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░ ABSTRACT- This paper introduces a novel islanding detection method employing the 3 Parameter Sine Fit (3PSF) 

algorithm, which accurately estimates the angle between voltage and current at Distributed Generators (DGs). The method improves 

islanding identification in a test system consisting three Wind Energy Generators (WEGs) and an Emergency Diesel Engine 

Generator (EDEG). To demonstrate the efficacy of suggested novel strategy, the assessment is done under variety of situations such 

as islanding, load shedding and distribution line loss. Furthermore, a new mathematical model is developed for load shedding and 

this mathematical model is validated under wide range load shedding variations. This is validated that the 3PSF technique is a 

potential option for accurate islanding identification. Its superior sensitivity and resilience over ROCOF are highlighted by the 

results, which are confirmed by MATLAB-Simulink simulations. 
 

Keywords: Rate of Change of Phase Angle Difference (ROCPAD), Distributed Generation (DG), Islanding, Wind Energy 

Generator (WEG), Rate of Change of Frequency (ROCOF), Emergency Diesel Engine Generator (EDEG), 3 Parameter Sine Fit 

(3PSF). 

 

 

 

░ 1. INTRODUCTION   
In the realm of renewable energy conversion, distributed wind 

energy generators (DWEG) have emerged as a crucial 

component of sustainable power generation. These distributed 

systems, ranging from small-scale turbines to larger 

installations, contribute significantly to the diversification of 

energy sources within smart grids. However, as these generators 

often operate in conjunction with the existing power grid, the 

possibility of islanding poses a notable concern. Islanding 

detection mechanisms tailored specifically for DWEG are vital 

in this context. These detection systems monitor the grid for 

anomalies, such as sudden changes in frequency or voltage, to 

swiftly identify islanding scenarios. By promptly isolating the 

WEG from the grid, when necessary, these mechanisms ensure 

the safety of maintenance personnel, prevent grid instability, 

and maintain efficient energy utilization. Islanding detection 

solutions tailored to DWEG serve as a critical safeguard, 

enabling their integration into IT enabled grid and smart grids 

while upholding grid stability and reliability. The substantial 

penetration of DG through the network is one of the features of 

modern grids for the expansion of future power system, which 

creates a number of challenges, [1], [2] to the grid such as: 

(1) Relays should not accidentally trip, under load variation or 

with nonlinear loads present.  

(2)   Deciding the ideal time settings at which it ought to be    

disconnected from the main grid in response to any unusual 

circumstances. 

(3)  To investigate the generator's potential to assist the network 

during abnormal operation and to reduce the electrical 

disturbances caused by the generator disconnection. 

Hence, the islanding detection is crucial because it addresses 

various issues, including human safety, out-of-phase reclosing, 

and safety hazards. In accordance with IEEE 1547 [3] islanding 

should be identified in less than two seconds. There are mainly 

two kinds of techniques for detection of islanding: remote and 

local. In remote method the channels between the DG and PCC 

are used for example transfer trip relaying [4], [5]. Supervisory 

control and data acquisition (SCADA) and microprocessor 

systems [5], [6] or power line cable communication (PLCC) [7], 
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[8]. By broadcasting a small signal coming via the DG bus and 

getting to the breaker location, power line signaling is used in 

[8] to identify islanding. In [9] the morphological filters and 

empirical code decomposition (EMD) is used for islanding 

detection. Remote detection techniques can find islands in the 

narrow range of non-detection zone (NDZ) but the primary 

disadvantages of remote approaches, are their possibility of 

communication link breakdown, need for backup protection as 

well as they are expensive and difficult to execute.  
 

Active and passive local methods are the two different 

categories. A disruption is purposefully supplied to the 

framework in order to deliberately identify the islanding 

circumstances in the active procedures. As a result, the active 

procedures are applied for particular DG i.e. inverter-based DG.  

