the output vales between 0 and 

1, and their sum is 1, which is a generalization of the 

logistic function to multiple variables. 
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 Hyperbolic tangent activation function: The 

hyperbolic tangent function is defined as the ratio 

between the hyperbolic sine and the cosine functions 

and defined as (14). 
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Fig. 5.MLP architecture 

5.2 Specified Events 

In this methodology, an extensive set of specified events is 

simulated offline to capture all of possible detection signal. 

These specified events are defined in the event database from 

which the network simulator executes the required events. In 

the next step, this database is used to initialize the MLP neural 

network learning machine. The definition of these events is 

based on Operational requirements in the IEEE1547 standards, 

Testing practices that are recommended by most 

manufacturers of islanding relays and Possible operating-

network topologies. 

The specified events are categorized into faults and switching 

actions under different network operating states. Some of the 

possible events are: 

 All possible circuit-breaker trips which lead to island 

formation (at various loads between -135 kW and 168 

kW)  

 Opening of any breakers between the power system and 

the DG 

 Abrupt change in the distributed generation load (35 kW 

to 80 kW) 

 Loss of any lines in the distribution network 

 Motor startup at various capacities (15–45 kW) 

 Capacitor-bank switching at various capacities (15–50 

kVAr) 

 Nonlinear load switching to the network (15–50 kW).  

A. Tasks of the Methodology 
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5.3 Applied MLP in Proposed Relay 

In this paper, MLP classifier with three layers is exploited in 

classifying Islanding condition of wind turbines. The selected 

histogram of active and reactive power 

( ]...[ 21 NhhhH  ), which n is the dimension of 

histogram vector, is applied to the input layer. In the hidden 

layer, ]......[
11

in
LN

in
ji

inin wwwW  , Ni 1 , 

Lj 1 , is the input weight vector of the hidden layer and 

L is the number of neurons in the hidden layer. The output 

weight vector of the hidden layer is 

]......[ 11
out
ML

out
kj

outout wwwW 
, 

Mk 1 which, M is the number of output neurons. In 

three layers, σhid and σout are the activation transfer function 

in hidden and output layers, respectively.  

Our designed MLP structure is composed of one hidden layer. 

The number of neurons of input, hidden and output layers is 

30, 15 and 1, respectively.  The hyperbolic tangent and logistic 

activation function is adopted in the hidden layer and the 

output layer, respectively. Levenberg–Marquardt (LM) [27] 

algorithm, is one of the most efficient training algorithms of 

MLP, which is used for training in this classification problem. 

The output unit is connected to the tripping unit of the DG 

circuit breaker. If islanding is detected, the output of this unit 

is 1. Conversely, if islanding is not detected, the output of this 

unit is 0. 

At First, the events were represented by the simulated system, 

and all possible signals were measured. Second, histogram 

analysis of these signals was performed. Next, from the 

histogram database signals, the best signals for islanding-

condition detection were chosen. These selected data must 

contain both islanding and non-islanding (normal operation) 

information. Using the proposed method, the rates of change 

of active and reactive power-histogram signals was selected 

and plotted in Figs. 6 and 7. The next step was to perform 

subtractive clustering of the dataset and to construct a neural 

network system that could best predict the occurrence of 

islanding or normal conditions. After the training step, the NN 

machine is capable of detecting islanding and non-islanding 

conditions. Some of these situations are described in the next 

section. In the research described in this paper, the problem of 

setting thresholds for islanding-detection parameters has been 

overcome. The results obtained indicate that MLP is an 

effective method for islanding detection. 

 
Fig. 6. Histogram of rate of change of active power signal. 
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Fig. 7. Histogram of rate of change of reactive power signal. 

 

 

6. Simulation Results 

These sections describe learning in the MLP system and 

testing of the proposed islanding-detection relay under island 

operating conditions and in other switching situations. 

6.1 Islanding Mode Test 

In islanding operation mode, the performance of the proposed 

technique was verified for the various loading conditions 

given in Table 2. Selection of local loads should be such that 

the imbalance of reactive power is equal to zero. Under these 

conditions, island-mode detection is more difficult than in 

other situations. Furthermore, the load quality factor is equal 

to 1.8, which is the maximum recommended value in the 

standards. 

