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ABSTRACT 

 

Islanding is one of the issues that are related to grid – connected photovoltaic 

systems that affects the voltage and frequency of the system. Islanding is defined as the 

situation in which a distribution system becomes electrically isolated from the 

remaining power system and continues to be energized by the distributed generation 

resources. This study presents a method of detecting islanding phenomena in a 

distribution system equipped with renewable energy resources. The modeling of 

islanding phenomena was designed and simulated using MATLAB Simulink to extract 

the three–phase voltage signals at the common coupling point. Discrete Fast Fourier 

Transform and wavelet analysis techniques are used in this study to analyze the voltage 

on the loads to detect Islanding occurrence. Comparing between the results of both 

techniques show the effectiveness of Wavelet analysis over Discrete Fourier transform 

for different levels of loading. The fast response of wavelet analysis in Islanding 

detection can be added as a part of relay algorithm. The result will be helpful in 

development protection system design for a robust, fast response and effective 

protection system equipped with renewable energy sources.  

 

 

 

 

Keywords—Islanding detection, photovoltaic, signal processing, wavelet packet, 

grid connected system. 
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الرسالة ملخص  

 

حدى مشاكل االنظمة الكهروضوئية المتصلة بالشبكة التي قد تؤثر على تردد وجهد الشبكة ، تعرف  إالجزر هي 

الجزر بأنها الحالة التي يصبح فيها نظام التوزيع معزوال كهربائيا عن نظام الطاقة المتبقي .تقدم هذه الدراسة طريقة 

تم تصميم ومحاكاة ظاهرة الجزر باستخدام  لمتجددة.للكشف عن ظاهرة الجزر في نظام مجهز بموارد الطاقة ا

ستخدام إ تم  ستخراج إشارات الجهد ثالثية الطور عند نقطة االقتران المشتركة .في هذه الدراسةبرنامج الماتالب إل

للكشف عن حدوث   الجهد موجة حليلوذلك لت ويفلتتحليل التقنية المنفصل ور فورييهما تقنية ال ليلتح يتين تقن

فعاليتها بالكشف عن حدث الجزيرة عند جميع  أثبتت تقنية الويفلت بين نتائج التقنيتين. ونتيجة للمقارنة رالجز

 األحمال المختلفة.مستويات  لم تنجح في الكشف عن حدث الجزيرة عند جميع    فورييرالتقنية    مستويات األحمال ، أما  

ستكون النتيجة  .تشاف الجزر كجزء من خوارزمية التتابعالسريعة لتحليل الموجات في اكتقنية الويفلت  يمكن إضافة  

من أجل استجابة قوية وسريعة ونظام حماية فعال مجهز بمصادر الطاقة  مطورمفيدة في تصميم نظام حماية 

 .المتجددة
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CHAPTER 1 

INTRODUCTION 

 

1.1 Overview 

 Recently, there is a huge expansion of transmission and distribution of power 

supply, it is inadequate to meet the power demand. In this context, the penetration of 

renewable energy resources in recent years is increased. The most common renewable 

energy resources are photovoltaic energy resources.   

 

Fossil fuels mainly for heating and maintaining our homes and charging our 

vehicles. Using coal, oil, and natural gas to fulfill our energy needs is easy, but on Earth, 

we have a limited supply of these fuels. used them much faster than they are made. 

Even though we have an unlimited supply of fossil fuels, the environment should use 

renewable energy. Usually called it "clean" or "green" renewable energy technologies 

because they produce few, if any, pollutants. There is plenty of renewable energy and 

technology is constantly improving. Solar power is one of the best available renewable 

energy sources as it is one of the cleanest energy sources. Solar power is either directly 

turning sunlight into electricity using photovoltaics or concentrated solar power [1].   

 

Solar power on-grid systems generate electricity using a solar power system and are 

connected directly to the power grid. These systems send to the utility grid excess power 

generated by the solar power system. These systems work together with the power grid. 

If there is not enough sunlight to meet the needs of your business, the system will run 

on grid power. If your power consumption is high, these devices are best suited, and 

you want to reduce your electricity bills. It is possible to install on–grid networks with 

or without net metering. These systems do not operate during power outages because 

they are connected to the main grid [2].  

 

 Off-grid systems operate independently of the grid, but they have batteries that can 

store the system's solar power. Usually, the system consists of solar panels, battery, 

charging controller, grid box, inverter, installation structure, and system balance. 
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During the day, the panels store enough sunlight and use the night's excess power. These 

systems are self–supporting and can provide critical load energy in places where there 

is no power grid. However, these systems are required specialized equipment to operate 

and can be expensive to install. These are suitable for companies that have no energy 

to maintain for a short period [2].  

 

  Islanding is the situation in which a distribution system becomes electrically 

isolated from the remaining power system and continue to be energized by the 

distribution generation .resources connected to it. In standards as IEEE 929–1988, It is 

recommended to disconnect the distribution generators once islanding happened. Many 

drawbacks due to islanding operation are arises, most common of them are as follows: 

firstly, about the safety of workers after the grid or primary source is disconnected and 

the distribution generation source still supplying the system, secondly; the quality of 

power supply is affected as the voltage and frequency may not be maintained within 

their acceptable standard limits. Also, the grounding of the system may be affected after 

the occurrence of islanding due to the connection to the distribution generation (in our 

case the renewable energy source), and finally the instantaneous reclosing could result 

in out of phase reclosing of distribution generation [3].  

 

Due to the previously mentioned reasons, it is better to design a robust, fast and 

effective protection system for systems equipped with renewable energy sources. This 

can be done by detecting the occurrence of islanding as early as possible. Then, action 

can be taken as treatment of the Islanding problem, by fast isolation of relevant certain 

power sources through the protection system, etc. In this framework, a method of 

detecting the islanding phenomenon has been presented based on monitoring the 

distribution generation output parameters and with the help of Wavelet Analysis, a 

decision of an islanding situation has occurred [3].
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1.2 Problem Statement 

The protection system is considered as a very important system for the electrical 

energy systems. This system should be accurate, fast, and effective. With the 

penetration of renewable energy sources especially those connected to the grid, the 

development of the protection system is essential. One of the issues that are related to 

these systems is the fast detection of islanding phenomena by relays algorithm 

development. 

1.3 Objective 

The objective of this study is to design a new protection system for islanding 

detection in a low voltage system for those systems equipped with renewable energy 

sources and connected to the grid. The aim is is to keep the advantages of the classical 

relays while overcoming the problem of their limited sensitivity in detecting island 

phenomena. In this way, the first objective is to detect the islanding occurrence. The 

selected method should be detecting Islanding occurrence effectively and fast. Finally, 

design the software that can be added to the classical software to be sensitive in 

detecting islanding in the distribution system 

1.4 Importance and Motivation 

Detection of islanding will help in designing an accurate protection system for 

those systems equipped with renewable energy sources. This part can be added to a 

relay algorithm for the design of a fast and accurate protection system. The result of 

this study will help engineers working in the field of protection system development. 

1.5 Environmental and Social Impact 

In the last decades, the world concerned with other traditional energy sources due 

to the shortage of them and their effect on the environment. Renewable energy 

sources have an advantage in reducing greenhouse gas emissions and are friendly 

with the environment. Integrating renewable energy sources with traditional energy 

sources raises many problems. One of these problems is islanding. This study 

presents a solution to this problem so that the use of renewable energy sources is 

increased and reduces the use of fossil fuels, which are major sources of gas 
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emissions. Spreading these sources all over the world will have a positive impact 

on the environment and produce reliable and quality energy supply. 

 

 

  



 

20  

CHAPTER 2 

BACKGROUND AND LITERATURE REVIEW 

 

2.1. Background 

Recently researchers are looking for ways to use renewable energy properly and 

correctly [4]. It is very necessary to decide which source of energy must be used and 

why. When choosing the type of energy, several points should be considered, including 

cleanliness, cost, stability, efficiency, and environmental impacts.  

 

Most of the world still relies on fossil fuels for electricity generation, this type 

of energy is very effective in terms of quality of production, but over time, its negative 

effects will appear worldwide. Industries must be transformed into renewable sources 

because fossil energy will be carried out someday, fossil fuels greatly threaten 

ecological balance and cause many ecological risks [4].  

 

It should be directed to use and deal with renewable energy because it is cleaner 

and does not produce toxic gases that are replaced with fossil energy because it will end 

one day. One of the main sources for power generation is renewable energy. Renewable 

energy is cheaper than fossil fuels and is reliable because it is plentiful. Renewable 

energy is extracted from unlimited sources. Renewable energy includes major sources 

of energy such as solar, wind, biomass, thermal and hydroelectric The major energy 

sources include solar, wind, biomass, thermal and hydro-electric sources.Non–

renewable energy requires expensive exploration, drilling, and other requirements to 

extract and emit high carbon emissions. Unlike renewable energy, carbon emissions are 

very low and therefore, helps battle climate change result from fossil fuel burning [4]. 

