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Abstract-Islanding is a condition where a part of the distribution 

system becomes electrically isolated from the remainder of the 

power system, yet continues to be energized by Distributed 

Generations (DG) connected to it. DG can provide in some cases 

a significant part of the load energy requirements. It is therefore 

important to consider the energy balance both locally, regionally 

and globally. This paper addresses the classification of DG 

islanding operational conditioncaused by interruption of main 

supply and utilizes the wavelet transform to characterize the DG 

islanding contingency. The proposed methods were verified using 

a simple distribution system consists of a utility supply with 3 

DGs connected i.e. Wind-Turbine induction DG, Solid Oxide 

Fuel Cell (SOFC) and Micro turbine Synchronous Generator 

andloads. The generated data were used to test the performance 

of the detection technique. The proposed technique has been 

simulated andanalyzed in SimPowerSystem/MATLAB® 

simulation software. 
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I.     INTRODUCTION 

 

he electric power grid is aging. The electric power 

demand has been steadily growing over the past few 

decades. Electric power generating plants follow the load 

demand by increasing the generated power output. In a 

traditional power system, the generation is centralized; i.e., 

power generating plants are geographically located far from 

the consumers. In order to meet the consumer demand, the 

generated power has to be transmitted through transmission 

links (power transformers, transmission line, underground 

cables, etc.) built almost 50 years ago. The already stressed 

transmission system may suffer severe congestion in thenext 

few years. In response to this call, the concept of embedding 

distributed generation within the distribution system has been 

introduced. Distributed generation (DGs) are intended to 

change the power generation map from being only centralized 

to be also distributed and hence de-centralized. Distributed 

generation can supply active and reactive power to local loads 

and also can send excess power back to the grid. Electric 

utilities optimally install these DGs within the distribution 

system.A main issue associated to  

DG energy sources connected to electrical grids/utility through 

an active front-end is the proper operation of such grid 

interfaces in order to improve the power supply reliability and 

quality independently from the electrical characteristics of the 

DG energy source and the grid conditions at the point of 

common coupling (PCC)[1].However, few years later, it has 

been perceived that several operational issues are associated 

with distributed generation when operating in an island mode. 

Islanding is a situation when DG continues to power the 

distribution circuit even though the utility supply is 

disconnected from it. Examples of these issues are poor power 

quality resulting from voltage and frequency variation due to 

load-generation mismatch, stability concerns such as lack of 

system grounding and reduced system inertia due to the 

presence of renewable-based DGs. Moreover, islanding 

operation may present a threat to the safety of the working 

personnel. These issues call for immediate disconnection of 

the DG as per IEEE Standard 1547-2003 [2]. 

 According to the IEEE 929-1988 standard [3], in 

islanding condition the DG has to be disconnected as soon as 

possible. The shutdown of the utility grid might lead to 

Islanding of engenderers, throughout the maintenance 

accommodation on the utility grid. The islanding is kenned, 

since the loss of the grid is voluntary. However, Non 

intentional islanding, due to fortuitous shut down of the grid is 

more interesting due to the sundry problems with 

unintentional islanding. 

 

II.DISTRIBUTED GENERATION 

Distributed energy, also on-site generation (OSG)[3] or 

district/decentralized energy is generated or stored by a variety 

of small, grid-connected devices referred to as distributed 

energy resources (DER) or distributed energy resource 

systems[4]. Distributed energy resource (DER) systems are 

small-scale power generation or storage technologies 

(typically in the range of 1 kW to 10,000 kW)[5] used to 

provide an alternative to or an enhancement of the traditional 

electric power system. DER systems typically are 

characterized by high initial capital costs per kilowatt[6]. 

Distributed energy resources are mass-produced, small, and 

less site-specific. Their development arose out of: 

1. concerns over perceived externalized costs of central 

plant generation, particularly environmental 

concerns, 
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2. the increasing age, deterioration, and capacity 

constraints upon T&D for bulk power; 

3. the increasing relative economy of mass production 

of smaller appliances over heavy manufacturing of 

larger units and on-site construction; 

4. Along with higher relative prices for energy, higher 

overall complexity and total costs for regulatory 

oversight, tariff administration, and metering and 

billing. 

Capital markets have come to realize that right-sized 

resources, for individual customers, distribution substations, or 

microgrids, are able to offer important but little-known 

economic advantages over central plants. Smaller units offered 

greater economies from mass-production than big ones could 

gain through unit size. These increased value—due to 

improvements in financial risk, engineering flexibility, 

security, and environmental quality—of these resources can 

often more than offset their apparent cost disadvantages[7].  

