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A B S T R A C T 

The false detection of islanding affects the working personnel, grid stability, and power 

system reliability, which require corrective action. An accurate islanding detection 

algorithms, voltage management techniques, and improved system resilience are needed 

to mitigate these concerns. In continuation, an innovative approach to islanding detection 

that makes use of the 3 Parameter Sine Fit (3PSF) technique has been introduced, that 

calculates the voltage-current angle at the Distributed Generators (DG) location. The 

proposed method enhances the islanding recognition accuracy of an adapted microgrid 

test system comprising an Emergency Diesel Engine Generator (EDEG) and three Wind 

Energy Generators (WEG). To illustrate the effectiveness of the recommended novel 

method, the evaluation is performed under various conditions, like islanding in low as 

well as in high power mismatching, short circuit fault, and voltage sag-swell at different 

percentages of nominal voltage. The comprehensive evaluation serves as a testament to 

the efficacy and robustness of the proposed method. It also illustrates resiliency and 

reliability under various percentage voltage settings. The MATLAB results are thus 

obtained and compared to ROCOF, and it has been noted that the suggested approach 

overcomes the sensitivity and reliability of the test system. 

 

1. INTRODUCTION 

Present-day power systems must have the capability to deal 

with extreme intricacy and sensibility Among the traits of 

contemporary grids related to the extension of upcoming 

electricity systems represent the significant involvement of 

DGs within the system, which have several issues, such as 

the reliability of power systems which depends on accurate 

voltage sag and swell measurement, good fault 

management, and effective islanding identification. During 

outages, islanding detection protects against isolated grid 

segments, guaranteeing both system stability and worker 

safety. In order to maintain a steady power supply and avoid 

interruptions or damage to delicate equipment, monitoring 

voltage variations such as sags and swells is essential. Fault 

management prevents power outages and malfunctioning 

equipment by quickly identifying and resolving them.  

These components work together to provide a dependable 

power system that is stable, resilient, and therefore able to 

serve industries and consumers. The crucial requirement for 

DGs in distribution systems is islanding detecting capability. 

According to various technical manuals, all DG must be 

automatic unplugged after a grid failure and must stay 

detached until the regular grid supply is reinstated. Islanding 

needs to be identified in fewer than two seconds, as per IEEE 

1547 [1]. Local and distant islanding detection methods are 

the two main categories. The lines that connects the DG and 

PCC are employed in the remote approach, such as transfer 

trip relaying [2], [3]. Microprocessor systems [4], power line 

cable communication (PLCC) [5, 6], supervisory control 

and data acquisition (SCADA), and in [6], power line 

signaling is utilized to identify islanding through 

transmission a short signal that travels along the DG bus and 

reaches the breaker site. Islanding identification in [7] is 

achieved by the application of morphological filtering and 

breakdown of empirical codes. 

 This is anticipated that the identification speed is slow 

due to the sluggish nature of filter quality. Islands inside the 

restricted non-detection zone (NDZ) can be located using 

remote detection techniques.   

These methods are also quick at identifying islanding 

situations and separating islanding from disruptions 

associated with the grid. The main drawbacks of remote 

techniques are that they can be costly and challenging to 

implement, and there's a chance that the communication link 

will fail. They also require backup protection. 

Local approaches can be classified as either active or 

passive. To consciously find the islanding conditions in the 

running operations, an intentional interruption is introduced 



178 S. Misra, B. Jha, and V. M. Mishra / GMSARN International Journal 20 (2026) 177-185 

 

into the framework. Thus, the active methods are used for a 

certain DG, such as an inverter-based DG. Additionally, the 

system is not updated with the disturbance signal via the DG 

in the active approaches. Therefore; It is possible to 

intentionally create equality power imbalances by adding a 

condenser or capacitor by [8], [9] in order to find an 

islanding condition. 