 

solar energy is the most used renewable energy source and has been widely used 

in many applications to reduce the size of energy storage needed to supply continuous 

power [5].  Two modes of operation for a renewable energy source as a distribution 

generation in this thesis. The first is the stand – alone mode (SA) and a storage system 

like batteries is used to store the energy and the second is a grid–connected system (GC) 
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[5]. Remote areas have stand–alone systems (SA) that include most renewable 

installations. Examples are lighthouses and other remote stations, auxiliary power units 

for emergency services or military applications, and manufacturing facilities using 

delicate electronics [4]. The SA systems suffer from High cost of batteries and having 

a storage limit leading to the disposal of additional energy generated. Some features of 

SA systems are as follows [5]: 

- Demand in SA systems is equal to operating capacity  

- Priority to local area needs.  

- It is suitable for remote sites.  

- They usually rely on renewable energy technologies such as solar PV, which is 

not available throughout the year and is often seasonal  

- This type of systems does not connect to the grid, so it requires batteries to store 

the electricity produced in the period of demand outside the peak times, the 

batteries added require high costs [5] 

 

           In a Grid – connected systems (GC), local electrical needs are met, and excess 

electricity is connected to the grid, a surplus is used when needed. Decentralized 

stations are managed by the utilities in the same way as large electric power to scale the 

utility. Features of GC systems are as follows [5]:  

- A power system that is connected to an electricity transmission and distribution 

system (referred to as the electricity grid). A grid – connected  energy system is 

an independent decentralized. This system ideal for locations close to the grid.  

- The system functions only when the supply sources are available, and the 

operational ability is determined by the supply source.  

- The system may exist only to feed the grid or can be used to meet the local 

demand and the surplus can be fed to the grid. 

- The system can be improving the economic viability of the operation. 

 

2.1.1. Islanding Phenomena 

           Islanding is the case where a distribution system becomes electrically isolated 

from the rest of the energy scheme, yet the distribution generation linked to it continues 

to energize. Traditionally, a distribution system has no active source of energy and does 

not have power in the event of a transmission line failure upstream, but with distribution 
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generation, this presumption is no longer applicable. Currently, in the case of islanding, 

the distribution generation should be disconnected from the grid as soon as possible for 

the following reasons 

- The safety of line workers may be endangered by DG sources feeding a 

system after opening and tagging of primary sources 

- The voltage and frequency cannot be retained at a permissible normal rate.  

- The islanded system may be inadequately grounded by the DG 

interconnection.  

- Instant reclosure could result in DG reclosure out of phase. This creates big 

mechanical torques and currents that can harm the generators or primary 

movers. Transients are also developed, possibly harmful to utilities and other 

equipment of the client. If the crest overvoltage happens at a voltage 

maximum, a very serious capacitive transient switch will be generated, and the 

crest overvoltage can reach three times the rated voltage in a lightly damped 

system [6]. Because of these factors, detecting the islanding rapidly and 

accurately is very crucial. 

 

2.2. Literature Review 

2.2.1. Islanding Detection Techniques  

The authors of [6] have mentioned in their paper the different types of 

techniques to detect the islanding: Islanding detection techniques can be divided into 

two parts local and remote techniques. The local technique is also divided into passive, 

active and hybrid techniques as shown in Figure 1.  
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Figure 1: Islanding detection techniques 

 

 

A. Remote islanding detection techniques 

            Remote Islanding detection techniques are based on communication between 

utilities and DGs. While these techniques may be more reliable than local techniques, 

they are costly to implement because of that So it is not economic. Some of the remote 

islanding detection techniques are as follows: Transfer trip scheme: The basic idea of 

the transfer trip scheme is to supervise the status of all circuit breakers and reclosers 

capable of islanding a distribution system. For this purpose, supervisory control and 

data acquisition systems (SCADA) can be used. This technique needs a stronger 

relationship between the utility and DGs and this often increases the costs for both the 

utility and DG owners [7] 

 

          Power line signaling scheme: In the transmission system, a signal generator 

continually transmits a signal to the distribution feeders using the power line as the 

signal track. DGs are equipped with signal receivers. There is called an island case if 

the recipient does not feel the signal resulting from opening the circuit breakers between 

the transmission and distribution systems [8 – 10]. Figure 2 shows a power line 

signaling scheme. This scheme can be effectively used in multi DG system . 

 

Islanding 
Detection

Remote technique Local technique 

Passive technique

Active technique

Hybrid technique
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Figure 2: A power line signaling scheme [6] 

 

 

B. Local detection techniques 

            It is based on measuring system parameters such as voltage, frequency, etc. at 

the DG site. It's also categorized as: 

 

1. Passive detection techniques:  

The passive technique is focused on continuous monitoring of the local device 

parameters such as voltage shift, frequency and harmonic distortion, as the parameters 

are different during the initiation of the island condition[11].Differentiation between an 

islanding situation and a grid–connected situation is based on the parameter thresholds. 

Since passive methods of insulation detection are based on changes in the above 

parameters, the efficiency is therefore based on the threshold set [12]. Care should be 

taken when setting the threshold value to distinguish insulation from other system 

disturbances. The Passive techniques are quick and do not result in any system 

disturbance, but there is a large zone cannot be detected and called a non–detectable 

zone (NDZ). There are different methods for passive insulation detection and some of 

them are as follows: Rate of change in output power: the rate of change in output power, 

dP/dt, on the DG side, when insulated, will be much higher than the rate of change in 

output power before the DG is insulated with the same rate of change in load [7]. This 

technique has been discovered to be much more efficient when there is an unbalanced 

load in the distribution scheme with DG rather than a balanced load [13].  
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         Rate of Change of Frequency: rate of change of frequency, df/dt, is going to be 

very big when the DG is insulated. The frequency change rate (ROCOF) may be 

determined by [14] 

 

𝑅𝑂𝐶𝑂𝐹,
𝑑𝑓

𝑑𝑡
=

∆𝑃

2𝐻𝐺
𝑓                                                                                                                 (1)                                                                                            

 

Where, ∆P is power mismatch at the DG side, H is the moment of inertia for DG 

system, and G is the rated generation capacity of the DG system. 

 

Large systems have large H and G where small systems have small H and G 

which give a greater value to df/dt. ROCOF relay monitors the waveform of the 

voltage and operates if ROCOF is greater than set for a certain period. The setting 

should be selected in such a way that for the island state the relay is turned on, but not 

for changes in load. This technique is used when there is a large power mismatch, but 

it does not work if the capability of DG matches its local loads. However, an advantage 

of this method along with the rate of power algorithm change is that, even if they fail 

to operate when load matches the generation of DG, any subsequent local load change 

would generally result in island  being detected as a result of the load and generation 

mismatch in the islanded system. However, a benefit of this technique along with the 

pace of energy algorithm change is that even if they fail to function when load matches 

the generation of DG, it is discovered that there is an island due to mismatch loading 

and generation.  

 

Rate of change of frequency over power: in a tiny generation scheme, df/dp is 

bigger than the larger – capacity energy scheme. This idea is used to determine the 

islanding situation by the rate of shift of frequency over energy. Furthermore, 

experiment findings showed that the rate of change in frequency over energy is much 

more susceptible than the rate of change in frequency over time for a small power 

inconsistency between the DG and local loads [15]. Change of impedance: The utility 

impedance is significantly lower than an energy island's impedance. A network 

section's impedance will increase when that section is disconnected from the utility [16–
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17]. Continuous monitoring of the source impedance will give the impression of 

whether the system is islanded or not. 

 

Voltage unbalance: Once the islanding takes place, DG will have to take charge 

of the island's loads. If the change in loading is big, it is easy to detect insulation 

circumstances by tracking several parameters: voltage magnitude, phase displacement 

and change in frequency. However, if the changes are tiny, these techniques may not 

be efficient. Since distribution networks generally include single–phase loads, DG's 

load balance may be changed by the islanding. Also, although the shift in DG loads is 

low, there will be an imbalance in voltage owing to the change in a network situation. 

[18–19].  

 

Harmonic distortion: Changes in load size and configuration may lead to several 

harmonic currents in the network, particularly when the system has DGs based on 

inverters [18]. Monitoring the total harmonic distortion change the terminal voltage at 

DG before and after the formation of the island is one way to discover the island [20].         

The change in the third harmonic of the DG’s voltage also gives a good picture of when 

the DG is islanded [21]. 