A condenser or capacitor is introduced by [10], [11] to 

purposefully cause equality power mismatches in order to 

identify an islanding condition. The active frequency drift [12], 

the current harmonic injection by [13], Sandia frequency shift 

by [14], the positive feedback method by [15] and the voltage 

drifting approach by [16], are a few of the active procedure for 

generators based on inverter. The current injection technique for 

islanding applied in [17] facing the problems of selective few 

components of high frequency injected current. Similar 

islanding finding techniques in case of synchronous-based 

generators are provided in [18-20]. Two control loops for 

reactive and active power with positive feedback are provided 

in [18] to render the unstable system in an islanding scenario. 

Then, in [20] updated loops for both active and passive power 

control suggested which boost the synchronous generator's 

ability to ride through obstacles and detect islanding situations. 

The [19] also adds integral controllers to the governor and a 

synchronous generator excitation mechanism to create the 

system slightly unstable when it is islanding. The [21] describes 

a technique for regulating the two probabilistic phasing neural 

network controllers. The drawback of active islanding tactics is 

the decline in the quality of the electricity. Monitoring the 

system's electrical quantities forms the basis of passive 

approaches. The benefit of passive techniques is that their 

adoption has no effect on the DG system's regular operation. 

Passive islanding detection techniques may be used for 

synchronous (DGs) and inverter-based. The prevalent passive 

detecting devices are over/under voltage or frequency relays 

presented in [22].  The ROCOF which has a vast NDZ, is among 

the popular islanding detection methods. Another one is vector 

surge relays presented in [23] and other passive technologies 

that have lately been presented in [24] employ the wavelet 

transform to identify islanding and reduce NDZ, another one is 

signal processing techniques [25] using near loop frequency 

regulation and a high-frequency detection of impedance 

mechanism, [26] introduced a passive technique for DGs based 

on inverter. In [27], a voltage index was used to determine the 

islanding circumstance for big power disparities. As slight 

imbalances might result in significant power mismatches, the 

line current was examined for minor power imbalances to 

disconnect certain loads. In [28] the modified EMD is used to 

disintegrate PCC voltage into a several oscillatory elements for 

detection of islanding. Learning technique have been 

established in [29] to identify the traits that distinguish islanding 

from grid linked circumstances. Islanding and grid-linked 
disruptions are classified using a deep learning-based approach 

after initially analyzing various features using signal processing 

techniques. In [30] the proportion of the product of negative 

sequence voltages and current of both sides i.e. DG and grid is 

used to detect the islanding and in [31] the strategy based on 

adaptive boosting and modal current is suggested. The EMD 

tool is used to convert the modal current into a Nano frequency 

component of currents which are then correlated with the help 

of Hilbert’s transform for detecting the islanding.  In [32] the 

new algorithm is proposed for islanding detection using some 

logical operator but does not show the effect of loss of line, and 

the effect of islanding on other DG. The [33] present ROCPAD, 

the method detect the islanding more accurately than the other 

one. The extensive analysis of islanding for the power mismatch 

from 0% to 80% is carried out in [33]. 
 

In the IT revolution, where data centers, cloud services, and 

various critical systems heavily rely on uninterrupted power, 

any disruption or outage in the grid could have significant 

repercussions. Islanding detection helps prevent islands of 

power generation that could form during grid disturbances, 

ensuring the stability of the overall grid. Hence, this research 

suggests a novel approach i.e. 3PSF algorithm to estimate the 

angle in passive islanding detection technique ROCPAD and 

compare with ROCOF. These are used for the detection under 

power mismatch, loss of lines and faults. An empirical novel 

mathematical model of ROCOF and ROCPAD is developed for 

the load shedding and their performances have been also 

investigated under the wide range of load shedding i.e. from 

10% to 80% of the existing load. The detection of islanding is 

also seen at PCC for 0% power mismatch and the effect of this 

islanding on the adjacent DG in the test system is also observed.  
 

The proposed techniques are validated through 

MATLAB/SIMULINK. The performance of proposed 3PSF is 

found superior. 

