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 Islanding is when an area of the electrical distribution system is isolated from 

the electrical system while being powered by distributed generators. An 

important condition for the interconnection of power plants and distribution 

systems is the ability of the power plant to detect islands. The presented and 

proposed method is a combination of best active sandia frequency shift (SFS) 

method with the intelligent fuzzy logic controller, which has been tested in 

distributed production using the island detection function. And the choice to 

improve the method by fuzzy logic control (FLC) is retained, as this process 

is more effective in decreasing the non-detection zone (NDZ) and in further 

improving the efficiency of the islanding detection system. This paper 

proposes a new active islanding detection technique controlled by a fuzzy 

logic controller, for grid connected photovoltaic (PV) inverters. In addition, 

the efficiency and performance of the proposed method strategy for islanding 

detection has been analyzed and tested in the various situations of the 

network. In addition, the results of the simulations with the power simulation 

(PSIM) software will be provided to illustrate the main conclusions and the 

development of the control. Thus, will be used to show the feasibility and 

validity of the proposed new algorithm. 

Keywords: 

Fuzzy logic  

Grid connected PV inverters 

Islanding detection 

NDZ 

Sandia frequency shift 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Naima Ikken 

Department of the Physics and Engineering Science 

Hassan I University 

FSTS, Km7, Road Casablanca, Settat, Morocco 

Email: naima.ikken@gmail.com 

 

 

1. INTRODUCTION  

Distributed generators that are unplugged from the main grid and continue to supply electricity to 

loads form an island with those loads. This is called islanding and can be voluntary or involuntary. Indeed, 

during grid maintenance, grid outages can lead to generator islands [1], [2]. Since the loss of the network is 

voluntary, the island is well known and can be closed by the staff member concerned [3], [4]. Involuntary 

islands associated with accidental network outages have aroused a great deal of interest. Indeed, various risks 

result from them: Degradation of electrical equipment in case of important voltage and frequency drifts, 

problems of phase shift between the decentralized generators and the network when closing after a fault, thus 

risks for the safety of the public and maintenance personnel. Therefore, it is necessary to detect any islanding 

situation and to minimize the time of operation of the islanding system. The methods for detecting islanding 

can be divided into three categories: Passive methods integrated into the inverter, active methods integrated 

into the inverter, and grid level methods [5], [6]. This is well explained in Figure 1. 

https://creativecommons.org/licenses/by-sa/4.0/
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Therefore, the methods for detecting islanding in scientific papers are mainly developed for 

distributed generation systems with solar panels as energy sources. After analyzing the existing methods of 

islanding detection, one method was selected. In fact, the chosen technique is a combination of the best 

classical SFS method with the intelligent fuzzy logic controller. The chosen technique is the active sandia 

frequency shift (SFS) method. This method was selected since it currently seems to be one of the most 

effective active methods to prevent islanding situations. In fact, it has the lowest nanodisk (ZND). In 

addition, it is easy to install, inexpensive and remains effective when more than one inverter is connected in 

parallel to the same connection point. And the choice to improve the method by controlling fuzzy logic is 

retained, because this process is more effective in reducing the ZND and further improving the efficiency of 

the islanding detection system. 

 

 

 
 

Figure 1. Classification of islanding detection methods 

 

 

2. SANDIA FREQUENCY SHIFT (SFS) 

This method of islanding detection, also known as active frequency drift with positive feedback, is 

an extension of the frequency bias method [7], [8]. However, the SFS method uses positive feedback. This 

feedback will be applied to the voltage frequency of the interconnection point and will try to generate 

interference on the grid by changing the frequency of the inverter output current to detect islanding more 

quickly [8], [9]. In order to set the inverter frequency to a different strategy than the grid frequency, as shown 

in Figure 2, the inverter output current shape is smoothly added or switched off [10], [11].  

Figure 2 shows the example of the PV system inverter with an undistorted sine waveform for 

comparison. During the first half of the cycle, the output current of the PV system is a sine waveform with a 

frequency higher than the frequency of the point of common coupling (PCC) voltage. If the PV inverter's 

output current reaches zero, it stays at zero for the time tz before starting the second half of the cycle. The higher 

frequency also applies to the second half of the current cycle. The dead time of the second cycles is not set by the 

PV inverter [12], [13]. 