 

2. Active detection techniques: 

           Islanding can be detected with active methods even under the perfect match of 

generation and load, which in the case of passive detection schemes is not possible. By 

introducing disturbances, active methods interact directly with the operation of the 

power system [6]. The idea of an active detection method is that this small disturbance 

causes a significant change in system parameters when the DG is islanded, whereas the 

change is negligible when the DG is connected to the grid [22]. Further, because of the 

external variable introduced into the system, power quality, and system stability may 

degrade [23]. This method, however, needs a considerably higher implementation cost 

[24] Some of the active detection techniques are as follows: 

 

          Reactive power export error detection:  DG generates a level of reactive power 

flow between the DG site and the grid at the point of common coupling (PCC) [19]. Or 

at the connection point of the Reed relay [14]. Only when the grid is connected can this 
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power flow be maintained. Islanding can be detected if the level of the reactive power 

flow at the set value is not maintained. Islanding can be detected for the synchronous 

generator–based DG by increasing DG's internal induced voltage by a small amount 

from time to time and monitoring the voltage and reactive power change at the terminal 

where DG is connected to the distribution system. A major change in terminal voltage, 

with almost unchanged reactive power, indicates islanding [25]. The main 

disadvantages of this method are that it is slow which cannot be used in the system 

where DG is required to generate power at the factor of unity power. 

 

            Impedance measurement method: The main philosophy is the same as the 

passive technique that changes with islanding the impedance of the system. In an active 

direct method, a shunt inductor is connected briefly over the time of supply voltage and 

the short circuit current and supply voltage reduction are used to calculate the 

impedance of the power source system [14]. However, a high – frequency signal is 

injected through a voltage divider on the DG terminal in an indirect technique. When 

the grid is disconnected, this high – frequency signal becomes more important [16]. 

          

            Phase (or frequency) shift methods: The relative phase shift measurement can 

provide a good idea of when the inverter – based DG is islanded. In the form of a phase 

shift, a small disturbance is introduced. The frequency will be stabilized when the DG 

is connected to the grid. The disturbance will lead to a substantial shift in frequency 

when the system is islanded. Slip–Mode Frequency Shift Algorithm (SMS): [26] Uses 

positive feedback that changes the phase angle of the inverter current according to the 

PCC frequency deviation. An SMS curve is given by the equation. 

 

𝜽 = 𝜽𝒎𝒔𝒊𝒏 (
𝝅

𝟐

(𝒇(𝒌−𝟏)−𝒇𝒏)

(𝒇𝒎−𝒇𝒏)
)                                                                                                    (2) 

 

Where 𝜃𝑚is the maximum phase shift that occurs at frequency 𝑓𝑚 . 𝑓𝑛 is the nominal 

frequency and 𝑓(𝑘−1) is the frequency at previous cycle. A SMS curve is designed in 

such a way that its slope is greater than that of the phase of the load in the unstable 

region. A SMS curve, with 𝜃𝑚 = 10 and 𝑓𝑚 = 53𝐻𝑧, is shown in Figure 3. If the 

utility is disconnected, the operation will move to a stable operating point through the 
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unstable region (denoted by black dots in Figure 3). Islanding happens when the 

frequency of the inverter exceeds the setting.  

 

 

Figure 3: Phase response of DG and local load [6] 

 

This detection scheme can be used in a system with more than one DG based on 

an inverter. The drawback of this method is that the islanding can go undetected if the 

slope of the phase of the load is higher than that of the SMS line, as there can be stable 

operating points within the unstable zone [27]. 

 

 

Figure 4: Distorted current waveform for AFD [28] 

 

          Active frequency drift (AFD): shall be enforced by inserting a short zero–time in 

the inverter–based DG output current as Figure 4 indicates. Ti and Tv are the half–cycle 

time for both the output current and the power voltage of DG. The time for the DG's 
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output current to remain zero is Tz, dead or zero time. The voltage frequency of the 

islanded network is shifted up or down continuously while the inverter is used at the 

unit factor of power to search for the resonant frequency of the local load, if this 

distorting waveform is applied. If no grid link occurs. For purely resistive loads, this 

approach is very successful but does not work for other loads [28].  

 

             Active Frequency Drift with Positive Feedback Method (AFDPF): AFDPF 

increases the inverter current time of dead time, leading to an increase in frequency 

deviation away from nominal [28]. Active Frequency Drift with a Positive Feedback 

System increments. The AFDPF problem is that the phase angle of the RLC parallel 

load depended on the operating frequency, which may contribute to the failure of 

insulation. This can be removed from the Automatic Phase–Shift System, which is a 

changed SMS type [29]. With APS, only the inverter output current's starting angle  

(𝜃APS
k ) is adjusted according to previous voltage cycle frequency 𝑓(𝑘−1)as  

  

 

(𝜃𝐴𝑃𝑆
𝑘 )=

𝟏

𝜶
(
𝑓(𝑘−1)−𝑓𝑛

𝑓𝑛
)360𝜊 + 𝜃𝜊

𝑘                                                                                           (3) 

 

Every time the terminal voltage frequency stabilizes before the trip points an additional 

phase shift θ𝜊
k, which shifts as the frequency, which changes as  

 

𝜃𝜊
(𝑘)

= 𝜃𝜊
(𝑘−1)

+ 𝜃𝑠𝑦𝑠(𝑓𝑠𝑠)                                                                                           (4) 

 

 Where, 

             θ is a constant  

            (𝑓𝑠𝑠) is the change in the steady state frequency 

            θ𝜊
(k)

= 0; 𝑘 ≤ 0 

           𝑠𝑦𝑠(∆𝑓𝑠𝑠) ={

1𝑖𝑓∆𝑓𝑠𝑠 > 0
0𝑖𝑓∆𝑓𝑠𝑠 = 0
−1𝑖𝑓∆𝑓𝑠𝑠 < 0
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This holds the inverter terminal voltage frequency deviating until when the 

device is shielded, hitting the trip point. Since the further phase shift is applied at any 

possible stable operation stage, the APS algorithm often works slowly and does not 

sense islanding under those load conditions. An Adaptive Phase Shift (ALPS) algorithm 

controls the additional phase shift and evaluates each phase shift effect [30]. This 

algorithm would result in a small phase shift when the DG centered on the inverter is 

connected to the grid, while the islanding will result in a rapid phase change. The shift 

from the inverter to the output current can be calculated by  

 

𝜽𝑨𝒅𝒃
(𝒌)

= 𝝅(
𝑻𝒂𝒗−𝑻

(𝒌−𝟏)

𝑻(𝒌−𝟏)
)                                                                                                                   (5)                                             

 

Where, 

 

Tav =
1

N
(∑ (𝑇(𝑖))

𝐾−1

𝑖=𝑘−1−𝑁
)                                                                                                          (6)                                             

 

In case of an APS the power output is selected as an average of the previous N/2 voltage 

cycles, which may reflect the actual changes in frequencies of the actual power system 

[29]. The average value for the output current for an APS is considered to be a stable 

duration. It is possible that when the DG sites have been separated from the grid, for 

𝑖 = 𝑘 − 1, 𝑘,−−, 𝑘 − 1 + 𝑁 it is likely that 

 

𝑓(𝑥) = {
ifθAd > 0thenT = Tav −T

(i+1) > 0

or, ifθAd < 0thenT = Tav −T
(i+1) < 0

                                                         (7)                                                                                 

 

Where, 

 

  θAd
(k)

= θAdb
(k)

+ θο
(k)

                                                                                                 (8)                                             

 

The extra phase shift, θ𝜊
(k)

 (specified by equations (4) and (5)), shall be applied if the 

probability of cause and effect (PCE), which satisfies the equation (9), at the close of N 

voltage cycles exceeds 0.5. The average voltage value is estimated for N/2 cycles. If 



 

31  

the difference between the two consecutive N/2 cycles is minimal or the PCE is less 

than 0.5 then a further phase change by setting θ𝜊
(k)

= 0 is disabled. 

 

3. Hybrid detection schemes: 

Active and passive detection techniques are used in hybrid methods. The active 

technique is only applied when the passive technique suspects the islanding. The hybrid 

method is intended to exploit the advantages of the above two approaches while 

reducing its disadvantages [31] Some of the hybrid techniques are discussed as follows:  

 

Technique based on positive feedback (PF) and voltage imbalance (VU): This 

islanding detection technique uses the PF (active technique) and VU (passive 

technique) [32]. The main idea is to monitor the three – phase voltages continuously to 

determinate VU which is given as. 

 

𝑉𝑈 =
𝑉+𝑠𝑞

𝑉−𝑠𝑞
                                                                                                                                           (9) 

 

𝑉+𝑠𝑞  and 𝑉−𝑠𝑞  are the positive and negative sequence voltages, respectively. Voltage 

spikes will be observed for load change, islanding, switching action, etc. If the DG is 

islanded, the system frequency will change.  

 

Voltage– and reactive power change–based technology: This technique tests voltage 

variation over time such that a covariance value (passive) is obtained which is used in 

the triggered island detection technique (ARPS) algorithm .This technique tests the 

voltage variation over time.  