DG, vis-à-vis central plants, must be justified on a life-cycle 

basis[8]. Distributed generation reduces the amount of energy 

lost in transmitting electricity because the electricity is 

generated very near where it is used, perhaps even in the same 

building. This also reduces the size and number of power lines 

that must be constructed. A microgrid is a localized grouping 

of electricity generation, energy storage, and loads that 

normally operate connected to a traditional centralized grid 

(macrogrid). This single point of common coupling with the 

macrogrid can be disconnected. The microgrid can then 

function autonomously.[9] 

 
III.  ANTI-ISLANDING OPERATION 

 

Opening the utility grid breaker causes a potential power 

island fed from the embedded generator and isolated from the 

grid supply (Figure 1). If loss of grid remains undetected, the 

embedded generator may quickly loose synchronism with the 

utility grid supply. This introduces the possibility of 

reconnection of the two systems while their generators are out 

of phase. The consequences of out-of-phase re-closing are 

severe stresses on the embedded generator and disruption of 

the utility supply. 

There are also safety and health issues. It is possible that the 

remaining load from the utility system in the island would be 

greater than the capacity of the embedded generator. This 

would cause the embedded generator to be dragged down, 

along with the industrial process, leading to a complete 

outage. When embedded induction or synchronous generators 

are used in the system, a further consequence of loss of grid 

can be self-excitation. Loss of grid or 'islanding' protection 

involves the automatic detection of a situation when the 

connection to the grid supply is lost. This allows of a 

dispersed generator to supply the local, isolated grid[10]. 

 

 

 

 
Figure 1: Scenario of Islanding Operation 

 
 

Figure 2: The studied Power Distribution network with multiple DGs 

IV.     PROPOSED DETECTION METHOD 

 
To detect islanding effectively, it is necessary to have good 

understanding of all possible islanding conditions. Nowadays, 

many classical methods and novel algorithms for the islanding 

protection have been proposed [2]. These techniques can be 

divided into two categories: passive and active methods such 

as classical passive systems include under/over frequency and 

under/over voltage relays and the most widely recognized 

methods like the Rate of Change of Frequency (ROCOF), 

Voltage Vector Shift (VVS) [11-13]. 

In this paper a powerful tool is used for islanding detection 

which is ―Wavelet Transformation‖. The Wavelet Transform 

is a power time frequency method to analyze a signal within 

different frequency ranges by means of dilating and transiting 

of a single function named mother wavelet [14]. 

The main advantage of wavelet over the short time Fourier 

transform(STFT) is that it uses a variable-sized regions 

windowing technique. This feature allows wavelet to use long 
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time intervals where we want more precise low-frequency 

information, and short regions where we want high-frequency 

information.Wavelettransformation is one of the most popular 

of the time-frequency-transformations. 
The integral wavelet transform is the integral transform 

defined as 
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The wavelet coefficientsCjkare then given by 

…..(2) 

Here, is called the binary dilation or dyadic dilation, 

and is the binary or dyadic position.The wavelet 

transform can provide us with the frequency of the signals and 

the time associated to those frequencies, making it very 

convenient for Islanding detection application. 

The DWT of a signal is calculated by passing it through a 

series of filters. First the samples are passed through a low 

pass filter with impulse response―g‖resulting in a convolution 

of the two: 







k
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The signal is also decomposed simultaneously using a high-

pass filter . The outputs giving the detail coefficients (from 

the high-pass filter) and approximation coefficients (from the 

low-pass). It is important that the two filters are related to each 

other and they are known as a quadrature mirror filter. 

Figure 3: Block diagram of filter analysis 

 
Daubechies mother wavelet based DWT is used in[15]. It 

examines the variations in voltage and frequency. The salient 

features of this method are the simplicity in programming, 

enhancement of islanding detection capability, and 

simultaneous observation of power quality profiles. The 

proposed scheme is tested and verified in several scenarios 

with flexibility, feasibility, and robustness. In [16], negative 

sequence of current and voltage signals are considered by 

Daubechies db4 based DWT. The standard deviation and 

change in energy coefficients discriminates between islanding 

and other disturbance conditions. 

A signal can be successively approximated by DWT with 

different scales (multiresolution decomposition).Each step of 

the decomposition of the signal corresponds to a certain 

resolution. The decompositionprocess can be iterated, with 

successive approximations being decomposed in turn. 