A positive reaction is used to increase cutting factor 𝑐𝑓, which is mathematically defined as the ratio 

between time zero 𝑡𝑧 and half of the period of the PCC voltage waveform, 
𝑇𝑣

2
. Therefore, 

 

𝑐𝑓 =
2𝑡𝑧

𝑇𝑟
 (1) 

 

with the frequency deviation from nominal increasingly. The error is usually chosen to be a linear function of 

the increasing PCC voltage frequency [14]. 

 

𝑐𝑓 = 𝑐𝑓0 + 𝐹(△ 𝑓) (2) 
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𝑐𝑓 = 𝑐𝑓0 + 𝑘𝑠𝑓𝑠(𝑓 − 𝑓𝑔) (3) 

 

Where  𝑐𝑓0 is a chopping factor when there is no frequency error, and 𝑘𝑠𝑓𝑠is an accelerated gain [15], [16]. 

The SFS waveform has neither odd nor even symmetry; consequently, there will be a phase shift of the 

fundamental component of this form, wave equal to 0.5 𝜔𝑡𝑧. If the zero current segments are small, the 

components harmonics of the current are also small, the SFS current can be approximated by its set of out-of-

phase fundamental components. Thus, the angle of the inverter's fundamental current component varies with 

the frequency of the PCC, and the cutting factor cf [6], [7]. 

 

𝜃𝑠𝑓𝑠(𝑓) =
𝜔𝑡𝑧

2
= 𝜋𝑓𝑡𝑧 (4) 

 

So, 

 

𝜃𝑠𝑓𝑠(𝑓) =
𝜋𝑐𝑓(𝑓)

2
 (5) 

 

To stay in phase with the network voltage, the inverter current waveform is reinitialized at every 

zero crossing of the network voltage. Therefore, when the current frequency is higher than the grid 

frequency, the current waveform will complete its half cycle before the grid voltage reaches zero. Therefore, 

the waveform of the current will stay at zero until the network voltage reaches zero, then it will start a new 

sinusoidal half-cycle. On the other hand, if the frequency of the current is lower than that of the mains 

voltage, the zero crossing of the voltage will precede the end of the current half-cycle. Thus, this will reset 

the current and start a new sinusoidal cycle. Therefore, this will produce a break in the waveform of the 

inverter output current [15] as shown in Figure 2. 

Currently, this appears to be one of the most effective proactive methods of preventing islanding. In 

fact, it has one of the weakest ZND. Moreover, when several inverters are connected in parallel to the same 

node, it is easy to install, inexpensive and always efficient [16]. On the other hand, if the system is connected 

to a weak grid where the distributed generation source is of some importance, this method will result in a 

slight decrease in the quality of the waveform of the inverter output current and may cause undesirable 

instability with respect to the main grid energy [1]. Therefore, this method remains a good compromise 

between waveform quality, efficiency of islanding detection and the effect on the transient response of the 

system. However, when the local load connected to the interconnection point has a higher quality factor, the 

efficiency of this method will be considerably reduced [17]. 

 

 

 
 

Figure 2. Waveforms with the SFS method [7] 

 

 

3. FUZZY LOGIC CONTROLLER 

A fuzzy logic controller is an algorithm for control that is based on linguistic control rules and is 

applied to analyze continuous signals. The fuzzy command base has the capability to handle more of the 

uncertainties in the analyzed signal that track the slope of the fuzzy trapezoidal function of membership [18]. 

Thus, the superior approximation capabilities of fuzzy systems with respect to exact classifiers facilitate the 

development of algorithms that can respond to real-time applications with a large degree of uncertainty [19]. 

Thus, the controller with fuzzy logic can be easily and accurately used for the detection of generator 
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islanding in photovoltaic systems [20]. Fundamentally, a fuzzy inference system (FIS) consists on five 

functional elements, as shown in Figure 3. These are the fuzzification interface, defuzzification interface, 

decision making unit, database, and rule base blocks [21]. 