The suggested islanding technique has following features: 

• The method proposed in this paper; instantaneously detect 

the islanding without any delay which will be a great 

revolution for the IT industry. 

• The method also effectively detects the islanding in 0% 

power mismatch situation. 

• This work is also able to detect the distribution line loss. 

• The proposed method also detects the islanding not only on 

the target DG but on other adjacent DG and at PCC as well. 

• The sensitivity of proposed technique is validated through 

the load shedding from 10% to 80% of existing load.  

 

░ 2. PROPOSED METHODOLOGY 
In the proposed methodology the 3PSF is used, it is a fitting 

technique dependent on parameter approximation, the sine-

wave's amplitude, frequency, phase, and DC component are 

determined by fitting the sample sequence using the least 

squares approach. Hence to calculate the phase angle. 

Let us consider the signal in eqn. (1) 
 

𝑦 = 𝐸sin(𝑤𝑡 + 𝜑) + 𝑐                                      (1) 

https://ijeer.forexjournal.co.in/special-issue-bdf.php
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Where, 

𝑦 is the signal of voltage 

𝐸 is the amplitude of the signal 

𝑤 is the angular frequency 

𝜙 is the phase angle 
 

The eq. (1) can be expanded to eq. (2) 
 

𝑦 = 𝐸sin𝑤𝑡cos𝜙 + 𝐸cos𝑤𝑡sin𝜙                            (2) 
 

 &  𝑦 = 𝐸1sin𝑤𝑡 + 𝐸2cos𝑤𝑡 
 

Where, 

       𝐸1 = 𝐸𝑐𝑜𝑠∅                                                   (3)  

                           

           𝐸2 = 𝐸𝑠𝑖𝑛∅                                                    (4)  

             

From eqn. (3) & eqn. (4), the eqn. (5) can be derived 
 

     𝐸 = √𝐸1
2 +  𝐸2

2                                                   (5) 
 

The phase angle ∅ can be calculated from eqn. (6) 
 

  ∅  = 

{
 

 𝑎𝑟𝑐𝑡𝑎𝑛
−𝐸1

𝐸2
; 𝐸2 ≥ 0

 

𝑎𝑟𝑐𝑡𝑎𝑛
−𝐸1

𝐸2
+ 𝜋;𝐸2 ≥ 0
 }

 

 
                     (6) 

 

Since the sequence time is t1, t2….tn and the respective data are 

y1, y2 …yn. The sample data is represented in the fitting 

procedure as shown in eqn. (7). 
 

𝑓(𝑎𝑏𝑐) = ∑[𝑦𝑖 − (𝐸2𝑐𝑜𝑠𝑤𝑡 + 𝐸1𝑠𝑖𝑛𝑤𝑡 + 𝑐)]
2         (7)        

                                                              

To reduce the inaccuracy as much as possible, the following 

condition shown in eqn. (8) must be satisfied. 
 
𝜕𝑓

𝜕𝐸1
  = 0;

𝜕𝑓

𝜕𝐸2
= 0; 

𝜕𝑓

𝜕𝑐
 = 0                                             (8) 

 

The eqn.9 can be written as  
 

∑𝑦𝑖 −∑𝐸2𝑐𝑜𝑠𝑤𝑡 −∑𝐸1𝑠𝑖𝑛𝑤𝑡 − ∑ 𝑐                     (9)  

                            

& ∑𝐸2𝑐𝑜𝑠𝑤𝑡 + ∑𝐸1𝑠𝑖𝑛𝑤𝑡+∑𝑐= ∑ 𝑦𝑖                   (10)   

          

Let    𝑎𝑖 = 𝑐𝑜𝑠𝑤𝑡 
          𝑏𝑖 = 𝑠𝑖𝑛𝑤𝑡 
 

Then the following mathematics shown in eqn. (11) to eqn. (14) 

is done to calculate E1 and E2 and by using the values of E1 and 

E2 the value of ∅ is calculated. 
 

