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Abstract This paper proposes a passive islanding detection approach using Variational mode decomposition and Teager 

energy operator. The voltages monitored at distributed generator are gathered and are pre-processed through signal 

processing to recognize the islanding scenario. Initially, the three phase voltage signals are converted into modal signals 

that are then decomposed using Variational mode decomposition into intrinsic mode functions. Further, using Teager 

energy operator energy is extracted for suitable intrinsic mode function. Appropriate threshold value is selected based 

on the test system to detect the islanding. Various simulation studies have been investigated on the standard test system 

to select a suitable threshold value for discriminating non-islanding and islanding conditions. Results obtained and 

comparative study supports the efficacy of the presented approach.  
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I. INTRODUCTION 

Currently, the distribution system is undergoing a transition 

phase as it integrates renewable resources such as solar, 

wind, and diesel into its power sources. Their environmental 

benefits and increased availability to consumers have 

prioritized them over traditional sources. However, despite 

their advantages, these sources also present various 

challenges and issues, with islanding being one significant 

concern. [1,2,3].  

Islanding scenario is if a distributed generator (DG) remains 

to supply the network although the main grid has been 

isolated. This situation can be either intended or unintended. 

Unintended islanding is particularly problematic as it is risk 

to maintenance personnel and can cause unexpected 

fluctuations in frequency and voltage, leading to issues with 

power quality. Therefore, it is crucial to provide DGs with 

islanding detection capability. As per IEEE standard 1547, 

unintended islanding should prompt the DG to disconnect 

within 2 seconds for smaller deviations in voltage and 

frequency [4]. There are numerous islanding detection 

approaches documented in this research area, classified into 

those reliant on communication and those utilizing local 

measurements. Communication-based methods [5, 6] like 

transfer trip and power line carrier are costly. Local 

measurement-dependent islanding approaches are classified 

as active and passive techniques. Active approaches detect 

islanding faster and with a reduced non-detection zone when 

compared to passive approaches. They induce slight 

disturbances to measure specific parameters and identify 

islanding, which can slightly affect power quality when the 

main grid is active but significantly degrade it if islanded. 

The effectiveness of islanding identification system hinges 

on identifying the non-islanding and islanding, especially in 

relation to power imbalance [7]. Active islanding approaches 

are Sandia frequency shift technique [8], active frequency 

shift [9], slip mode frequency shift [10].  

Passive methods track variations in current, voltage and 

frequency near the target DG. Passive approaches also 

comprise Over-voltage/under-voltage and over-

frequency/under-frequency detection [11], tracking phase 

position changes with vector surge techniques (VVS) [12], 

rate of change of phase angle difference (ROCPAD) [13], 

rate of change of impedance [14], and rate of change of 

frequency (ROCOF) [15]. Depending on the threshold, 

distinct non-detection zones are presented by passive 

islanding methods. Although there is some variations in the 

results, passive approaches are simple for implementation 

and don’t affect the testing system's power quality like active 

methods do. Many artificial intelligence-based approaches 

have been put forth in the literature to enhance the 

effectiveness of passive methods. Support vector machine 
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[16], random forest [17], deep neural network [18], and 

ensemble k-nearest neighbors [19] are some examples. 

Nevertheless, training dependent approaches might need 

bulky datasets that would be extremely time consuming. 

Many signal processing methods, like fast Fourier transform 

[20], wavelet transform [21], s-transform [22], Kalman filter 

[23], transient monitoring function [24], empirical mode 

decomposition (EMD) [25], Time varying filter-EMD [26] 

have been used to address these problems. These approaches 

do, however, still have several shortcomings, including high 

computational load, a lack of self-adaptation, and persistent 

non-detection zones. There is significant motivation to 

choose an effective signal decomposition method for passive 

islanding detection given these insights into different signal 

decomposition strategies. By extracting hidden features from 

the observed signal, these strategies can increase the 

effectiveness of passive methods.   

In this paper, Variational mode decomposition and the 

Teager energy operator are employed to detect islanding 

conditions. Voltage signal acquired near target DG is pre-

processed and converted into modal signals. Variational 

mode decomposition is utilized for extracting the time-

frequency domain components, offering benefits like being 

self-adaptive, free from noise insensitive, and mode mixing. 

The time-frequency information will be then transformed 

into energy signals using Teager energy operator. A 

thorough investigation is conducted to demonstrate that the 

proposed approach remains invariant across various system 

disturbances.  

II. PROPOSED APPROACH  

A.  Variational Mode Decomposition 

     Variational mode decomposition (VMD) is chosen for 

its robustness to noise, lack of mode mixing effects, and 

strong mathematical foundation. Firstly, the input signal y(t) 

will be decomposed as intrinsic mode functions (IMFs), like 

EMD but with enhanced attributes [27]. VMD is 

distinguished by its method of addressing three variational 

constraints: Hilbert transform (HT), Wiener filtering, and 

frequency mixing making it a preferred tool for this study. 