For all conditions in Table 2, at t = 5 sec, the circuit breaker 

(CB) opened, isolating the wind turbine along with its local 

loads from the power grid, at which point islanding mode 

occurred. The effective voltage waveforms of the common 

coupling point for each of the cases listed in Table 2 are 

shown in Fig. 8(a). The frequencies of common coupling-

point voltage for all cases listed in Table 2 are shown in Fig. 

8(b). Figures 9 and 10 show respectively the rate of change of 

the active and reactive power histogram signals for these 

cases. Finally, in Fig. 11, the outputs of the detection method 

for all studied cases are shown. The output results of the MLP 

detection system are also shown in Fig. 11. It is apparent that 

under all islanding conditions, the MLP system could detect 

islanding-mode operation within 0.2 seconds. 

 
Conditio

n1 

Conditio

n2 

Conditio

n3 

Conditio

n4 

Conditio

n5 

R 2898.5 Ω 2739.7 Ω 2597.5 Ω 2500 Ω 2425 Ω 

 

 
Fig. 8. a) Instantaneous value of PCC voltage; b) frequency of PCC voltage. 
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Fig. 9. Histogram of rate of change of active power. 

 
Fig. 10. Histogram of rate of change of reactive power. 
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Fig. 11. MLP output for islanding situations. 

B. Normal Operation 

 

To show the performance of the proposed method, various 

conditions, such as motor, capacitor, linear and nonlinear load-

switching results, were analyzed. The values of the various 

switching conditions are given in Table 3. For all examined 

cases in Table 3, switching at t = 5 s was applied to the 

system. Figure 12 shows the histogram of rate of change of 

active power and Fig. 13 the histogram of rate of change of 
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reactive power of the detection method for all studied cases. 

Figure 14 shows the results of the MLP system for all these 

switching conditions, indicating that the proposed algorithm 

could detect non-islanding conditions in all the situations 

studied. 

Table 3: Non-islanding switching conditions 

 Condition1 Condition2 Condition3 Condition4 

Load Change 
P=40 kW 

Q=20 kVAr 

P=45 kW 

Q=25 kVAr 

P=50 kW 

Q=25 kVAr 

P=55 kW 

Q=30 kVAr 

Motor Startup 
P=20 kW 

Cosφ=0.78 

P=25 kW 

Cosφ=0.78 

P=30 kW 

Cosφ=0.78 

P=40 kW 

Cosφ=0.78 

Capacitor Switching Q=15 kVAr Q=20 kVAr Q=25 kVAr Q=30 kVAr 

Nonlinear Load P=8 kW Q=15 kW Q=20 kW Q=30 kW 

 

 
Fig. 12. Histogram of rate of change of active power signals in non-islanding situations. 

 
Fig. 13. Histogram of rate of change of reactive power signals in non-islanding situations. 
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Fig. 14. Output of MLP detection system. 

7. Conclusions 
As a consequence of the increased number and size of wind-

turbine units installed in a modern power system, protection 

against islanding has become extremely challenging. Islanding 

detection is also important because island operation of 

distributed systems is seen as a viable option in the future to 

improve the reliability and quality of the energy supply. 

Islanding situations must be prevented with distributed 

generation for safety reasons and to maintain the quality of 

power supplied to customers. A new histogram-based 

technique for islanding detection with distributed generation is 

proposed based on a neuro-fuzzy inference system. The main 

emphasis of the proposed scheme is to reduce the NDZ; in 

addition, this technique overcomes the problem of setting 

detection thresholds. This study proposes the use of a 

intelligent system called MLP for islanding detection. Using 

case studies with numerical conditions, the feasibility, 

flexibility, and robustness of the proposed approach were 

verified. Comparison of this histogram-based method with 

other islanding-detection methods during an islanding event 

with a negligible power imbalance showed that the proposed 

method works effectively for islanding detection in cases 

where other methods fail to detect islanding. 
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