 

Co–variance (𝑇𝑎𝑣′) = 𝐸(𝑇𝑎𝑣′
(𝑛)

−𝑈𝑎𝑣)(𝑇𝑣
(𝑛)

−𝑈𝑣)                                                                         (10)                                             

 

Where, 

Tav′ is the average of the previous four voltage periods 

Uav is the mean of Tav′ 

 Tv is the voltage periods 

Uv is the mean of Tv 
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The ARPS uses the same method as ALPS, except that it uses the current d–transition 

in place of the new phase transition. The latest change in the D–axis, 𝑖𝑑
k , or reactive 

power shift is given as  

 

𝑖𝑑
𝑘 =  𝑘𝑑(

𝑇𝑎𝑣′−𝑇𝑣
(𝑘)

𝑇𝑣
(𝑘) )                                                                                                                      (11)                                             

 

𝑘𝑑 is chosen so that the actual deviation of the d–axis is less than 1% of the actual of 

the q–axis in regular operation of the inverter. The additional d–axis current will 

intensify the phase shift operation, after island suspicion, resulting in a rapid frequency 

change when the DG is insulated. Many techniques were suggested for islanding 

detection that can be commonly divided into remote and local techniques [6]. Local 

techniques are further divided into hybrid, active and passive techniques. Every 

technique has its own weaknesses and advantages.  

 

A. Machine Learning Method 

This approach analyses the characteristics of events in the data set (main dataset) 

and utilizes this information in test data to assess the islanding state. The decision tree 

approach will make the complicated decision–making process a straightforward choice 

with a solution that is easier to understand [33]. In this filed many methods are 

published that can help in detecting the islanding such as C4.5 Decision Tree-Based 

Islanding Detection [34], Support Vector Machine (SVM) Classifier Based Machine 

Learning Approach [35] and Reduced NDZ Based Islanding Detection [36].  

 

B. Intelligent classifiers 

The paper [37] focuses on the identification of islanding with classical and smart 

techniques. Throughout the process of identifying the presence and properties of island 

mode operations, the information provided by any type of signal processing system can 

be used. Some examples of the smart classifiers are Artificial Neural Network (ANN) 

[22], Probabilistic Neural Network (PNN) [38], Decisions Tree (DT) [39, 40] and Fuzzy 

Logic (FL) [41]. 
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CHAPTER 3 

METHOD OF RESEARCH 

 

3.1. The Hypothesis  

With the penetration of renewable energy resources especially PV systems, the low 

and high voltage and low and high–frequency classical relays do not permit the 

detection of islanding. False islanding detection can cause a massive loss of generation 

in the distribution system. This study presents an adequate solution to this problem by 

adding a new passive detection method to the existing protection system. The design of 

a software program that can be adopted as to correctly detect islanding is presented. 

The proposed idea is applied to a PV system connected to the grid. The system will be 

simulated, and the signal will be measured and analyzed to detect islanding. The 

software will be designed according to the suitable method of analysis for islanding 

detection. Different cases will be tested showing the effectiveness of the proposed 

design. The block diagram in the following figure represents the methodology of the 

proposed system. 

 

 

Figure 5 :The block diagram represents the methodology of the proposed system 

 

3.2. The Proposed System  

       The system under study consists of 3 phase inductive load of 100 kW, 125 kVA 

supplied through a grid connected solar PV system. The solar system consists of 5 series 

modules per string and 66 parallel string to form a source of 273.5 V – and supplies 

100–kW power. An electrical 3–phase switch is used in the system to connect the solar 

system to the grid and in isolation of the solar system from the grid in the case of 

islanding. The following figure represents the block diagram of the system under study. 
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Figure 6: The block diagram of the system under study 

 

3.3. Modelling of the proposed system 

The above block diagram in Figure 6 shows the proposed system, and the 

followed subsections represent the modelling of each component of the system under 

study. 

 

3.3.1. PV cell. 

Photovoltaic cells (PV) absorb the energy of the photon from the appropriate sunlight 

when directed at its surface, which results in the release of energy-carrying electrons 

and circulates in a closed-loop circuit through an external load to be supplied with 

energy. As long as the light reaches the surface of the PV cell, the resulting electrical 

current persists. The following Figure 7 shows the circuit model of the ideal 

photovoltaic cell consists of a current source and a p–n diode. different cells are 

connected in series and parallel to the formed the array. they can supply the required dc 

power. 

 

Figure 7: Equivalent circuit diagram of PV cell. 
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3.3.2. Boost Converter 

      The boost converter is a medium of power transmission from the solar panel to 

the grid–tied inverter for energy absorption and injection. A combination of four 

components, which are inductor, electronic switch, diode and output capacitor, performs 

the process of energy absorption and injection into the boost converter. A boost 

converter's connection is shown in Figure 8. The method of absorption and injection of 

energy will be a constitute a switching cycle. In other words, switching on and off time 

period controls the average output voltage. At constant switching frequency, it is called 

pulse–width–modulation (PWM) switching to adjust the on and off duration of the 

switch. The duty cycle of switching, k, is defined as the ratio of the on duration to the 

switching period. The converter will operate the energy absorption and injection with 

the relative duration of the switching period in two different modes known as continuous 

conduction mode (CCM) and discontinuous conduction mode (DCM) [42]. 

 

 

Figure 8: Schematic of boost converter [42] 

 

      Continuous Conduction Mode: It’s divided into two modes under CCM. Mode 1 

begins when the switch SW, as shown in Figure 9, is turned on at t = 0. The elevated 

input current flows through the L inductor and the SW switch. During this mode, the 

inductor stores energy and the capacitor current supplies the load. 
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Figure 9: Circuit diagram of boost converter during Mode 1 [42]. 

 

Figure 10: Circuit diagram of boost converter during Mode 2 [42]. 

 

       Mode 2 starts when the 𝑡 = 𝑘𝑇 switch is switched off. As shown in Figure 10, 

the current that flowed through the switch would now flow through inductor 𝐿, diode 𝐷, 

output capacitor 𝐶, and load 𝑅. The inductor current falls in the next cycle until the 

switch is switched on again. During this time, together with the input voltage, the energy 

stored in the inductor is transferred to the load. The output voltage is therefore higher 

than the input voltage and is expressed as 

 

𝑉𝑜𝑢𝑡 =
1

1−𝑘
𝑉𝑖𝑛                                                                                                                                   (12) 

 

Where  𝑉𝑜𝑢𝑡 is the output voltage, 𝑘 is duty cycle, and 𝑉𝑖𝑛  is input voltage. 

 

            The inductance is determined so that the inductor current 𝐼𝐿 flows continuously 

and never drops to zero as shown in Figure 11, in order to operate the converter in CCM. 

Therefore, L is given by 
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𝐿𝑚𝑖𝑛 =
(1−𝑘)2𝑘𝑅

2ƒ
𝑉𝑖𝑛                                                                                                           (13) 

 

where  𝑅 is output resistance,𝐿𝑚𝑖𝑛 is the minimum inductance, and ƒ is the switching 

frequency of switch SW. The output capacitance to give the desired output voltage ripple 

is given by  

 

𝐶𝑚𝑖𝑛 =
𝑘

𝑅ƒ𝑉𝑟
                                                                                                                      (14)         

 

where 𝐶𝑚𝑖𝑛 is the minimum capacitance and 𝑉𝑟  is output voltage ripple factor. 𝑉𝑟  can 

be expressed as 

 

    𝑉𝑟 =
𝑉𝑜𝑢𝑡

𝑉𝑜𝑢𝑡
                                                                                                                           (15) 

                                                                                                

 

Figure 11: Boost converter waveforms at CCM [42]. 

 

        Discontinuous Conduction Mode: The current IL of the inductor does not flow 

continuously under DCM. There is a time interval that the current is zero before the 

switch SW's next turn on. Figure 12 demonstrates the shifting waveforms. Taking 

integral of inductor voltage over one time period to zero, 
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𝑉𝑖𝑛𝑘𝑇 + (𝑉𝑖𝑛−𝑉𝑜𝑢𝑡)1𝑇 = 0                                                                                            (16)                                             

𝑉𝑜𝑢𝑡 =
1 + 𝑘

1
𝑉𝑖𝑛  

 

where 𝑇 is switching period, 1 is time period for negative inductor voltage and 2 is 

time period for zero inductor voltage  

 

 

Figure 12:DCM Waveforms boost converter [42] 

 

As the 𝐿𝑚𝑖𝑛 value previously defined is the minimum inductance to be operated in CCM, 

any 𝐿𝑚𝑖𝑛 values below the minimum inductance will result in the boost converter being 

operated in DCM . The peak–to–peak ripple measurement in the DCM output voltage 

is the same as (6). 