Therefore one signalis broken down into many lower-

resolution components. This is called the wavelet 

decomposition tree. The discrete wavelet transform (DWT) is 

computed by successive lowpass and highpass filtering of 

thediscrete time-domain signal together with changes in 

sampling rates.  

As negative sequence components of the voltage and current 

signals at the target DG location are highly pronounced in case 

of islanding situations compared to no islanding situations, 

thus the negative sequence impedance seen at the target DG 

location has been computed to detect the islanding conditions. 

The negative sequence impedance has been one of the key 

indicators in disturbance conditions such as Fault process. 

Thus, during the islanding process, the negative sequence 

impedance provides vital information which can be effectively 

used for islanding detection. The negative sequence 

impedance can be found as  

 

Z𝑛= 𝑉𝑛/𝐼𝑛  ……..(4)  

 

Where Vn is the negative sequence voltage and In is the 

negative sequence current derived at target DG location[17]. 

 

V. PROPOSED MODEL& SIMULATION RESULTS 

 

In this model three DGs are used. And one of the DG isSOFC 

fuel system which is a stand-alone system and is operating 

with a constant rated voltage 1.0 p.u. and power demand 0.7 

p.u. The other parameters are the same as in [18]. Fuel cells 

generate power through the electrochemical reaction between 

hydrogen and oxygen. From the simulation result, we can 

conclude that the step increase of the demand power is related 

to the fast electrical response of the fuel cell. After that, the 

output power started to increase slowly until it reached the 

demand power. This is due to the slow chemical response time 

of the fuel processor. 
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Figure 4: Responses of the output active and reactive power of  SOFC  Fuel 

system 

Another DG that is connected to distribution system is 

Micro Turbine. 
 

 
Figure 5: Simulink Representation of Micro Turbine system 

 

The micro-turbine system response to the given power 

command are displayed in figure 6and figure 7. Figure 6 

shows the output power of the system; Figure 7 the torque. 

 

Figure 6: Output Power 

 

 

 

Figure 7: Torque 

 
In the Figure 8, the voltage waveforms at the DG 

location for the bus voltages 125 KV(topmost waveform), 

25 KV(second most waveform from top) and 575 V(Third 

waveform from top) respectively during islanding are 

shown. The last(bottom) waveform is form current. It is 

observed that suddenly voltage decreases. There is no 

change in the three phase output voltage Vabc_B120 as it 

does not lie in the fault region. So we obtain three phase 

sinusoidal output voltage. But the output voltage suddenly 

decreases for the time range of 0.3 to 0.4 seconds of 

Vabc_B25 and Vabc_B575 as the circuit breaker which was 

initially closed was opened with transition time 0.3 to 0.4 

seconds. 

 

i.CONDITIONS FOR ISLANDING AND NON-ISLANDING 

Condition-1: Both the three phase circuit breaker& three 

phase fault are in closed conditions. That is the normal 

condition .So the voltage waveforms found at any DG end is 

purely sinusoidal. 

Condition-2: Three phase circuit breaker is initially closed 

and is opened with transition time 0.3 to 0.4. Three phase 

fault is permanently closed. As after switching off the three 

phase breaker whole part of the distribution system is 

isolated from the remainder part of the power system. So 

this is the islanding condition. 

Condition-3: Three phase circuit breaker is permanently 

closed. Three phase fault is initially closed and is opened 

with transition time 0.2 to 0.4. As another DG is there in the 

line where three phase fault is connected. This is the DG 

line trip condition. 

 

 



Volume III, Issue III, March 2016                                        IJRSI                                                                        ISSN 2321 - 2705 
 

www.rsisinternational.org Page 49 
 

Figure 8: Phase voltage waveform during Islanding 

 

VI. CONCLUSION 

 

The paper discussed efforts to classify DG islanding 

operational condition, resulting from main supply 

interruption. To prevent the possible problems caused by 

DG islanding, fast and reliable anti-islanding classifier is 

needed. DWT used in analyzing power system transients 

provide valuable information for use in feature detection 

systems. Data obtained from the simulations were analyzed 

using DWTs. The characteristics of the cases and difference 

between cases signatures were presented. The results of the 

DWT analysis show an ability to quantify different types of 

disturbances. It also shows high ability of wavelets to 

extract the different harmonic components disregarding the 

length of their occurrence in time. 
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