Some of the active procedures for DGs, that are inverter-

based include the active frequency drift [10], the current 

harmonic injection by [11], the Sandia frequency shift by 

[12], the positive feedback technique by [13], and the 

voltage drifting approach by [14]. Selectively few 

components of high-frequency injected current are a 

difficulty for the current injection approach for islanding 

used in [15]. For synchronous-based generators, comparable 

islanding discovery methods are given in [16–18]. In [16], 

two active and reactive power control loops using positive 

feedback are available to make the unreliable system 

unstable in the event of an islanding. . Subsequently, new 

loops for both active and passive power regulation were 

proposed in [18], which improve the synchronous 

generator's capacity to recognise islanding conditions and 

ride over obstacles. In order to introduce some instability 

within the system during islanding, the [17] additionally 

incorporates synchronous generator excitation mechanism 

and inherent controllers to the governor. A method for 

controlling the two probabilistic phasing neural network 

controllers is described in [19].  

The Active approaches may obstruct non-linear loads and 

other tools that introduce disruptions into the set-up. The 

deterioration of the electrical quality is another disadvantage 

of active islanding strategies. 

Passive techniques start with monitoring the electrical 

values in the system. Passive approaches have the advantage 

of not affecting the usual functioning of the DG system 

when they are adopted. However, active strategies add an 

outside disruption to the output of the inverter, which lowers 

the power characteristics even if they typically possess a 

quicker reaction time and a smaller NDZ than passive 

technique. Techniques for detecting passive islanding is 

suitable for both inverter-based and synchronous (DGs). 

Choosing the most crucial factor and its cutoff point for 

determining islanding while minimizing annoyance tripping 

is the key issue in using a passive islanding detection 

system. Present in [20], relays with frequency or over/under 

voltage are the most often used passive detecting devices. 

One of the widely used techniques for detecting islanding is 

the ROCOF, which has a large NDZ. Another is the vector 

surge relays that were introduced in [21], which use the 

wavelet transform to detect islanding and decrease NDZ. 

Other passive technologies that have recently been 

introduced in [22] are other examples using high-frequency 

impedance monitoring and near-loop frequency control, 

[23] and [24] presented a passive method regarding DGs 

rooted in the inverter. A voltage index was employed in [25] 

to ascertain the islanding condition for large power 

differentials. The line current was checked for small power 

disparities to unplug particular components since small 

imbalances might cause large power mismatches. PCC 

voltage is broken down into a number of oscillatory 

components in [26] using the modified empirical mode 

decomposition (EMD) technique in order to identify 

islanding. Learning strategies are developed in [27] to 

determine the characteristics that set islanding apart from the 

grid connected situations. Initial feature analysis utilizing 

signal processing techniques is followed by a deep learning-

based strategy for classifying islanding and grid-linked 

interruptions. In [28], islanding is detected by dividing the 

negative sequence voltages by the current of both the grid 

and the DG. In [29], a modal current and adaptive boosting 

method is proposed. The modal current is transformed into 

a current's nano-frequency component using the EMD tool, 

and these currents are then correlated to identify islanding 

with the use of Hilbert's transform. A novel technique to 

identify islanding using logical operators is presented in 

[30], yet it does not illustrate how islanding affects other DG 

or how line loss occurs. Compared to the older technique, 

the current ROCPAD method [31] detects islanding with 

more accuracy. In [31], islanding is thoroughly examined 

regarding power imbalances between 0% to 80% and the 

paper [32] presents a nonlinear modeling of system 

identification approach for securing distributed generator-

based inverters from islanding. Some of the study is also 

done in the area of management of energy in case of 

islanding the paper [33] and [34] discussed the same. 
This study proposes an innovative method, the 3PSF 

technique, to calculate the angle for the passive islanding 

identification method ROCPAD and contrast it to ROCOF. 

These are employed in the islanding recognition of faults 

and voltage sag-swell condition. 

The following are the suggested method's primary 

contributions: 

• It instantaneously detects the islanding without any 

delay. 

• The proposed method recognizes islanding when 

there is a 0% power mismatch. 

• The test system integrated with maximum DGs can 

be simulated without compromising the system’s 

reliability. 

• It is based on widely-used protective relays; and 

implemented with ease. 

• The suggested method can identify islanding under 

voltage sag-swell conditions. 

Further, the arrangement of the paper is as follows. The 

literature review is already been discussed in Section 1. 

Section 2 provides an outline of the problem statement and 

the suggested methodology. An overview of the test system 

in brief and Sections 3 and 4 offer a discussion of the 
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findings, respectively. At last, the paper concludes with 

scopes for future work in Section 5. 