 

3.3.3. Inverter 

 In any solar power system, the solar inverter is an important tool. The fundamental 

function of the inverter is to transform the Direct Current performance of the solar panels 

into an Alternating Current variable. Conversion helps by the different electrical and 

electronic components connected in the circuit [43].  
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     A large variety of voltages and currents must be regulated for the main inverter 

properties, the output voltage and frequency, and an effective energy efficiency for 

active operation must be achieved.  

 

 DC–AC converters must perform the grid connection with the grid–connected PV 

system, by inverting the dc current which comes from the PV array into a sinusoidal 

waveform synchronized with the utilities grid .The DC–AC converter is also used to 

stabilize the DC–bus voltage to a specified amount since the PV output voltage varies 

with MPPT (max. power point tracking) temperature, irradiance, and effect. Based on 

its topology, the DC–AC conversion systems can be graded as follows: 

1- Single–stage inverter: in one processing stage, MPPT and grid–current control are 

handled as show in Figure 13. 

2- Dual–stage inverter: a DC–DC converter work the MPPT, and a DC–AC oversees 

the control of the grid current as show in Figure 14. 

3- Multistage inverter: many DC–DC converters are run for the MPPT and only one 

DC–AC converter takes the responsibility of the grid–current control as show in 

Figure 15. 

 

 

Figure 13: Single–stage inverter [43] 

 

 

Figure 14: Dual–stage inverter [43] 
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Figure 15: Multistage inverter [43] 

 

      The inverters previously are shown to provide an idea of the control and the DC–

DC converter’s application. It is worth discussing in more detail how the PV modules 

are connected with inverters and these are connected with the grid. There are four 

configurations commercially accepted: 

1- Central–plant inverter: The DC output power of the PV array is normally converted 

to AC power through a large inverter. The PV modules in this system are serial 

strings and multiple strings are attached to a single DC–bus parallel. can apply a 

single or a dual–stage inverter. This configuration is shown in Figure 16.  

2- Multiple-string DC–DC converter: The DC galvanic converter located in each series 

can be isolated. There is a common DC connection, which supplies a DC–AC 

transformer without transformer. As in Figure 17, this design can only be 

implemented by a multi–stage inverter.  

3- Multiple–string inverter: A string is attached to several PV modules in series on the 

side of the DC. A smaller individual inverter transforms the output for each string 

into AC. Several of these inverters are parallel to the AC side, as shown in Figure 

18. For this type of configuration, a single or dual–stage inverter may be used. 

4- Module–integrated inverter: A small inverter is in each module and each is 

connected to an AC–bus in parallel with the AC grid. Once more, it is possible to 

use a single or two–stage inverter. This configuration is shown in Figure 19.  

 



 

41  

                 

Figure 16: Central–plant inverter [43] 

 

 

 

Figure 17: Multiple–string DC–DC converter [43] 

 



 

42  

                          

Figure 18: Multiple–string inverter [43] 

 

 

Figure 19: Module–integrated inverter [43] 

 

The MPPT is not performed by a DC–DC stage; the inverter is performed and is 

also responsible for regulating the grid current. It is important to note that all voltage or 

current readings are done in the photovoltaic array. It's an indirect MPPT, likely because 

of the behavior that matches the characteristic of the DC–DC converter output I–V and 

the characteristic of the PV array I–V when paired. The reliability of the PV array I–V 

without control intervention then serves as a fundamental feature for a DC–DC 

converter.  

 

3.3.4. Load 

a) Inductive loads. 

Inductive Loads is any Electrical machine that consisting of Wire coil (Winding), 

or Working based on Magnetic Induction Working Principle Inductive loads use Active 
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Power and gives Reactive Power, Inductive Loads makes the current rate blockable, so 

the current becomes Lagging from the Voltage Wave. Due to change in the wave's 

position.   

Example: 

- Air compressor  

- Washing machine 

- Transformer 

 

b) Capacitive load. 

The capacitive load is any electrical system capable of capacitance, namely the 

ability to absorb electrical energy at a certain time, capacitive loads spend active power, 

and release reactive power, such that power factors can be adjusted within certain limits. 

Capacitive loads cause the voltage rate to be blocked, resulting in a change in the current 

wave position leading to the voltage wave, Capacitors (Condensers) are electrical 

devices like the Capacitive Load type [44]. 

3.4.  Islanding Modelling  

islanding in our proposed system, the islanding is model by 3-phase time switch 

connected between the output solar system and the grid  

 

3.5. Control of the Solar System Output 

Multiple MPPT techniques are recently being developed. MPPT most used to track 

MPP:  

A. Perturb and Observe (P&O) technique 

B. Incremental conductance (IncCond) technique  

This distinguishes P&O technology, fast, low cost, and easy to implement, but the 

disadvantage of this technology is that it is not applied MPPT to a change of step. Drift 

problem is step variation in irradiance causes MPP to miss by the P&O controller 

resulting in high power loss.  

 

The IncConds technique is not easy to implement, such as the one used by P&O, but 

avoids the drift issue because its implementation relies on the output power and the 

voltage change from the PV modulus. [45].  
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MPPT Control: Two rising methods for MPPT are used, as demonstrated earlier. In 

addition to the comprehensive disadvantages outlined above, the P&O technique has the 

drift problem, so that the P&O is not ideal for modifying the solar irradiation phase. So, 

will use the IncCond MPPT technique in this research. 

        

Incremental Conductance Method: Under variable weather conditions, MPPT is the 

most efficient technology that delivers good performance without drift problem. The 

action of the IncCond MPPT technique depends on the slope of the P–V curve becoming 

zero at the MPP, Left of the MPP positive and right of the MPP negative. 

 

The mathematical model:  

The output power from the PV module  

 

𝑃 = 𝑉 ∗ 𝐼                                                                                                                                  (9) 

 

When the point of operation is at MPP, the equation will be 

 

𝑑𝑝

𝑑𝑣
= 0                                                                                                                                        (10) 

𝑑

𝑑𝑡
= [𝑣 ∗ 𝑖] = 𝑖 + 𝑣

𝑑𝑖

𝑑𝑣
= 0                                                                                               (11)     

                                  

Then, 

 

𝑑𝑖

𝑑𝑣
= −

𝑖

𝑣
                                                                                                                                      (12) 

 

If the point of operation is to the left of the MPP , the equation,  

 

𝑑𝑖

𝑑𝑣
=> −

𝑖

𝑣
                                                                                                                                      (13) 

 

If the operating point is at the right side of the MPP, the equation 
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𝑑𝑖

𝑑𝑣
=< −

𝑖

𝑣
                                                                                                                                      (14) 

 

 

Mathematically, as demonstrated earlier:  

 

𝑑𝑖

𝑑𝑣
+

𝑖

𝑣
= 0                                                                                                                                         (15) 

 

An error signal is provided to indicate that the MPP is at the left or the right when 

the MPP is not reached.  this fault signal is applied to the switch to regulate the output 

from the PV module. As an end, it can say that: Regulator output = Duty Cycle 

Correction [46]. The flow diagram of IncCond MPPT technique is explained in Figure 

20. 

 

 

Figure 20: flow diagram of Incremental Conductance MPPT technique [45] 

3.6. Signal Analysis 

 The signal is analyzed by different measures in the time and frequency field. This 

analysis is called the wavelet transformation theory. the Wavelet Transform can extract 

information from passing signals in the time and frequency ranges simultaneously. 

Therefore, Wavelet Transform is an effective tool for studying transient phenomena in 
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the energy system. In any solar power system, the Solar Inverter is an important tool. 

The fundamental function of the inverter is to transform the Direct Current performance 

of the solar panels into an Alternating Current variable. Conversion helps by the different 

electrical and electronic components connected in the circuit [47].   

 

 There are many types of WTs, and one method is preferred over the other according 

to the application. The time and scale parameters are usually continuous for a continuous 

input signal, and so the obvious choice is continuous wavelet transformation (CWT). On 

the other hand, for discrete–time signals, the discrete WT can be defined, resulting in 

discrete wavelet transformation (DWT).   

 

      Discrete wavelet transforms (DWT): Restricting the use of CWT to the 

abundance of information used and the high effort exerted to calculate all possible 

translations and metrics. This type is replaced by another type of analysis such as DWT 

in which hiding the scale and translation factors . 