The idea behind VMD can be seen as a constrained 

variational issue, expressed as 

min (
𝜔𝑛

𝑣𝑛
) {∑ ||𝜕𝑡 [(𝛿(𝑡) +

𝑗

𝜋𝑡
) ∗ 𝑣𝑛] 𝑒−𝑖𝜔𝑛𝑡||

2

2

𝑛 }    

   subject to ∑ 𝑣𝑛 = 𝑦(𝑡)𝑛       (1) 

where 𝑣𝑛 = nth mode, 𝛿 = Dirac distribution, 𝜔𝑛 = center 

frequency. Here constrained problem is converted as an 

unconstrained one by introducing a Lagrangian multipliers 

(λ) and penalty factor (α). 

𝐿(𝑣𝑛, 𝜔𝑛, λ) = 𝛼 ∑ ||𝜕𝑡 [(𝛿(𝑡) +
𝑗
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2
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2𝑣

𝑛 + (λ, 𝑦(𝑡) − ∑ 𝑣𝑛
𝑣
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Equation (2) will be further solved using the alternate 

direction method of multipliers, updating both 𝑛 and 𝜔𝑛. To 

update the mode, Wiener filtering is applied to reduce the 

noise effect on the signal.  

The mode update is carried out in the Fourier domain. 

 𝑣𝑛
𝑚+1(𝑤) =

𝑦−∑ 𝑣𝑖
𝑚+1(𝜔)𝑖<𝑛 −∑ 𝑣𝑖

𝑚(𝜔)𝑖>𝑛 +(λ𝑚(𝜔)/2)

1+2𝛼 (𝜔−𝜔𝑛
𝑚)2        (3)  

The center frequency is determined by  

𝜔𝑛
𝑚+1 =
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𝑚+1(𝜔)|2𝑑𝜔
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0

∫ |𝑣𝑛
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∞
0

                                        (4) 

Additionally, λ will be updated using 

λ𝑚+1 = λ𝑚 + 𝜏(𝑦 − ∑ 𝑣𝑛
𝑚+1

𝑛 )                                   (5) 

Here,  𝜏 = update parameter. The updating process concludes 

after convergence criteria is satisfied. 

||𝑣𝑛
𝑚+1−𝑣𝑛

𝑚||2
2

||𝑣𝑛
𝑚||2

2 < 𝜀                                               (6) 

. 

B. Islanding Detection approach 

      For determining the islanding status, the voltage signal 

that was taken at the target DG is pre-processed. The 

following outlines the suggested approach's step-by-step 

process: 

 The voltage will be extracted at the target DG.  

 Convert to modal signals (Vm) using modal 

transformation [28], 

 Vm = Va + 2Vb - 3Vc                         (7) 

Fig. 1 represents the three-phase voltage signal and modal 

signals. 

 The VMD is used to process the modal signal and 

extract the relevant IMFs. Here, the modal number 

n = 4 is used which extracts four IMFs and are 

represented in Fig. 1. It can be observed that IMF-3 

has components which can discriminate the 

disturbance from normal operating condition 

compared to other IMFs. So, IMF-3 is selected.  

 Moreover, the Teager energy operator (TEO) [29] 

is applied to IMF-3 in order to calculate the signal's 

energy. The TEO uses three consecutive samples to 

calculate the energy of IMF-3, 

y(m) = y2(m) − y(m − 1) y(m + 1)    (7) 

Where, y(m − 1), y(m), and y(m + 1) are the three 

consecutive samples. 

 Ultimately, within a predetermined threshold, the 

energy will be utilized for detecting the islanding 

scenario and discriminate the non-islanding 

scenarios.  

The complete flow of the proposed approach is represented 

in Fig. 2. 
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C. Threshold Selection 

By decomposing the voltage signal, the energy content of 

IMF-3 is obtained, which is then used as an index to 

determine the islanding circumstances. During an islanding 

event, the energy of IMF-3 has a significant change, while it 

experiences relatively smaller changes during non-islanding 

scenarios. For discriminating the non-islanding and islanding 

scenarios, an appropriate threshold must be set. Since this 

threshold is entirely system-dependent, extensive 

simulations have been conducted, monitoring the TEO value 

of IMF-3 for different scenarios for selecting the threshold 

accurately. Table I displays the test cases taken into 

consideration for the research. The energy magnitude during 

critical non-islanding and islanding scenarios are considered 

for study. The threshold value is determined as 0.05 for 

differentiating islanding events from other following a 

detailed analysis of these case studies and a comparison of 

the zero-mismatch condition with other events. 

 

Fig. 1 Three phase voltage signal, Modal transformed signal, 

IMFs extracted using VMD 

 

 
Fig. 2: The proposed islanding detection approach's block 

diagram 

Table 1: Simulated scenarios 

Scenarios 

Islanding Active power mismatch  (APM) 

Islanding Reactive power mismatch (RPM) 

Islanding Zero power mismatch (ZPM) 

Non-Islanding Load switching 

Non-Islanding Capacitor switching 

Non-Islanding Faults 

III. SIMULATION RESULTS 

The presented approach is tested on a 33 kV distribution 

system that is connected to a 132 kV substation. A 

distributed generator, namely synchronous generator, is 

connected to this system. The system's details are based on 

[30] and test system is shown in Fig. 3. Per unit (p.u.) voltage 

measurements are utilized at the DG's PCC and are sampled 

at 1.2 kHz sampling frequency. 