2. PROPOSED METHODOLOGY 

The inadequate detection of islanding can have dangerous 

repercussions such as unintentional energizing systems that 

might endanger the safety of worker, uncontrolled voltage 

and frequency fluctuations that could harm equipment, and 

unstable grid conditions. Voltage sags and swells exacerbate 

system problems by causing device failure, disruptions in 

operations, and reduced power quality. Sags may cause 

equipment to fail or shut down, while swells can cause stress 

on components, which can lower customer satisfaction. On 

the other hand, false islanding detections provide a unique 

set of challenges as they trigger needless safeguards that 

interfere with distributed generation systems and may result 

in service disruptions and unstable grids. Altogether these 

mistakes affect overall grid stability and reliability which 

require corrective action. To mitigate these concerns, 

accurate islanding detection algorithms, voltage 

management techniques, and improved system resilience are 

needed. 

The 3PSF is employed in the suggested technique, which 

is dependent on the parameter approximation. Equal interval 

samples are taken from a sine function signal model to 

produce a sine function expression, The sample sequence is 

fitted utilizing the least squares method to estimate the 

frequency, sine-wave's amplitude, DC component and phase.  

To find the phase angle of the signal. 

Let us examine the signal found in eqn. (1). 

𝑦 = 𝐸sin(𝑤𝑡 + 𝜑) + 𝑐 (1) 

where 

𝑦 is the voltage signal 

E is the signal's amplitude 

𝑤 is the frequency of angular motion. 

𝜙 is the angle of phase. 

One can expand eqn. (1) to eqn. (2): 

𝑦 = 𝐸sin𝑤𝑡cos𝜙 + 𝐸cos𝑤𝑡sin𝜙 (2) 

  &  𝑦 = 𝐸1sin𝑤𝑡 + 𝐸2cos𝑤𝑡 
where:  

𝐸1 = 𝐸𝑐𝑜𝑠∅ (3)                            

𝐸2 = 𝐸𝑠𝑖𝑛∅ (4)              

One may get eqn. (5) from eqns. (3) and (4). 

𝐸 = √𝐸1
2 +  𝐸2

2 (5) 

Eqn. (6) may be used to obtain the phase angle ∅. 

 

∅  = 

{
 

 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 sum-squared fit error between 

function fitting values and eqn.(7) illustrates how sample 

data is represented in the fitting method. 

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

The requirement indicated in eqn. 8 must be met in order 

to minimize the error.                                                    

𝜕𝑓

𝜕𝐸1
  = 0;

𝜕𝑓

𝜕𝐸2
= 0; 

𝜕𝑓

𝜕𝑐
 = 0 (8) 

The eqn. 9 may be expressed as 

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

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

Let:    𝑎𝑖 = 𝑐𝑜𝑠𝑤𝑡 

         𝑏𝑖 = 𝑠𝑖𝑛𝑤𝑡 

Next, the following calculations are made using eqn. 11to 

14 to get E1 and E2, and the value of ∅ is determined using 

the results of those calculations. 

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 aforementioned eqn. (11), (12), and (13) may be 

expressed as a matrix. 

𝐴. 𝐵 = 𝑋    (14) 

here, 

𝐴 =

[
 
 
 
 
 
 
 
 ∑𝑎𝑖

2

𝑛

𝑖=1

∑𝑎𝑖𝑏𝑖

𝑛

𝑖=1

∑𝑎𝑖

𝑛

𝑖=1

∑𝑎𝑖𝑏𝑖

𝑛

𝑖=1

∑𝑏𝑖
2

𝑛

𝑖=1

∑𝑏𝑖

𝑛

𝑖=1

∑𝑎𝑖

𝑛

𝑖=1

∑𝑏𝑖

𝑛

𝑖=1

∑1

𝑛

𝑖=1 ]
 
 
 
 
 
 
 
 

 

B=[
𝐸2
𝐸1
𝑐
]        ; X= [

∑ 𝑦𝑖 . 𝑎𝑖
𝑛
𝑖=1

∑ 𝑦𝑖
𝑛
𝑖=1 . 𝑏𝑖
∑ 𝑦𝑖
𝑛
𝑖=1

] 

The current waveform is then subjected to the same 

process, which yields the current angle. 