 

            There are many ways to implement the DWT definition, the main ones being the 

bands of decomposition and the pyramid of decomposition (or the Multi–Resolution 

Analysis –MRA). The Continuous signal DWT x(t) is given with:  

 

(𝐷𝑊𝑇)(𝑚, 𝑝) = ∫ 𝑥(𝑡) ⋅ 𝜓𝑚,𝑝
+∞

−∞
𝑑𝑡                                                                               (16)   

 

where 𝜓𝑚,𝑝  forms base of wavelet functions, by applying the dilation 𝑚  and 

translation 𝑝 parameters, respectively to create a translated and dilated of the mother 

wavelet. 𝜓𝑚,𝑝 is known as : 

 

𝜓𝑚,𝑝 =
1

√𝑎0
𝑚 𝜓(

𝑡−𝑝𝑏0𝑎0
𝑚

𝑎0
𝑚 )                                                                                                           (17) 
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The DWT of a discrete signal 𝑥[𝑛] is derived from CWT and defined as:  

 

(𝐷𝑊𝑇)(𝑚, 𝑘) =
1

√𝑎0
𝑚∑𝑥[𝑛] ⋅ 𝑔 (

𝑘−𝑛𝑏0𝑎0
𝑚

𝑎0
𝑚 )                                                                           (18)  

  

where g(*) is the mother wavelets and 𝑥[𝑛] is the discretized signal function. 

 By selecting the scaling and translation parameters 𝑎 =  𝑎0
m  and 𝑏 =  𝑛𝑏0𝑎0

𝑚 

respectively (with fixed constants 𝑎0  >1, 𝑏0  >1, 𝑚  and 𝑛  belonging the group of 

positive integers) can The mother wavelets be dilated and translated discretely. 

 

 Multi–resolution analysis (MRA): A multi–resolution analysis (MRA) offered by 

WT will minimize the problems of temporal resolution and frequency encountered in 

the study of signals with the STFT (best resolution in time at the expense of a poorer 

resolution in frequency and vice versa). Temporal resolutions, Δt, and frequency, Δf, 

represent the time and frequency of accuracy in signal processing. All parameters differ 

in time and frequency, and in signal processing using WT, respectively. Higher time 

resolution could be accomplished at the expense of frequency resolution in the STF. 

Temporary resolution should increase the filter bank's center frequency when analyzing 

from the filter series point of view. Tax is therefore that Δ𝑓 is proportional to 𝑓, i.e.  

 

𝛥𝑓

𝑓
= 𝑐                                                                                                                                                     (19)   

 

where 𝑐 is constant. The principal difference between DWT and STFT is the parameter 

of time scaling [49].  
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Continuous wavelet transform (CWT) : The CWT is defined as:     

 

CWT(a ,  b) = ∫ x(τ)


−
ψ∗

a,b
  dτ                                                                                                (20) 

 

where 𝑥(τ) is the signal to be analyzed, ψ∗
a,b

 is the mother wavelet scaled by a factor 

(𝑎),  shifted by a factor (b), High and low scales correlate with low and high frequencies, 

and * stands for complex conjugation.  

 

 Wavelet packet decomposition Transform: The wavelet transform is applied to the 

three phase voltage signals. It decomposes a signal with a better time resolution as 

compared to the short time Fourier transform. Any signal is split into its basic parts. A 

single function ψ is transformed into ‘wavelets’ with the use of dilations and translations. 

For a continuous signal x(t), The continuous transformation wavelet (CWT) is defined 

below.  

 

 𝐶𝑊𝑇𝑥
ψ(τ ,  𝑎) =

1

√𝑎
∫ 𝑥(𝑎τ).


−
ψ∗( 

τ−𝑏

𝑎
 ) dτ                                                                    (21)   

 

Where, ψ(t) represents the mother or basic wavelet, 𝑎 is the scale factor and operate to 

translate the function across x(t); it allows the compression or expansion of ψ(t), and τ 

is the variable to adjust the time scale of the probing function ψ. 

 

The wavelet packet is an extension of the DWT (Discrete Wavelet Transform). DWT 

decomposes only the low frequency components of a signal. WPD splits the low 

frequency components called approximations as well as the high frequency components 

called details into sublevels. As a result, WPD provides a better frequency resolution for 

the decomposed signal than DWT. It can be called a continuous time wavelet 

decomposition with distinct sampling frequencies at every level or scale. WPD is 
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beneficial in combining the separate levels of decomposition to construct the original 

signal.  

 

  Fast Fourier Transforms: Fourier series is an analysis of a periodic function that 

leads to extracting the sequence of sines and cosines which will replicate the function 

when superimposed. The simple transformation of Fourier is a mathematical way of 

converting a time function into a frequency function. It is often defined as a transition 

from the time domain to the frequency domain. It is very useful for evaluating 

phenomena depending on time [48]. Table 1 represents a comparison between Fourier 

Transform and Wavelet transform. 

 

Table 1: Comparison between Fourier transform, and wavelet transform 

Fourier Transform Wavelet Transform 

𝑋(f) = ∫ 𝑥(τ).


−
𝑒−𝑖𝑤τ) dτ                                                               𝐶𝑊𝑇𝑥

ψ(τ ,  𝑎) =
1

√𝑎
∫ 𝑥(𝑎τ).


−
ψ∗( 

τ−𝑏

𝑎
 ) 

dτ                                                               

appropriate for stationary signals  appropriate for stationary signal and 

non–stationary signal 

The signal is converted from the time 

domain to the frequency signal by the 

Fourier Transform. Fourier Transform 

gives two–dimensional data on any 

signal showing the different frequency 

components in a signal and the 

corresponding amplitudes. 

Gives full three–dimensional data on any 

signal  Such as: What are their amplitudes 

and What are the different frequency 

components present in any signal and at 

the time axis when the various frequency 

components are present 

Fourier transform has very high 

frequency resolution and zero–time 

resolution 

Wavelet transform has high time 

resolution and high frequency resolution 

as well as time and frequency resolution 

can also be changed. 
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The signal is converted into sine and 

cosine waves of various amplitudes and 

frequencies in Fourier analysis 

In wavelet transform, the signal is 

converted into scaled and translated 

version of mother wavelet 

Fourier transform is not suitable for 

studying the local behaviour of signal. 

wavelet transform is very suitable for 

studying the local behavior of the signal 

for example discontinuity or spikes 

In Fourier transform, the input can be a 

real or complex function, but its output is 

always complex 

In wavelet transform, the input can be a 

real or complex function but its output 

may be real or complex 

In Fourier analysis, the signal is 

converted into sine and cosine waves of 

various amplitude and frequencies the 

shape of sine and cosine wave and 

smooth and can be predicted 

In wavelet analysis, the signal is 

converted into scaled and translated 

version of mother wave which is very 

irregular and cannot be predicted. The 

mother wavelets are more suitable for 

predicting the local behavior of the 

signal such as irregularities and spikes 
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3.7. Simulation  

The system under study is simulated using the MATLAB / SIMULINK platform. 

The main system blocks are solar panels, boost converter, inverter, load, 3–phase switch 

and the grid. inputs to the PV solar panel are temperature and irradiance to catch the 

Maximum power of the solar cell. The output from the solar is a DC voltage. Then, a 

boost converter is used to step up the fluctuating solar panel voltage to a higher constant 

DC voltage to be entered into the inverter. The output of the inverter is a 3–phase AC 

voltage. The inverter is connected to the grid through a transmission line and a step–up 

transformer. The load is supplied from the grid and PV system.  

 

3.8. Islanding Detection Methods 

 The different Islanding problems make it important to detect it, and its 

protection is also required. In this field, a significant number of researchers contributed. 

Insulations are identified by different methods. The passive method uses the quantities 

available locally, such as voltage or frequency signal.in this thesis the islanding was 

detected using the voltage signal. The voltage signals are analyzed using two method 

Fast Fourier Transform and wavelet Transform. 

 

To do the analysis of Fast Fourier Transform, a MATLAB toolbox is used. This 

toolbox is named as powergui which takes the 3–phase voltages at the inverter side 

across the load. The time of the signal is between 0 and 0.5 second. The fundamental 

frequency of 60 Hz is used, and the maximum frequency reaches 1000 Hz .The analysis 

is done on one cycle of the signal which is at 0.16 sec, when the circuit breaker is opened 

to separate the PV system from the utility grid simulating the islanding phenomenon. 

This simulation was done and tested on two types of load which are inductive and 

capacitive loads at full loads. 

 

        In the wavelet transform analysis, a MATLAB toolbox is used to convert the 

3–phase voltage signals into an array to be able to analyze them in wavelet application. 

This toolbox is named as (To Workspace). Haar mother wavelet was used at level five 

this means fives details will be presented. This simulation was done and tested on two 
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types of load which are inductive and capacitive loads at four different levels of the 

loads. These levels are full loads, 25% of the load, 50% of the load and 75% of the load. 

 

 



 

CHAPTER 4 

RESULTS 

 

Signals output from simulation are analyzed by two different methods Discrete 

Fourier transform and discrete wavelet transform to detect the occurrence of islanding. 

The two methods were used on two types of loads capacitive and inductive. 