𝐸2 ∑𝑎𝑖
2+𝐸1 ∑𝑎𝑖𝑏𝑖+c∑𝑎𝑖=∑𝑦𝑖 𝑎𝑖                (11) 

 

𝐸2 ∑𝑎𝑖𝑏𝑖+𝐸1 ∑𝑏𝑖
2+c∑𝑏𝑖=∑𝑦𝑖 𝑏𝑖                 (12) 

 

𝐸2 ∑𝑎𝑖+𝐸1 ∑𝑏𝑖+c∑1=∑𝑦𝑖                           (13) 
 

The above eqn. (11), (12) and (13) can be represented in a 

matrix form 

                              𝐴. 𝐵 = 𝑋                             (14) 

Here, 𝐴 = [

∑ 𝑎𝑖
2𝑛

𝑖=1 ∑ 𝑎𝑖𝑏𝑖
𝑛
𝑖=1 ∑ 𝑎𝑖

𝑛
𝑖=1

∑ 𝑎𝑖𝑏𝑖
𝑛
𝑖=1 ∑ 𝑏𝑖

2𝑛
𝑖=1 ∑ 𝑏𝑖

𝑛
𝑖=1

∑ 𝑎𝑖
𝑛
𝑖=1 ∑ 𝑏𝑖

𝑛
𝑖=1 ∑ 1𝑛

𝑖=1

], B=[
𝐸2
𝐸1
𝑐
],  

 

           X= [

∑ 𝑦𝑖 . 𝑎𝑖
𝑛
𝑖=1

∑ 𝑦𝑖
𝑛
𝑖=1 . 𝑏𝑖
∑ 𝑦𝑖
𝑛
𝑖=1

] 

 

Similarly, the same procedure is followed for the current 

waveform and the angle of the current is found. 
 

Then from eqn. (15) the ROCPAD is calculated. 
 

ROCPAD = 
𝑑(∅𝑣−∅𝑖)

𝑑𝑡
                                                  (15) 

 

Now, further the important step is to calculate frequency for 

ROCOF detection. Hence the sine signal shown in eqn. (16) can 

be written as  
 

 𝑦𝑖 = 𝐸𝑠𝑖𝑛(𝜃𝑖 +  ∅) + 𝑐                                              (16)  
        
 Where, i=1, 2……., n. 
 

       & 𝜃𝑖 =
2𝜋𝑖

𝑁
  

 

   Then, eqn. (17) can be derived 
 

           𝑦𝑖 = 𝐸𝑠𝑖𝑛 (
2𝜋𝑖

𝑁
+ ∅) + 𝑐                                  (17) 

 

    By studying the consecutive sequence and with the help of 

lissajous, frequency can be determined and then form eqn. (18) 

the ROCOF can be calculated. 
 

              ROCOF= 
𝑑𝑓

𝑑𝑡
                                                  (18)   

 

   The ROCOF is determined and compared to the predetermined 

threshold limit. Islanding is recognized if its value surpasses 

the pre-determined threshold limit. Fig.1 displays the flowchart 

of ROCOF method. 
 

 
 

                  Figure 1: Flowchart of ROCOF relay    

https://ijeer.forexjournal.co.in/special-issue-bdf.php
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             Figure 2: Flowchart for 3PSF to estimate ROCPAD 

In the 3PSF for ROCPAD technique, the measured current and 

voltage at the target DG is cascaded to phase approximation by 

the 3PSF algorithm shown in figure 2, where angle is 

determined and after that the ROCPAD is estimated and if it is 

greater than threshold the islanding occurs. 

 

░ 3. TEST SYSTEM DESCRIPTION 
Figure 3 shows the test system that is being examined. The base 
power is 10 MVA. The system under investigation is a radial 
distribution system connected to the main grid PCC by four DG 
units—three WEG and one EDEG. The DG units are separated 
by 20 kilometers, with the micro grid operating at a voltage of 
25 kV.  The specifications for the loads, generator, transformers, 
distribution lines and DGs [33] are shown in table 1. 