The ROCPAD is then computed using eqn. 15. 

ROCPAD = 
𝑑(∅𝑣−∅𝑖)

𝑑𝑡
 (15) 

The next crucial step is to figure out the frequency for 

ROCOF. Thus, the sine signal represented in eqn. 16 may be 

expressed as:  
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 𝑦𝑖 = 𝐸𝑠𝑖𝑛(𝜃𝑖 +  ∅) + 𝑐 (16)         

where, i = 1, 2……..n. 

       & 𝜃𝑖 =
2𝜋𝑖

𝑁
  

  The eqn. (17) can then be obtained. 

𝑦𝑖 = 𝐸𝑠𝑖𝑛 (
2𝜋𝑖

𝑁
+ ∅) + 𝑐 (17) 

The frequency is calculate by lissajous technique and 

then from eqn. 18. The ROCOF is calculated. 

ROCOF= 
𝑑𝑓

𝑑𝑡
  (18)   

The calculated ROCOF is contrasted with the predefined 

threshold value. When the value of islanding exceeds the 

predefined threshold limit, islanding is identified. The 

ROCOF technique flowchart is shown in Fig. 1. 

 

 

                    Fig. 1. Flowchart of ROCOF relay.                     

 

In the 3PSF for ROCPAD approach, the angle is first 

calculated, then the ROCPAD is evaluated, and if it exceeds 

the threshold, islanding occurs. The current and voltage 

measurements at the intended DG are followed by phase 

approximation by the 3PSF algorithm depicted in Fig. 2. 

 

             

Fig. 2. The 3PSF flowchart for estimating ROCPAD. 

3. TEST SYSTEM 

The system under examination is depicted in Fig. 3. There is 

a 10 MVA base power. The system under evaluation 

includes of four DG units— one emergency diesel generator 

and three wind farms —that connect a system of radial 

distribution to the primary grid PCC. The microgrid runs at 

a voltage of 25 kV, and the DG units are 20 km apart. Table 

1 displays the specifics of the requirements for the 

distribution lines, loads, transformers, generators, and DGs 

[31]. 

4. RESULTS AND DISCUSSION 

Although the most popular islanding identification system is 

ROCOF technique available today, it is unavoidably limited 

in that it cannot identify islanding where there are power 

imbalances of less than 15%, making it an unreliable relay 

in situations with modest power mismatches. In the instance 

of ROCOF, the islanding is carried out at t=3 seconds by 

activating the circuit breaker (CB)-2 and setting the 

threshold to be 1.2 Hz/sec. The high power and low power 

imbalances are seen in Figs. 4 and 5, correspondingly. 
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Table 1: Transformers, generators, distribution lines (DL), 

loads, and DG specifications 

Equipment Description 

Generator  MVA  = 1000,Vbase = 120KV, 

rated kV = 120 , f = 50Hz 

Distributed 

Generators: DG1, 

DG2, DG3, 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 

 

 

Fig. 3. Schematic illustration of test system. 

 

 

Fig. 4. The execution of ROCOF under islanding detection at 

DG-1 for high power mismatch. 

 

 

Fig. 5. The execution of ROCOF for islanding detection at DG-

1 for low power mismatch. 

 

It is observed from Fig.4 and Fig.5 that the islanding 

detection is identified for high power imbalance only not for 

the low power mismatch since it stays below the threshold 

value. On the other hand, it is clearly observed that Under 

these settings, that is, the immediate, delay-free detection of 

islanding for both high and low (zero) power mismatch 

situations, as shown in Figs. 6 and 7, the proposed 3PSF for 

ROCPAD functions well.  

Here the threshold for ROCPAD is set at 120 Deg/sec. 

 

 

Fig. 6. The execution of 3PSF for ROCPAD in islanding 

detection at DG-1 for high power mismatch. 
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Fig. 7 The execution of 3PSF for ROCPAD in islanding 

detection at DG-1 for low power (zero) mismatch 

 

The suggested ROCOF and ROCPAD are put under test 

for the severe 3-phase short circuit fault. The symmetrical 3-

phase fault is purposefully created on DG1 at t=3.5 sec, for 

which Fig. 8 displays the frequency deviation. Frequency 

variation has been found to be within the acceptable range. 