 

4.1. Discrete Fourier Transform Based Islanding Detection 

Discrete Fourier Transform [48] is one of digital signal processing's most 

powerful tools that helps to identify the spectrum of a finite–duration signal. Fast 

Fourier Transform was used to analyze the system before and during the islanding.    

 

4.1.1 Case (1)  

In this case, the Discrete Fourier transform analysis method was tested with 

capacitive load. Figure 20 shows the analysis of the voltage signal using FFT at full 

load capacitive case. The figure is divided into two plots, the first plot shows the 

selected voltage signal. The cycle in red represents the cycle of analysis. The second 

plot represents the Fast Fourier Transform analysis. In This case for a simulation time 

of 0.2 seconds, starting with the system connected to the grid and Islanding occurs after 

0.16 seconds from starting. 
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Figure 21: Simulation results before the islanding with capacitive load 

 

In Figure 21, the total harmonic distortion is 2.97% before the occurrence of the 

islanding, and when comparing with the analysis of the same case after the occurrence 

of islanding in Figure 22 which shows that the total harmonic distortion increased due 

to islanding by 33.78%. It can be noticed that the total harmonic distortion reaches a 

considerable value of 36.75%. 

 

 

Figure 22: Simulation results after islanding with capacitive load 
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4.1.2 Case (2)  

Figure 23 shows the analysis of the voltage signal using FFT at full load 

inductive case. The figure is divided into two plots, the first plot shows the selected 

voltage signal. The cycle in red represents the cycle of analysis. The second plot 

represents the Fast Fourier Transform analysis. In This case for a simulation time of 0.2 

seconds, starting with the system connected to the grid and Islanding occurs after 0.16 

seconds from starting. In the case of inductive loads, the total harmonic distortion was 

12.8% before the occurrence of the islanding as shown in Figure 23 and it did not 

change after the occurrence of the islanding, as shown in Figure 24. 

 

 

Figure 23: Simulation results before the islanding with inductive load 
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Figure 24: Simulation results after islanding with inductive load 

4.2. Wavelet Transform Based Islanding Detection 

             The Wavelet transform analyzed the signals by converting any distorted signal 

to a time–frequency characteristic. A time–frequency domain approach is needed to 

accurately analyze any distorted signal since the Fourier transform approach is only 

applied to periodic fixed waveforms and is unable to provide information in time during 

the analysis. With the help of wavelet analysis, the signal can be transformed into its 

parts for accurate analysis. While the Fourier converts the signal into a sequence of sine 

waves of varying frequencies. Wavelet analysis allows long time ranges to be used in 

low–frequency information and shorter regions in high–frequency data. The 

approximations are high–scale, low–frequency signal components and the details are 

components of low–scale, high frequency. The efficiency of the anti–islanding 

detection technique depends primarily on the selection of the correct mother wavelet 

[47].  

 

              The wavelet transform technique was implemented on eight cases. These cases 

can be divided into two groups; one group is done on different levels of capacitive 

loads, and the other group is done on different levels of inductive loads. These different 

levels are full load, 25 percent of the loads, 50 percent of the loads and 75 percent of 

the loads.  
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4.1.3 Case (1): Full load capacitive type 

In this case, the wavelet transform analysis method was tested with full load 

capacitive type. The following figure 25, represents the results of the full load haar 

mother wavelet analysis. The figure is divided into 7 plots, these are s, 𝑎5 , 

𝑑5,𝑑4,𝑑3,𝑑2 and 𝑑1. S represents the signal,𝑎5 is for level five approximation and 𝑑𝑖 

for details of 𝑖𝑡ℎ  level where 𝑖is from (1 to 5). The amplitude of S and 𝑎5  varies 

between - 400 and 400. 

 

 

Figure 25: Full load haar mother wavelet capacitive case. 

In Table 2, a summary of the full load results of the haar mother wavelet analysis 

technique is presented before the islanding the value was zero for all the details. after 

the islanding 𝑑1 had a value of 0.2,𝑑2 was 0.4, the value of 𝑑3 was 0.5,𝑑4 was 1, and 

lastly𝑑5was 2. 

Table 2: Results of full load haar mother Wavelet capacitive case. 

Details 
Haar Mother Wavelet at Level 5 

Before Islanding After Islanding 

D1 0 0.2 

D2 0 0.4 

D3 0 0.5 

D4 0 1 

D5 0 2 
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4.1.4 Case (2): 25% of full load capacitive type  

Figure 26 shows the results of 25% from the load using haar mother wavelet 

analysis. The figure is divided into 7 plots, these are s, 𝑎5, 𝑑5,𝑑4,𝑑3,𝑑2  and 𝑑1. S 

represents the signal,𝑎5 is for level five approximation and 𝑑𝑖 for details of 𝑖𝑡ℎ level 

where 𝑖is from (1 to 5). The amplitude of S and 𝑎5 varies between - 500 and 500. 

 

 

Figure 26: 25% from full load haar mother wavelet captative case. 

The results of the haar mother wavelet technique with 25% of the load under 

different details are summarized in Table 3. before the islanding the value was zero for 

all the details. after the islanding 𝑑1had a value of 0.5,𝑑2 was 1, the value of 𝑑3 was 

2,𝑑4 was 4, and lastly𝑑5 was 5. 

Table 3: Results of 25% from full load haar mother Wavelet capacitive case. 

Details 
Haar Mother Wavelet at Level 5 

Before Islanding After Islanding 

D1 0 0.5 

D2 0 1 

D3 0 2 

D4 0 4 

D5 0 5 
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4.1.5. Case (3): 50% of full load capacitive type  

Figure 27 shows the results of 50% from the load using haar mother wavelet 

analysis. The figure is divided into 7 plots, these are s, 𝑎5, 𝑑5,𝑑4,𝑑3,𝑑2  and 𝑑1. S 

represents the signal,𝑎5 is for level five approximation and 𝑑𝑖 for details of 𝑖𝑡ℎ level 

where 𝑖is from (1 to 5). The amplitude of S and 𝑎5 varies between - 400 and 400. 

 

 

Figure 27: 50 % from full load haar mother Wavelet capacitive case 

The following Table 4 shows the results of haar mother wavelet analysis method 

under 50% of the full load with different details. before the islanding the value was zero 

for all the details. after the islanding 𝑑1had a value of 0.2,𝑑2 was 0.5, the value of 𝑑3 

was 1,𝑑4 was 2, and lastly𝑑5 was 5. 

Table 4: Results of 50% from full load haar mother Wavelet capacitive case. 

Details 
Haar Mother Wavelet at Level 5 

Before Islanding After Islanding 

D1 0 0.2 

D2 0 0.5 

D3 0 1 

D4 0 2 

D5 0 5 
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4.1.5 Case (4): 75% of full load capacitive type  

Figure 28 shows the results of 75% from the load using haar mother wavelet 

analysis. The figure is divided into 7 plots, these are s, 𝑎5, 𝑑5,𝑑4,𝑑3,𝑑2  and 𝑑1. S 

represents the signal,𝑎5 is for level five approximation and 𝑑𝑖 for details of 𝑖𝑡ℎ level 

where 𝑖is from (1 to 5). The amplitude of S and 𝑎5 varies between - 400 and 400. 

 

 

Figure 28: 75% from full load haar mother Wavelet capacitive case. 

The following Table 5 summarizes the results of the haar mother wavelet 

analysis on 75% of the full load before and after the occurrence of the islanding with 

different details. Before the islanding the value was zero for all the details. After the 

islanding 𝑑1 had a value of 0.2,𝑑2 was 0.4, the value of 𝑑3 was 0.5,𝑑4 was 1, and 

lastly𝑑5 was 2. 

Table 5: Results of 75% from full load haar mother Wavelet capacitive case. 

Details 
Haar Mother Wavelet at Level 5 

Before Islanding After Islanding 

D1 0 0.2 

D2 0 0.4 

D3 0 0.5 

D4 0 1 

D5 0 2 
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4.1.6 Case (5): full load inductive type  

In this case, the wavelet transform analysis method was tested with full load 

inductive type. Figure 29 shows the results of full load using haar mother wavelet 

analysis. The figure is divided into 7 plots, these are s, 𝑎5, 𝑑5,𝑑4,𝑑3,𝑑2  and 𝑑1. S 

represents the signal,𝑎5 is for level five approximation and 𝑑𝑖 for details of 𝑖𝑡ℎ level 

where 𝑖is from (1 to 5). The amplitude of S varies between - 3000 and 0 and  𝑎5 varies 

between - 500 and 500. 

 

 

Figure 29: Full load haar mother Wavelet inductive case. 

Table 6 describes the full load findings from the technique of haar mother 

wavelet analysis. Before the islanding the value was zero for all the details. after the 

islanding 𝑑1had a value of 200,𝑑2 was 1000, the values of 𝑑3 and𝑑4 were 500, and 

lastly𝑑5 was 200. 