Table 1. Specification of transformers, Generators, DGs, 

Loads and Distribution Lines (DL) 
 

 Equipment                                                 Description 

Generator                    MVA =1000, Vbase= 120KV, 

rated kV= 120, f= 50Hz 

Distributed 

Generators 

DG1, DG2, 

DG3, and DG4 

             1.5 MW wind turbines. 

5MW, 400V Emergency Diesel Generator 

Transformers 

        TR-1 

MVA=50, f= 50 Hz, rated kV = 120/25,  

     Vbase= 25 kV, R1=0.00375pu, 

X1=0.1 pu, Rm=500 pu, Xm=500pu 

TR-2, TR-3, 

TR-4 and TR-5 

MVA=10, f= 50 Hz, rated kV = 575/25, Vbase= 

25 kV, R1=0.00375pu, X1=0.1 pu, Rm=500 pu, 

Xm=500pu 

Distribution 

lines 

   DL-1, DL-2, 

DL-3 and DL-4 

Pi-section 20km each, rated KV =25, MVA= 

20, Vbase= 25 KV, 

  Ro= 0.1153 ohms/km, R1= 0.413 ohms/km 

  L0= 1.05e-3 H/km, L1= 3.32e-3        H/km 

  C0= 11.33e-009 F/km, C1= 5.01e-009F/km 

Loading 

L1 

L2, L3, L4, L5 

15MW, 5Mvar 

8MW,3Mvar 

 

 
                             Figure 3: Diagram of Test System 
 

░ 4. RESULTS & DISCUSSION 
There are many islanding detection methods known now days, 

the most common is ROCOF relay but the non–avoidable 

drawback of the ROCOF relay is that it does not detect islanding 

with power mismatches less than 15% and hence it is not 

reliable relay for small power mismatches condition. In the 

mentioned results both the condition of high-power mismatch 

as well as low power mismatch in case of ROCOF is depicted 

in figure 4 and figure 5 respectively. 
 

 
 

Figure 4: The dynamic performance of ROCOF under high power 

mismatch 
 

From the outcomes depicted in figure 4 and figure 5, it is driven 

that the ROCOF technique shows detection for the high-power 

mismatch condition not for the low power imbalance. It is 

discovered that the suggested 3PSF for ROCPAD performs well 

under these circumstances i.e. the detection of islanding 

instantaneously without any delay for the high and low (zero) 

power mismatch condition which are illustrated in figure 6 and 

figure 7. 
 

 
Figure 5: The dynamic performance of ROCOF under low power 

mismatch 

https://ijeer.forexjournal.co.in/special-issue-bdf.php
http://www.ijeer.forexjournal.co.in/


                                                          International Journal of 
                          Electrical and Electronics Research (IJEER) 

Open Access | Rapid and quality publishing     Research Article | Volume 12, Special Issue -BDF | Pages 50-56 | e-ISSN: 2347-470X 

 

54 Website: www.ijeer.forexjournal.co.in            A Novel Approach for Islanding Detection in Distributed 

Wind 

 
Figure 6: The dynamic performance of 3PSF for ROCPAD 

under high power mismatch 

 

 
    

Figure 7: The dynamic performance of 3PSF for ROCPAD under 

low power (zero) mismatch 
 

In the given test system shown in the figure 3, the ROCOF and 

3PSF for ROCPAD relay are connected to the wind farm 1 

through circuit breaker 2, and if the islanding is done on PCC 

through circuit breaker 1 at 3.5 seconds the ROCOF fails to 

detect but 3PSF for ROCPAD relay detecting the islanding 

which are illustrated in figure 8 and figure 9 respectively. 