In this system, the main feature is selected and measured for use in the algorithm [22]. This is the 

frequency deviation. Thus, only the above-mentioned feature is sufficient for islanding detection [23]. The 

above functionality is realized in different islanding and not islanding scenarios of the network [24]. This 

means that when the breaker is both shut down and tripped for creating the islanding situation of the DG 

while also supplying the bus loads to the PCC [11]. The functions extracted are used by a fuzzy logic 

approach to determine the islanding condition. 

 

 

 
 

Figure 3. Fuzzy inference system 
 

 

So, 

a. The fuzzy interface changes the input data to the appropriate language value; 

b. Knowledge base, which includes a database and basic linguistics definitions and a set of control rules; 

c. Collect decision logic for fuzzy control actions from control rule information and linguistics variable 

descriptions [25]; 

d. The defuzzification interface can present non-fuzzy control actions from the inferred motion fuzzy 

command. 

In this article, a strategy of advanced control FLC is integrated into the SFS active method to reduce 

NDZ and to improve the efficiency of the islanding detection system, as well as for the continuation of the 

inverter to feed the loads despite the grid failure [26]. As shown in Table 1 and the Figures 4, 5 and 6. 

 

 

Table 1. Representation of fuzzy rules 
Change in error Error 

 NM NS Z PS PS 

NM PM PM PS PS Z 

NS PM PM NM Z Z 

Z PM PS Z NM NS 

PS PS Z PS NS NS 
PM Z NM NS NS NS 

 

 

 
 

Figure 4. Membership functions for input errors 
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Figure 5. Change as error input 

 

 

c  

 

Figure 6. Output variable membership functions 

 

 

4. SIMULATION RESULTS AND DISCUSSION 

A simulation was carried out for both detection methods (classical method and the proposed 

method) with different loads in order to verify the theoretical analysis for the NDZ. It should be noted that if 

islanding is to occur, the voltage of the PCC must remain within the voltage limits when the network is 

disconnected. Thus, the amplitude of the reference current of the PV inverter is defined by 𝐼𝑝𝑣𝑚𝑎𝑥 =
√2.𝑉𝑔

𝑅
 for 

the simulation. The SFS performance simulation is implemented for 𝑐𝑓0 = 0.05, 𝑘𝑠𝑓𝑠 = 0.05. 

a. SFS method 

Testing was similar for the grid tied inverter using conventional SFS with 𝑐𝑓0 = 0.05, 𝑘𝑠𝑓𝑠 = 0.05. 

Figure 6, shows the system response in the time domain with FSS, the voltage 𝜐𝑃𝐶𝐶 , the current𝑖𝑃𝑉, the fault 

signal and the frequency 𝑓𝑃𝐶𝐶 . If the mains circuit breaker opens and the load is𝑅 = 14.4 Ω,  

𝐶 = 460.52 𝜇𝐹and L=15.28 mH, giving the resonance frequency 𝑓0 = 60 𝐻𝑧 and the quality factor  

𝑄𝑓 = 2.5. The circuit breaker of the open network, i.e. the network is disconnected, at 𝑡 = 0.07083 𝑠, the 

positive peak of the fifth cycles of the voltage 𝑉𝑃𝐶𝐶 . The frequency of the voltage 𝑓𝑃𝐶𝐶has increased and 

exceeded the lower limit of the frequency after disconnection from the grid. 

The PV inverter stopped feeding the local load within 5 cycles after grid disconnection. The 

frequency exceeded the upper frequency limit at 𝑡 = 0.1626 𝑠 by turning off the inverter switches. It can be 

seen that the current 𝚤𝑃𝑉and voltage 𝑉𝑃𝐶𝐶all decreased from zero after the fault signal went to 1.  

b. SFS method with fuzzy logic control 

Another simulation is carried out and tested with different frequency of the SFS method with the fuzzy 

logic control to detect jitter and to verify the efficiency of the proposed method, with the load, 𝐶 = 561.04 𝜇𝐹 and 