 
Fig. 3. Single line diagram of the test system. 

A. Islanding: Zero power mismatch  

 
Fig. 4 Islanding condition: zero power mismatch 

The power mismatch represents power deficit in the 

system, which is the shortfall in power delivered by both the 

utility grid and DGs for meeting required load demand of 

distribution network. When the power exchange related to 

utility grid with the distribution network is approximately 

zero i.e., during zero power mismatch condition many of the 

approaches in the literature fails in identifying islanding 

condition. So, the performance of the proposed approach for 

0% power mismatch is accessed and the respective results 

are shown in Fig. 4. Three phase voltage waveform for 0% 

power mismatch at time, t=3s is depicted in Fig. 4(a). Also 

Fig. 4(b) shows that the energy index surpasses the threshold 

level, which ensures the proposed approach detects very 

small disturbances accurately. 

B. Islanding: Active power mismatch  

The islanding scenario is assessed for different active 

power mismatch levels. Upon changing the load near PCC, 

No 

Yes 

Islanding detected 

 

Monitoring voltage signals 

Obtain energy of intrinsic mode function (IMF-3) 

using Teager energy operator 

 

If Energy 

VMD-TEO > 0.05 

Convert to modal signals 

 

Using VMD obtain the intrinsic mode 

functions of modal signal 
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which is managed by the electrical grid, distinct APM values 

can be produced. Fig. 5 illustrates the effectiveness of the 

suggested approach at 5% APM. The diagram depicts the 

energy index derived using VMD-TEO exceeds the index set 

to detect islanding. For any APM value, it could be therefore 

suggested as the proposed approach will efficiently identify.  

 
Fig. 5 Islanding condition: 5% APM 

C. Islanding: Reactive power mismatch  

The islanding scenario is assessed varying reactive power 

mismatch. At t=3 seconds, the islanding event begins for 

distinct RPM value. Fig. 6 shows how the proposed approach 

performs for these 5% RPM value. The index value surpasses 

the threshold, as shown in the figure, indicating the efficacy 

of the approach in promptly detecting the islanding scenario.  

 
Fig. 6 Islanding condition: 5% RPM 

D.  Non-Islanding: Load switching 

 
Fig. 7 Non-Islanding condition: Load switching  

For load switching, the efficacy of the approach is 

assessed. It involves an 80% increase in the load near PCC 

at time t=3s, causing a disturbance. The energy index change 

related to this non-islanding scenario is depicted in Fig. 7. 

Figure illustrates that for very small change in the energy of 

IMF-3 during load switching which ensures that the 

proposed approach efficiently distinguishes the islanding 

and load switching phenomena. 

E. Capacitor Switching 

   To increase the power factor, capacitors will be inserted 

into the distribution network. At the time of switching, this 

activity may result in significant transients, which could lead 

to the malfunction of islanding detection. Capacitor rated one 

MVAR is switched at 3 seconds to check the condition. Fig. 

8 displays the index value that proposed approach has 

produced. It indicates that the index value during capacitor 

switching event remains below the threshold level. 

 
Fig. 8 Non-Islanding condition: Capacitor switching  

F. Non-Islanding Fault 

     A malfunction in a nearby feeder cannot be 

misinterpreted by the suggested approach as an islanding 

incident. A nearby distribution line, DL-2, is utilized for 

simulating a three-phase-to-ground fault (ABC-G). Fig. 9 

shows the energy index. Upon observing that the energy 

index stays below the threshold level during the fault on 

nearby feeder, it can be concluded that this proposed 

approach has effectively identified the non-islanding fault 

event. 

 
Fig. 9 Non-Islanding condition: Fault 

G. Effect of Noise 

The suggested scheme's efficacy is evaluated by analyzing 

the noise-contaminated voltage signal. A signal-to-noise 

ratio (SNR) of 40 dB, that is frequently employed in practice 

[31] is considered. The voltage signal is subjected to white 

Gaussian noise and is analysed. In Fig. 10, it is witnessed that 

during the switching of load at time t=3s, the index stays 

below the threshold value. It demonstrates that the proposed 

approach performs well during the existence of noise in the 

signal. 

 
Fig. 10 non-islanding condition: Load switching with 

40dB noise 
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IV. CONCLUSIONS 

The energy of the intrinsic mode function that is retrieved 

from the voltage signal is used in this study to present a 

passive TEO-VMD-based technique for islanding detection. 

The results validate the effectiveness of the proposed 

approach for detecting significant islanding and non-

islanding conditions, including zero power mismatch, 

capacitor switching, and faults. This signal decomposition 

technique appears to be resilient and capable of detecting 

important conditions in the context of islanding, based on the 

assessment made on the proposed approach compared to 

prior reported islanding detection approaches.  
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