 

 
 

Figure 8: The failure of detection of islanding by ROCOF at PCC 

through opening the CB1 at 3.5 seconds 

 

 
 

Figure 9: The detection of islanding by 3PSF for ROCPAD at PCC 

through opening the CB1 at 3.5 seconds 

 

Now, the islanding is done at adjacent DG-2 by switching the 

CB 3 at 3.5 seconds, the effect of this islanding (CB-3 opening) 

is observed at DG-1 in the proposed radial test system. The 

results depicted in figure 10 and figure 11 indicating that the 

ROCOF fails to detect but the 3PSF for ROCPAD detecting the 

islanding clearly. 
 

 
 

Figure 10: The failure of detection of islanding by ROCOF at 

adjacent DG (DG-3) 
 

 
 

Figure 11: The detection of islanding by 3PSF for ROCPAD at 

adjacent DG (DG-3) 
 

Both the techniques are now checked for the loss of distribution 

line. Here the results displayed in figure 12 and figure 13 

presents that the ROCOF fails to detect but 3PSF for ROCPAD 

detect this loss of line. 
 

 
 

  Figure 12: The failure of detection of distribution line loss by 

ROCOF      

                         

 
 

Figure 13: The detection of Distribution line loss by 3PSF for 

ROCPAD 

https://ijeer.forexjournal.co.in/special-issue-bdf.php
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Further the active load shedding is done from 10% to 80 % and 

the observation is illustrated in figure 14 and figure 15 for the 

ROCOF and 3PSF for ROCPAD respectively. 

 
Figure 14: Performance of ROCOF in Active load shedding 

 

Figure 15: Performance of 3PSF for ROCPAD in Active load 

shedding 

A novel empirical mathematical model for the load shedding is 

developed to observe its effect on ROCOF and 3PSF based 

ROCPAD. The equation is as follows:  
 

F(x) = 
(𝑥𝑖+1− 𝑥)

3

6ℎ
𝑀𝑖  +  

(𝑥−𝑥𝑖)
3

6ℎ
 𝑀𝑖+1 + 

(𝑥𝑖+1−𝑥) 

ℎ
(𝑦𝑖- 

ℎ2

6
𝑀𝑖) +    

  (𝑥−𝑥𝑖)

ℎ
(𝑦𝑖+1-

ℎ2

6
𝑀𝑖+1)                                    (19)     

 

The following assumptions are taken for f(x) as mentioned here 

under:  

• Outside the interval (𝑥𝑜,𝑥𝑛) f(x) exits as the linear 

polynomial.  

• In each of the subintervals, the polynomial f(x) is a 

cubic one. 

• For each point, f'(x) and f’’(x) are continuous. 

 

Here,     f’’ (xi) = 𝑀𝑖      and   h = 𝑥𝑖+1- 𝑥𝑖 
 

𝑀𝑖 can be calculated from the following equation 
 

 𝑀𝑖−1 + 4𝑀𝑖 + 𝑀𝑖+1= 
6

ℎ2
(𝑦𝑖−1- 2𝑦𝑖  +𝑦𝑖+1)              (20)  

                   

Where     i=1 to (n-1) and 𝑦𝑖  = f(xi) 

 

As we know that 𝑀𝑜=0 and 𝑀𝑛=0 since the graph is linear for 

x<xo & x>xn. 

 

The results of the active load shedding for ROCOF and 3PSF 

based ROCPAD are displayed in figure 14 and figure 15 

respectively. This is observed clearly that there is no 

appreciable change in the graph till 40% change of existing load 

thereafter the appreciable change is observed.  So, it is 

understood that load shedding should not be above 40 % of 

existing load otherwise relay will detect islanding.  

            

░ 5. CONCLUSION 
The suggested 3PSF approach detects islanding instantaneously 

with 0% power mismatch situation.  It also detects islanding in 

case of loss of lines and load shedding. A novel empirical 

mathematical model for variation of loads shedding is observed 

on both the techniques i.e. ROCOF and 3PSF based ROCPAD 

and it is seen that the detection is identified above 40% load 

shedding. The 3PSF based ROCPAD relay has the ability to 

recognize the islanding at PCC as well as in the adjacent DG.  
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