𝐿 = 12.93 𝑚𝐻, which gives the resonance frequency 𝑓0 = 59.1 𝐻𝑧 and the quality factor 𝑄𝑓 = 3. Figure 7 

shows the time domain response of the system voltage 𝜐𝑃𝐶𝐶 , the current 𝚤𝑃𝑉 , the fault signal and the frequency 

𝑓𝑃𝐶𝐶 . The circuit breaker of the network is open, i.e., the network is disconnected at 𝑡 = 0.07083 𝑠. After 

disconnection from the grid, the frequency of the voltage 𝑓𝑃𝐶𝐶has decreased but has reached the steady state 

within the frequency protection threshold. The fault signal remains at 0. So, with fuzzy logic control, the SFS 

method is able to detect the islanding operation that is produced, thus ensuring that the frequency does not 

exceed the protection limits and allow the inverter to continuously feed the load, as shown by the current 

𝚤𝑃𝑉and voltage 𝑉𝑃𝐶𝐶 . 
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Figure 7. Simulation result of SFS supplying a local load, with Pload = 1 kW, f0 = 60 Hz and Qf = 2.5 

 

 

Another simulation with the load, 𝐶 = 552.62 𝜇𝐹 and 𝐿 = 12.73 𝑚𝐻, which gives the resonance 

frequency 𝑓0 = 60 𝐻𝑧 and the quality factor 𝑄𝑓 = 3. Figure 8 shows the time domain response of the system 

voltage𝜐𝑃𝐶𝐶 , the current 𝚤𝑃𝑉, the fault signal and the frequency 𝑓𝑃𝐶𝐶. The circuit breaker of the network is 

open, i.e., the network is disconnected at $t=0.07083$. After disconnection from the grid, the frequency of 

the voltage 𝑓𝑃𝐶𝐶has decreased but has reached the steady state within the frequency protection threshold. The 

fault signal remains at 0, and the inverter continuously feeds the load, as shown by the current 𝚤𝑃𝑉 and 

voltage 𝑉𝑃𝐶𝐶 . Therefore, the proposed method is based on the control of fuzzy logic to have an accurate and 

fast correction of the frequency. 

Various non-ideal network conditions (frequency variation) were simulated and most of them were 

processed by the system. The Figure 9, shows that SFS controlled by fuzzy logic is capable of locking in a 

precise manner. This shows the ability and efficiency of the method to continue to follow the input signal and 

let the inverter continuously feed the load, regardless of the type of abrupt change in grid conditions. 

 

 

  
 

Figure 8. Simulation result of SFS supplying a local load, with 𝑃𝑙𝑜𝑎𝑑 = 1 𝑘𝑊, 𝑓0 = 59.1 𝐻𝑧 and 𝑄𝑓 = 3 

 

 

  
 

Figure 9. Simulation result of SFS supplying a local load, with 𝑃𝑙𝑜𝑎𝑑 = 1 𝑘𝑊, 𝑓0 = 59.1 𝐻𝑧 and 𝑄𝑓 = 3 
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5. CONCLUSION 

The techniques can be divided into two categories categories according to their location in 

distributed generation systems, i.e., local, and remote techniques. The remote sensing technique is located on 

the main grid side, while in the case of local techniques, the sensing algorithm is applied in the inverter. In 

addition, local methods are classified into two categories: Passive methods, which depend on the estimation 

of such parameters as voltage, current, and harmonics, and active methods, which introduce disturbances to 

detect islanding. The grid-connected PV system was modeled and simulated using PSIM. Model components 

such as hysteresis control blocks, frequency and root-mean-square (RMS), and reference current with 

islanding detection method (IDM). 

Simulation of different islanding detection methods (IDMs), SFS method, with loads of different 

resonance frequency and quality factor was performed to verify the theoretical analysis. The NDZ simulation 

results of these two IDMs were plotted to compare them with the theoretical results. The comparison between 

the simulation results shows the efficiency of the sandia frequency shift (SFS) method controlled by fuzzy 

logic compared to the classical method. The newly proposed technique is tested on data with and without 

noise and is found to give 100% effective islanding detection. This method has been selected as it has one of 

the lowest nanodisks (ZNDs). Online implementation is facilitated by a fuzzy rule approach. 
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