Consequently, islanding will not occur in the suggested 3 

PSF ROCPAD approach, but the ROCOF relay mal 

operated for the fault which is displayed in Fig.9 but the 

3PSF-ROCPAD did not cross the threshold shown in Fig.10. 

So it does not give the mal-operation.  

 

 

Fig. 8. The frequency characteristics in 3-phase short circuit 

condition. 

 

Fig. 9. The execution of ROCOF at 3-phase short circuit fault 

condition 

 

Fig. 10 The execution of 3PSF for ROCPAD at 3-phase short 

circuit fault condition. 

 

Voltage sags and swells disrupt power systems by 

compromising the stability and reliability of electrical 

supply. Sags, characterized by brief voltage reductions, can 

lead to equipment malfunction, motor torque dips, and 

visible light flickering, affecting industrial processes and 

sensitive electronics. Conversely, swells, marked by 

temporary voltage increases, pose risks of equipment 

damage, overheating, and insulation breakdown due to 

excessive voltage. Both disturbances can cause system-wide 

disruptions, equipment failures, and safety hazards, 

necessitating the implementation of protective measures. In 

order to mitigate these issues, the performances of the 

proposed technique are studied which can detect the voltage 

sag and swell. The results are depicted in Fig. 11- Fig. 19.  

In the system the voltage swell and the voltage sag is 

purposefully created from 1.5 sec to 2.5 sec. 

 

Fig. 11. The execution of ROCOF for 10% voltage sag. 

 

Fig .12. The execution of ROCOF for 20% voltage sag. 
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Fig. 13. The execution of ROCOF for 30% voltage sag. 

 

From fig. 11 to fig.13 the performance of the ROCOF is 

checked for voltage sag It is readily seen that the ROCOF 

detects islanding at 30% voltage sag since it crosses the 

threshold value whereas does not detect islanding either at 

10 % or at 20 % since it stays below the threshold value.  

  

 

Fig. 14. The execution of ROCPAD for 10% voltage sag. 

 

 

Fig. 15. The execution of ROCPAD for 20% voltage sag. 

 

Through fig.14 and fig.15 the performance of the 3PSF 

based ROCPAD is checked for voltage sag and it is readily 

seen that the 3PSF-ROCPAD detects islanding at 20% 

voltage sag since it crosses the threshold. However it does 

not detect islanding at 10% voltage sag since it does not 

cross the threshold. The sensitivity of 3PSF-ROCPAD is 

found better as compared to ROCOF.  

 

  Fig. 16. The execution of ROCOF for 10% voltage swell. 

 

 

 Fig. 17. The execution of ROCOF for 20% voltage swell. 

 

 

 Fig. 18. The execution of ROCPAD for 10% voltage swell. 

 

 

Fig. 19. The execution of ROCPAD for 20% voltage swell. 

 

From fig. 16 and fig.17 the performance of the ROCOF 

is checked for voltage swell and observations clearly show 
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that detection is identified at 20% voltage swell. 

Similarly, the performance of the ROCPAD is checked 

for voltage swell shown in Fig. 18 and Fig.19, and 

observations clearly show that the detection is identified at 

20% voltage swell condition. 

5. CONCLUSION 

The proposed 3PSF approach in a 0% power mismatch 

scenario instantly detects islanding. The approach prevents 

the mal-operation of the relay under grid disturbance or short 

circuit. The proposed algorithm predicted the islanding 

detection in case of voltage sag/swell conditions. The 

sag/swell condition was extensively explored. It has been 

concluded that ROCPAD detects islanding if the voltage sag 

is below 20% of nominal voltage; whereas ROCOF detects 

islanding if voltage sag is less than 30% of nominal voltage. 

Similarly, the islanding detection is identified for the voltage 

swell if the voltage level exceeding 20% of voltage under 

ROCOF and ROCPAD, respectively. So it is concluded that 

the proposed technique is more sensitive and can be used to 

predict the voltage sag and swell, which improves the 

reliability of the system. The effectiveness of the suggested 

algorithm 3PSF obtained superior results to conventional 

ROCOF. The instantaneous detection of islanding in the all 

the cases ensuring the reliability of power system. 
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