Table 6: Results of full load haar mother wavelet inductive case. 

Details 
Haar Mother Wavelet at Level 5 

Before Islanding After Islanding 

D1 0 200 

D2 0 1000 

D3 0 500 

D4 0 500 

D5 0 200 
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4.1.7 Case (6): 25% of full load inductive type  

Figure 30 shows the results of 25% from the load using haar mother wavelet 

analysis. The figure is divided into 7 plots, these are s, 𝑎5, 𝑑5,𝑑4,𝑑3,𝑑2  and 𝑑1. S 

represents the signal,𝑎5 is for level five approximation and 𝑑𝑖 for details of 𝑖𝑡ℎ level 

where 𝑖is from (1 to 5). The amplitude of S varies between - 4000 and 0 and  𝑎5 varies 

between - 500 and 500. 

 

 

Figure 30: 25% from full load haar mother wavelet inductive case 

Table 7 summarizes the results of the haar mother wavelet technique with 25 % 

of the load under different conditions. Before the islanding the value was zero for all 

the details. After the islanding 𝑑1 had a value of 1000,𝑑2  was 2000, the values of 

𝑑3,𝑑4 and 𝑑5 were 500. 

Table 7: Results of 25% from load haar mother Wavelet inductive case. 

Details 
Haar Mother Wavelet at Level 5 

Before Islanding After Islanding 

D1 0 1000 

D2 0 2000 

D3 0 500 

D4 0 500 

D5 0 500 
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4.1.9. Case (7): 50% of full load inductive type  

Figure 31shows the results of 50% from the load using haar mother wavelet 

analysis. The figure is divided into 7 plots, these are s, 𝑎5, 𝑑5,𝑑4,𝑑3,𝑑2  and 𝑑1. S 

represents the signal,𝑎5 is for level five approximation and 𝑑𝑖 for details of 𝑖𝑡ℎ level 

where 𝑖is from (1 to 5). The amplitude of S varies between - 4000 and 0 and  𝑎5 varies 

between - 500 and 500. 

 

 

Figure 31: 50 % from full load haar mother Wavelet inductive case 

The following Table 8 displays the haar mother wavelet analysis process results 

with specific information below 50% of full load. Before the islanding the value was 

zero for all the details. After the islanding 𝑑1 had a value of 200,𝑑2 and 𝑑5 were 500, 

the values of 𝑑3 and 𝑑4 were 1000. 

Table 8: Results of 50% from full load haar mother Wavelet inductive case. 

Details 
Haar Mother Wavelet at Level 5 

Before Islanding After Islanding 

D1 0 200 

D2 0 500 

D3 0 1000 

D4 0 1000 

D5 0 500 
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4.1.8 Case (8): 75% of full load inductive type  

Figure 32 shows the results of 75% from the load using haar mother wavelet 

analysis. The figure is divided into 7 plots, these are s, 𝑎5, 𝑑5,𝑑4,𝑑3,𝑑2  and 𝑑1. S 

represents the signal,𝑎5 is for level five approximation and 𝑑𝑖 for details of 𝑖𝑡ℎ level 

where 𝑖is from (1 to 5). The amplitude of S varies between - 4000 and 0 and  𝑎5 varies 

between - 500 and 500. 

 

 

Figure 32: 75% from full load haar mother Wavelet inductive case . 

Table 9 presents 75 % of the full load before and after the islanding with specific 

descriptions of the effects of the mother haar wavelet study. Before the islanding the 

value was zero for all the details. After the islanding 𝑑1 had a value of 1000, the values 

of𝑑2 ,𝑑3, 𝑑4 and 𝑑5 were 500 

Table 9: Results of 75% from full load haar mother Wavelet inductive case. 

Details 
Haar Mother Wavelet at Level 5 

Before Islanding After Islanding 

D1 0 1000 

D2 0 500 

D3 0 500 

D4 0 500 

D5 0 500 
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CHAPTER 5 

DISCUSSION 

 

The voltage signal is analyzed before the photovoltaic system is disconnected 

from the grid. In the Fourier method, the result of the analysis shows that the signal 

contains 2.97 % of the total harmonic distortion before the islanding occurs in the 

capacitive case as shown in Figure 21. After the occurrence of the islanding, the 

percentage of the total harmonic distortion increased by 33 % in the capacitive case 

only to reach 36.75% as shown in Figures 22. In the inductive case, the percentage of 

the total harmonic distortion before the islanding occurrence was 12.8% as shown in 

Figure 23, the percentage of total harmonic distortion did not change after the 

occurrence of the islanding as shown in Figure 24, therefore, the Fourier analysis did 

not detect the occurrence of the islanding in this case. 

 

The wavelet analysis method was implemented in two cases: the inductive load 

case and capacitive load case. In the capacitive case, the method was tested on full load 

as shown in Figure 25, 25% loading as shown in Figure 26, 50% loading as shown in 

Figure 27 and 75% as shown in Figure 28.in the inductive case, the method was tested 

on full load as shown in Figure 29, 25% loading as shown in Figure 30, 50% loading 

as shown in Figure 31 and 75% as shown in Figure 32. All these cases are analyzed 

using haar mother wavelet level 5. Results show that the instant of islanding is detected 

accurately, and the amplitude of the details signals before the occurrence of the 

islanding is zero. After the islanding occurrence, the amplitude of all details increased 

to a measurable value greater than zero for all cases. 

  

When comparing the two methods of signal analysis, it showed that the fast 

Fourier transform method succeeded in detecting the occurrence of islanding in the 

capacitive case and was not able to detect the occurrence of the islanding when the load 

is mainly inductive. On the other hand, the analysis of wavelet transforms, showed that 

it succeeded in detecting the occurrence of the islanding in all cases with different loads 

whether it is the capacitive case or inductive case.  
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  The wavelet transform analysis method has confirmed its effectiveness in 

detecting the separation of the PV system from the grid instantly. Whereas the Fourier 

method may either experience some delay in detecting the occurrence of the islanding, 

or it will not be able to detect the occurrence of the islanding at all. Wavelet 

transformation allows the use of long–time intervals in low–frequency information and 

shorter regions in high–frequency information, therefore the wavelet method is faster 

than the Fourier method in detecting the occurrence of the islanding.  

 

The wavelet transform method will be part of any monitoring system to detect 

the occurrence of the islanding in the fastest time to reduce the negative impact of 

islanding on the loads. The following flowchart in Figure 33 explains the signal analysis 

mechanism using the Wavelet transform method. After checking all cases, the time 

required to detect the islanding is only the duration of one cycle which means fast 

detection and fast response of the relaying system. 

 

Figure 33 shows a flowchart explaining the steps of the program used in 

detecting islanding using wavelet transform and can be implemented as a part of the 

relaying algorithm. At first, samples of the 3–phase voltages are measured, then 

analyzed by wavelet transform. If the values of the details amplitude are greater than 

zero or certain thresholds, the decision is islanding detection and action will be taken 

through a protection system. If not, this means normal operation and the program return 

to take another voltage sample.  
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Figure 33: Signal analysis using the Wavelet transform method. 

 

The previous software program will be part of a relaying algorithm when 

designing a fast, and effective protection system for those systems equipped with 

renewable resources and contains classical high and low voltage relays and high and 

low-frequency relays. 
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CHAPTER 6 

CONCLUSIONS AND FUTURE WORK 

 

6.1. Conclusions 

This thesis presents a design of a software program the can be adopted in the 

classical high and low voltage and high and low-frequency relays algorithm to detect 

islanding for those systems equipped with renewable energy sources connected to the 

grid. 

 

 Island mode occurs when the renewable energy source is disconnected from 

the main utility grid, and loads get energy through the PV system. This situation may 

result in many potential problems caused by the power supply without the control or 

supervision of the network.  

 

The system under study is a PV system connected to the grid. The proposed 

system has been modeled and simulated using the MATLAB/SIMULINK software 

package. Simulation of the system with and without the occurrence of Islanding has 

been presented under different loading types and for different levels of loading. 

 

Two methods were used to detect the islanding; Fast Fourier Transform and 

Discrete Wavelet Transform. In the fast Fourier method, the islanding event was 

detected only in the capacitive case, but the islanding was not detected in all cases, 

including the inductive load whereas the wavelet transform method succeeded in 

detecting all the occurrence of the islanding in the fastest time. 

 

 In Islanding detection, the fast response of wavelet analysis can be introduced 

as a part of the relay algorithm. This will support the design of a stable, quick response 

and effective renewable energy protection program for development protection. 
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6.2. Future work 

 

For future work, it is suggested to apply in a real-time system as the development 

of a protection system equipped with renewable energy sources. The simplicity of 

wavelet analysis will ensure the effectiveness of the proposed system in real-time. 
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